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LOI NOI DAU

Tailitu “Céng nghé cde hop chdt vé co cia nito”, néi dung chu yéu
trinh bay: Cong nghé tong hdp amoniac — mot hop chdt co bdn ciat nito,
nguyén liéu quan trong nhat cho sdn xudt phéan bon hod hoc vdi nguyén té’
dinh dudng la nito va phdn sau dé trinh bay céng nghé ché tao cde logi
phén nito.

MG¢ rong ra, chiing téi trinh bay thém cde cong nghé thuong gdin lién véi
amoniac, phdn nitd nhu axit nitric, metanol,

Ve tén goi tai libu, da cé mét thoi ky dai ditng cum tir “Cé'dinh azot” va
theo thoi quen thuong dung tir “Dam”, “Cé'dinh Dam”, “Phén Pam”.

Theo thudt ngit Hod hoc tam thoi ctia Ban Bién tap Hod hoc (thuéc
Trung tdm Bién sogn “T' dién Bdch khoa Ha Noi”) ching toi ding tir nito
va tén tar liéu nhu trén, song chiéu c6 dén théi quen, c6 ghi chi thém tic
“B'am”.

Tai liéu bién sogn trén co s¢ gido trink chuyén nganh “Cong nghé hod
hoc cde hop chdt vé cd” ciia Truimg Pai hoc Bdch khoa Ha Néi.

D61 tugng st dung la cde sinh vién naém cuéi thuge chuyén nganh tai
cde trudng Pai hoc va Cao da“o’ng. C6 thé ditng lam tai liéu tham khdo cho
cdc edn b9 k¥ thudt, khoa hoc, qudn Iy trong linh vue lién quan.

Rdt mong nhdn duge nhitng y kién déng gop dé cé thé siza chita vao cdc
dip tdi ban sau.

Cac tac gia



MG PAU

Hop chét vo co cha nito rdt da dang, quan trong nh4t 12 axit nitric - mot loai axit trong
danh muc cdc loat hoa chét co ban va phan bén héa hec gdc nitg, ta quen goi 1 “phan dam™.

Axit nitric (HNO,) 1a mot san phdm trung gian trong qué trinh ché tao mot s& loai
phén dam, dong thdi ciing 12 mot héa chét co ban, dung 1am nguyén liéu trong qué trinh san
xufit mot loat hda phdm khdc.

Phan dam cung ¢&p nito cho cay tréng; nito 12 mot trong ba nguyén t6 dinh dudng chi
y€u cho cay uéng N, P, K, bén canh 3 nguyeén 8 quan trong khic cay tréng 1ay tir thién
nhién C, H, O. _

Sdu nguyén t& nay thudc loai cay tréng cin v6i mot lugng Ién nguyén 16 dinh dudng
chil yéu, da luong.

Bén canh con nhitmg nguyén t6 dinh dudng loai thi cdp - diing véi lugng it hon: Ca,
Mg, S va nhiig nguyén t6 vi luong cin cho cdy tréng nhu: B, Cl, Cu, Fe, Mn, Mo, Zn... tuy
nhu céu cha cay tréng va ching loat dit tréng, b6 sung duéi dang phan bén héa hoc.

Téng hgp NH; 1a co s& clia cong nghiép dam. NH; vira I3 san phidm trung gian trong
qud trinh ch€ tao céc hop chdt vo co ciia dam vira 13 san phdm cudi cling.

Cong ngheé téng hop NH; duge dua vao sir dung trong quy mo cong nghiép méi duoc
chimg mot the ky. Song do nhu cdu 16n nén vé co ciu nguyén liéu, v& day chuyén va thiét bj,
vé quy trinh quy pham, vé hé théng diéu khién diéu chinh qu4 trinh san xuat v.v... déu da cé
nhimg thay déi to 1én.

Vé nguyen li¢u: qud trinh tong hop NH; dung nguyén li¢u chinh 13 khi nito va hydro.

- Ngudn géc nito duy nhat va vo tan 1a khong khi.

Nguén hydro chti yéu dua vao hoi nudge H,O, va cdc loai hgp chat cha cacbua hydro;
pha lién két cua HyO, cia C,H,, tich ra hydro. Gi4 thanh H, chiém 70% gi4 thanh cla NH,.

Trude day khoang nira thé ky, nguyén liéu chll y&u 1a than céc loai vi than cok. Ding
than & nhiét d6 cao, phd lien két clia H trong hoi nudc.

Khodng gin cudi thé ky trudc, theo v6i su phit tri€n clia cong nghiép khai thic, ché
bién khi thién nhién va ddu mo ngudi ta chuyén sang sit dung cdc loai nguyén liéu ndy - pha
lién k€t hydro trong cacbua hydro dé hon so vdi trong H,O; ddu t thap, tiéu hao nang luong
thap, nhét 13 loai cacbua hydro phi diém thap.

Nhitng s6 liéu sau day minh chitng cho xu thé d6 (tuy chi ¢6 gia tri tham khao).



Ngudn nhién liéu {nguyén lidu)

Khi thién nhién | Naphta | Ddu ndng | Than
Pau tu ¢o ban {1y khi thién nhién Jam chuan dé so sanh) 1,00 1,15 1,60 2

Tdng nguyén lidu tiéu hao {Gealftdn NH,) * hé 1500 tan/ngay 7.0 7.6 8,5 98

Gan day do gid khf thién nhién, ddu ting cao; trit lugng ddu md lai han hep trong khi
lugng khai thédc va sir dung lai qud 16n, ngdy cang tang; trit luogng than lai 16n cho nén nhiéu
nude lai quan tim quay trd lai véi than, véi dau nang.

36 liéu théng ké v& co cdu nhién ligu trong sin xudt NH; cla th€ gidi trong 30 nam
qua cé thiy diéu do (d day dungtir nhién liéu - déng nghia v6i nguyén liéu chinh)

Loai nhien lieu Co ¢au nhign liéu, %
Nam 1971 1975 1980 1985 1990 2000
Khi thién nhién 60 62 71,5 71 69,5 68
Naphta 20 19 15,0 13 8,6 6,5
Dau FO 4.5 5 7 8,5 10 12
Than 9 9 55 6,5 75 10,5
Nhién ligu khac 8,5 5 1 1 4.5 3

Tuy vay 50% co s& di tir than 13 cda Trung Qudc, phdn nita 13 & An 9. Song ciing con
tuy tinh trang nguyén liéu cla cdc nude dé xdc dinh hudng di cho cong nghiép dam.

Duéi day dé cap dén céc phