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BAI MO DAU
Tir lau con ngudi di bigt st dung xdc tac (duéi dang men) dé tao ra san

pham phuc vu d&i séng con ngudi, nhu di€u ché rugu tit nho va sau dé la tir
ngi coc.

Dén the ky thir 5, con ngudi da diéu ché dugc este tir rurgu dudi tic dung cha
axit sunfuric. Ciing dudi tdc dung cha axit sunfuric c¢é thé bién tinh bot thanh
dudng theo phan iing:

H,S0,

(ConOs)n +H,0 nCH,,0

Vao thé ky thir 18 dd xudt hién cidc loai xtic tac oxit nhém, silic... Khi cho
hén hop rugu di qua cic loai xtc tac d6 ta s€ thu dugc etylen:

CH";CH:g_OH — CH2=CH2 + I'lzo

Nam 1781 Parmantier da tién hanh khir hydro cta rugu etylic trén xuc tic
kim loai (Au, Fe, Ni, Pt, Sn, Mn, dac biét 1a Ag).

Buéc sang thé ky 19, Faraday da cong bd mot loat cong trinh (1834) vé
phan (g hydro hod, dehydro hod, oxi hoa-khtr ... Thanh cong cua Faraday la
dung xic tdc Pt trong phan ting hydro hod etylen thanh etan. Con Klusman ding
xuc tdc Pt trong phan tmg oxi hod amoniac thanh axit nitric. Hofmann ciing dung
xtic tic Pt trong phén ing diéu ché formaldehit di tir metanol.

Ngodi Pt, Sabatier dung xic tic Ni va cdc kim loai khdc ¢6 do hoat tinh cao
cho phan tng hydro hod, oxi hoi ...

Sur phdt trién ctia xtc tdc trong cdc thap ky gan d4y duoc Heinemann théng
ké (nim 1981) va dugc b3 sung bdi Davis va Hettinger (1987) nhu & bang 1.1.

Béng I.1. T8ng két mét vai cong trinh quan trong vé cac qua trinh
cO xtc tac da dura vao san xudt

sﬁl:fi[:ﬁt Qu4 trinh hoiic phan img Xiic tac sir dung
1875 San xudt axit sunfuric SO, +1/20, — SO; Pt, V,0,
1903 San xudlt axit nitric: Ludi Pt
2NH; + 5/2 O, > 2NO + 3 H,0O
1913 Téng hop amoniac: N, + 3H, —» 2NH, Fe/AlLLO/K,0O




Bang 1.1 (tiép)

1923 Téng hop metanol CO + 2H, —> CH,OH Cu.ZnO
1930 Téng hop Fischer-Tropsch Fe/K/CuOQ,
CO + H, — Hydrocacbon C, - Cy, Co/Kieselgur
1920-1940 |Cac phan tng hydro hod, hydro hod dau thuc vat | Ni/Kieselgur,
Ni Raney
1936-1942 | Cracking xic tic: Cyp+ Cyy > Co+ Cyy SiO,- AlLO,
1937 Oxi hod etylen thanh etylen oxit: Ag/ALO,
CH, + 0, > CGH,0
1942 Alkyl hod parafin CH + C,H,, —> C;H,q H,SQ,, HF
1938-1946 | Téng hop oxo: Alken + CO/H, —> aldehit Cacbonyl coban
(xtic tic dong thé)
1950 Reforming xtc tic, dehydro hod, isome hoa Pt/ALO,
1955 Trung hop khdi: nC,H, — polyetylen TiCl;, AIR,
1960 Téng hop Wacker: C,H, + H,0 - CH,CHO PdCl, (dong thé)
1963 Oxi hod amoniac: Bi-phospho
C.H; + NH, +3/20, - CH,= CH - CN + 31,0 |melipdat
1964-1969 |Oxy clo hoé : CuCl, (déng thé)
CH, + HCl + O, » C,H,Cl, + H,0O
1964-1968 |Cracking xuc téc, hydrocracking Zeolit X, Y
1960 Hydrodesunfua hos RS+ 2H, —» H,S+RH, [CoMo/ALO,
1967 Reforming véi xidc tac da kim loai Pt-Re, Pt-Ir-Cu
1976, 1981 |Piéu khién khi thai dong co: oxi hod CO va|Pt, Pd/ALO,,
hydrocacbon, khit NO RW/ALO,
1980-1995 | Xuic tac chon loc cho phan tmg giam thiéu NO | VO,, TiO,, zeolit
6NQ + 4NH; — 5N, + 6H,0
1980-95 Phan ing chon loc hinh ddng (vi du: San xuat|Zeolit (vi du
etyl benzen CHC,Hs) ZSM-3)




Tir nhimg nam 50 cla the ky 20, hai sy kién quan trong trong su phét trién
cha xic tdc 1a:

- Thit nhat, sir dyng xiic tdc véi s6 lugng 16n lam tang van téc phan ing,
cho phép ti€n hanh phan ting & diéu kién mém nhu nhiet do thdp va 4p
suit khong 16n.

- Thit hai. chuyén tir pha dong thé sang di thé, tang kha ning ti€p xic
pha gilfa chat xuc tdc va chat phan img. Phan tng tién hanh lién tuc,
ning sudt cao.

Nhimg hudng phit trién xtc tic trong thdi gian 161 1a khuynh huéng cai tién

5o do cong ngh¢, kém thco phat minh xic tic mdi. Tién hanh phan img & diéu
kién mém.

- Tim loai xiic tdc méi: xiic téc ddng thé, xic tac da kim loai, da chifc
nang, xuc tac enzym, zeolit mai.

- Dung céc thi¢t bi hod 1y hién dai d€ nghién citu cac dac trung xiic téc

- Cai ti€n cdc thi€t bi v& xidc tac d€ ting cudng su tiép xic giita xic tdc
vii chét phan tng.

Tir nhitng tdng két cac cong trinh vé xic tdc, fa ¢ mot dinh nghia hoan
chinh vé xic tdc nhur sau: Chét xdc tac khi thém vao hén hgp phan tng mot luong
nho cling ¢6 thé thiic ddy t6c d6 phan tng 1én nhidu 14n (hang tram, hang ngan,
c¢6 khi hang triéu lan...). Chat xiic tac tham gia tao thanh hop chat trung gian véi
chat phin ting, san khi két thic phan tmg s& hoan nguyén lai xuc tdc. Chét xic tc
lam tdng phan tng thuan va t6c d¢ phan ng nghich dé phan ting mau dat can
bing chit khong lam chuyén dich can bing. Ngoai tinh ning 1am ting t6c do phan
timg, xlc tdc con c6 tinh chon loc cao (tifc 1a tao ra san phdm chinh). Pidu nay rat
cO y nghia trong cic phan ting loc — hoa déu.

Vi ¢6 cédc dac tinh wu viét trén nén xiic téc duge ting dung nhiéu trong nganh
cong nghé hod hoc, dac biét 1a trong nganh loc - hoa dau, gin nhu hau hét céic
phén ting déu ¢6 xic tic tham gia. Cdc phan tng xiic tdc thudng duge chia thanh
hai loai: phan tng xuc tdc déng thé va phan ting xiic tdc dj thé.

Gido trinh mén Déng hoc— Xic tadc ~ Hap phu c6 thé dung lam tai liéu hoc
tap cho sinh vién va hoc vién cao hoc nganh cong nghé héa ddu va 1a tai liéu tham
khdo cho sinh vién nganh céng nghé hod hoc, cong nghé moi trudng, cong nghe
hod dugc va hop chat bao vé thyc vat. Gido trinh ciing 13 sdch tham khéo cho can
b6 & cac vién nghién ciu vé hod chit, loc - hod ddu...

Téc gia xin cdm on va mong nhan duoc nhitng ¥ kién dong gop cua ban doc
vé noi dung ciing nhu hinh thitc dé cuén gido trinh duge bé sung va hoan thién
hon trong nhitng 14n in sau.

Tdc gid



Chuong 1

XUC TAC PONG THE

Tir nam 1960 qué trinh xudc téc déng thé da tr¢ thanh qué trinh xdc tdc ¢6
nhiéu trién vong. Ngoii xuc tc axit-bazd, cdn ¢6 xic tdc enzym va xuc tc phic.
Két qua cho ra ddi nhimg vat liéu dac thi, cdc polyme, cdc san phim thyc pham
va tan duogc.

Qua4 trinh xtc tic déng thé 1a loai phan tng ma chét xiic tic va chat phan
img & cing mot pha.

Céc chét xuc tic déng thé bao gobm cdc phan tir don gidn hoac céc ion nhu
HF, 1,50,, Mn?*... hoic 12 t hop cla cdc phan tit nhu 1a hop chdt co kim, phic,
cac enzym... Tat ca cdc loai xic tac nay ¢6 thé hoa tan trong dung dich phan tng.

Qua4 trinh xdc téc déng thé ciing c6 mot vai uu diém:

Tao ra mot hudng di doc ddo cho cdc phan tmg, ma cic phan ing nay
khé hoac khong thé xay ra.

Céc chét xdc tic ddng thé c6 dé hoat tinh va do chon loc tuong déi cao
s0 vdi xuc tac di thé trong mot vai phan img nao day.

Do chiing c6 hoat tinh cao va do chon loc cao nén ¢6 thé tién hanh phan
tng & diéu kién mém hon (nhiét do thap va 4p sust khi quyén).

Phin 16n cac quéd trinh xdc tdc déng thé xdy ra khong c6 qud trinh
khuéch tdn trong mao quan (chdt xdc tdc hod tan hoan todn trong chét
phén tng), vi vay & day chi c6 van dé 1a sir chuyén khéi giita pha khi va
pha 16ng (dugc triét tiéu boi khudy trén 1y tuong).

D6i véi phan tmg tod nhiét hoic thu nhiét, qué trinh truyén nhiét dé
dang, {t xay ra nung néng cuc bo.

Co ché phan tg hoa hoc d& dang biéu dién hon, don gian va dé hiéu.

Quad trinh tién hanh phan ting dé thao tac hon.

Tuy nhi¢n ciing con nhitng nhuge diém ciia qua trinh xic téc dong thé:

Qué trinh phan tng ti€n hanh thudng gidn doan nén khong tu dong hod
dugc.



- Nang sut thi€t bi khong cao va dé in mon thiét bi.

- Qua trinh tach dé 14y xic tdc khoi khdi phan ving khé khan hon so voi
qua trinh xvc tic di thé (day la nhuoe diém chl y&u).

- C6 nhiéu phan tng & diéu kién mém khong thue hién duge. Néu tén
hanh & nhiét do cao khé thyc hién trong phan (mg xdc tic dong thé, vi
khi d6 can 4p sudt rat cao.

I.1. PHAN CHIA CAC LOAI PHAN UNG XUC TAC DONG THE

Phén ing xiic tic déng thé chi ¢6 thé ti€n hanh trong hai pha:
- Pha khi: chat xic tac va chat phan tmg cung & dang khi.
- Pha 1éng: chét xiic tdc va chat phdn iing cung 6 dang long.

I.1.1. Phan tng xiic tic dong thé pha khi

Phan ting thuc hién & diéu kién cdc chat phan ing va xic tic déu & the khi.

Vi dy 1. Phan img c6 dién diéu ché H,S0, bang phuong phdp phong chi.
Giai doan khé khan 13 oxi hod SO, thanh SO, dudi tic dung ciia xic tic NO,. Co
ché phan tmg khong xic tac cd thé viét don gidn nhu sau:

250, + 0, — 2 SO,

Téc do phan tng rat cham, song néu ¢6 mat cta xiic tic NO, thi phan dng
c6 thé xay ra theo cd ch€ sau:

SO, + NO, -> NO + SO,
Dé hoan nguyén lai NO, ta cho:

NO + //20,— NO,
Co ché téng quat:

SO, + NO; —w SO, + NO
f +120,

Céc phéan dng déu tién hanh véi t6c do rdt cao va nang lugng hoat hod thap.

Vi du 2. Phan img clo hod NO tao NOCI, xiic tic brom. Co ché phan tng ¢6
thé viét nhu sau:



2NO + Br, &> 2NOBr

2NOBr + Cl, » 2NOC! + Br,

Vi du 3. Cac phan tng phan huy cdc hop chét axetaldehit, etyl ete, rugu
etylic, formaldehit, ding xvc tdc la iot. Chi cdn mot lugng rét nho I, cling cd thé
lam tang té¢ do phan ung lén hang ngan lan va giam nang luong hoat hoa tir SO
kcal/mol (khong ¢6 xiic tac) xudng 32,3 keal/mol (cd x(c tac).

Tinh téc do6 phan tng: dudi tic dung cla xic téc (K) cho phan ting:

AB li) A+B

Ta sé gia thiét ¢co ché phan ing nhu sau:
AB+Kkl> AK +B (L1)
AK* K+ A (1.2)

Tdc do phan tng (I.1):
V, = k,.Cap-Cx
C- ndng 49 xic tic ban dau.
T6e d6 phan tmg (L.2):
V,= k,.C sx
Khi & trang thdi can bing tacé: V, =V, tic la:
k,.CanCx = kp-Cag
Tir d6 ta rit ra dugc:
k,.CpCe

C == (1.3)
2

Tuy nhién phan g xic tic pha khi thuong tién hanh & nhiét do cao (700-
1000°C), phan img kém theo hiéu \ing nhiét cao, sy tao thanh hgp chat trung gian
khé tién hanh va khong 6n dinh. V1 vay ta it gap hé xic tic déng thé pha khi.

I.1.2. Hé xic tac dong thé trong pha long

Trong cong nghiép, qué trinh xiic tic dong thé pha long thudng duge phan
chia ra thanh cdc loai phan @ng nhu & bang 1.2.



Bang 1.2. Cac loai phdn tmg trong xuc téc déng thé pha Iéng

L.oai phan img va vi du Loai xic tac

1. Phan (g xtc tac axit-bazo
- C4c phan {mg ngung tu
- Dehydrat hoa, hydrat hoa _ )

] . Axit, bazo long
- Hydro hoa, halogen hoa

Vidy: Phenol + axeton — bis-phenol A

(Phan (ng ngung tu)

2. Alkyl hod, cracking, thly phén, déng phan

. . Axit Bronsted, Lewis
hoa, oligome hoa

Vidu: HF, H,S0,

Gk o T GHs AICI,, SbF
H,C—C=CH; + HC—CH; == H;C—CH-CH,-C—CH, 3 3
éH3 (|3H3 HF dam dac
3. Phan Uing cacbonyl hod, decacbonyl hoa Cacbonyl Co, Rh, Pd,
CH,OH + CO - CH,COOH phosphin
CH,CH=CH, + H, + CO — CH,CH,CH,CH Vi dy: (Rh(CO),l,y
4. Izome hoa, sap x&p lai Xuac tadc co kim, kim loai
CH,=CH-CHCI-CH,CI - CICH,-CH=CH-CH,CI | cluster, cac loai xlc tac
phan tdr 16n:
W(OCH,), + C,H-AIC,
5. Hydro hoa (téng hop L-dopa) Xuc tac co kim:;

hop chat Rh-phosphin

6. Oxi hoa mdt phan

Mo(CO),
CH,-CH=CH,+ ROOH—-CH,-CH-O-CH,+ ROH
7. Polyme hoa: n{CH,=CH,) -» PE Xuc tac Ziegle:
TiCl,+(C,H:),Al
8. Cac phan (g vi sinh Xdc tac enzym

1.2. THUYET XUC TAC DONG THE SPITANSKI - KOBOZEV
Thuyét dinh lugng clia phan (g xic tdc dong thé do E. 1. Spitanski va N. L.

Kobozev dé xuéng nam 1926. Thuyét duge xay dung dua vao cic tién dé dudi
day:
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1.2.1. Phan tdng tién hanh bang con dudng tao thanh hop chat trung
gian gifra chat phan ting va chat xiic tac

Co ché tao thanh hop chét trung gian c6 thé theo co ch€ phifc ion hodc co ché
phén tr.

1.2.1.1. Co ché phiic ion

Khi phéan tmg xdc tic 12 H* ¢6 thé c6 hai kha nang: cong hop vao ion va sau
d6 chuyén dich lién két trong phan tir, nhd sy cong hgp d6 ma tach ra mot ion &
chd khic ctia phan tir. Vi du phéan tng iot hod axeton, xic tac la H* ¢6 thé trinh
bay co ché nhu sau:

CH,-CO-CH, +I, » CH,COCH,I + HI

CHj; CHj; CH3
>C::O +H" == >C""OH*_"‘ /C——OH +H*
H-CHjy H—CH----"- CH2
Tiép theo:
(lng, CH3;
CHj; S
>C-——OH + I, —= C/O H\‘ —»= (=0 +HI
CHZ/ A\ 1
CH, -1 CH,I

Khi phan tmg tién hanh, cdc hop chit chita nhém cacbonyl ¢6 thé thé hién
tinh bazo y&u. K&t qua cé sy cong hop proton la su chuyén lién két C = O thanh
lien két C = C, nghia 12 ¢6 sy chuyén dich néi doi trong phan tr, sau d6 cong hop
iot vio néi doi C=C.

Cac phifc trung gian 12 ton ¢6 thé tao thanh hop chat trung gian vong, vi du

trong phan tng dong phan hod va sy chuyén vi néi doi dudi tic dung cha ion
hydroxyl OH".

LCH cH LCH
CH  “CH, c? ¥oH, cH oMy
| == 'i' 5 _— + HO
Ho H. M

0-H o

hoiic trong phéan tmg loai nudc cua alcol xiic téc H;O*:
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H,C—H HCH HsC

/ + “
{CH3)2: OH —_—— (CH3)2:C’ OH2 C:CHE + H20 + H30+
N X N ne’
o - :
H H

Con trong phan itng trung hoa khong phai qué trinh chuyén hoa proton don
thuan ma la qud trinh dugce tién hanh qua su tao thanh phite 5 canh:

H H-.
o A 0—H
HOy - + O°H  —— H,0 -+ = — 3H0
? H o
H ﬁ

Khi diing ion kim loai 1am chit xic tac thudng hinh thanh phic ndi phin tr
v6i kim loai. Vi du phan dng loai CO, dé tao thinh a-xetoaxit trén cdc ion Kim
loai khdc nhau, dic biét 1a nhiing kim loai ¢6 hoa tri khong déi nhu Zn*, Al ..

0 0 O-----Me{"2?*
[ i +
0-C—CH-C~-C00™ + Me™ + W' 0=c—/—HC—C\C,0 *H
1]
0
O_Me(n-2)+
CO, + I + - -c— - n+ +
— CO HE—C. — R=CHz-G—COO™ +Me™ + H
H H
0

DE dang thdy ring trong cdc vi du dua ra cia phan {ing xic tac bang ion,
phan wng thure hién dugc nhd vao su chuyén dich ndi phan tir.

I1.2.1.2. Co ché'theo phitc phén tu

Nhu da biét, su tao thanh cdc phic vong véi chdt xic tdc lam dé dang cho
viéc dit lién két. Vi du phan tng sunfon hod benzen trong dung dich theo co ché
sau:

LSOH
H H--O
oSOt NG SO4H
II1 NS + HpSO4
0,5=0
O
0,87

Tuy nhién ciing ¢6 thé tao thanh phifc phan tlr véi chat xiic téc thi sy giam
nang lugng hoat hod phai dat dén muic lam cho chét xic téc c6 orbital tu do va dé
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dang cho chuyén vi dién tir. Cic hop chat clia B, Al va mot s6 cht khdc c6 thé
thue hién chitc nang nay.V{ du st chuyén vi pinacolic ¢6 thé tién hanh theo cg
ché sau:

H. K H
Mo o o 0 Ch
ot — ; Jrc;|.|3—--~!--+-|3c—c—c—0H3 *HO
SC AN \CH H30-C—,C/ K
CH; 3 X eH H
3 3 ?Ki X(ic tac)

C6 thé cong hop axit vao olefin v6i sy tham gia cha BF; (chét xic tac), co
ché cling gén gidng nhu vay:

R—ﬁ_":_:o><
R—C—0H +>c=c< Q BFy H —» R™G-0—C—C—H + BF,
0 BF et e |
VERRVARN

Viéc tao thanh céc phitc phan tir trong phan g xdc tAc déng thé cdn c6 dac
diém sau:

1. Nang hrong hoat hoa cla viée tao thanh phic phan tir phai rét bé. Viduy
tao phifc giita BF; va NH; cdn mét nang luong hoat hod bé hon 2 kcal.

2. Qua trinh tao thanh phitc phin tir 1a qué trinh toa nhiét tir hai, ba dén vai
chuc keal. Trong qué trinh phan huy phic phan tir dé tao ra san pham,
niang luong hoat hod gidm xuéng bing nhiét lugng tao thanh hgp chét
phén tir ban dau.

3. Su tao thanh phitc phan tir k&m theo su phan cuc lién két. Phan tng gilta
céc Itén két phan cuc tién hanh véi sy giam néang lugng hoat hod.

1.2.2. Phuong trinh dong hoc ctia phan img xiic tac dong thé

Ta ¢6 phan tGng:
nA - mB, xictic K. (1.4)

Co ché phan tmg c6 thé viét nhu sau:

k) ks (1.5)
nA+K f Z —™ mB+K
2
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Z- hgp chit trung gian.
C6 hai trudng hop xay ra.

1.2.2.1. Téc dé phdén huy hdp chét trung gian Idn hon téc dé tao
thanh hop chdt trung gian

Nghia 1a k; >> k,. Nhu vay giai doan quyét dinh van téc phén img 1a giai
doan tao thanh hgp chat trung gian. Néng d6 hop chit trung gian rét bé, ta goi
hgp chat trung gian d6 12 hop chét trung gian Van't Hoff.

Tée do phén (g c6 thé viét theo cong thc:
VC = L,rl = k[.CAn.CK
D6 v6i phuong trinh nay tit cd moi dif kién déu ¢6 thé do duge, nén dé
dang xdc dinh duge tGc 46 phan tng.

Vi du, trong phan iing iot hod axeton (co ché da trinh bay trong muc
1.2.1.1.), giai doan enol hod axeton dé tao thanh hop chét trung gian 1a cham, Vi
vy toc 40 phan tng sé la:

V.=V, = k,[CH,-CO-CH,].[H"] (L6)

1.2.2.2. Téc d6 phén huy hop chét trung gian chim so véi tée d¢ tgo
thanh hop chét trung gian

Trudng hgp nay &, >> k;. Khi dé ta c6 ndng do hgp chit trung gian rat 16n,
vi vy luong xiic tac két hop ciing rdt 16n. T6c d¢ chung ctita phan ing duge quyét
dinh boi t6¢ d6 phan huy hgp chat trung gian. Loai hop chit trung gian nay ta goi
12 hop chét trung gian Arhenius.

Phuong trinh t&c do phan ting ¢6 thé viét:
V.=V, = k.C, w7

Pé tinh duge V., ta phai xdc dinh duge néng do cha C,. Hop chit trung gian
tén tai v&i thdi gian rdt bé (khodng 107" giay), vi vay viéc xdc dinh néng do C,
béng cac phuong tién hod 1y thong thudng khong thé thuc hién duoc.

Dé6i véi trudng hop hop chit trung gian kém bén, dé tinh dugc C, ta xét
phén ing giai doan I Ia nhanh, ta ¢6 hang s& can bang K|:

T L]
(',4 L KLCH)

(1.8)

i

Ccm - ndng do xic tac khi can bang.
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Ta gi thiét tao thanh mot hop chat trung gian Z s& mat di mot phén tir xiic
tac K, vi vay Cy,cp = Cy, - Cz (V61 Cy,- nong d6 ban ddu cia xic tac). Ta c6:
C
SR T (L9)
CylCy —=Cy)

13
Trién khai phuong trinh (1.9) ta co:
K,.CCo - K.CAMCr= Cy
CZ (Ki -CAI'I +1) = KI.CAH.CKU
Tir d6 ta ¢cé:

o _KCICy,

, = —t 1.10
2T K.Ch A (1.10)
Thay (I.10) vao (1.7) ta c6:

V(.:V3=k‘% (1.11)
T KCH+1

Xét hai truong hop:

K, rdt Ién: Phan ing mau dat tdi can bang: K\.C} >> 1. Phuong trinh
(I.11) cé thé viét:

Ve=Vi=k.Cy (1.12)
Nhu vay: Ve=ACy )

Ta thdy ring trong trudng hop phén ing xdy ra theo chiéu hinh thanh mot
lugng 16n hop chét trung gian thi tdc do phén ing chung khong phu thudc nong
dé chat phan tmg ma chi phu thudc néng dé ban ddu cia xic tdc.

- K, nhé: phan tng lau dat t6i can bing: K,.Ci << [. Khi d6 phuong trinh
(1.11) c6 thé viét:

Ve=Vi=kK,.Ch.Cy, (L13)

Ve =ACa. Cy. )
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Trong trudng hop phin tng xay ra theo chiéu hinh thanh it hop chdt trung
gian, t6c do phan img chung phu thudc vao ca néng do chat phan tmg va nong do
ban dau clia xudc tac.

1.2.2.3. Phdn ung cé anion hodc cation tham gia
Ta ¢6 thé biéu dién phuong trinh phan ng dudi dang:

k
DA+K+H o= 7z _ %, puB+K+H (1.14)

k;
H* va OH tham gia phan img sé ddy manh t5c d6 phan ing.

Vi du, phan tmg xa phong hod, hay phan tGng chuyén hod dudng. Trong cdc
phén tng ndy, téc do phan tng ty 1¢ thuan véi néng do H*. Ngoai H" ra, phan tir
axit chua dién ly ciing ¢6 tdc dung nhu mot xic tdc. Khi d6, hiing s6 téc do phan
ting duge tinh nhu sau:

k=1{k, +k(-o}C (L15)

H"
trong d6: e - hiing s dién ly ; C- néng do cia axit ; k. vd k, - hing s6 toc do

phan ting xtic téc cha xiic tic H* va axit chua dién ly.
Phan {ng iot hod axeton:
CH,-CO-CH; + 1, - CH,;-CO-CH,l + HI

Trong moi trudng axit clohydric, axit axetic, monoclo axit axetic, diclo axit
axetic, gid tri k. vd k, theo bang L.3.

Béng 1.3. Gia trj k,,. va k, clia cac axit

Axit k,. K,
HCI 437 811
CH,COOH 425 1,55
CH,CICOOH 448 23,7
CHCI,COOH 445 203

Tir bang (1.3) ta thdy gid tri k. gan nhu nhau. Né&u hiing s6 dién ly axit nho,

hoidic néu bd sung thérm mudi clia axit yéu s& 1am giam ndng do ion H*, nong do
axit chua dién ly tang, khi dé :
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k.(I-a) > k,.C (doa giam) (1.16)

Khi cho musi vao dung dich, gid i £ gidm ddn qua cue tiéu sau d6 lai tang
lén. Nguoi ta cho ring anion cia axit cling ¢6 tac dung xuc tdc, do dé:

k=k,C+k,C,+k,C, 1.17)

Dé tinh tdc d¢ phan tng cho phan img (1.14) ciing véi gid thiét t6c do phan
tng phan huy hop chét trung gian nhd hon so véi t6c do phén (ng tao thanh hop
chat trung gian:

V’l.‘ = ";3 = k}.Cz (I.lg)

Hing 56 can bing phan ting giai doan /:

Ki=— > B . <z - (1.19)
iy C,  CiC, . (Cy ~C,)
K.CiC,.Cp —K.CIC,.C =C,
Tir d6 ta suy ra:
KCiC . C
C, :_'_:’;H_ﬁ (L.20)
- KJOC ]
Thay (1.20) vao (1.18) ta cé:
K.CiC..C
V=V, =k —— L8 K (1.21)
K,.CiC,. +1

Xét hai trudng hop:

a) Khi X, rét I6n: K.C,.C,.>> 1 thi phuong trinh (1.21) sau khi wdc lurgie
¢0 dang:

V.=Vi=k,. Cy. (1.22)
Ve=K Ck, )

Khi d6 t6c d¢ phdn iing phu thudc vao néng d6 ban diu cia xic tic (gidng
truong hop phan g khong c6 tde dung clia anion hoic cation),

b) Khi K, nhd: K.C}.C,. << 1 thi phuong trinh (I.21) ¢6 dang:
Ve=Vi=kK,.C}.Cpp. .Cp. (1.23)
vc =f(CA$ CK” ’CH‘ )
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Nghia 1a t6¢ do phan iing chung khong nhimg phu thuge vao nong do ban
ddu clia chét phan (mg va néng do xic tic, ma cdn phu thude vio nong do H.

1.2.3. Su tao thanh hop chat trung gian do két hop giita nhém chitc cia
phan tir chat phan rng va nhom hoat dong cua xuc tac

V1 vay trong mot phdn ing ¢ thé tao thanh nhiéu hop chat trung gian co do
hoat dong khéc nhau.

Vi du phan tng phan huy HO, vdi cic xtic tic khac nhau cho ta nhiéu dang
hop chdt trung gian Khac nhau (bang 1.4).

Bang 1.4. Cac hgp chét trung gian tao thanh trong phan tmg phan huy H,0,
vdi cac loai xtc tac khac nhau

Xuc tac Hap chat trung gian

Hoat déng Hoat dong trung binh it hoat ddng
MoO,* MoO% MoOg” MoO.>
WO WO woz |

1.2.4. Phan img dong thé khi c6 mat ciia xdc tic sé lam giam nang
lugng hoat hod cta phan Gng

Khi c6 mat clia xic tdc, phin ving qua budc tao thanh hop chat trung gian
v6i thém ning luong thap. Vi du phan tng:

A+B > C+D

Khi c6 mit xic tdc s& qua con dudng tao thanh hop chét trung gian:

A+B — C+D

\+K /

AK + B—= ABK

Dudng biéu dién thé ning phan g trén c6 dang nhu & hinh L.1.
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Thé ndng

L J

Chiéu phén ung
Hinh 1.1. Thé ndng phédn tmg khong xuc tac (1) va phan uing cé xuc tac (2)

Vi phan ung khong xic tdc ta ¢6 thém nang lugng 1a E, cdn phai vuot
qua. Vd&i phén g ¢6 xic tdc, thém nang lugng cao nhat 1a £,. Nang lugng cia
phan g khong xic tdc E, bao gi¥ cling 16n hon nang lugng clia phéan ting c6
Xlc tac E,.

Pé so sanh ta dung hing s6 t6c do phan éng:

- Khong xiic tac: k =z (1.25)

- Co xuic tac: k,=z,e """ (1.26)

Néu z; ~z, ta cé:

-

_2 — eAE."RT
lkl
N6i chung ning lueng hoat hod cia phan ung khéng xic tdc 16n hon ndng
lugng cua phan tng ¢6 xuc tac khoang 10.000 cal/mol hoédc hon nita.
Vi du phan ting xay ra ¢ 300K, thay vao phuong trinh ta ¢6:

AV RT (987300 8
e = ' %% =2,5.18

titc 1a t6c do phan tmg c¢é xiic téc 16n hon téc do phan (ing khéong xiic tdc hang
tram triéu lan.

1.3. PHAN UNG XUC TAC DONG THE - XUC TAC LA AXIT - BAZO

Phén I6n cic phan ting déng thé duge xic téc béi axit-bazo. Trong dé nhiéu
phan ing duge xdc tic bdi axit protonic (nhu HF, H,S0,, H;PO,...) vi mot s6
duoc xiic tdc bing axit Lewis (nhu BF;, AlCI;, SnCl,...).
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Dé hiéu r6 hon ban chit cla phin tng xdc téc la axit-bazo ta dua ra mot 6
dinh nghia axit - bazo.

1.3.1. Pinh nghia axit - bazo

1.3.1.1. Dinh nghia cé dién vé axit - bazo

Axit 12 nhimg chat cho proton (H"). khi tic dung véi mot bazo cho ta mudl
va nudc. Con bazo 13 nhitng chat cho hydroxyl (OH7). khi tdc dung voi mot axit
cho ta mudi va nude.

Pay 1a céc axit- bazo vo ¢o manh.
1.3.1.2. Pinh nghia ciia Bréonsted-Lowry (1923)

Axit 12 nhitng chét c6 khd nang cho proton. con bazo 1a nhitng chat cé kha
ning nhan proton d6. Vi vay day 12 mot cap axit - bazo, hay goi 14 cap axit - bazo
lien hop, c6 axit phéi c6 bazo thi proton méi duge chuyén. Bang 1.5 dua ra mot s6
vi du vé axit - bazo lién hgp.

Béng 1.5. M6t s6 vi du vé axit - baza lién hgp

} Axit Lién hgp | Bazo N
CH3—(|f—0H + H" CH3-*$|,‘—O'
O O
CH,OH + H' CH,-O
NH,"* + H’ NH,
C}13——Cl+—CH3 ﬂ

+ H CH,-O-CH;
i B |

Cong thifc chung ta vi€t:

AH - H" + A (1.29)
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Phuong trinh (1.29) khong dit ra mot sy han ché nao vé dién tich cha axit va
bazo. Ddu trir (-) chi ra riing A kém AH mot dién tich duong. Mot cap axit-bazo
lién hop thit hai:

BH* —- B + H* (1.30)
Keét hop ca hai phuong trinh (1.29) va (1.30) ta cé6:
AH + B —» BH' + A" (I1.31)

Phuong trinh (1.31) biéu dién su chuyén dich proton hay ¢6 thé xem d6 la
phén ng protonic.

Lay vi du vé phén tng protonic:

Axit | Bazo 2 Axit 2 Bazo 1
H,S0, + H,0O - H,O* + HSO,
HSO, + NH, - NHjf + SO,
NH,* + OH — H,0 + NH;*

Nhu vay mot chat nao dé trong thién nhién déu ¢6 hai tinh chat: vira cé tinh
axit, vira ¢6 tinh bazo. Vi du nhu nuéc (H,0), néu ding trude nhém OH- thi né
tr§ thanh axit, nhung néu dimg sau nhém H;O" thi n6 lai 12 bazo. C6 nhimg axit
khong dién tich (H,SO,, CH;COQH), c6 axit cation (NH,*, H,0"), ¢6 axit anion
(HSOy). Déi véi bazo ciing vay: ¢6 bazo khong tich dien (NH,), ¢ bazo anion
(OH', CH;COO') va ¢6 bazo cation (NH;*).

1.3.1.3. Binh nghia cia Lewis (1923)
Dé giai thich cc qud trinh xic tic axit - bazg khéng tdn tai proton (H*) va
hydroxyl (OH'), Lewis dua ra dinh nghia vé axit - bazo nhur sau:

Baza 12 mét phan tir ¢6 cap dién o tw do, cé kha nidng cho dién tir, con axit
12 phan tir ¢6 kha nang nhan cap dién tir d6 dé tao thanh lien két cho - nhan dién
tlr (acepto-donor). Phan g gilfa axit v bazo 1a sy trung hoa tao thanh lién két
do. Vidu:

BCl, + RN — CI,BNR,
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3 day N ¢6 4 cap dién tir va 3 cap da ndi vOi R, con 1 cap dién tir tr do. Con
B, mac dit da c6 lién két v6i 3 nguyen tir CL, nhung vén hdo dién t&r nén c6 thé
nhan cap dién tir t do cia N. Co ché phan c6 thé duge biéu dién nhu sau:

R _—a R G
R:N: + B:Cl—_‘_“‘R:N:B:Cl
R C1 R Cl

Cip dién tlr tr do nay c6 thé chay xung quanh ca N va B tao thanh lién ket
cho - nhan dién tir. Nhu vay RN 1a axit, con BCl; 1a baza.

L.3.2. Su phu thuoc hing s6 toc do k vao do pH moi truong

T&c do phan ting xic tac axit - bazo phu thudc rét 16n vao pH moi trudng.

Mot chét thudng c6 hai tinh chét: vira c6 tinh axit, vira ¢6 tinh bazo. V1vay,
mot phan @ng Xic tdc axit hay bazo déu c6 ba phan \ng tién hanh song song:
phan tng do xic tic axit, phan {img do xic tic bazo va phan tng ti€n hanh la do
va cham cdc phan tir phan tng. Do d6 t6c do chung chia phan ting V., s& 1a téng s8
téc do clia ba phan (ing ndi trén.

V.=V, +V,+V,

Vi du ta c6 phan ting don phan S, 2 S,

- Vi xtic tac 1a axit ta cé:

Vo= k. [SH0] (1.28a)
[H,0*] thé hién luc axit.
- Vi xiic tac 1a bazo
v, =k, [8,]joH"| (1.292)
[OH] thé hién luc bazo.

Nhu vay ta ¢6 tdc 4o chung clta phan ung:
V. = ky [SUHO™ + kpy- [SJIOH]) + k,.[S\]

—k.1S] (1.30a)

k.- hing s6 t&c do chung cta phan ing.
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Tit phuong trinh (I.30) ta c6 thé viét:

ko = ko+ k. JHO'] + kyy,. JOH] (L31)
(1 (2) (3)
- Trudmg hop xiic téc axit khd manh, ta c6 thé bd qua dai lugng (1) va (3):
k.= k,. [H;0" (L32)
gk, = lgk,. + 1g[H,0"] (1.33)
igk, = A - pH (134)

- Trudng hop xic tdc bazo kha manh, ta ¢6 thé bod qua dai lugng (1) va (2):

k = k . [OH] (1.35)

OH"

Dé biéu dién phuong trinh dong hoc theo lyc axit, ta xét phan (ng phan ly
nuéc dé thay [OH'] bing [H,0*]. Qud trinh phan ly nudc theo phuong trinh:

H,0 —» H;0' + OH

Kp = [H:0*](OH] (1.36)

K
[OH]= —2 (1.37)

[H,07]

K
k.= k ..—> 1.38
v OH [H30+] ( )
lgk, = lg + lgKp - 1g[H,0"] (1.39)

Ta c6:

gk, = B + pH (1.40)

B = gk, + 1gKp

Trong phin tmg xic téc axit - bazo ta thudng gap cac trudng hgp nhu trén
hinh [.2.
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Igk a-a": khong xic tac ;

b-b': xdc tac 1a axit;

a a c-c': giai doan 1- xic tac axit;
lc’ ¢ giai doan 2 - xc téc bazo;
d g d-d': giai doan 1- xic tic axit;

f giai doan 2 - khong xuc tdc;

. e-e": giai doan - xuic tdc axit;

e e
/ ' giai doan 2 - khéng xiic tac
\ Py d

f giai doan 3 - xic tdc bazo ;
b’ f-f+ giai doan 1- khong xiic téc;
g giai doan 2 - xtc tac bazo;
pH g-g": xiic tac bazo.
Hinh 1.2. Su phu thuéc Igk vao dé
pH méi trudng

1.3.3. Pong hoc ctia phan tmg xiic tic axit - bazo

1.3.3.1. Trudng hop xtc tdc la axit

Nhiém vu clia dong hoc:
- Gia thiét co ché phan ing ;
- Tim phuong trinh dong hoc.
Néu phuong trinh dong hoc phit hop véi co ché di dé ra thi co ché ding va
tir co ché€ nay tim ra xic tic mdi.

Néu phuong trinh dong hoc khong phli hgp véi co ché di dé ra thi phai gia
thiét lai co ch€ va tim phuong trinh dong hoc khdc theo co ché mdi gia thiét. Ta
phai 13p di lap lai nhiéu 1an mdi tim duge phuong trinh dong hoc phit hop véi co
ch& phan tng. V{du:

Phaning S, + S, » P, + P, (xuc tdc cho qud trinh 1a mot axit AH). Gia
thiét co ché& phan iing chia thanh cdc giai doan sau:
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ky

S, + AH L SH'+ A (1)
K, ki

SH'+S, 2. P, +PH* (2)
2

PH' A g P,+AH 3)

. Neéu hap chat trung gian (P,H") cé tdc dung manh véi méi trudng phén tng
(H,O) thi co ché di theo mot hudng khic:

P,H' + H,0 —4» P, +H,0" @)
k
H,O*+ A —— H,0+HA (5)

Co ché phén tng ¢d thé 1a (1), (2), (3) hoic (1), (2), (4) va (5).

Gial doan (3), (5) la giai doan hoan nguyén xic tdc theo hai co ché
khac nhau.

Theo nguyén tic tinh t6c do chung cla phan \ing thi té¢ dé chung ctia phan
ting 1a t6¢ dd cha giai doan cham nhat,

Dé thiét 1ap phuong trinh phén ting ta gia thiét cac giai doan cham nhét.
Gid thiét giai doan I chdm, giai doan 2, 3 nhanh. Khi dé :
Ve

Vi = k[S,] [AH] (1.41)

V. = f({AH]) (1.42)

Dé kiém tra c6 phil hop giita phuong trinh déng hoc va co ché phén tng
khong ta phai dung thuc nghiém. Vi du, khi ting nong do xic tdc AH ma toc do
phan Ung tang thi gia thiét giai doan / cham la diing.

Gid thiét giai doan 2 chdm, giai doan 1 va 3 nhanh. Khi dé:
Ve =V, = KIS]IS,H'] (L.43)
Trong phuong trinh (1.43), [S,H'] 1a gid tri chua bigt, vi vay phai xdc dinh.

Giai doan 2 cham, giai doan / nhanh, mau dat t3i can biang. Néu goi hing
s& can bing cla giai doan / 1a K, ta ¢6 phuong trinh:

x s fa] (1.44)

' [S,][AH)

Tir 46 suy ra:
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+ [S,].[AH]
[S,H ]=K1.—ﬁ_ (1.45)
Dé tim [A’}, ta c6 phén img axit hod nudc:

AH + H,O - A + H,0*
Hang s6 can béng clia phan g X, dugce xédc dinh theo phuong trinh:

K A0
[AH]

AH] _|H,07]
._] - K_

—
e

|

(1.46)

p

[
Thay (1.46) vao (1.45) ta ¢6:

[S.H']=K [S,].[AH]
: V[AHLK,

+ K +
[H,0"]= 258, 1.[H,0°] (147)
Thay (1.47) vao phuong trinh (1.43) ta ¢6:

V. =k g (18,1 H,07) (1.48)

a

Nhu vay van t8c chung cla phan ting phu thudc vio néng dé [H,0*], tic la
phu thudc vao lic axit:

V. = f([H,O'D (1.49)
Mudn tang V. thi phai ding axit ¢6 hre axit manh.

Gid thiét giai doan 3 chdm, giai doan I va 2 nhanh. Khi dé:
V.= V; = k[P,H'[A] (L.50)

Trong phuong trinh ¢6 dn s6 la [P,H*) cAn xdc dinh.
Phan ting 2 dat t6i can bing, ta ¢6 hing s6 can bang K, duge xic dinh theo
phuong trinh:

_R]RH"]

= 1.51
[S,HT][S, ] 42

it

Tir d6 rit ra:
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[S,H"]S,]

P.H'] =K .
(P [F)

Ly [S,H*] tit phuong trinh (1.45) thay vao ta c6:

[P,H*]= Km.[sﬂ.x,.[sll[{m] - K,,K”_Mﬂ
[P, [A7] [PYA"]

Thay vao phuong trinh (1.50) va ude luge nong do [A] ta c6:

[S, 103, ][AH]

VL. = kg.KhK”. [P ]
1

- f[[_f*ﬂ]
[P}

(1.52)

(1.53)

(1.54)

Téc do phan vmg phu thude vao néng do [AH] wic la néng 4o axit va ty 1é

Gid thiét giai doan 4 chdm, giai dogn 1, 2 va 5 nhanh. Khi do .

V. =V, = k; [PH"]

nghlch véi néng do san phdm [P]. Nhu vay, dé tang t6c do phan ing cén tang
ndng do [AH], déng thai phai tich san phdm ra khoi khéi phan ing.

(1.55)

Phuong trinh ¢6 mot 4n s& 1a ndng do [P,H']. Phan img 2 dat t6i can bing

va hing s6 can bing K, xic dinh theo phuong trinh:

_IRRH
(S,H1(S,]

{S,H"1.{S,]
P]
Thay [S,H"] tir phuong trinh (1.45) vao ta c:
=K, K, . SIS lan] S, JlaH]

TTn]

T phan tng: AH+H,0 —» A" + H,0O'

(PH"] =K.

ta ¢6 hiing s6 can bing phén ing proton hod nudc 1a K, :

[ATJH.0") _, [AH]_[H,0']

= [AH] A7l K

a

(1.56)

(1.57)

(1.58)
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Thay vao phuong trinh (1.57) va (1.55) ta cé:

Ve = k4'Kf 'Kﬂ']; '[SI][SEQ’[;{}OW (1-59)
1

a

Nhu vay van tSc phan ing ty 1 thuén v6i luc axit [H;O%] va ty 1& nghich véi

néng do san pham [P,]:
V.= f{[mo ]
A1

DE van t6c phan ing tang, phai c6 bién phdp gidm t6i thiéu lugng san pham
fP,] va tang luc axit.

L.3.3.2. Xuc tac la mét bazo

Vidy: phantng SH + 8, —» P+ P,H (xuc tic baza B).

Gia thiét co ¢hé phén tng chia thanh cdc giai doan sau:

k
SH+B :k'- S; +BH )
vl
. ky. _
ST +5, == P,+P (2)
ka
ks
P; +BH" = P,H+B (3)
Néu dung moi bi proton hod ta cé:
k
P, + H,O —2= P,H + OH" (4)
k
OH + BH* —= H,0 + B (5)

Ta cling gia thiét nhu trudng hop xiic tic la axit.
Gid thiét giai dogn 1 chdm. Khi do:
V. =V, = k[SH]B]

V. = f([BD) (1.60)

Nhu vay téc d6 phan tng ty 1¢ v6i ndng do clia xic tic [B]. Néu ting nong
d6 xtc tdc thi téc do phan ting ting.
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Gid thiét giai doan 2 chgm. Khi dé:

V.=V, = kIS8 (1.61)

Phan ¢ng / dat 16i can bang, cling 1ap phuong trinh tinh todan nhu trudng
hop axit ta ¢6 két luan téc do phan dng phu thude vao luc bazo [OH]:

V. = {([OH])

Gid thiét giai doan 3 cham. Khi do:

V. = V; = k; [P,][BH"] (1.62)

Phan {mg 2 dat t6i can bang, tuong tu ta tim dugce [P,], thay vao phuong
trinh [1.62] ta cé:

[S,HI(S,1[B]

V.=k K, K,. P
I

(1.63)

Nhur vay t6c do phan ing phu thude vao néng do xic tac [B] va ty 1¢ nghich
véi ndng do san phdm [P,]. Vay muén ting t6c do phan tng can giam thiéu lugng

san pham:
i)
[P]

Gid thiét giai doan 4 chdm. Khi do:
V, =V, = k[Py] (1.64)
Tir phuong trinh can bing giai doan 2, ta ¢6 hang s¢ can bang X :
n= &][P_{]_
[S7108,]
Tir d6 tim ra [P, ], thay [P,] vao phuong trinh (1.64) ta c6:

[OH]

V. =k KK, IS HIIS
: ~SHIIS,) S

(1.65)

Nhur vay t6c d6 phan tng phu thudc vao luc bazo [OH) va ty 1¢ nghich vdi
néng 46 san phdm [P, ]:
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v - f(mj
(f]

Dé tang téc do chung cua phan tng, céin phai tang nong do {OH] hay 1a luc
bazo, nhung phai giam thiéu luong san phdm [Py].

1.3.4. Luc axit - bazo va hoat tinh xic tac

1.3.4.1. Tinh luc axit

N6i chung luc axit - bazo cang manh thi do hoat tinh xuc téc cang cao. Dé
tinh lyc axit, ta cho axit tc dung véi HO. Ta ¢6 phuong trinh phan tng:

AH + H,O » A + H,0O'

Tinh hing s& can bing cla phan ing K, :

_ATIM,0) (L66)
[AH][H,0]
Néu dung dich lodng thi [H;0] = 1, taco:
Ka = Wj (1.67)
[AH]

Pai luong K, duge goi 1a hing s6 do axit, 1 thude do lyc axit AH so véi luc
axit ion H,O* (loai ndy dugc 14y lam titu chudn).

Theo Bronsted, luc axit 1 hiing s& téc d¢ ctia phuong trinh (1.67) (k)
k,=akK," (1.68)
avac 1ahing s6 thuc nghiém; gid tri o nam trong khoang 0 < o < 1.
1.3.4.2. Tinh luc bazo
Ta cho bazo tic dung véi H,O theo phan dng:

B + H,0 — BH' + OH
Tinh hing s& can bing ca phan dng K, :

_ [BHJ[OH]

K [B]

(1.69)
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Dé thuan loi ta bidu dién hing s6 can bang K|, sang hing s6 can bang X..
BH* 1a mot axit, ta cho tdc dung vdi nudc:

BH* + H,0O — B + H,0O'

vataco:
K, = [BH]J[OH ] (1.70)
[B]
Phan dng nuée tu phan ly:
H,0 —» H;0' + OH"
Ta ¢6 hing s6 can bang Kp:
K, = [HyO')[OH]]
Nhur vay:
Kh= [BH ]'[OH-]:[HSO ]- KD-"
[B] K, [H07]
Hay: K,= LY (1.71)
K,
Theo Bronsted, luc baza 1a hing sé toc do (k,):
k, =b.K} 1.72)
b vi B 12 hing s6 thuc nghiém; gid tri B nim trong khodng 0 < < L.
Hay c¢6 thé viét:
g
k, = b(%} =b'.K;’
a (1.73)

b =bKy
1.3.4.3. Tinh gid tri ava p

Ta lay phuong trinh:
AH + H,0 —» A + HO'
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Khi chua can bing, ta ¢6 van t6¢ phan tng thuan (V)
Vi = k. [AH] = a.K.” [AH]
Va vén t6c phan tng nghich (V) :
Vg = ke [ATTH,0*] = &7.K, 2 [A)H,0%
Khi can bang V,, =V,

a.K“[AH] = b K, 2 [A1[H0"]

- [AT][H;07]

a.K?=p K"’ AR =bK’. K,
ak  =bK"" (1.74)
Khia~btacé: o.=1-f, hay:
a+ =1 (1.75)
Nhur vay: O<a<l ; 0<f<L

1.3.4.4. Trudng hop axit - bazo nhiéu chite
Vi du axit ¢ m chire:
m=mk,
Bazo ¢6 n chirc: k.= n.k,
m/n - kha ndng tdch proton ctia axit va kha nang ké&t hop proton ciia bazo.

1.3.5. Hoat d6 va hé s6 hoat d¢

Hing s6 do axit duge xdc dinh dya vio ndng do, nhung dé chi mdi 1a dinh
tinh. P& xdc dinh dinh luong cin phai ding hoat d0. Hoat d6 a; cia phan tr hoac
ion / dugc xdc dinh nhu 12 tich s6 ndéng do C; cta phan tir hoic 1on i véi hé s6 hoat
do fi:

a, = Cpf;

Khi thay néng d6 bing hoat d6 ta s& duge hing s6 can bing ma khong phu
thudc vao dung moi. Hang s6 nay duge goi 12 hang s6 nhiét dong hoc cia axit va
duge ky hiéu 1a K,. D6 vdi can bang protoni:
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AH - H + A
Hiing s6 nhiét dong hoc cla axit bing:

K =t _ H'].f,- [AT]S, (1.76)
G [AH).f 4
K =[H+].[A_] Sur Ty

" [AH] T [y

(.77}

D6i v6i phan tir khong tich dién trong dung moi pha lodng I6n, cdc hé s6
hoat do tién ti don vi. Con déi vdi ion, theo thuyét cac chat dién ly manh, bat ky
ion ndo trong dung dich déu bi bao vay quanh minh cédc ion ngugc dau. biéu dé
lam thay di d¢ linh déng cfia ion, nén anh hudng dén hoat tinh xidc tdc cla nd.
Cic chét dién ly la cho thém vao ciing co hién tugng tuong tir.

1.3.6. Cic ham s¢ axit A, va H,

Thuyét dién ly manh cho kha nang tién dodn cdc h¢ s6 hoat do chi trong
trudmg hop dung dich loding. D6 v6i dung dich chifa ion hydroxoni  (hoac cac
ion khéc) c¢6 ndng do6 16n (trong nudc va trong mdt vai dung moi khéc), ta phai
dung phuong phap khédc. Néu trong dung dich ¢6 chida bazo khong tich dién B thi
can bing duge biéu dién bang phuong trinh dong hoc chinh xé4c sau:

x _BLIH] Juty
“ [BH'] T f,-

(1.78)

Tir phuong trinh:
BH* » B+ H'
Bdi vi B va BH chi khdc nhau mot proton, nén cé thé giai thich rang ty s6
f3! £, s€khong phu thuoc vao dic tinh ctia B. Dua va dic tinh nay, nguoi ta ¢6
thé xdc dinh dai luong ham s6 axit A,

h, =K, [,w = [H+]__f_fL'f_” =a,. A (L.79)
(B] fmr‘ f,‘f :
Pai luong nay khong phy thuge vao B va néng do cla nd (néu ndéng do nay
rit bé). Ly log hai v& ta s& dugc ham s d¢ axit 4,

ok = pK' —1g BET_ e e [BL
H,=-gh, =pK' - g (B] pK' +1g BH'] (1.80)
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Dai lugng [B)/[BH] d& dang do biing phuong phép so mau néu B 14 chat chi
thi, cdn dai luong pK,' ¢6 thé do trong cic nong do khde nhau.

Thuyc nghiém cho thay k, va H,, thuc 1€ khong phu thuge vao dac tinh chia B
va diing 1am thuéc do d6 axit ctia dung dich.

Trong dung dich loing H, bing gid tri cha pH. Khi nong d6 dam dac, H,
tang nhanh hon pH va phu thudc vao dac tinh cua axit. Trong nhiéu trudng hop,
ngudi ta ching minh duge ring tinh chat xic tc cla axit dic phu thudc vao ham
sO H,..

Ty s& [BH*]/[B] dac trimg cho kha nang cia bazo cong hop proton.

Bay gid ta hdy xét sy lién hé giita ty s6 nay véi 46 axit k,. Gilta axit AH va
bazo B trong dung dich s& thiét 1ap can bing. Ta ¢6 phuong trinh téng quét & trén:

AH + B - BH'" + A

K= aHH* 'aA' — [BH+]‘a,4' ‘fBH‘ (181)

Ay Bl  auu-fs

Gia thi€t K, = 1, ta c6:

AH - H' + A

[7 S /
K,=—4—2=1
A ap
~ a‘ 1
thi: L
Qo Gy

Thay vao phuong trinh (1.81) ta cé:

_[BH'] Sy _[BHTY 1

K .
[B] fya, [B] A,

(1.82)

k. =Bl

o 1.83)
(B] (

B&i vi néng do ddy da cla [B,] béng:
[B.] = [B] + [BH'] = [B] + [B].K A,

(Bl = [BI(/ + K.1,)
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[BH'] Kk,
[B,] 1+Kuh,

(1.84)

1.3.7. Phan ing xuc tic axit - baza cho - nhan dién tur (axit Lewis)

1.3.7.1. Quan diém cta Lewis

- Axit Lewis ciing bi trung hoa nhu axit Bronsted:
H,O* + O - H0 + H:O:H
H
HaO* + NHy = H0 + H :KI:H
H
Qua trinh trung hoa nhanh va khong ddi hoi nang luong.
_ (6 thé tach axit Lewis ra thanh nhiing axit vl bazo yéu.

_ Axit Lewis cé thé 1am xic téc cho nhitg phén tmg ma trudc day ding
xic tac Bronsted, hoat tinh cao, dic biét do chon loc cao.

Céc loai xic tic d6 1a: HF, AICL,, AlBrs, BF;, BCl,, SnCl,, ZnCl,, ALO;.
- Luec axit Lewis c6 thé nhan biét bing chat chi thi mau.

. D6i vdi axit Bronsted, nang luong tich proton khong déi, khong phu
thuoc vio mai trudng. Con d6i vdi axit Lewis, nang lugng tach cap dién
tir phu thuoc vo déi tugng nhan dién tir.

1.8.7.2. Co ché phdn ing khi ding xic tdc axit Lewis

Phan vng Fridel-Kraft: Alkyl hod ¢6 mat xiic tac AlCl;, alkyl hod vong
thom béng hop chét c6 chia halogen HX:

AICI3 R

Co ché phan tng c6 thé viét nhur sau:

G c
RX + ACl, === R X A—Cl === R’ X A—Cl
Cl C

Ion cacboni R* két hop vdi benzen:
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H + Cl -

' | R
R+ @:.—_.-— R@ + | X: TI—CI — O + HX + AICI5
Cl

Phan (mg alkyl hod vong thom bang olefin, xic tic AIC;:

i |

C—R Ci C—R

|| | Ho o  +CeHs
H—(|3 + f‘l\'—Cl — H—(IJ----AICI3 -

H Cl H

Dich chuyén proton ta thu dugc:

I
— ACI, + ¢R
CH,

Ngoai AICI; ta cé thé ding cdc xic tdc khic thude loai axit Lewis.

Trong moi trudng nudc, axit Lewis két hop vdi nude cho proton. Két qua tao
ra axit proton ¢6 tinh axit manh hon so vdi cdc hgp chat axit khéc:

AICI, + H,0 —» [AICL,-OH] + H*

1.4, HIEU UNG MUOI 1-Imom.ph.10")

L.4.1. Khai niém

Khi thém mudi clia axit
(axit la xidc tdc) vao phén
g xic tdc dong thé, thi ¢b
thé thic ddy t6c do phan tng
léen 18 rét. Hi¢u tmg nay ta ‘
goi la hiéu tng muGi bac 2 L— U
thé hién trén hinh 1.3. 02 04 06 08 1 [CHCOONa]

Hinh 1.3. Su phu thudc toc d6 phdn img vao
lurang mudi CH;COONa thém véao trong phan tng
xuc tac la CH;COOH



Con Arhenius nhan thay, khi thém mudi trung tinh ¢6 ion khdc véi ion clia
axit lam xuc tdc thi t6c do phén tng cling tang. Hiéu img nay ta goi ia hiéu tmg
mudi bac 1, thé hién trong bang (1.6).

Bang 1.6. Su phu thubc hang s6 t6c d6 phén img vao huong mudi khi thém mudi
NaCl hay NaNQ, vao phan tmg iot hod axeton, xtic tac axit axetic

Luong % Héng s6 téc dd phan ting
mudi thém vao NaCl NaNO,
0,0 4,65 4,65
0.1 4,78 4,74
0,5 5,30 5,19
1,0 5,95 5,57
2,0 7,26 6,48
4,0 11,10 8,30

1.4.2. Giai thich hiéu img mugi bac 2

Theo thuyét c6 dién cha qud trinh dién ly, néu chat xdc tic la axit yéu duge
phan ly theo phuong trinh:

AH + H,O » A + H;0"

Sy thém mudi ¢6 chita ion déng dang véi axit s& 1am dich chuyén can bing
vé phia tao thanh axit khong phan ly. Nhu vay néu thém mudi déng 1& phai lam
gidm tdc dung cua xiic téc, tifc 1a lam giam t6¢ d6 phdn ing, nhung trdi lai, né
lam tang t6c do phan tng (hinh 1.3). Khi néng d6 muéi chita ion déng dang véi
axit tang Ién, lic dau ta thay t6c d6 phan tng giam di chut it, sau dé lai tang
tuyén tinh véi nong do ion déng dang.

Theo Danson, khi tinh t6¢ d6 phan tmg xiic tdc d6ng thé xic tac 13 axit ¢é
thém mudi chita ion dong dang thi phai dua vao dinh luat khoi lugng, 6 nghia
14 t6c d6 phan ting c6 thanh phén cha tat ca cdc tiéu phan tir ¢6 trong dung dich.
Cédc ion H', OH', céc anion, cdc phan tir clia axit va bazo khong phan ly. Vi du
phan tmg :

AH + H, 0 —» A + H,0®
V:kH+[H30*]+k,,[A‘]+k“[AH]+k0H_[0H‘]+ k. [H,0]

Vi vay khi néng dé clia [A7] tang lén thi tSc do phan ing cling tang.
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1.4.3. Giai thich hiéu img muéi bac 1

D& giai thich hiéu img mudi bac 1, Arhenius da dua ra lap luan sau:

Khi them mudi cé ion khdc véi ion cia axit 1am xic tac cho phan dng, nic 1a
c6 sit thay déi luc ion clia dung dich. Trong trudng hop nay, ndng do ion tham gia
phan ting khong quyét dinh tSc do phan img ma sy thay d6i téc do phan tng la do
hé s6 hoat d¢ cua céc 1on.

Vi du phan tng gifta hai ch4t A va B tao thanh hop chat trung gian AB va
phén huy hgp chét trung gian cho ta san pham:
A + B —> [AB] = san phim

Giai doan cham nhat c6 thé 13 phan tng tao thanh hop chét trung gian AB,
hay giai doan cudi tao thanh san phim.

Gia thiét toc d6 tao thanh hgp chat trung gian cham thi hing s6 toc 4o phan
tng khong ty 1¢ véi ion chia dung dich:
)
dt

Néu phén ting phan huy hop chat trung gian thanh san pham 1a cham ta ¢
phuong trinh:

V = k,[AB]

. Khi d6 giai doan / ti€n hanh nhanh, giita phan tir clia phitc va hop chdt ban
déu trong bat k¥ thdi diém ndo ciing can bang.
Hing s6 dong hoc cha qué trinh cén bing (K,) dugc bi€u dién qua hoat do
ciia phan tng:

K = a,  Cun Sy (1.85)
.= = . )
a,a, C,C, -fl—‘i)'-fiﬁ)

a- hoat do cha chét phan (ng hay hop chdt trung gian ;
f- hé 56 hoat do clia chat phan ing hay hop chét trung gian.

Tir phuong trinh (1.85) ta c6 thé rit ra duoc ndng d¢ cha phiic:
CAB = K}.CA.CB.F (1.86)

F biéu thi hoat do dong hoc cha hé:
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f(fih')

F= {1.87)
foo-Tonw
Con hiing s6 t6c d6 thuc nghiém kpy c6 thé biéu dién:
kTN= kI.K[.F (1.88)

Trong phuong trinh (1.88), hing s6 can bing (X)), hang s& téc d6 phan huy
hop chét trung gian (k;) khong phu thudc vao luc ion. Con hing s6 téc do thuc
nghiém kry phu thudc vao luc ion, titc 1a phy thu¢c vao néng d6 mudi trung tinh
(nhung mudi trung tinh khong tham gia vao phan iing).

Phuong trinh (1.88) c6 thé viét duéi dang:
ke =k, F (1.89)
trong do: k,=k.K;

Chiing ta tim dugc hé s6 phu thudc giita hoat d¢ dong hoc va luc ion dung
dich (i). Theo Debai-Hiickel, hé s6 hoat d6 cua ion trong dung dich ¢6 li€n quan
dén hod trj ion va luc ion cha dung dich bang ty s6:

zAJ_
1+BaJ‘

trong d6: f,- hé s& hoat d claion ; z;- hoé tri chaion; a- dudbng kinh gin
ding cua ion.

-lgf = (1.90)

A, B - hiing 56 phu thudc bdi dai lugng ham s6 ludng cuc chia dung dich va
nhiét d6 ; C - hiing s6 thuc nghiém ; 4 - luc ion.

D6i véi nhimg ion riéng biét, hing s& hoat d6 khong thay d6i.

Thuc nghiém cho thdy su phu thudc ctia hé s6 hoat do va luc ion, trong
pham vi luc ion ién (tir 0,1 - 0,5) thi phuong trinh (1.90) c6 C.x rat nho. Nhur vay
phuong trinh c6 thé viét:

zA\/-

-lgf = 1.91
Y (L91)
Khi luc ion nhd (< 0,1) thi phuong trinh (1.90) viét dudi dang:
~lgf =z 4u (1.92)
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Ta tim lgF tit phuong trinh (1.87):

IgF = lgfa+ 1gf5 - 18fas

lgF = A\/;(z_?m -z —zi).A\/,_u_(zA -z, Y -z} -z,
lgF =2A4.z,.z, 1 (1.93)
igk,, =gk, +1gF =gk, +24.2,.2, 1t (194)

Néu mot chat phan tng 1a phan tir, con chit kia 1a ion, hoac ca hai chdt phan
{mg 13 phan tit, thi khi lyc ion yéu, hing sg t6c do phan tng khong phu thugc vao
st ¢6 mit clia mudéi trung tinh, vi Z,=0, Z,=0va lgF=0.

Luc ion chi tic dung d6i véi truong hop néu hai chat phan ing la ion.

Ta xem xét mot vai trudng hop ¢6 anh hudng cla lyc ion lén hang sd t6¢ do
cua phan imng.

1) A Li phan tir: z,= 0, B 12 ion thi z; ¢6 hod tri:
CH,COOGC,H; + OH — CH;COO + C;H;0H
Igkyy = 1gk, (1.95)
Dz,=zz=1

NO,NCOOG,H; + OH - N,O + CO;* + C,H;OH

gk, =gk, +y 1 (1.96)
PNz, =1,z5=2:
5,0 + 21 - I, + 250,”
gk, =gk, +2Ju (1.97)
DHz,=25=2:

2[Co(NH,)s]Br?* + Hg* + H;0 — 2[Co(NH,)s.H,01** + HgBr,
5Yz,=-zz=1:

H,0, + 2H" + 2Br - 2H,0 + Br,
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6)ZA=‘223=2:
[Co(NH.)s)Br?* + OH — [Co(NH,);OHJ** + Br
lg ks =gk, ~2/u (198)

Hinh (1.4) thé hién su phu thudc giita lg%’— va Ju.

7l

g 2 1

g ] 2
3
4

0
021
5
6

0.1 02 Ju

Hinh 1.4. Su phy thubc gitra 1g%‘-1 va Jz

Khi dung dich muéi lodng, déi véi tat ca cdc phan (ing giita cdc ion hod tri |,
hang s6 t6c do tang khi tang lyc ion cha dung dich. Hing s t6c d6 cang 16n khi
hod tri ion tham gia cang I6n. Héng s6 t6c do chia phan ing tang khi thém mudi
trung tinh goi 1a hidu ting dién nr duwong.

Trong phan tng giita cdc ion ¢6 hod tri khdc nhau, hing s& t6c do giam khi
tang luc ion cia dung dich. Hing s6 t6c d¢ gidm khi ting néng-doé mudi trung
tinh goi 13 hiéu tmg dién tir dm.

Trong ca hai trudong hop, khi luc ion yéu, Igk thay doi theo ty 1é clia J; ta
goi 14 hiéu g dién e binh phuong,
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Khi luc ion 16n, phuong trinh cua Bronsted c6 dang:

gk, =gk, +C.u

Trong trudng hogp nay ta ¢é hiéu ing dién tir khong phu thudc vao J; .

15, XOC TAC PONG THE: XUC TAC PHUC, XUC TAC ENZYM

Xiic téc enzym va xic tac phic gan nhu dong dang véi nhau. Dang enzym
tén tai trong co thé séng, con dang phiic duge con ngudi téng hop nén. Nhung
hai dang xic tdc enzym va xic tic phitc ¢6 thanh phén ciu tao, co ch€ hoat
dong nhu nhau.

Suét cdc thap ky qua, xic tdc phic d3 dat dugc nhimg thanh tyu 10 16n cho
su chuyén hod khéc nhau va dd c¢6 mot vai qué trinh dd dugc dua ra san xuat. D6
13 nhimg phéan ng hoat ho4 alkyl, alken, hoat hod phan tir H,, H,0,, CO, oxl1 hod
phan tir nudc, cdc hop chat sunfua, phan huy nhimg hop chét hitu co doc hai.
Nhung so v6i xlic tac enzym thi xdc tac phiic chua dat tinh wu viét nhu nhiing
phén tng c6 sy tham gia cha enzym.

Dua trén nhiing tinh cht ctia enzym, con ngudi da dat vin dé mo hinh hod
tam hoat dong cha loai xic tdc phic, tim phuong phap téng hop phic cho phan
¢mg xidc tic déng thé. Con dudng tiém can téi xic téc enzym la phii ché tao ra
phtic da nhén. Phic da nhan khic véi phitc don nhén 1a chiing c6 cdu tao, nguyén
Iy hoat dong va chifc nang tuong ty nhy nhitg tam hoat dong cla enzym, tic la
6 khi nang dinh hudng thich hgp va tinh chon loc cao. Nhung céc phic da nhan
vin ¢6 cdu tao don gian hon nhiéu so véi enzym. Phiic da nhan bén hon xuc tac
enzym, nén ¢d kha nang thuc hién phan tng & ngoai ¢d thé song, & dicu kién ap
sudt va nhiét do binh thuong.

Vi du phan img hydro hod GHa. Dé cho phan tmg xdy ra, trudc hét phai
hoat hoé phan tit H,. Day Ja qué trinh thu nhiét 16n, n€u khong ¢6 xiic tc thi
khong thé thyc hién & diéu kién thudng. Trude day ta ding xidc tac bang kim loal,
phung hién tai ta diing xdc tac phitc tao diéu kién cho phén ving tién hanh & diéu
kién mém.

Hoic vi du nhur phén (mg khir nito, khi phan tt N, bi Khir vé NH; ma khong
¢6 san phim phu nhd xic tic van chuyén 4 dién tlr cla cic tdm Mo™ trong enzym
chita sét...

Qua trinh oxi hod nudc giai phdng O,, xic tac bing phic c6 nhan chifa Mn,
ngudi ta m6i khing dinh co ché van chuyén 4 dién tir trong phic da nhan cia Mn
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(trong qud trinh quang hop cda thyc vat) thuén loi khong nhing vé mat nang
lugng ma ca vé mat dong hoc. Trong khi d6, co ché kém theo sy thay déi nhiéu vé
hod tri cua ion mangan & phic don nhan khong xay ra, bdi vi né din dén su thay
déi 16n trong c4u tric phic,

Nhu vay, xét vé xiic tic enzym véi xic tde phic, nhit 1a phitc da nhan c6
nhimng diém giéng nhau, Tuy nhién qu4 trinh xic tic enzym xay ra phitc tap hon
nhieu cd vé quy luat dong hoc v vé& quy luat nhiét dong hoc. Nhung chiing ta
nghién citu cic quy luat ciia phan ing xiic tic phitc dé hiéu 13 hon vé& xic tic
enzym. Trdi lai, nghién citu thanh phin va co ché hoat dong clia enzym d€ c6 thé
ché tao xiic tac phitc hoan thién hon.

L5.1. Xic tac enzym

L5.1.1. Tinh chét ciia enzym

Enzym la loai xic tdc vi sinh vat.

Tinh chat cta xic téc enzym la ¢c6 do hoat tinh cao, c6 d¢ chon loc dic biét
ngay 0 nhiét do khong cao (dudi 100°C), nhung ¢6 nhuoe diém 13 chiu nhiét kém.

Enzym c6 trong luong phan tir 16n. Vi du nhu loai pepsin ¢6 M = 35.000
d.vC, axit ghetamin c6 M = 13.500 d.vC, hay loai enzym thu duge khi khir nuée
clia axit glutamin c6 trong lwgng phan tir gin 1.000.000.

Putng kinh trung binh cia mot phan tir enzym nim trong khoang tir [-100 pm,
tic la nam trong viing keo.

Moi mot loai enzym déu ¢6 nhi¢t d9 tdc dung thich hop, nhung nhin
chung khi nhié¢t d¢ tang thi hoat tinh tang. Nhumg néu nhiét do tang qué nhiét
d6 cho phép clia méi loai enzym thi enzym mat hoat tinh, bi phd v& lién két
hoic bi keo tu.

Ngoii ra, sy tdc dung cia xic tic enzym cdn phy thudc vio doé pH cla
moi trudng. Vi du: pepsin ¢6 tic dung xic tic t6t nhat & PH =1,5-25, tripsin &
pH =8-11.

Enzym 1am xiic tdc cho mét s6 phén tmg s& 1am gidm nang lugng hoat hod
dang ké, vi giifa enzym va chat phan tmg tao ra rat nhiéu hgp chét trung gian.

Vi vu néu & bing 1.7 cho thdy ning Irong hoat hod cha phan tng khi diing
Xuc tdc men thap hon nhiéu so véi khi ding xiic tic axit-bazo vo co, va dac biét
so vdi phan ing khong diing xic t4c.
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Bang 1.7. Nang lugng hoat hoa ctia mét s6 phan ung dung xac tac khac nhau

Phan (mg Xuc tac Nang lygng hoat hoa
(cal/mol)

Khéng xuc tac 18.000

Phan huj H,0, lon I 13.500
Hé keo Pt 11.700

Men pepsin 5.500

Hydrolyse dudng trong lon H* 22.500
nudc Men dudng 8.700
Khéng xuc tac 21.000

Hydrolyse axetylgolin fon H* 16.000
trong nudc lon OH 12.000

Men 4.800 - 6.500

1.5.1.2. Co ché phdn wng ¢6 mdt xic tdc enzym

R4t nhiéu loai enzym ¢6 trung tam hoat dong 1a ion kim loai hay phitc chat véi
kim loai, goi la xuc tic co kim. Vi du nhu enzym chita molipden trong phiic
molipdenflavoprotein, enzym chita sit hofc phuc sét: sitocroma, hydroperoxytdaza,
enzym chifa photpho: photphataza, enzym chifa kém: peptidaza. Ciing ¢6 loai enzym
chita magie, coban, mét vai loai enzym chita ion déng... Nhitng ion kim loai hay
phitc kim loai trong phan tir enzym la nhitng trung tam hoat dong, chiing c6 hoa tri
thay déi, vi vay chiing ¢6 d¢ hoat tinh cao dung 1am xic tdc cho nhiéu phan ing.

OH e}
OH 0O
2Cu®t + @ — 2Cu" + @4 + 2H*

Vi du: phan tdng oxi hod polyphenol trong dung dich diing enzym catesin,
trong dé chifa ion déng ¢6 ho4 tri thay déi:

2Cu* + 2H* + 120, » 2Cu** + H,0

Nhimg ion kim loai chifa trong enzym véi ty 1¢ nho so véi trong lugng phan
tr enzym. Vi du: I mol ksantinokcidaza c6 trong lugng phan tir 1a 230.000 trén 1
nguyén tir molipden. Ion kim loai khong truc tiép ¢6 lién két véi khung clia phan



tlr enzym ma né di sau vao trong cdc hdc, 16 hdng, cic mao quan clia enzym,
cling cé thé c¢6 lién két trén co sd ion.

1.5.1.3. Déng hoc ciia phan ing xiic tdc enzym

Nhiém vu la tinh t6c d¢ phan dng & cdc thdi diém cé ndéng do va nhiét do
khédc nhau dé tim diéu kién t6i wu clia phén tng. Dong hoc phan img enzym dua
trén cd sd 1y thuyét Mesaelic-Menten (1913).

Theo thuyét nay phan (ing enzym tién hanh qua giai doan tao thanh hop chat
trung gian. Vidu ta c¢é phan ting:

k| kZ
E+S — C——= E+P
k

E - chét xic tdc men ; S - chat phan tng ; C - hop chét trung gian ; P - san
pham phéan ng.

Céc hgp chét trung gian (C) c6 thé nghién ctru bing quang phé (vi né t6n tai
kh4 lau trong dung dich). Dic biét enzym c6 chita nguyén t6 sat ton tai dudi dang
phic nhu katalaza, peroxydiaza, xytocrom... duge thé hién manh trén quang pho.

Trong luogng phan tir cia enzym 16n hon trong lugng phan tir chét phan iing
rat nhiéu, kich thudc phan tir cha enzym ndm trong ving keo, vi vay khi tao thanh
hop chat trung gian, trén phan tir enzym ¢ ving két hop véi chdt phan tng, ¢
viing két hgp véi san pham. Céc phin hoat tinh ctia enzym 1 phdn rdt nhd so véi
ca phan tlr enzym. D€ xéc dinh duge nhém hoat déng ta diing thudc thir, mi loai
thuéc thir chi tdc dung véi mot nhém hoat dong ctia enzym.

Téc do tao thanh hop chét trung gian:

%‘;j — k SAE —e)—(k_, +k,)C (1.99)
E- néng do ban dau cha men ; e- néng do hop chdt trung gian ; (E - e)- néng
dé tr do clia enzym.
T6c do bien ddi hgp chat ban ddu bing:

-% — k SAE —e)—k.C (1.100)

S- nong do ban ddu cha chat phan tmg.
Téc do tao thanh san phim:
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ar _

k,.C 1.101
at - ( )

Hing s6 phan ng phan huy hop chat trung gian (k,) thé hién di lyc cla men
véi chat phan ing:

ky =L (1.102)

Dé xé4c dinh k, va k, ta tién hanh phéan img khi néng d6 chat phan (ng
Ién hon nhidu néng d cha enzym. Thudng 18y ndng do cla enzym trong khoang
106 - 107" mol. O diéu kién dé, trong thdi gian tién hanh phan tng, néng dg hgp
chait trung gian coi nhu khong bién ddi, nghia la trong trang théi én dinh:

%:0-»&,.3.(5-@-(&,+k2)c=0 (1.103)

Tu dd ta co;

(E-e)S k. -tk _ X
C k, M

(1.104)

Dai lugng Ky goi 12 hing s6 Michaelis, tic 12 hing s& & trang théi &n dinh,
dic trung cho méi loai enzym va c6 thé xéc dinh bing thyc nghiém. Tur phuong
trinh (1.104) c6 thé rit ra:

c-E-e)s (1.105)
Kﬁf

Ti thuc nghiém ta tinh t6c d6 phan tng:

_dP _ k,{E-e).5

V=k,C
dt K,

(1.106}

Nhu vy t6¢ do phan ing phu thudc vao ndng do chét phdn ting, nong do
ctia enzym va hang s6 K.

Ta xét hai trudng hop:

Néng do chdt phdn itng nho: tic 14 § << Ky, do d6: e.§ = 0. Khi d6 phuong
trinh (1.106) c6 dang.

ES
V =k (1.107)

M

Phan tmg tién hanh béc 1 theo chit phan tng.
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Néng do chdt phdn img lon:

V=kES=V
Téc do dat gid tri cuc dai, tir d6 ta nit ra:

Vek E—S v S (1.108)
K,.S K,.S

Bac phén (ing enzym nam trong khoang tir 0 dén |, phuong trinh (1.108) ¢
thé viét duéi dang:

LI PPN 973
=7 (1+ S} (1.109)

max

Tir phuong trinh (1.109) ta thiy t6c d6 phan ing ty 1& nghich (tuyén tinh) v6i
néng do chat phan ving. Do d6 suy ra ring V. va K, 12 hang s6 dGi vdi phan ing
dd cho.

Tir thue nghiém c6 thé tinh K, bang céch do t6c do phan \mg & nong do
khéc nhau clia chét phan éng. Biét duge Ky, ¢6 thé tinh duge &, ko, &, k..
Vi du phan iing: k
l
Catalaza + H,0, ﬁk Hop chét trung gian
X)

Hop chat trung gian ke, Catalaza+ H, + 112 O,
k;=6.10° giay'; k., << 0,02 giay'; k; = 1,8.107 giay™.
Béng phuong phap v& dé thi 71/— - % ta c§ thé tim duge K, va V..

Chi ¥ ring, dé phin ng tién hanh theo chiéu thugn, ta cho mot trong so
chét phan tng du kha 16n, hay 1dy s6 liéu thi nghiém phédn dng khi phan \ing bit
d4u, nghia 12 liic d6 néng do sén pham bang 0.

Vi du ta ¢6 phan ting thuy phan dudng khi c6 mat enzym sacharaza véi diéu
kién du néc, ta ¢6 thé tinh dugc Ky va V. DG véi phdn tmg ndy, tinh duogc:

Ky = 0,028 mol/lit (K > 10™)

Sy lién hé giira k; va Ky c6 thé dwoc it ra ti phuong trinh trén:
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K, =k . (1.110)
kl
Gi4 tri hing s6 Michaelis (K,) c6 thé diing dé xdc dinh ndng d6 chat phan
{ng, tinh t6c 4o cuc dai (V,,,,) va mot s6 tinh chét khdc cha enzym.
Vi timg loai enzym ta ¢6 gid tri Kj; khdc nhau (bang 1.8).

Bang 1.8. Gia trj K, ciia ttmg loai enzym cho timg loai phan ting

Enzym Chat phan (ng K, (molflit)
Maltaza Maltaza 2,1.107
Sacharaza Sacharaza 2,8.107
Photphataza Glyxerophotphat 3,0.10°
Lantodehydraza Axit pyrobinograza 3,5.10°

1.5.2. Xtc tac dong thé: hop chat co kim

Trong cdc phan tmg xic tdc dong thé pha long thi xiic téc co kim ¢6 mot vi
tri quan trong vé mat khoa hoc ciing nhu trong san xuat. Céc xiic tdc co kim clia
kim loai chuyén ti€p 1 su lién két gitta C véi kim loai lam cho phtc ¢6 tinh dac
biét, ma ditng mot minh kim loai ho#c ligan khong thé nao ¢d duge tinh chat xc
tac cho phan img doé.

Cic phan ng duge xuc tdc bdi xiic tc co kim 1a cdc phan g cacbonyl
hod, decacbonyl, sip xép lai hydro, hydro ho4 va oxy hod khong hoan toan...

1.5.2.1. Hod hoc va phdn tng

Phitc chat co kim bao gém mot ion kim loai (thudmg 1a kim loai chuyén ti€p
ket hop v6i chat hitu ¢ 12 cc ligan hifu co. Céc kim loai chuyén tiép la kim loai
6 vong dién tit d, ¢ kha nang tao phifc véi céc ligan hitu co. Qud trinh xay ra la
do su phan ly theo su phdi tri ciia cdc phan tir hitu co v6i ion kim loai. Cdc ion
kim loai ¢6 thé nhan dién tif va orbital con tréng tir ligan, hodc nguge lai, ion kim
loai ¢6 thé cho dién tir cha minh.

Cic ligan phd bién va céc dién tich dic trung cha ching va mét s& phoi tri
duge trinh bay trong bang 1.9.
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Béng 1.9. Céc ligan va céc loai dién tich cta chung véa mét sé phdi tri
(Collman 1987)

Ligan Pién tich S6 phdi tri
X(CLBr, H -1 1(2)
H -1 1(2.3)
CH, -1 1(2)
CO 0 1(2,3)
R,C = CR, 0 (-2 1(2)
RC = CR 0 (-2) 1(2)
RCO -1 1(2)
RN 0 1
R,P 0 1
O -2 2
0, -2 (1) 2 (1)

Su trao déi electron giita kim loai chuyén ti€p véi ligan phit hop véi quy tic

electron thir 1 8:

n+ Z(CN)max =18

(1L.111)

n- s6 electron ; CN- s6 phoi tri (s6 ligan duge phdi trf véi kim loai).

Quy tic 18 electron dy dodn s6 t6i da cdc ligan cho phép chiém giit cha mdi
mot ligan 4°. Dé tinh todn s6 electron trong td hop kim loai chuyén ti€p cdn dé
chiém giir orbital " cn bi&t dién tich hinh thic va phéi tr clia méi ligan. Kim
loai chuyén ti€p va s& electron d cia ching véi cdc trang thdi oxi hoa thay ddi

dwge cho trong bang 1.10.

Bang 1.10. Kim loai chuyén tiép va sé electron cia ching

vdi cac trang thai oxi hod thay d6i

. Nhém
Hang
4 5 6 7 8 9 10 11
3d thi 1 Ti Vv Cr Mn Fe Co Ni Cu
3d thir 2 Zr Nb Mo Te Ru Rh Pd Ag
3dthi 3 Hf Ta W Re Os Ir Pt Au
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Trang thai
oxi hod
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+2
+3
+4

S48 electron d
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|~ |00 | O

8
7_]

Vi du dién tich clia crom trong phifc chat Cr(CO), 1 bao nhiéu?

Khi nhan vé minh 6 ligan CO la cao nhét. Trong trudng hop (CN)y., = 6,
theo phuong trinh (1.111) s6 electron cho qua 6 ligan 1a: 2 x 6 = 12. Dua vao bang
(1.9) thay riing theo sy tinh todn nay mdi ligan c6 s6 phoi trf 12 1. Do méi ligan
cung cdp 2 electron lién két (mdi nguyén tlt cacbon ¢6 mét cip electron), s6
electron dugc cho 6 ligan CO 1a 12, Nhu vay tir phuong trinh (1.111) ta tinh dugc:

n=18-12=6
Tir bang (1.10) ta thay, d6i v6i n = 6 thi Cr c6 hod tri 0.
Tuong tir ta c6 thé tinh s6 phéi tr{ 161 da ctia ligan CO d6i véi Ni ¢6 gid tri la
bao nhiéu?. Tir bang (1.10) su chiém giir orbital 4 cho Ni la 10. Nhu vay:
(CN)pux = (18-10)/2 = 4

Qua vay, ta c6 phiic Ni(CO), 12 niken cacbonyl thudng duge nhan dang.
Nhung cic dang Cr(CO), va Ni(CO), chura chéc di 14 dang xdc tac hoat tinh
trong céc phan ng nhu phén tng cacbonyl hoa. Vi d6i v8i phan tng xuc téc cd
kim, xidc tac phdi ¢6 kha nang ph6i trf véi chat phan ung, ¢6 nghia 12 s6 ligan d6
phai khong bao hoa.
D6 hoat dong ctia phitc co kim phu thude vao ¢ hai tinh chat cta ion kim
loai va cua ligan.
- Cic kim loai & hang 2, 3 dang lién két M-H, M-C ¢6 do hoat dong manh
hon dang lién két M-M.
- Cic phuic ciia céc kim loai chuyén tigp hang 3 c6 do hoat dong thap.

- C#c kim loai chuyén ti€p nim & bén trdi cla bing tudn hoan cé electron
tao lién két M-O manh, tao thanh phic phoi tri 1on.
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_ Nhém kim loai 8, 9, 10 (dang &*, & va d'”) c6 céc electron ty do it nhat
6 thé dé gidm t6i trang thdi O va hoat tinh clia cdc kim loai nay khéng
cao.
C6 mdt s6 ion kim loai & dang ty do thi khong hoat dong, nhung khi chuyén
sang dang phic lai thé hién hoat tinh xiic tic. Nhung trong, sG phiic ciia nhiéu ion
kim loai, thi phitc cdc ion kim loai chuyén tiép la nhimg phic xic tdc manh.

1.5.2.2. Kim loai chuyén tiép

Chuing ta hily kho sat cdu tric clia kim loai chuyén tiép dé thdy dugc sy tao
thanh cac phiic hoat dong ciing véi ligan.

Cic kim loai chuyén tiép 6 s6 electron khong 1dp ddy vao cic orbital ngoai
ciing nhu cdc orbital 5 vd p, ma dién vao cdc orbital phia trong. Céc nguyén t6
nay co:

1} 5 orbital (n-1)d, 1 orbital ns va 3 orbital np c6 néng luong xap xi nhu
nhau.

(n—-1) nc np

2) C4c orbital chura duge 14p ddy & trang thdi oxi hod nao ctia ion kim loai va
c4c electron trén orbital (n-1)d ciing ¢6 thé duge cho di.

3) Kha nang lai hod gifta cdc orbital cao.

Nh& céc dic diém trén ma khi phoi tri véi cdc ligan hodc cic chat phan iing
(S), hodc nhimg chét phan tng c6 tinh ligan manh (S,), ion trung tam MZ* ¢6 thé
nhan electron vao orbital con trong tr ligan L hoac S,. Dong thdi M™* lai con ¢6
kha ning cho electron clta minh.

Vi du, su phan bd lai dién tir trén phan tir clia phic [PCLCH,T (mudi
Zeise): dién tir c6 thé dich chuyén tir lién két = cua C,H, sang M?%* 1ao lién két ©
gitta C,H, vi M%*. Ngugc lai, dién tir 6 thé chuyén nguoc tix M?* sang CH, tao
thanh lien két x nguge gifta MZ* va CH,. Két qua lam yéu lien két hoa hoc trong
phan tir CGH, (S).

Néu ding phé héng ngoai dé quan sét, ta thay dao dong Avec giam 200 em’,
do dai lién ket tang tir 1,38 A 1én dén 1,54 A, doi boi lien ket gidm tir 2 xudng |
. twong g véi sur bién ddi lai hod sp® sang sp’ trong céc nguyén tir C. Do dé céc
tac nhan nucleophil nhu OH, H'... d& xam nhap vio lién ket dd duoe hoat hod cia
C,H, (hinh L.3).

31



Hinh 1.5. Lién két phéi tri gitta ME> va C,H,
a) lién két o ; b) lién két =

1.5.2.3. Tinh chét oxi hod khit cia kim logi chuyén tiép

Do dac diém cdu tao dién tir cha kim loal chuyén tiép, chiing ¢6 thé ton tai
nhiéu dang oxi hod khéc nhau. Hau heét cdc kim loai chuyén ti€p c6 kha ning tao
phitc bén & cdc trang thii oxi hod. Khi trong hé phén ing ¢ mat chét oxi hod khir
thi chiing ¢6 thé bi oxi hod hodc bi khif tuy thugc timg trang thai cha ion kim loai.
Diéu nay cho ta thuc hién chu trinh oxi ho4 khir thuan nghich, phuc héi trang thai
oxi hod, nén duy tri dugc chifc nang xiic tdc ca he.

Vi du khir olefin bing H,, xtic tdc phic la RhCIL,. Trong qud trinh phan
tng, hoa tri ctia Rh bién ddi tir Rh(1) » Rh(I1T) — Rh(I) theo mat chu trinh kin:

+H, +RCH = CH,
Rh(DCLL, — Rh{IIDH,CLL, >

RCH,CH,
RE(INHRCH,CH,) CLL, ———— Rh() CLL,

Trong céc hé xdc tic nay, dudi tic dung clia nhitng téc nhan oxi hod, khu
khac nhau di xay ra qua trinh chuyén hod thuan nghich gitfa cic trang thdi hod tri
khéc nhau cia ion kim loai. Tuy nhién mifc do thudn nghich cha méi chu trinh
phu thudc vao nhiéu yéu 15 khic nhau nhur: ban chat ion kim loai, ligan, chat oxi
ho4, chét khir, thanh phin cfu tao clia phic, do bén, thé oxi hod khir... clia céc
phitc tao thanh va ca diéu kién phan ing.
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Trong cac phiic cacbonyl nhu Cr(CQ),, Fe(CO)s, Fe(CO)y2 Co,(CO)3...
cho dir cdc kim loai chuyén tiép & trang théi oxi hoé bic 0 vén tao thanh phiic v6i
céc ligan o-donor va -acceptor véi cau hinh dién tir nhu Cr(0):

aon @ W ——

3d, 3d,” 4s' ap*
Tao lién két Tao lién két o
Cr - CO Cr - CO

Nguyén tir Cr(0) c6 thé lien ket v&1 6 phan tir CO nho 6 orbital ty do 3d,” 4s'
4p®. Phan tir Cr(CO); bén vimg ducc 12 do tuong tac 1" Cr—CO cua cap dién tir
34, thuoe Cr véi m-orbital thude CO. Déng thdi do sy chuyén dich dién tir tir CO
sang Cr trong twong tic © cho - nhan (c-donor-acceptor) ma dudng nhu dién tich
tai nguyén tir Cr c6 gia tri 8¢, = 0,4. Ching ta c6 thé minh hoa co ch€ lién két trén
bing so d6 & hinh L.6.

T =0 —C NG

Hinh 1.6. So d6 tao thanh lién két o va n gitta M-CO cla cac
nguyén to nhom d

Qua trinh dich chuyén dién tich nay lam giam béc lién két trong phan T
CO. Tren phé héng ngoai veo= 2155 ! giam xudng 2000 cm'. Higu tng dé c6
thé sir dung thuan lgi cho qué trinh khit CO v6n rdt doc hai. Khi phan huy dudi
tc dung nhiét, cdc cacbonyl ndy con cho phép nhan duge nhitg kim loai siéu
sach.

Trong thyc t&, cdc phic chét cacbonyl duge Umg dung rong rii d€ hoat hod
cdc lien két @ cho nhing phén dng tdng hop hitu ca.
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1.5.2.4. Pdc diém phéi tri cua ligan

Ton kim loai chuyén ti€p c6 thé lién két véi mot hay nhiéu ligan. Ta thudng
gap sO ligan phéi tri 12 4 va 6. Mot vai trudng hop ¢6 s6 phdi trf nhiéu hon, vi
du nhu ReHy*, WH(PR;);. Do nhitng chuyén dong quay hay tinh tién ctia mot
hay nhiéu nguyén tir (hodc nhém nguyeén tlr) sao cho ¢6 lgi vé mat nang lugng
trong qud trinh phan (g ma s6 phic trung gian duge hinh thanh véi s phoi
tri khic nhau tuong tng véi cing ion trung tam. Nhu phan dng khir olefin
xlic tic bing RhCI(PPh;);, ion Rh di thay dd&i phSi tri 5 l4n tix
KN4—»>KN6—-KN5—->KN6—-KN5—-KN4,

Co ché bién déi con phu thude viio ban chat clia ting ligan nhu: dac diém
tuong tic tinh dién, kich thude (y&u t6 khong gian) cuia ligan. Céc ligan la nhiing
phén tir trung hoa hay cdc anion. Nhiéu ligan chita cic nhém chifc nhu -NH,,
=NH, -COOH, -OH... nhimg hop chat lién két doi, lien két ba, ¢6 thé mach
thang, mach vong, mach nhdnh, c¢6 thé chifa mét hay nhiéu nhém chifc.

Dudi tac dung cha diéu kién phén ting, ching thé hién kha nang proton hod
hay deproton hoa khic nhau. Vi du phan tir NH,RCOOH trong moéi trudng axit
tén tai & dang *NH;-RCOOH, nhung trong mdi trudng kiém lai bi deproton hoa
thanh NH,RCOO". Méi dang déu cho cic phitc ¢6 dic tinh khac nhau.

Tuy nhién trong xtc tc phic ngudi ta thudng quan tam i s6 phoi tri tr do
ma kim loai chua danh cho mét ligan ndo. D6 13 nhiing vi tri dé céc chét phan
ng c6 thé xam nhap tao nén nhimg lién két cho - nhan. Giai doan nay tao ra loai
phitc dang [M**LS,] goi la phifc trung gian. T6¢ do va co ch€ phan (ng phu thude
vao su tao thanh va dé hoat dong cta phiic trung gian d6. Vi du khi hoat hoa GH,
bang phirc {PtCl,]" cho ta phifc trung gian hoat déng [PtCliCH,]

Sau day 1a mot s6 tng dung cha xidc tic phic trong phéan ting xiic tic déng
thé.

1.5.2.5. Péng hoc va cd ché phdn ing hydro hod alken véi xiic tdc
Wilkenson's

Mot trong nhitng thanh tuu ndi bat clia phan fng xdc tic dong thé 1a dang
xtic tdc phitc Rh-phosphin, dé 1a xiic tic Wilkenson's (1961).

Xiic tic Wilkenson's ¢6 dd chon loc cao trong phong thi nghiém khi diing
cho phén img hydro hoé alken, m& dudng cho sy phat trién clia xic téc co kim
déng thé, sau d6 duge Ung dung cho phan iumg téng hop isobutylaldehit va
n-butylaldehit (qud trinh téng hgp oxo) va L-dopa (qua trinh Monsanto).
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Co ch€ qud trinh hydro hod alken déng thé va ban chat clia xic tdc Rh-
phosphin hay xic tac Wilkenson's duge Halpern va cOng su xdc minh (1976).

Hoat tinh xitic tic Wilkenson's bao gom cac dime Rh,CL{(PPh,), va monome
RhCl(PPh,),. O day PPh; la ligan clia phosphin tridentat.

Phuong trinh dong hoc phu thudgc vao su phan huy PPh; tir monome, sy
hydro hod phic chat lién két cla alken tao thanh alkan. Co ché phén ing dugc thé
hién trén hinh 1.7,

-- H -
PhyP_  .Cl..  _PPhy  POR_ .Cdupy Phe | .M \,C=C\ Prp, | oH
Rh’ *RN, — “RI, — RN, —_— “Rh7.
Ph,P \Cl/ PPhy Cll PPh, - Hy 01/5 PPhy  —£=C CI/ PPh,
¥

Hinh 1.7. Vong hoat déng ciia qua trinh xtic tac Witkenson's trong phan (ng
hydro hoa (Halpern, 1976)

Nhitng dic diém quan trong trong phan éng nay la :
1. Rh t8n tai & hai giai doan oxi hod: oxi hod ti€p trir khi hoat tinh gidm
hoan toan.
2. Ndéng do hgp chat trung gian thdp va twong tdc xdy ra nhanh chdng
trong vong hoat dong cta qud trinh xtc tdc.
- Hop chat trung gian bi dnh hudng manh boi cdc nhém chirc tin cong
vao ligan phosphin.
Hoat tinh xtc tdc c6 thé duge ting 1én hang tram lan boi sy tdn cong cla
nhém methoxy vio ligan phosphin (O’ Connor va Wilkenson, 1969).

1.5.2.6. Cdc qud trinh xiic tde dong thé duoe wng dung trong
céng nghiép

Mac dir mitc d6 san xudt cic hod chat bing phéan tmg xic tdc déng thé con it
hon so véi phan ting xiic tdc di thé, nhung thai gian gdn day cdc qud trinh xiic tic
déng thé duoc phét trién manh trong nhiéu linh vye dic th nhu: thue phidm, duge
pham, phan bén vi lugng, soi, polyme...
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C6 thé 1dy vi du cac qua trinh xiic tdc dong the nhu sau:

_ Qué trinh polyme hoa va oligome ho4 alken (propylen, polybutadien,
xyclododecatrien, polyetylen, polypropylen, dong trung hop etylen-
propylen...)

_ Cacbonyl hoa (phan tng tdng hop oxo san xudt rugu, san xudt axit
axetic tir metanol, anhydric axetic tir metanol...)

- Oxi hoé alken (san xuat axetaldehit, oxit propylen...)

- Oxi hod alkan va aren (san xuat terephtalic axit va este, axit adipic, axit
axetic, axit benzoic, axit isophtalic...).

Sau day cho mot vai ting dung cic phifc co kim, cac enzym dé san xudt hod
chit tinh khiét nhu huong lidu, duge phdm va cling nhu trong nganh san xudt
thudc trir sau hitu co.

a) Tong hop aldehit

Quié trinh téng hop oxo la phan ing gitta mot olefin véi CO va H, cho ta san
phdm aldehit. Xdc tac str dung 12 cacbonyl coban dong thé HCo(CO); thudng
duoc didu ché phdi hop vai t-arylphosphin. Qua trinh dugc ti€n hanh O dp sudt cao
(200 at) muc dich d€ duy tri phitc cacbonyl coban & trang thai 6n dinh hoat tinh,
nhiét do 180°C. Phan ting dién ra nhu sau:

CH;-CH=CH, + CO + H, — CH,CH,CH,CHO + (CH;),CHCHO

Nam 1976 hing Union Carbide da dua qud trinh oxo vao san xuét. Qud trinh
tién hanh & 4p suét thap, chuyén hod propylen thanh butylaldehit véi xic tdc la
phirc Rh: HRh(CO)[P(CgHs)1s. Vi loai xtic tdc nay ta ¢ thé tién hanh & 4p suat
15-30 at va nhiét do trong khodng 80-100°C. San phdm cho ta n-aldehit va
isoaldehit vai ty 1¢& 30:1.

Cic san phdm aldehit mach thing 12 ngu6n nguyén lieu dé san xuét chat déo
vi ruou mach thang. Rugu mach thiing dugc st dung dé san xudt chat tdy rira
téng hop mach théng (d6 12 loai chat tdy rita hay ddng hién nay vi c6 khi nang
phan huy sinh hoc cao).

Mic dit xdc téc phiic Rh d4t hon ngan ldn xic tic phic Co, nhumg ditng vé
hoat tinh thi phitc Rh ¢6 d¢ hoat tinh 16n hon triéu 14n phitc Co va diéu quan
trong 12 phan ing ti€n hanh & diéu kién mém hon.

Hoat tinh xic tac HRh(CO)P(CeHs),1x phu thude vao ap sufit CO trong he.

Ap sudt CO cang cao thi hoat tinh xic tdc cang 6n dinh. Nhung theo Martin
(1954), khi 4p sust CO cao thi t6c do phén ting s& gidm. Diéu thi hai anh hudng
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dén 8¢ do phan ting 1a ty 1¢ TPP/Rh (nhém P(C(Hy), dugc viét tit 1a TPP). Néu
TPP/Rh < 5 thi t6¢ do phan ing ty 1& thuan vdi néng d6 TPP. Nhung néu ty 1¢
TPP/Rh > 10 thi t6¢ d¢ phan ing ty 1é nghich véi néng d6 TPP.

Xdc tdc phitc Rh la xiic tac ¢6 tinh 6n dinh cao, san pham phu clia qud trinh
la axit cacboxylic.

Céc tap chat CI' va O, chita trong nguyén liéu ddu vio s& phan img v6i Rh
1am cho phitc Rh mat hoat tinh (mac di ham lugng CI va O, & dang vét).

Khi xte tdc mat hoat tinh hoan toan thi Rh v triphenylphosphin (TPP) dugc
chi€t xudt véi axit phosphoric, sau dé Rh dugc thu héi va tinh ché.

Trong phan tng diéu ché aldehit ¢6 ba van dé cdn dugc quan tam:

1. Van dé chuyén khéi giita cdc khi (CO, H,) vao pha dung dich hitu co.
Van dé an mdn thiét bi ciing 1a khau quan trong, cén c6 bién phap giam
thiéu dn mon.

2. Vian dé tach xiic tdc khdi khéi phan ting.

D€ han ché cdc vin d€ trén ta cdn:

I. Tang van t6c suc khi, két hop véi khudy tron manh cho ta téc do chuyén
khéi t6i da.

2. Cau tao thiét bi bang thép khong .

3. B¢ tach xic téc ra khoi khoi san phdm ding phuong phdp chung ct.
Nhung cén chi § 1a xiic tic dé mat hoat tinh & nhiét do cao.

Phitc Rh 1a xiic téc thich hop cho qua trinh chuyén hod alken c¢6 trong luong
phan tit thap. D€ chuyén hod alken c6 trong lugng phan tir cao, ngudi ta tién hanh
@ nhiét d6 cao trén 120°C. Nhung & nhiét d¢ nay phic Rh d& mat hoat tinh, vi vay
xuc tac phit hgp 1a phire Co.

b) Tong hop axit axetic

Axit axetic dugc ding trong cong nghé téng hop vinyl axetat, axetat
xenluloza, anhydric axetic, dung mdi axetat... Axit axetic ¢é thé duoc sin xudt tir
rrgu bang phuong phdp 1én men, chung g8, nhung hién nay phé bién diing cic
phuong phap téng hop sau:

1. Cacbony! hod metanol.
2. Oxi hoa pha l6ng axetaldehit.

3. Oxi hod truc ti€p hydrocacbon.
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Trong d6 phuong phip cacbonyl hoa metanol duge tng dung phé bién trong
10 nam trd lai day.

Tir nam 1913, hing BASF dd dua ra quy trinh san xuft axit axetic tir
metanol vd monooxit cacbon & nhiét do cao va dp sudt cao:

CH,;0H + CO — CH,COOR AH =-138,6 kl/mol

Ngoai diéu kién phan ing khic nghiét (nhiét do cao, ap sudt cao), con ¢d
vin dé an mon thiét bi (vi ¢6 hgp chdit iotua) di ngan can thuong mai hoa qué
trinh nay.

Reppe (1941) 44 dua ra mot loai xidc tic méi 1a cacbonyl kim loai nhom
VIII cho phén tmg cacbonyl hod metanol bao gém ca qué trinh hydroformyl ho4.
Nhung qua trinh ciing tién hanh ¢ nhiét d6 va dp suat cao (250°C, 475 at) véi sy
c6 mit clia coban iotua.

Nam 1968 Monsanto da dira ra hé xiic tic cua Rh cho phép phan g tién
hanh & diéu kién mém hon (nhiét do 150-200°C, dp sudt 15-25 at) va qué trinh
duge dua vao san xuat nam [970.

Vé ban chat hai qud trinh BASF vi Monsanto déu tuong ty nhau, nhung
khdc nhau & ché 12 ding hai dang xic tdc khdc nhau, vé mat dong hoc cdc bude
phan ting ciing khidc nhau.

Qua trinh BASF sir dung xtic tic cacbonyl coban v6i chét hoat hod 12 coban
(I1) iotua dé tai sinh tai chd Co(CO),. Co ché phan tng nhur sau:

Cox(CO) + H,0+ CO — 2 HCo(CO), + CO, (1)
CH,OH + HI — CH,I + H,0 (2)
HCo(CO), — H* + [Co(CO),J (3)
[Co(CO),J + CH.l — CH;Co(CO), + T (4)
CH;Co(CO), + CO — CH;-CO-Co(CO), (5)
CH,-CO-Co(CO), + HI — CH;COI + H* + [Co(CO),J (6)
CH,COI + H,0O — CH,COOH + HI (7)

Phuong trinh (1) dugc xem nhu phan (ing chuyén hoa Shift (phan ting khi
than udt), dung xtc tac la Co,(CO),:

CO +H,0 - CO, +H,
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H, duge tich ra bang cach phén ly phitc hydrocacbonyl coban [HCo(CO),].
Sau dé metyl iotua (CH;l) tan cong nucleophil vao anion [Co(CO),] theo phuong
trinh (4). Hop chat iotua thiic ddy qué trinh phén ng xay ra d& dang hon, vi n6 ¢6
kha nang tach nhém t6t hon OH (phan wng CH,I véi phuc chat bao hoa phoi tr
4. San phim cong ddu tién clia Co, CH:Co(CO)., 13 mot phirc ¢*. Day 1a phic
chua bio hoa phdi tri. Nhém axyl dinh véi Co trong san pham trung gian cla
phuong trinh (6) khong thé tach dé tao axety! iotua, vi iotua khong tao phoi tri véi
coban.

Khi sit dung xiic tic coban iotua cn tién hanh phan tng & nhiét do cao va
ap sudt cao. Dung ap sudt cao dé cho qua trinh hoa tan CO vao dung dich va giir
xc tic 6n dinh.

Qué trinh phan {ng Monsanto v6i xic tac cacbonyl rhodi véi chét trg xic
téc la iotua xay ra trong diéu Kién mém hon so v6i qua trinh BASF, véi chat hoat
hod xic tic l1a metyl iotua.

Dang xiic tdc ban dau 1a Rhl; dugc bién thanh dang hoat dong 1a [RR(CO),F
Nhung trong moi trudng phan tng ciing ton tai cdc dang phifc khéc cia Rh(D),
trong d6 phic [Rh(CO),L,] chiém wu thé, chimg td anion nay 12 loai phic ¢6 hoat
tinh néi tro.

Chu k¥ hinh thanh c6 thé thdy rd khi nghién ciu déng hoc va cic phuong
phép hod 1y quang phd. [Ri(CO)l.]" phan iing véi metyl iotua tao thanh metyl
rhodi. Su thé chd CO hay chinh xéc hon 14 su chuyén vi nhém metyl tao ra hop
chat axy! tac dung véi axyl iotua va tai sinh lai [Rh(CO),L,T, axyl iotua tac dung
v6i mude dé cho ta HI va san phdm axit axetic. Hydro iotua tac dung véi metanol
dé tao ra metyl iotua. Nhu vay, cu6i ciing phic rhodi va chat phy trg metyl iotua
lai dugc tai sinh.

So d6 vong clia qud trinh diéu ché axit axetic v6i xtc tac phirc rhodi, chét
phu trg metyl iotua dugc trinh bay trong hinh (L.8).

San phdm phu cla qud trinh la dioxit cacbon va hydro thu dugc tir phan dng
sau:

[Rh(CO),L,]" + 2HI — [Rh(CO)L,} + H, + CO
[RR(COL] + CO + H,0 — [RW(COYL,] + CO, + 2HI

2C0O + H,O - CO,+H,
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/\l CH,COOH

CO '
CH,COI HI MeOH
[Rh(CO),L,I
|
H,0
[CH,;CORW(CO),L;] [CH;Rh(CO), L5}
[CH,CORR(CO)L,]
co

Hinh 1.8. Dé xuét vong phan ing bdi xuc tac rhodi trong phén ing
cacbony! hoa metanol (quéa trinh Monsanto)

Phiic clia kim loai chuyén tiép khdc nhau ciing dugc nghién ctru nhumg chua
dua duge vio san xudt. Trong s6 d6 ¢6 loai phitc iridi cha hdng Monsanto va phifc
niken ciia hing Halcon ¢ nhiéu trién vong.

3. Téng hdp L-dopa

Mot trong nhimg duge phidm quan trong dé tri bénh parkinson la L-dopa.
Ciu tao phan tir ctia L-dopa duge trinh bay trong hinh L.9.

CH,_ ,COOH

C
v Ny

OH

Hinh 1.9. C4u tric cia L-dopa
Nguyén tir C lién két véi nhém NH, 1a tam bat d6i xing. Vi vay L-dopa c6

hiéu qua trong tri bénh, néu tao thanh D-dopa khong c6 kha ning tri bénh. Xic
tic c6 tinh chon loc dé€ tao thanh L-dopa do Knowles va Vyneyard (1977) dua ra
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12 Rh(I) mono dentate phosphin. Tuy nhién xiic tdc ¢6 do chon loc cao cho dong
phan quang hoc L-dopa 16t hon 12 DIAMP (phttc diphosphin rhodi} (hinh 1.10).

MeO

CgH -
6H5 /CHz CHZ\P\\\D

MeO P
i
CsHs

Hinh 1.10. Phurc diphosphin rhodi (DIAMP)

Giai doan quan trong ciia phan ting véi xic tdc phirc Rh dé cho L-dopa 1a
qua trinh hydro hod alken d6i xdng v6i phiic Rh, bao gom ligan bisphosphin dé
tao ra tam b4t déi xting xung quanh phitc Rh (hinh L.11).

H _COOH
Ne=cC CH, COOH
AN H, \C/
AcO AcO i NHAc
OCH3 OCH3

Hinh 1.11. Giai doan quyét dinh trong qua trinh t6ng hop L-dopa
Ia hydro hod alken cho ta déng phén quang hoc.

Xtc téc phic Rh duge diéu ché tir mudi clia Rh véi clorua alken nhu
hexadien clorua hay xyclooctadien clorua.

Trong qué trinh san xuat xtc téc duge hoa tan trong rugu, cho tir tir vao
autoclave chita dung dich rugu va hop chat alken, phan ing ti€n hanh & 50°C va
4p sust H, 1a 30 at. San phdm phan tng khong ho tan nén d€ dang dugc tich ra.

Xiic tac phitc Rh ¢6 hoat tinh bén nén cting khong cdn tich va tiép tuc phan
iing v6i mé tiép theo. Do kha ning dac biét ciia xiic tic dong thé c6 do chon loc
cao, c6 hoat tinh cao & didu kién khong khat khe, nén c6 thé néi xic téc dong thé
c6 mot vi tri quan trong trong tuong lai, cdn duge nghién ciu, nhét 1a trong nganh
cong nghiép hod duge.

Mot huéng méi trong nghién citu vé xtic téc 12 di thé hod xiic téc déng thé,
vi du dua enzym lén mét chat nén ceramic (nhu trong qud trinh este hod déu thyc
vat: trude day diing xdc tic 13 bazo, nhilng nim gdn day sir dung enzym c6 d6
chon loc va hoat tinh cao, nhung c6 diém khé khan la tich enzym ra khoi dung
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dich phan tng. Dé khic phuc nhuge di€m dé, ¢6 thé ché tao xic tac enzym duge
mang trén zeolit.

C6 mot khuynh hudng khdc 1a diing xdc tic polyme. Cac polyme c6 tinh
axit manh s& 1a xic tac trong mot s6 qud trinh cong nghicp nhu phan ing este
hoa, alkyl hod phenol, t6ng hop bisphenol A va téng hop metyl butyl (Gates
1992).

» - - -
4. Trién vong ciia xtc tdc dong thé

Xiic téc ddng thé cé céc dic diém sau:
1. C6 d6 hoat tinh cao.
2. C6 d6 chon loc cao.
3, Pidu kién tién hanh phan tng mém (nhiét do thip va 4p suat khong
cao).

Do vay dé sé la xidc téc cho nhiing hudng tuong lai. Dac biét trong cong
nghé diéu ché céc sén phém chit lugng cao nhu trong c6ng nghiép hod dugce, diéu
ché céc hod chat tinh khiét va trong cong nghé thuc phim.

Mot khuynh huéng Ia sy hop nht giira xic tdc dong thé va di thé. Cu thé
I3 ngudi ta cho mang xic tdc dong thé Ién cdc chdt mang rin dé khic phuc
nhuoe diém cha xiic tdc dong thé 12 qud trinh tich xic tac déng thé khoi san
phdm rét kho.
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Chuong 2
PHAN UNG XUC TAC D] THE

11.1. KHAI NIEM

Phan (g xiic tic di thé 1a phan ing trong d6 xic tc va chat phan (ng & cic
pha khdc nhau.

Thong thudng trong phan tng xic tac di thé, xic tac la pha ran, con chat
phan ting c¢6 the 13 h¢ 1ong hoac khi. Ta ¢6 thé chia cc loai phan tng xtic téc di
thé nhu sau:

. He xic tac 1a rdn, chat phan ing la 16ng—long. Vi du: céc phan ing

alkyl hod, sunfo hoa.
- He xc tc 1a rén, chat phan ung 1a khi - long. Vi du: phan ting hydro
hod benzen xic tac niken, phan tng diéu ché butyldiol-1,4 tit khi GH;
vi dung dich formalin, xtic téc la CuQ/Si0,.

- Heé phan tng xic téc 12 ran, chat phan tng 12 khi - khi. Vi du: phan ing
diéu ché vinyl clorua (VC) wr khi axetylen (hoic etylen) va HCI, xic tac
12 HegCl, mang trén than hoat tinh.

Phan tng xtc tac di thé cé nhing uu diém néi bat hon so véi xic tac
dong thé, nén dan dén trong cong nghiép ngudi ta thay xic tic axit - bazd
bing xic tac ran.

1. Cong nghe xtc tdc dj the c6 thé ti€n hanh lién tuc, nén nang sudt thiét bi

cao hon so véi phan img xdc téc déng thé.

2. C6 thé tr dong hod duge cong nghe.

Vin dé tach xdc tac va san pham dé dang.
4. Nang luong hoat hod clia phan tng xuc téc di thé thudng nho hon nang
lrgng hoat hod chia phan iing xdc tdc dong thé (bang IL.1).

63



Bang I1.1. So sanh gilta nang luong hoat hoa E ctia mot va phéan ing
khi tién hanh voi xuc tac déng thé va dj thé

s . Ed&ng thés kcal/ mol . . . 3
Phan ing o, i XUc tac di thé E e, kecal/mol
(Xuc tac axit-bazo) '
Pt 14,0
2HI > H, + 1, 440
Au 25,0
Au 29,0
2N,O0 - 2N, + O, 58,5
Pt 32,5
w 39,0
Mo 42,0
2NH, — N, + 3H, 78,0
Fe 42,0
Os 47,0

1.2, PHAN CHIA CAC GIAI DOAN TRONG PHAN UNG XUC TAC
DI THE

Phan tng xuc tic di thé tién hanh trén bé mat tiép xic gilta cic pha nén rit
phuc tap, dé nghién ctu chiing ta phai chia thanh cdc giai doan.

11.2.1. Phan chia theo giai doan

I1.2.1.1. Phédn chia thanh ba giai dogn (hinh I1.1a)
Giai doan I: Khuéch tdn chat phan img A dén bé mat xdc tdc ;
Giai doan I1: Phan tmg trén bé mat xic téc (A — B);
Giai doan ITI: Khuéch tan san pham B ra moi trudng phan ing.

A B A- chét phan tng
B- sdn pham phén ing

?/‘
Bé mit xic tac

1l
Il 77777777777
Hinh 1. 1a. Phan chia thanh ba giai doan
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Céch phan chia nay don gidn nhung chua phan biét duge giita hién tuong vat
1¥ va hoa hoc.

11.2.1.2. Phédn chia thanh 5 giai dogn (hinh I1.1b)

Giai doan I: Khuéch tdn chdt phan ting A dén bé mat xic tdc, cich bé mat
mét khoang ! (I = d, c¢lia phan tlr bi hap phu);

Giai doan II: Hap phu chat phén img A 1én bé mat xic téc ;

Giai doan III: Phan ting trén bé mat xic tdc (A — B) ;

Giai doan 1V: Nha hép phu san pham B;

Giat doan V: Khuéch tdn san phdm B ra méi trudng phéan ing.

VIl 777777
Xuc tac

Hinh 1. 1b. Phén chia thanh 5 giai doan trong phan tmg xdc tac di thé

11.2.1.3. Phén chia thanh 7 giai doan (hinh I1.1¢)

Ta biét rang xiic tdc rin, x6p khong bao gid 1a bé mat bing phing, né bao
gom cac mao quan ldn, trung binh va bé, tao nén bé mit riéng ca xic tic. Vi du
nhur than hoat tinh c6 thé dat bé mat riéng (S,) tir 800 dén 1200 m?¥g, trong d6 bé
mdt ngoai chi€ém ty I¢ rdt bé (1 - 2%), con lai la bé mat trong (do cdc mao quéan
tao thanh), phan tng thudng ti€n hanh & bé mat trong. Vi vay, ta ¢6 hai giai doan
khuéch tdn trong chat phan dng va sn pham.

Giai doan I: Khuéch tdn chét phan tng A dén bé mat ngoai xic tac;
Giai doan II: Khuéch tdn chét phan tng A vao trong mao quén;
Giai doan II: Hap phu chét phan ttng A 1én bé miit xdc tac ;

Giai doan IV: Phan img (A — B) ;

Giai doan V: Nha hap phu san phdm B khdi bé mat xiic téc ;

Giai doan VI: Khuéch tan san phdm B ra khéi mao quan;
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Giai doan VII: Khuéch tan sdn phdm B ra moi trudng phan ing.

Hinh Ii.1¢c. Phan chia thanh 7 giai doan trong phan tng xdc tac dj thé

Gifra giai doan khuéch tén trong chét phan ing (giai doan II) va giai doan
khuéch tén trong san pham (giat doan VI) ¢6 sy khic bigt rd rét do cdu tao ciia A
khic B. Vi du trong phan tmg phan b6 lai toluen c6 tao thanh cédc san phdm xylen
(p-xylen, o-xylen va m-xylen). Téc do khuéch tdn cla toluen, p-xylen so véi
o-xylen hodc m-xylen 16n hon hang ngan lan .

I1.2.2. Phan chia theo 16p

Baladin da phan chia phdn ting trén bé mat xdc tdc thanh 5 16p (hinh I1.2).

Lopl 16p 1- 16p khuéch tan
Lop 1l
Bp T ‘ 16p II- 16p qué do

Bé mit xiic tac . " . .
fop1v 16p 111- 16p phan tir phan dng hoat dong
Lop Vv

16p IV- 16p trung tam hoat déng clia xic téc
1dp V- 16p chat mang xic tic
Hinh I1.2. Phén chia phan umg theo Idp ctia Balandin

Tir déy ta thdy xic tdc chi ¢ mot phan rat mong trén bé mit ngodi Ix
rhimg trung tam hoat déng, cdn phia trong la chat mang. Vi vay, déi véi kim loai
quy thudng ta cho mang 1én chit mang (vi du Pt/y-AlL,O,) d€ tiét kiém kim loai,
ma bé mat xtc tdc lai duge tang hon nhiéu.
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I1.2.3. Phan chia theo ving

Xét vé phuong dién dong hoc, dé xét qué trinh phén ng ta ¢6 thé chia phan
g xuc tac di the ra 1am ba ving:

- Ving dong hoc.

- Ving khuéch tan.

- Vung qua do.

3. PONG HOC CUA PHAN UNG XUC TAC DI THE

Dé nghién citu dong hoc qud trink: xtic tac di the ta chia phan tng thanh ba
viing.

I1.3.1. Phan ing ¢ ving khuéch tan

Phan tng & viing khuéch tén 1 nhitmg phan tng c6 t6c do khuéch tan (V)
nho hon rat nhiéu so véi téc 46 dong hoc (V)

Vi << Vgy

Nhu vay t6c d6 chung (V) cha phdn ¢ng phu thuée vao téc dd khuéch
tan :

;S =V
‘u‘"lkh.t

Dé lam ting t6c ¢o chung ta phai lam tang toc do khuéch tdn. Céc bién phap
dé tang t6¢ do khuéch dn:

1. Giim thdi gian tiép xiic giita chat xic tdc va chdt phan tng. bé giam
thifi gian tiép xuc ta c6 thé gidm chiéu cao 1p xic tdc. Vi du phan
tng oxi hod amoniac trén xiic tic lugi Pt (hinh I1.3a), hoic phan tng
didu ché formaldehit bing con dudmng oxi hod metanol trén xdc tic
luéi Ag (nhitng t4m luGi Ag chéng lén nhau day khoang 2 dén 3 cm)
(hinh I1.3b).

2. Tang do khudy trén (néu trong pha 1dng ta tang chudn s6 Re). Ciing ¢6
thé ta thyc hién phan tmg & ché do tang so6i (hoac gia soi). Vi du nhu
phan tmg cracking xic tic & ch& d§ tdng soi c6 thdi gian ti€p xdc ngén
(khoang 1 dén 2 giay), hoac thyc hién phdn (ng chuyén dong ngugc
chiéu giita chét phan tng va chat xdc tac nhur trong phan ting reforming
Xlic tac.
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Cha phin g

Chifll phin ing
- --Ladp xic tdc 2-3am
N KX XK
-Lép xiic tac | >
_ Bg phin lam lanh d¢
“ ha nhiét da san phdm
Chiit rii lanb—w{]
Sian phiin
$an phdm
Hinh I1.3a. Thiét bi oxi hoa NH; trén Hinh 11.3b. Thiét bi téng hgp formaldehit
xtc tac luci Pt trén xuc tac Ag

I1.3.2. Phan tng ¢ ving dong hoc

Phan ng & ving dong hoc la nhiing phan ting c6 t6c do khuéch tan Vi)
16n hon r4t nhidu so véi toc 46 dong hoc (V)

Vi >> Vi
Nhu vy van téc chung (V) clia phan ing phu thuodc vao t6c do dong hoc:
V.=V,

D& 1am ting t6c do chung ta phdi c6 bién phdp lam tang 16c do dong hoc.
Cic bien phép dé lam tang t6c d¢ dong hoc gom:
1. Tang thoi gian tigp xidc giita ch4t phan img véi xdc tac. Pé tang thoi
gian tiép xvic ta c6 thé:
- Tang chiéu cao 1dp xic tic ;
- Hoic giam véan t6c dong Khi phan ing.
Vi du phan ung diéu ch¢ vinyl axetat tir C,H, hoic C,H, véi axit axetic trén
xiic tic axetat kém (hodc axetat cadimi) ta c¢6 chiéu cao 6ng xiic tac tir 2 dén 3 m.
Hoac phan ing oxi hod metanol bang xidc tic oxit Fe-Mo cho ta san phdm
formaldehit c6 chidu cao 6ng xic téc trén 2 m (trdi v&i phan img ding xidc tic
Ag) (hinh IL.4a).
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Hén hop chét phan img Hén hop chét phan iing

%

N =] :
AR Chat lam laff |
Annunr -
ZRARZ2R7R 787
4R2R7078717
4NN 7RZ2R21%
SECE%Z 070717
oy a
707070707 Chat Tam latfr—]
|:/ 7R -
Y
. . . :
Hén hop San pham ) i
Hén hop san phim
Hinh ll.4a Hinh 11.4b

D6i véi phan tmg téa nhiéu nhigt, ta chia xidc tic thanh nhtéu 1ép va cach
nhau bing mot 16p lam lanh (hinh [L4b). Vi du phan tmg SO, — SO;, xtc tic
V,0s.

2. Tim nhiét do t6t vu cta phan ing.

3. Tim loai xtic tac cé d hoat tinh cao.
11.3.3. Phan dng & vang qua do

Phan ng & viing qué do 13 nhiing phin ting ¢ van toc khuéch tan (Vi)
twong duong vai van tée dong hoc (V).

I1.3.4. D6 thi Arhenius

D6 thi Arhenius biéu dién sy phu thudc Ink vao I/T (xuat phat tir phuong
trinh Arhenius: k = A.e®*).

Do anh hudng khdc nhau cha nhi¢t d¢ dén van t6¢c khuéch tdn va van toc
dong hoc cha phan g hod hoc, nén sy phy thude cia téc do phan ung (V) vao
phiét do (tdc 1a sy phu thude Ink vao 1/T) biéu hién khac nhau trong cdc ving
phan dng. Do nghiéng cla dudng bicu dién cla ving dong hoc 16n hon dé
nghiéng trong mién khuéch tan (hinh I1.5).
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Mién khuéch tan | ~J
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' Mién déng hoq ..(a]
- v3 khuéch tén ll
trorg t .

E=(E,y+E,, )/2 .
i I (b) *
:[ | \'\_
'! | Mién déng hot.
1- I Ein . 1T

>

Hinh I1.5. Su phy thudc giGta ink va 1/T trong céc ving phan ing
I- mién ddng hoc; H- mién qua do; Ill- mién khuéch tan
a- d&i voi xtc tac ¢ nhiéu mao quan;
b- d6i vai xuc tac khéng c6 mao quan
D6 nghiéng clia dudng bidu dién (géc o) cho ta gid tri E/R, tic 1a E = Rtgo.
Tir hinh IL5 ta thay:
1. Nang luong hoat héa E cla viing khuéch tén rat nho
(E =0+ 5 kcal/mol), tréi lai néng lugng cha viing dong hoc kha l6n
(E4), > 10 kcal/mol).

2. Trong ving khuéch tin, Ink it phu thugc vao nhiét do (tic la van toc
ving khuéch tén it phy thudc nhiét do), cdn & ving dong hoc Ink phy
thuoc rat 16n vao nhiét do.

I1.3.5. Phuong trinh dong hoc tdng quat clia phan ing xiic tac di thé
Khi phén img xtc tac di thé tién hanh, vi du tir phén tmg don phan tir (tir S

> P) ta thay déu c6 hai van t6c phan img ti€n hanh song song, tic la vira c6 van
t6c khuéch tén, vira cé van téc dong hoc. Ta tim phuong trinh ctia hai van tSc do.
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- Vidn téc dong hoc: Ta ldy phuong trinh chung nhat:
Von=4,.Cs" (IL1)

trong d6: &, - hing s6 van t6¢ déng hoc;
C¢- nong do chat phan tmg S trén bé mit xic tac ;

n - bac phan iing.
Dé don gidn ta coi n = 1, vi vay ta cé:
Vd.h = k]-CS (11.2)

- Vdn téc khuéch tdn:Xudt phat tir dinh luat Fick:

dqg =-D. c.grad C.dt (IL3)

trong dé: dg- lugng chédt khuéch tan qua bé mat (v§i sy chénh léch ndng do 1a
gradC trong thai gian dr) ; D- hé s6 khuéch tan.

Su chénh léch néng d6 gradC cé thé biéu dién:

grad(C = &
dl

dx- chénh léch néng d6 trong I khoang chiéu dai di.

Vi du ta ¢6 chat A & méi trudng khuéch tdn ¢6 néng do 1a Cy duge khuéch
tdn dén bé mat xtc tic véi khoang cédch 1a § (trén bé mit xic tic ¢6 nbéng do 1a

Cs thl khi tich phan — % ta c6:
A (Cy)
_dx G -Cy 5
i 5 o
777777777 bé mil xtic tdc

Nhu vay dinh luat Fick ¢6 thé viét:
dg = Do 5= 4
&
Néu tinh cho mét don vi thé tich (V):

d Do
f,‘i =575 (Cs = Cydr (IL4)
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Ma dC = % - su thay déi néng do trong mot don vi thé tich. Do vay véan t6c

khuéch tian:
dc dC Do
y o= € oy v, = HC_ P9 e 115
kht df ay Kt d.f V 5 ( A X) ( )
Pat %;—f _ B (f- hing s6 van t6c khudch tan). Cudi cling ta c6:
Vi = -P (G- Cx) (11.6)

3 trong viing qué do ta c6 (két hop phuong trinh [1.2 va 11.6):
Viwr ® Von = k.Cs=-(Cs - Cx) (IL7

k|.CS = - ﬁ'CS + ﬂCx

Cotk, + B) = BCx
Vay: Cs = f 76 (IL.8)
]

Néng do Cs 1 4n s6 phai tim. Vi ta tim duge k- (hang s6 van toc chung):

_kP

= 11.9
¢ k,+5 (11.9)

Dé kiém nghiém hai phuong trinh (//.8) va ({1.9) ta ¢6 hai gia thiét:

1. Khi k, >> f (hing s6 t6c 4o dong hoc I6n hon rat nhiéu so véi hing s6
téc do khuéch tan). Tic 12V, << Vg, Taco thé néi phan ing O viing
khuéch tan. Ap dung vao phuong trinh (7/.8) va ({1.9) tacé:

B
Cs—mcx A(CY)

S it nho, vi vay ta cd: \ A(((i r)a{ 16n

—7 777777 bé mt xic tic

C,=—C
sklx

hay: k].CS - ﬁCx ¥ mé k| g ﬂnén CS << Cx.
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Vi vay AC rdt 16n, c6 nghia ring t6c do khuéch tén rat nho, van téc phan
itng phu thudc vao van tdc khuéch téan.

Con hing s van téc chung &,

Vi k;>> 0 nén: k =k'ﬂ-=ﬁ

1
Nhu vay hing s6 véan téc chung phu thudc vao hang s6 van téc khuéch tan.

2. Khi k, << p wiclaV,, <<V : phin ing & trong viing déng hoc. Khi
d6 tir phuong trinh (/1.8) ta co:

Cs = b Cx =ﬁcx =Cy

ki+p B

khi dé AC ~0.

Nhu vay phuong trinh van t6c dong hoc quyét dinh van 8¢ chung cia phan
ting (phuong trinh (/7.9)).

kB kB
& kl+/8 ﬁ |

Con:
Hang s6 van t6c chung bang hang s6 van toc dong hoc.
I.4. CHAT XUC TAC Di THE

Xiic tdc di thé c6 thé chi ¢6 mot thanh phan hoat dong. Vi du: xfic tic tdm
luGi sat, lu6i Pt trong phan tng téng hop NHa. xic téc dang hat Ag trong phéan
tng diéu ché formaldehit tir metanol, hoac mdt loai oxit nhu oxit nhom, oxit
titan... Nhung loai xuc téc ndy hién nay trong cong nghiép rat hiém. Pé tiét kiém
c4c kim loai quy nhu Pt, Ni, Ag, Au... ngudi ta thudng cho mang l1én chit mang.
Vi thé hién nay chat xdc tic 1a mot hon hop nhi€u thanh phan. Thudng xuc tac
chita 2 dén 3 thanh phdn, nhung ¢ loai xdc téc phic tap chifa rat nhiéu thanh
phan. Céc thanh phdn d6 duge chia thanh ting nhom ¢6 nhiém vu khdc nhau:
nhém hoat dong, nhém phu trg, nhém chit mang (duoc thé hién trén hinh I1.6,
hoic nhu & bang I1.2).
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Hoat déng hoa hoc

Cdc loai

Kim leai

Ban dan nhu cac oxit

hodac sunfit

Chitc ndng ctia chdt mang
- Cbd bé& mat rieng ldn, ¢6 mao
quan, dd xép
- Tinh bén cg hoc cao
Bién dang pha hoat ddng
Cdc logi
- Cac loai oxit
- P&t sét

Chat phu trg

- Than hoat tinh...

Chtc nang chat phu trg

Lam nhiém vu nhu ch&t mang: sdp x&p lai cdu triic, han ché hoat tinh [nhu lam
giam tinh axit), hoac kich déng hoat tinh.
Lam nhiém vy nhu mét thanh phén hoat déng: vé dién 1, vé phén tén, chdng

chat doc.

Hinh 11.6. Cac thanh phén va nhiém vy cla chat xuc tac

Béng I1.2. Céc nhiém vy cda ba thanh phan tao nén chét xuc tac

Thanh phan Loai Vi du
Pha hoat dong  |Kim loai Kim loai quy: Pt, Pd...
Kim loai chuyén tiép: Fe, Co, Ni...
Oxit kim loai Oxit kim loai: MoO,, CuO...

Sunfit kim loai

Sunfit kim loai: MoS,, Ni;S,...

Pha phu trg
Phu trg hinh hoc

Phu trg hea hoc

Oxit kim loai

Oxit kim loai chuyén tiép va nhém
IA: ALO,, SiO,, MgO, BaO, TiO,,
Zr0O,...

Kim loai kiém: K,0...

Pha chéat nén hay
chat mang

An dinh, bén, ¢ bé mat
riéng 18n nhu cac oxit kim
loai, than hoat tinh...

Nhém A, zeclit, than hoat tinh,
Si0,, ALLO;...

!
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11.4.1. Pha hoat dong

Pha hoat dong c6 chirc nang lam ting van t6c phan ng, tang do chon loc
cua phan ung. Richardson (1989) da dua ra ba tinh chit cta pha hoat dong nhu
trén hinh I1.7.

Tinh chat hda hoc

Co do bén cg hoc - Dién tich bé mat.
bén nhiét, bén hoa Pha - Coldxdp
- Co tinh axit

(it ngd doéc)

AT hoat dong
it bi mai mon

clia thanh phan xic tac

Tinh chat x0c tac

- Hoat tinh x{c¢ tac cao
P chon loc cao

Hinh I1.7. Cac chuc nang va tinh chét cha pha hoat dong

P& hidu 15 ban chét cua tung loai xuc téc, chung ta s€ phan loai thanh timg
nhém theo tinh chit hoat dong hodc theo trang thii.

Bang 11.3 cho danh sich c4c vat lidu xdc téc voi cac vi du trang thai cua mdi
loai ma céc qué trinh yéu ciu (vi du nhu cdu co d6 hoat tinh cao, do tuong tac voi
cac ciu tir chat phin ng), ¢6 th& phan loai theo do dan dién nhu cdc xuc tic kim
loai, hay cdc loai ban dan (oxit, sulfit kim loat...)

Bang i1.3. Céac dang xuc tac

\ Loai xUc tac Trang thai xGc tac - Viduy ___j‘
1. Kim loai - Phan tan Thap: PYALO,, Ru/SIO, l
\ - Nhiéu 16 x&p Cao: Ni/ALQO,, ColKieselgur

- Khoi Ni, Co Raney...

Fe-Al,O:K,0

Ludi Pt, Ag

(Pt-Re, Ni-Cu, Pt-Au)/chat mang

2. Da kim loai, Phan tan

cluster, hap kim




Bdng I1.3 (tiép theo)

3. Cac oxit - Bon oxit Al,O;, Cr0;, V0.
- Lu@ng oxit Si0,-Al,O,, TiO,-AlLO,...
- Phifc hgp BaTiO,, CuCr,0,, Bi,MoO...
- Phan tan NiO/ALO,, MoO,/ALO,...
- Khoang hoa NiO-CaAl,Q,
4. Sunfit Phan tan trén chat mang |MoS,/AlL,O,, WS,/ALO,
5. Axit - LuBng chirc Si0,-AlLO,
- Tinh thé Zeolit
- Dat sét tu nhién Montmorillorit
- Axit manh SbF,, HF
6. Bazo Phén tan Ca0O, Mg0, K,0, Na,0
7. Cac hgp chdt |- Clorit TiCl,, AlCI,
khac - Nitrit Fe,N
- Cachit Ni,C
- Borit Ni,B
- Silicit TiSi
L - Phosphit NiP
8. Cac dang khac |- Mugi ndng chay ZnCl,, Na,CO,
- XU tac men
- XUe tac cd kim

I14.1.1. Xuc tdac kim loai

Trén 70% phan Ung duoc biét dung xiic tac kim loai ¢ cidc dang khéc nhau.
Trong cong nghiép cdc kim loai ding lam xic tdc cho phan Ung reforming,
hydrocracking, téng hop NH,, téng hop metanol, trong cong nghé hod Iong than
d4, oxi hod, mét 36 qud trinh hydro hod, dehydro hod... Kim loai ¢6 thé ding
dudi dang tinh kuiét, hay céc hop kim, hoac ¢6 thé ding kim loai mang trén chat
mang. Phan Ién cdc 1y thuyét vé xic tac bat ngudn tir nghién cdu xiic tic kim loai.

Céc nguyén t6 trong bang tudn hoan déu cé kha nang khdc nhau: kha ning
lam xtc tdc, lam chat phu trg, chit mang hoac chat doc (hinh I1.8).
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Hinh I1.8 cho ta nhiing thong tin khai quat vé hoat tinh xuc téc cling nhu céc
tinh chat hod hoc khéic dua vao su hinh thanh cic orbital electron.

IA A

Li Be

Na | Mg

K Ca Céc kim loai “s”

Rb Sr

Cs Ba

Fr Ra

1B VB VB~ VIB VI3 VIIIB IB
Kim loai S¢ | Ti | V| & - Mn | Fe | co | Ni | cu

chuyén tiép Y Zr | Nb Mo Tc Ru Rh Pd | Ag

“d" L.a Hf Ta W Re Os Ir Pt Au

CAac kim loai d4t hiém "“f’

Ce | Pr {Nd |Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er [ Tm | ¥Yb | Lu

Hinh i1.8. Nhitng thong tin vé cac tinh chét cla cac kim loai
trong bang tuén hoan

Céac kim loai chuyén tiép ¢6 vong dién tlr & thudng dugc dung lam xtic téc.
Cic kim loai kiém, kiém thé rat nhay -am & diéu kién phan ing c6 thé tao thanh
ion cho nén c6 (hé dung lam chét phy trg. Cling ¢6 mot vai loai xtic tdc kim loai
kiém dudi dang néng chay, nhung khong thich hop dé ing dung vao cong nghiép.

Con kim loai dat hiém chira vong dién tir “f” cling it duge diing 1am xic tdc
vi khd diéu ché va trong diéu kién phan tng khé gilt nguyén trang thdi kim loai.
Cho dén nay chua cé nhitng dng dung rd nét vé su thanh cong sif dung lam xiic
tic cua cdc kim loai nhém *f’. Céc kim loai nhém “f’ nay thudng duge sir dung
lam chit mang hodc chat phu trg.
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C6 hai thuyét giai thich hién tugng hap phu trén xic tdc kim loai d6 1a
thuyét tuong duong hinh hoc va thuyét dién tir.

Thuyét tuong duong hinh Loc cua Balandin

Theo thuyét nady gilta cdc chat hdp phu va chat bi hdp phu cin cé6 mot su
tuong tng hinh hoc thi qua trinh hdp phu sé dé dang. Vi du nhur hdp phu etylen
trong phan tmg hydro hod etylen trén xuc tdc niken. {rén bé mat Ni cd hai
khoang céich lién két gitta Ni-Ni la 0,25 va 0,35 nm. Néu phan tir etylen hdp phu
trén hai tdm Ni-Ni (0,25 nm) thi ta ¢6 géc Ni-C-C la 105, gin vdi géc it dién
109°, do vay lién két nay khd bén va 6n dinh. Con néu hap phu trén hai tam Ni-Nj
c6 khoang cich 1a 0,35 nm thi ta ¢é géc Ni-C-C 1a 123° tao ra lién két giita Ni-C
yéu hon. Nhung dimg vé tac dung phan dmg xvc tdc thi géc Ni-C-C 1a 123° ¢o thé
t6t hon, vi né khong quéd bén ving nhu géc Ni-C-C 1a 105", Diéu nay dugc thé
hién trén hinh I11.9.

”%25
SN . Y
0.25 , © ©
0.35
€23y, o 0,35 0 o ©
0.25 °
[100] [110] [111]
o niken

o—o ctylen

Hinh 11.9. Céu trac bé méat niken

Nhu vay bé mat niken [100] va [110] ¢6 khoang cdch 0,35 nm ¢6 thé hoat
tinh hon bé mat [111] chi cé khoang cdch 0,25 nm. Véi yéu t6 twong duong hinh
hoc, Balandin dd gidi thich dugc rdt nhiéu co ché phan ting trén bé mat.

Nhu vay gitra tinh xuc tdc va khoang cach giifa céc tam hoat dong c6 sy lién
hé mat thiét véi nhau va di x4y dung duge dudng cong “volcano” nhu hinh I1.10.
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Nhung dédn ddn xudt hién nhiéu phén ting khong thé giéi thich dugc theo sur
twong duong khodng cdch ma duge thay thé bang thuyét dign .

+— [ntanpi hap phu etylen

L T Rh
EABTEE S Pd
r;;.) .,
£ 10 Pt
o
g
g
%, 1(}’. i NI Fe
9
Z 104+ Ta
5
T

10° 4+

I 1 |
0.30 0,35 0.40 0,45

Khoang cach nguyén tif kim loai M-M, A

Hinh i1.10. Su phu thuéc téc dd phan tng hydro hoa etylen
vao khodng céach cla nguyén tit kim loai M-M

Thuyét dién tir

Thuyét dién tir coi kim loai nhu ngudn sinh ra céc dién tir va céc 16 hdng
dién tit duge dic trumg boi ¢du triic viing chi ra d hinh IL1L.

Kim loai chuyén tiép ¢6 vong dién tlr “4” d& bi lai hod, day la yéu t6 quan
trong trong viéc lién két giira kim loai vi chét phén vng. Cdc kim loai chuyén tiép
¢6 hoiic khong ¢6 electron chua cap doi, nhung dudi diéu kién phan tng né cé thé
lai hod va cho ta nhilng electron “d” chua cap doi ¢ vong ngoai, nén ching thé
hién kha nang lién két hod hoc yéu, cho ta lién ket yéu rdi ¢6 thé chuyén sang
lien két manh, tao thanh nhiing hop chét trung gian. Cic mic Fecmi cang thap thi

s@ phan t bi hap phu cang dé. Vi du nhu td¢ d hydro hoa etylen c6 thé thé hién
dé manh qua s& luong 16 trong “d”.

Khi di chuyén tir phdi qua trdi clia bang hé thong tuéin hoan ¢6 nghia di tir
viing dién tir “d” thdp, c6 kha nang dién vho ving nang luong tuong g dé s&

hitu chung cdc orbital “d”. Cac muc dién ddy cho dén khi dat dugc ning luong
Fecmi.
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Entanpy hdp phu etylen,

® 0
on
5 )
-5 S0 ‘
‘C:l - -
,8 w20+
g B -
£ oL - - S
o Fe Co Ni Cu

Hinh 11.11. C&u truc vung cla céu truc kim loai “d”
Khi di chuyén tir phai qua trdi chia bang hé thong tuan hoan c6 nghia di tir viing
dién tir “d” thp, c6 kha ning dién vao viing nang lugng tuong ting dé s hitu chung
céc orbital “d”. Cic muc dién ddy cho dén khi dat dugc nang luong Fecmi.

Mot s6 16 héng clia vong dién tir d ¢6 kha nang két hop véi chét phan tng.
Cic mirc Fecmi nay cang thdp thi s6 chét hap phu cang nhi¢u va manh. Nhu vay
ta c6 mot dudng biéu dién volcano khic clia phin tng hydro hod etylen thé hién
trén hinh I1.12.

Er

[=)]

g @

= Z /

5 % ‘

Z |- 1 1 T

Fe Co Ni Cu
/N
1/d Niang luong

Hinh 11.12. Budng cong volcano cla phan tng hydro hoa etylen
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Qua hinh I1.12 ta thiy t6c do hydro hod cha etylen phu thudc vao s¢ lugng
16 trong 4.

Nhung thuyét nay mat d¢ tin cay khi ta thi nghiém trén hop kim, vi du
Ni-Cu. Thay ring khi thém vao 55% Cu thi mic Fecmi tang va khi d6 18c do
hydro hoa cyclopropan giam xudng (hinh I1.13).

Tuy vay hai thuyét hinh hoc va dién tir hién nay cing khong giai thich dugc
mét cach rd rang cac hién tugng hdp phu vi phan (ng, ma thay vao do ta phai s
dung thuyét trudmg ligan duge xét thém & phén xic tac co kim.

1.0 A

&
o0

0.6 -

Hoat tinh tuong déi
o
N

o
o

0.2 0.4 0,6 0,8 1
Ti 16 bé mat Cu/Ni

Hinh 11.13. Phan tmg hydro hoa cyclopropan trén xuc tac Ni-Cu

I1.4.1.2. Vit liéu bdn dan
Cic chét ban dan thudng sir dung 1am xic tdc 12 cde loai oxit hay sunfit cha
céc kim loai chuyén ti€p. Ban dan khac véi kim loai 1a gilfa hai ving dan dién va
viing hoé tri khong chen phii 1in nhau, ma cdch nhau mot viing cdm ( hinh I1.14).
Vung thdp hon la viing hod tri dugc 1dp ddy céc dién tlr tham gia cdu tao lién
két hod tri cia tinh thé dugc phan Iap véi viing din bdi nang luong Eg. Tiép dén la
viing tréng c6 thé goi 1a ving céim, réi dén vung dan.
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Hinh I1.14. C&u trac dién tir cta ban dan tu co “intrinsic”

7,

o

Khi mot electron tir ving hod tri dugc kich thich bdi mét nang luong nhu
nhiét hodc buc xa, néu di nang lugng thi né c6 thé nhay tir viing hoa tri sang
viing din va electron d6 c6 thé di chuyén tu do trong viing dén khi c6 dién trudng,
déng thoi dé lai 16 khuyét dién tir.

Chat ban dan loai nay ta goi 1a chat ban din tu ¢é “intrinsic”, né it ¢ vai trd
trong vat liéu xic tdc, vi dai nhiét do ti€én hanh phan mg khoang 300-700°C, &
nhiét dé dé khong di nang lugng dé kich thich electron nhay tir ving hod tri
sang vung dan.

Vat li¢u bdn dan do tap chat ngoai dua vao c6 hai loai: ban din n va p, dugc

thé hién trén hinh II.15a va b. Do din dién cha vat liéu nay la do khuyét tat tinh
thé, ta goi 1a “default”.

Vung dén Viing dan

£y E

EF @ - @ -9 -@® Miccho

Mic nhan - © -©- © -© E

£

a) Ban dén loai n. L6 tréng anion b) Ban dan loai p. L6 tréng cation
Hinh 11.15. C&u truc electron cla ban dén khéng ty luong

Chat ban dén loai n, vi du nhu ZnO c6 khuyét mot Zn* tao ra 16 khuyét va
hinh thanh ban din khéong ty lugng. Céc cation nhd hon dugc dién vao cic 16
khuyét tat va cho mitc nang lugng gén bang nang luong viing din. Khi dé chi cin
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néng lugng nhé (nhur ning lugng nhiét hodc bitc xa) c6 thé dua electron vio
ving din.

Con doi véi ban dan loai p, khung tinh thé cé dur céc anion, vi du nhu CoO,
¢6 the 14y thém mot oxi & ngoai vio lam cho mang luGi tinh thé cia oxit khong ty
lugng, chinh diéu nay cho ta mife tréng gan vai ving hod tri tr do. Khi electron
duge kich thich nhe ciing c6 thé nhay ra vung dan. Tinh dan dién xay ra qua cic
16 khuyét trong viing hos tri.

Céc mifc cho vA mitc nhén cling duge tao ra bing cich dua cdc cation khéc
hod tri vao cdc vi tri khuyet tat hoac thay cic cation trong mang. Ca hai cation
cung ton tai trong mot tinh thé.

Mirc Fecmt 1a thé dién hod nim gilta mitc cho cao nhat va muc nhan thap
nhat. Mitc Fecmi c6 thé thay déi (tang véi mic cho hon vi giam vdi mitc nhan
hon). Mitc Fecmi 6 thé do dugc, 16 13 chi 5§ phu thudce vao sy thay déi céu tric
dién tr.

Bang IL4. chi ra céc loai ban din nhu céc oxit hay cdc sunfit. Mot vaj loai
trong dé c6 do hoat tinh cao.

Béng I1.4. Céc loai nguyén t6 ban dan chuyén dich dién tiy

Nhém Nguyén t& Hgp chat Loai Nang iuong £,
(eV)
Cu0 n, p 1,4
Iy Cu Cu,0 p 1,9
Cu,S p 1.7
AgO p 0.7
Ag Ag,0 p 1,5 .
| Ag,S n 1,2
Au Au,0, n -
NiQ p 2,0
VIIL, Ni Ni,O, n ]
NiS o] -
Pd - - -
Pt PtO, n -
Co0O P 0.8 ]
VIII, Co Co,0, n -
L Co,0, p 0,8 B
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Bdng 1.4 (tiép)

FeO p 0,4
v- Fe,0, n 1,0
a-Fe,0; n 2,2
VIII, Fe
Fe,O, n 04
FeS p 0.1
FeS, p,n 1,2
Ru RuQ, - 0,1
MnO p 1,25
Vil Mn v-MnO, n 0,3
B-MnO, n 0.6
Re ReO, - 1,2
CrQ p -
CrO, n 0,3
Vg Cr CrO, n 3,2
Cr,0, p,n 19
CrS n 0,9
Mo MoO, n 2,9
MoS, p 1,2
WO, n 50
W WO, n 2.8
WS, P -
v y V,0, - 0.3
B V,04 n 2,1
Nb NbO P -
Nb,Os n 3,3
Ta Ta, 0, n 3.6
TiO p -
IV Ti TiO, n 3.1
Ti, 0, p 2,2
[1ig Sc Sc,05 p,n 2,2
Y Y,0, n 3.9
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Vai trd chia cdu tric dién tir nay trong cdc phan tng xic tdc duge thé hién 1o
nhdt d6i véi phan g dién hinh 12 phan (ing phan hay oxit nito:

2N,O — 2N, + O,

Co ché phan ting ¢6 thé duoc mo ta nhr sau:
N,O+e >N, +0O,
0, +N,O—> N, +0O; +¢

J day giai doan cho electron 1a giai doan cham nh4t, quyét dinh t6c do cia
phén tng. Qud trinh chuyén mot electron tir chat bi hdp phu O chi xdy ra vdi muc
Fecmi ctia b& mit nho hon the ion hod ctia O~

Qué trinh nay xay ra dé nhét & chat ban dan loai p, vi nd cé mifc Fecmi thdp
duoc thé hién trén hinh I1.16.

.. ¥ 4

Viung hoa tri

Hinh 11.16. Sy chuyén dich electron trén bé mat chét ban dén

DGi v6i phan tmg phan hity oxit nito ¢6 thé ¢é nhiéu loai bin dén (bang

IL.5).
Béng I1.5. Hoat tinh xtc tac déi voi phan tmg phén hiy hop chét oxit nito.
Xue tac Loai E,(eV) Hoat tinh
Cu,0 p 1,9 10,80
CoO p 0,8 7,91
NiO p 2,0 1,00
NiO + 2%Li0O 3,87
NiO + 2% Cr,0, 302107 |
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Bang 1.5 (tiép)

CuO n 24 7.28.10"
MgQ n 8,7 2,10.10"
ALO, n 7.3 2,75.10°

Tir bang I1.5 ¢6 thé rit ra duoc két luan sau:

1. Céc loai ban dan loai p (Cu,0O, CoO, NiO) ¢6 d6 hoat tinh cao hon bdn
dan loai # (hoat tinh tuong tng 1a 10,8; 7,91 va 1,0), diéu nay lién quan
dén cong chuyén dich dién tir clia xdc téc.

2. Boi v8i cdu tnic tinh thé, vi tri cha mic Fecmi déng vai trd quan
trong. Ching han mau chita NiO cfia ba miu xic tdc trong bang I1.5
cho ta thiy khi bé sung Li* vio mang tinh thé Ni?* tao ra mang luéi
nhan dién tr dé dang hon. Khi d6 néu mifc Fecmi tiang thi hoat tinh
giam (NiO + 2%Cr,0,), nguge lai néu néu mitc Fecmi gidm thi hoat
tinh ting (N1O + 2%Li0).

Thanh cong nhat vé xtc tde ban dan duge dva ra boi von Kenstein va mot
vai tdc gia khic. von Kenstein da giai thich két hop hién tuong lai hoa va ban chat
tw nhién va da dua ra cdc du dodn khd chinh xdc mét vai hudng phan (ng. Vi du
trong phan ing cha rugu C,H;OH trén cdc xic tidc ban din khdc nhau s& cho ta
hai hudng 1a dehydro hod tao ra C;H,0+H, hoac dehydrat hod tao C,H,+H,0,
diéu nay 1a do sy tang hodc gidm mic Fecmi (bang I11.6).

Bang 11.6. D6 chon loc clia phan ung phan hiy C,H,OH

% C,H,OH phan hiy thanh
Xuc tac
H, + C,H,O H,O + C,H,
+-ALO, ) 15 98,5
Cr,0, 9 91
TiO, 37 63
Zr0, 55 45
Fe,0, 86 14
Zn0O 95 5
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I14.1.3. Cdc tinh chdt quan trong ctia pha hoat déng

Hoat tinh xiic tdc 12 théng s6 quan trong nhat clia pha hoat dong, 14 thong so
déu tién cén tim trong viée nghién cdu vé xtc tdc, thong qua thong s6 hoat tinh
xdc tdc ta ¢6 thé quyét dinh viéc thiét k& mot day chuyén sin xudt chia mét nha
mdy. Trong thanh phén pha hoat dong chita dyng cdc tam hoat dong, chinh cic
tam hoat dong nay quy€t dinh hoat tinh cda pha hoat dong.

I. Hoat tinh xic tac

C6 nhic¢u phuong phdp khdc nhau xéc dinh do hoat tinh ciia xic tac. C6 hai
cich biéu dién hoat tinh xiic tic: hoat tinh dong hoc va hoat tinh thue nghiém. O
day ta chi xét hoat tinh dong hoc, con hoat tinh thuc nghiém phu thuoc vao ché
do thié€t bi phan tdng.

Hoat tinh dong hoc 1a cdc dién ta dong hoc vé cdc tinh chat bien ddi cin
thi€t dé thict 1ap cho mot thiét bi phén iing. Cac phuong trinh bidu dién t6c do
phan ing va cic thong s6 khdc d€ 1am sdng td co ché phan dng, tim ra cdc diéu
kién t61 wu... déu xuit phdt tlr viéc x4c dinh chinh xdc do hoat tinh xic téc.

Hoat tinh xic tdc duge xdc dinh da vao phuong trinh t6c do phan ng:

1 dC,
—— ==k, f(C
Vooodt EATY
trong do:
k= A‘e-EfR'l"
~%% - toc do trén mot don vi thé tich cla thiét bi phan tng ;
t

V- .V, (long) hoic V_ (xic tac);

k, - hiing s6 t6c do trén mot don vi thé tich;
fiC,) - ham ndng do cha phuong trinh toc do;
A - ham s0 m trudc logarit,

E - nang lugng hoat hoa.

Phuong trinh bi€u dién do hoat tinh cla xiic tdc cho ta giai thich vé t6¢c do
phén ttng. T6c do phan dng c6 thé biéu dién theo hinh thic khéc:
1 dc, LdC, 1 dc,

: ha - a -—
Voot y W dr 4 S dt
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Haber v Greenwood di dé ra yéu 10 thé tich img v6i dai lugng do hoat tinh
cita chit xtc tic, d6 1a ty s& cha thé tich san phém thu dugc trong 1 gio trén don
vi thé tich clia xiic tac.

Con Ostwall di xéc dinh hoat tinh xtic t4c d6i véi phan tng dong thé va dua
ra hiing s toc 4o phan ing k ty 1¢ thuan v6i ndng do chat xic tac C. Vi du khi
thity phan metyl axetat tinh dugc k = 0,0055 cdn néng do xdc tac HCl 1a 12 git
thi d6 hoat tinh s€& la:

A =—=-—=—"=0,00045

LS

C 12
Con déi véi xtic tac di thé hoat tinh xdc tc 1a lugng san pham thu duge trén

don vi trong lugng xiic tac trong mot don vi thoi gian. Vidu phéan tmg diéu ché

axit nitric bang phuong phdp oxi ho4 amoniac: trong 24 h thu duoc 700 kg HNO,

tren 40 g ludi Pt thi hoat tinh cla xic tdc s€ 1a:

700x1000 _

- =12
40x24x60

Ciing c6 thé ding hing s6 t6c do chia cho don vi bé mit. Néu 1d méng Pt ¢6
tiét dién 20 cm’ phan hiy duge 900 ml hydroperoxit theo phan ing don phan tlr
véi k = 0,0094 thi hoat tinh dugc tinh:

A= 0.0094 _ 0,00047
20

D61 vdi phan ting xvc tac di thé viéc tinh hoat tinh xic tac rdt phic tap bdi
vi hoat tinh c6 thé thay 431 trong qué trinh tién hanh phdn ng, vi anh hudng cha
nhiét do, 4p suat, ty 1¢ gilra céc cdu ti phan ing...

Borescop di dé nghy xac dinh hoat tinh xiic tic bing dai lugng bé mat lam
viéc § voi:

A = Ks..S
K- d0 hoat dong d6i véi don vi bé mit;
S - bé mat riéng chia xdc tac.

D61 véi phan ing xic tic di thé, do hoat tinh xic tdc thudng phu thude
nhidu vio cic trung tam hoat dong trén bé mat xuc tac.

2. Trung tam hoat dong

Trude day céc nha khoa hoc cho rang méi mot mat xich trong mang luGi
tinh thé trén bé mat la mot trung tam hoat dong. Nhumg thyc 1€ bé mat xtc tic
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khong bao giv bing phang ma c6 nhing chd 16i 16m, tao nén nhitng diém c6 nang
lugng tu do khdc nhau. Vi vay tam hoat dong chi chi€m mot phan nho ciia bé mat
Xuc tac.

Taylor, khi lam thi nghiém véi hat Ni trong c6¢ dung nuéc, cho vao mot it
hat iot, nhan thay rang bé mat bi nhuoém tim khong déu va 6ng da xay dung mot
mo hinh hat niken (hinh I1.17).

| (1)
— Nj —
‘ @ (@
— Ni — Ni— Ni—
I |(4) |
— Ni — Ni— Ni—
///)I’///J]///)I’///

Hinh 11.17. M6 hinh tinh thé niken

Theo Taylor trén bé mat c6 ba vi tri niken (vi tri /, 2, 3) c6 kha nang hap
phu CO khéc nhau. Vi tri  ¢6 thé hap phu 3 phan tir cho ta Ni(CO)j,, vi tri 2 hap
phu 2 phan tir cho ta Ni(CO), va vi tri 3 ¢6 thé hap phu 1 phan tir cho ta Ni(CO),
con vi tri 4 nam phia trong khong hap phu CO. Nhu vay vi tri / 1 tam hoat dong
manh nhat.

Nhung theo Dankov thi vi tri / clia Taylor 1 tam hap phu manh nhat, nhung
khong phai la tam c6 d6 hoat tinh cao nhat cho mot phan tng xiic tic. Theo
Dankov, khi mot phan tir bi hap phu lén bé mat cn phai c6 nhiéu tam hoat dong
cung mot lic tdc dong vao thi khi d6 méi kéo dan dugc lién két cdc phan tir bi
hap phu va tao thanh hop chét trung gian, va tir d6 phan tir méi c6 kha nang phan
ing v6i cdc phén tir bi hap phu khac. Dankov da dua ra mé hinh bé mat cla xic
tic nhu trén hinh IL.18. )

v

S
v

Hinh 11.18. M6 hinh bé méat clia Dankov
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Theo Dankov, trén bé mit kim loai ¢6 5 vi tri khdc nhau c¢6 thé hdp phu
phan tir chat phan tng, vi tri nao cang ¢é nhiéu mat 1dm thi cang cd nhiéu lién két
véi chit phan img va kha nang hap phu dan dén phan @ng cang cao. Nhur viy, vi
trf { ¢6 5 mdi néi ty do, nén khi mot phén tix (vi du phéan tir CO) bi hép phy, thi ¢6
5 mdi ndi tdc dong vao lam cho phan tir bi hdp phu dé bi kéo giin mai néi manh.
Vi tri 2 ¢6 4 mdi néi tu do, thi s& cé 4 mdéi ndi tic ddng vao phan tir bi hdp phu.
Vi tri 3 s€ ¢4 3 mdi ndi tac dong, vi tri 4 s& ¢é 2 mdi n6i tdc dong, con vi tri 5
nam trén mat phang thi chi ¢é 1 méi ndi tic dong.

Ciing theo Dankov, vi trf hoat dgng manh hay y€u thy thudc vao timg loai
phan tng, Dankov khéng khing dinh vi tri / 12 vi tri hoat dong nhat, ma vi tri
hoat déng manh nhat ¢6 thé 1a vi tri 2, 3 hoic 4.

Hién nay c6 nhiéu phuong phéap hod 1y duge sir dung dé xdc dinh s6 tam
hoat dong (xem phdn V cdc phuong phap nghién ctu xdc tic), nhimg ¢é6 mot
phuong phdp don gian dé xdc dinh tuong d6i s6 tam hoat déong 1a phuong phap
ngd doc (xem phan ngd ddc xic tic).

Trong qud trinh lam viéc hoat tinh xdc tic bi giam, vi vy viéc nghién ctu
ddng hoc, ciling nhur thiét k& mot nha may cén chi ¢ dén cic giai doan hoat dong
cha xiic tic dé c6 thé xir 1y.

Trong cdc qud trinh phan ng xiic tic déu trai qua ba giai doan:

1. Giai doan hoat hod xiic tac hay goi 12 thoi k¥ cam tng.

2. Giai doan lam viéc cla xtic tic.

3. Giai doan hoat tinh xiic tic giam.

Déi véi xiic tdc khdc nhau, cdc giai doan nay c6 thé khdc nhau. Nhit 1a giai
doan 2, giai doan lam viéc clia xic téc chi ¢6 vai gidy, vi du nhu xtic tdc cracking,
nhung cling ¢6 loai xdc tdc ¢6 thé Iam viéc mot vai nidm nhu xiic téc Fe trong
phan tng téng hop NH;. Nhung tat ca xic tdc khong thé trdnh khoi duge giai
doan m4t hoat tinh sau thdi gian l[am viée.

Nguyén nhan cia hién tfugng mat hoat tinh xuc tac:

1. Xiic tac bi ngd doc do tap chit.

2. Xiic¢ tdc bi mdt hoat tinh ¢6 ngimg tu c6¢ v mudi cacbon. Cacbon sinh
ra la do cdc phan tng nhu cracking, con c6c do qua trinh ngung tu cdc
chat tham gia phan Ung tao nén.

3. Su ¢6 mit ctia O, va Cl, trong nguyén liéu ¢6 thé tac dung véi xic tic
kim loai thanh hop chat oxit hodc clorua. Ching tach rdi khoi bé mat
chat mang 1am xic tic bi hao mon din. Vi dy nhu trong cong nghé
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san xuit metanol ¢ su tao thanh hop chit cacbonyl Fe do két hgp CO
va Fe.

4. Sy mat hoat tinh xiic tdc do su phan hity nhigt [am cho cdc kim loai co
cum lai véi nhau, lam giam dién tich bé mat.
5. Cudi cing, su gidm hoat tinh xic tic 14 do qué trinh mai mon, nhat la
xtic tic lam viéc & ché do chuyén dong hoic ting soi.
Nguyén nhan 1 va 3 ta x&p vao loai do tdc dung hoa hoc, 2 va 5 do tdc dung
¢d hoc, con 4 1a do tac dung nhiét.
3. Su gidm hoat tinh xiic tdc

1. Sw gidm hoat tinh xiic tde do ng¢ doc

Hién twong ngod doc 1a do hap phu manh céc chat doc xic tac Ién cdc tdm
hoat dong xic tic, vi du oxy la chat tham gia phan tGng trong qud trinh téng hop
metanol tr metan bang con dudng oxi hod, nhung nd lai la chét doc trong qua
trinh téng hop NH; xiic tic Fe.

Hién twong ngd doc ¢é thé phan thinh hai loai:
a. Ngoé doc thuan nghich

Ngo doc thuan nghich c¢6 thé hoan nguyén lai duge hoat tinh clia xuc tic
(nhd nhiét d6 hodc cdc phan img). Vi du trong phan ting hydro ho4 xtc tdc Pt, cac
chat doc 1a oxit cacbon c6 thé dé dang khir khoéi bé mat Pt nhd nhiét do.

b. Ngé déc khdng thuén nghich

La su ngd doc khong hoan nguyén duge hay khé hoan nguyén lai hoat
tinh ban ddu. Cic cong trinh nghién ciu cho thdy hop chdt H,S bi hdp phu
manh diac biét trén kim loai niken. Hop chét tao thanh gitta H,S va Ni ¢6 tinh
én dinh cao va tinh ngd doc thuan nghich thap. Hinh I1.19 cho ta m&i quan hé
giita 1/T v6i 1g Py, o/ P, cla cdc hop chat tao thanh gitta H,S va Ni ¢6 AHg,
rat thap la Ni;S.

Dua vao phuong trinh nhiét dong AG, = RT lg(P, ¢/ P,y )= AH -TAS thi do
déc cha dudmg bidu dién 12 AH/R, trong d6 AH = -75 kJ va diém cit 1a AS/R. Hiu
hét céc s6 licu hap phu ndm gitra cdc dudng dit tong dng AH = -125 kJ va -165
kJ d6i véi do che phir 8 = 0,5 + 0,9. Ap suat riéng phin (Py,s /Py, ) tang va nhiét
do tang thi do che phu gidm.
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Vi du tai 725K (452°C) va 8= 0,5 cdc gid tri Py g/ Py, khoang 10* - 107,
tic 12 do che phl mot nira xay ra khi néng do H,S 1a 1 = 10 ppm. Néng do do
thap hon kha nang phan tich. Ciing tai nhiét do 452°C, néu muic do che phu hoan
toan (0> 0,9) xdy ra tai cac gid tri Py 5/ Py, =107 - 10 thi néng do H,S1a 0,1 —
1 ppm. Nong do nay thudng gip trong cdc nguyén liu sau khi da xir Iy tach hop
chat S. Tir do6 ta thay hop chét S hdp phu héu hét cac kim loai va & moi nong do
ctia S. Hap phu H,S va cdc hop chat S 13 qué trinh hap phu khong thuan nghich,
¢é do che pht cao.

g Py Ih,
2
0 _
-2 NizS, T
4 “ T
i ki _Io\a‘i\
..6 \ : \\\ |
\ %36\ -85 Kkl ~o
\
RN
8 \\ \\ N
S\ \-}25 ij
_ 5 \
10 - 165K \ 1T x 1000K*
0 0.5 1.0 1.5 2.0

Hinh 11.19. Su phu thudc gilra ap sudt riéng phén H,S/H, vdi nghich ddo
nhiét do (UT) khi bé mat che phii 1on (0= 0,5-0,6) va nhd (6= 0,8-0,9).

Vi du nhu phan ing hydro hod CO c6 hgp chat S s& hdp phu canh tranh vél
céc phan tir chét phan img. Qué trinh hdp phu H, giam tuyén tinh v6i sy 4o tang
che phit cha S (hinh 11.20).

Cic anh hudng cda S dén qué trinh hip phu CO khd phic tap. Vi du anh
hudng ciia nhiét do, 4p sudt riéng phén cda CO va tinb chat vat 1y chia xic tac.

Trén bé mat kim loai niken 18n tai cacbonyl Ni(CO), (x = 2 + 3) va mbi kim
loai déu c6 anh hudng khéc nhau d&i véi qua trinh hap phu. B&i vi hop chat S hdp
phu qua manh trén kim loai vi ngan can hoic bién déi su hap phu clia cdc phan tlr

92



phan g, sur ¢é mat cua chit doc lam cho hoat tinh xiic tdc bi giam. Hinh I1.21
chi ra ty 1& giifa t6¢ do bi ngd doc (r) va t6c do phan img khong bi ngd doc (r,)
cha qua trinh metan hod trén xic tic Ni, Co, Fe va Ru. Ta thay ty 1é nay giam khi
ting noéng do chit doc. Tang néng do H,S tir 15 dén 100 ppb thi hoat tinh giam tir
3 dén 4 lan.

1.0
[ 8]
—a o)
2 w
[
T 0.5 1
o) i
cC
i
£
(a9
| fg UL #)
0 0,5 1,0
H,S/NiS

Hinh 11.20. Anh hudng cha d6 che phir S 1én mite d6 hép phu H,

r/r,

107 |

104 | =

10%

0 15 30 45 60 75 90 105
Néng do 1.5, ppm
Hinh 11.21. M6i quan hé hoat tinh xac tac (i/r,) trong phan ung metan hoa
frén xdc tac Ni (), Co (1), Fe (7) va Ru (o) véi nbng dé H,0 trong pha khi.

(Di€u kién phan tmg: 100 kPa, 1% CO, 99% H, trén xuc téc Co, Fe; 4% C,
96% H, trén d6i vai xuc tac Ni)

93



Tay theo phan ing va thy loai xiic tic ma hoat tinh xdc tdc giam khong
déng déu, thé hién trén hinh I1.22.

1. (#) Hydro hod benzen thanh
xyclohexan, chat doc
pyridin.

2. (A) Hydro hod axit crotonic,

chat doc AsH,

3. () Hydro hod axit crotonic,
chat doc thiophen

4, (0) Hydro thiophen axit
crotonic, chat doc HCN

Hoat tinh A

| 1 1

Q 25 50 75 100
Néng d6 chat doc, ppm

Hinh 11.22. Su gidm hoat tinh A khi c6 chét dgc
trong phan tng hydro hodé xuc tac Ni

c. Ng¢ dgc co tinh chon loc

As,0; 1 chat doc cho xiic tac Pt trong phan ing hydro hod, nhung né khong
1am doc cho xtc tac Pt trong phan dng phan hily H,0,. Mét lugng nho Bi s& lam
ngd doc xuc téc Fe trong phan ing oxi hod NH, thanh HNO,, nhung n6 khong
lam ngo déc xiic tac Fe trong phan ing hydro héa.

Chat doc H,S véi kim loai cling ¢6 sy chon loc cao, nhung néu cho thém B,
Mo thi su giam hoat tinh xic téc kim loai cham hon nhiéu.

C6 nhidu truong hop S tao sunfua véi kim loai nhu trong qua trinh
reforming naphta, sunfua Pt tao thanh thiic ddy qua trinh dehydro hod céc alkan
tao ra céc alken. V,0; dugc bs sung vao xic tic Pt dé khir SO, thanh SO; trong
xuc tac cua dong co diezen.

d. Ngé doc c6 Igi

Chét dac khi thém vao mot hén hop phén dng co thé ¢6 loi, vi né dimg phan
{mg ndi tiép . Vi du phan tng hydro ho4 benzoyl clorua trong dung dich benzen,
néu cho phén tng 1iép tuc dén cung thi ta duoge toluen theo cd ché saw:
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+ H, +H, + H;
C6H5CHO C6H5CH20H —_— CGHSCH3
Pt

CHsCOCI

Néu ta cho thém vao mot lugng quinolin trong benzen k¥ thuat da dugc ché
hod bang luvu huynh, hoic thém bromothiophen lam chat doc xiic téc thi phan Gng
dimng lai & giai doan ddu 12 tao thanh benzaldehit v6i hiéu suat 75 - 80%. Cac lap
luan cho rang chat doc bromothiophen s& che phi tdm hoat dong con lai, vi vay
chi ¢6 tAm hoat dong tao thanh giai doan 1. Hoac mudn hydro hoé timg bud6c
benzen thi ta cho P,0; vao xiic tac niken.

e. Céc chét déc thudng gap

Trén bang tudn hodn ta thiy mot bifc tranh vé cdc kim loai, 4 kim phan biét
mot cach twong d6i vé tic dung cha chiing trong phan dng hod hoc. Ta ¢6 the chia
thanh 4 nhém: 1) cac nguyén 16 c6 thé ding 1am xdc téc, 2) cdc nguyén t6 dung
1am chat mang, 3) cdc nguyén 6 dung lam chét phu trg (kich dong), va 4) cic
nguyeén t4 1 chat doc xic tdc (hinh I1.23).

Theo d6 ta c6 thé xép céc loai chét doc theo bang 11.7.

Bang I1.7. Chét doc phé bién theo nguyén t6 hoa hoc ban déu

Nhém hoa hoc Vidu
Nhom Va, Via N, P, As, Sb, 0,3, Se, Te
Kim loai ndng hay ion Pb, Hg, Bi, Sn, Zn, Cd, Cu, Fe
Hdp chat cé ndi ddi hoac ndi ba CO, NO, HCN, benzen

Nhung khong phai tat ca cac hop chat clia céc nguyén 18 dé déu la chat doc,
ma chi ¢é nhimg hop chit niam & vi tri hod tri thip nhat 1a nhimg chat doc manh,
vi du theo bang I1.8.
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Béng i1.8. Céc hop chét doc va khong doc.

’7 Hop chat doc

Hdp chét khong déc

H,S (%) - hydro sunfua
H,P (P*) — phosphin
S0,2- (8*") — ion sunfit

H.,SO, (8%
H,PO, (P*")
S0,% (8%) — ion sunfat

NH, NH,"
B 1
N/ l N/
B !

Cac hop chit c6 chifa lién két kép, nhu oxit cacbon, hodc cdc hgp chét
xyanua ciing 12 cdc chét doc thudng gap.

f. Co ché cda phan tng ngd doéc

Trudc day ngudi ta cho ring nguyén nhan 1am nhiém doc 1a do chat doc tao
nén ming mong che 1dp bé mat xc tac, 1am cho chdt phan img khong ti€p xiic
duge v6i bé mat xic téc. Gid thi€t nay khong dimg vimg, Vi ¢6 nhiéu loai chat doc
véi s6 luong rét nho cling 6 thé lam doc xic tdc, vi du trong bang IL9.

Bang 11.9. Lugng chét doc so vdi Iugng Xuc tac.

Chét doc N&ng d6 phan t&f gay nhiém doc / Noéng do xuc tac
H,S 1/ 300.000
HgCl, 1 /2.000.000
. Hg(CN), 1/200.000
| As,0, 1150
NH,CI 1/200
COS 1 /2.000.000
HCIO, 1/5

Mot diém cdn chd ¥ 1a nhiét hap phu trong phén ing ngd doc rat cao, ching
14 lién két hod hoc phan tir chat doc véi xidc tic rat bén. Nhu vay chat doc chi hép
phu lén céc trung tam hoat dong, bao vay cac tam hoat dong, canh tranh véi céc
chit hip phu khéc va ddy cdc chét phan ing ra khoi tam hoat dong. Mot hinh anh
sinh dong ditge thé hién trén hinh 11.24.
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Hinh I1.24. Hinh &nh tuong trung cho su nhiém déc cta kim loai bdi luu
huynh trong phén tmg hydro hoa CO.

Khi nghién ctu sy nhiém doc xdc tic, Maxtra da dua ra mot co ch€ giai
thich su phu thudc giita do doc va cdu tao phan tir ctia chat doc xic tac. Vi du nhu
chat doc 1a cdc sunfua va mercaptan trén xuc tac Pt 1a khac nhau. Su lién quan
giita su ngd doc véi su phic tap ctia chét doc d6 1a khac nhau. Bang 11.10 dua ra
do doc tuong d6i trén don vi luu huynh trong céc hop chat kiéu R,S va RSH.

Bang I1.10. D6 doc cila cac hop chét chifa luu huynh

Chatidee Triﬁiéﬁ”g cazhri::cié(ii) tiig o
H,S 34 i 1,0
(CHy),S 62 2,58 7.1
(CHq),S 90 3,50 10,1
(CiHo),S 146 6,08 15,1
(CeH1),S 258 11,12 25,8
(CgHa)sS 482 21,20 34,1
C,H,SH 62 3,50 3,9
C.HySH 90 6,08 6,0
C.H,,SH 146 11,12 10,1
C,eHySH 258 21,20 13,1
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Qua bang 11.10 ta thay phan tir chat doc cang dai thi do doc cang én. Dic
biét 14 phan tir hydrocacbon ¢6 hai nguyén tir S & hai dau thi phan tir bét linh dong
jam gidgm mién anh hudng cia né. Nhung néu phan tir chi ¢6 mot nguyén tir S thi
toan bo mach s& dugc ty do, chi ¢6 nguyén tir S dinh v6i bé mat. Khi dy phén bé
mit xtc téc bi anh hudng che phii la bang mot vong tron c6 dudng kinh bing
chiéu dai ctia phan tir dé (hinh I1.25).

I S ” - S 5>
~— — — \ ~ A
Mién bi nhiém déc Mién bi nhiém déc

Hinh 11.25. Anh hudng mién bi nhiém dpc cta mach hydrocacbon
co chira 1 hodc 2 nguyén tir fuu huynh.

Vi du dé doc ciia propandithiol (HS-CH,-CH,-CH,-SH) thap hon rat nhiéu
so véi do déc clia n-propanthiol (CH,-CH,-CH,-SH) va n-butanthiol (CH:-CHy-
CH,-CH,-SH) mac db ham lugng luu huynh ctia cac hop chat thiol nhé hon ham
luong luu huynh cla dithiol.

Néu mot phan tir chat doc ¢6 hai nguyén tr uu huynh ndm sdt nhau thi dé
doc clia phan tir nay gén véi d¢ doc clia phan 1l chita mot nguyén tr luu huynh.
Vi du: dietyldisunfua (C;Hs)S, c6 d¢ doc tuong duong véi dietylsunfua (CHs)S
mic dit ham lugng luu huynh gap doi.

Co ché chia sy nhiém doc xtc tic 1a do chét doc bao vay c4c tAm hoat dong.
Tuy nhién c6 nhiéu trudong hop voi lugng chat doc vo cling nho thi n6 lai lam cho
hoat tinh xic tdc tang lén. Vi du mot luong rit nhd CHCI, hoac CS, s€ lam tang
t6c do dehydro hoa metanol trén xtic tic déng. Luogng vét CO s€ lam tang hoat
tinh Pt dang keo trong phan iing phan hiy H;O,. Hiéu suét clia phan img téng hop
hydrocachon tir CO va H,, véi xic téc niken s& ting dudi tic dung ca mot lugng
rat nhd CS,; hodc H,S.

Nhiéu cong trinh nghién citu thdy ring c6 mot gidi han néng do chat doc dé
Iam doc xic tc, con thip hon néng do d6 (co nghia [a ndng do chat doc rit bé)
thi né ¢6 tic dung nhu mét chat xidc tién.

Hai co ché nhidm doc va xic tién chia chat doc duge Roginski dé xudng.
Theo dng, hién tugng ngd doc cha chét doe 1a do chat doc bao phil trung tam hoat
dong, con chat doc lam nhiém vu xic tién s€ lam thay déi cdu tric bé mat.
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g. Cac yéu t6 dnh hudng dén do nhiém doc xdc tac

Sy nhiém doc xic tdc phu thuoc vao nhi€u y&u t6 nhur: nhiét do, ap
suat va phuong phép chuin bi xic téc.

+ Nhiét do

Khi tang nhiét do lam gidm téc dung ctia chat doc lén xic tic. Vi du xic tac
V,0Os rét nhay d6i vdi As, nhung tai nhiét do 500°C thi As khong lam déc V,0s.
Cic khi chifa oxi & 400°C lam té liét xdc tdc téng hop NH;, & 515°C xiic téc it bi
nhiém doc, con & trén 700°C thi hoan toan khong th&y hién tugng ngd doc xuc tic.

Trong phan ng oxi hoa SO, thanh SO; trén xiic tic V,0;, chat doc 1a H,S,
su ngd doc duge biéu di€én nhu trén hinh 11.26.

Hién tugng nay c6 thé giai thich: & nhiét do cao lién két giita chat doc va
tam hoat dong xic tic khong bén va khi nhiét do cao thi lién két d6 bi phd v,
tam hoat dong dugc giai phong va hoat tinh khong bi giam.

| A, hoat tinh ban ddu clia xic tic
1. Tainhiét do 550°C
2. Tai nhiét do 435°C
3., Tai nhiét do6 310°C
4. Tai nhiét do 190"C
5. Tai nhiét do 170°C
6. Tai nhiét 39 130°C

6

[H,S]
Hinh 11.26. Anh hudng ctia nhiét d va ndng dé chét doc H,S fén hoat tinh
xtc tac V,0, trong phan tng oxi hoa SO, thanh SO,
+ Phuong phdp diéu ché

Kha nang ngd doc cha xic tic con phy thude vao phuong phap diéu ché.
Vi du xic tic niken dugc diéu ch¢ bing phuong phidp khir cacbonat bazo 4,
450°C thi rat nhay ngd doc véi axit xyanhydric, nhung néu khir & 310°C thi
niken bén vé6i chit doc hon.
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Con d6i xiic tac diéu ché dudi dang k&t tha, san pham phu thugc vao toc do
k&t tha. Néu két tha qua nhanh n6 s& mang theo mot s6 tap chét, gy ra ngd doc
wiic tdc. Néu két tha qué cham xic téc <& chia nhiéu nudc trong mao quan, hoac
s& thu duoc dang xuc tac khéng mong muon.

+ Anh hudng ctia chdt mang

Thudng ta chon chat mang 6 tinh chét hap phu cdc chat doc manh hon xi¢
tac thi s& lam cho hoat tinh xtic tac it thay déi. Vi du xic tac Pt/AL,O, trong phan
tng reforming xdc tac, chat doc H,S thudng hdp phu trén chat mang Al,O; manh
hon trén Pt.

h. Phuong phép xac dinh tam hoat dong bang phuong phap ngo déc

C6 nhiéu phuong phap hod 1y dugc sit dung dé xdc dinh 6 tam hoat dong,
nhumg ¢6 mot phuong phép don gian dé xac dinh tuong d6i s6 tam hoat dong 1a
phuong phap ngd doc xidc téc.

Diu tién ta vé d thi biéu dién sy phu thuoc hoat tinh xic tdc véi néng do
chat doc. Phuong phép tién hanh theo so d6 & hinh I1.27a va két qua dugc thé hién
trén hinh I1.270.

Déng hé do dp sudl

H.
Cﬂ‘—l ! '_'” 12
11,

Thiét bi
do 1oc
do dong

Cot so sdnh clia
detectd sac K¥

Hinh 11.27a. So d6 phén tng theo phutong phap xung biéu thi do
hoat tinh xdc tac phu thudc nbng do chéat doc
(chét doc la H,S, xtc tac Ni trong phén tig dehydro hoé CeHz)
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Qué trinh xdc dinh s6 tam hoat dong bing phuong phdp ngd doc xic tac
duoc xdc dinh bing céch dira céc 14n xung chat doc xen k& vdi céc lan xung cua
chat phan tmg. Vi du dé xdc dinh s0 tam hoat dong clia xiic tic niken d6i v
phén img dehydro hoid C.H,,. dau tién ta cho C.H,, qua xuc tc niken, xac dinh
dugc hoat tinh ban ddu 12 A,. Sau d6 ta ngét dong khi phan tng va cho dong H,S
vao thi hoat tinh bat dau giam. Tuy nhién véi lugng H,S vo ciing nho thi ban dau
hoat tinh A, ting lén nhung khong déng k& va sau d6 giam xudng tir tir. Néu sy
ngd doc khong thuan nghich hodc thuan nghich kém thi hoat tinh gidm v6i moi
14n xung chét doc. Két qua ta ve dugc dudng biéu dién theo hinh 11.27b.

Két qua do s6 tam hoat dong bang phuong phdp ngd doc Ia két qua dinh
tinh. Vi du ta diéu ché dugc mot loat chat xdc tac la K, Ky, K;...K,. Ding
phuong phap ngd doc ta sé thu dugc két qua s& tam hoat dong uong ung 1a Ny,
N,, Na...N, va sép x€p theo day: N, <N,>N;> N,...> N,. Sau dé ding phuong
phap héa ly d¢é xdc dinh s6 tam hoat dong ta lai thu dugc ket qua N, Ny,
Ny'....N,” va sy sap xép két qua gidng nhu & phuong phép ngd doc, tifc A N,* <
N 5 Ny > N> N, S6 tam hoat dong Ny, Ny, Ny'...N Ia s& tam hoat
déng chinh xac.

Téc 36 tuong ddi

S8 trung tém“.\
hoat déng )
0 l } |

N
Néng d chat doc bi hap phu tinh theo phan ti

Hinh 11.27b. Két qué t6c a6 phén ing khi néng do H,S tang
(diém N tmg voi diém hoat tinh xtic tac béing 0. Tt do6 tinh duge ndng do
H,S va suy ra s6 tam hoat dong).
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i. Phuong phap tinh hoat tinh xuc tac (A) ltic bi ngd dbc

Muc dich 14 biét duge hoat tinh xdc tac tai moi thoi diém dé ¢é thé thay the
Xuc tdc khi hoat tinh A khong con tic dung khi dua vao san xuat,
Viée déu tién ta phai v& dé thi bidu dién sit phu thudc clia hoat tinh A vio
nong do chat doc (hinh I1.28).
A s
;

[H,S)

Hinh 11.28. Budng bidu dién su phu thube hoat tinh A vao néng do
chét doc H,S trén xuc tac niken.

Dé xdc dinh hoat tinh xtc téc tai thdi didm no ddy ta chia dudng biéu dién
hoat tinh lam 4 doan (hinh 11.28) vi tinh theo cic phuong trinh sau:
Dat y 14 hé 6 ngo déc, ta cé:

-é_ ha }/—_k_
e P Y

trong d6: ky, k- hing s6 téc do khi chua bj ngd doc va sau khi bi ngé doc;
Ay, A - hoat tinh xic tdc khi chua bi ngo doc va sau khi bj ngé doc.

Doan /-2 : Néng do chat doc rat bé, né ¢ thé lam tang do hoat tinh xiic tic
nhing khong déng ké, vi vay doan /-2 coi nhu nim ngang song song véi truc
hoanh, ta ¢6 cong thiic:
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Doan 2-3: Hoat tinh xiic tic gidm tuyén tinh véi su ting ndng d6 chat doc,
ta c6 the coi la dudng thing. Hé s6 ng6 doc ¢6 thé tinh todn theo cong thic:

y=2 c1oag
7 .

L

trong d6: g- trong lugng chit doc xic téc; o- hang s6 cha phan img ngd déc.
Cong thite biéu dién van téc ngo doc ciing gidng nhur van t6c phan (ng:
V=acC,
trong d6: C,; - néng do chat doc ; n- bac ciia phan tng ngd doc.
Poan 3-4: Hoat tinh xic tdc giam theo dang dudng cong hypecbol theo sy

tdng ndng do chét doc:

J/__——z

_A_B
A, g"

trong dé: B, m - hing s6 thuc nghiem.

D6i v6i mét chit doc va phan tng nhét dinh ta c6 thé tinh duge B va m bang
thire nghiém.

Vi du tai diém 3: }fzi:'%
Aa g3
tai diém 4: }’=i=£,;
An 84
Nhu vay suy ra ta c6:
A8 = BA
Argd = BA,
hay _——As'gi. =1
A, 8,

= lgAd, -lg A4,
igg; —lgeg,

Tir dé ta cé:

Biét dugc m ta ¢6 thé tinh duoc 8.
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Doan 4-5: Gan nhu song song vdi truc hoanh nén ta cé:

A
}/:—:—ﬁg
Ao 83

Khi dé m tién tdi vo cuc. V1 vay:

y=F
Hiing s6 van toc ngd doc ¢6 thé dugc tinh theo cong thirc ctia Boreckov:
23 .k
a=—".lg—

k

]

j. Céc phuong phap ngan ngita su ngd doc xuc tac

Cic chit xiic téc rat nhay véi chat doc, vi vay phai lam sach cdc chat doc
chita trong hén hop phan dng. C6 nhiéu phuong phédp khdc nhau dé loai trir
chét doc, vi du phuong phép hip phu, phuong phdp chuyén chét doc thanh chat
khong doc.

- Phuong phdp hdp phu

Ta cho hén hop phan {ing di qua cdc ct chita cdc chét hap phu manh nhu:
than hoat tinh, zeolit, silicagen... Vi du trong phan éng cracking va hydrocracking
trén xiic téc oxit, ta phi tich tnsdc cdc hop chat co bazo manh nhu NH;, cac amin
va pyridin.

- Phutong phap hod hoc

Dé 1am sach triét dé céc chat doc, ta phai ding phuong phdp hod hoc, vi
chdt déc c6 ham lugng nhd va phuong phip hip phy khong tach dugc trigt dé. Vi
du nhu ham luong H,S phai nhd hon 0,1 ppm trong qud trinh metan hod VA Cic
phan tng Fischer-Trosch, dé cho xiic tac ¢6 thoi gian sdng khodng 1 dén 2 nam.

Phuong phdp hoa hoc 1a bign chét déc thanh chét khong doc, ta ding phan tmg
oxi hod. Vi du:

H,S + 4NaOCl - H,S0, + 4NaCl

H,P + 4NaOCli - H;PO, + 4Na(l

Hodc hop chét cystein 13 chat déc nhung né trd thanh khong doc néu oxi
hod thanh axit cysteic:
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SH-CH,-CH(NH,)-COOH + O, — SO;H-CH,-CH(NH,)-COOH

Su oxi hod tién hanh t6t nhat véi su tham gia cia mot lugng nho axit peroxit
nhu axit pemolipdic H,M00;(0,), axit pevanadic HVO,(0O,), axit pevolframic
H,WO,;(0,).

2. Sw gidm hoat tinh xiic tdc do ngung tu céc va sa ldng cacbon

Su ngung tu 1a su sa lang co hoc clia cdc loai chat doc tir pha phan g lén
bé mat xic tic din dén lam mat hoat tinh xic tdc. Cic hop chat cdc va cacbon
s€ lap kin céc tam hoat dong hodc bit kin cdc 16 mao quan, lam cho bé mat bi
gidm xudng, cic tam hoat dong cach ly véi chat phan ting, dan din din dén cé
thé phd v& céu triic xdc tdc. Mot vi du hinh anh tugng trung cho su sa ling c6c
va cacbon trén tdm hoat tinh la kim loai mang trén chit mang dugc trinh bay
trong hinh I1.29.

Cacbon Tinh thé klm EOE‘!I Chf{t mang

Hinh 11.29. Mé hinh qua trinh ngung tu cla hgp chét cacbon
trén tdm hoat déng kim loai va trong cac mao quan.

Trén hinh I1.29 thé hién cdc hgp chat cacbon c6 thé: 1) hip phu vat 1y don
hodc da 16p trén tinh thé kim loai, 2) boc toan bo tinh thé kim loai va 1am mat
hoat tinh hoan toan, hoéc 3) bit kin cdc micropore va mesopore.

a. Qud trinh hinh thanh céc

Cién cacbon hinh thanh 1a do phan tng cracking hoac phan ly CO, cdn céc
hinh thanh do su ngung tu ctia cdc hydrocacbon, tiéu biéu 1a hydrocacbon ning bi
polyme ho4.

Su ngung tu C va hop chat cacbon trén xic tic khac véi hién tugng tao
thanh oxit kim loai hay sunfua kim loai duoc thé hién trén hinh I1.30.

Trén hinh I1.30 cho ta co ché tao thanh cacbon va céc, ching han CO phan
ly trén kim loai dé tao thanh C,, C, c6 thé cho ta cdc dang c6c khdc nhau nhu Cs
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mang polyme hod tao thanh soi cacbon va ¢6 thé ddy kim loai ra khoi bé mit xiic

tic. Tuy nhién néu ty l&¢ H,/CO hoic Hyhydrocacbon di 16n thi sy tao thanh
cacbon sé& giam.

Trong phan g reforming hoi nudc, cé thé cho lugng hydro tudn hoan bd
sung vao nguyén liéu dé€ duy tri xdc tdc & dang Khir va ngan ngira st hinh thanh
cacbon.

Nghién ctru xtic tdc bang phuong phdp TPO va XPS cho ta thiy cic dang
cacbon ¢6 thé thdm sau vao trong 1dp bé miit chat mang khoang 50 nm.
- T CO:

CO(a) —= C, (a) + O (a)

—= CNi o O a)- dang hdp phu
Co (@) —=  Ni;C (s) s)- dang rdn
. a
’ > Cp(sy — C.(s) £)- dang khi
411 (a} .
= CHy(e)

- Tir hydrocachon:

C,, (@) —= C,la)+H @)+ CH, (a)+ CyHy (a) ... + CH, (@)
— C,Ni —= C, (s¢icacbon)

_ —»  C, (cacbit kim Joai)

Cq ia)

—  Cy(s) —> C,(s) (cacbon v dinh hinh va graphit)
4H (a

2H(a) ———» H;(a) - H;(g)

+{4-x)H (a
CH4 (a) - Cl"lq, (g)
CH, (a)
_-T Ngung ty thanh ¢8¢
CoHy (a) ... + CH, (a)

Hinh 11.30. Qua trinh tao thanh, chuyén dang va sy hoa hoi
ctia cacbon trén niken

Su hinh thanh c6¢ trén cdc xuc tic oxit va cdc sunfua la tam axit khi tién hanh
phan g cracking nhu sau: cdc phan img dehydro hod, vong hod cdc hgp cht
trung gian do cdc goc hydrocacbon hinh thanh trén cac tdm axit tao ra cdc hop chat
aromatic, cdc hop chat nay nhanh chéng ngung tu thanh cic hydrocacbon thom da
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nhan. Cic hydrocacbon thom da nhén ¢6 trong luong phan tit cao va ngung tu nhu
coc. Co ché clia phan tmg tao cdc duge thé hién nhu sau.

e Co¢ ché' I. Phan g tao cGc tir alken va hop chat vong thom trén xic
tac oxit va sunfit; 1) tring hop ur cac alken, 2) vong héa tir cic alken, 3) tao thanh
hop chét da nhan thom tir benzen.

- Polyme hoa céic alken
Buwdc 1. Phan tng xay ra gitta alken va tam axit Bronsted tao thanh ion
cacbenium:

H,C=CH-CH; + HX H;C-*CH-CH; + X (1)

Bucc 2: Phan {mg ngung tu gifta C, cacbocation v&i C; cia alken tao san
phdm ngimg tu 12 C4 ¢6 nhdnh 12 ion cacbenium:

H,C-*CH-CH; + H,C=CH-CHj

H3C-C|JH-CH3 (2)

H,C-"CH-CH;
Bude 3: Phan ting gitta ion cacbenium vdi bazo Bronsted tao thanh alken:

H3C-(|3H-CH2—+CH-CH3 + X H3C—(|3H-CH2-CH=CH2 + HX

CH; CH; (3)
- Tao vong tlr cdc alken

Brede 1: Tao thanh cdc ion cacbocation allylic do phan tng giita nGi déi dién
v4i ion cacbocation thit nhat:

Rl+ + RZ-CH:CH-CH:CH—CHz-CHz-CH:j —_—

RH + (R,-CH=CH=CH=CH=CH-CH,-CH;)" (4)

Bude 2: Phan {ing gilta ion cacbocation cua allylic véi bazo Brénsted tao
thanh trien:

X" + (R,-CH=CH=CH=CH=CH-CH,-CHy)*

R,-CH=CH-CH=CH-CH=CH-CH; + HX (5)
Bude 3: Dong vong trien tao thanh xyclohexadien:
R2-- I?z
HC CH
HaC~CH \TH Hsc-CIH’ CH 6)
HC._ _zCH HCy CH
cH” T
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Buéc 4: Tao thanh ion cacbocation bac 3:

R2 RZ
| !
CH ¢t
Hic-cH™  CH HiG-CH™  CH
R,* + _— | =+ RIH
! HC CH HCx _CH
—
g H”

()

Buée 5: Tac dung giita ion cacbocation bac 3 véi bazo Bronsted tao thanh

cic din xuit cua benzen:

R2 R?
|
C+
-~
HiC-CH™  CH HaC
X o+ | — + HX
HC x. CH
“en”
- Tao thanh hop chét nhiéu vong tir benzen:
Butoc 1: Proton hod benzen:
H H ]t
H H H H
+H*
H H H > H
H
Buoc 2:
- + H +
H H_H H H H HoHH
Y| T — ;
H H
N HTH ! HH
- + r 1+
H HHy HH H H
| O]
| HH H H H H

o T

+ 5H

(&

(9)

(10

(11

(12)

(13)
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Buoce 3: Két thic (phan tng giita cacbocation v6i bazo Brénsted):
Q| Q
H © + X —= © + HX (14)

Cac phan (mg /-3 12 su polyme hod cic alken. Phan tng 4-8 12 qué trinh
vong hod tlr alken. Phan ing 9-14 1a qua trinh hinh thanh cic hop chat da vong,
cdc hgp chat nay sé ngung tu trén bé mat xtc tdc. Céc hgp chat da nhan nay ¢é
sur 6n dinh cao vi ¢6 cic cacbocation da nhén (tao thanh trong cdc phan tng tir
10-13), chiing s& ti€p tuc phdt trién trén bé mit dén khi bi cit mach.

o (Co ché 2: Co ch€ tao c6c va cac loai ¢dc tao thanh do qud trinh
hydrodesunfua hoé cha chit cin lang.

C6 thé chia thanh ba dang ngung tu céc:

Loai I: Hap phu thuin nghich cdc hydrocacbon thom va qua trinh
polyme hoa céc vdong thom.

- Hap phu trén bé mat wéng hodic sunfit:

©

N SN SN SO AN SN/
Mo/ Mo/ Mo*3 +3M0/ Mo Mo Mo
(vy (V) (vy avy @v)

- Polyme hod :

O =0 00|

110



Logi 2: Cit mach bang nhiét clia cdc ddy asphalten va hdp phu trén trung
tam S bé miit. Cdc asphanten sa 1ing hdp phu thuan nghich:

e s N

JAN

i NP N s 'W+S

P
T W S

S

Loai 3: Tao thanh cic pha trung binh. Céc hydrocacbon thom tap hgp lai
thanh cic bé va hinh thanh tinh thé. Pha tinh thé nay dugc tao thanh khi phan g
tién hanh & nhiét do cao v thoi gian dai. Sau d6 coc bi déng rén va hoat tinh xiic
tac giam dot ngot.

Cracking
>
Dehydro hoa

Cac tinh thé vong thom nhiéu nhan ‘_,

Céc naphten Céc vong thom tap trung ., Céc cluster

b. Bién phdp ngdn ngita su tao thanh, ngung tu coc va cacbon

Céc nguyén tic co ban dugce t6m tét trong bang [.11.

Dé giam bét qud trinh tao c6c va cacbon, ching ta phai phan tich nguyén
nhan, nguén géc tao ra cbc va cacbon nham loai trlir hodc 1am giam tdc do tao
thanh chung. Phai dé ra duge phuong phdp giam t6c do tao ra cac tién 16 tao coc
va cacbon, bing céch sir dung cdc nguyén 16 ¢ thé phd v& goc ty do, hodc bing
cdch dua vao cac khi nhu H,, H,O, hodc pha logng khi phan ing...

Sy lva chon chdt mang ¢6 mao quan Ién dé giam thiéu hién twgng 18p kin
cdc mao quan do cdc va cacbon. Céc chdt mang phai ¢6 dé bén co hoc dé khi két
tia cO¢ khong phéd v ciu triic chia nd.

Sur ngumg tu cacbon va c6c trén cic xic tic oxit hay cdc sunfua xay ra cha
yéu trén cdc tam axit, vi vay phai ¢6 bién phdp giam lugng tm axit manh bang
céch cho thém céc phu gia nhu MgO, K,0O hoac V;0;...

3. Su gidm hoat tinh xiic tdc do hién tugng thiéu két

Khi nhiét d6 phéan tng cao c6 thé lam giam hoat tinh xuc tdc 1a do : bé mat
xtic tdc kim loai giam do c4c tinh thé xiic téc tap hop lai thanh tinh thé 16n, hoic
do bé miit chat mang bi phd v& cdu tnic tir cdc mao quan.

Nhin chung cdc qué trinh thiéu két xay ra khi nhiét o trén 500°C va khi cé
mit cla hoi nude qué trinh duge ddy manh hon. Nhung ¢é mét hién tuong ngugce
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lai 12 khi nhiét do cao, cdc tinh thé 16n c6 thé phan tan lai thanh tinh thé nho.
Hién tuong nay dugc thé hién trén hinh I1.31.

Tinh thé kim loai
Lors =

> B«

Hinh 11.31. Hai hién tuong dién hinh vé su I6n lén cua tinh thé€ kim loai
do qua trinh thiéu két nhiét bdi:
A) su di chuyén cia cac nguyén tir kim loai;
B) su di chuyén cda céc tinh thé’ Ion.

3 nhiét do phan tng khong cao thi qué trinh thiéu ket rat cham, hoac khong
x4y ra néu chiing ta diéu khién nhiét do phan tng that nghiém ngt.

Béng I1.11. Cac phuong phap ngan ngtfa su gidm hoat tinh xtc tac

Cac
nguyén Cac hién i
nhan lam | tuong giam Nguén gdc Céc phuong phap phong ngifa
giam hoat | hoat tinh
tinh
Su ngd déc [Lam giam bé |Cac tam hoat 1. Lam sach 6ng dan, lam sach
mat clia xic | déng bi bao pht thiét bi phan (ing
tac g?* hap Phhu chdt |2 Cho hdp phu hét chat déc
ec man 3. Thuc hién phan (g véi didu
kién chat doc it hap phu
4. Chon ché d6 Iuu chuyén dé
gidm thiéu tac dong dén hoat
tinh
Lam badn |Lam gidm Cac phan (ing tao |1. Ng&n ngifa cac phan (ing
bé mat xuc |cac tam hoat |gdc tydotrong  |tao ra géc tu do, ti€n hanh &
tac do dong bé mat [pha khi nhiét do thap
cacbon hay |do tao ra mot 2. Han ché bét khang gian ty do
cbe mang coc 2 s
3. B8 sung thém cac khi (vi du
hodc cacbon nhut H,, H,0)
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Bdng I1.11 (1iép)

Phan (mg tao goc
t do bén thanh
thiét bj phan (ng

Sdn phd thiét bi phan (ng vdi
|&p vét liéu tro

- Tao thanh céac
gdc ty do va 1én
1&n trén bé mat
Kim loai

- Tao thanh céac
goc tu do va 18n
1&n trén bé mat
oxit hay sunfua

1. Ngan ngira cac chét hay tao
cdc (vi du nhu nguyén tl
cacbon, cac alken...}

2. BS sung thém céc khi

(H,, H0)

3. Dung chat mang ¢ bé mat
I6n, mao quan réng

kim loai
- Tao ra mét pha

Lam gidm dd

linh ddng, hai eédc, cacbon

mao quan bi |bam vao thanh

bit kin, pha v& |mao quan

cdu tric - Tao thanh coc

Idng hay rén

Dophan |Gidm dién 1. Tién hanh phan (mg & nhiét
hdy nhiét  |tich kim loai do6 thap

hoat déng 2. S(f dung thiét bi do nhiét tot

3. Ngan nglra tao thanh nudc
Giam bé mat 1. Ti€n hanh phén (ng & nhiét
chat mang do thap

2. Dung chat mang 6n dinh
3. Ngan nglfa tao thanh nudc

a. Cdc yéu 16 dnh hidng dén sit lon lén va si¢ phan tdn lai cdc hat xic tdc

Cac yéu t6 anh hudng dén sy 16n 1én va phan tin lai cdc hat xiic tdc 1a: nhiét
d6, moi trudng phan tng, loai kim loai, cdc chat trg xic tic, cdc tap chét, dign
tich bé mit chdt mang, c&u tao va do xdp cla chdt mang...

e Anhhudng cha nhiét do:

Tdc do thidu két tang theo ham s6 mil. Néu mai trudng ¢d oxl1, t6c dé thiéu
két tang, nhung néu trong moéi trudng hydro thi t6c do thiéu két s& cham lai.

Trén hinh 11.32 chi ra anh hudng cla thdi gian dén qua trinh thiéu ket.
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Thai gian {gid)
Hinh 11.32. Ty 1& gidm dién tich bé mét (dva trén co s3 hép phu H,) theo

thoi gian cla qua trinh thidu két do nhiét dé cia xdc tac 13,5% Ni/SiO,
trong moi truong H, & nhiét d6 650, 700 va 750°C

& nhiét do 650°C, tdc do gidm dién tich bé mat (do bang hdp phu hod hoc
H,) ciia xic tic Ni/SiO, trong moi trudng H, 1a 30% trong vong 50 gid, con 0
nhiét do 750°C 1a 75%.

Sut 8n dinh nhiét thy thudc vao kim loai. Vi du trong moi trudng khir, do 6n
dinh tinh thé giam theo nhiét dd néng chay theo thit ty:
Ru>Ir>Rh>Pt>Pd>Ni>Cu> Ag
Nhung néu kim loai dugc mang trén chdt mang thi anh hudng cia chat

mang lén sur thiéu két ciing dang ké. Vi du do on dinh cha xic téc Pt/chat mang
dugc sap x€p nhu sau:

P/ALO, > PY/SiO, > Pt/C*

Trong méi trudng oxi hod, d¢ 8n dinh clia vi tinh thé kim loai phy thudc vao
d6 hod hoi cha oxit kim loai va do bén cla sir tuong tic oxit kim loai véi chat
mang. Do én dinh ciia kim loai quy trong moi trudng khong khi gidm theo trinh
tr: Rh > Pt > Ir > Ru. Vi Ru trong khong khi s& tao thanh hop chat RuO, dé bay
hoi, diéu nay cho thdy Ru khéng on dinh trong méi trudng oxi hod.

Cic chét trg xic tac va cdc tap chdt cling anh hudng dén t6c do thicu ket va
phan bé lai.
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Téc do thidu két duge tinh theo cong thic SPLE (Simple Power Law
Expression):

12) (o7
D)y {2}
dt "I D,

trong d6: k, — hing s6 tdc do thiéu ket;

n — bac thiéu két dai dién cho he théng xiic tac, né ¢6 thé c6 cdc gid tri
tir 3 dén 15.

e  Anhhudng chia chit mang:

Trong moi trubng oxi hoa thi y-ALO; va SiO; 1 chdt mang 6n dinh nhat.
Tréi lai trong moi trudng khir thi than hoat tinh (C*) 1 6n dinh nhét.

Ciic phu gia va do tinh khiét clia kim loai 4nh hudng t6i tinh chat bén
nhiét clia chat mang. Cac kim loai kiém thic ddy su thiéu két chét mang, trong
khi dé Ca, Ba, Ni va céc oxit lantan tao ra cdc pha spinel lam cho y-AlLO, 6n
dinh nhiét hon.

Hoi nude thiic ddy su thiéu két chdt mang vi né tao ra cdc nhém OH bé mat,
Jam bé mat linh dong va bi béc hoi tai nhigt d¢ cao. Phan tr Cl, cfing thic ddy
qud trinh thiéu két. Su thiu ket chit mang TiO, dugc dién ta trén hinh 11.33.

130
120 b (1) TiO,
1o F 2 (2) TIO, thm H,0
@ 122 R (3) TiO; tdm HCI/H,0
g_ 80 | i (2,06% trong luong C)
E 70 + {4) TiO, t&m HC/H,0
g 607 (2,40% trong lugng Cl)
’é ig (5) TiO, tém HCI/H,0
8 5l (2.55% trong lugng Cl)
20 } (6) TiO, tdm HCI/H,0
10 l‘ | | | | | (3.30% trong lugng Cl}

100 200 300 400 500 600
Nhiét do, °C

Hinh 11.33. Bé mét riéng BET cda TiO, gidm do nhiét 06 va su ¢6 mét cta Cl
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Khi dua xic tac kim loai 1én chat mang, sit phan téan ctia kim loai trén chét
mang ciing thiic day téc d6 thiéu két cha chit mang, vi du nhu niken phén tan déu
trén Al,O, thiic ddy qua trinh giam bé mat clia AL O,.

b. Bién phdp ngdn ngita qud trinh thiéu két do nhiét do

Cédc qud trinh thiéu két 1am cho hoat tinh xic tac giam la qua trinh khong
thuan nghich, hoic rit khé phuc héi duge hoat tinh xvc tac.

Pé gidm qud trinh thiéu keét, diém quan trong ddu tién 1a phai lya chon cdc diéu
kién t61 uu nhu nhiét do, méi trudng phan ing... Diéu kién nhiét do cin khdng ché
nghiém ngat dé tranh xay ra hién tuong qué nhiét sinh ra su thiéu két cuc bo.

Hoi nude ¢é thé thic ddy qud trinh két tinh va bién déi ciu tric clia chét
mang xfic tdc oxit, nhat 1a phan tmg & nhiét do cao. Vi vay cdn phai gidm thiéu
luong hoi nudc trong qué trinh phan tng.

Mot bién phéap khac dé ngan ngira qua trinh thiéu két 1a b6 sung vao xic téc
céc chat phu trg ¢é tinh én dinh cao. Vi du nhu xiic tdc oxit kém (ZnO) hoat dong
khi & dang v dinh hinh, nhung & nhiét do cao s& bi két tinh. Vi vay ta cho thém
oxit crom (Cr,0,) vio vdi ty 1& ZnO/Cr, O, = 2/1, thi tai nhigt do < 600"C xic tac
van gilt dugc dang vo dinh hinh.

B3 sung niken vio xiic tdc kim loai quy nhu Rh hodc Ru d€ 6n dinh xic tac
khi nhiét do tang cao. B4 sung cic kim loai Ba, Zn, Si va Mn s& céi thién duoc sy
6n dinh nhiét cia y-AlLO,.

4.  Suw gidm hoat tinh xiic tdc do 1ao thanh cdc hop chdt bay hoi

St bay hai true ti€p tir kim loai nhin chung khong phdi nhan t& chinh lam
mét mdt kim loai, vi thudng phai trén 1000°C céc kim loai méi bay hoi déng ké
(trir Hg). Nhung trong moi trudng phan tmg (vi du trong méi trudng CO, O, HS,
halogen), tai nhiét do phén (g, kim loai ¢6 thé tao thanh céc hgp chat dé bay hoi
nhu hop chit cacbonyl kim loai, cic oxit kim loai, cdc sunfit kim loai va cdc
halogenua kim loai... (bang II.12).

Béang I1.12. Céac hgp chét dé bay hoi hinh thanh trén bé mat xuc tac

Khi Loai hgp chét hinh thanh \ _ Vidu ]
CO, NO Cacbonyl hay nitronyl | Ni(CO),, Fe(CO), (0-300°C)
0, Oxit RuO, (25°C), PbO (> 850°C)
H,S Sunfit MoS (> 350°C)
Halogen Halogenua PdBr,, PtCl,, PtFg
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Vi du: khi nghién ctu xic téc Pt-Ru trong hop xic téc cho qué trinh khtr khi
thai 6t6 trong 100 gid, ta thdy Ru mét mét kha nhiéu 1a do Rr a0 ra hop chat
RuO; dé bay hai trong phan tng oxi hod NO thanh NO,.

Trong phén tng metan hod, néu ta dung 4p sut riéng phén clia CO qué cao
(P > 20 kPa) & nhiét do 425°C xic tic niken s& bi mét mét do tao thanh Ni(CO),
(hinh I1.34).

Cacbonyl kim loai

Phan t& CO
trong pha khi

Cacbonyl kim loai
dang tao thanh
gitta CO + Me

Hinh 11.34. Qué trinh tao thanh hgp chét bay hoi tir niken tinh thé
trong méi truong ¢6 CO.

Dé giam su bay hoi kim loai do tao thanh cacbonyl can c6 bién phap sau:
1) Tang nhiét do phan ting va giam 4p suét riéng phan CO;

2) Thay déi thanh phan xiic tic nhu tao v6i kim loai khéc thanh hop kim (vi
du Ni-Cu) hoic cho kim loai kiém vao dé ngan can su di chuyén céc hop chat
cacbonyl.

Qamar va Goodwin (1983) nghién cttu anh hudng moi trudng phan Ung,
chat mang va kich thuéc hat kim loai dén sy mét mét kim loai Ru do su hinh
thanh cacbonyl. Cic tic gid da nhan thdy ring sy médt méat Ru trong qué trinh
hydro hod CO (véi diéu kién phan tng: ty 1¢ Hy/CO = 1,2, nhiét do 200 - 250°C,
dp sudit khi quyén) phu thuoc vao chat mang. Xic téc Ru/NaX va Ru/ALO; ¢6
thoi gian lam viéc dai hon xiic téc Ru/TiO,. Néu vi tinh thé kim loai 16n hon
3 nm, xtc tdc s& mat mét it hon vi tinh thé 1,3 nm. Con trong phan tng Fischer-
Tropsch, xiic téc niken vi tinh thé 16n s& mat mét nhiéu hon.

Trong phan (g oxi hod NH; trén luéi xdc téc Pt-Rh trong cong nghiép san
xuit NO & 900°C, su hinh thanh cdc oxit dé bay hoi 1a kha 16n.
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Co ché hinh thanh hop chat d€ bay hoi duoc trinh bay trén hinh I1.35.

* Co ché téng qudt:
Hop chét hoi kim loai — . Hop bay mét
lPh&n hity hoi

Kim loai
) . Tao thanh !
Kimloai + ticnhanbayhoi —— 3, Hogp chét dé bay hai
Phan hay

* Pong hoc tong qudt.
a) Téc dd tao thanh hgp chat dé bay hoi = téc d6 tac thanh - téc d6 phan hiy;
b) Téc d6 kim loai bi mdt mat = Téc do bay hoi — Téc d6 phan hiy.

Hinh 1.35. Co ché va ddng hoc chung cuda qua trinh
mat kim loai do bay hoi

Vai trd dong hoc va nhiét déng hoc duge thé hién chung nhr sau:

- nhiét do va ap sudt rieng phin cla tic nhan bay hoi thip, toc do
chung clia qué trinh bi han ché bdi téc do hinh thanh hop chat dé bay
hoi.

- (3 nhiét do va 4p su4t rieng phén cha tic nhan bay hoi trung binh, téc do
hinh thanh hop chat dé bay hoi vugt qua t6¢ do phan huy dan dén su
mat mat kim loai kha cao.

- O nhiét do va 4p sudt riéng phin cha tdc nhin bay hai cao, t6c do hinh
thanh hgp chét dé bay hai bing t6c do phan hity, can bang dugce thiét
1ap. Tuy nhién hop chét dé bay hoi khong én dinh nén ciing rdt dé bi
phan hiy.,

Téc d6 mat mét kim loai do tao thanh cdc hgp chat dé bay hoi ngoai phu
thu¢c vio nhiét do va thanh phan pha khi, con phu thudoc vao tinh chat xic tic
(kich c& vi tinh thé kim loai) va chit mang ciing déng vai trd quan trong.

5. Sur gidm hoat tinh do xiic tdc bi mai mon (hién tugng mdt mdt co hoc}

Su mat mat vat lidu xiic tic do bi mai mon trong cic thiét bi xiic téc chuyén
dong hodc xdc tdc 1am viéc d ch€ do tang s6i 13 khd 16n. Trong thi€t bi xiic tac
tdng c6 dinh, xiic tic ciing bi hao mon khi thuc hién qua trinh tai sinh xuc tac.
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Dac biét trong hop xic tdc bao vé moi trudng cta dong co 8td, xe may, viée
mdt xiic tdc mang trén Al,O; duge phi trén chét nén MgO la rat nhiéu. Sau thoi
gian Jam viéc c6 thé bi bong hoan toan 16p AL O, chira xic tic.

Céc hat xtic tdc bi mai mon cé thé bi vo trdn hoic 1am nhin, ta c6 thé ding
kinh hién vi dé quan sit.

Thi€t bi do do mai mon duge trinh bay trén hinh I1.36. Cho 100 g xiic tic
vao mét binh hinh 6ng quay véi t6c d6 20 vong/phit. Phan hat mai mén qua
mang ray (20 mesh) trong 1 gitr va dugc tap trung lai. Ta tinh kh6i lugng nhd hon
1% trong lugng méu xic tic 1a ¢é thé dat yéu cdu.

Hinh 11.36. Thiét bi do su gidm trong lugng cha hat do mai mon.
4. Thai gian lam viéc hay théi gian séng cia xic tde

MB&i xiic tdc diing cho qua trinh phan ing nio ddy déu phai trdi qua ba giai
doan lam viéc: 1) thoi gian hoat hda hay 1a th#i gian cam g, 2) théi gian lam
viéc hay thdi gian séng cha xic tdc va 3) suf gia hod xdc tdc. Ty loai xic tdc, thdi
gian s6ng ¢6 thé khéc hau nhiéu nhu dugc chi ra trong bang I1.13.

Hau hét céc chét xic tdc phai qua th¥i gian hoat hod hay goi 1a thoi k¥ cdm
ing. Trong thoi gian ndy, hoat tinh tang dan va dat cuc dai, sau d6 hoat tinh gidm
dén mifc khong ddi 12 hic xdc tdc bit ddu 1am viéc 6n dinh. Thai gian xc tdc ]am
viéc 6n dinh 12 thdi gian song clia xiic tac.

Ciing ¢6 nhiéu chat xuc tic 1y tudng [am viéc khong han ché€ thoi gian.
Nhung do nhiéu nguyén nhan (bi ng6 doc, bi gid, bi thiéu két...) nén thoi gian
lam viéc c6 gidi han. Vi du nhu MnQ, duge ding 1am xic tic cho qua trinh phan
hiy KCIO,, sau phan tng xic tic ndy s& chuyén thanh dang bui.
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Bang 11.13. Thoi gian sbng cua mot s6 loai xtic tac & cac phan ing khac nhau

— 1
Phan (ng Piéu kién Xuc tac Thai gian | Nhimg tac | Céc yéu t bi
phan img sBng dang dén tac ddng
(nam) thdi gian
séng cia
xtc tac
Téng hop NH,: 450-470°C | Fe voichdtphu | 10-15 Hoat tinh
N, + 3H,—> 2NH, 200-300 at | O K:O va chat
&n dinh ALO,
Metan hoa (s&n xudt NH, 250-350°C | Ni/chdt mang 5-10 Chat géc | Hoat tinh, cac
hay H,) 30 at nhu S, As, | mao quan bi
COICO, + H, » CH, + H,0 K.CO; bit kin
T8ng hgp metanol 200-300°C 5-10
CO + 2H, - CH,OH 50-100 at
Phan (mg Shift & nhigt do | 350-500°C | Fe,0/Cr0s 1-4 Hoat tinh
cao 20-30 at
CcO + H,0 = H, + CO,
Reforming hoi nudc khi 500-800°C Ni‘oe-ALO, 1-3 Chit doc Hoat tinh
thidn nhién 30 at chta G,
CH, + H,0 -> CO + 3H, cbe. .
Oxi hoa khong hoan toan | 200-270°C | Zn/a-A),0, véi 1-3 | Chatddc | Hoat tinh, dd
etylen: 10-20 at  |kim loai kiém lam Civas chon loc
2C,H, + 0, > 2CH.O chat phy trg
Oxi hoa butan thanh 400-520°C VPO 1-2 Hoat tinh, d§
anhydric maleic 1-3 at chon loc
CHy#7/20,CH 05+ HO
Reforming xdc tac 480-525°C PYALO, 0,01-0.5 Hoat tinh,
8-50 at trang thai J
Cracking xu¢ tac 500-560°C | ZeolittSnghop | 2.10° Céchay | Hoat tinh, ché
2-3 at cacbon |dd chuy&n khdi
(tAng s6i) |

Thdi gian séng cla
qué trinh thao tdc k¥ thuat d6i v6i mot phan xudng,
hai. Vi du nhu xic tdc HgC

120

xtic tdc c6 anh hudng khé 16n dén gid thanh san phim va
dac biét 1a nhimg xiic tac doc
1,/than hoat tinh, trong qué trinh lam vigc xic tdc s€ bl



gia hoa sau 12 thang va tao thanh Hg" (HgCl,—» HgCl—> Hg"). D6 a loai dé bay
hoi khd doc khi thay xiic tac.

5. Tinh chdt chon lgc xiic tdc

Fischer cho rang “‘chdt xiic tdc d6i véi phdn img xiic tdc nhir chia khod doi
vai 6 khod ",

Chat xiic tac s thiic ddy mot huéng phan ing nhét dinh, dé 1a xic tic Iy
tudng. Con xic tac thire khi cho vao phén dng né thiic day nhiéu huéng phan tng
{xtc tac c6 tinh chon loc kém).

Dai véi xiic tdc thic ddy qué trinh chinh ¢6 ¥ nghia thiét thuc trong cong
nghiép s€ cho nhitng sin phdm mong mudn.

Vi du: khi oxi hod thiosunfat bing hydro peroxit v6i xic tdc 1a ion iot thi
san phdm thu duoc 1a tetrathionat:

H,0, + 25,0,* + 2H* — 2H,0 + S,0,>
Phan itng ti€n hanh qua cic giai doan:

H, 0, + T - H,0 + IO

IO+I'+2H" > 1, + H,0

I, + 25,0, = 2I' + S,0.*

Né&u chat oxi hod 13 MoQ,* thi phan ting s& ti€én hanh theo hudng tao thanh
sunfat:

4H,0, + S,0F —> 250,% + 2H* + 3H,0
Cd ché phan iing:

H,0, + MoO,Z - H,0 + MoOy
5MoO.> + $,0:4 = 5MoO,> + 250,

Cing ¢6 nhiéu trudng hop tir mét chit, trén céc chét xic tdc khac nhau cd
thé cho ta nhiéu san phdm khéc nhau, nhung méi xiic tic chi cho ta mot san phdm
chinh. Vi du: tir rnrou etylic ta ¢6 thé nhan duge nhiéu san phdm khdc nhau phu
thuoc vao cdc chit xdc tdc (bang I1.14).
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Bang 11.14. Cac sdn ph&m khac nhau thu dugc tir rugu etylic trén
cac xuc tac khac nhau.

San phdm XUc tac va diéu kién phan (ing
CH,CHO + H, Cud200-250c
C,H, + H,O 7-AlO; hodic Th,O, & 350-360°C, hoc H,SO, 6 170-200°C
C,H;OC,H;s + H,0O y-AlLO; hodic Th,O; & 250°C |, hodc H,SO, & 140°C
CH,COOC,H; + 2H, Cu d 180-200°C
CH,=CH-CH=CH,+H,+H,0 | ZnO-Cr,0, & 400-450°C
C,H,OH + H,O Na kim loai hodc cac kim Ioai kiém khac

Vi vay dya vdo muc dich thu san phim ma ta chon loai xtc tic cho
thich hop.

Pé tfim loai xiic tic ¢é tinh chon loc cao theo Roginski cin phai x4c dinh
duge co ché& phan tmg. Con Balandin cho rang tinh chon loc xidc tac phu thudce
vao sy tuong Ung hinh hoc giita cdc nguyén tir chat phan ing véi tam hoat dong
ma ching bi hdp phu.

Vi du nhu phan ng hydro hod axit oleic (CH;-(CH,),-CH=CH-(CH,),-
COOH). Trong phan t{r axit khéng no ¢6 hai loai lién ké&t doéi 13 -C=C- va -C=0.
Vi vy khi hydro hod néu ta diing c4c loai xiic tdc khédc nhau, né c6 thé hydro hod
lién két —C=C- hoac lién két —C=0.

Néu diing xic tic niken thi phan ing hydro hod s& xay ra & lién két —C=C-,
ta cé co ché phan img:

CH COOH

"(CH,), (CHyy -

1\

hoA

Néu diing xtic tdc CuCrO, thi phan (ng hydro hod s& xay ra ¢ nhdm —C=0,
ta thu duge rueou bic cao va nude:

CH,-(CH,),-CH=CH-(CH,),- C - OH —p CH,-(CH,),-CH=CH-(CH,),-CH,-OH + H,0

T,
O

AN
H,
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Phin tmg dehydro hod vong 6 canh chi thuc hién duge trén xic tac Pt,

Pd, Ni:
O Nl. Pt. Pd @ +3 Hz
QR Ni, Pt, Pd @R +3H2
CD Ni, Pt, Pd @j +3H,

Tir céc phan ing dehydro hod vong 6 canh ta thdy: 1) chi ¢6 vong 6 canh bl
dehydro hod, con nhénh R va vong 5 canh khong bi tac dong, 2) néu xét vé do
hoat dong thi ta c6 thé sip xép: Ay > Apy > Ay, Vi khodng céch niken thich hop
hon ca (bang I1.15).

Bang I1.15. Khodng cach giita cac nguyén & trong mang tinh thé
va nang lugng hoat hoa

Chét xtic | Khoang cach gilta cac Nzng lugng hoat hoa cta phan (ng
tac nguyén ti xuc tac (A) dehydro hoa vong 6 canh (cal/mol)
Pt 2,77 18.000
Pd 2,74 15.300
Ni 2,48 9.700

Do chon loc ctia phén ting dugc tinh theo cong thifc:

C% =

Luong san pham chzfth 100%

Toéng lwong sdn pham

P chon loc riégng 1a do chon loc cho 1 gam Xuc tdc:
1
8

C,% = C%.

P chon loc ciing quan trong nhu hoat tinh trong héu hét cdc phan ing xiic
tac. Vi du qué trinh oxi hod metanol ta ¢6 céc phan Ung x4y ra:

CH,OH + 1/20, - HCHO + H,0 (1)

CH,OH -» HCHO + H, )
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CH,OH + 3/20, »CO, + H,0 (3)

Phéan tmg (3) thé hién qud trinh oxi hod hoan toan CH,OH tao thanh CO,
va H,0.

(3 500°C, khong xtc téc, sin phim phan ng thu dugc chi yéu la CO, va
H,0, ngoai ra cdn ¢6 mot Jugng nhd CO va vét formaldehit.

Néu c6 mit xdc tic Ag thi sy tao thanh formaldehit tang tir 0,1% lén 95%.
Pé dat duoc yéu cdu thi tc do phan tng (1) va (2) phai tang lén 2.10% lan so véi
t6c do phan tng (3). DE ting tdc do phan ing / va 2 thi thém nang luong cha hai
phan tng dé phai giam khoang 60 kJ/mol.

Mot xtic tic dugc lua chon khi xiic tde d6 thic ddy phan ing mong mudn va
han ch€ t6c do phan tng khong mong mudn.

Néu ta ding dai luong thém nang luong, thi thém ning luong tao ra san
phém chinh phai thap nhét dé giam nhiét d¢ qua trinh, vi nhiét do cang cao, phan
ttng phu cang dé xdy ra va lugng san phdm phu tao ra cang Ién.

Trong qué trinh tdng hop metanol ta 6 hai phan ng:

CO/CO, + H, —» CH;0H (4)

COJCO, + H, —> cac san phdm phu 5)
(nhu CH,, HCOOCH,, C,H;0H...)

Trude day ta diing xdc tic ZnO/Cr,O, nhung cho ta nhiéu san phidm phu.
Hién nay xiic tac dugc thay the bang Cu/ZnO/ALO; c6 do hoat tinh cao hon va do
chon loc cho phan tng (4) cao hon. Mat khic, khi xiic tac c¢é do hoat tinh cao cho
phép tién hanh & dicu ki¢n mém, nén do chon loc cling dugc tang lén.

Quan hé giita do hoat tinh va d9 chon loc rit phtic tap. Ta chi xét mot phan
ting nhat dinh. V{ du nhu phan tng oxi hda NH,, giita d¢ chon loc va d6 hoat tinh
cé tinh chét tuyén tinh, c6 nghia rang Khi do hoat tinh cao thi do chon loc cling
cao. Tréi lai trong phan tmg téng hop metanol, cling nhu cdc phan tng oxi hod
cdc hgp chit hitu cg, d6 hoat tinh va d6 chon loc thudmg nguge chiéu nhau. Khi
xiic tdc ¢é do hoat tinh cao thi do chon loc thép hoic nguge lai.

Vi du trong qua trinh oxi hod metanol tao thanh formaldehit thudng cé
nhimg phan (g oxi hod tiép formaldehit thanh CO, CO,, H,0:

CH,OH + 0, - HCHO + H,0 (6)

HCHO + O, — €O/ CO, + H;0 7
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Do vay dé tang do chon loc xiic tac, cdn 1am cho phan tng (6) xay ra nhanh
hon phan img (7) (hinh IL37).

e
{Lhe nang , "tg‘
Y & _______;____| _____
CH4OH / O, 5
393 '
676 ==t
HCHO + HO
CO + 2H,0
-4 o, + H,0

Hinh 11.37. S0 d6 thé hién su khac nhau vé thém nang lugng ¢o sy chon loc
va khéng chon loc trong phan ung oxi hod metanol.

Vi du néu chon xiic tic Ag v6i thém nang lugng (a) s€ cho phan ung tao
thanh formaldehit, con xiic tac Pt ¢6 thém nang lugng thép cho ca phan ing (6) va
(7), do vay do chon loc thép. Xtc tic hén hop oxit Fe-Mo cho ta d6 chon loc tao
thanh formaldehit tot nhat.

Déi v6i phan tng téng hop NH, tir N, va H,, d6 chon loc va to¢ d6 phan ting
trén xic tic Fe 16n hon nhiéu khi tién hanh phan iing khong c6 xuc tdc. Diéu nay
Ia do thém nang luong ciia phan Ung khi ¢6 xic tic giam. DSi v6i phan fng
khong xiic tac chi c6 mot phan tir N, trong pha khi dfi nang lugng dé phan ly,
trong khi d6 khi ¢6 xuc tac 10° phan tit N, duge phan ly trén bé mat xdc tac sit.
Duding biéu dién nang lugng ciia cdc bude phan img trong phan dng téng hop
NH, tir N, vi H, trong pha khi trén xiic téc sat duoc trinh bay ¢ hinh I1.38.
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Hinh 11.38. Buong biéu dién nang lugng cda phan ing tong hap NH, tir Ny+H,
1 — khéng ¢6 xuc tac ;| 2 — ¢o xuc tac.

I1.4.2. Chat mang

Nhu ching ta da biét, pha hoat déng chi ndm & bé mat ngoai xic tdc, con
phia trong 1am nhiém vu chat mang. Vi vay xdc tac dung trong cong nghiép hién
nay thudng duge mang trén chat mang.

I1.4.2.1. Cdc tinh chdt cia chdat mang xiic tdc

- Chdt mang phai c6 bé mit riéng 16n dé phan tdn pha hoat dong;

- Chat mang khong bi co ngét khi thyc hién qud trinh phan img, tic la 6
do6 bén nhiét cao;

- Chat mang phdi c¢6 do bén co hoc cao, nhat la d6i véi nhimg qué trinh
cdn thuc hién xiic tic & ch€ do chuyén dong nhu qué trinh reforming
xic tdc, hodic xidc tic [Am viéc & ch€ do tdng s6i nhu trong qua trinh
cracking xtc tac;

- Chiat mang dé dang khuéch tdn nhiét, trinh dugc hién tuong nung néng
cuc bo khi ti€n hanh phan img;
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Chit mang anh huong dén do phan cyc cla xic tdc. Chdt mang ¢6
dudng kinh nguyén tir cang bé, dién tich ion cang 16n cang dé lam bién
dang nguyén tir xic tac. Tréi lai nguyén tir xdc tic c6 dudng kinh ion
cang 16n va dién tich ion bé thi dé bi bién dang;

Chét mang ciing ¢6 thé 1am thay déi huéng phan iing. Vi du phin ing
ciia etanol trén xdc tic Cu cé hai huéng phan ing. Néu Cu duge mang
trén than hoat tinh thi san phdm I etylen va nudc, nhung néu khong
mang trén chét mang thi ta c6 san phdm la axetaldehit va hydro:

CH,CH,0H __“" , CHCHO + H,

CHCH,0H _ < | CH, + HO
Chidt mang ¢6 thé déng vai trd nhu mot xic tdc. Vi du xic tic Pt duge
mang trén chdt mang y-ALO, (Ptfy-ALOs) trong phan tng reforming
xiic tdc. Trong hé xic téc ndy, Pt dam nhiém chifc kim loai xuc tac cho
phan tng hydro hod, dehydro hod, con y-AlLO; dam nhiém chic nang
axit xtc tac cho phan tng déng vong, tao ra cacbocation.

11.4.2.2, Su hdp phu dung dich xtc tdc lén chdt mang x6p

Khi thdm uét mot dung dich xic téc 1én chat mang s& ¢6 hai vén dé can
quan tam: 1) ham lugng kim loai hoat dong hap phu 1én chat mang va 2) sy phan
b& néng do chit xidc téc bén trong mao quan.

Néng do xiic tic bén trong mao quan phy thudc vao nhiéu yéu to:

Dinh huéng hinh hoc clia cc phén tir xdc tic ;

Dung luong hap phu ctia chat mang, dung lugng nay chiu anh hudng béi
tinh axit-bazo bé mit cla chat mang;

Mat do céc tam trén bé mit chat mang c6 kha nang lién két véi cation
kim loai hoat dong mét cdch khong thuén nghich;

Nhiét d6 ciia dung dich mubi xiic tac ;

Néng do clia mudi kim loai hoat dong.

Qué4 trinh hap phu xdy ra theo hai budc: 1) Khuéch tén cac ion kim loai
(chita trong xtic téc) tir dung dich dén bé mat ran; 2) Dinh vi cdc ion kim loai trén
bé mat xiic tac.

Khi giai doan hap phu két thic, cdc chat mang chira hai dang ion kim loai:
céc ion dinh vi bat thuan nghich do hdp phu trén bé mat chat mang va cdc ion
trong phan dung dich lam ddy cdc mao quan chat mang.
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Khi néng do cua dung dich cao, céc ion kim loai trong phan dung dich lam

ddy mao quan s& dé bi ket tha. Trong qud trinh sy kho ciing c6 thé xay ra qud
trinh phan bé lai cac ion kim loai da dinh vi trudc.

Su phan b6 ciia dung dich chia jon kim loai trong cac mao quan: néu goi R,
14 dudng kinh mao quan ban dau, R 1a khoang céch tir tam mao quan dén bat ky vi
tri ndo trong mao quan. Biéu dién ham lugng kim loai trong dung dich cla mao
quén tai thoi diém bdt ki theo R/R, ta nhan thay: 1) Khi R/R, << 1 thi cang gin
tdm mao quan néng do kim loai trong dung dich cang lodng va ¢ang gan nhu

nhau; 2) Khi R/R, < 1 thi cang xa tam, ndng do cla kim loai trong dung dich cing
dam dac.

Nhur vay ¢6 mot 16p néng do dam dac bao quanh chu vi mao quan, cang vao
trong néng do kim loai cang lodng va chénh léch néng do giam xudng. Khi thoi
gian hip phu cang tang, su chénh léch néng d¢ giam, noéng do tai moi diém bén
trong mao quan dén dén tién téi trang théi can bang va xem nhu dong nhit. Cic
néng do clia chat xic tac trén bé mat mao quan duoc minh hoa trén hinh 11.39.
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Hinh 11.39. Hinh dnh minh hoa mét ¢t mao quén dugc phén bé xic tac
sau théi gian 10 — 100 phat, dung dich hdp phu la CuCl, 0,5M trong nuoc,
chét mang AL O,
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I1.4.2.3. Su tuong tde giite ion kim logi hogt déng va chét mang

Boehm (1983) nhan thiy ring, nhimg hat kim loai Pt, Rh khi mang trén
TiO,, CeQ,, ALO;... sau khi khir § 500°C thi mat kha nang hap phu khi CO, H,...
S& di nhu vay 1 do ¢6 su tuong tdc gifta kim loal hoat dong Pt va chat mang TiO,
(Pt/TiO,) do hiéu tng dién tir: sy dich chuyén dién tich tir chat mang TiO, sang
cdc tinh thé Pt 1am cho cdu hinh ctia Pt trér thanh twong tir Au.

Nhung Stiler qua nghién cifu hé xic tdic MoQO,/y-Al,O; thdy giita xiic tac va
chat mang khong cé su dich chuyén dién tir ndo, ma khi mang xdc tic lén chat
mang néu tao thanh don 18p thi ¢6 su tuong tac gifta chdt mang véi kim loal, lac
dé tinh chét clia xic téc khdc hin vé6i tinh chat cha MoQ; va y-AlLO;. D6l véi
dang xiic tic V,04TiO, (dang anatas), két qua nghién cfu bang phd FTIR,
XRD... cho thay cdc dang khdc nhau clia nhém (VO,), trén bé mat chat mang
TiQ, gom: monovanadat bigt lap VO, dang oxo hay dang hydroxo, céc
polyvanadat (VO,), va V,0Os & dang v6 dinh hinh va tinh thé. Su xudt hién cta cdc
dang phu thuoc vio ham luong V,0; trén bé mat duge trinh bay & hinh 11.40.

VO,
Monovanadat biét lap vé dinh hinh
X CH Po}y\fanédat +++"'+“’ ++(++ + tinh thé
¢ I N il Y '
” % /7 k\v—o-vﬂ_o—v// \v_o V—o—v" 0‘ &
/////////7‘:/‘/'7‘?“/“747/////////
Ham luong V.0,

o

Hinh 11.40. Su hinh thanh céc dang [VO, trén ch&t mang TiO, (dang anatas)

Khi ham luong V,0;5 thip (tuong tng voi 10% gid tri don 16p bé mat tinh
theo 1y thuyét) thi trén bé mat chat mang chi ton tai dang monovanadat biét 1ap.
Khi ting ham luong V,0; (twong tng 20% gid tri don 16p bé mat), lugng
monovanadat ting din va bdt ddu xudt hi¢n dang polyvanadat. Dang V,0s v0
dinh hinh va tinh thé xuat hién khi ham lugng V,05 vugt qua gid tri don 16p bé
miit. Dang don idp cé do hoat tinh cao.

Khi ding chat mang 13 mét oxit, xtic tdc la hop chit mudi kim loai hoat
déng, cdc nhém OH trén bé mat chit mang ¢6 thé xem nhur 1a cdc tam dé neo gil.
Su tuong tdc 6 thé duge thé hién nhu sau:
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n(S-OH) + MX,, - [S-O},MX + nHX

S-OH la nhiing tam hydroxyl trén bé mat chit mang
MX,, - hop chit chita kim loai.

Dang don 16p la luong t5i da cla kim loai hoat dong vdi dang vo dinh hinh
ti€p xtdc véi chat mang theo hai chiédu.

Tir tinh todn kich thudc cdu tric va xéc dinh thuc nghiém, ngudi ta dua ra
mot gid tri don 16p. Vi du tinh todn 1y thuyét tir d6 dai lién ket V-0 13 1,91 A cla
tinh thé V,0;5 cho thiy dé c6 mot cdu tric don 16p VO, trén chit mang cin
0,145% V,04/m% Him luong nay tuong {ng véi mat do VO, (ovo) 12 = 9
VO,/nm* d6i véi mot 16p polyvanadat hai chiéu va 0.5 VO J/nm? déi véi don vi

monome biét lap Nhu vay nhém VO, chi€m mdt dién tich bé mat xiic téc (Bvox)
khoang 14,1 A2,

Con don I6p FeO, dugc xdc nhan hinh thanh trén chat mang dudi dang oxit
sat phan tdn cao. D¢ dai lién keét Fe-O la 2,08 A, dai hon V-O trong VO,. Vi vay
bé mat don Iop ¢6 thé tinh todn & mat do FeO, khoang 8,5 FeO,/nm? va & Og,
khoang 15 A,

Theo Jacono M. L., mét hé xdc tdc oxit kim loai chuyén tiép trén chat mang
dugc xem tao thanh don 16p khi hé xiic tdc nay tuan theo mét s tiéu chuin sau:

I. Dién tich bé mat trung binh tinh cho méi don vi MeO, (Me- kim loai
hoat déng) trén bé mat xic tic phai gidng dién tich bé mat trung binh
chia chat mang, nghia I di¢n tich bé mat thay déi khong dang ké sau
qud trinh diéu ché xiic tic.

2. Ph IR chiing minh duge ring trén bé mit ving mit nhém OH ciia chat
mang.

3. Pon 16p chiu anh hudng cla chat mang vé mit hod hoc. Tuong tac chat
mang va kim loai hoat dong 16n nhét, vi vay phat c¢6 hoat tinh khic hin
vOi chat mang va kim loai hoat dong riéng Ié.

4. Trén pho XRD phai c6 pic ctia cdc hop chét chifa kim loai hoat déng.

Nhung giita chat mang va kim loai hoat dong phéi ¢6 sy tuong déng nhat
dinh méi tao dugc c4u triic don 16p.

1. Khi céc cation clia oxit kim loai hoat déng va cdc cation chia oxit chat
mang c¢6 tinh chét finh dién (dic tmg bang dai lugng z/r, véi 7 1a dién
tich va r [a ban kinh ion) giéng nhau thi ching dé diy nhau va do d6 dé
tao thanh céu tric hat trén chét mang, nghia 12 xu hudng tao thanh pha
tinh thé oxit kim loai hoat dong trén chat mang chiém wu thé.
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2. Khi céc cation cta oxit kim loai hoat dong va cation cua oxit chit mang
¢é tinh tinh dién khic nhau nhiéu thi cdc phan tir ciia ching tuong tdc
manh véi nhau, do dé xu hudng tao thanh mudi ran.

3. Khi céc cation cta oxit kim loai hoat dong va cation ctia oxit chit mang
¢6 tinh tinh dién gin giéng nhau thi ¢6 xu hudng trung gian tao thanh
mot don 16p trén bé mat. Don 16p nay duge duy tri bdi su can bing giita
luc hit (dé tao mudi) va luc ddy (dé tao hat tinh thé trén chat mang).

I1.4.3. Chat phu trg xic tac (promoter)

Chat phu tro xiic tdc 1a ¢hat khi thém vao xidc tac mot luong nao ddy s€ 1am
cho hoat tinh xtic tic va cdc tinh chét cha xide tdc duge cai thién. Vi du vét cia Os
lam tang hoat tinh cha Ir. Sy ¢6 mit cha Na,SO,, K,SO, fam tang hoat tinh cla
CuSO,.

Chét phu trg xtic tdc ban than né c6 thé 1a chat tro déi vdi qua trinh da cho,
hoac ¢é thé xic tic cho qud trinh d6 gidng nhu xiic tac chinh. Co ch& hoat dong cho
dén nay vin chua duge chimg minh rd rang, nhung ta ¢6 thé chia thanh ba tic dung:

- Chit trg xtic tac hinh hoc, hay chét trg cau tnic, 6 vai tro lam cham téc do
tang kich thudc cha cdc vi tinh thé. Vi du nhu oxit nhom trong phan ing
téng hop amoniac s& 1am cham qua trinh thiéu ket xuc tic sat. Vai tro clia
Fe trong phan ting reforming cling 1am cho Pt/y—ALO; cham thiéu ket.

- Chét trg xuc tdc dién tir: 12 chat ¢6 thé di vao mang luéi cdu triic cha
xdc téc va lam thay déi do linh dong ctia bé mat xdc tic. Vi du K,0
trong Xuc tac téng hgp NH,.
- Chit trg xic tac chéng ngd doc 1a chat bao vé pha hoat dong khoi bi
ngod doc.
Mot vai vi du cdc chat phu trg cho cdc quéd trinh quan trong duge thé hién
cho & bang II.16.

Bang 11.16. Céc chat phu trg cho mot s6 qua trinh

Xuc tac Chat phu trg Vai trd cha chét phu trg
ALO, Si0,, Zr0,, P |Lam tang d6 &n dinh nhiét
(ch&t mang va xuc tac) K,O Khif chat coc hoa
HCI Tang dd axit clia xuc tac
MgQ Lam cham qua trinh thiéu két
cua trung tam hoat déng
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Bdng 11.16 (tiép theo)

SiQ, — AlLO, Pt Tang qua trinh oxi hoa CO
(xUc tac cracking va chat nén)
Zeolit (xuc tac cracking) lon dat him {Tang dd hoat tinh va d6 bén nhiét
Pd Thuc ddy qua trinh hydro hoa
PYALLQ, (xUc tac reforming) Re Gidm qua trinh hydro phén va
thieu két
MoQ,/ALD, (xif ly hydro) Ni, Co |T#ng cudng qua trinh hydro hoa

clia hgp chat chta S va N
P B Tang su phan tan cta MoO,

Ni/Ceramic (reforming haoi nuic) K Tang qua trinh di chuyén cacbon

Cu-ZnO-ALO, (phan (g Shift|  ZnO  |Giam lugng Cu bi thiu két
& nhiét do thap)

Lugng chat phy trg c6 thé rat nho, hodc ciing ¢6 thé kha 16n, nhung tat ca
lvgng cht phu trg déu c6 luong t6i uu. Qua luong t61 ru s& ¢ tic dung nguoc lai
1a tam gidm hoat tinh cha xtc tdc. Vi du sy phan hiy hydroperoxit trén xic tac
Fe,0, ting dén cuc dai khi thém 2% ALO;. Téc do hydro hod phenol thanh
xyclohexanol trén xiic tdc niken v6i luong chét trog xiic tdc Na,CO, 1a 20% sé dat
cuc dai. Mot vi du 10 rang la trong phén {ng hydro hod aldehit thom thanh negu
thom, xic tdc Pt, khi thém 0,0000! g/mol FeCl; thi hoat tinh x(c tac tdng lén cuc
dai va sau d6 néu tang tiép lugng FeCl, thi hoat tinh lai gidm.

Jabrova di dua ra ty s6 o 13 ty so giita t6c 4o cha phin ing khi xuc tic co
thém chat phu trg (V. 4,) S0 v6i t6c do phan g khi chua cho chat phuy trg Va0
xtdc tic (V,): v

cue di

@ = —p—— Ty s6 o co the thay déi tir 2 dén 2000.

Luong chét phu trg cho vao ty thuoc vao tinh chat cha chat phu trg d6. Vi
du nhu trong phan ¢ng phén hiy metanol trén xic téc déng, khi thém cédc chét trg
«lic thc I cac oxit Zn, Be, Ce, Al, Mn thi luong t6i wu chat tro xic tdc dé 1am
ting t6¢ do phan ing dugc thé hi¢n trén hinh 1141

Pé phan hity metanol ngudi ta cho them vao xic tac Cu véi lugng 0,05 ~
0,15 nguyén tit gam Be, Zn... dugc tinh tr oxit. Ta thdy hai loai oxit Be va Zn
jam tang tuyén tinh t6¢ do phan hily metanol. Con Ce & ndng do rét thap (< 0,03
nguyén tit gam) té¢ do di dat duge cyc dai. D6i v6i Mn ham lugng phai 16n hon
(0,05 nguyén tir gam) téc 46 mai dat cuc dai. D6i véi oxit nhom ta c6 hai cuc dai
(= 0,03 va 0,07 nguyén tr gam).
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Hinh I1.41. Anh hudng ctia ham lugng cac chét tro xuc tac khac nhau
dén phan ting phan hily metanol trén xuc tac Cu

Cic ly thuyét gidi thich téc dung chia chét phu trg rét phic tap. Mot s8 nha
nghién citu nhu Dancop, Andrusenco. .. cho rang chét phu trg chi ¢6 tdc dung trén
bé mit, khong di sdu vao bén trong Khéi xuc téc, vi vay chi mot lugng nhd chét
phu trg cling ¢ thé cai thiéen dugc hoat tinh xuc tic. Dancop cho ring chat trg
xiic téc tao ra mot pha rin méi ¢6 do hoat dong cao hon.

Mot vii ngudi cho ring tic dung ctia chat trg xic tdc lam cho t6c do phan
hily hop chét trung gian d& dang hon. Mot sd khdc cho ring chét trg xic tdc s&
lam gidm téc do 16n 1én cha cdc tinh thé xdc tac. Vi du nhw khi them mot lugng
nho Si0, tir 0 dén 10,5% vao tinh thé ALO, s& ¢6 téc dung 1am ngan can sy két
dinh chia ALO, tai nhiét do cao, nhu trinh bay trong bang I1.17.

Bang I1.17. Anh hudng cla chét trg xuc tac SiO, va nhiét do dén
kich thuoc tinh thé y-AlLO;.

Nhiét do Kich thudc tinh thé y-AL,0, (A )
% S0, ¢ 500 600 700 800 | 900
0 36 39 44 5 56
0,51 36 37 45 54 66
2,72 28 30 34 39 51
10,50 20 21 24 26 34 |
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Chét phu trg s& gitip cho xdc tic didy manh qua trinh h&p phu, vi du nhu
phan tng:

CO + 3H, - CH, + H,0

D6i véi phan iing nay xdc tiac Cu chi hdp phu manh H,, ¢on hdp phuy yéu CO,
nhung khi cho chdt trg xdc tac Pd vao thi qua trinh hap phu CO s& dugc tang Ién.

Chat trg xvic tdc cho vdo s& 1am cén bing dién tir bé mat bi phd v, lam cho
bé mat linh dong hon. Vi du: nguyén tir Ge ¢6 4 electron hod tri (hinh 11.42), néu
ta dua As hoa tri 5 vao trong tinh thé hod tri 4 nay thi As chi€m mét nit mang
ctia Ge. Tuy nhién chi ¢cé 4 trong 5 electron hod tri clia As tham gia vao viéc tao
thanh lién két cong hod tri giita cdc nguyén tir. Theo nguyén tic cla Pauli,
electron thit 5 khong thé & trong lién két, vi vay né trd thanh dién tir dur thira trong
mang ludi, 1am cho mang Iugi c6 dong dién nhd chuyén tir nguyén tir niy qua
nguyén tir khdc. Do vay bé mat chia Ge trd nén linh dong.

a) b) c)
Hinh 11.42. Trang thai bé mat cla Ferman
a) Trang thai tinh khiét, bé mat 6n dinh; b} Cho thém 1 nguyén {7 As vao
mang Iuoi; c) Cho thém mot nguyén tir Ga vao mang ILdi

Con nguoc lai, néu ta ¢ thém chiét trg xic téc thi€u dién tlr (vi du Ga hod
tri 3) vao Ge thi mang luéi clia Ge trd nén thi€u dién tir, né s& it dién tir cha
mang lu6i vao vi tri thi€u dién tif tao thanh mot dong dién nhd chuyén dong trén
bé mit Ge.

Cobozev cho ring chit trg xic tdc c6 thé lam tang sd tam hoat dong. Vi du
trong phan ing tdng hop NH; v6i xiic tdc sit, s6 tam hoat dong s& la 1/2000 so
vdi s6 nguyén tir Fe, nhung néu cho thém chét tro xic tic ta AlOs, K,O thi s6
tam hoat dong s& 1a 1/200, nghia 12 tang 10 lan...

M6t xiic tac ciing 6 thé thém vao nhiéu chit trg xiic téc c6 cdc nhi¢m vu
khéc nhau. Vi du trong hé xtic tdc Pt-Re/Al, O, Re 1a chit trg xic tic chong ngd
doc, con Al,O, 1a trg xtic tdc hinh hoc.
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Chuong 3
PONG HOC

Boéng hoc 1a khoa hoc nghién ctu t6c do phan g phu thu¢c vao thdi gian,
nhigt d¢, ty 1¢ hon hop phén (ng. DSi véi phan img cé xiic tdc can thém mot vai
y€u t6 nhu: Tinh chat cla chat xiic tic (ban chat hod hec, thanh phén kich thuéc
hat, bé maét riéng, su phan bé 16 xop...), thoi gian ti€p xic, t6c do khong gian.

Cdc y€u t6 do sé tao ra quy luat dong hoc clia phén iing ¢6 xic tic. Cic quy
luat vé dong hoc cha phan dng xiic tic di thé thudng phifc tap hon so véi quy luat
dong hoc cla phan ing xidc tic déng thé, 13 do phan tng di thé thudng tién hanh
gilfa hai pha ti€p xtic (pha xic tdc va pha phan ting 1dng hoadc hoi nén phai trai
qua hai giai doan (hdp phu va phén tng).

Néng lugng hoat hod phan ting xic tic di thé thudng nhd hon déng thé. Dé
xem x€t quy ludt cha phin (mg, c4n phan loai phan tng thanh timg nhém phén
img. Tuy timg tiéu chuan sép x€p c6 thé ¢6 nhitng loai phan tmg nhu & bang 1111,

Bang I11.1. Céc loai phén ing

STT
1 |Theo cd ché& phan (ng

Ti&u chuan phan loai Céac loai phan (ing
Phan iing mét chiéu

Phan {ng hai chiéu

Phan (tng song song, ndi tiép

Phan (mg don gian, phirc tap

2 |Theo s& phén tlr tham gia phan ting

Phan Ung don phan tir
Phan {ng da phan

3 |Theo bac phan img

Phan (mg bac 1, 2,..n
Phan (ing bic nguyén, bac phan sé

4 |{Theo diéu kién phan (mg

Phan (ing d&ng tich, dAng nhiét, déng ap
Phan {ing giai doan, lién tuc

S |Theo trang thai pha cla hé phan
Ung va xdc tac

Phan (g xdc tac déng thé
Phan (g xuc tac di thé
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[L.1. NHIEM VU CUA VIEC NGHIEN CUU BONG HOC

Viéc ddu tién nghién citu dong hoc 12 xay dung phuong trinh van t6c dong
hoc chia phan tmg. Vi vy, cdn tim ra céc théng s& to1 uu cia phan tng hod hoc.
Tir d6 thiét 1ap méi quan hé giita téc d6 dong hoc vdi cac thong s@ téi uu: nhu sy
phu thuge hidu sudt chuyén hod vao nhigt do, vao 4p suat, vao ty 1& gifta cdc chat
tham gia phan (ng, t6c do thé tich, thdi gian ti€p xdc, lugng xic tdc...

II1.1.1. Phuong phap tim thong so6 toi uu

C6 hai phuong phdp dé tim thong s& t6i wu.
I11.1.1.1. Phuang phdp cé dién

Trudc tién x4c dinh trong phan dng cdn (im bao nhiéu thong s& t6i uu
(1... n), 14n luot ta cén thong so t6i vu.

Giit nguyén céc thong s6 khdc, con thong s6 cin fim phai thay dai, tir day
xdc dinh dige mot 6 liéu t6i vu Gng khi higu suat chuyén hoa dat cuc dai.

Lan luot ta tim thong 56 161 uu tiép theo. Cubi ciing tap hop duge mot loat
thong s6 t8i uu cho phin img. Dé xdc minh tat cé thong s& d6 1a 16i wu phai ti€n
hanh thi nghiém vdi cdc thong s& t61 uu di tim. Néu cho hiéu sudt chuyén hoa
cuc dai thi cong nhan d6 1a nhimg thong s6 t6i uu thyc. Truong hop khi tién hanh
phan tng véi cac thong s 5 wu di tim duge ma hi¢u sudt chuyén hod cta phan
ting khong dat cyc dai thi phai tim lai mot vai thong s6 dé cho hiéu sudt chuyén
hod dat cuc dai.

Phuong phép thay déi mot thong s6 ciing cén theo mot quy téc.

Budc I: Thay déi theo dién rong vi du nhu thay d6i thong s6 nhiét do, ta
thay d6i hang tram do (100", 200"... 600°C) tir d6 xdc dinh dugc mot nhiét do
twong déi vi du nhiét do 300°C cho higu suat chuyén hod cuc dai.

Buréc 2: Thay déi theo dién hep xoay quanh thong s6 t61 wu vira tim duge. Vi
du thay déi nhiét do: 280, 290, 300, 310, 320°C tir d6 tim dugc thong so nhiét do
t6i uu chinh x4c hon. Vi dy nhiét dé t6i vu 1a 290°C cho hié¢u suat chuyén hod
CUFC tal.

[11.1.1.2. Phuong phdp tim théng sé toi uu bdng phuong phdp t6i
uu hod

Phuong phdp nay cin thong qua 4 budc:
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1. Tién hanh mat s6 thi nghiém dé rit ra mirc géc cua cdc yéu 8.
. Xay dung phuong trinh cta cic théng s6.

. Giai phuong trinh xdc dinh dugc cic thong $6 t6i .

W B

. Thirc hién phan ting & cdc diéu kién t6i wu da tim. Néu két qua gitra thuc
nghiém va tinh todn ¢6 sai s6 trong pham vi cho phép thi c6 thé sir dung
cac tdi vu dé.

Vi du: thuc hién phan ing oxy hod benzylancol bang H,O, trén xiic tdc
Bentonit bing hydroxit kim loai. C6 nhi€u yéu t6 anh hudng dén phan ing.
Nhung chi chon: yéu 1§ nhiét do, nong do tic nhan oxi hoa va thdi gian phan
ting, con hoat do xic tic cho 1a khong déi. Hiéu suat chuyén hod thanh
benzaldehit s& 1a muc tiéu.

Phuong trinh ham muc tiéu cé dang:

& N
vy = bﬂ + Zb;X“- + z b“}' . XU
=1

i, 5=1
ey

by- s6 hang twdo ; b; - hé s6 tuyéntinh; b, - hé s6 twong tac;

v~ ham muc tiéu md ta quy luat thuc nghiém ; X, X, - yéu t& anh 1én ham
muc tiéu.

M3 hod cdc yé€u t6 anh huong lén ham muc tiéu.

x; — yéu 16 nhiét do, "C ; x,- yéu t& néng d6 H,O, ; x; - yéu 16 thdi gian phén
ing.

Mitc va khoang bién thién cla céc yéu t6 X, X,, X, nhu & bang sau:

B AR
Mrc gdc (0) (lay tir két qua thi nghiém ban dau) 70 25 7
Bubc nhay (1) 10 5 1
Mirc cac (+) 80 30 8
MUc thap (-) 60 20 6

Theo yéu cu clia mo hinh, phai tién hanh 11 th{ nghiém, méi thi nghiém
lap lai 3 1an, trong d6 cé 3 thi nghiém & tam.

Chon xiic tdc 12 Bent—Al-Fe. K&t qua duge trinh bay & bang I11.2.
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Bang 1.2, Cac két qua thu duoc theo yéu cadu clia mé hinh bac 1
trife giao voi cac diéu kién da trinh bay J trén

STT D6 chuyén hoa Do chon loc Hiéu suat
benzylalcol (%) benzaldehit (%) benzalaldehit (%)
1 71,08 | 36,37 23,01
2 84,32 " 37,93 31,99
3 83,37 40,32 33,76
4 95,05 19,34 18,36
5 82,23 19,23 40,16
6 84,40 32,76 28,31
7 90,85 39,60 35,98
8 97,53 27,51 26,84
9 90,18 39,55 35,07
10 92,25 36,36 33,74
11 94,07 36,64 34,28

Sau khi kiém tra déng nhat phuong sai, mitc ¥ nghia clia cdc hé s§ cha
phuang trinh héi quy theo chudn Student va sy tuong hop cia phuong trinh todn
hoc theo chuan Fisher, riit ra dugc phuong trinh héi quy:

y = 31,06 - 346X, — 1,3X, + 3,12X, - 2.76X,X, — 1,863,X, — 3,42X,X,X,.

Trén co s& phuong trinh hdi quy nay, tinh todn diéu kién tdi vu theo phuong
phdp dao ham riéng cho timg yéu 19, thu dugc két qua sau:

Piéu kién t&i uu (giai ma hoa)
X, =-0,2913
X, =-0,4913
X, = +0,0856

Gia tri thuc cla diéu kién téi uu
Nhiét do: 67°C
N&ng dé H,0,: 25%
Théi gian phan dng: 7 gid 10 phut

Thuc hién phan ting & diéu kién t6i wu trén xiic tic Bent — Al - Fe thi hiéu
sudt chuyén hoat dat 36,82%. Trong khi d6 tinh todn 1y thuyeét, thu dugc gid tri
hi¢u sudt 32,08%. Nhu vay su sai khic giva Iy thuyét va thuc nghiém khoang

11%.

Dé cai thién két qua tinh todn c6 thé dung phuong phip quy hoach hod béac

2 tam tryc giao.
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I11.1.2. Toc do phan ing

Téc do phan ing hoa hoc chiu anh hudng nhiéu yéu t6: nong do chat tham
gia phan tmg, nhiét do, p sudt, lugng xdc tac, téc do the tich clia cdc chdt tham
gia phan ing.

Phuong trinh t6c do phéan iing xdc dinh mdi lién hé gilta t6c d6 phan tng voi
néng 46 chét phan tng véi diéu kién cdc thong s6 khac 12 khong d6i va & dicu
kién t6i wu.

Toc do phan tng 13 thong s& quan trong ciia phan ing hod hoc. Két hop gitia
tSc d phan vmg va co ché phan ing dé tim ra loai xiic tac tot nhat.

.Dua vao t6c do phan g c6 thé suy doén ra giai doan cham nhét va tim bién
phap khac phuc dé cho van tdc chung dat dugc t61 da.

Phuong trinh dién gidi t6c do phan img & trong céc tai liéu tham khdo ¢6
nhiéu. Tuy nhién ¢6 mot cich dién gidi c¢é tinh chung la t6c do phan ing phu
thudc vao thay déi néng do6 hay 4p suat riéng phén cia chét phan g,

Vidu: mot phanimg A - B

- Néu xic tac di thé ta cé:

V__l dp, _ 1 dp,| mol
m dt m dt|Kg.gid

- Néu xuc tic déng thé ta cé:

v——l dn, _ 1 dny| mol
m dt Vo dr|m.gid

Nhur vay ta c6 thé dinh nghia t6c do phan tng la sy bi€n thién nong dd (1)
hay dp sudt riéng phdn (p,) clia mot trong nhiing chét tham gia phan ting hay bién
thién &p sudt riéng phén (pg) hodc néng dé (ng) cua san phdm, trong mot don vi
thdi gian (d?) va trén mét don vi thé tich (V) hay trén mot don vi trong lugng xie
tac (m). Dé cho té¢ do phan tmg luon ludn duong thi trude sy bién thien (ps, 1a)
cua chat phan (ng ta ¢6 dau (-).

Ta xét hai trudng hop cu thé.
II1.1.2.1. Phén ttng don phéntu A -» B

Vi du tim phuong trinh dong hoc: ta xét mot phan img don gian nhét 1a
phan ting A —» B trén bé mat dong nhat.
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Néu t6c d6 phan ting duge xdc dinh bang t6c d6 chuyén hod mot chat trén
bé mat xic téc. Didu d6 c6 nghia 1a giai doan khuéch t4n va hap phu cha chat A
ti€n hanh nhanh, khong dnh hudng tdi 8¢ do chung clia phan ting. Ta c6 thé 4p
dung phuong trinh Langmiir:

v=k8, (11L1)

vk bupa (IIL.2)

“N+b.p,+b,.p,

Xét cac truong hop:
1. Khi sdn phdm B hap phu yéu ta c¢é byp, << 1 thi phuong trinh I11.2 sé& ¢6
dang:

S 7 (1IL3)
I+b,.p,

- Khi ca A, B ciing hdp phu y&u: Khi d6 b,p, = bgpy<<1 thi phuong trinh s&
c6 dang :

v=kbapa. (IIL.4)
Khi d6 bac phan g d6i v6i A lan = 1.
- Khi A hap phy manh: C6 nghia 14 b,p, >> 1 thi phuong trinh II1.3 ¢6 dang:
v=k (I1L.5)
Khi d6 bac phan ing d6i v6i Alan=1.
2. Khi san pham B hap phu manh: Néu A hép phu yéu thi byp; 3> 1 >
bup,taco:
v=k. Dala (I1L6)
bpPy
Ta ¢6 phan ing n = 1 d6i véi A vin=-1 d6i v6i B.

Cé nghia Ia khi san pham B hap phu manh dugc xem nhu mot chat doc
Xuc tdc.

I11.1.2.2. Xét phan ing luéng phén tiz: A+ B — sdn pham

Ap dung duge phuong trinh Langmuir d€ tinh téc d6 phan ing. Ta cdn giéi
han mot s6 vén dé:
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1. Hap phu trén bé mat déng nhat:

2. Cac phan tir A va B hap phu trén cdc tam riéng 1é va khong c6 sur canh
tranh 1an nhau;

3. Giai doan khuéch tan cha A v B khong anh hudng dén van tdc phan
tmg, ¢4 nghia la giai doan cham nhét 13 giai doan phan tmg trén bé mat
Xuc tic giilta A va B;

4. Sin pham khéng bi hap phu trén bé mat xic tac.

Nhu vay ta co:

V0,05 =k. —2aPabspy (1IL7)
(‘!.l + b.'ip.'\ 'b.'ipﬂ )2

Ta xét cdc truong hop hay xay ra.
1. Néu A va B déu bi hdp phy yéu:
Khi d6 ta ¢6 b,p, va bapy déu nhd hon 1 thi phuong trinh 1117 ¢6 dang;
v=kbapabpos=Ap.ips (I11.8)
trong d6 A = £.b,.b;.

Tir phuong trinh (II1.8) ta c6 bac ctia phan tng d6i véi A lan =1 va véi B 12
n = |. Bac chung clia cta phan tng 1a n = 2.

2. Néu A hdp phy yéu, B hdp phy manh:
Khi d6 ta ¢6 byp, << 1 << bypy, va phuong trinh 1117 ¢6 dang:

b.p b kb
g baPa ,J:R = KOaPu _ p Pu (11L.9)
(bn P n) bﬂ Py Py

V=

trong do : B= k.b—"

H
Bac phanimg dSi véi A:n=1,convéi B: n=- 1.

Nhu vay B hap phu manh tr thanh chat doc xdc téc (hdp phu khéng thuan
nghich), tic 12 B kim ham tSc d¢ phan tng, 1am cho van t6¢ phan tng cham lai.

3. Néu A va B déu hdp phu manh:

y=k.0,.6, (111.10)
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Khi d6 8, = 1, 8, = 1, nén phuong trinh (II1.10) ¢6 dang:
v=k

Bac cua phan ting d6i v6i A vh B déu bang 0. Phuong trinh vin toc phan tmg
chi mang dac trung hinh thifc vi:

1. Khi xét phan iing chi xét timg cau tir. Nhung cau tir d6 & trong mot hén
hop phan tmg nén céc cdu tir khic c6 anh hudng nhu the nao dén céu tir
dang xét thi chura d€ cap téi.

2. Cic giai doan khéc nhu khuéch tan va hdp phu c6 anh hudng nhu thé
nio dén phuong trinh dong hoc, c4n phéi dé cap dén.

I11.1.3. Bac cta phan iing

Bac ciia phan ing duge tinh theo dng bac ciia cdc cau tf tham gia phan dng.
Bac ciia phan tmg 13 mot con s6 rit ra tiY thye nghiém, vi vy béc cia phan ting c6
bat k¥ gid tri trén truc s6 (nghia 12 ¢6 bac chan, 1&, am, duong) chi trong trudng
hop don gian, nghia la phueong trinh phan dng ding co ché 1y thuyét cla phan
tmg, bac clia phan tng méi trung véi hé s 1y tuong theo phan tng hod hoc (vi du
phan tng N, + 3H, —> 2NH, thi bac phén {ng doi véi N, 1a n = 2. va d61 vé1 H,
thi n = 3).

Dé xéc dinh bac ciia phan tmg cha timg cau tir ta phéi tién hanh thi nghiém.
Khi d6 cdc cdu tir khdc déu gilt nguyén nong do, chi thay déi ndng do cdu tir ta
dinh tim, va ci 1dn luot timg céu tir tiép theo cudi cing ta ¢é thé viét phuong trinh
toc do phan (ng:
v =k CNCELCM O (1I1.11)

trong d6 1y, 1y ... 1, 1 déc trung cho bic phan dng theo céu tir do.
Téng bac cha phan tng  ta cd:
n=n+mt.Hn 0

Bac phan tng 1a déc trung chi ra sy phy thudce t6c do phan ng vao néng do
chat da cho.

Péi vé6i qua trinh xtic tic di thé ngudi ta phan biét bac phan ing thuc va bac
phan tng bi€u kién. Trong d6 bac phan tmg thyc 1a bac phan tmg twong ximg vél
ndng d6 cau tir phan ing trén bé mit xic tac tham gia trong giai doan quyét dinh
chia phan (mg; con bic phan dng biu kién la bac phén tng tuong ximg vdi ty s8
giita néng do clia cdu tir d6 tham gia phan tng & moi trudng phan ting (trong pha
khi hoic pha long).
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II1.1.4. Hiéu suit chuyén hoa %

Hiéu sudt chuyén héa tinh theo mot cdu tit nao day thudng duoc tinh bing
lugng cau tir 46 tham gia vao phén iimg ho4 hoc tao ra san phdm so véi lugng ban
dau. Hiéu sudt chuyén hod thudng tinh theo ty 1& phan tram (%).

Gia sir lugng cau tir A ban ddu 1a N, sau thoi gian phan ing con lai 1a N,.
Khi dé hiéu sudt chuyén hoa theo cau tir A bang:
N, -N,

% =
7o N,

(111.12)

Neé&u phan iing thuan nghich, phan tng s& két thiic & trang thai can bang, khi
d6 ta c6 hiéu suft chuyén hod cyc dai (hiéu suat chuyén héa can bing) theo A:

N
7. T ML.13
n N, ( )

trong d6 N¥ 1a luong cdu tir A cdn lai sau phan iing khi phén (ng dat t6i can
bang.

Trong céng nghiép ta tinh hiéu suét chuyén hod theo cong thife:

Téng lugng sén pham

1% = (IT1.14)

Téng luong chét phan éng ban ddu cho vao

I11.1.5. D6 chon loc phan fng (C% )

Thudng phan g hod hoc cho nhiéu san phan khéc nhau, nhung ta mudn
tim hiéu sudt chuyén hod thanh san phdm chinh ta goi la do chon loc (C%) tinh
theo cong thic:

Téng luong san phdm chinh

C% = " >
Téng lugng san phdm

(I11.15)

I11.1.6. Hi¢u suat phan img (S%)

§% = C%. 1%

Luong san pham

S% = . AL : |
) Téng lugng chat phan Gng ban dau (111.16)
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HI.1.7. Hing s6 toc do phan Gng (k)
C6 nhitng cong thifc sau day dé tinh hing s6 téc do phan img :
k= kﬂ.e‘EfRT (IIII?)
Dang tuyén tinh:

E
ink =Ink,- — I8
nk, = (I11.18)

E - nang luong hoat ho; R - hang s6 khi Iy weéng ; T - nhiét do, K.
Theo nhiét dong hoc ta ¢6 phuong trinh:

dink _E
dT  RT?

(II1.19)

Ve mat 1y thuyét: giai thich t6c do phan vng (riit ra tir cong thic tinh t6c do
phéan tng) khi néng do cdc chat phan tmg bing mot don vi, dai lugng tc do phan
tng chinh la £:

v=kCOC". .. C, (11.20)
Khi C,=Cy=C, =1 thi:
p=k (1I1.21)

II1.1.8. Thoi gian phan fmg, toc do dong, toc do thé tich

Ta phan biét hai loai phén tng: phan tng tinh va phan ting dong.

Phan tng tinh 12 phdn tng 1dm viéc gidn doan thi th&i gian phan dng tinh tr
khi phan tmg bt ddu x4y ra dén khi phan (ng két thic.

Phén ¢ng dong la phan ting 1am viéc trong dong chay lién tuc, chét tham gia
phan tng di vio véi dong Iwu lugng V), trong don vi thdi gian, hay goi 12 t6¢c do
ddng (m’/s). Ddng di qua thiét bi phan img v6i thé tich 12 Vi (m®) hay trong xvc
tic di thé dong di qua véi khéi lugng xdc tic Vi (g).

Thoi gian dimg hay thdi gian phan ing < tinh bang:

(I11.22)

Thir nguyén la [s], [ph], [h].
T6c do the tich 1a t6c do dong trén don vi khéi huong xdc tic:
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(I11.23)

m’/s
Thit nguyen 1a [s', [ph]”, [s1,
I11.1.9. Nang lugng hoat hoa

Nang luong hoat hod la dac trung quan trong irong cic dai lugng cta dong
hoc. Niang lugng hoat hod 1a hiéu s& nang lugng trung binh cla phirc chét hoat
dong va phan tr ban ddu, nghia 1a nhiét tao thanh clia phirc chat hoat dong tai
nhiét d6 7. Ciing ¢6 dinh nghia n6i ring nang lugng hoat hod 1a mot nang lugng
cdn cung cdp cho phan Ung, dé phan ting vugt qua thém nang lugng, gitip cho
phan tng di dén cung tao ra san pham.

Vi du dién bién nang luong cla phan ing A + B — C + D duoc thé hién qua
d6 thi & hinh 111,

Ea

AE- thém nang lugng clia phan ng

E,- nang lugng ban ddu cia A + B

E,- thé nang san phdm C+ D (Phuong én )
E - thé ning san phdm C + D (Phuong dn 1)

A+Bl o E
E, 1 E,
C+D

Hinh I11.1. Budng bidu dién sy thay d6i nang lugng khi phén ing
A+ B - C+D tién hanh

Niang lugng hoat hod clia phan ting c6 xic tdc nho hon nhiéu khi phan ung
khong ¢6 xic tdc (bang 1I-1 phén 1I), vi n6 tao thanh hop chét trung gian véi Xxiic
tac. Niang lugng hoat hod con phu thudc vao ban chét hé xic tac.

Tim nang lugng hoat hod bing con dudng thyc nghiém: xac dinh su phu
thudc téc do phan tng vao nhigt do:

Slnv _ dlnk

E=RT. RT*. (111.24)
ar or
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v - van téc phaning ; T - nhiét d6 phan img (K) ; k - hing s6 van t&c phan ing,
C6 hai loai nang lugng hoat hod : nang lugng hoat hod biéu kién va ning
lrgng hoat hod thuc (s& xét phan biét & phan sau).
Hinshelwood nghién citu vé nang lugng hoat hod va da dua ra khdi niém:
NLHH thye 12 nang lugng thu duge khi ta tinh t6¢c d6 phan vng phu thude vao
nhiét d6 ma d6 che phit bé mat xdc tac 1a khong déi:

dinV
E, =RT*? T )y (111.25)

Con ning lugng hoat hod biéu kiér. 1a nang lugng nhan dugc trong qué trinh
thuc nghiém tinh t6c d phan dng phu thudc vao nhiét do trong diéu kién ap suit
rieng phin (hodc néng d¢) chat phan ting 1 khong déi:

E, = RT? [-——) (I11.26)
ne

Thuce ra khi xdc dinh nang lugng hoat hod thuc ta xét phai dam bao do che
phit bé mat khong doi con 4p sudt riéng phdn cla pha khi c6 thé thay déi & nhiét
do khac nhau. Nguge lai khi xdc dinh nang lugng hoat hod biéu kién thi dp sudt
riéng phén cha pha khi 1a khong ddi, nhung mitc d6 che phit bé mit cha cdu tir 1a
thay déi.

Thong thudng trong thuc nghiém ta chi tinh duge nang lugng hoat hod biéu
kién.

Sy thay ddi t6¢ d6 phan (g khi bién déi t6c do, nhiét do vA 4p suat rieng
phan duge Temkin bidu dién theo cong thic sau:

dlnv Jdinv
alnV = [ ) AT + dinp (I1.2°7)
oT L z{aln p-f ]ﬁ.?'z '

Ew=Ey+ 3 np, (IL28)
1

trong d6 n; c6 thé duong, 4m hodc bang 0. N&u phan ting ti€n hanh bac 0, diéu &y
trong da s6 trudng hop 6 nghia bé mit xiic tdc duge bio hoa bing cédc chat phan
(ing hodc sin phim. Néu trong qué trinh thirc nghiém bé mit bi chiém bio hoa va
khong thay déi thi:

1

E,=E, vi n=0
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Nhir vay trong trutmg hop phan ing ti€n hanh c6 bac bing 0, thi s6 lidu tinh
dugc vé nang lugng hoat hod 1a nang luong hoat hod thuc.

Nhung di sau xét k§ thi ta thay su khdc nhau gilta E, va E, con nhiéu phic
tap. Vi du: phan ing hydro hoa tién hanh bac 0, nhung t6¢ do chia phan ing theo
phuong trinh:

v=k.py, (111.29)
thi khi d6 E,, va Ej; 12 khédc nhau.

Nhu vay ngodai su phu thuoc véi bac phan ving thi sy lién he gifta E,;, va Ey
con ¢ lién quan dén hing s6 t6c 46 va ca ché phan Ung.

m2. CAC YEU TG ANH HUGNG KHI LAP PHUONG TRINH
PONG HOC

Khi lap phuong trinh dong hoc, titc ta xay dung duoc phuong trinh t6¢ 46
phan g, cin chi ¥ dén cac yéu td anh huong dé xay dyng dugc phuong trinh
chinh x4c it sai sot.

{11.2.1. Thoi gian phan ing

Khong duge Jay s6 lieu khi thoi gian bit ddu phan tng, ma chi 18y s6 ligu
khi phan g da di vao én dinh.

DGi véi phan img tinh, ta 14y s6 liéu qua timg thoi gian va cho dén khi ket
thic phan tng.

D6i vai phan tng dong (phan tng dong) ta ¢6 hai loai phan ing :

1. DGi voi phéan tng ¢o phan tmg phu hoéc phén tng ndi tiép doi hoi phai c6
thoi gian thich hop dé lay sd lieu. Tdc 1a thoi diém khi sau phin ing chinh dat
hiéu suat i da, va bing c4c phuong phap dé 14y san pham chinh ra khéi ving
phan ting (hinh 111.2).

2. P6i v6i phan tng khong c6 (hoac 4t it) phén Ung phu ho#c phan tng ndi
tiép, vi du dién hinh clia loai phan (g nay la téng hop vinyl clorua it axetylen va
HC, xiic thac HgCly/C* nhiét 4o phan ing 180 — 200°C:

HeClL/C*
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? n% san phdm chinh

Li]

i da

Hinh 111.2. Tim thdi gian phan tng t6i uu

D651 v6i phan ting nay khi dat {1 hiéu sufit chuyén hod 161 da va sau déay kéo
dixi thoi gian phan dng thi hiéu sut chuyén hoé khong d6i.

P& 14y s6 liéu xay dung phuong trinh dong hoc ta c6 thé 1dy cic diém sau
khi hiéu suat chuyén hod dat (i da (N %). NUmg d6i véi hieu suat thiét b thoi
gian cang dai thi cang giam, vi vy ta Igy s6 ligu & vung lan can khi hiéu sudt
chuyén hod dat 161 da.

T

y

L

Hinh I1.3. Sy phy thudc higu sudt phén tmg (1)
va hiéu sut thiét bi (2) theo thoi gian

111.2.2. Hoat tinh xic tac

Cong thuc tinh hoat tinh xuc tac:
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VO -V
A= , {mol/g.ph} (111.30)
m

trong do: V- s6 mol chét phan ing dua vao trong mot don vi thai gian ;
V| - s6 mo! chat phan dng cdn lai trong mot don vi thoi gian;
m - s6 gam Xlc tdc dua vao thiét bi phan iing.

Ngoai ra hoat tinh xvc tdc con duge thé hién qua “thot gian séng” cla xic
tac. Thoi gian séng ca xiic tic cang dai thi xdc tdc Iam viée cang én dinh.

Vi du: HgCl,/C* = 12 thdng, zeolit chi vai gidy (d6i vdi trudng hop diing

zeolit trong qua trinh cracking).

e s . 2 ez > Tl:‘jm vide
Thoi gian s6ng cla x(c tac ;

Ving (1): Vong 18y s6 liéu thi nghiém

Diém dic biét quan trong trong thuc nghiém dong hoc 1a dn dinh va tdi sinh
hoat tinh xic tic ¢6 thé thay déi trong thdi gian phan tng. Vi vay cin dic biét
chi ¥ khi thi nghiém nghién citu dong hoc phai gitt cho duge hoat tinh xdc tic
khong ddi. Néu xem thudng van dé nay s& din dén sai ldm vé tinh chat phuong
trinh déng hoc da tim ra.

Vi du: khi nghién cttu phén g téng hop tr khi téng hop:
H,+CO, — 'y CO+H,0

Theo tdc gid 1:

T6c do phan tmg d dp sudt CO, bé: v = k.p, .p, -

Toc do phan img d ap sudt CO,caoi v = k. —E—”—

Tic 1a khi tang ap sudt CO, thi téc do phan ting qua cuc dai.
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Theo tdc gia 2:
T6c do phan ing § dp sudt CO, bé v = kp, .p,,,

Dy,

Toc do phan tng ¢ dp suat CO, cao:v=%k . ———
p{'{)z ‘p(‘f:’

Két qua cha tac gia 2 1a ding. K&t qua cha tic gia / sai 1dm & chd 12 khong
cht ¥ dén xuc tdc bi ngd doc do CO hidp phu 1én xiic tdc. Vi vay nén tién hanh &
ap sudlt CO, thép.

Khi két qua thi nghiém ciing mot diéu kién nhir nhau ma sai s6 do dac duge
khong qué sai s6 cho phép thi ta c6 thé néi trong phan ing hoat tinh xic tac én
dinh,

V1 vay qua mot loat thi nghiém ta phai kiém tra lai hoat tinh xtc tdc. Vi ¢in
phai hoin nguyén, nhat 12 khi thay déi nhiét d6 Iam cho hoat xiic tic dé thay déi.
Tir nhing sai 1dm cua phuong trinh dong hoc din dén nhimg sai lim khéc nhu
tinh todn ning lugng hoat hod, giai thich co ch€ cha qud trinh.

D€ kiém tra  hoat tinh xtc tdc ¢6 thay ddi hay khéng khi tién hanh trong
diéu kién thay déi nhiét do bang cdch: Sau khi tién hanh mot loat thi nghiém &
cdc nhiét do khdc nhau ta tro lai nhiét dé ban dau va tinh todn két qua. Néu trung
v6i két qua chia thi nghiém thit nhét thi ta ¢6 thé néi ring: hoat tinh xiic tac khong
déi (véi diéu kién céc théng s khic khong déi).

II1.2.3. Nhiét d¢

111.2.3.1. Xét truong hop phdn imng xiic tdc dong thé

Phan dng xiic tic déng thé 1a phan ¥ng ma cdc chét tham gia phan tng, san
pham phan ung va chét xdc tdc cling t6n tai trong mét trang théi vat 1y (pha) nhu
nhau. Trong phan Umg xic tic di thé, chat xic tac c6 trang that pha khdc véi céc
chat tham gia phan ting v6i san phdm phan tng.

Anh hudng cba nhiét dé dén toc d6 phan dng thé hién véi cac cach khac
nhau trong cac trudng hop ddng thé va di thé.

Trong trudng hop phan tng déng thé, vi du, ddi vdi phan tng don phan tir
chuyén hod chdt A, ta cé:

dc,
ol

=kC (TI1.31)

trong do: C, - ndng do chit A ; k - hing s& t6¢ do.
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MBS quan hé giita k va nhiét do T tuan theo phuong trinh Arhenius:
k= kye®FT
trong d6: k - hé s6 ty 1€ 5 R - hing s6 khi (R = 1,987 cal/ dé.mol} ; T - nhiét do
tuyét doi (K).

E - nang luong hoat hod, 12 ning luong t6i thiéu cdn thiét dé chuyén hé tir
trang thdi ban ddu dén trang théi hoat dong phan g,

Nhu vay t6c do phéan dng phu thudc & va k phu thudc nhiét dg, do do toc 4o
phan ting phu thudc nhiét do.

Tir 1131 ¢6 thé thay ring: £ cang nhd khi & cang [6n. Xic téc lam tang téc
do phan ting bang cich lam giam £ clia hé. Chat xic téc tic dung VoL cic chit
phan (g tao ra cdc hop chét trung gian véi nang lugng hoat hod 1a £, nhd hon so
véi truong hop cac chit phdn g tdc dung tryc tiép v6i nhau khong co mat chat
xuc tac 14 E i

E < Ewx

[11.2.3.2. Xét truong hop phdn ing xiic tdc di thé

Trong d6 san phdm phan ing khong b hap phy, ta cé:

W g, v6i 0, = P (I11.32)
dt 1+ K,p,

Anh huéng ciia nhigt do dén S do phén ing 1a tich s6 cia anh huong nhiét
46 d6i v6i k va 6, rieng ré. Nhung hién nay ngudi ta chua the xdc dinh & mot céch
chiic chén boi vi 6, khong thé dé dang do dac tryc ti&p. Ching ta phii xét anh
hudng ctia nhiét d dén ca 16 hop (k.6,).

C6 hai diéu kién gidi han cdn phai xét:

1. Néu he s& hap phu K, dii 16n dén mifc phan bé mat hap phy 6, luon ludn
bing 1 & moi nhiét do. Khi d6 anh hudng cta nhiét do chi tic dong lén he s6 toc
do k va bay gi® ning luong hoat hod trong phuong trinh Arhénius 12 ning lugng
hoat hod thuc E,;:

k= A.B_EIMRT
v6i A 1a he s6 7 16

2. Néu K, nhd va 6, ~ 0: nén: K, pa<< 1, theo phuong trinh 11132 ta ¢6 thé

Cé 944 = KA . pai v = kQA = k'KA'pA
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Ta c6 thé tinh K, theo phuong trinh ding 4p clia Van't Hoff:

d]l’lKA _ AHJ,_ph

= I11.33
dar RT? ¢ )

2 AH,
Tl dé ta ¢ the tinh: K, = C.exp[— R;ph }

trong d6: C - hing s6 tich phan ;4H, ,: entalpy hdp phu & diéu kién tiéu chuin
cha chit A.

Anh hudng ciia nhiét 4o dén t6c do phan img c6 thé viét:

y=- d‘*‘;ﬂ = k0, = kK,.ps (I11.34)
_[_-‘1_,},;’
thay: k=Ae
AH)
K. =0C. T (i
A exp{ RT J

vao phuong trinh 111.34 ta cé:

Ey AH?
—v=pyae T C | -—L2
V=D [ RT ]

0

AH
=B.exp[— ""”'} vl B=A.C
RT

hay: V=Bp.e X (111.35)
Ta c6: Ey=E,+ AH,,, (E, - ning lugng hoat hod biéu kién)
Vay: E, =E,. - AH" (I11.36)

Vi ring hdp phu 12 qu4 trinh luén t0a nhiét nén AH, ,;, < O hay -AH, , > 0.
Nhu vay ning luogng hoat tinh thuc bing ning lugng hoat hod biéu kién cong véi
mot gia tri duong bing entanpy hip phu.

Dudi day trinh bay su phu thudc Arhénius giita t6¢ d6 va nhiét d6 coa phan
ng kiéu trén (hinh I11.4).
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! 1 1]
Phan bé mat bi hdp phu 6, 1 {1»08>0]| 0
Bac phan ing n 0 1>n>0 1
tga x 2,3R = E (- gbc nghiéng) E, E,,
A
.O.
ol
>
Nhiét d6

Hinh 111.4. Quan hé gilfa t6c d6 phan tng v&i nhiét do

Nhu vay phuong trinh tdc dé phén tng phu thudc rat nhiéu vao nhi¢t do. Sai
lech nhiét do s& dan dén sai léch phuong trinh dong hoc. D¢ han ché sy sai léch
do nhiét do nay ta phii tim cdch khong ché€ nhiét do t6i wu tim duoc cna AT. Vi
du mot phan ing A — B. Nhiét do t6i wu tim duge 14 300°C, nhung khi tién hanh
phan tng thi sit sai 1éch nhiét do 1a 300 £AT. Cong thuc tinh AT.

Ta lam hat thi nghiém:
1. Khi ti€n hanh phan tng & nhiét do (7 - AT)°C tim dugc:

k, = A.exp (-E/R(T - AT)) (I1IL.37)
2. Khi tién hanh § nhiét d6 T + AT, tim duge £,

ky=A .exp (-E/R(T + AT)) (I11.38)

su chenh lech giia i,:‘* = a%.

2
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Ta ¢6 cong thiic dé xac dinh AT tuong déi:

AT = 4;8 T2 g (1 + a%) (111.39)

Nhu vay AT phuy thude va T, va V/E.

- V6i phan tng E 16n, nhiét do thap ta cé AT thay déi kha nhd, theo kinh
nghiém AT = = 0,5°C.

Vi du phan tng tién hanh § 170°C thi nhiét do t6i wu co thé giao dong
(170 £ 0,5)°C. D&i véi loai phan dng nay ta phii tim bién phap 6t nhat dé
khéng ché€ nhiét do.

- Vi phan ving tién hanh & nhiét do cao ma nang lugng hoat hod thép thi AT
khi lén (AT = £ 5°C).

Vi du phén tmg tiéh hanh & 500°C thi khoéng nhigt d6 t6i wu s& 1 (500 £ 5)°C.
D1 véi loai phan ing ndy su khéng ché€ nhiét do khong can nghiem ngat.

111.2.4. Hiéu ing bu trir

Trong phén tng xidc tac di thé khi nghién cliu mot phan g trén mot day
xtc tic khic nhau, hodc nhiéu phan iing khac nhau trén mot day xic tédc, ta nhan
thdy giita nang luong hoat hod (£,,) va thira s6 trude InA c¢6 mot mdi lién hé. Toc
do phdn ng lién hé lu¥ thira v6i nang lugng hoat hod. Mot sir thay ddi nho vé gia
tri s6 hoc clia E cén cé anh hudng lén toc do phan ung. Vi du & 270°C sy thay déi
ning lugng hoat hod 1a 5 kcal/mol, phdl thay déi toc do phan tmg khoang 100 lan
(khi gié tri s6 nhan trudc ¥ thira clia téc do phan tng khong thay déi).

Ngudi ta dé ¥ thay ring trong da so céc trudng hop khi thay déi E khong
thdy c6 su thay déi téc dg phan tmg. Vi vay co thé thay ring su khong tuong ximg
nhu the 13 nguyén nhan cha sy thay doi dong thoi s6 nhan trude luy thira cha hé
s& toc do phan tmg. Su thay ddi nay s& bu trir véi su thay déi nhay vot caa lu§
thira. Hién tugng nay thudng duge goi la hiéu tng bl trir, va mot 56 nha khoa hoc
cho né c6 mot gid tri 16n. Vi du Svap goi hién tugng nay 1a dinh ludt thir ba nhiét
dong hoc (hai dinh luat ddu la dinh luat tic dung khéi luong va dinh luat
Arhenius).

Hishelwood cho réng hiéu tmg bit trit 1a mot trong nhitng quy luat co ban
cita déng hoc. That ra hiéu Gng bl trr bi han ché, vi s6 nhan trude lu§ thira cua
hing s6 t6¢ do phan g 12 mot vai ham cia ning lugng hoat hod (E) nghia la:

ko=KkoRE). (111.40)
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trong d6 f(E) 1a ham s6 cha nang lugng hoat hoa (E); k,’ 1a mot phan cua k£, ma

. , N
khong phu thudc vao E. Vi du néu {F) = E,E, (v 14 hang s6) hodc AE) = E™
su tang E, khi giam dai lugng luy thira, s€ tang tri s6 cua s6 nhan trudce liy thita
vOi su bit trir tuong hd clia su thay doi 4y.

Khi ¢6 sy phu thude AAE) = E,E, hiéu tng nay s& dugc biéu dién nhu sau:
Ink, = y£ + const (111.41)

Khéng loai trir nhitng su phu thudc dinh lugng khdc, thudng nang luong
hoat hod (E) va k, duge xdc dinh dong thoi ¢6 nghia 1a sau khi xdc dinh duge £,
tr thye nghiém (xdc dinh Ey tir sy phu thude vao nhiét do cda k) ngudi ta tinh
duoc dai lugng &,;:

lok, = lgk + 2‘?};}" (111.42)

Céc gid tri cua E,; va k, 16n, vi vay cdc dai lugng cta &k bé dan dén sut thay
déi tuyén tinh biéu dién gk, va E.

Thuc nghiém thay rang cing dai luong £ ngudi ta xac dinh duge E'=E + AE
(AE la sai s& cta thi nghiém) thi khi bao toan dai lugng &, su tinh s& nhén trudc
lu¥ thira dan dén tri $6 1gk,:

AE
2,3RT

(lgku)lim duew = lgkn +

Pai luong nay ¢6 thé tiép nhan nha mot hiéu dng bl trir. V1 vay cén rét than
trong trong viéc chitng minh bing thuc nghiém sy ¢6 mat cha hiéu img bu teir. Tot
hon hét 13 nén xdc dinh dai lugng £ bang thuc nghiém bing cic phuong phap
khdc nhau, chit khong do cung véi &,

Constable da giai thich hiéu tmg bl trlr nhu sau: Gan két hiéu img bl trir vdi
chd hoat dong trén bé mit khong dong nhat clia bé mat chat xic tdc rin, sy phan
b& lu§ thira clia cdc chd hoat dong niy duge dac trung bing s6 nhan e™ trong
hing s6 téc do (khi y khong déi).

Svap va Cremer khi dé ¥ dén su phét sinh hiéu fng bl trir nhd bé mét khong
déng nhat cta xic tidc di dé nghi ring, hing s6 y (trong s6 nhan €'®) lién quan
dén su diéu ché xdc tdc ¢é bé mat bi chiém &nghiala y = 1/R.

Vi vay hiéu ¢ing bl trit cdn mang tén [a "quy tac &

Sur khong tuong xung véi nhiét do khong ddi & cla su chudn bi xiic tac da
duoge chimg minh bang thue nghiém.
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Trong cong trinh clia Molinavi di dé nghi, d6i véi phén ing trong cac diéu
kién lam viéc trong hé théng xuc tdc ndm yén, hiéu ting bl trir ¢6 thé 13 nguyén
nhén cla sy truyén nhiét dugce thodt ra khi hdp phu.

Shurmam giai thich hiéu iing bl trir trong mot vai trudng hop bang su thay
d6i mitc do che pht bé mat chat xdc tic 8 Ong cho ring v6i s tang do che phit €
c6 thé lam gidm £, bdi vi hang rdo nang lugng cha su chuyén dich cdc phan tir
can thiét cho phan ting bi giam, déng thdi gidm s6 mikc do ty do clia cdc tiéu phan
tit phan tng trén bé mat. Nguoc lai do sy tang mitc do che phil bé miit vé nguyén
tac thi £, tang. Nhu vay hién nay chua d0 co s& thuc nghiém dé chiing minh
rang hiéu (ng b trir 14 hién trong thong thudng trong dong hoc clia phan ting xiic
téc di thé. Nhung cdc nha khoa hoc da chi ¥ dén hien twgng nay dé tim cch giai
thich cho hop 1y.

Vi vay trong mot phan dng xic téc di thé, khi nghién citu nhan thdy ring
gilta £, va thita s6 ty 1€ trude “exp” c¢d méi quan hé InA = mE + C.

A
22

20

18

InA (mlH,/g,,.ph)

16

14 I I ] T ™ £ (ki/mol)
30 315 40 45 50

Hinh 111.5. Biéu dién quan hé InA va E ctia phan tng nitro hoé alkan
khac nhau (R - NO,} frong etanol vdi xtic téac Ni - Raney.
1) RIa CHy 2) RIa C,Hy 3) RIan - CHy: 4) RIaiso - CHy;
5)Rian—CH,: 6} RIaiso— CH,

Nghia 14 ting mot gid tri InA (din dén tang t6¢ d6 phan (ng) ludn cé sy
bi trlr bdi sy tang clia mot gid tri £, (ddn dén sy 1am gidm tS¢ d6 phan (ng
turong ung).

Ta c6 cong thic £, = E,, - AH ",
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Neéu mot day chat xic tic ¢d gid i AH /""" khdc nhau d6i véi chat phan dng
v6i c¢6 mot gid tri E,, nhu nhau thi ta dé thay c6 hiéu ting b trir khi do E,. khac
nhau.

I1L 2.5. Anh hweéng ciia ap suat

Trong céc loai phén ing dong thé hay di thé, & pha 16ng hay pha khi dp sut
ctia phan tmg cling anh huéng khé Ién dén phuong trinh dong hoc.

Anh hudng clia ap suét cling tuan theo dinh luat Lachathelier. Tang dp sudt
thic ddy qué trinh tién hanh & nhiing phan ing gidm thé tich va nguoc lai tang 4p
sudt s& lam cham qua trinh tién hanh tang the tich.

Vi du phén tmg téng hop amoniac (N, + 3H, — NH;) hoac tdng hop
metanol va céc alcol cao, cdc qué trinh hydro hod (H, + C,H, — GHo). Khi tang
4p suit phan (ng tién hanh vé phia bén phai.

Ngugce lai cdc phan img dehydro hoa, phéan huy amoniac thanh cdc ciu n,
khi tang 4p suat 1a diéu bat 1gi, 6 tdc dung am.

Su phu thudc nhiét dong hoc gitta K, va dp sudt dugc biéu dién theo phuong
trinh:

dink, _ _4Y (II1.43)
dp RT

trong d6: AV- sy thay déi thé tich cha h¢ thdng phan (ng, bing hiéu s8 giita téng
thé tich phan tif chia san pham phan img va téng 56 thé tich phan tir ctia cdc phan
tlr dau.

Muén dién t phu thuoéc nay mot cach chinh xdc hon ngudi ta thudng ding
thuyét téc do tuyét déi chia phin ding nhu sau:

K, =c* 5L ~EIRT (111.44)
h
_AF~
hay duéi dang: K =c+ Xl e® (111.45)

h

trong d6 AF* la hi¢u ning luong ty do cia phan tit & trang thai hoat dong F* va
ning luong tu do clia chat phan ting ban déu F,, nghia la 4F* = FX¥.F,.

L4y logarit cha phuong trinh (11L45) ta c6:

AF* 1
In K, = const ———=const - —(F* - F)) (I11.46)
RT RT
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Léy vi phan phuong trinh (IT1.46) ta c6:
dink,\ _ | (dF, dF*
dp ). RT\dp dp f
dInk,
dp

AV*

|
hay: =—(V,-V¥)T=_"_"__ I11.47
ay ];- RT V, } °T ( )

trong dé AV* Ia sur bién d6i thé tich phan tir & trang théi hoat dong.

Tir phuong trinh (II1.47) khi V,, > V* nghia 1a thé tich phén tr cha chat diu
16n hon thé tich & trang théi hoat dong thi gid tri cha hing s§ X, s& ting vdi su
giam thé tich con khi V, < V* thi trj s6 K, s& giam véi sy tang thé tich.

II1.2.6. Anh huéng ctia qua trinh khuéch tan

Chuong IT da trinh bay qué trinh phan tng trén xiic téc ran thuong xay ra 7
giai doan. Néu mot trong 7 giai doan cham thi t6c dé phu thudc vao giai doan dé,
nhung thyc € t6¢ do phan tng déu c6 phy thude it hay nhiéu ca 7 giai doan.

V1 vay khi nghién citu dong hoc ta phai loai trir anh hudng cita khuéch tén.
Diéu quan trong cdn phai nhan ra khi nio phan ting xic tdc, bi han ché bdi
khuéch tdn. Mot s6 dau hiéu sau day biéu thi sy han ché do khuéch tan:

1. T8¢ d% phan ting ty 1¢ nghich v6i khéi luong xic tac, nghia la ting khoi
lugng xic tdc thi tdc do phan iing s& giam.

2. T6c do phéan tng tang ty 1¢ thuan vé6i t6c do khuéch tan, hay thay déi
theo ché d¢ lam viéc cua xic tdc (tir xic tic ndm yén chuyén sang ché
do lam viéc tang so6i hodc xtic tic va chat phan tng chuyén dong nguoc
chiéu).

3. Xay ra hién tuong nung néng cuc bé trong khéi xic tac, khi phan iing
tién hanh.

4. Trén d6 thi Arhénius c6 diém gdp khiic tai diém M., khi d6:

a) Ta ¢6 thé cho ring do dnh hudng cla khuéch tén, nén nang lugng hoat
hod thay déi.

b) Nhumg ciing c6 thé khi nhiét do tang co ché phan ing thay déi. Vi du
trén xdc tdc zeolit ¢6 hai tam axit Bronsted va axit Lewis. Nhiét do
tang axit Lewis nhi¢u lén. Co ché€ phan tng trén hai tam Bronsted vi
Lewis khdc nhau nén né ¢6 thé lam thay déi nang luong hoat hod va
trén do thi Arhenius s& xuat hién diém gay khuc.
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+lgk

» 1T

Hinh I11.5. Bidu dién d6 thi c6 diém gép khac (M)

5. Yéu t6 nhiét do it anh hudng dén t6c do phan tng (hinh 1I1.6). Vi dy
& viing dong hoc (ving T) khi thay d6i nhiét do tir 1/T, dén 1/T, ta ¢
Ink, >> Ink,. Nhung & viing khuéch tén (vung IIT) ta thay d6i nhiét 46 tir
1T, dén 1/T, thi lnk, ~ lnk,.

Ink
Vimng 11l
<& — — — —> Vingll
Ink, : s e —— i Vingl
Ink, [~ P i

Ink, ..

—» T

1T, T, T, 1,

Hinh li1.6. Biéu difn énh hudng nhiét @ vao Ink
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Nhu vay phan vmg & viing khuéch tdn yéu t6 nhiét do hdu nhu khéng lam
thay déi van t6c phan img.

D¢ tranh anh hudng cla yéu 16 khuéch tan. Thuong ta phai lam thi
nghiém xay dung do thi dnh hudng: hiéu suit phan tng vao t6c do khuay tron
(W) (hinh TIL.7).

Vi t6c do khudy tron béng O thi hiéu suat phan tng nhd (77,), tang t6c do
khudy tron thi hiéu sugt phin ting tang theo dén thdi diém hiéu suat phan ing dat
cuc dai va can bang dugc thiét lap thi ta phai lam thi nghiém, véi t6c do khuay
tron (Wi ) d6, s€ loai trir anh hudng cla khuéch tan.

7% hiéu suit phén img

A

|
|
|
o |
|
!

) .
Wn‘ii n W (tOC dé
khuay tron)

Hinh II1.7. Anh hubng t6c d6 khudy tron vao hiéu sust phdn ing

11.3. CHON PHUONG PHAP NGHIEN CUU

Mot vin dé kha quan trong 12 chon phuong phép nghién cifu. Chon phuong
phdp nghién cttu ¢6 thé phu thudc bdi phan ting dua ra nghién cdu, bdi diéu kién
ti€n hanh thyc nghiém, bdi s6 lugng chat ban ddu, bdi hoat tinh xic tc dem dung
va béi nhiém vu riéng ma viéc nghién citu cin dat duoc.

Trong da s6 cac trudng hgp, nhitng diéu kién gidng nhau thi cic quy luat rit
ra ciia déng hoc déu gidng nhau, khéng phu thude phuong phép tién hanh. Nhung
khi phan tich quy luat dong hoc ¢dn lwu ¥ t6i phuong phip dang ding. Vi du
trong mot qua trinh néu ta cho du thira mot c&u tir thi téc d6 phan tng khong phu
thudc vao sy thay doi khong 16n ldm ca cdu tir 6, mac du trong phuong trinh
dong hoc ¢6 thanh phén ctia cau tir d6. Néu nhu phan 1mg tién hanh & ap sust (hay
néng do) khong ddi clia mot cu tir thi t6c do phan tng khong phu thuoc bdi ap
sudt riéng phdn (hay néng do) cha céu tir d6.
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Khi chon phuong phép nghién citu cin dat duge nhitng diém sau:
1. B6 chinh x4c clia phuong phap cing cao cang tot.
2. Trong thdi gian én dinh céc théng s6 déu phai on dinh.
3. C6 kha nang lap di lap lai diéu kién & nhitng thi nghiém sau.
4. De dang thay ddi diéu kién phan tng khi mucn thay déi tir diém nay qua
diém khéc.
5. Hoat tinh xéc tac duge giit nguyén tir dau cho dén hét thi nghiém, tir thi
nghiém nay qua thi nghiém khdc.
6. Khong c6 anh hudng ngoai lai nao (vi du tir trudng) anh hudng dén ket
qua nghién cttu.
Dudi day la mét s6 phuong phép tién hanh nghién ciru dong hoc phan iing

Xiic tic. Tuy theo nhiém vu d€ ra va dang ciia chat phéan dng ma chon mot phuong
phdp thich hgp.

ITL.3.1. Theo nhiém vu dé ra
- Muén tim mét xiic thc méi, dé tiet kiém thdi gian va tist kiem hod chat
thi nén diing phuong phép vi lugng,

- Khi ¢6 xdc tic mdi, mudn tim phuong trinh dong hoc thi nén ding
phuong phdp dong tuin hoan.

- Mot phan g d3 ¢6 xiic tdc méi, di tim phuong trinh dong hoc, bay gidy
mu6n dp dung vao san xuat, ta phai qua khau thuc nghiém bang phuong
phap dong.

- Dé nghién ciu xic tde c6 hoat tinh thap thi nén ding phuong phap tinh.
I11.3.2. Theo trang thai chat phan g
- V6i phin iing chat phén tng & trang théi 16ng - 1dng ta c6 thé tién hanh
bang phuong phiép tinh.
- Vi chét phan ting 1a 16ng vA khi ta diing phuong phdp dong, dong tusn

-

hoan.

- VGi chiét phdn tmg la khi va khi ta ding phwong phap dong, dong tudn
hoan.

- V6i phén ting chi ¢6 chat phan éng (vi dy phan ing cracking cumen) ta
dung phuong phdp vi lugng.
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IIL3.3. Céc phuong phdp thudng ding trong phong thi nghiém dé
nghién ciru déong hoc ctia phan iing

111.3.3.1 Phuong phdp tinh

1. Nguyén tac

Nguyén tic co ban ciia phuong phdp finh la tién hanh véi lugng xiic tdc nhat
dinh, v6i chat phan ting cho vao trong mat thé tich nhat dinh. Tién hanh phdn ting
cho dén khi két thic, ta 1dy san phim ra phan tich.

2. Phitong phdp phdn tich sdn phiam
Ta ¢6 may phuong phap:

1. Néu phan tng tang thé tich (vi du A — B + C) hoiic phan tng gidm thé
tich (A + B — C) thi ta ¢6 thé do su thay ddi 4p suat ciia he va suy ra
hiéu suat phan ting.

2. V6i mot phan ting c6 san phdm dé ngung ty, ta phai tao diéu kién cho
san phim ngung tu va do lugng ngung tu clla san phim ta ¢6 thé biet
duge hiéu sudt phan ing.

3. Néu cdc hién tuong d6 khong ¢6 thi thudng 14y san pham timg thdi k¥
phén tich, dé do hiéu suat phan tmg.

3. So do nguyén tdc ciia phitong phdp tinh

C
Al . p T
A - Binh dung cic chét phan (ing;
c B - Thiét bi phan ing chita xiic tic;
0 . C - Thiét bj phan tich san pham.

Hinh 1i1.8. So d6 nguyén tdc hé théng clia phuong phép tinh
4. Nhitng diém co bdn riit ra tit phuong phap tinh

1. Phuong phap tinh la phuong phdp tich phan. Vi vay dé bién luan ket qua
dol hoi cdn so sdnh ching véi phuong trinh dong hoc & dang vi phan
hay d6 thi vi phan cha thi nghiém da cho.
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2. Phuong phap ti€n hanh giai doan khéng lién tuc.

3. Trong méi mot thi nghiém c6 thé thu nhan duge sy phu thude midc do
chuyén hod & nhiig thoi diém khdc nhau tir 7= 0 dén 7= 0.

4. Kiém tra hoat tinh xic tdc trong ¢4 qud trinh rat phic tap, khé khan.

3. Phuong phép cho phép ti€n hanh & 4p suat thap, 4p sudt trung binh va ap
sudlt cao, ¢ pha 16ng hoic pha hei, nhung t6t nhat van 13 tiénh hanh & ap
sudt thap (p = 1 atm).

6. Dé dang diéu chinh cdc dir kién nghién ctu.

7. Phuong phép cho phép dé dang kiém tra tdc do (theo do thay déi ap
sudt).

8. Xiic tic c6 thé sir dung & bat ky dang ndo va vdi lugng khong han cheé.
Thuan loi nhat trong qud trinh xic tic duge ding dudi dang mang mong
dugc trang mot 16p xung quanh binh phén tng. Ding xiic tdc duéi dang
nay cé thé loai trir anh hudng ciia qua trinh khuéch tén trong. Nhung
ding dang xic tic nay c¢é nhuge diém 1 dé dang ngo doc xic tac, vi
vay can thiét phai lam sach chat phan ing.

9. Viéc hoan nguyén xiic tdc ngay trong phan (ng s& khé khan néu nhu
khong chii y dén van dé thodt khi thai sau khi hoan nguyen.

111.3.3.2. Phuong phdp dong

1. Nguyén tdc

Phrong phdp dong duge dung rong rdi dé nghién ciu déng hoc, thong
thuong phuong phdp tién hanh du6i dp sudt khi quyén.*Nguyeén tic clia phuong
phdp dong: Xic tac v6i twgng khd Ién (10 —- 200 g) nam yén trong 10 phan tng,
cac chat phan tng 1a khf hoac long (duoc tao thanh hoi) di qua 16p xdc tic. C6 thé
thay doi thdi gian tiép xdc bang cach thay déi téc do dong khi hay luong xic tic.

2. 80 do phitong phdp dong
Mot so d6 nghién ciru trong phong thi nghiém dé nghién citu dong hoc coa
phin ting thudng c6 6 bo phan: 1) bo phan dn 4p trong so d, 2) bo phan lam

sach, 3) bo phan do t8c 4o dong, 4) néu phén tng khi 16ng, cin c6 bo phan béc
hoi va tron lan, 5) bo phan 16 phin ing, 6) b phan phan tich san pham.

So dé nguyén tic nhu trén hinh 111.9.
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Khi phén ting A
hodc khi mang L
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o

Hinh IIl. 9. So d6 nguyén tac phuong phap dong

3. Phadn tich sdan phdm

San phdm phan ting ¢ thé c6 hai pha (16ng, hoi hoic khi). Ta c6 thé ding
nhiéu phuong phdp khic nhau: nhu phan tich hod hoc, phan tich nh& dung cu
oxca, nhung t6t nhét 1a ding phuong phap sac ky khi.

D6i v6i san pham 1a khi (hoi) ta cho dong chay truc tiép tir thiét bi phan img
vao, néu 1a chit long ta cho ngung tu va bom vao sic ky.

4. Uu, khuyét diém ciia phiong phdp dong

Uu diém:

1.

[ I VS I

Phuong phdp dong la phuong phdp lién tuc nén nang sudt thiét bi cao
hon hén phuong phép tinh.

. Méi mot thi nghiém s& cho ta mét diém trén dé thi.

. C6 thé kiém tra do hoat tinh xuc tdc dé dang.

. Phuong phép c6 thé tién hanh duéi 4p suat thudng.

. Pay la phuong phép sét véi thuc t€, vi vay la phuong phép diing dé kiém

tra s0 liéu trudc khi dua vao san xudét.

Khuyét diém:

1.
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2. Xic tac ¢6 thé & dang vién hat, kich ¢& khéc nhau.
3. Phuong phdp dong ¢6 rat nhiéu gradien:

- Gradien nhi¢t d¢ doc theo 19p xiic tic va tit trong 1dng 6ng vi bé mat ngoai
dng (hinh II1.9a). L
Ong xiic tic

cao nhil

Phéan tng tod nhiét duge Phén iing thu

TN\
~

lam lanh nhiét dugc dun
néng
7, T, T,
T g }T?{ <
a) Gradien theo chiéu o h ’
dai 16p xiic tdc b) Gradien theo chiéu cit ngang éng
xic tic

T, — nhiét d¢ ngoai dng xic tdc;
T, - nhiét d¢ giira 1ong dng.

Hinh 11.9a. Gradien nhiét 3
- Gradien néng d¢ chat phan tng doc theo 16p xiic tic (hinh II1.9b), d6 1A
yéu diém 16n nhét cta phuong phép dong. Phuong phép dong s€& cho phuong trinh
tich phan s& liéu thu duge s& khong chinh xdc.

A ~ I - 7 ’
A, - néng do clia chat phan ing
C

dCy;

I (chiéu dai ctia
1dp xuic tac)
Hinh 111.9b. Su thay d6i n6ng d¢ clia chét phén tng A,

theo doc chidu dai I6p xuc téc
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5. Bong hoc cita phitong phap dong

D& thiét lap duge phuong trinh dong hoc ciia phan tng ta phai 1dy mét doan
dl doc theo 18p xiic tdc va cé su thay d6i néng do cia chdt A 1a dCy; trong mot
thoi gian dr ¢hinh VL.96). Ta ¢ phuong trinh biéu dién lugng chat di qua 16p xic

tac d/ la:
a(c,.
{cﬂ, ——(—”“ﬂdi}dt
ol

a(—Cg}i‘—) dl dt wong chat con lai trong dl.

Néu x4y ra phan tng thi luong A, con lai trong thé tich ctia doan d7 1a:

Cu g41.ds (111.48)

) gy ar-wadl de=
ol o

trong d6 wdl.dt lugng chat A; phan tng, hodc c6 thé viét:

o), 5, (111.49)
ol ot

Khi qua trinh da én dinh tic |2 lugng chét ra va vao khong thay déi, khong
phu thudc vao thoi diém tic la:

oC

—#4 = tirdo6 suy ra:
ot
_ACun) (111.50)
ol
trong d6 C, =4 (IIL.51)
v
véi  ny - s6 mol chét A; di qua ti€t di¢n trong don vi thoi gian;
v - thé tich chat A; dé qua don vi thoi gian df ;
u - toc do dai duge tinh theo cong thiic:
=~ (I11.52)
fo)

p - tiét dién ciia mat cét thiét bi phan ing.

Thay (II.51) va (I11.52) vao (I11.50) ta ¢d:
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) _ﬁ{[ﬁi] W (I11.53)

=W (I11.54)

trong dé: Ny = Ngai (1 - X)

v6i ny,; - s6 gam mol chdt A, di vao phén ddu cta viing phan tng ; x- s6 luong
chét A, phan ting trong khoang d/.

Vi phan phuong trinh (I11.54) ta c6:

dn,; dx
- ﬂd—;‘ = n”{.ﬁ..g (II1.55)
trong do:
dx
n(}Ai.—“— =W (111.56)
p.dl

D€ ¢6 phuong trinh cu thé ta phai tich phan phuong trinh (IIL.55).

Mot dang khic phuong phép ding 1 phuong phap vi dong, chi c6 khic l1a
lugng xtc tdc ding rdt nhd va dong chét phan tng di qua véi luu lugng nho thé
hién trén hinh IIIL.10.

KHONG KHI KHONG KHI

BINH sue KHI KHI MANG

;'7 R S e
‘ EET st otz & VAN NGUYEN LIEU

- N KHI HOAT HOA
X LT N L
/ %N Y AN
% T \VANGBCHEU| |t 'VAN KHONG KHI
/ VITRI1 | j
. ! KHI GIA NHIET
VAN 4 CHIEU
VITRI

VITRI 1 VANN,

77 LOPHANUNG  VAN4CHIEU |5

Hinh I11.10. So d6 hé phan tmg vi dong
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111.3.3.3. Phuong phap dong tuén hoan hay la phuong phap khong cd
gradien

Khic phuc duge gradien néng do doc theo I6p xiic téc. D€ c6 phuong trinh
dong hoc vi phan ta dung phuong phap dong tudn hoan.

1. Nguyén tdc ciia phitong phdp dong tudn hoan

Xiic tic nim yén véi luong nho (2 -3 mg), chat phan ting di qua 1ép xvic tdc
nam yén véi do lap di lap lai # 1an nhd hé thong tun hoan (tirc 12 mot phan wr A
di qua 18p xvic tac trung binh 12 # 14n).

2. So d6 nguyén tdc (hinh 1.11)

|
| Chat phan ing

\| !
|7 T _l N _|
| Lo phan ing | He th6ng tuén hoan
||——— | —— I __J-__.
%II Lép xiic tac L
[ "“-—r-/ g
| '|
| |
.
|| San phdm 14y ra

Hinh i1.11. So d6 nguyén t&c phuong phap dong tudn hoan

Chét phan tmg di qua xdc thc 14t nhidu 14n nho he théng tudn hoan nén téc
46 di qua 16p xvc téc rat ion va m6i mot 14n di qua chi chuyén hod dugc:
Ny
ﬂ I =
n
5, - 46 chuyén hod mot 14n di qua ; 7 - 40 chuyén hoa chung ; 1 - 0 14n
tuan hoan.

Vi du: phan ing A > B voi mitc d6 chuyén hod chung 7, = 90% va véi s

46 tudn hoan ta thiét k& n = 300 lan thi v, = %%% ~ 0,3% .

Nhus vay su chénh léch néng do cha chat A, trén 16p xic tdc va dudi 16p xic

tic 12 0,3% thé hién trén hinh II1.12. Trong khi d6 su chénh lech ndéng do cha chat
A, & phuong phdp dong 12 90%.
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Hinh 11.12. Sur chénh 1éch néng dd cGa chat phan
img trudc 47 va sau Iop xac tac A’
(a)- phuong phap dong (b)),
(b}- phuong phéap dong tuén hoan
tuy thudc vao s ldn tuén hoan (n)

Phuong phép dong: ta c6 A{=100% va A =10%. Con phuong phép dong

tudn hodn ta cé A7=49,7% va A'! =50,3%.

Vi khong c¢6 gradien nong dé nén phuong trinh rit ra 13 phuong trinh vi

phan.

3. Phwong trinh dong hoc rit ra tr phitong phdp dong tudn hodn

Ve &zchzpj.U
Sr S RTS

V- vin t6c phaning ;
S - téng dién tich bé mat xiic tac (m?):

S=w.S§,.p

(IIL.57)

w - th€ tich xic téc; p - ty trong cla xic tic; S, - bé mit riéng cla xic

tac (m%/g);
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U/ - van t6c dong khi phan ting (m/s) ;
N,, C;, p - luong, néng do, 8p sudt riéng phan tuong ting cha chét j.
Thay vao ta co:

V= Py __ PV
RTwS,.p RTS.p

(111.58)

w — van t6c thé tich.

Vi du: mot s6 phuong trinh riit ra tir hai phuong phdp dong va dong tuan
hoan.

1. Phan ting téng hop NH;
Béng phuong phéap dong :

Béng phuong phép dong tudn hoan :

2
X
0.5 v

1-x?

1.5
k=Top

y- ty Ié phan ing hod hoc ; x - hiéu sudt phan ing (7%).
2. Phan ting hydro hod etylen, xic tdc la Ni.

Phuong trinh rit ra tir phuong phdp dong :

=Y LA.“{'”)
211=-x 2 1-x

Phuong trinh rit ra tir phuong phap dong tuén hoan :

X

k=
Yo 1-x
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4. Mot vai so dé phitong phdp dong tudn hoan duoc dp dung trong phong thi nghiém

Hinh 111.13. Hé théng tudn hoan tinh
1- B&p d6t néng dung dich béc hoi; 2- Thiét bi dung dung dich phan img;
3- Pin nhiét dién; 4- Lo; 5- Ong phan timg dung xuc tac; 6- Thiét bj bdo on;
7- Ong lam lanh; 8- Van 3 chiéu; 9- Binh dung dich phén img b8 sung;
10- Gng nhd giot: 11- Ong ngung tu; 12- Ong chdy chuyén; 13- Van théo
sén phdm; 14- Ong nanomet.

Hinh 1lI-14: So dé dong tuén hoan
téng hop NH, béng thuy tinh
1- Thiét bi phén tmg; 2- Hé théng
van ; 3- Bom tuén hoan ; 4- Pin
nhiét dién ; 5- Hé théng 6n nhiét
khong khi ; 6- Hé théng lam lanh ;
7- Binh lam lanh; 8- Ap ké chit U ;
9- San phdm I4y ra
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Xic

Bo ‘ ‘ tic
pﬁ@n ¥ Aﬂ#
dié}u T “T'
| H

Van dién tir

Hinh 111.15. So d6 tuén hoan bang teflon

S. Nhitng 1y nhuge diém rit ra u phitong phdp dong tudn hodn

Phirong phdp dong tudn hoan xét cho cling vin duy tri mot s6 gradien tuy
r4t nho, nhumg ciing Anh hudng it nhiéu dén phuong trinh dong hoc. Vi vay hudng
céc nha nghién ctru 12 tao ra duge mot he thong thiét bi s6 14n tudn ho2n tang lén
thi sit chénh lech ndng do va nhiét do s€ giam.

Ta c6 thé rit ra mot s6 wu, nhuge ciia phuong phép dong tudn hoan :

1. Phuong phép cho ta phuong trinh dong hoc vi phan, s6 lidu s& chinh xéc
hon phuong trinh dong hoc tich phan.

2. Phuong phap lién tuc nén hi¢u sudt thi nghiém sé cao .
3, Phuong phap c6 thé ding céc dang xic téc va lugng xdc tac bat ky.
4. Phuong phédp c6 thé 1am viéc & dp suat khic nhau.

Nhung phuong phap ¢é mot s6 nhuge diém sau:

1. He théng rat phic tap, nhat 1a h¢ thong bom tuan hoan va toan bd hé
théng phai dat trong budng én dinh nhiét do.

2. Cin c6 thdi gian dai d& én dinh céc diéu kign phan tng. Vi vay phuong
phép chi diing d& nghién citu dong hoc trong phong thi nghi¢ém, khong
thé img dung vao thuc t€ cong nghiép.
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6. Phitong phdp khong c6 gradien dp dung vao dang phdn img pha long,
khi dé nghién ciu dong hoc

Ta c6 thé ap dung phuong phap dong tudan hoan dé nghién phan ng pha
16ng. néu thyc hién duge nguyen tic 12 tudn holn chdt phan dng qua Iop xic tac
dugce tot.

Phuong phdp theo nguyén tc sau day: Trong thi€t bi phan ung chira dung
méi, chit xdc téc, chdt phdn wng, binh phan ing dugc lic that manh — phuong
phap nay dugc dung d& nghien ctu dong hoc cia phan Gng nhu khir H, cla
riwou, phan hiy axit focmic.

Hoac c6 thé ding thiét bi khudy tron ¥ tuong (hinh HI. 16).

Luéi dung xidc tdc [ dugc quay dé khudy tron, dung dich phdn dng vao
bing hai con dudng, chit phin ting la 1ong 2 va chat khi di vao con dudng 3 san
phdm ciing dugc 14y ra lién tuc.

Vi du phan dng hydro hod benzen xtic tac niken cho vao trong ludi duoe

quay lién tuc, manh, tao thanh dong khudy 1y tudng.
=

Hinh I11.16. Sa d6 phan ing khong co gradien bang céach
khudy ly tudng, cénh khudy Ia luoi dung xuc tac

1- LuGi dung xuc tac (vi du: Xac tac niken dugc dung trong ro ludi niken),
2- Dong co khudy; 3- Dung dich pha 18ng (vi du benzen) ; 4- Khi vao
(vI duH, vao dé hydo hoa benzen); 5- Ong thao sén phdm
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Néu hén hop la khf ta c6 thé thuc hién trén so d8 & hinh (I11.17). Xiic tac
ndm yén tao thanh hinh try, khi cho vao giita va nhd cdnh khufy tao thanh ddng
khudy 1y tuong qua 16p xiic tic.

CAPNHIETIENXUCTAC  ; CAPNHETBIENKHI
s /-" TRUC KHUAY

KHi RA

: VACH NGN
P T xeTie

Hinh 111.17. So d8 phan tmg khong gradien chét phdn tng
1a hén hop khi duge khu8y Iy tudng.

111.3.3.4. Phuong phdp vi lugng
1. Nguyén tdc phicong phdp vi hitong

Phuong phdp nay c6 thé goi l1a phuong phap vi lugng, phuong phap sic ky
hay phuong phdp xung, rét thich hgp dé€ tim loai xiic tdc méi cho mét phan Ging
dé ra.

Nguyén tdc: Dung cot phan Ung véi dudng kinh bé (2 — 4 mm) chita mot vi
lugng xuc tic ndm yén (1 - 2 mg), timg thoi diém ta s& bom (v6i dong tic xung)
mot vi lugng chit phan tng (khoang 1 — 10 ).
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Giifa hrong xvic tdc va lugng xung méi 14n chat phan g tinh toén dé chat
phan ng vira hip phu mét 14n 1én khéi xdc tic. Néu luong xiic tic qud nhiéu so
v6i mot lugng xung chat phén ting, chat phén tng hip phu nhiéu lén trén khdi xic
tac thi ta tr& lai phuong phdp dong.

2. 80 do nguyén tdc cia phitong phdp

Thi¢t bi phan tng [a 6ng thach anh (hoac thép khong i) duoc dat trong 10
nung. L6 nung ¢6 nhiém vu nang nhiét d¢ éng phan g Ién nhiét do cdn thiét va
gilt nhi¢t d6 khong déi (trong khodng nhiét do cho phép T + AT).

Khi " ) 5
(HZv Nzo — 1 I -, - - [ . |_|; —
. H .
AI) Rry _ U - '—’_’7/ —AA.\,\M\M\,WN\«A/\_}i___; /// \
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Hinh 111.18. Sa d6 phén ting theo phuang phép vi luong

1- Di€m dé€ bom chét phan img véo (bang cao su); 2- Ong phén tmg
hinh chr U ; 3- Lo nung dé c&p nhiét cho éng phén ting ; 4- Ldp xuc téc ;
5- Ldp dém thach anh ; 6- Binh ngung tu sén phdm ; 7- Binh dyng N, 1dng ;
9- May tur ghi ; 8- B6 phéan detectd ; 8a- Nhanh so sanh ; 8b- Nhénh do

Chat khi mang ¢6 thé diing N,, Ar, H, (tuy diéu kién phan ting). Vi du phan
ting hydro hod: ta ding khi mang 1a H,, dé vira 1a khi mang vira Ia khi phan tng)
di qua b6 phan lam sach va do t6c d¢ dong chia lam hai duong, mot dudng di qua
nhanh detecto so sinh 8a, mot dudng di qua lién tuc vao thiét bi phan tng 2 trong
chira 16p xiic téc 4 va hai 16p dém thach anh 5, thiét bi phan ing duoc 16 3 cung
cdp nhiet. Khi mang sau khi di qua thiét bi phan tmg v sau dé duoc vao binh
ngung tu sdn phdm 6 duge lam lanh trong binh dung azot long 7. Sau d6 di vao
nhdnh detecto do 8b va duge truyén tin hiéu vao mdy tr ghi sic ky 9.

Khi da 6n dinh dong khi mang, ta bom mét lugng chat phan ding (1 — 10 )
vao thiét bi phan \ing qua bo phan /. Ddng khi mang ciing lugng chét phan ting di
qua Iép xiic tic va tao thanh sidn phdm (vi du phén tng cracking cumen - tao
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thanh benzen va propylen). T4t ca san phdm duoc ngung tu trong binh ngung 6.
Sau mét thoi gian nhat dinh d€ cho ngung tu hét san pham (khoang 30 phiit), ta
thdo binh lam lanh ra khi d6 binh ngung ty dugc nang nhiét do, nén san phim
dugc hod hoi, ciing v6i khi mang qua nhéanh detecto do 8b va cho tin hiéu duge
ghi nhan vao mdy tur ghi 9.

3. Phuong trinh dong hoc nit ra tix phiong phdp vi lugng

Phuong trinh déng hoc theo phuong phdp nay c6 dang:

x.q [%) + q(l ~x{%} + Wa(@]+ q(l - x) W,=0 (I11.59)

ot

c- néng do chat phan iing trong dong khi mang ;

g- mit cit ctia cot phan tng (cm?) ;

x- khoang céch tir diém bom chat phan img dén bé mit xic tic (cm) ;

¢ ;- lugng chét bi hip thy ;

W, - t6c d6 thé tich ;

w, - tdc d6 clia phan ng xiic téc.

Roginski va cong sy ddu tién dit co sd cho 1y luan vé phuong phdp vi lugng

xtic tc, dé dua ra dugc phuong trinh dong hoc don gidn dé tinh t6c do phan ng:

xmV,
V.V

Wt

Wi, = =krC? (I11.60)

trong d6: W, - t6c do trung binh cla phan tng ;
x - do chuyén hoa (7%);
m - lugng chat phan ing cho vao ;
V, - thé tich khi mang ;
k - hiing s van toc ;
V., - thé tich clia méu cho vio ;
r - hang s6 Henry ;
n - bac phan tng;
Cy - nong d6 trung binh ctia chét phan tng trong hén hop :

Cp= T“’L (I1L61)
‘y,

]
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I - chiéu dai sac ky hdp phu cua vi lugng chdt phan ng, xay ra ba truong
hop tuy thudc dong tdc bom (xung) ;

q - toéc do bom ; M —khoi luong chat phan tng.
1. Néu bom khong dit khoat nhanh ta duoc hinh 111 .18a khi d6 1, = 0;
2. Néu bom nhanh vira ta ¢6 hinh I11.18b ;

3. T6t nhat bom dit diém nhanh ta duge hinh II1.18c. Khi d6 lugng chat
phan tng sé hap phu mot 1an déng déu lén khéi xdc tac (vi vay ta goi
phuong phap nay la phuong phap sic ky).

/2
77 :"«'3’5’3’3’3’3‘?
delel030%0%s,
%o,#,»@,#,o; /

£ LKA
RRRREN
f ERRRRRRY

c)

a) b)
///A Khéi xic tac N Luogng chat 1ong bom vao

Hinh 111.18. Céac dang biéu dién su hdp phu chét phan ung lén khéi xuc tac

4. Nhiing wu khuyét diém riit ra tie phuong phdp vi luong

- Phuong phép vi lugng 1a phuong phdp dé tim loai xic tic m&i
nhanh nhdt va it t6n kém nhdt, dac biét d6i véi xic tdc kim loai
quy (Pt, Pd, Rh...).

- Luong xtc tdc ding mdi lan thi nghiém rat nho va luong céc chat phan
g ciing rat it.

- Phuong phap chi dé nghién ctru trong phong thi nghiém khong thé ap
dung vao cong nghé duoc.

- Phuong trinh dong hoc riit ra tir phuwong phap vi lugng la phuong trinh vi
phan cho s6 liéu chinh x4c.

- Thiét bi don gian.
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Chuong 4
QUA TRINH HAP PHU VA KHUECH TAN TRONG
PHAN UNG XUC TAC DI THE

Xiic téc di thé thudng 12 chét rdn ¢ mao quan, hoac kim loai duge mang
trén chat mang c¢6 bé mat rieng 16n. Hai qué trinh hdp phu va khuéch tén trong
xic tdc di thé dong vai trd quan trong dnh hudng 16n dén van tSc phan tng. Vi
vay chuong IV dé cap dén hai van dé : hdp phu va khuéch tan.

A- HAP PHU

Khdi niém: Céac vat ran (xbc tdc di thé) déu cé kha niang kéo v& minh mot
luong khi, hoi va long, hay ndi ciach khéac su ting nong d¢ khi, hoi, long trén bé
mit ran ta goi 1a qud trinh hap phu. Khi xdy ra hién tugng hap phu sé& toa ra mot
lwong nhiét goi 1a nhiét hap phu (4 hoic ¢, kcal/mol). BE mat chat ran cang 16n sy
hap phu cang tang va nhiét hap phu toa ra cang ldn.

Qua4 trinh hép phu duge chia thanh hai loai: hdp phu vat 1y va hip phu
hod hoc.

IV.1. PHAN BIET GI(A HAP PHU VAT LY VA HAP PHU HOA HOC

Dé phan biét gitta hdp phu vat 1§ va hip phu hod hoc ta dé ra céc tiéu chi sau
(nhung cdc tiéu chi ndy ciing khong thé phan biét rach roi gitta hai hién tuong dé).
IV.1.1. Nhiét hap phu

Hap phu vit 1y va hip phu hod hoc déu toa nhiét. Theo phirong trinh nhiét
déng hoc:

AG!!.]\h = AH = TA.S' (IV.])
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Tifc 12 qué trinh hdp phu s& lam giam néng luong tr do bé mat (AG, ;) Mot
gia tri thay déi 1a entropy (AS). D& cho qué trinh hap phy duge ti€n hanh thi
AG, y, < 0, nén v€ bén phai (4H - TAS) < 0, ma trong do ta c6 AS gidm, vi vay
AS < 0 do 46 AH < 0, nghia 1 phan tng toa nhiét. Tuy nhién sy toa nhiét khong
giong nhau.

Nhiét toa ra do hap phy vat 1y nho khoang tir 0 — 5 keal/mol.

Nhiét toa ra do hép phu hod hoc khd 16n khoang tir 10 dén hang tram
kcal/mol (tuong duong nhiét phan ng).

Nhiét hap phu vt ly tuong duong véi nhiét hod 16ng ciia chét bi hdp phy.

Atkins [1] da thong ké entanpy hdp phy vat 1y v& hoa hoc ctia mét s6 chat bi
hap phu va chat hép phu, duge cho & bang IV.1.

Bang IV.1. Entanpy h&p phu vét Iy (a) va hap phu hoa hoc (b)

Chat bi hdp phu | AH, (kJ/mol) L AH, {kJ/mol)
Chat bi hap phu

CH, -21 Cr Fe Ni

H, -84 C,H, -427 | -285| -

H.O -59 ole) - |-192| -
CH, -21 H, -188 | -134 | -125
NH, - |-188] -155

a) b)

Entanpy hap phu I hiéu tmg nhiét tod ra khi moét mol chat bi hap phu dugc
chuyén tir trang thdi khi sang trang thdi hdp phu. Nhung déi voi phan tir bt hip
phu bi phan ly ra nhiéu nguyén tir thi nhiét hap phu c6 thé tinh todn theo cong
thite (vi du chat hap phu bi phan ly thanh hai nguyén tir nhw H, + 2Me = 2MeH):

Onpnnpn = Mm@ -nD (1V.2)

@ nhiét lién k&t tao thanh;
D - nhiét lién két phan huy;
m, n — s6 lién két tao thanh va phéan huy.
Nhiét hdp phu —AH(q), s dac trung cho sy hinh thanh 16p hdp phu bé mit va

duge x4c dinh bing phuong phép ding calorimet, hoac diing phuong phép khir
hap phu nhiét.
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Tir phuong trinh (IV.2) ta ¢6 thé thay nhiét hdp phu hod hoc c6 thé rat nhd
khi m.@ =n.D.

IV.1.2. Luc hap phu

1V.1.2.1. Hap phu vdt ly

Hap phu vat 1y do luc van der Waals gy ra gom céc luc:
- Tuong tac phan tl (luc cam ving, lyc dinh hudng, lyc phan tin...)
- Luc tuong tic finh dign.

Trong mot hé hap phu khi & trang théi can bang cdc phan tir tham gia tuong
tic c6 tdng mirc nang lugng thap nhét.

Nang lugng tuong tic hit, ddy duoc mé ta qua phuong trinh thé ning
Lennard — Jones:

E,=-AS + A% + E, (IV.3)
trong d6:  E,, — trang thii nang luong khi can bang;

A — hing s6 dic trung cho lyc hit;

B - hing s6 dic trung cho lyc dy;

r, — kho#ng céch gilta cac phan tir bi hap phu;

E, - cic dang nang luong khéc.

I1V.1.2.2. Hdp phu hod hoc

Bé mat vat rin khong bao gio bing phang 1y tudng ma c6 cdc vét mit gay,
hoiic tao ra cic bude nhay hoic ché 16i 16m (hinh IV.2). Taylor (1925) dé dua ra
hinh anh clia bé mat tinh thé niken (hinh [V.1).

i Ché 16m
— Nl— Budc nhay
I 13 @
- II\I Nl'_ {\11— Pl_
— Ni— N1— i— Ni—
I 1‘\1 4) |N
— Ni— Ni— Ni— Ni—
| j TI i
Hinh IV.1. B8 mat tinh thé niken Hinh IV.2. Bé mét cha vat rén
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Tao ra cac hod tri ty do trén bé mat cha vat rin do cau tao co hoce, hoic do
gia cong hod hoc. Tat ca cdc hién tugng trén [Am cho bé mit vat rin ¢6 hod tri tu
do. Céc hod tri tr do ¢6 thé lién két vai phan tr bi hap phu. Con nhimg nguyén tir
khong nim & chd niit gay hoac 16i 16m thi né van c6 hod tri tu do, vi né khong cé
s6 nguyén tir diy dit nam xung quanh, nhu bén trong tinh thé, do dé s& phdi tri
cua nguyén tir nho hon ¢hinh IV .3).

a- nguyén tir trén bé mat c6 5 moi ndi vai nguyén tr bén canh.
b- nguyén tr c6 8 méi ndi vai 8 nguyén tir bén canh

Hinh IV.3. Minh hoa vé su khong can bing lut G céc nguyén tix chét rén kim koai
Nhu vay nguyén tir a cdn ¢6 nhimg méi nSi ty do va ¢6 thé két hop véi céc
phan tir bi hap phu, con nguyén tir b di bio hoa.

Dsi v6i nhimg vat rdn 12 oxit kim loai (vat rin ion) ta ciing ¢6 bifc tranh
tong tu ( hinh IV.4 ).

a- nguyén ti kim loai trén bé mat gén vdi 3 nguyén 7 oxy cho ta 3 méi
ndi, nhu vay con 1 lién két tu do tao ra nang luong tu do bé mét;
b- nguyén tir kim loai nam trong tinh thé c6 4 lién két, nhur vay da bao hoa
Hinh IV.4. Minh hoa vé su khéng cén bang luc & nguyén 1 trén
bé mat chat rén oxit
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Trén bé mat vat ran ion, dic biét khi hap phu cdc phan tir bi phan cuc sé bi
hap phu manh.

V1 vay trong hdp phy hod hoc luc tuong tic gifta chét hdp phu va chét bi hdp
phu la lyc tuong téc hod hoc. Luc tuong tde hod hoc trong hap phu hod hoc bén
viing hon rét nhiéu so véi hap phu vat ly. Ciu tric dién tr chia phan tr bi hap phu
bi€n déi sau do lién két hod hoc hinh thanh.

IV.1.3. Su chon loc ciia qua trinh hap phu

Hap phu vat 1y khong o6 su chon loc, bat ky vat rén nao cling ¢6 kha nang
kéo vé minh mot Iugng khi hodc hoi, d6 1a hién tugng hap phu vat 1y.

Hép phu hod hoc ¢6 do chon loc cao.

Khong phai cdc hé hdp phu vat 1§y déu c6 kha niang chuyén sang hip phu ho4
hoc, mé chi ¢6 hé¢ nao cé dli nang lwong méi c6 thé chuyén tir hap phu vat Iy sang
hap phu hod hoc.

IV.1.4. So lugng chat bi hiap phu

Hdp phu vt 1y thudmg xay ra da 16p, nhat 1a khi 4p suft can bing gdn véi 4p
suat bao hoa (P/P, = ). Khi xuat hién 16p ngung tu thi qué trinh hdp phu vat Iy
ket thiic, con hap phu hod hoc chi ¢6 thé xay ra don 16p. Nhung ¢6 nhiéu trudmg
hop don 16p cling xay ra v6i hap phu vat 1y, diéu d6 phu thudc vio ban chait he
hap phu (Chat hdp phu va chat bi hap phu) duoe thé hién trén hinh (IV.5).

Khi 4p sudt P con nhd (P/P, ~0,1) xay ra hién tugng hap phu don 16p. Khi
dp suflt tang 1én s& xay ra hap phu da 16p.

© ¥ 3
';g v V. K.P
K P
= (P—P‘_{H(Cm])__ “
I ' P
Q‘ h
& m
= Dt —— I— & 1op
il
g
=]
L& ]
= '\
S
S Hooceool
= don 16p
¥ T y
0,1 A suat P/P,

Hinh IV.5. Syt phu thudc lugng chét bi hap phu voi P/P,
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IV.1.5. Téc do hap phu

Nhu trén da biét, nang lugng hap phu vat ly rat nho (0 + 5 keal/mol) vi vay
téc do hap phu vat 1y thuong rat nhanh. Con nang luong hap phy hod hoc khi 16n,
tir 10 keal/mol tr& 1én vi vay t6c do hap phu hod hoc thudng xay ra cham.

Toc dé cha qua trinh hip phu hod hoc dugc xdc dinh theo phuong trinh :
Kfr.ph = “Z_e-Ef'-"’M' (IV.4)
trong d6: k,, ;. — hang s6 t6¢ do hap phu hod hoc;
ko~ he s6 dac trung cho xdc suat hinh hoc;
E_—nang lugng hoat ho4:
Z — 6 va cham clia phan tir bi hap phu trén mot don vi bé mat, trong mot
don vi thoi gian (Z ty 1 véi 4p suat).
Phuong trinh (IV.4) ging phuong trinh dién ta t6c do phén (ng hod hoc dua
trén thuyét va cham.
Thong thudng &, nho hon 10° v6i bé mat sach va dp suit thap.
Z thudng 16n hon 10% cm™s" & didu kién binh thudng do dé s§ va cham
hi¢u qua trong mét don vi thai gian rét cao.
Néu qua trinh ti€n hanh v6i nang lugng hoat hod £ thap thi thoi gian 16p phli
diy bé miit da hoan thanh trong 1 phén giay.
Tuy nhién khi xét ve t6c d6 hap phu can chii ¥ dén anh hudng ciia téc do
khuéch tdn, nhat [a d6i véi vat lieu c6 mao quan, vi trong mao quan tdc do
khuéch tdn c6 anh hudng rat 16n dén qu4 trinh hap phu.

IV.1.6. Anh huéng cia nhiét do lén qua trinh hip phu
Ta cho chat A hap phy len bé mat xiic tdc K, co ché phén tng ¢6 thé bidu
dién:
A+K — A(K)

Theo dinh lut tdc dung khdi lugng, hiing s6 can bing clia qué trinh 1a b c6
thé biéu dién nhu sau:
[AK)] (IV.5)
[AIK]

[A(K)I — n6ng d6 hop chit trung gian cia chat A va xic tac K, hay 1a phan
bé mat bi chiém bdi chit A;
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[K] — néng do vi tri tuw do con lai tai thdi diém ¢ cha xiic tac.
V1 vay ta co:
[AK)] +[K}=1
[A] - néng do chét A tai thai diém t.
Néu xét khi A hidp phu trén bé mat ran K thi néng do chat [A] = p, (dp sudt
riéng phdn cia chat A), khi d6 phuong trinh IV.5 ¢6 thé biéu dién:
p - IAG)]
[Al-p,
Khi bé mat bi chiém mot nira ¢6 nghia la [A(K)] = [A], khi d6 ta cé:
1

= {1:2}

P,

(IV.6)

b

Tir d6 ta c6 thé dinh nghia: Hing s6 can bing hdp phu bing nghich dio ca
dp suat rieng phin cha chét A tai thoi diém bé mat bi chi€m mét nira.
Theo nhiét déng hoc dai lugng b hdng s6 can bang phu thudc vao su thay
déi niang luong tu do bé mit theo cong thitc:
AGy = - RTinb
Thay vao phuong trinh (IV.1) tacé :
- RTinb = AH - T A4S, (1V.8)
Rut ra :

° (IV.9)

a8, A&l _AH
b=ek ¢ ¥ = Aexp[ OJ (IV.10)
RT

AS
A=expl —*
XP[R)

Theo nhiét dong hoc thi -AH, = ¢ (nhiét hap phu), vi vay:

trong do:

b= Aexp[%) Iv.11)

C6 nghia ring khi T tang (nhiét do tang) thi qué trinh hap phu s& giam.

185



1 ,
Dai lugng nghich dao clia hang s6 can béng 1a ' b . Vay:

b'=B,e ¥ (IV.12)

_A&*’ii
By=€ =

b’1a hang s& can bang nha hap phu.
Cé6 nghia khi nhiét d¢ tang thi qud trinh nha hap phu tang.

Vi du O, hdp phu trén Pt vd H, hap phu trén Cu, ta ¢6 hai dudng biéu dién &
hinh IV.6.

Lugng O,/Pt -
4 4 Luong H,/Cu
1 S0 RN Jhis
g % _
-100°C 0'C 100°C T°C 70K 100K 200K T(K)
a) b)

Hinh IV.6. H&p phu O, trén Pt (a) va h&p phu H,/Cu (b)
| — Biéu dién hap phu vat ly; || — Hap phu hoa hoc;
[l — Sur chuyén tit hap phu iy hoc sang hoa hoc.

Nhur vay ta thiy néu nhiét do tang ca hai qua trinh hdp phu vat 1y va hap phu
hod hoc déu giam.

Nhung ¢6 mot diém khéc d6 1a hdp phy vat Iy tién hanh & nhiét do thdp
(-193°C-25"C). Trai lai hip phu hod hoc tién hanh O nhiét do cao hon
(35-400°C). Nhiét do 161 tu clia qud trinh hdp phu hod hoc phu thudc vao cap
chat hap phu va chdat bi hdp phu. Vi du nhu ddi v6i O,/Pt nhiét d hap phu hod
hoc 16i wu 14 100°C, con vé6i cap H,/Pt nhiét do hap phu hod hoc t61 vu 1a 200K.

I1V.1.7. Trang thai chat bi hap phu
1. Hép phu vit Iy

Qua4 trinh hdp phu vat 1y khéng 1am thay déi trang thai chat bi hap phu, ¢
nghia 14 né vin gilr nguyén trang thai hod hoc ban diu cla né.
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2. Hap phu hod hoc

Qud trinh hdp phu hod hoc xay ra lam thay déi trang thai ban déu cha chat

bi hap phy. Thay doi trang thai c6 thé chia 1am hai hién tuong:
a) Chdt bi hdp phy ¢6 thé bi phdn ly trén bé mdt chdt bi hdp phu

Vidu:
- Hap phu H, trén kim loat, ta cé:
H, +2Me — 2MeH
vi du: hap phu n-parafin trén kim loai ta c6:

(IV.14)

(Iv.13)

- Hap phy cacbua hydro,

CH,, , 2 +2Me = C.H,, . Me + MeH

Khi s6 n cang nhd thi d phan ly & nhiét do cang cao. Vidu nhu khi hap phu

CH,:

CH, + 2Me — CH,Me + MeH (IV.15)
& nhiét d6 800 — 900°C metan mdi bi hap phu phan ly.
hdp phu g (A) ¢O thé tinh theo cong thic IV.2.

Khi dé nhiét
thi s& x4y ra hai trudng hgp. Tuy thudc vao so dién

Néu chat hap phu 12 O,
tlr ty do cia bé mat trao déi véi Oy
0,+ 2 — 20 (IV.16)

0, + le” = 20, WA
b) Chdt bi hdp phu khong bi phdn ly
phu c6 cédc electron T hodc cdc cap electron

D6 1 trudng hop chét bi hap
hip phu hod hoc vi ¢6 sy lai ho4 cla quy

don doc, ching khong bi phén ly trong
dao phan tif va hod tri twr do.
Vi du: etylen (C;Hy) hép phu trén kim loai:

CH, + 2Me — Hz(li —CH, (IV.18)

\
Me Me

& day nguyén tir cacbon dé bi bign déi tiy sp* sang sp* d6i vdi etyl.

Con trudmg hop axetylen (C,H,)
C,H, + 2Me - H- (|3 = CI- H (IvV.19)

Me Me
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¢ day nguyen tir cacbon chuyén tix sp sang sp®.

Con phan tr benzen c6 hod tri déng déu & ci 6 nguyén tir cacbon vi vay
benzen hap phu toan bo phan tir 1én bé mit.

Mang ISt tinh Yhé chat hap phu  Hdp phy phdn ti benzen trén 6 tam hoat dong

Benzen ¢6 céc electron m twong téc véi cdc hod tri tir do tuong tmg.

Phan tir CO hap phu trén kim loai thuong duge 1ay lam thi nghiém nghién
citu vé hap phu. Hap phu CO trén kim loai s€ ¢6 nhiéu dang trong dé c6 hat dang
dugc nghién ciu la dang théng dimg va dang cau.

Dang thang diing nhé sy tuong tic clia cdc electron 7 véi céc hod trj ty do (dang

a). Dang cau n6i do sur lai hod va nrong tac véi hod tri ty do cha hai nguyén o kim loai
(dang b).

O O
i I
C C
i s (IV.20)
l\;[e Me Me
(dang a) (dang b)

Nhimg néu hdp phu & nhi¢t do cao trén hdu hét cdc kim loai CO ¢6 thé bi
phan thanh C va O.

Dé phan bi¢t cic dang hap phu cha CO trén kim loai ta dung phwong phap
hong ngoai dé nghién ctu. G hai dang a) va b) tén phd héng ngoai cho ta tin s6
dao déng cita C = O khdc nhau (bang IV.2).
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Béang IV.2. Cac tan s6 dao dong khi hap phy CO trén cac kim loai

Kim loai Chat mang Tan s8 hap thy, cm™ Dang lién két
2075 Pt- C=0
Pt SO, 2050 Pt
C=0
Pt—"
1900 Pd- C=0
Pd SiO, 1830 Pd~.
C=0
Pd—~"
2030 Ni- C=0
Ni Sio, 1905 Ni ~_
ni — <=0

Nito hap phu trén bé mat kim loai nhung khong bén, thudng xdy ra dang
hép phu vat ly, phan tit N, khong bi phan ly. Tuy nhién d6i véi kim loai manh (W,
Mo, Zr, Fe... ) N, cling bi phan ly thanh nitrit kim loai. Cic dang hip phu N,/Me
nhu sau:

=2

- T = N- -N =>1 -
Me Me Me (IV.21)

-z

c

Hydro hiap phu dé bi phan ly trén hiu hét cic kim loai, nhung ciing c6 ba
dang dugc tim thay:

H—H H- H
| l \ / /H\ (Iv.22)
Me Me - Me .
Me - Me
Phan ly hoéan toan Dang nim ngang Dang cdu

Oxy hép phu trén bé mat kim loai c6 thé bi phan ly (nhw da néi & trén) ciing
c6 thé khong bi phén ly va chia lam nhiéu dang:

O O
I , 0\\ (IV.23)

O
Me Me "Me

189



Céc chat hap phu cé phan tir phite tap thi cdc nhém chirc s& bi hap phu lén
bé mat xic tdc, con céc nhém khac cé thé & ngoai bé mit.

Vi du: nhém chife cua rugu ty thudce vao chat hap phu ¢6 cic dang hap phu
khac nhau.

Neéu CH;CH,OH hap phu trén AL, thi ta c6:
H H

([‘ (i H ——» CH,=CH, + H,0 (Iv-24)
Me Me

H OH

Néu CH;CH,OH hap phu trén déng (Cu):
CH,

\ |
,M (I)M —— » CHCHO+H, v-25)
e ]
H H

IV.1.8. Budmg bi¢u dién thé nang cita sy hip phu

Xét mot phan tir A, hép phu bi phan ly. Vi du: trudng hop hip phu H,
trén niken. D6 1a trudng hop rat dién hinh cua hap phu hod hoc trén kim loai bi
phén ly.

Khi phan tir H, con xa bé mit ta quy udc the nang ctia H, bing 0.

Trudng hop hap phy Iy hoc: Phan tif H, ti€n dén gin bé mit niken; phén
tir H, bi hép phu vat 1y. Nang lugng H, bign déi theo dudng cong P trén hinh
IV.7. Vi qué trinh hip phy tod nhiét nén thé nang cta hé giam. Vi tri cyc tidu
cua duding cong th€ ning tuong ting véi hap phu vat 1y cdn céch tam nguyén tir
Ni mot khodng {, (hinh IV.7). Sau d6 H, bi luc ddy ctia niken 1am cho thé ning
ting lén.

Ly =ry + My, + 1y
trong d6: ry, — khoang cdch van der Waals:
{,=0,125+ 0,08 + 0,035 =0,24 nm (Iv.26)

+ —ban kinh ciia nguyén tir.
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Budng C (hinh IV.17) bidu dién sy bien déi the nang trong hip phu hod hoc
img véi qud trinh:
2Ni + H, - 2NiH av.27
Trude hét phan tir H, bi phan ly thanh hai nguyen tir H, vi dugc cung cdp
mot nang luong Dy (434 kJ). Sau d6é nguyeén tir H tién gan bé€ mat niken. Qu4
trinh hdp phu hod hoc x4y ra tuong tng véi su giam thé nang cha nguyén ur H.
Tai vi tri cuc tiéu cha dudmg C, mot lien két hoa hoc Ni—H duoc hinh thanh. Vi tri
cyc ti€u cdn cdch tam niken véi khoang cdch Iy
b= Iy + 1y = 0,125 + 0,035 = 0,16 nm (1V.28)
Entanpy hép phu ho4 hoc AH,, = -125 kJ/mol.
Tir hai dudng bi€u dién C va P, thdy riing mot phan tir H, muén bién déi tir
hap phy 1y hoc sang hap phu hod hoc véi niken cdn vuot qua mét nang luong F
(diém gap nhau céa hai dudng), E. luén nhd hon Dy chiing t6 réng khi mot
phan tir bi hap phu bi phan ly ta thdy hap phu Iy hoc dé tao diéu kién cho hap phu
hod hoc v6i mét ning lwong £ =D, — E,. C6 hai trudng hgp xay ra:
- Trudng hop diém gap cha hai dudng C va P & rén dudng nim ngang: Ta
6 E, la trudong hop hoat dong.
- Trudng hop diém gap clia hai dudng C va P & duéi duong nim ngang
(-E.), la truong hop khong hoat dong tic 1a khong thé chuyén tir hap
phu vat 1y sang hap phu hod hoc (hinh IV.7a, b).
Qui trinh hép phy, thé nang thay ddi con phy thudc vao chat hdp phu (thé
hién trén hinh 1V . 7¢).

4 Thé nang 4 Thé nang

Hinh IV.7. Bubng biéu dién thé ndng hép phy vat Iy va

hap phu hoa hoc cda H, trén Ni
a) trudng hap hoat dong chuyén tir hdp phu vét ly sang hép phu hoa hoc ;
b} trusng hop khong hoat déng

b)
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N
A

226K cal/mol

v 1
/ \\ \_/_/,’,r k > T
\\\ /// 11,5 kcal/mol
55 kealfmol N Yo
oo

Hinh IV-7c.Su bién doi thé nang hép phu cta N,

a- Hap phu hod hoc; b- Hap phu vat Iy N,/Fe(100);
c- Hap phu vat Iy N/K/Fe(100).

Nhtr vay hép phu vat Iy di dua phan tir H, ti€n g4n dén b& mit niken ma
khong doi hoi cung cdp nang luong nhiéu va sau d6 ¢6 su chuyén dich tir hdp phu

vat ly sang hép phu hod hoc thong qua mot trang théi trung gian chuyén ti€p, nhu
minh hoa & hinh IV 8.

Chit bi hédp phu

SO Cic m6i noi bé mat chua
l / bio hoa

Cic méi nodi hod hoc dd bio hod ciia

nhimg nguyén tif trong Iong tinh thé
ﬁﬁ%\
e dem —— o0

Hinh IV.8. Trang thai hdp phu vat ly chuyén sang hép phu hod hoc
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IV.1.9. Khio sit qué trinh hap phu trén Kim loai

Nhu ta d3 xét & phdn trén, trén bé mat kim loai c6 nang lugng tu do vi vay
dé& dang hap phu cdc chat khi tiép xic voi bé mat. Tuy nhién su hdp phu clta cic
kim loai khong déng déu. Kim loai thuoc nhém kim loai chuyén ti€p hay con
goi 1a kim loai chita vong dién tir d ¢6 do hdp phu manh hon cédc kim loai thude
nhom khac.

Dé hidu 16 vén dé hip phu c6 lién quan dén cau tric kim loai, ta thay rang
kim loai chuyén tiép cé vong dién tir d ngodi clng chua cap doi nén ching thé
hién kha ning hip phu hod hoc manh. Con kim loai khong c6 vong dién tr d ma
6 vong dién tir s hoac p thi it ¢o kha nang hap phu.

Vong dién tit d ¢6 mic nang lugng sap xép 16n hon nang lugng sap xé€p
vong s & vong ngoai, vi vay dién tlr c6 thé nhay tit d sang s hodc tir s sang d.

Ning luong: Exy 2 Egs Ew2 Es Esy 2 Eq,.
Vi du sit Fe & trang thai binh thuong:
152, 2%, 2p°, 35, 3p%, 3d°, 4s°
néu c6 mot nang lugng nhd cung cp cho, né ¢é thé & dang khéc:
12, 2%, 2p°, 352, 3p°, 3d’, 45
Diéu nay dugc thé hién trén hinh IV.9.

I >l

a- Trang thai binh thudng (3d*4s%) b- Trang thai hoat dong (3d4s")

Hinh IV.9. Céch sép x8p vong dién ti cla kim loai chuyén tiép Fe

Nhu vay nguyén tif Fe & trang thdi b) c6 hai khung dién tir 1é dé dang lién
két v6i phan tlr bi hap phy.

Khi nghién ciru mai lién h¢ gitfa kha ning hé&p phu va hoat tinh xic tic cac
nha nghién citu dd xay dung duding cong volcano cho mot sd phan Ung.
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Khi khdo st mot phan ung don phan (i, ta nhéan thay rang khi kim loai dé
hap phu y&u thi do hoat dong ciing khong cao. Va ta thdy cdc kim loai thuoe day
hap phu yéu thi hoat tinh xic tic ty 1¢ thuan véi dé hap phu. Nhimg trdi lai mot
kim loai hdp phu manh thi d hoat tinh xc tic ty 1¢ nghich v&i do hap phu. Didu
nay ta c6 theé 1y giai duge ring khi hap phy qua manh tao thanh lién két bén viing
gilra xtc tac va chdt bi hap phu thi chat b hap phu tr& thanh chat doc xic tic (vi
du hap phu H,S hoac CI"...). Vi ta thdy rdng mot phan tir & moi trudng phan ing
khong thé phan @ng véi mot phan tir bat dong trén bé mat. Vi du hip phu mot
chat A trén bé mat mot day kim loai, ta ¢6 thé thay hai hinh dnh phu thudc duoc
thé hién trén hinh 1V.10.

CD4
= <
= 5
= e
S S
o =
b =
: \E
2 =
= g
= el
[l
Entanpy hap phu
a} do hap phu ciia chat A. b) hoat tinh cda xiic tdc

Hinh IV.10.

Hinh [V.10b ¢6 dang dubng cong ngon niii lira (volcano) cho nén ta ¢6 quy tic
volcano. Quy tic volcano dugc cdc nha nghién ciu thiét lap cho nhiéu h¢ phan img.

Vi du nhur phin tng hydro hod ctylen ta thdy ngoai sy phu thuoc gita hing
50 toc do phan tng vdi entanpy hdp phu con phu thuoc vio khoang cdch giira
nguyén tir kim loai nhu trén hinh IV.1 1.

Phan ung hydro hod ciing ¢6 thé thé hién quy tic volcano theo nhém kim
loal trong bang tudn hoan, diéu ndy duoc thé hién trén hinh IV.12.

D61 véi phan (g hydro hod etan xy ra khd khan hon phén tng hydro ho4
etylen vi phai Jam dit lién két C-C trong phan tir etan, cho nén s6 nhém kim loai
tham gia vao phan ting it hon. Chi ¢6 nhém VI, VIII vaIb (hinh [V.13).
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Hing s6 van 16c cm
Téc do phan dng molm’s™. 10

— } | 1
0,30 0,40 0,45 < [Va b
Khoang cach Me - Me Nhém nguyén té
Hinh IV.11. Héng s0 téc do phu Hinh 1V.12. Quy tac vocalno trong
thuoc vao entanpy hap phu phén tng hydr cLhoiety{en
va khodng cach Me-Me (o) kim loai chuyén tiép day 1.

(3} kim loai chuyén tiép ddy 2.

(A) kim loai chuyén tiép day 3
16 |
i 14 ]
B
=121
S
&
Lo 10] i . o
) O - Kim loai chuyén tiép [
g | [ - Kim loai chuyén tiép 2
A - Kim loai chuyén tiép 3
6

t i I { I
VIl VIII, VIIL, VI, Ib

Hinh VI.13. Quan hé volcano trong phan ing hydro phéan etan

Etan hip phu bi phéan ly, do d6 khong thé canh tranh ndi sy hdp phu hydro
trén bé mat xidc tic, néng do clia etan hap phy trén bé mit xdc tac rat nho. Do do
téc do hydro hod phan dugc quy¢t dinh b& khi ndng hdp phu etan. Vi vay cic
kim loal co s& (ddy kim loal chuyén tiép 1) tot hon so vdi kim loai chuyén tiép

day 2 va 3, do d6 hoat tinh xic tic clia kim loai dily / cao hon ddy 2 va 3.
Con d6i véi phan tng tdng hop amoniac quy tic volcano khé thiét lap vi,

cdc kim loat hdp phu N; khd yéu, chi cé nhém VIII 13 ¢6 hoat tinh d6i véi phan
ing téng hop NH; (hinh IV.14).



. 3

[7 ]
"’é A - Kim loat chuyén tiép 3
3 51 I - Kim loai chuyén tiép 2
£ O - Kim loai chuyén tigp /
i3
It

T I T I
VI VI, VI, VI,

Hinh 1V.14. Quy tédc volcano trong phén tng t6ng hop amoniac

Tir hinh IV.13 ta thay dudng cong thu dugc rat gidng quan hé trong phan
tng hydro hod phan cla etan, cdc kim loai nhém VIII, ¢6 d6 hoat déng cao nhit,
vi cdc nguyén tir N, hip phu qué yéu trén céc kim loai.

Bay gi¥s ta xét mot day chat bi hap phu trén cdc kim loai theo thit ur sau :
0,>GH, > GH, > CO > H, > CO, > N,.

Nhu vay O, la chat bi hap phu manh nhat vi cu6i day 1a N,. Ta c6 thé sip
Xép theo bang IV.3.

Bang IV.3. Khd nang hap phu hod hoc clia céc khi trén cac kim foai

Nhém kim loai O, |CH, | CH, | CO|H, CO, | N,
Cr, Mo, Fe, V, Ti
Ni, Co
Pd, Pt
Mn, Cu
Al
Li, Na, K
Mg, Ag, Zn, Pb

+ + o+ o+ o+ o+
+ + + + o+

— 00PN W

+ + + + + + &

Ghi chii: + Hap phu hoa hoc manh; + Hap phu hod hoc vira;
- Khéng hidp phu hod hoc

Tir bang 1V.3 ta ¢6 thé chon mét xiic tic cho mot phan ttng nao ddy. Vi du
nhu tim xic tac cho phan ing Shift:

CO+H,0=CO,+H,
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Hodc cho phan ing hydro hoa C,H,, C,H,, CO ta ¢6 thé chon kim loai thuge
nhém A, B,, B,. Vi cdc kim loai thuéc nhém dé ¢ thé hdp phu duoe ca H,, va ca
C2H4, Cz.['i?_, CO.

IV.1.10. Khao sat hap phu hoa hoc trén xiic tac oxit

Co ché hdp phu trén xic téc oxit duge thé hién trén hinh IV.15. C6 thé cho
ta ba dang lién két.

Phan ti bi hidp phu A d xa bé mat duge khuéch tdn dén bé mal ciia oxit va bi
hap phu hod hoc. Ta s€ ¢é ba trudng hop xay ra.

Triomg hop a: Giita chit bi hip phu va chét hap phu lién két véi nhau tao
thanh lien két ¢6 mot electron chay quanh do mét bén gép vao, ta goi la lién keét
mot electron. Loai lién két nay khong bén viing nhung dii d¢ tao thanh hop chat
trung gian v ti€n hanh phan tmg.

@ A
a) b)
@ .
e 0 v 6 o0 9w o o
- - + - + -
- + - + - + - +
+ - + - + - + -

Hinh IV.15. Co ché hinh thanh lién két
trong hap phu hoa hoc trén xic tac oxit

Trieong hop b: Giita chat hdp phu va chat bi hap phu lién ket véi nhau tao
thanh lién két ¢6 hai electron chay quanh. Trudng hop b) chia thanh hai trudng
hgp sau:

_ Hai electron chay quanh do hai bén déng gép vao, ta dugc lién két dong
ho4 tri, lién két nay khd bén vimg. Dai véi phin ting hod hoc lién ket
ndy {t ¢6 kha nang phan ing.

- Hai electron do mot bén déng gép vao, ta goi 12 lién ket ion. Lién ket
nay rdt bén vimg, khong thé xdy ra phan tng hod hoc. Chat bi hdp phu
coi nhu chat doc.

Cic loai lién két nay hinh thanh phu thudc vio s6 electron tir do clia bé mat,
hoac do khuyét tat ciia bé mat. Ba loai lién két nay c6 thé chuyén déi 1an nhau
trong qud trinh hép phu va phan (ng.
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Chung ta xét xac suat hinh thanh ctia céc lién ket
Goi N, - s6 nguyén tir (phan tir) bi hap phu;
N, - 50 nguyén 1l (phan tir) bi hip phu & trang thdi lién két mot electron;
N, - s6 nguyén tir (phan t{r) bi hap phu & trang thii lién két dong hod tri;
N, - sG nguyén tir (phan tr) bi hdp phu & trang thdi lién két ion;
n, M, 1y - 1an luot 13 xdc suat (phan) cdc nguyén tlr (phan tfr) ndm & trang
thdi lién k&t: mot electron, dong hod tri, ion.
Tuong tmg ta cd:
Ny=N,+ N+ N,
va m=NJINy; = NNy 1= NJ/Ny, (IV.30)
Hoic ta ¢é thé goi 7, 17,, 17; 1a thdi gian séng trung binh clia mot nguyén tit
trong trang thdi di cho, va phu thudc ndng dé electron hoac 16 tréng trén bé mat.
Ta co cong thire:
1

TR AT Bin
1
=
1+ A/n(+B/m)
. |
T B+ 1l A)

n — s6 electron ty do trén bé mit; A, B - 12 hing s6.

Céc biéu thiic 77,, 75, 17; ¢6 thé biéu dién trén mot d6 thi (IV.16).

n N
h
sl
s
> 7

Hinh 1V.16. Xac sudt hinh thanh lién két phu thuéc
s& electron tur do n trén bé mat xuc tac

198



Tt hinh IV.16 ta c6 thé thiy ring, x4c sudt tao thanh lién két 7, (lién ket
mét eleciron) di qua cuc dai khi s6 n tang thi xdc suat tao thanh 77, tang va sau
ddy lai gidm. Ta c6 thé tim dugc 56 # (01 v dé tao thanh lién két mot electron
cuc dat.

Nhu vay cdn phai chon diéu kién thich hgp trong diéu ché xuc tic va
dic biét 12 cong doan gia cong dé cho s6 electron tu do » dat to1 wu. Nghia la
ng vdi trang thai ma cdc nguyén tir (phan tir) ¢é khé nang tham gia phan tng
1dn nhat.

V.2, DONG HOC CUA QUA TRINH HAP PHU LY TUONG
LANGMUIR

IV.2.1. Thé nao la hap phu ly tudng
Khi qud trinh hip phu dat cic yéu céu sau ta goi la hap phu 1y tudng
Langmuir :
- Nhiét hép phu (4, ¢ keal/mol) khong ddi trong sudt qud trinh hap phuy.

- Céc phén tir bi hap phu lén bé mat xic tdc khong canh tranh 1an nhau,
doc lap véi nhau.

~ MB&i tam hdp phu chi hidp phu mét phén tir.
- S6 tam hap phu ciia chét hip phu khong déi.
IV.2.2. Phuong trinh hap phu Iy tuéng Langmuir khi chua can bang
Vi du: hdp phu mot chat A, khi chua can bing ta ¢6 tdc do hdp phy (0, va
van t6c nha hap phu (V4,).
uA = kpl - 6,) (1V.32)
v, = k,0,. (IV.33)
k., k, —hing s& t6¢ do hdp phu, nha hap phu;
Pa - 4p sudlt rieng phan chia chat A ;
0, — bé mat bi chiém bdi chat A tai thoi diém 1;
(1 - 6,) - bé& mit tw do con lai cha chat hdp phu.
Téc do coa qua trinh hap phu duge tinh theo cong thire:
déjdr= v - v, =kpall - 63) - k.0, (IV.34)
= kpp-kprby-kOy = kpy- Oukpy + k).
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Nhdn voi hé s& (kypa + k) kpa + k) vio v& phai ta cé:

dOA/dr=kp,. (kpa + k) (kpa + k) - Oulkps + k) (IV.35)
Bt thira s6 chung:
dOyjdr=(kpa + k) [(kpalkpa + k) - 84)] (IV.36)
va dat _faPa =g, - bé mat bi chiém tai thdi diém can bang, tir (IV.36) ta co

kap,‘l + kn
phuong trinh:

do,

— 2= lp, + k)0, -6,) (IV.37)
Déi vé ta co:
.(Qa’iuo—dg):(kapz! +kn)dr (IV-38)
w2 A

Tich phan phuong trinh IV.38 ta ¢6 bé mat bi chiém 6,,:

0, =6, — e thrihr (1V.39)
buong biéu dién su phu A0,
thuoc 8, va 76 d6 thi hinh IV.17.
Trén d6 thi hinh 1V.17 ta 6.
thiy tai diém B (mg véi bé mat bi B

chiém mot I6p don phan tir phi kin
bé mat. Tir dé ta cé thé tinh duoc
bé mat riéng coa xic tic (S,):

S,=N.A,

N- s6 phan t&r bi hdp phu trén bé
mat tao thanh don Iép ;

>
, Hinh IV.17. Biéu di8n d6 che pht
A,- dién tich cat ngang cla phan bé mat g, voi thdi gian ¢
tr bi hap phu [A]%
I1V.2.3. Phuong trinh hap phu ly tuwéong khi da can bing
1V.2.3.1. HGp phu mét chét A

Khi qud trinh hip phu can bing ta ¢6:
vAi=VA
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kPy(1-86,)=k,6, (1V.40)

kPy-k,PB, = k6,
béi ve:
kPy= B (kP,+ k,}.
Tir day ta tinh duge 6,- bé mat bi chiém lic can bing (4,):

_ ka [):I

= (IvV.4D)
’ ka ‘PA + kn

Ciing ¢6 thé biéu dién €, duéi hinh thic khdc, khi d6 ta ding dai lugng
b- hing s can bing hap phu:

Nhu vay ta c6: k.

8, = h.P,
b.P, +1

(IV.42)

Ciing ¢6 mot s6 gido trinh biéu dién b - hang s6 can bang ciia qud trinh nha
hap phu (' = 1/b);

G = —ta_ (Iv.43)
©OP +b
Tir pherong trinh (1V .42) -
0 = b.P
b.P+1
Khai trién:
0+ 6bP=bpP

@=bP-6bP =b(P- 0P
Tir day ta im:

po O @
“(P-6P) P(-6)

Theo phuong trinh trong nhiét déng hoc:

AS R AR L
b=e""¢ =b ¢
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trong d6: b, = ¢ " ; A - nhiét hdp phu (A = -AH,,,) ; AS, - su thay d6i cntropy &
diéu kién tiéu chuan.

1V.2.3.2. Hép phu n chit

1. Hap phuy hai chdt Ava B

Ciing chting minh nhu khi hdp phy mot chat A, ta c¢6 thé tinh &, ; theo
phuong trinh:

b.P,
= Ivd4s
Y BP, +bP, ] ( )
b.P,
=— "¥# 1V .46
P UbP, +bP, + ( )
2. Hdp phu n chat
Ta c6 phuong trinh tinh bé mat bi chiém cua chat i:
6 =t — bk (1V.47)
> P+
Vi bé mit bi chiém trung binh:
6=y 6 (1V.48)
1V.2.3.8. Néu qud trinh hdp phu chét bi hap phu bi phén ly
- Thanh hai nguyén ur, vi du H,—»2H
H,+ 2Me — 2MeH.
Khi d6 van t6¢ hdp phu s€ duge tinh :
VHA=kP,IN(I-8)F (IV .49)
VA=k(N.6,] (IV.50)

Khi can bing VP =V "
kuPH [N(j - QHJ]‘? = kn(N'BH)?
kuPH(j - eH)z = knaf;}

k 6 Y
Zep oo ——
k7 [1—9]

n
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- Thanh r chat:

-8,

L 1-0, _ 1
erY* 6, 0,
1, ] :(b.PH)"'E_H
0, p)"  br)”

_ p)”

T b)) 1

__b.r)”

CoBe) s

(IV.51)

(IV.52)

D4 thi biéu dién so sdnh khi hdp phu khong bi phéan ly va bi phan ly duge
thé hién trén hinh IV.18a, b.

Tir hai d6 thi IV.18a, b ta thdy bé mit bi chi€m clia mot chét khi bi phan ly

16n hon khi khong bi phan ly & cling mot dap suét va hé s6 b.

H¢ s6 che phi tang khi 4p suat ting, va khi ting hé s§ b ta thdy do che phu
tang gan dén gid tri &= 1 khi hé s6 b = 10 & qud trinh hap phu by phan ly.

£ (bé mit bi chi€ém)

A O0(bé miit bi chiém)

Hinh 1V.18a. Budng ding nhiét
hép phu khi khéng bi phan ly voi

1 L b=10
0.8
06| b=1
0.4 b=0,1
0,2
0
> >
P (atm) P (atm)

gia tri b khac nhau

Hinh IV.18b. Pudng déng nhiét
héap phu khi bi phan ly voi gia tri b
khac nhau
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IV.3. HAP PHU THUC

Thue chit bé mart vat ran khong bao gidy dong nhat. Vi vay khi hidp phu
mot chit nao ddy thi sy toa nhiét khong bao gidy 12 hing s6, nd thay déi theo thai
gian hdp phu, nhing tadm hap phu manh s& hap phu trude va tdéa ra mot lugng
nhiét 16n nhit va sau ddy la dén cdc tam hoat dong vira va yéu va tat nhién la
lrong nhiét toa ra ciing nho dan. Vi vay hip phu O, trén than hoat tinh, nhiét hap
phu giam tir 220 dén 60 kcal/mol.

Hon nira cdc phén tir bi hap phu tuong tdac vdi nhau va canh tranh lan nhau
lam cho biic tranh vé hap phu rat phiic tap.

Mbi tam hdp phu c6 thé hip phu mot hodc nhiéu phan tir bi hap phu,
khong phai mdi tam chi hip phu mét phan tlir. Cho nén phuong trinh hdp phu thuc
rat phirc tap phu thudc rat nhiéu yéu té.

Pé tim duge phuong trinh hap phu thuc ta ciing han ché khéng tinh dén su
canh tranh giira cdc phén tir bi hap phu.

IV.3.1. Hap phu thue

Lugng nhiét tdéa ra giam dong déu theo thoi gian (hinh 1V.19).

Vi phuong phdp tinh gan ding, ta chia s6 tam hdp phu ¢6 nhiét toa ra khi
hadp phu gin nhau thanh timg nhém. Ta v& cdc nhém tiém can véi chiéu giam A.
Ta c6 nhém tam hap phu n, ¢é nhiét A;; n, ¢é nhiét A, n, c6 nhiét 4,...va n, ¢
nhiét A,.

Trong timg nhém n; ¢é nhiét toa ra f‘t
khi hdp phu Ia A, = const. Ta ¢ thé 4p

dung phuong trinh hip phu 1y tudng
Langmuir dé tinh do che phu cho timg
nhém:

g, = (1V.53)

Vi do che phu trung binh:

- n bhP > T

=3 ———"—=3W6 (IV.54) ) e ks
NbP +1 Hinh IV.19, Sy thay d6i nhiét toa ra

khi hap phu theo thdi gian
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[V.3.2. P6i voi trudng hop bé mat gd ghé phitc tap

Nhiét toa hap phu A giam khong déng déu. D41 véi trudng hop nay ta khong
thé chia thanh timg nhoém.

D& tinh bé mat bi chi€m #ta phdi dung phuong trinh tich phan:

b, P
= |————aw
1+5b,,P
dw : xéc sudt cua nhitmg tam hoat dong c6 nhiét A véi do chinh xdc dA:
dw = pp.dA hay dw = Adb

p - dai luong xdc sudt bé mat.

Vi viy phuong trinh ¢6 thé viet:

Afcncdar}
b.P
g= . B
ALCHCTTen) bP + l pzl ( )
i ctedod)
hay: 0= ?f; 0 pyeb o

blowetica) ©

Phuong trinh c6 dai lugng p 12 khé xdc dinh, theo Zeldovik p dwroe xdc dinh
theo cong thuc:

p=Ae (1V.58)

IV.4. DAC TRUNG XUC TAC BANG PHUONG PHAP HAP PHY

Cic chét xic téc di thé hién nay duge sit dung trong cong nghiép déu 1a vat
ligu rén x6p. Néu dung xic téc kim loai thi dé tang bé mat riéng cGia né ta thudng
cho mang kim loal lén vat li¢u ran x6p, vi du nhu xdc tc Reforming ta cho kim
loai platin mang trén chét mang y-oxit nhom (Pt/ v-AL03).

Tinh chat xtc tdc quyét dinh mot phdn vio ban chét bé mat nhu cdu tric
mao quén, bé mit riéng, phan bé 16 x0p.

Vi vay nghién ciu dic trung xtic tac (vAt liéu mao quan) 1a vO ciing quan
trong trong viéc nghién cltu xdc tac.

IV.4.1. Khai niém vé cdu triic xidc tic rin xop
Pé nghién ctu dac trung chia bé mat vat lieu ran xop ta can xét cic dai

lugng sau:
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- B¢ mat riéng clia var liéu (S,) 1a bé mat tinh cho mét don vi khdi luong
(m*/g).

- Thé tich 16 x8p riéng 1a khodng khong gian réng tinh cho mot don vi
khdi lugng (m¥/g).

- Phan b6 kich thude mao quan.

- Hinh ddng mao quan: mao quén hinh try, hinh cau, hinh khe, hinh c6
chai...

D¢ nghién citu cdc dac trung trén ta diing cdc phuong tién hod 1y nhu XRD
(nhiéu xa tia X), TEM, SEM... dé do dac. Nhumg trong dé6 c6 phuong phdp hap
phu 1a cong cu dic luc nhat dé xdc dinh: bé mat rieng, phan bé 16 x6p, céc dang
mao quan...

1V.4.2. Pudng dang nhiét hap phu

Dé xdc dinh cdc tinh chat vat liéu rén, cong viéc ddu tien 12 phai xay
dung dugc dudng ding nhigt hap phu. Khi mot vat rin duoc dat trong khong
gian chia khi, hoi va long thi vat rdn d6 s& hdp phu mét luong hot, khi, 1ong
trén bé mat x (g/g).

Hip phu ¢6 thé 1a hap phu vét 1y hay hép phu hod hoc, nlmg & day ta chi
x€t hap phu vat 1y,

Lugng x (g/g) phu thudc nhiéu y&u 6 nhu nhiét do, dp suét tat thoi diém hap
phu, ngoal ra con phu thugc vao chit bi hdp phu va chit hdp phu:

x(g/g) = (T, P, chit bi hap phu, chat hdp phu)

Dai lugng x c6 thé do bing trong lugng ta c6 thi nguyén (g/g) hoic do bing
thé tich (em'/g), hoic do bing mol (mol/g). D&i v6i hé hap phu di cho (vi du cho
hydro hap phu trén niken) thi khi d6 x s& phu thudc vao T va P:

x=f(T, P)
Ta ¢6 hai loai dudng hap phu :
- Puong ddng dp hdp phu

Néu nhu qué trinh hdp phy ta giit P khong déi chi thay déi 7, ta v& duoc
dudng ding 4p hap phu:

= f(Tp.

Dang nay it c¢é gid tri thyc t&€ nén it duge nghién ciu.
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- Puong ddang nhiét hdp phu

Néu qué trinh hip phuy ta giit 7 khong déi va chi thay d6i P, ta s& xay dung
dugc dudng dang nhiét hdp phu:

x=f(P)
Khi d6 dai luong x 13 ham déng bién vdi 4p sudt can bang P.

Khi ta ting dp sudt P, ta cé ty & P/P, tang (P la dp sudt can bang tai thdi
diém 7, P, 14 4p suat bdo hod ciia chat bj hap phu).

Né&u P/P, tang tir O cho dén 1 thi sy phu thudc gitta x va P/P, 1a dudng ding
nhiét hap phu.

Néu P/P, giam tir 1 cho dén O ta cé dudmg déng nhiét nha hap phu.

Dudng ding nhiét hip phu va nha hap phu ¢6 thé tring nhau. Ciing c6 nhiéu
trudng hop hai dudng ding nhiét nha va hap phu khong tring nhau tao ra vong
tré. D6 1a loai vat liéu mao quan trung binh.

Theo quy dinh ciia TUPAC (International union of pure and applied
chemistry) thi vat liéu mao quan ¢4 thé chia lam ba loai:

- Loai vat liéu mao quéan 16n, ¢6 kich thude mao quan trung binh dy, > 50 nm.
- Loai vat liéu mao quan trung binh 2 <d,, < 50 nm.
- Loai vat liéu mao quan bé (vi mao quan) c¢6 d, < 2 nm.

Pudng kinh trung binh clia mao quan duge xac dinh theo cong thifc:

4

d. =
* ns,

n — thira s6 hinh ddng phu thuoc vao hinh ding mao quéan, vi du mao quan
hinhtrucé =03,

V — thé tich & x6p riéng cha vat liéu mao quan (m*/g);
S, — bé mat riéng (m?/g).

Con theo Dubinhin chia vat liéu mao quan thanh ba nhém:

Vat liéu mao quéan 16n d,, > 200A (>20 nm).
Vat liéu mao quan trung binh 2 <dy,< 20 nm.
Vat liéu mao quan bé dy <2 nm.

Qué trinh hdp phu thdi gian ddu xdy ra nhanh chéng hap phu vat Iy, cic
phan tir bi hap phy bao phdt mot 16p trén bé mat tao ra don 16p hdp phu (hinh
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IV.5). Tir hinh TV.5 ta thdy mdi quan hé gilta x va P/P, tai 4p suat can bang nho
(P/P, nho) hinh thanh don 16p hap phy tuan theo dinh luat Langmuir:
V__RPIR (IV.60)
V. 1+kP/P
Khi P/P, 16n hon 0,1 ta thay bit diu xudt hién hién tugng hap phu da 1ép, va
qud trinh hap phu két thic khi xuat hién hién tugng ngung tu cdc chdt bi hdp phu
thanh giot chat 1éng. Khi d6 tinh todn dédc trung hip phu theo phuong trinh BET:

% C.P/P,

V. (-P/P)I-(1-C)P/P]

(Iv.6l)

Nhung phuong trinh BET chi ¢6 gid tri khi P/P, tir nam trong Khoang
0,05+0,35.

1V.4.3. Cac phuong trinh ding nhiét hap phu
C6 rdt nhiéu phuong trinh mé ta méi quan hé giita lugng chét bi hap phu (x)
va dp sudt can bing cha pha bi hap phu (x - P/P).
IV.4.3.1. Phuong trinh hép phu Henry
Pay 1a phuong trinh mé ta mai quan hé x - P don gian nhit :
x=K.P (IV.62)
trong do6: x- luong chat bi hap phuy, hap phu trén 1 gam xic tic (g/g) ;
P- 4p sudt can bing cla pha bi hap phu (Torr, atm) ;
K- hing s6 Henry.

Phuong trinh Henry chi ding ¢ ving tuyén tinh nho, tic la ving ¢6 do che
phu thip, ta goi 14 ving Henry. Trong viing dé su twong tac giffa cic phan tir bi
hap phu khong ddng ké.

Phuong trinh Henry khong thé 4p dung duogc khi néng do cao, do thé tich
hép phu cé han. '

Sur han ché s& lugng tam hép phu & bat k¥ loai hap phu nao cling gy nén béo
hoa hap phu. Nghia 1a khi 4p suét tang gid tri hdp phu khong thé tién tGi vo han ma
chi dén 1.

1V.4.3.2. Phuong trinh ddng nhiét hdap phu Langmuir

Phuong trinh Langmuirmé ta can bing hip phu trén bé mat phing, dugce
thiét 1ap bang phuong phéap 1y thuyét. Phuong trinh duge xay dung trén 4 quan
diém vé hap phu Iy tudng (xem muc IV.2.1):
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x=x, 2 IV 63)
KPPl

Cic qud trinh hdp phu ma quan hé giita é - ]; thod min quan hé tuyén tinh

14 qu4 trinh hdp phu tuan theo phuong trinh dang nhiét Langmuir.

Tur phwrong trinh (IV.63) ta suy ra duge bé mat bi chiém 6

g- VvV _x _KP
v, x, KP+lI
6+ 6KP=KP (IV.64)

trong dé: V,,, x,,- thé tich v luong chét bi hap phu don 16p;
V, x - thé tich va lugng chat bi hap phu tai thoi diém 7.

Biéu thirc IV.64 duge trinh bay :

kpX X _kp
VHI Vm

Chia tat ca cho V.K ta cé:

KPV V. __KP
vKY, V,VK VK

Sau khi uéce luge ta co:

L (IV.65)
AT

V& d6 thi biéu dién quan hé phy thudc PV vao P (hinh 1V .20).

/ PV

e

0

o)

Hinh IV. 20. B4 thi biéu dién sy phy thude P/V - P
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S& duge mot dudng thdng c6 do nghiéng tga = 1/V,, va dudng thang dd cat
truc tung tai diém A va ¢6 khoang cich :

oA=L
VK

Tir 36 tinh duge V., va tir V,, tinh duge bé mit riéng S.,.
Ung dung phuong trinh Langmuirdé tinh K vaVv

Ta 18y vi du, cho hdp phu CO trén than hoat tinh & 273K. Qua4 trinh hdp phu
tuan theo dinh luat Langmuir. Tim hé s6 K va thé tich che phi don I6p V
V do trong khoang dp sudt 1 atm. Két qua xem bing IV. 4. a.

. Gid i
Bang 1V.4a
Pitorm 100 200 300 400 500 600 700
o 10,2 | 186 | 255 315 | 369 | 416 | 461

Bang V. 4a tuong (ng 0 mot dp sudt P ¢6 nhimg gid tri V, ta tinh dugc ty
s6 P/V & bang IV.4b.

Bang 1V.4b
PV 9,80 10,8 11.8 12,7 13,6 14,4 15,2
Tur s6 lidu bang IV .4b va IV 4a ta c6 thé v& d6 thi IV .21.
N %
18T
& 14t
& ]
F 107
A
0 l l | !
200 400 600 800
Hinh IV.21. D8 thi bi6u dién su phu thube P/V - P
Tir d6 thi IV.21 ta c6 diém cit truc tung 12 8,99 = % IK (TV-66)
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va do nghiéng 0,00904 = 1 vay ta tinh duge V,, = L 111 cm®,
vV 0,00904

Thay vao phuong trinh 1V.66 ta duge K:

|

= =10.107Torr
8.99x111

Bai tap. Tinh K va V', theo s liéu sau clia mot hé hap phu:

P(Tor) | 100 | 200 | 300 | 400 | 500 | 600 | 700

4 (cm®) 10,3 19,3 27,3 341 N 40,0 455 48,0

Ddp 56 vV, =128cm’ ; K=889.10"Torr .
Chit ¥: Khi do che phu 16n céc s liéu s€ bi sai léch.
Khi 6 kha 16n thi phuong trinh Langmuir khong phtt hop do cic nguyén
nhéan sau:
- Xic téc 1 di thé nén bé mat khong ddng nhat céc gbc, canh nén céc vi
trf d6 ¢6 nang lugng tr do 16n hon céc vi tri khéc.
- C6 lyc ddy giita cac phan tir bj hép phy.
Su gidm nang lugng hap phu phy thugc vao do che phit b& mat chit khong
bing nhau. Thé hién trén hinh IV.22.

110

1007

50

80

AH, (kcal/mol)

70 -

60 T

50 t } } i } i o
01 g2 03 04 05 06 07

Hinh 1V.22. Nhiét hap phu H, trén 10% Co/AlO, khi thay d6i
d6 che phtl bé mat 8
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Tir phuong trinh dang nhiét Langmuir; ta ¢6 thé tinh ducgc entanpy ding

nhiét hdp phu .
Ciing lay qud trinh hdp phu CO idng v6i mot dp sudt s& hap phu 10 cm’
(& diéu kién 4p sudt thay ddi trong vong 1 atm & nhiét dé 273K) hiy tinh entanpy

hdp phu (theo bang [V .4c¢).

Béng 1V.4c.
T(K) 200 210 220 230 240 250
P(Torr) 30,0 37.1 45,2 54,0 65,5 73,9
Phuong trinh Langmuir
0= K.rP
K.P+1
Bién déi thanh:
kp-_2
I-8

B&i vay khi @khong déi ta cé:
InK + InP = constant
Theo phuong trinh cta van't Hoff:

[aanJ _AH),
oT j, RT?

dln P 8InK AH, L,
= _( )9 =
&

aT aT " RT?

Véi (%J/d]" - -% va sip xép lai ta c6 phuong trinh:

InP _ AH:.;:P:
ot/T)), R

Ta lap biéu dé thi biéu thi sy phu thudc InP véi 1/ 1a mot dudng thing va
do nghiéng 1a AH, /T
Trd 1i: Chiing ta nit ra tir bang IV .4c ta c6 bang I'V.4d.
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Bang 1V.4d

T(K) 200 210 220 230 240 250
10%T (K" | 5,00 4,76 4,55 4,35 4,17 4,00
InP (torr) 3,40 3,61 3,81 3,99 4,15 4,30

Ta v& d6 thi I'V.23 biéu dién su phu thuoc InP vao 1/7.

A
44 4

4.2 1

lnP

40 1
3.8 |

36 1
3

—— 10T
40 42 44 46 48 50

Hinh 1v.23. Sut phu thubc InP va 1/T
Tir d6 thi (IV.23) ta do duge gée nghiéng 14 -0,904 va ta tinh duoc:

AH",,, = - (0,904 .10°K) X R = -7,50 kJ/mol
Khi biét duoe K ta cé thé tinh duoc AG”,,.,,;, va tir phuong trinh 4G = AH-
TAS,.
Ta ¢6 thé tinh dugc entanpy tiéu chudn - AS,,.
Bai tdp. V6i 6 liéu di cho trén bang [V.4e. Hay tinh entanpy hap phu.
Béng IV.4e

T(K) 200 210 220 230 240 250
Piom) 32,4 419 53,0 66.0 80,0 96,0

(Trd loi AH = - 9,0 kJ/mol).
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IV.4.3.3. Phuong trinh ding nhiét hap phu Temkin (phuong trinh
logarit)

Phin 16n cdc chét hap phu Ia xic tic & thé ran bé mat khong bao git dong
nhat (khdc véi Iap luan clia Langmua). Vi vay & cdc tam hoat dong khac nhau thi
nhiét toa ra do hap phu sé& khac nhau nghia 1a K khong phai 1a hing s6:

“tdInK {IV -67)
1+ K.P_J

]
Né&u xédc dinh duge ham s& ctia K 12 f(K) thi ta ¢6 thé tinh duge 6.

Temkin gia thiét ring, vi bé mit khong dong nhat nén nang lugng hap
phu sé& khdc nhau, do dé nang lugng hoat hod hép phu va nha nhip phu khong
dong nhat.

Trong qué trinh hip phu ning lugng hoat hod tang theo quan hé tuy¢n tinh
v4i o che phi bé mat hay:

E=E,+a0, (1V.67a)
a - hing s6 thuc nghiém;

E, - nang luong hoat hod thap nhdt khi # = 0 va qué trinh nha hdp phu
nguac lai, ning luong hoat hod giam khi muc do che phl tang:

E=E,-K0, (IV.68b)
Hay nhiét hap phu giam ddn trong qua trinh hap phu:

-AH, = -AH (1 - B.6)
Vidu:

- Phan tng oxy hod SO,—S0, trong cong nghé san xudt axit sunfuric xic
tdc 1a oxit vanadi (V,05);

- Phan ung Shift: CO + H,0 — CO, + H,, xic tic 1a Fe, 043
~ Phan g téng hop amoniac (NH,) xiic tic 1a Fe;0,.

Giai doan cham nhit 1 giai doan hdp phu céc chat phan dng 1én bé mat xUc
tic, qué trinh hap phu tuan theo phuong trinh hap phu ding nhiét Temkin.

IV.4.3.4. Phuong trinh hép phu ddng nhiét Fleundlich
x=KP™ =KP" (1V.70)

m 1a s§ duong vi thudng 1a phan so.
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Phuong trinh dp dung cho qué trinh hap phu bé mit khong dong nhit. K va
n 14 hing s6 thuc nghiém phu thudce vao diéu kién thuc nghiém.

Thuc ra phuong trinh xuat phét tir gia thiét phan bé tam hoat tinh ¢6 nhiét
hap phu AH; trong $6 d6 tam hoat tinh n; ¢6 nhiét hap phu AH; bién thién theo
ham s6 mii:

M, = ny€ AR AHm (Iv.71)
Cot n,, AH, 14 hang s6 ta tich phan phuong trinh rit ra dugc :

x = KPR (IV.72)
Piay la dang bién tinh phuong trinh Fleundlich, nhu vay ta c¢6 quan hé

tuyén tinh:

Ine = Ink +llnP
I

Vidu: H, hdp phu trén volfram tuan thco phuong trinh coa Fleundlich.

1V.4.3.5. Phuong trinh ddng nhiét hdap phu Dubinhin - Radushkevich
(DR)

Dua theo ly thuyét hdp phu cta Polanyi phuong trinh hap phu dang nhiét
cua Dubinhin trinh by mé ta su hdp phu trong vi mao quan.

Theo Polanyi trén bé mat ton tai lyc hit goi 1a the nang hap phy. The nang
hap phu & sdt bé mat 12 16n nhat va giam khi khoang cach ting. Tang dén khoang
cdch nao ddy luc hiit mit tdc dung.

Khéng gian thé tich hip phu cuc dai bao gém khoang khong gian tir bé mit
vat riin dén vi tri the niing hap phu béng 0.

Biéu dién mdi quan hé gilta th& nang hap phu vi khoing khong gian thé
tich hap phu cuc dai s& nhin duoc dudng dé thi dac trung cho hé hip phu &
moi nhiét dg.

Phuong trinh dang nhiét thuc nghiém cia Dubinhin ¢6 dang:
W =W,exp(-K&) (IV.74)

Thé nang hiap phu duoc coi nhur 1a céng sinh ra do qu trinh nén khi déng
nhiét tir 4p suflt can bing P t6i dp suat bdo hoa P,:

e=RT. In(P/P) (IV.75)
Thay ¢ vao phuong trinh (IV.74) ta cé:
W = W,.exp [-K(RT .In(P/P, )] (IV.76)
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¢ - th€ nang hdp phu ;
K - hing s6 dac trung cho vi mao quan.
Vi cudi cong ta ¢é phuong trinh ddng nhiét:
K= % —exp|- K(RTIn P/PY]

[t}
W, - thé tich 16 x6p mao quan hay thé tich hdp phu cuc dai tai P/P, = I;
W - thé tich hép phu tai 4p suat can bang P;
K - phu thuoc nhiét do, chat bi hdp phu, kich thudc mao quan chat hap phu.
Ciing tuong t ta cé phuong trinh dang nhiét hdp phu Dubinhin - Astakhov
(DA):
%Vw = exp(—K.g") (IV.78)

o

3 day m c¢6 quan hé vdi sy phan b6 mao quin. Ca hai phuong trinh DR va
DA ciing gin giéng vdi phuong trinh Henry ¢6 han che.

IV.4.3.6. Phuong trinh ddng nhiét hdap phu BET

Hép phu vat Iy 13 hién tuong hap phu da 16p, c6 thé biéu dién dudng ding
nhiét hdp phu trén hinh IV.24. Khi thay déi 4p sudt can bang ta ¢ P/P, bi¢n thién
tir 0 dén 1 s& c6 dai luong hap phu V tuong tng. Thong tin ¢6 thé it ra tir dudng
d4ng nhiét hap phu va phuong trinh BET la tinh duoc dién tich bé mat riéng (S)),

phan b6 16 x3p ...
V { thé tich mao quan)

&é& . T Tt ci mao quin dyoc 1ap diy
- A
3 . - it
£ T i Vi . "
by L / Ving mao quan duoc 13p diy
E _ :
E
% Ving hip phu _. Viing mao guan trung binh
o dem tap ; T
= Y -7 Hipphy
> S
l | }Ca(. mao quan bé (r=1 - [,5mm
. S duoc JAp diy
Ving theo | - Viing dudmg thing
dioh luyt™ ' / 0,05< PP 0,35
Henry g B L - "PR
0 0.5 !

Hinh IV.24. Budng ding nhiét hap phu va nhd hdp phu
ttr don Idp sang da lop
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Phuong trinh BET (Brunauer, Emnct, Teller nam 1938) 1a mot thanh cong
I6n ap dung cho hién tugng hap phu da 16p.

Gia thiét quan trong cua BET la:
- Céc gi4 thiét cia Langmua cling dugc tng dung vao BET.

- Cac phan i bi hap phu dau tién c6 tuong tac v&i nhau tao ra luc, luc
naty tao diéu kién cho 16p hap phu thi 2, 3..n.

- Toc do hap phu (r,) teén 16p hap phu thir (), bang véi t6c d6 nha hap
phu (') ctia 16p (i + 1).

- Nhiét hdp phu tir 1ép thir 2 trd len dén I6p ngung 12 bing nhau va
bang nhiét ngung tu:

AH, = AH, =..= Al

Phuong trinh co ban clia BET la:

v CPIP
V. (-PIP)1+(C-DPIP,

nr

o=

Tir phuong trinh BET ta s& thu dugc cic thong tin (bang IV.5), phu thude
vho dp sudt gidi han (P/P).

Bang IV.5. Cac gidi han tuong doi cta duong déng nhiét hdp phu

ving Ap suét giéi han Thong tin thu dugc
Ving cla dinh luat PiP.< 0,01 Tim dugc bé mat néu nhu biét &
Henry theo phuadng trinh:
Pudng hip phu théng k,= V,.C. x10%P, clia BET

khi tang ap suat

Ving hap phu don 16p, 0,05 < P/P, <03 |Chiy & didm B 1a diém bat dau
luong hép phu tang lén n&m ngang tuong ng dé tinh dién
nhe va la dudng thing tich bé mat

khi 4p suat tang

Ving hap phu da I6p hay |0,3 < PIP <1 - Thé tich mao quan dudc xac dinh
ngung tu mao quan lusng tt PIP, = 1. Buang dang nhiét hap
hap phu tang [én rd nét phu va nha hép phu c6 vong tré
(theo loai Kelvin)

_ Nhitng cong thiic d€ tinh toan
\dién tich bé& mat, tap trung mao

| lquan
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IV.4.4. Cic dang duong dang nhiét hap phu

Hinh déng dudng thing nhiét hap phuy phu thuéc vao hinh dédng mao quan
clia chdt hap phu. Cic nha bdc hoc Brunaner, L. Deming, W. Deming va Teller
(BDDT) dé phan loai ra cdc dudng déng nhiét thé hién trén hinh [V.25.

Loai [ 1a loai vat liéu vi mao quan chiém wu thé;
Loai II, IIT 1a loai vat ligu mao quan lén c6 duéng kinh trung binh d > ‘SOOA

Loai IV, V 1a loai vat li¢u mao quan trung binh ta thdy dudng hip phu va

dudng nha hap phu khong tring hop nhau, tao ra vong tré. Hinh dang vong tré
cho ta nhitng thong tin vé hinh ddng mao quan.

Loai VI 1a loai vat liéu mao quan ¢6 vi mao quéan khong déng déu.

I I
=-
=
(=W
)
=
= 1 v
=
=
o
=TH]
5
-1
\% VI

Ap sudt tuong do6i P/P,
Hinh IV.25. Cac dang duong déng nhiét hdp phu
Vat li¢u mao quan trung binh trén dudng déng nhiét hip phu vi nha
hdp phuy luon ludn c6 vong weé. C6 rat nhiéu loai mao quan va ciing ¢6 rat
nhiéu vong é khic nhau. Dec Boer di dé nghira 5 dang vong tré,

nhung cdch phan chia qud phic tap. D¢ don gidn ta chia vat liéu mao quan
thanh ba loai.

Hinh IV.26: 3 dang dudng ding nhiét hap phu va hinh IV.27: 3 dang mao quan.
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Trudng hop mao quan hinh tru hoiic hinh khe, ta ¢é dudng dang nhiét hap
phu trén hinh IV.26a.

a) b) c)

Hinh IV.26. Ba dang dudng dang nhiét hap phu nha hap phu cla
vat liéu mao quan trung binh.

a) Mao quan hinh tru; b) Mao quan hep phia dudi ;
¢) Mao quén ¢é chai

Hinh IV.27. Ba dang mao quan phé bién cta vat liéu mao quan trung binh.

Trudng hop mao quan hinh lo muc trén nhéd dudi to hay goi 1a hinh ¢6 chai
thé hién dudng dang nhiét hdp phu trén hinh IV.27c. Con trudng hop mao quan
hep phia duéi cho ta dudng ding nhiét hap phu trén hinh IV.27b.

Ta ciing ¢6 thé ding dai lugng dién tich bé mat dé cé thé nhan dang duge
hinh thlt mao quan. Ta ky hiéu:

S.q, - dién tich bé mat tinh theo dudng hap phu;

Sy~ dién tich bé mat tinh theo dudng nha hap phu;

Suer - dién tich bé mat tinh theo phuong trinh BET.
Xét cac truong hop:

1. Néu S, < Sger = Sy 12 €6 dang mao quan hinh tru va nhianh nha hédp
phu md ta su phin bd kich thudc mao quan.

2. Néu S,,< Suer << Sy, ta 6 dang mao quan bi co thit nhiéu, ta ¢ thé
tinh toan theo méi nhinh,
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3. NEU S,4< Sy, << S thé hién vat liu mao quan ¢6 nhiéu loai vi mao quan,
va khong ¢6 nhinh nao clia dudng déing nhiét hap phu c6 thé sit dung dé€ tinh
todn.

4. NEu S,y = Sy, = Sger d6 1a vat ligu ¢6 dudng kinh mao quan trung binh
(dudng kinh mao quan 16n hon 36A).

IV.4.5. Vat liéu mao quan trung binh (Mesoporosity)

Vat liéu mao quan ¢6 ba loai nhu da chi ra & phén trén, nhung trong dé vat
liéu mao quan trung binh 13 hay gap nhat va né ¢6 tac dung rét l6n trong nghién
ctiu xtc tac di the,

Vat liéu vi mao quan (Microporosity) ¢6 duding kinh mao quan xap xf bing
dudng kinh trung binh chat b hap phu. Vi vay khi qud trinh hap phu dé lam day
mao quan bang chat bi hap phu thuding duoc thuc hién dudi 4p suat thap, khong
cé sU ngimg tu mao quan. Trén dudng ding nhiét hiap phu va nha hdp phu triing
nhau v khong ¢6 vong tré. Cic loai vat liéu vi mao quan nhu than hoat tinh, mot
s0 loai zeolit, cdc loai sét.

Vat litu mao quén Ién trong qué trinh hap phu gén giong nhur hép phu bé mat
ngoii, dudng ding nhiét hap phy va nha hap phy tring nhau. Vi qud trinh nh hap phu
khong ¢6 gi cdn trd, nén dp sudt nha va hap phy bang nhau.

Trong phin ndy, chi di sau nghién ctu vat li¢u mao quan trung binh 6 dudng
kinh trong khodng 20A < d < 500A.

Khi 6 qua trinh hap phu: dau tien xay ra don 16p hap phu, sau dé hip phu
da I6p ket thic 1a qua trinh ngung tu mao quan. Khi nhd hap phu su bay hoi tir
mao quan thudng xay ra & dp suat thdp hon 4p sudt hap phu, khi cung moét lugng
chat hap phu (x g/g) trén bé mat, nén ha duong hap phu va nha hap phu khéng
tring nhau va ta ¢6 vong tré.

D€ ching minh hién nrgng teé 1a ding phuong trinh Kelvin.

Phuong trinh Kelvin: xdc dinh mai quan gilfa dp sudt can bang P.(P/P,) va
ban kinh Kelvin (+,) 13 bén kinh giot chdt long hinh thanh khi qud trinh nha hap
phu. Phuong trinh Kelvin ¢6 dang:
f.gV,.cosb,

In(P/P)= T RT
-

(I1V.84)

g- stc cang bé mat cha chat 1dng bi hap phu (dyn/cm);
V- thé tich mol ciia chat long b hdp phu (cm'g);

8, - g6c thim uét cha chat 1ong b hap phu;
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f - thira s6 hinh dang giot chdt long hinh thanh;

f=1:déi véi giot hinh tru hodc bédn tru;
f=2:d6i véi giot mang bin cau;

= 3:d6i véi giot hinh cdu;

rx - bidn kinh Kelvin duogc tinh theo cong thirc:

I S

r,.7> - ban kinh giot chat 1dng hinh thanh khi nha hip phu.

Khi hép phu trong mao quan hinh try hd hai dau nhu & hinh 1V .28a, ban dau
thanh mao quéan bi che phit mot 16p don phan tir va két thic bang ngung tu mao

quan trd thanh dang cdi tii dung chat long hinh try (hinh [V.28b).

Khi ti€n hanh nha hip phy s& cho mot mang chat 1ong hinh bin cau TV .28c¢.

Lom hap phiy don kip Lawp hitp phuy da kip

VT LU M GuEn

Hinh V.28. Hinh thanh mang chét Idng khi da hép phu
a) Khi hép phu moi bdt ddu & mao quan hinh tru;
b) Khi hdp phu da két thuc mao quan thanh tui chat Idng hinh try;
¢) Khi tién hanh nha hap phy, hinh thanh giot chét Idng hinh bén céu

tacor,=rn,

Xét qué trinh hdp phu xdy ra trong mao quéan hinh try hd hai dau khi nha

hép phu tao thanh mang chét long hinh bén cau. Ta cé:

1 1 1
— T — +_—
Bohooh
ma r, =r, Vi viy:
1 2 2
—_—= — 4 —
LA R
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Thay vao phuong trinh Kelvin ta c6:

- khi hap phu:
— f.gV .cosB,
ln(Pfﬂ)hph :_'_—;l{—lf__ (IV.QO)
- khi nhd hdp phu :
n(p/P),, =2 8V, .c0s6, (IV.91)
n.RT
Tir hai phuong trinh (IV.90), (IVSi)tacd:
ln(PfP.u).’i.ph > ln(PfP.\')n!nf (Ivgz)
(P’!P,\')h.ph > (PIP.‘;)HM (IV93)

Tir d6 ta rit ra: (P/P,) cha qua trinh ha
mot gid tri x; (hinh IV.29). D6i véi vat [iéu mao quén b
bing phan tir bj hap phu & dp suat thap. Khi nhd hap

p phu ludn 16n hon (P/P,) nha cling

¢ ~ khi lam ddy mao quan
phu khéng ¢6 luc can do

khéng tao thanh mang léng nén (P/P )y pn = (PP,)uy; nghia 12 khong ¢4 vong tré,

X
3
2
X N ? l
PP,
(PiP)oni (PIP )y,

I- Budng hap phu ;
2 - Pudng nha hap phu ;
3 - Vong tré.

Hinh IV.29. Buding ddng nhiét hdp phu, nhé hap phu d6i voi

vat liéu mao quan trung binh

Con déi véi vat lieu mao quan 16n cling khong tao thanh mang 1ng (hinh IV.30).

Khi dé cong thire (IV-85) ¢6 dang:

I 1t 1

-——:—-+_.
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. | i
vi r, = o0 ném: — =
r

e

thi ln(PfPs}h.ph = 1n(PfP,'.'Jnh£l
(PfPs)li.ph = (P/Ps)uh'.'i

Cho nén dudmg dang nhiét hdp phy va nha hép phu tring nhau.

Lép hip ph da 1op
vit ¢ ngung fu

Hinh 1V.30. Biéu dién qué trinh h&p phy trong mao quén Ion
IV.4.6. Xdc dinh bé mat riéng cia xic tac (S, , m*g)

Dai lugng bé mat riéng (So) 12 théng s& quan trong trong qué trinh nghién
ctfu vé xtic tic. BE mat cang 16n, hip phy s€ tang va do d6 hoat tinh xic téc
cang tang.

Ciu triic vat liéu mao quin rdt phic tap, nén cdn c6 nhidu thong s cdn Xic
dinh va phai dung nhiéu phuong phép vat 1y, trinh bay ¢ chuong xu¢ tac cong
nghiép (chuong V).

Con xic dinh bé mat riéng ta dung phuong trinh BET 12 phuong phap thuce
nghiém cho dén nay 1a phuong phap hi¢u dung nhat.

pé xic dinh S,: Bude dau tién ta phai xay dung dudng dang nhiét hip phu va
nha hap phu va sau d6 diing cong thitc:

S, = L N.A 107 [m’/g] (IV.96)

trong dé x,, - luong chat hap phu don IGp trén bé mat 1 gam xiic téc (8/g)-

Luong chat bi hip phu ¢d thé do bing cac don vi khic nhau thi cong thic
(IV.96) cdn chuyén ddi. Vidu:

x'l'll (Cm‘/g):
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s, :%N.Am.m'm,(m?fg)

x,, (mol/g):

S, = x,.N.A, 107 (m¥g)
A, - dién tich cat ngang trung binh cla phan tir bi hap phu, [A]?;
N - 56 Avogadro (6,02.10" phan tir /mol);

M - trong luong phan tir chat bi hap phu (vi du chat bi hap phu 1a benzen thi
M=78).

D¢ tinh duge S, theo cong thie (IV.96) ta cin phat xdc dinh dugc hai gia tri 12

All'l \-’2\1 A‘]n‘

1. Xde dinh A,

Cong thitc chung dé xdc dinh A, nhu sau:

X3
A,,,=f[~M—J 207 AP
p.N

M - khai lugng phan tlr chat bi hdp phu;
p - khéi lugng riéng chat bi hdp phu & trang thdi 1dng tai nhiét do hip phu
(g/cm’);
J- thira s6 vay quanh, néu ¢6 12 phan tlr vay quanh thi ta c6 f= 1,091.
V1 vay cong thifc trdr thanh:
23
A, = 1,091{£J 10, [AP (IV.100)
PN
Tuy nhién khi hap phu: dai lugng A,, phu thudc vao nhiéu yéu t6 (trang théi
chdt bi hdp phu (rdn, 16ng), ngung ty, chat hap phu).

D61 v6i cde chit bi hdp phu la hilu co thi A, thay déi nhiéu theo trang théi
va trén cac chat hap phu khdc nhau.

Dai lugng A, mot s6 chat hitu co thudng sir dung duge trinh bay & bang IV. 6.

Béng IV.6. Dai lugng A,, cda céc chét hilu co, CO,, NH,

, ) Dién tich A, [A]? theo trang thai
Chat bi hap phu . - -
ran long hap phu
Co, 14,1 17.0 20,7
CH, 15,0 181 -
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Bang IV 6 (1iép theo)

N - C,Hy 32,0 32,1 51,5/C°
CH,OH - 28,5 26,1/A1,0,
28,5 - 32,5/Si0,
C.H, - 49 31/Si0,
NH, 11,7 12,9

D6t v6i khi tro dai lwong A, it bi thay déi theo trang thai. Vi vay trong hép
phu dé€ tinh dién tich bé mat ta thudng dung chat bi hap phu 12 khi tro. Dai lugng

A, clia cic khi tra duge trinh biy & bang 1V.7.

Bang IV.7. Baj ludng A, clia mot s6 khi tro va oxy J cac trang thai khac nhau

Dién tich A,, , [AJ
Chét bi hap 90K 70K
phu Theo trang thai
hap phu ngung tu hap phu Agung ty

Ar 14,4 14,4 13,8 13,8
N, 17,0 17 16,2 16.3
Kr 18 17,5 17,0 17,3
0, 13,7 14,1 13,3 13,5

Qua hai bang (IV.6) va (IV.7) ta thay dai luong A, cha cdc chat khi tro va
0, 1 6n dinh, it bi phu thude trang thai. Trong khi d6 A,, coa cdc chét hifu co thay
d6i khd nhiéu, nhat 1a trén cdc chat hap phu khac nhau.,

Trong tat ca loai khi tro thi Ar va Kr kha dit va hiém nén ta hay diing khi
tro N, lam chat bi hép phu. Thudng tién hanh qué trinh hap phu & 77K thi A,, cla

nito 12 16,2(A )2

Va cong thifc tinh bé mat riéng duge nit gon khi ding N, hap phu:

S, =4.35.x,

. (mlg)

(IV.101)

Déi véi truong hop chat hip phu ¢6 nhiéu vi mao quéan (nhur than hoat tinh)
d¢ do chinh xédc A4,, cdn ¢ su khuéch tén trong t6t. V1 vay ta phai chon céc phan
tif hay nguyén tir bé nhu Ar, Kr, He, H,. Nhung chd ¢ 1a khi diung H, 1a chit ¢6
tic dyng manh doi véi chat hap phu nén it duoce ding.
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2. Xac dinh x,,

De xac dinh x,, la ding phuong trinh BET va tinh ra duge dién tich bé mat
riéng S ger (nhu trude day ta ding phuong trinh Langmua ta dugc bé mat riéng
Sr,l..angmuu) .

Dé xdc dinh bé mat riéng ta diing phuong trinh BET dudi dang:

PIP 1 C -1
; = + P/ P
X-P/P) . o tlh (V.102)

x C

m

Viéc ing dung phuong trinh BET dé€ tinh bé mat riéng (S,) di trdr thanh mot
phuong phép tiéu chudn trong nghién citu vat liéu xiic tc.

Budc dau tién tr gia tri P/Pg va x thu dugc tlr thuc € ta xay dung duoc
dudng dang nhiét hap phu va nha hap phu.

x - (g/g) lugng cht bi hdp phu tai thoi diém 14y thi nghiém 1;

P - 4p sufit can bang tai thai diém T;

P, - ap sult bio hoa cla chét bi hip phu, tai diéu kién thi nghiém ;
C - hiing s6 BET.

(g/g)
X

P/P,

Buge thit hat, tir phuong trinh BET (IV.102) ta xay dung dé thi biéu thi phy
thudc:

PR pp
x(1-PIP) ‘

Day 1a phuong trinh don gian, quan hé phuong trinh 13 dudng thing (hinh
IV.31).

226



PiP
i x(f—P;"PJ)

-
| //
| e
- o T
: //'
AL
0 0.1 02 03 7 pp

Hinh 1V.31. Bi6u dién phuong trinh BET: quan hé phu thubc giira

__}ifL__P;pY
X(1-P/P) '

Nhung chil y 13 quan hé dudng thing chi trong gidi han nho cta P/P,. Cy
thé 12 P/P, len cao hon ta s& dugc dudmg cong. Nhumg tir doan théng ta c6 thé
ngoai suy & viing P/P, cao hon.

Tir d6 thi ta ¢6 gée nghiéng & tao thanh va c6:

¢-1 =g (IV.103)

m
Pudmg bidu dién ciit truc tung tai diém A va c6 doan:

OA=b=-1_ (IV.104)
xHIC

Tir hai dif kién d6 ta c6 thé tinh duoc x,, va C.
Tinh x,,;

Ttr phuong trinh (1V.103) va (IV.104) ta c6;

C=1lx_b

i/

Thay (1V.105) vao (IV.103) ta ¢6:
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oy mZ
v Gl _xub _xub
g xm C 1 i}
X, — —
xﬂ! b xﬂ? b
hay la: = xb g
X

x,iga=1-x,b
x, (fga +b)=1
1 1

ta it ra: Xy = = (IV.106)
tgx+b a+b
Tir d6 thi & hinh V.31 c6 gid tri ciiaa va b taco thé tinh dugc x,,.
Hangsé C :
co Lot 1 _atb_a, (IV.107)
b L, b b b

a+b a+bh

Phuong trinh BET chi thich hop khi xdc dinh bé mat riéng vdi loai chat xic
tac khong chifa vi mao quan. Bdi vi phuong trinh BET duoc xiy dung dua vio hdp
phu da 16p.

Cho nén céc vat liéu mao quan bé chi hdp phy don 16p dung phuong trinh
BET dé tinh bé miit s& c6 sai s6. Nhung véi gid tri gin diing ¢6 tinh tuong doi ta
ciing c6 thé xdc dinh vat liéu mao quan ¢4 vi mao quan bang phuong trinh BET.

1V.4.6.3. Hing s BET (C)
Hang s& BET trong phuong trinh BET déc trung cho hé "hap phu - nha hip
phu". Dudng déng nhiét hap phu phy thudc rét nhiéu vao hiing s6 C.
Hing s6 C ¢6 thé tinh theo cong thife:
C = Aeh™ M (IV.108)
A, - nhiét toa ra khi hap phu don 16p (cal/mol);

A, - nhiét toa ra khi qua trinh ngung tu chét bi hip phu tai diéu kién hip phuy
(cal/mol).
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Néu chat bi hap phu la nito & 77K thi gié tri thue nghiém cla (4, - 4) = 800
+ 70 cal/mol tuy thudce vao chat hap phu khéc nhau. Vi du:

Trén hgpkim Cu 776 cal/mol
Trén gel Cr,04 : 738 cal/mol
Trén Cr,O, nung do: 835 cal/mol
Trén Si0, : 784 cal/mol

Hoic ta ding cong thic:
C = A etV R

E,- nang luong tuong tic vt 1y gilta chat bi h&p phu va chat hép phu
{cal/mol);

E, - nhiét hod 1ong clia chét bi hdp phu (cal/mol). D6i véi N; 1a chét bi hap
phu & 77K thi E; = 1100 cal/mol.

Gi4 tri C phu thudc vao E, ta biéu dién trong bang IV.8.

Bang IV. 8. Gié tri C phy thubc vao entanpy hép phu don lop N, 377K

E, (cal/mol) Hang s6 C
1430 1,2
1910 29
2400 6.9
2870 16,7
3350 40
3830 97

D61 véi hing s6 C rit nhd, ta ¢6 dudng dang nhiét hap phu ki¢u Il va V (hinh
IV.25). Nghia 1a dudng déng nhiét hap phu vdi gid tri P/P, khong 16n di song song gdn
sét véi truc hoanh. Nhin dudng biéu dién ta ¢6 thé néi hé hdp phu (chat bi hdp phu -
chat hip phu) c6 entanpy hap phu bé.

Su phu thudc vao C ta ¢6 cdc dudng biéu dién déng nhiét hap phu nhu trén hinh
Iv.32.

Tix d6 thi ta thay hiing s6 C c¢6 thé thay déi tir 0,01 dén 1000. Hang s6 C nho
thi dudng déng nhi¢t hap phu mau dat can biang (dudng C = 0,01).
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L."ﬂ/'” 3 —

' T ' i P, ,I" P s
0.2 0.4 0.6 0.8 !

Hinh 1V.32. Bé thi dng nhiét hdp phu voi gia tri P/Ps khac nhau -
phu thudc vao hang s6 C cia phuong trinh BET

IV.4.7. Cac phuong phap thuc nghiém xidc dinh lugng chat bi hidp phu
x (g/g) ing véi ap suat P/P,

IV.4.7.1, Phuong phap tinh

1. Phuong phap tinh 1a phuong phip duge ting dung rong rdi nhdt hién nay.

Nguyén tdc: Nghién ciu can bing hdp phu giita chat hdp phu va chat bi hap
phu trong hé khong chuyén dong. Chat bi hip phu bj din timg dot, chd khi dat
can bang (nghia la chat bi hap phu da hdp phu hét), ta do dai lugng x, (tuong tng
P /P u€p tuc cho chit bi hdp phu vao dgt hai ta ¢6 x, twong dng P,/P, va cho
dén khi P/P, =1 tacé x,.

Sau day ta cho nha hap phu va ciing duge nhimng gid tri twong tng tir P/P, =
1 dén P/P, = 0 ta duge X7, dén x7,.

2. Phuong phdp dong
Con goi la phuong phdp lién tuc (hay phuong phdp can can bing).

Hén hop khi (khi tro va khi bi hdp phu) dugc dén lién e qua chét hdp phu.
Mot cach tuong ddi ta cong nhan ¢é sut can béng dong & rit nhiéu thai diém. Ta
cing s€ duge x, x,.. x, Ung v6i P,/P,, P,/P, .. P /P, Phuong phdp nay ludn cho
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rang cén bing dong luén duge thiét 1&p gitfa chat hdp phu va chat bi hdp phu. Ta
go1 dé [a phuong phdp can can bing.

De phuong phap niy chinh xic cao ta cho dong cht bi hap phu di vao véi
luu lugng nhé dé cho hé thiét lap can bing 16t hon.

Song v vat liéu mao quin vi mao quan nhiéu (than hoat tinh, zeolit,
khodng sét) thi phuong phdp nay khéng chinh xac vi khi dé qud trinh khuéch tin
cham nén cin tré sir chinh xdc cla can bang.
1V.4.7.2 Cdc hé théng thiét bi do

Dé do gié tri cha x, hien nay ngudi ta diing nhiéu loai thiet bj va hé thong
thiét bi khéc nhau.

1. Phuong phdp trong lwong

C6 hai loai thi€t bi duge ding trong phuong phép trong luong.

a) Trong luong chdt bi hdp phu x (g/g) do bdng s gidn nd 16 xo thach anh
hay molipden (hinh IV .32).

Vat ligu 1am lo xo cén ¢6 hai tinh nang 1 khong tac dung véi chat bi hap
phu va gian nd tuyén tinh véi trong lwong, Ta goi loai thiét bi nay 14 can Mc Bain
duge thé hién trén (hinh IV.33a, b).

4

b6 gidn cia 16 xo0

Trong lugng chit bi hap phy

Hinh 1V.32. Su phu thugc trong lugng chét bi hép phu va do gidn nd cia 1o xo
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1,2, 6- Van.

3— Binh dung N,

4— Binh dung than hoat tinh
5- Ap ké Mak.Leod

7— B0 phan ngung tu

8— Dia dung mau

9- Binh dung N, long

Hinh IV.33a. Hé théng do hap phu Mc.Bain

Buéng hit chankhong | |
v cho bi o phy vao = }

: Chiéu dai ciia 10 xo dugc 1y do gidn
EZ nad theo trong hirgng mdu

Loxo thachanh; 2 Vatnang t6i | D¢ gidn | Chiéu dai
ong thuy tich | 3~ da I6n nhat | coald xo
Diémdanhcdu | ||
dé do d0 gian nd ' 2mg 20 cm 40
20 mg 20 cm 19
2 g 20 cm 10
2,5-20 g 10 cm 9
11

Méctregm—— |
Pia dung chal bap phy

Hinh 1V.33b. Can Mc Bain bang 10 xo thach anh (hay molipden)

Trudc khi hdp phu, cic chat hdp phu rén dugc sdy kho & nhiét do
140" - 160°C trong thai gian tir 12 dén 14 gidy, sau d6 cho 0,1 dén 0,2 mg chat hap
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phu vao chén dung mau 8. Lai mot 18n nita mau duoc sdy kho trong hé thdng &
140°C va trong 12 dén 14 gity dat dugc trong long mau khong déi. C6 nghia Ia
méu da duoc 1am sach hoi nude va céc tap chét khi khac. Cho hé thong hiit chan
khong lam viéc qua van /, dat dén do chan khong 10 dén 10° mmHg. Cho déng
varL ] vi m& van 2 dé he théng thong véi chat bi hap phu, va chd khi dat duge can
bing ta s& c6 hai chi s dat dugc 1a lugng x; (g) chét bi hap phu va do duogc dp suat
can biing nhd thiét bi do chan khong ta duge 4p suat P. Qud trinh tién hanh dén
khi P = P, tas& duge cc gia tri x,. D€ qué trinh hap phu triét dé vaftsaisOta
thudng dé binh dyng méu trong nitd long 9.

Qué trinh pha hip phu ta tién hanh nguoc lai 1a hiit chan kKhong. Khi d6 ta
déng van 2 va mo van.{.

b) Trong liwong chdt bi hdp phy duoc do bang can vi luong

Pé do chinh xdc budc dau ta ciing phai gia cong mau cho dén khi trong

hrong méu khong ddi, hit chan khong va cho mAu vio, tién hanh nhu trén.

Dé gidm thiéu anh hudng lyc Acsimet va séng dién tir ta phai ché tao can vi
lugng that chinh xdc, cho phép theo déi lién tuc trong lugng mau trong sudt qué
trinh hdp phu va nha hap phu.

¢) Mot phuong phép don gian la xdc dinh trong luong chdt bi hap phu bang
can binh thutmg. Luong chédt hidp phu & binh 7 dugc 14y ra can sau timg dot hap
phu (hinh IV.34).

IS
I
5 IS ,r'l. . f'\ 1- Binh chifa kh{ nito
4 ﬂ ﬁ || t*ﬁ 2- Binh ngung tu
oy | | | | ‘ B:J | 3- Hé th6ng 1am sach
4 s o | i| | 1 (€, CaCly, zeolin
AN o || | Sia | | | |_‘ [—T] 4- He th6ng do van t6c
| | AEN ] | L| WL | |0 N dong
| | |’ \ AR 2o i A= "--1 5- He thong do 4p sudt
o | U oo - —rﬂ - 6- Binh dung chat bi hdp
|, == i J LJ[ phu (benzen)
R il 4T 7-Binh chta chit hép
N 2 | J‘ S ’}1 hu
o oL L i phv

Hinh IV.34. S0 d6 hép phu dong bang phuong phép
trong luong dé do bé mét rieng
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Po dé hip phu dong bang phucng phdp trong lugng dé do bé mat riéng (S,)
dua trén sy thay déi trong luong cta chét hap phu khi hdp phu cdc chat hitu co
nhu benzen, CCl, ¢é hoi dan héi 16n & nhiét do phong. Nhung phai chon chét hitu
co khong tdc dung véi chat hap phu.

Cho chit hap phu vao chén 7 dua khi N, théi qua nhanh 4a di qua chén 7
Jam sach cédc khi va tap chét chita trong chat hdp phu dén khi trong lugng chat hdp
phu khong déi. Sau d6 déng nhéanh 4a va md nhanh 4b cho khi N, suc qua binh 6
dung chét bi hap phu. Timg thoi diém ta 14y chén 7 ra can dén khi trong lugng
khong déi. Thay déi 4p sust P/P, tir O dén | cho ta mot ddy diém va xay dung
duting dang nhiét hap phu.

2. Do thé tich chdt bi hdp phu bang phicong phdp thé tich

Phuong phép thudng duoc sir dung nhat dé xdc dinh thé tich chat bi hip phu
theo 4p sudt can bang khdc nhau.

Vidu : s dé hdp phu N, dugce chi ra trén hinh IV.35a.

So d6 c6 thé lip n miu (hé théng ndy n = 4) muc dich dé it kiém thoi gian
gia cong miu, ban ddu dé cho mau chat hap phu dat 161 én dinh va dé tiét ki¢ém ca
thoi gian thay mau. D4u tién phai gia cong mau dé 1am sach nudc va cdc khi bin
¢6 trong miu xdc tdc. Gia cong mau dudi dp sudt chan khong va ¢ nhiét do 16i da
1a 300°C (phu thudc vao do bén nhiét clia mau), sau dé dua mau vé nhigt do
thudng.

Ching ta cin x4c dinh thé tich chét (V 4 cua 6ng dung méu bang cich cho
heli vao (phai x4c dinh trudc 13 heli Khong bi hap phu). Trude tién md van thong
v6i heli, heli sé 1am ddy thé tich ta do dugc dp sudt trong fmg. Sau d6 hit chan
khong d€ dudi hét khi heli ra. Su giam dp sudt cho ta tinh dugc thé tich chét cha
ong dung mau.

Nitro Hel - Huit cf\an khodng
.', ! [ ',__-J. 6 4 5

1 1- Binh mau xuc tdc (4 binh)
. . 2- Thé tich chét
e e e 3- Co nhdm chén khong
gal S 4- Van chan khong
| i {J . 5- Dung luong khi N, dé do
o 6- Thiét bi dién tr do dp suat
|2 7- Chat hap phu (xuc tic)

Hinh IV.35a. So d6 hap phu N, bdng do thé tich chét bi hdp phu
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Sau d6 cho N, vao (dé do méu | thi déng van chia méu 2, 3, 4). Ung véi mébi
mot ap sudt P, (P/P,) ta s& cé mot gid tri V| tuong wing.

Hoac c6 thé diing so dé don gidn hon d€ do thé tich hap phu (hinh IV.35b).

4 5_

:_ ."| i’

\ |

7 1 iy —

J 1T Winerarkaeg

1- Bau dung chét hip phu
2- Ap ké chit U
o 3- Buret 14y mau
2 ‘ I ] | 4- Binh chifa nitc
1 ( 5- Binh chita H,

‘ fr__—-

P 6,7, 8- Khod

Il ’J 9- Binh 1am lanh
ll 1 10- Binh dung Hg
L 11- Nhiét ké

L o - it ¢tk khang

Hinh IV.35b. So d6 hép phu thé tich (so d6 BET)

Sc d6 hdp phu do thé tich chit hap phu gom ampun / chita mau chét hap
phu, 4p ké chit U 2. Bang do ap sut tir 0 — 250 mmHg (khi ding nito lam chét
bi hap phu). Buret 1dy mdu 3 gém nhimg hinh cdu c6 thé tich da xac dinh tir
1- 40 cm?, 16n dén tlr trén xudng dudi.

Sau khi da hit chan khong theo dudng 12 dén 4p sudt 10*mmHg d€ lam
sach khi trong so dé va trong mao quan chét hdp phu. Ta déng van 6 khong cho
thong véi hé hit chan khong. Ampun chita chat hap phu duge dat trong binh nito
16ng dén diém M. Nho hé théng diéu hoa nhiét do d¢ giir nhiét do trong khoang
+ (0,5°C. Nho van 7 tamd N, thoéng véi hé théng do p luc clia N, tir binh dung N,
4. Xoay van 6 cho N, thong véi binh dung chat hap phu /. Nang din 4p sudt clia
hé bing cdch nang myc thuy ngan theo dudng /3, thuy ngan trong binh /0 s&
dugc ddy len. M6i mot 4p suét ta do duge thé tich khi N, bi hap phu.
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Thay cac dai lugng V, P vao phuong trinh BET ta c6 thé tinh duge V., (thé
tich hap phu don 16p).

Sai s6 clia phuong phéap nay 1a 1,5 - 2,0 m®. Vi vay chit hap phy c6 bé miit
riéng bé (S, < 5 m¥/g) thi dung phuong phap nay do chinh xdc khong cao.

So dé chat bi hap phu 1a khong khi (hinh IV.35¢).

—

1- Ap ké chir U

2- Binh cht¥a chat hap phu
3- Van 3 nga

4- Binh chifa than hoat tinh

Rt 5- Binh dung nito long

‘f:Q_III,i T |'-.|.r |IQ|:_‘:I'I J”_'ll T

Hinh IV.35¢. S0 d6 h&p phu dé xac dinh bé mét riéng bang hép phu khdng khi

Quy trinh thao tdc don gidn vi khong cin hiit chan khéng. Phuong phép tién
hanh nhanh nhung day 13 phuong phdp dinh tinh ¢6 tinh so sanh gifta cdc mau
chat hap phu khdc nhau, dg chinh xdc khong cao.

Ap sust dugc bidu thi bang mmHg, thé tich tinh bang cm? thi thé tich chat bi
hép phu tinh bang mmol/g dugc biu thi bing cong thic:

ol el gonol]

v,- thé tich binh dung mau dugc lam lanh ;

(IV.109)

v,- thé tich cdn lai clia miu khi P = P

T,, T, - nhiét do phong va nito 1ong;

r- dudng kinh 4p ké;

m- trong luwgng mau.

B& mat riéng chit hdp phy ciing tinh duge theo cong thic:
S, =v,.A,N
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A, - bé mat riéng cla nito 14y bang 16,2A2. Kni gid tri C (hang s6 trong
phuong trinh BET) rat 16n thi tai V,, (lugng chat hdp phu don 19p) ta ¢6 thé xdc
dinh bing cong thic gan ding:

v _=V(I-PIP,)

3. Plutong phdp sdc ky

Phuong phép sic ky 1a phuong phap duge ding nhiéu dé xay dung dudng
ding nhiét hip phu.

Phuong phép sic ky dya vao detecto dan nhiét ¢6 thé do su bien déi néng do
hén hop khi khi di qua mot vat ran. Phép do duoc thuc hi¢n theo hai cach: cho
dong khi bi hap phu di qua lién tyc hodc cho dong chit bi hap phu di ting dot
theo phuong phip xung.

a) He thong thiét bi khi cho dong
khi di qua lién tiic

Betecta da
Co s¢ cha phuong phdp 1a dua vao ohiét nhén;l>
dic tinh hap phy thuan nghich cua chat o sanh
bi hap phu trén chét hip phu. 3 nhiét do Pic hiip phu
thap xay ra hap phu, khi ta nang nhiét do
lén s& xay ra nha hap phu. | — bung xiic téc

Hién tuong hdp phu nha hidp phu
(hinh 1V.36a) gdy nén sy thay doi nong
do chdt bi hip phu trong dong khi (gom

Khi mang va khi bi hap phu) qua dete.cyof Pic nha hdp phu
(sc k¥) & cho ta hai pic nguge chieu

nhau. Pic 1 12 pic hdp phu thuan chiéu,

con pic 2 12 pic nha hdp phu nguge chiéu Hinh IV.36a

véi pic 1. Hai pic I va 2 ¢6 dign tich

bing nhau, déu c6 thé dimg dé tinh thé tich chat bi hap phu (thé tich chat bj hap
phu bang dién tich pic [ hoac 2).

Tuy nhién trong thuc €, pic nha hdp phu ¢6 hinh dang pic déu dan hon nén
ta thudng tinh theo pic nha hap phu.

Pé lam thay déi dot ngdt nhiét do khi qua trinh hép phu ta cho hap phu tai
nhiét do nito long (-196°C), sau d6 thio nhanh binh Jam lanh nito ldng ra khéi
mau chat hiip phu, nhiét dé s& tang dot ngot va qua trinh nha hap phu xay ra.

Bang cich thay ddi P/P, ta s& 6 luong chat bi hap phu khic nhau cla timg
diém.
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Néu chat bi hap phu la céc hop chét hitu co thi khong can lam lanh ma cho
hap phu tai nhiét do thuong 30°C, thé hién trén so d6 hinh IV.36b: chat
bi hip phu dung benzen, con chat mang dung nito hoéac heli.

Y

2e%% HI RN

.,

22

' 8b
3a
¥ e
JE
10
-
’-\/] 'ﬁ

N =
L1 I

Hinh IV.36b. So d6 hdp phu benzen

1- Binh N, hoac He; 2- H¢ théng lam sach (a)- CaCl,, (b)- SiO,,
(¢)- Than hoat tinh, (d)- Zeolit
3- Petecto dan nhiét (a)- nhdnh so sénh, (b)- nhdnh do, 4}- Reomet- hé thong do
lwu lugng; 5- Binh n nhiét; 6- Binh dung benzen; 7- Ong dung chét hap phu;
8- Van diéu chinh luu luogng; 9- M4y tu ghi (sdc ky); 10- Do luu lugng khi ra;
11- Hé thong diéu hoa; 12- Hé théng bdo 6n; 13- Van 4 nga

Khi mang N, (hodc He) tir binh / qua hé thong lam lanh 2 (gém CaCl,,
Si0,, than hoat tinh hoéc zeolit), dén nhanh dectecto 3a (nhdnh so sdnh). Sau d6
khi mang dugc chia lam hai nga. Tai nga / nho van 8a va reomet 4a tao dong khi
mang suc vio binh dung benzen 6 dugc dat trong hé théng 6n nhiét 7. Khi mang
mang theo benzen bdo hoa tai nhiét do 30°C ¢6 luu luong 1a V.

Tir nhdnh 2 nho van 8b va reomet 4b tao dong khi ¢6 luu lugng 1a V..
Thay déi ty 1& P/P, bing céch thay déi dai lugng V va V, theo cong thiic:
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PIP = v (IV.110)
TV ava-pip)

P, — dp sudt chung 14y bang 4p suit khi quyén;
P,— ap suit hoi bio hoa clia benzen & nhiét do thi nghiém (vi du 30°C);
P — &p sudt can bang cua benzen.

Sau khi tron dong V', va V, hén hop khi duge dén t¢i b phan hap phu 7 trong
dé c6 chita mau chat hap phu. Mau chdt hap phu duge dat trong hé théng 6n nhiét
5 dugc giit 6n nhiét trong suét qua trinh hap phu.

Céc chat bi hdp phu trong dong khi cho qua nhianh detecto do 3b, trén sic
khi do6 khi d6 cho ta pic hap phu. Khi qua trinh hap phu bdo hoa trén sic ky d6 lai
trd lai dudng chudn.

Ti€p dén ta tién hanh nha hap phu bang cich cho hé théng 7 qua 15 cé nhiét
do 300°C. Qué trinh nha hdp phu 1am tang luong benzen trong dong khi va trén
detecto lai xuét hién tin hiéu vi trén may tu ghi cho ta pic nha hap phu ngugc véi
pic hdp phu.

Qu4 trinh et ti€p tuc cho dén khi P/P, = 1 va ta ¢6 mdt ddy thé tich chat bj
hap phuV, dén V.

b) Hé thong thiét bi dong khi bi hdp phy di qua ting dot bom (hinh 1. 37)

Nguyén tdc: Dong khi mang tix binh / 12 He hodc tir binh 2 13 nito di qua, hé
théng do luu lugng 7, 2 va qua van 3 vio nhénh detecto so sanh 4a qua vi tri 5 noi
dé bom méu chat bi hap phu vao timg thoi diém, tiép tuc hén hop khi dugc di qua
ong dung mau xiic tic cdn nghién ciu 6.

Chat bi hdp phu dugc bom timg thdi diém vao & diém 5 va cling v&i khi
mang (N,, He) qua c6t chat hap phu 6 & d6 chat hdp phu duge lam lanh béng nito
1ong (-193"C) né s€ bi hap phu, con dong khi nito tiép tuc qua nhénh do detecto
4b duge ndi vt mdy tu ghi 8. Trén biéu d6 cho ta mét pic (pic hdp phu). Sau d6
ta cho nha hap phu bang cdch nang nhiét do ¢ thiét bi 7 ta s& ¢6 luong nha héap
phu clng véi khi tro di vao detecto do 4b va trén sic khi dé ta duge mét pic khic,
pic nha nguge chiéu véi pic hap phu.

Pé do lugng chat bi hap phu phu thuéc vio dp suit riéng phin duge chinh
xdc, trude khi do phai gia cong mau that k¥, dé trong Idong cdc mao quan khéng
con nude va cdc khi khéc. Gia cong miu & nhiét do 300°C va dudi 4p sudt chan
khéng 10" mmHg.

Két qua tinh todn theo cong thifc:
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oc, o, (V. 111)

= —We—

6‘ —
ot 4 ot Oz

C — néng do chat bi hap phu trong dong khi mang (hay 4p sudt riéng phan);
a, — luogng chat bi hip phy trén | gam chat hap phu;
¢ — phén thé tich chét cha cot sac khi:

¥ — luong chit bi hap phy bio hoa;

t — thoi gian;
z — khoéng cich tinh tir ché bom méu (chét bi hap phu) dén bé mat chat hép
phu;
w — toc do dong khi mang.
!
He 1
>~ :3
~ 4b
(2 —“5'—% %-::: e
N,
Chat bi hap phu —»Tx]
\_/ bom viao

Hinh 1V.37. S0 dé do luong hép phu béng phuong phap s&c ky

I, 2- Luu fuong k& d€ do van t6c khi mang (N, va He); 3- Van diéu phdi;
4- Detecta : b- nhdnh do, a- nhdnh so sdnh
5- Vi trf bom mau chat bi hap phu; 6- Ong dung mdu chat hap phy
7- Binh dung nito 16ng; 8- Mdy tu ghi sic ky

Tir phuong trinh (IV.111) ta ¢6 thé tinh dugc
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d
a. =—
m

V.S —eV O (IV.112)
m — trong lugng chat hap phu ;
V — thé tich cot séc khi chita miu chét hap phuy.
Tir a, ta ¢6 thé tinh dugc x,, nhu sau:
x, =a.(l-PIP) (IV.113)
x,, - luong chat hdp phu don 16p (g/g)
con dai lugng St
§ = fde AV - 114)
0

Pai lugng S ¢6 thé xdc dinh tryc tiép tir dudng biéu dién thuc nghiém dugc
ghi bing di¢n the bl trir.

4. Xic dinh lhiong chdt hdp phu ¢d thé ding phiong phdp tinh thoi gian hru
chdt bi hdp phu trén bé mdt chdt hdp phu
Thot gian luu ty 18 vai ndng d6 chat bi hp phu:
Vie = Do Tha
@, — luu lugng khi mang ;

7. — thoi gian xudt hién pic trén sic ky d6, goi 1a thoi gian luu.
IV.4.8. Su phan bé Kich thudc mao quan

Sir phan b8 kich thudc mao quin dong vai trd quan trong trong qué trinh
khuéch tan 1i nhitng giai doan c6 tinh quyét dinh dén t5c d6 phan tng. N6 s€ cho
ta thong s& trong céc loai mao quan cha xiic tac thi loai mao quan nao la tap trung
nhat. Tir d6 ta c6 thé chon lya chét phan g cho pht hop.

Vi du nhu sy phan bS mao quan cuia hai loai SiO, duge thé hién trén hinh
IV.38a va ALO, IV.38b,

Phuong phép dugce sir dung 12 phuong phdp BJH (Barret, Joyner, Halenda),
dugc dp dung cho nhénh nha hdp phu trén dudng dang nhiét.

Dé xéc dinh sy phan b3 mao quan truée tién phdi xdc dinh kich thudc mao
quan khi nha hap phu. Co sd tinh todn dua vao phuong trinh Kelvin véi diéu kién
sau khi bay hoi chét 16ng ngung tu, cht 1ong cdn luu lai trén thanh mao quan mot
mang hap phu da l6p c6 chieun day 1a *#”. Khi d6 bin kinh mao quan (r,,) dugc Xdc
dinh theo cong thiic:
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P ekt (IV.115)

trong do : 7,- ban kinh Kenvin ; #- chiéu diy méng hap phu.

AV/Ar AV/Ar
A

40
40 _

30
30 _
20 20
10 10
o 1 1 > 1 ™

25 50 75 r (A% 50 100 (A"
a) b)

Hinh IV.38. Sy phan b6 mao quén ca (a)- Si0,, (b)- ¥ -AlO,

Nguyén tac chia phdn nhanh nha hip phu ra nhiéu doan theo 4p sult can
bing. Pdu clia mot doan cé 4p sudt can bang cao nhét & mot doan cé su giam dp
sudt tir P /P, dén P,/P,, thi ¢6 su tang thé tich hip phu AV 12 do hoi thodt ra tir
mao quan ¢6 bdn kinh tuong dng vdi 4p sudt can bing, ban kinh duge tinh theo
phuong trinh Kelvin:

£V, .cos8
y, =2 8¥,cos0, (IV.116)
RT.InP/P,

Hoi thoat ra lam gidm d¢ day trén thanh mao quén Ar kém theo su ting

thé tich AV,

Ta x4y dung d6 thi su phu thude %— f(r) s& duge biéu dé su phan bé

mao quan (xem chi ti€t & phdn bai tap).
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Mot s6 han ché ctia phuong phép tinh todn phan b 16 dua vao phuong trinh
Kelvin nhu sau:

- Thuyc ra, cac gid tri do day ¢ cAn phai duge tinh tir cic 56 liéu hap phu
XAy ra trén mot vat ran khong mao quan c6 cung ban chat nghién ciu.
Song trong thuc t& khé thuc hién dugc, ma thudng phai tinh qua cic
cong thic khic.

- Hinh déng chia cic mao quan duge gia thiét khé don gian. That kh6 hinh
dung mot cdch chinh xdc vé md hinh mao quén hinh cdu hodc s€ cling
t6n tai nhiéu dang mao quan khic nhau. Loai mao quan ‘“hinh chai”
ciing thuc khé khin dé mé hinh hod.

Do cong cha mang léng anh hudng rét Idn dén gid tri tinh todn cua §, va
Vs xop - Trong qud tinh khir hap phuy, do cong ¢6 thé thay ddi theo dp sudt. Song
yéu 16 d6 khong dugc tinh todn t6i. Hon nira géc thém udt 0. khong thé xdc
dinh bang thuc nghi¢m.

- Tat ca cdc phuong phdp dya trén sy phén tich dudng khir hap phy déu gia
thiét ring & dp sudt gin 4p sudt hoi bio hoa wt ¢4 cac mao quan déu da
duoc 14p ddy chat 16ng. Tuy nhién trong thyc t€ khong phéi bao git diu
dé cling dung.

- Mt khdc khi khit hdp phu & nhiét do thap (77K) xuét hién van dé vé
truyén nhiét gitfa miu va binh lanh. Do d6 viéc 4p dung dinh luat Kelvin
d6i v6i viing 4p suft 16n khong hoan toan tin cdy, thém nita gid tri thé
tich hip phu do duge c6 thé khong chinh xdc vi nito ¢6 thé bi ngung ty
ngay trén thanh binh do mau. Chinh vi thé trong thyc nghiém ngay ca
céc thiét bi tr dong chi cdc két qua thu duogc tir cc miu ¢é kich thudc
mao quan duéi 500A méi duge xem 12 kha di.

. C6 mot gi6i han dudi vé hiéu lyc cla phuong phap nay. Tir thue nghiém
luon thdy cac “vong tré” cla nito & 77K ¢b mdt diém noi gilta dudmg
khit hdp phu vi dudng hap phuy & dp sudt tuong daéi lan can véi 0,42 —
0,45 (rat it khi thay thap hon). Doi vél cic chat khi khic, nguoi ta cling
quan st thdy ¢6 mot 4p suat nong ddi t6i han nhét dinh d6i véi vong
tré:

P/P, = 0,36 d6i véi argon ; P/P = 0,28 dai véi oxy 6 7T7K.

Su thoat hoi nhanh dugc gin cho tal sdc cang bé& mat cha chat 1dng ngung
tu. Mang 16ng khong cdn én dinh d¢ t6n tai trang thai dp suét t6i han. Két qua la
phuong phép Kelvin khong con ing dung dwgc dudi diém t6i han.

Pé xac dinh bé day 16p hdp phu trong mao quan. Ta thiy trong qué trinh
hap phu tao thanh bén trong mao quan 16p chét long hap phu. Sau khi bay hoi
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(qua trinh khir) chat 16ng ngung tu, chit iéng con luu lai trén thanh mao quan mot
mang hap phu da 1dp véi chiéu day 1a .

Véi mbi diém trén dudng déing nhiét hap phu loai IV (hinh 1V.25) ta ¢6 thé
tinh dugc gia tri 7"

Theo phuong trinh BET chi xdc dinh duge & dp suit twong déi duéi 0,3. Tot
nhét 13 ddnh gid “” truc tiép theo dudng dang nhiét hap phu doi vai vét liéu hap
phu khong x8p chudn, ¢6 bé mat twong tu véi bé mat vat thé x&p nghién ciiu.

Ngudi ta gia thit 12 & cing mot &p sudt thi chiéu day da 16p chat bi héap phu
bang vdi chiéu day cha 16p nay trén thanh 16 :

X
t =—.8 hoac t = nd
X

& day: x,,— thé tich don 16p clia chat chudn, tinh tir phuong trinh BET ;
x - lugng chat hap phu & 4p suat bat ky ;
S - chiéu day trung binh clia mot 16p phan tlr bi hap phu
n — s6 1dp phén tir bi hap phu.

& phu thude vao viée x&p chong cua 16p phan tr bi hip phu Lippeno va De
Boer tinh gia tri §cho 16p phan tit nito x€p chat luc gide 6= 3, 5A.

Con Shull tinh ra & = 4,3A (phan tir nito x€p chat AAA) va ong ciing xay
dung dugc sy phu thugce cla & vao P/P,.

Phuong trinh Halsey la phucmg trinh phd cdp nhit d¢ tinh chiéu day mang
hdp phu da 16p :

IEK)
K
t=8| ———— IV.119

[RT In{P/P, )] ( )

K — hiing s& phu thudc vao ban chit.
Trong trudng hop cta N, & 77K, phuong trinh Halsey c6 dang:

5 173
= —_ V.120
t 3,5{ n(P/ P, )} (1 )

Phuong trinh De Boer:

143
13,99
Y P i A— 1v.121

(0,034—1n(ma )] ( )
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Hai phuong trinh ctia Halsey va De Boer dugc s dung nhiéu nhit va cho
cdc gid tri ghn vdi cic mao quan <6 kich thude d < 100A. D&i véi argon ciing ¢é
nhiéu biéu hién twong tu.

IV.4.9. Bai tap vé hiap phu

Xdc dinh bé mat riéng chat hdp phu S, (m%g), phan bd 16 x&p.

De€ bai: Trén so dé hip phu Mc Bain da xédc dinh cdc 56 lugng chat bi hdp
phu benzen & 20°C cho cdc mau /, 2, 3 nhu sau:

Lugng hép phu (x, mg/g) tai thdi diém ¢

PiP, " " "
Mau 17 Mau 2 Mau 3

0,081 138 105 50
0,18 210 163 130
0,28 260 188 141
0,36 282 194 143
0,48 289 233 147
0,58 301 240 149
0,63 309 255 161
0,69 352 275 191
0,74 367 283 207
0,77 441 292 232
0,81 460 299 254
0,83 471 310 348

Nha h&p phu

Lugng hép phu (x, mgl/g) tai thdi diém ¢
PP May 1 Méau 2 Mau 3
0,83 471 310 348
0,77 469 301 346
0,74 450 297 242
0,65 373 277 165
0,59 347 266 151
0,52 310 235 148
0.48 289 232 147
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1. V& dudng dang nhiét hdp phu va nha hap phu.

2. Xac dinh bé mat riéng.

3. Xéc dinh phan b 16 x6p.

4. Nhan xét két qua.

Chi cho 10i giai cia méu /, con méu 2 va 3 la bai tap tu lam.

[ . Vé dwong dang nhiét hap phu

Puong ding nhiét hap phu mau 1

500 !
450
400
350
300
250

200

Luong hap phu (mg/g)

150

100

50 |

0 0,2 0.4 0,6 0.8 1
Ap suit ty lé P/P,

Tir céc s6 liéu thuc nghiém trong dé bai, ta vé dugc cdc dudng dang nhiét
hap phu clia cdc mdu véi truc x la ty 1¢ dp suat P/P,, truc'y la lugng mau chét bi
hép phu x (mg/g).

11. Xdc dinh bé mdt riéng
Bé mat riéng xdc dinh theo phuong trinh (IV.96):

xm

S
M

x 4,.N.107 (m*/g)

r

trong dé: x,, - lugng chat bi hap phu don 16p trén bé mat chat hap phu (g/g);
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A,, - dién tich cit ngang cua phan tir bi hap phu [,g; 1.
N - s& Avogadro (6,023.10%).
Trong cong thic ta phéi xédc dinh duge A, va X,
1. Tinh A,, theo phuong trinh (IV . {0)
MY .
4, = [m] f.lO”’,(A)z
f - thiva s6 1ay bang 1,091;
o - khoi luong riéng chét bi hép phu & trang théi long tai nhiét do hép phuy;
M - kh6i lugng chat bi hip phy;

Chat bi hap phu 12 benzen nén p = 0,879 con M = 78 thay vao ta xic dinh
duoc 4,,:

?8 2i3
A, =1091 —| 10" =30,434(AY?
0,897.6,023.10
2. Tinhx,:
Pé xdc dinh duoc x,, ta ding phuong trinh BET (IV.102) vi€t dudi dang:
PIP I +C—I'(P;,Pj)

x(1-PIP) x,C x,C
day 12 phuong trinh tuyén tinh dang y = ax + b.
P/P, déng vai tro x
P/P

i déng vailtro
(PP TRy

Theo phuong trinh BET thi hai gid
b=1/x,C

tga=(C- Hix,.C

Xptgoe=1 - x,.b b
1 1 >
- xm = = I X
’ iga+b a+b 0 0,35
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Trong khodng ty 1& 4p sudt tir 0 + 0,35 ta xay dung dong thing tuong tng
v6i cdc diém thuc nghiém nhu sau:

D6 thi biéu thi phuong trinh BET ctia mau 1

(PIP)/ x (P - P,)

0.2 0,25 0,3 0,35 0.4 0.45
PIP,

Tir d6 thi hinh trén ta xdc dinh dugce tgo va b.
X, = l/(tga+b) = 1/(4,7998 + 0,2124) = 0,1995 (g/g)
Thay céc gid tri A,,, x,, mdi tim dugc vao phuong trinh:
S = :—;—.Am.N. 102 (m?/g)

B = 0’179;95 x30,434%6,023x10% x 107 = 468,87 (m*/g)

Dién tich bé& mat riéng clia chat hdp phu la 468 m%/g.
111. Xdc dinh phdn bo'16 xop

Nhan xét thdy cdc dudng & trén déu thudc vao dang duong s6 IV (hinh
IV.25) trong dang dudng chuidn TUPAC. Do d6 c6 thé cho ring dang mao quan
ctia cdc miu do hap phu nay la dang mao quan trung binh (mesopore). Do dé ta
c6 thé 4p dung cong thiic tinh todn sau (phuong trinh Kelvin):

2.8V,

r,-

In(P/P,) =

cosé,
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Vay

4

~2.gV, .cosl,

¥, o=
*In(P/PHRT

trong d6: V; - thé tich 1 mol chat hap phu (benzen);
R - hang s& bing 8.314.107 erg/K.mol:

T - nhiét do ti€n hanh hdp phu (K);
G - stc cang bé mat cua chéit hap phu (d6i vai benzen g = 29 dyn/cm);

@ - gbc thdm udt tai bé mat tiép xic pha. Khi chét bi hép phu 1a benzen thi
6=0;

V- lugng chit bi hip phu con lai & mang chét long (V= x/p).

Tir cong thic ry, véi cdc P/P, khdc nhau ta thi€t 1ap duge bang s6 ligu sau:

Mau /:

In(P/P,) V=xip AV r(A) Ar AVIAr

-0,1863 536,44 113,4

-0,2614 534,16 21,64 80,8 10,67 2,028

-0,3011 521,53 877 70,1 21,12 4,15

-0,4308 424,83 29,61 49,0 9 3,29

05276 | 395,22 42,14 40,0 7,73 545 |

0,6539 353,08 23,91 32,3 352 6,79
07339 | 329,16 288

AV =V, -V, Ar=r-ry

Ta vé dugc do thi mdi quan hé gitta AV/Ar va r déc trung cho su phan bo 16

x&p bén trong vat liéu ran (mau 7).

Phan bd 16 x6p bén trong vat liéu ran clia méu / nhu & hinh sau day:

<
=)

=
=
s

Phan bé 16 x6p mau I

fon SN 6 TR PV SO W R e B I &

—
\\
AN
\K
\\K
TT——»

20 40 60 80 100
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Nhdan xét:

1. bay 12 vat lieu mao quéan trung binh, vi trén dudng ding nhiét hdp phu
¢6 vong tré rd rang.

2. Dién tich bé mat rieng dat 468 m?/g, vi vay day la loai vat ligu c6 dién
tich bé mat riéng kha 1én ¢6 thé ding lam chit mang xic tac.

3. L& x6p trung binh tap trung § r = 30A.
1V.4.10. Po dé xop cna vat liéu mao quan

1V.4.10.1. Xdc dinh d6 xép bang phuong phdp nap thuy ngdn (mao
guan ké thuy ngin)

Phuong phép dua trén tinh chét khong thdm w6t cha thuy ngan doi vdi da so
bé mat chat ran. Su lién quan giita 4p sudt ngoai P va stic can clia mao quan trong
16 xp vat rin xdc dinh theo phuong trinh:

S.h.g.p=-ngcost, (IvV.122)
S — bé mat cit chia mao quan (cm’);
H ~ chiéu cao tut xudng cla thuy ngan trong mao quan (cmy),
g —t6c do tut cta Hg:

Shg=P (IV.123)
P — 4p sufit moi trudng;
g — sitc cing bé mat;

8, — goc tham uét.

P.p=-mgcost, (IV.124)
Hay; P gecosf,
T P
ﬁ =y (-"JM‘ bdn kinh thuff llIC)
7
L gcosf,
Py = T =- 7
2 8.
rfrrq = _g—c;)f__‘ (IV.125)

Trong trudng hop thuy ngan dugc nap trén vat liu la oxit véi g = 0,485 N,
298K va 0 = 140 thi r,,, = 0,75.10%/P.
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Khoang kich thudce ban kinh ¢4 thé do tir 75 um va 7,5 nm tng véi 4p sudt
thay déi tir 10 kPa dén 100 kPa.

Dé qué trinh do dugc chinh xdc ta phai gia cong méu do dé khi cdc tap chat
va nudc chita trong mao quén. Tir ket qua dé dang thiét 1ap vé quan hé vé phan bo
kich thuéc mao quan vdi dp sudt. Néu do theo mot chu trinh ting va gidm 4p suat
thi trén d6 thi sy phu thude V vao P (thé tich va 4p sudt nén) cling xuét hién vong
tré do bi bién doi géc 6, khdc nhau trong qué trinh nén va gidm 4p suat.

Sir dung phuong phip mao quan k€ thuy ngén cén chii y:

- Thuy ngin can duge [am sach vi néu bi ban, nhét 1a cic hop chét hitu co
c¢d anh hudng rdt 16n dén sic cang bé mat hay do thim uét cha thuy
ngan.

- Céc vat ligu mao quan can ¢6 d6 bén co hoc cao, néu khong trong qué
trinh nén s& bi bién dang ciu tric. ..

1V.4.10.2. Phuong phdp mao qudn ké nhiét dé

Nguyen tic cha phwong phdp: Dya vao nhiét d6 déng rin cha mét s6 cht
16ng tinh khiét chira trong cdc mao quan chat ran thap hon nhiét dé déng rén cla
nd trén bé mit thodng.

Phuong phdp tién hanh: Ta 1am ngudi tir tir véi t6c d6 gidm nhiét do nhat
dinh v6i mao quan ban kinh 13 r, quan sat thdy mot sy tré déng lanh chénh léch &
trong va ngodi mao quan la AT, AT ty I¢ nghich véi bdn kinh mao quan, ta c6
cong thie:
2V
v

—~AT/T = (IV.126)

AH — entanpi phan tir bi hilp phu; V- thé tich chat 16ng ; g —sifc cang bé mit.

Trdi lai khi néng chay hién tugng tré ciing xdy ra twong tu clia mot s chat
Iong tinh khiét dd dong ran trong mao quan. Tuy nhién AT déng rin khic véi AT
hod 1ong. Thi du: vé6i chdt long thudng gap nhw nudc va benzen thi AT déng rén
16n hon 2 14n AT hod 1ong.

Phuong phap mao quan k€ nhiét d6 dugc thuc hién bing mot vi lurong k&
khdo sdt cho ca qué trinh ha va nang nhiét do. 3 méi nhiét do, ngudi ta co thé

xem x€t hiéu (ng nhiét theo su bi€n doi trang thai cla lugng chdt ngung trong
mao quan.

Phan tich cdc dudng cong nhiét cho biét sy phan bs thé tich mao quan ¢6
kich thudc ¢& 1,5 + 150 nm, vi vay déi v6i cdc vi mao quan khong ving dung
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duge. Gitlta dudng cong déng rn va hoa 16ng luon luén tén tai mot vong tré, nho
do6 ta biét duge hinh ddng clia mao quan.

Phuong phép nay cho ta biét duge dudng kinh thuc clia mao quan khong
phai kich thudc riéng clia mao quan.

Thyc hién phuong phip nay cdn chi ¢ ;
- Chat long cdn phai ¢6 do tinh khiét cao.
- Sy thay déi thé tich trong qud trinh chuyén pha c6 thé gay nén bién dang
mao quan, vi vay can chon chdlt 16ng dé€ tmg dung, vi du nhu etanol.

IV.4.11. Vat liéu vi mao quan

Cdc zeolit, than hoat tinh, cdc vat lieu khodng sét... ¢6 16 x6p bao gém chi
yéu la cdc vi mao quan. Kich thudc cha chiing xap xi kich thuéc phan tir bi hap
phu. Trong qua trinh hap phu, sy ldp ddy khong gian cdc vi mao quan dugc thue
hién & dp suat twong doi thdp. Nén gia thuyét vé hdp phu da I6p khong con thich
hop cho vat liéu nay. Do d6 phuong trinh BET khong con gid tri ddy di dé x4c dinh
bé mat riéng cha vat lieu vi mao quan. Nhung trong thuc & ngudi ta van ding
phuong trinh BET d€ do dién tich bé mat riéng clia vat lieu. DAu sao céc s6 liéu thu
duge cling ¢6 y nghia dinh tinh d€ phéan loai nhanh nhimg vat liéu nghién ciu.

Vi du: néu vat liéu mao quan c6 dudng dang nhiét hip phu loai I, ta néi vat
liéu mao quan d6 1a vat liéu mao quan vi mao quan.

Sau day s€ gidi thicu mot s6 phuong phdp xéc dinh dac trung cha ciu tric
h¢ vit liéu vi mao quan.
Iv.4.11.1. Phuong phdp Bond va Spencer

Phuong phép nay la phuong phdp twong d6i dé xac dinh bé mat riéng, nhd
mét chit hdp phu chuén ¢6 ciing tinh chat véi chat nghién citu ¢6 bé mat da biet.

Chat bi hdp phu dugc diing la neon, tién hanh do (xdc dinh) dudng déng
nhiét hap phu & nhiét d6 phong va ndm trong viing Henry.

Phuong phédp ndy méi chi sir dung véi chat hip phu ¢6 nguén goc cacbon.
Chat hap phu tiéu chun duge ding 13 bd héng (mudi cacbon) vi du loai ELFS ¢6
gi4 tri bé mat riéng [a:

S, = 100 m*/g (theo phuong phap kinh hién vi dién ti);
S, = 112 m?/g (theo phurong phap hip phu nite & -195°C);
S,= 105 m*/g (theo nhiét tham u6t clia metanol).
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Dé tinh bé mat riéng chia than dd, than cdc, than hoat tinh, gia thiét:

S
if =4 ;'o (IV.127)
Khi & dp sudt 1 atm gid tri z{ va z! twong duong (bing nhau) nén:
Ao % (IV.128)
Zr Ly

S.,S. - bé& mat riéng chia chat hap phu nghién cttu va chét chudn;
2%, x° — gid tri hip phy tinh trén mot don vi bé mat méu nghién ciu va bo
héng tiéu chuin twong tng O 4p sudt 1 atm.

Vi sir hip phu tuan theo dinh luét Henry:

y.=K.P va z,=K,.P (1V.129)
Tir (IV.128) va (IV.129) ta co:
S[ = &Sr
K

Do chinh xdc cha phuong phip niy phu thudge rat nhiéu vao chat hip phu
chuan.

1V.4.6.2. Phuong phdap Halsey va Everett

Phuong phép ndy ciing dé cap t6i mién tuyén tinh cha duong dang nhiét hap
phu dang I ving Henry. Néu 4p suft khi di nhd, nhiét 46 du cao thi miic do lam
ddy s& rit nhd, c6 nghia 1 twong téc giita nhitng phan tif tao thanh hdp phy c6 thé
bd qua. Nong do ciia cdc phan tir céch bé mat mot khodng # tuan theo phén s6
Boltzmann:

¢ T’TTT TT’TWT,,
C = Cyexp (- U/RT) (IV.130)
U —th¢ nang.
Goi dr Ia luong 95 | , _p
chat bi hip phuy trén bé \ it -
mit dS va thé tich dS.dr LL
theo hinh (IV.39): LA
Dx = (C - CoidS.dr Hinh IV.39. Yéu t6 dién tich bé mat dS
(IV.131) r - khodng céch tur diém p dén tam
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Néu coi bé mit 1a ddng nhat thi lwgng hap phu trén dién tich § duge xéc
dinh nhu sau:

x=S8C, j'(e'”" M Dar (IV.132)

trong d6 :
r, - khoang cach nhé nhat clia phan tir hap phu ¢6 thé 16i gin beé mat.

Néu chép nhan ring trang thai Khi tuan theo quy luat cia khi ly wéng (vi
gia dinh 1a & 4p sudt thap va nhiét d¢ cao). Vi:

P
Co = —“'RT .
nén ta co:
SP ¥ —fr i RY
=— —Dd IV.133
x RT r”(8 )dr ( )

Hodac vi: x = % , 0 day 7 12 gid tri tich phén:

x= (e —\)dr (IV.134)
Nhu vay & ving Henry ta c6 hing s6:
RT
Gi4 tri bé mat riéng § chi tinh duge khi biét gid tri tich phan /, tic 1a phai
biét duge dang clia dudng cong thé nang U phu thude vao r.

K, (IV.135)

Gia tri 1 d6i voi vat thé rén c6 cling ban chét thi twong ty nhau. C6 nghia [a
khi da biét bé miat riéng chia chat hip phu mau ¢6 thé xdc dinh duge bé mit riéng
chia chét nghién citu c6 cung ban chat.

1V.4.6.3. Phuong phdp Zwietering va Krevelin
Phuong phap nay cfing tinh tofn bé mat riéng qua h¢ s6 Henry K.

Zwietering vi Krevelin dya trén thuyét De Boer vé thési gian song trung binh
7, ctia phan tir dugc hdp phu trén bé mat hap phu, hoac thoi gian cua mét dao
dong 7.

Phuong trinh gid tri hdp phu ¢6 dang:
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) M 1/2
x=5810"" roeﬁ'”"r[—f} PS (IV.136)
Gid tri S 13 bé mat riéng clia chét hdp phy, cm?/g. Hé s Henry ¢6 dang:
) Y 1:2
K, =58.10"7,e" ”[E} S (IV.137)

E, — nhiét vi phan hp phu, coi 14 bing nhau vdi tdt ca phdn bé mat (coi bé
mat 1a déng nhit).

Nhurge diém clia phuong phéap nay 1a do chinh xdc khong cao, do gid tri 7,
khé tinh chinh xéc.
IV 4.6.4. Phuong phdap Dubinin va Kaganber

Phuong phdp Dubinin (xdc dinh thé tich 16 x6p cha cdc vi mao quéan), dua
trén co sd thuyét thé ning clia Polani. Khoang céch hdp phu gan v4i bé mat vat
thé rin duoc dac trung bang bé mit ding the. C6 nghia 14 nhimg bé mat c6 the
héip phu & nhu nhau.

Theo Polani chat bj hdp phu trén bé mat & dang 1ong:
x
V=— (IV.138)
yo,
& day: x — luong chat hdp phu (tinh bing gam) & ap sudt P;
£ — 1y trong cua chat long;
V — thé tich dugc dién day chat hip phu:
V=fe) (IV.139)

Dubinin va cdc cong su di cho ring: Thé€ hip phu xudt hién la do lyc phan
cuc vi luc phan tan, khong phu thugc vao nhiét do, nhumg thay ddi theo ban chat
clia chat hdp phu va chat bi hap phu. Thyc t€ lyc phan cuc va phan tdn la ham cua
do phan cuc « clia cdc phan tlr chat bi hap phu. Do vay:

£_-2-p (1V.140)
€y &

trong d6: # — he s trang thdi cha Dubinin;
& va ¢, — dac trung cho hoi chudn;

gva a — dic trimg cho hoi nghién ciu.

2.5



Khoang khéng gian hap phu ciia 18 ¢6 thé biéu dién bdi ham Gaus clia the hap
phu:

W= W,exp(-k.6,%) (1V.141)
W, — thé tich téng cong chia 16 x6p nho.
k —hang s6 dic tnmg su phan b6 16 theo kich thudc tir (IV.139 va IV.140):

2
=>W=W, exp{—k(%) J (IV.142)
Thay & = RTIn(P/P,} vio (IV.142) ta cé:
x k pP’
— =W,exp| — —<¢2.303RT In = 1V.143
- Oexp[ }92{ np}} {(IV.143)
i k [, P?
Hoiic: lgx = lIg(W,p) ~2,303EZ-(RT) lg—}n;— (IV.144)
P 2
lgx = Ig(Wup)—D{lg}—;—} (1V.145)

Phuong trinh (IV.145) biéu dién sy phu thuge cla lgx vao [Ig(PJ/P)F ¢6
dang dudng thing vdi do d6c D va cét tung do tai Ig(W,0).

Tir gia 1ri 1g(W,,0) ¢6 thé tinh duoc thé tich cha céc 16 nhd (vi mao quan).

Dubinin nhén thay ring & 4p suét tit 10°° dén 0,2 thu duge két qua hoan toin
tuyén tinh. Tuy nhién ciing thiy ¢6 su sai léch khi tién dén mién ap sudt cao.

Thuyét Dubinin d& duge Kaganber sir dung dé tinh bé mit rleng Ong cho

rang & viing hap phu don I6p thi ¢6 thé bidu hién phan b6 Gaus ctia chat hap phu
& céc tam bé mat:

6=
trong dS: 6- phdn bé mit dugc 1am day don 16p;
k; — thong s6 dac trung cho phan b6 Gaus;
£ — the hip phu:

2
g6 = —2,303&,(}21“)2{ Ig—%‘} (IV.147)
P 2
1g-r = —D{Ig—"} (1V.148)
x?ﬂ P
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P 2
lgx=Igx, — D{lg—};} (IV.149)

Phuong trinh (IV.149) ciing tuong tu phuong trinh (IV.1435), ¢6 dang dudng
thing. Gid tri lgx,, (¢t truc tung) 1a logarit clia thé tich don 16p, khong phai 1a the
tich 15. Két qua cha phuong phdp niy cho phép ta tinh dugc gid tri clia bé mat
rieng. Ngudi ta coi ring c6 thé sir dung né & viing ap suat thap P/P,= 10,

Phuong phdp nay 4p dung rat thanh cong cho chat bi hdp phu Ja CO, & nhiét

d6 thudng. Han ché clia phuong phdp nay 1a chi ap dung cho vat liéu ¢6 dac trung
hoan toan mao quan nho.

B. KHUECH TAN

IV.5. CAC (%IAI DOAN KHUECH TAN TRONG PHAN (NG XUC TAC
DI TH

Giai doan khuéch tan anh hudng nhiéu dén t6¢ d¢ chung phan iing.

Phdn 1dn cdc xic tac trong céng nghiép 12 xdc tdc rin ¢6 nhicu 1& xop, vi
vay phén tmg né dién ra ca bé mit ngodi va trong 16 x6p va phan tng hod hoc bi
chi phéi khd nhiéu bdi khuéch tdn ngoai va khuéch tén trong.

Vi du trong thiét bi phan tng: xtc tdc la cic hat, dong khi bao quanh céc hat
nhu trén hinh IV.40.

Theo hinh 1V.40 céc phin tit phdn g dé t6i dugc bé mat xic tic phai
khuéch tin qua I6p mang bién bao quanh mdi hat xic tdc, qua 16 x6p vao trong
mao quén (do phdn 16n céc vi trf hoat dong nim trong 16 x6p clia mao quan).

M hinh cit mot mao quan don thé hién trén hinh IV.41. Theo mo hinh nay
mot phan tir A chuyén khsi pha khi qua 16p mang bién, & day bat dau phan tir A
c6 thé phan dng & bé mat ngoai clia xti¢ tic. Nlmmg phan 16n duge khuéch tan vao
bén trong mao quan va phan dng trén bé mit mao quan. N6ng d6 phan tr A giam
dén (hinh IV.41b) doc theo thanh 16 x6p. Trong méi téc do phin (ing cba timg vi
tri déu c6 su can tré clia hién tugng khuéch tdn (hinh [V .41c).

Qua hinh 1V .41 ta c6 thé thay: Qui trinh / va 7 ¢6 chung mot quy ludt: 12
qué trinh khuéch tén ngoai chét phan img va san phdm. Tic la qué trinh khuéch
tan khi trong dong khi t6i bé mit chat rin. Nong d6 cha chat A bién thién tir C,
dén C,. Néu hai budc nay c6 téc do cham so véi bude khdc, ta néi phan ting niam
trong mién khuéch tan ngoai.
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Bé mat xic tac

Ong chita 1c tc Hat xic tac

& QD
® (o
T e
Mao quan
VELY || ——— ) £ ()
/// \\\ Mang
/ > khuéch tdnngedi
= Mang khuéch tin
p frong mMao quan

E
A B

Hinh IV.40. Cac giai doan trong phan img xuc tac df thé tr
A —» B trong mao quan

Mot s6 ddu hieu biéu thi surhan ché do khuéch tan ngoai hat xidc téc :

1. T6c do phan Ung ty 1¢ nghich v6i kh6i lugng xtc téc, c6 nghia la long
xtic tac tang s& 1am cho t6c 4o phin (ng giam.

2. T6c d6 phan ing tang tuyén tinh véi do khuéch tin hodc cai thién diéu
kién van chuyén chét phan (ng trong pha khi hodc long (vi du nhur qué
trinh cracking véi xtic tdc nam yén duoc cai thién bing quéd trinh
cracking tang soi, hodc chuyén dong nhw qué trinh reforming xuc tac).

3. Nhiét do phan g it hoac khong anh hudng dén t6e do phan ving. Qua
trinh khuéch tan khong tuan theo dinh juat Arhenius ma toc do ty 1¢ vét
T'A.

4. Nang luong hoat hod biéu kién rat thip, cd thé bang 0
(E =0 + 5 kecal/mol).

Qua trinh 2 va 6 la cham, tic 1a qud trinh khuéch tan trong chi phdi toc do
phan tmg. Khuéch tan trong xay ra phic tap hon nhiéu so véi qué trinh khuéch
tin ngodi & mot s6 diém sau :
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. Mang bién BE mat cit ngang cha hat xfc tic c6
! )V mot mao quan
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Luc cin ) Cho phan umg tién hinh trude Luyc can cia qud
clia mang khi dén bé mit bién xic tdc trinh khuéch tdn
bién trong mao quan
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Luc cin cia phan ting bé mat

©)
Cho phin g ti¢n hanh & bé
mat ngoai cua hat xic tac

Hinh IV.41. M6 hinh mat cét mao quén vé khuéch tan va
phén img xuc tac trong va ngoai mao quén

a- Mo hinh khuech tan vat ly bén ngoai va bén trong mao guan;
b- Gradien nong do tu‘ mdi tru’dng pha phan (mg dé&n trong mao quan;
c- M6 hinh.cac IL_rc can tr3 cla timg giai doan (Levenspiel, 1972)
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1. N6 khong phu thugc vao dong chay (ch€ do khudy tron) cia dong khi.
2. Chiu tdc dung rat 16n vao dudng kinh mao quar.
3. Chiu anh hudng ca luc trén thanh mao quan.

Qué trinh 3, 4, 5 13 qué trinh hod hoc xdy ra trén bé mit xuc tac, phan g §
trong viing doéng hoc.

Ta xét phuong trinh t6c do phan Ung timg vung.
IV.5.1. Xét toc do giai doan I titc 1a mang chuyén khoi (mang bién)

Pay la giai doan khuéch tén ngoai, ta 4p dung phuong trinh bac 1 cua Fick,
viet dudi dang:

g =L [ii”_«fj _p¥*_k (c.-C) (IV.150)
s, Na ) "

J., - ¢6 thit nguyén mol/cm®.g.s.

S, dién tich bé mat phan cdch (hoac trong trudng hop la hat xic téc la
dién tich bé mét ngoai) ;

n,- s6 mol cha chdt A tham gia vao phan ing;

C.- ndng do chat A trong moi trudng phan \ng;

C,- ndng do chat A trén bé mat xic tic ;

D- hé s6 khuéch tan clia chat A trong dong khéi phan tng ;

k, - hiing s6 khugch tin (d khuéch tin hiéu qua trén d6 day cha mang) cm/s.

Hé s6 khuéch tan D 12 dai luong cén xdc dinh, ¢6 thé tim cong thiic trong 6
tay hé s6 khuéch tdn phan tlr:

—4 .35
:0,0043;10 .11; 2L ) (IV.151)
PP +v, Py (M, M,

T- nhiét 4o (K) phan (ing;

P- ap sudt lam vigc ;
V,, V- thé tich phan tir (cm’/mol) chia chit A va B ;
M., M- phan tir luong (g/mol) clia chat A va B.

Véi phan (ng xay ra trong pha long cg ch€ ciing hoan toan nhu vay. Khi d6
cong thiic clia he s6 khuéch tan phan ur v6i dung dich lodng 6 20°C ¢6 dang:
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1.10'6 l_+ l .

MA M.’i
D=
ABA 1, (V1 V)Y

(IV.152)

14, - hé 6 nhét cha chat 1ong (néu B la dung moi) & 20°C (10 N.s/m?)
hoic Ch.

A, B- cac hé sé& chi trang thédi cia A va B.
&3 nhiét do bat ky:
D, =Dy {1+ b(1-2a)] (IV.153)

- 02yu
Jp

o - khéi luong riéng ctia dung méi & 20°C (kg/m’).

(IV.154)

Tir dé ta ¢6 t6c dd chuyén khéi qua mang bién trén don vi khoi lugng xutc
tic:
VHLJ' = kru'am'(ca - C\) (IVISS)

V., - van téc khuéch tan ngoai.

dy, = S.ug/ W

w- dién tich riéng trén s6 lugng hat xic tic (cm?/g).
Trong phén tng hé khi trén xiic tdc ridn, mot phan ing dién hinh nam trong
mién khuéch tdn ngoai 1a phan mg oxy hod NHj:
4NH,; + 50, - 4NO + 6H,O
Tién hanh & nhiét do khoang 900°C trén xic tic Pt hodc Pt pha Rh, Pd ...

Nhimg cong thifc thyc nghiém tinh t6¢ do phan {ng cfing cho théy trong
mién ndy t6c do khong di theo nhimg phuong trinh dong hoc truyén théng cho
phan ting hod hoc.

Vi du phuong trinh P. Apelbaran:

G S.n

g =0951. " oas+028(v,a)°]  av.ise)
3

C,, C- néng do khi NH, trong khi nguyén liéu va khi san phim;
S- dién tich tigp xc trén don vi dién tich lwéi cm®/ em’;

n- 56 16p ludi;
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d- dudng kinh soi;
V- t6¢ do luu lugng dong khi lit/cm®h.
Hay phuong trinh V. L. Atrosenco:
V= dPNH_, ~k PNH, - PNH, max

0 : P (IV.157)
P, -4ap suat riéng phan cia NH;;
Py - ap sudt riéng phan clia NO;
_Véia, g,,~ hiéu sudt chuyén hod & diéu kién nhit dinh va hiéu suit
chuy€n hoa cyc dai, ta c6 dp sudt riéng phan la P, . .
Dang tich phén cna phuong trinh:
K :l[amax.ln——&‘L—aJ (IV.158)
T ama_‘ —-a
7 - thoi gian phan img; k- hang sé van toc.
Ay = 3,976 P02
Hoic ta ¢6 phuong trinh :
V = k.Cuus (aV.159)
i = 2,26}3).10{’ exp (_l%g)

I1V.5.2. Toc do phan ing bé mét ngoai cua hat
Ta gia thiét :
1. Phan vmg mot chiéu c6 nghia ring tdc do khuéch tén di 16n, t6c do
quyét dinh 1a t6c do phan (g trén bé mat ngoai.

2. Phin tng 13 phén tmg bac 1, tirc 1a t6c do lam gidm nong do chat A trén
bé mit ngoai. Viét dudi dang:

- (1/S,). ‘%' = ka, C, (IV.160a)
k - hing s6 toc d6 phan tng bac 1;
C,- néng do chat phan ing trén bé mit ngoai vat rin.
Tir do ta co:
V=k,a,C, (IV.160b)
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IV.5.3. Toc d¢ phan fing bé mat trong mao quan

Ta ciing gia thi€t nhu trén 1a phan dng mot chiéu va bac 1. Téc do lam gidm
noéng d6 chit A trong mao quan theo cong thic:

- (11S,,). -‘%’ = kC,n (IV.161)

S dién tich bé mat trong ctia mao quéan,m%/g;

7 - hé 56 hiéu dung xiic tac (catalytic efficiency), 1a ty s& t6c d6 phan tng
thue cla xuc téc so véi téc do ¢é e can clia khuéch tan.

Téc do phan tng chung ¢6 dang:
V = k(S,/S,)-2.Cy. 1 (IV.162)

Néu ta gia thi€t phan tmg mot chiéu cé nghia la téc do phan tng trén bé mat
xlic tac nhanh va c6 thé cho C¢ = 0. (Trudng hop phan ting hai chiéu c6 nghia t6c
d6 phan tng con phu thude vao téc d¢ khuéch tdn (hi C, = C)).

k- hang s6 khuéch tin hay hing s chuyén khéi, xdc dinh k rdt phitc tap.

Trong cong thitc IV.162 c¢6 hai dai lugng cin xdc dinh d6 13 hiing s6 & va he
s6 hiéu dung 7.

1V.5.3.1. Xdc dinh hé sé hiéu dung 7
a} Xdc dinh hé s6 hiéu dung trong pha khi- xiic tdc rdn

Su giam néng d¢ qua mang bién dén bé mat (C, - C.):

C |
L = ¢opsh 1-x)/L IV.163
Cy oSl (1) ]COSh - ( )
g day ¢, 1a modul Thiele cho 16 x6p duge xdc dinh:
k.
B, = L(—2L)"? (1V. 164)

D,

D, - hé s6 khuéch tan hiéu qua;
p,— mat do ciia hat xic tic ;
L — chiéu dai clia mao quan.

Nhu vy modul Thiele ty ¢ thuan véi chiéu dai clla mao quan (va c6 thé do
ca dudng kinh clia mao quan).
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Néu mao quan ¢6 ¢, 1ho thi su gidm néng do doc theo mao quan bé, nguoc

lai n€u @, 16n thi sy giam nong do s& idn (hinh IV .41b),

0.2 -

0,1 -

0.0

Déi véi phan ting bac 1 hé s6 hiéu dung 1 dugc tinh theo cong thitc:

V C, fan ¢mar liien
p==t =0 o g (IV.165)
n C 5 ¢mw»qnun

V), —t6¢ do khuéch tén & viing khuéch t4n trong (mol/m*.s.g)

Vi,~ t6c do phan ing thuc xay ra rén bé mit xdc téc khong chju anh
huong cla khuéch tdn (mol/m*s.g);

C, —nong do chét phén ting trong moi truong phan ing.
C, —ndng dé chat phan tng trén bé mat xuc tac.

N =
\J= ii¢

\ Bi dnh hudng maph coa
N lyte can khuéch t4n mao
quan

-
V= (kD /L) y Cs

Khéng ¢6 su cén trd caa
qud trinh khuéch tan
mao quan

hat hinh det

== kCy hat hinh try
ding cho tat ca kich

. . t thudc Hat
thudc cia hat

hat hinh cdu

. e -] . . . . . b . _5_
¥ T u T T T T ¥
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Phuong trinh nay cho phép tinh hé s& hiéu dung theo modul Thiele néu biét
gid tri cha L, D, va k. Dudng biéu dién quan hé gilta 77 va ¢, chi ra & hinh IV .42
cho ta thdy ring ¢, & gin 0,4 thi nn = 1/, va do d6 n giam rthanh trong vung
v6i sy tiang @, Mt khic o gid tri ¢, 16n thi 77ty 1¢ nghich v6i @, L va dudng
kinh hat.

b) Khuéch tdn trong hat xiic tdc hé ldng— xiic tdc ran

Sur khuéch tan clia khi bén trong hé xtc tdc von di duge dé cap ¢ muc a),
cdc cong trinh nghién ciru sir Khuéch tan trong hé xidc tac ran ctia cau tir chat long
cdn rat it.

Qua4 trinh khuéch tdn nay ciing nam trong cdc quy luat chung clia sy khuéch
tén trong hat x6p. Mic do tron 14n cha cdce chat xic tdc va chat long khong anh
hudng nhiéu dén su chuyén dong coa chdt long bén trong cdc 16 xdp. Bdi vi chat
16ng chuyén dong cling vé6i cic hat trong todn bd thé tich cha dung dich. Do vay
t6c d6 khuéch tin trong khong chiu anh hudng ctia do khudy tron. Diéu nay cé
thé x4c dinh theo hé s din nhiét thap.

Trong xiic tic, kich thude céc 16 xGp thudng khong dong nhét. Vi du phan
tich cdc dudng dang nhiét hap phu va nha hap phu & nhiét do thdp da chi ra rang,
trong trudng hop than hoat tinh dudng kinh 16 x8p thay d6i tir kich thude phan tir
10 A dén 600 A, t6¢ do khuéch tan gidm khi dudng kinh 16 x8p giam.

Ngoai ra con ¢6 thé c6 gradien néng do doc theo toan bd chieu sau cha mao
quan. Téc do chl yéu duge xdc dinh bdi nong do cta chat hoa tan, nhung &
nhitng chat vi x6p 1a rat phic tap, dic biét nhitng chat long Ja chét hitu co c6 thé
bi cham lai vi c6 su tic dong gilta chat hifu co véi céc tam hoat dong trén bé mat
xtic tac. Pic biét trong trudng hop chat 1ong 12 nhitng phéan tlr 16n. Vi viy nhiing
kim loai & trong mao quan bé coi nhwr khong hoat dong. Vi vay dé ting cudng
mifc do tham gia phan Ung cha tam hoat dong phu thudc vao ca hai yéu t6: kich
thude hat xtic tic va dudng kinh mao quan tdi han cha chat xdc tac.

Sau day ta xét mot phan dng cu thé 12 oxy hod phenol bang H;0, trén xiic
tac TS-1 (thudc ho MFI).

Cong thitc x4c dinh t6c d6 cha phan \ing cling ding phuong trinh (IV.165).
Dai luong 77 duge x€t nhu sau:

Hé s6 hiéu dung xiic téc 77 phu thudc ci vé dudng kinh hat tinh thé xdc tic
va duge xdc dinh theo 1y thuyét Weizs. Ong d3 mé phong mot biéu thife todn hoc
dé tinh 7 cho phéan tng oxy ho4 phenol bing H,0, trong pha long, xiic tac rin
TS-1 va nhan thdy rdng:

1) Khi dudng kinh hat tinh thé d, < 0,15 pm thi h¢ s6 hiéu dung xdc tic
bing 1 va c6 thé coi qud trinh khong chiu dnh hudng cia khuéch tan trong.
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2) Khi d > 0,15 thi 77 < I v&i diéu kién han ch€ khuéch tin ngodi. Do anh
huéng cha khuéch tan, trong hé théng mao quan cua pha ran di lam cham tdc do
phan img. Ngudi ta ddnh gid d4nh hudng nay bang cdch dp dung 1y thuyét Weizs.
Cho hé phan ting véi chat xiic tdc TS-1 ¢ hé théng mao quan MFI, cdu tlir khuéch
tén 12 phenol dé tinh todn téc do phan tmg V. va cic tham s& dong luc thuc nhu
nang lugng hoat ho4, bac clia phan ting theo phenol, hydropeoxit. ..

Tuy nhién viéc tinh todn hé s& hiéu dung xic tic va modul Weizs doi vdi
phén tng di thé 1a kho.

Phuong trinh dong hoc biéu kién V,, & viing khuéch tin trong cla phan tmg
oxi héa phenol bing H,O, trong pha 1ong trén xic tdc ran c6 thé duge xay dung
nhu sau:

d(Ch}'Jd- v )

v, = (mol/1) (1V.166)

Cloasear — NONE 40 san pham hydroquinol va catechol;
1 —thdi gian phan ting (giay).

Thay ring déi v&i hé xuc tdc rin — 1ong va ran — khi, néu giai doan han ché
cla qué trinh 13 giai doan khuéch tdn trong thi téc do phan tng ty ké nghich véi
dudng kinh hat xic tdc (pha rin), khong phu thudc vao luu lugng dong khi, hodc
tc do khudy tron. Anh hudng clia nhigt do T (trong thanh phédn cla biéu thic
dong hoc: k& = ¢y y&u hon so véi trudng hop phéan tng ndm trong ving dong
hoc (¢6 nghia 14 nhiét do it anh hudng dén k). Trong khi d6 toc do cha phan ing
déng hoc (& mién dong hoc) thi khong phu thude vao kich thude hat xic tdic ma
nhiét do anh hudng rat manh theo ham s6 mil - duge thé hién & bang (IV.9).

Bang IV.9 trinh bay téng két quy luat anh hudng cdc y&u t§ t6c do dong
(khudy tron), dudng kinh hat xiic tdc va nhiét d¢ & cdc viing khidc nhau cla phan
{tng xiic tdc di thé 1én 16c do phan dng.

Bdng IV.9

T6c do phan ting thay ddi

vung gaihan I i iong dé Kich thuéc hat
phan ing -uulong dong - Rioh e ha Nhiét do
{toc dd khudy tron} xuc tac
) ith 4ng hod
Khuéch tan ngoai | V™2 d,' odc khong hode
tuyén tinh yéu
Khué&ch tan trong | Khong phuy thubc ad,” Ham ma yéu
Phan Emg ?anl Khéng phu thudc | Khéng phu thudc |Ham mi manh
hoc trén bé mat :
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¢} Khuéch tan trong hé khi - Idng — xiic tdc ran
Hé xic tic ba pha la phan ing thudc loai phic tap nhat.

Vi du nhu phan ving hydro hod benzen trén xic tic Ni, hoac phan mg diéu
ché butyldiol-1,4 tir C,H, va dung dich formalin trén xtic tdc CuO/Si0,.

D& phan ing tién hanh cdn ¢6 sy khuéch tan pha khi (H,) vao chat 1ong
(benzen) va sau d6é hén hop khi — 1éng phai khuéch tdn dong déu lén bé mat
xuc tac.

1) Khuéch tén H, vao dung dich benzen. Ta c¢6 thé diing dp sudt cao, H, s&
ddy manh su khuéch tdn vao benzen. Theo dinh luat Henry néng d¢ khi hoa tan ty
1¢ véi 4p sudt, tuy nhién 4p suat cao s& kéo theo nhiéu yéu 16 phic tap nhu thiét bi
chiu &p cao, dac biét phan vng tong hap butyldiol-1,4 xic tic CuO s€& thanh xiic
tic acetylua dong rat dé né dudi dp sudt trén 5 atm.

2) Khuéch tan hén hop Hy/benzen 1én bé mat xic tdc Ni. Ta c6 the ding
khu#y tron dé ting toc do khuéch tan. Gradient ndng d6 hén hop Hy/benzen duge
thé hién trén hinh IV.43.

Bé& mat xdc tdac niken

LS
\

Ldp khuéch tdn

mang bién C. Dung dich H./Benzen

11 111 '

S LSS LSS

o

Hinh IV.43. Gradien n6ng d6 cta hbn hop H/Benzen trong dung dich C, di qua
18p mang bién C, sé bj thay d6i do Iy ¢an clia hién tugng khuéch tan

I :C,=C, — Téc do phan tng bé mat khong bi anh hudng qud trinh
khuéch tén ; II : C, < C, — T6c dd phan ing bi anh hudng it boi qua trinh
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khuéch tén ; I1I : Cg<< C,- ¢6 th& Cs= 0. T6c dé anh hudng hoan toan qud trinh
khuéch tdn.

1V.5.3.2. Xdc dinh hing sé khuéch tin (k)
Ciing nhu mién khuéch tan ngoai, & mién khuéch tan trong hing s¢ khuéch
tdn & ciing phu thudc vio D (hé s khuéch tin) nhu trong phirong trinh Fick.

Khuéch tan trong khéng phu thugc vao chuyén dong clia dong khi nhung
phu thuéc nhiéu vao dang mao quan.

Tuy vay d€ tién khao sat qud trinh khuéch tén phan tir trong mao quan ngudi
ta cho mao quéan 12 hinh try, hinh khe ¢6 céc kich thude khac nhau (hinh IV .44).

\

1 } 1 1 ]
T T T T T

10 107 10° 10° 10° A

Hinh IV.44. Cac dang mao quén khac nhau thuing gép trong xuc tac dj thé

N6i chung khuéch tén trong 1a khuéch tan trong mdi trudng tinh, nhung c6
su khdc nhau rd rét: sy thay ddi trang thai chuyén van pha liuu dong bén ngoai
mao quén (fluid phase) khong anh huong gi dén toc do khuéch tan trong mao
quan.

- Xét trudng hop D: loai mao quan ¢ 10° * nm dudng kinh mao quan 1én
hon budc di dong clia phan tir, qué trinh khu€ch tén it chiu anh hudng
ciia luc bé mat. Khi d6 quy luat khuéch tén trong moi trudng finh, hodc
tinh hé s6 khuéch tan nhu khuéch tén trong khi.

- Trudng hop A: nguge lai didng kinh mao quan ¢ A tife la ¢& phan tr 13
loai vi mao quan, it gap trong hap phu xtc tdc.
- Trudng hop B: dudng kinh mao quan nho hon bude di dong cla phan ur

ta goi 1a khuéch tén Knudsen. Tinh hé s6 khuéch tin phan tlr qua hé s6
phén tit Knudsen theo cong thitc thuc nghigm:
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D, = 9700.@\/% , (cm’/s)

trong dé: r,=—-

r.- thong s6 hinh hoc dac trung cho thé rin;

Vi S, — thé tich tu do va dién tich ty do trén don vi khéi lugng chét hédp
phu (cm’/g) (cm?/g).
IV.5.4. Phan (mg trong mién qua do

Tée do phéan ving va sy can trd ciia khuéch tén.

Cho rang phan ving bé mat ngoai va trong xay ra cing song song, ching ta
it ra duge phuong trinh chung cta t6c dd phan ing trong va ngoai hat xvc tic
bang cach két hgp ca hai phuong trinh (IV.160) va (IV.161):

S.'rg Sn’g
V.=k—a,C;n+ka,Cs;=ka,C;|l+—7 (IV.167)

ty ng

Khi & trang thdi can béng thi t6c d¢ chuyén khéi cha chat A phai bing véi
16¢ do chung cla phan iing. Két hgp cé hai phuong trinh (IV.155) va (IV.167)
ta co:

S
k,a,{C.-C)=ka, .Cx(l + EE”J (1V.168)

ng
Tir phuong trinh trén cho néng dd bé mat chua biét C..
c . kL

£ S
k, + k{l + -7 .ry]
S,

Thay gié tri C, tir phuong trinh (IV.169) vao phuong trinh (IV.167) dé loai

Sfrg
ka, |1+ nlk C,
v _ Sng

o Sfrr
k,+kl1+—"%n
Sng

(I1v.169)

C,:

(Iv.170)
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Chia cho k.k,[1 + (5,,/S,p)-7] cho ta phuong trinh t6c d¢ chung khi di biét
C,, hing s6 t6¢c do, dién tich bé mat c6 thé xdc dinh bing thuc nghiém. Ta ¢
phuong trinh téc do :

a C

1}:‘ = nt EY .
. I ] (Iv.a7n)

k”l S,‘r:
k1+—=n
S”R

- - 1 - ’ Py - . » =+ kd
trong do l/k, va ———— I t6c d6 chuyén khéi qua mang va su can trg
i{l + }

"y
phan img do qua trinh khuéch tan.

Gid tri k va k,, ¢6 thé do dugc bang thuc nghiém.

Ta c6 hai gia thuyét:

Gid thuyét I: Phin ting xdy ra & nhiét do thip, hing s6 t6c do k twong doi
nho so vdi hé s6 chuyén khal &, ¢6 nghia 12 ty s6 1/k,, & mau s cia phuong trinh
(IV.169) twong d6i 1én. Dudi diéu kién nay modul Thiele nhod (do & nhd so véi
D, va gid tri n bing nhau va turong dwong 1. Trong trudng hop niy qué trinh
khuéch tdn nhanh so v&i qué trinh phan ving trén bé mat. Nong do chat phéan ng
qua mang bién v trong 16 xdp la dong déu, trudng hop nay t6c do phan tng phu
thude vao tdc do phan ting bé mit (hinh IV.45a).

Gid thuyét 2: Nhiét do phan ting kha cao, & tr& nén 16n hon so véi &,. Do
hoat tinh xiic tdc dat duge cuc dai, vi vay t6¢ do phan ing trén bé mat xtc tac dat
cao hon toc do khuéch tan. Theo do6 luc can trd phan tng do khuéch tin (phuong
trinh [V.169) trd nén nhd so vai 1/k,,, va phuong trinh (IV.169) trd thanh t6c do
chuyén khéi qua mang 1a t6c do quyét dinh van téc todn qud trinh. Trong trudng
hop ndy phan (ng bé mit nhanh, modul Thiele 1én, ndng do cuia chat phan tng
trén bé mat xuic tic giam (hinh [V.45b).

- — Hat xiic tdc
Mang Har xuie tdc
C, - - C Toc do khuech tin
Tée do trén be mat trong hat xdc tic
quyet dinh 16¢ do quyét dinh tac do
C phan img \ ghan Uiy
— Cy L
Chiéu dai x L .
a) Chiéu dai x
b)

Hinh 1V.45. Sut thay d6i ndng do cia chét phdn img (C,) qua mang bién va
trong hat xtic tac: a} téc do phan img quyét dinh téc d6 chung;
b) toc d6 khuéch tan quyét dinh téc do chung
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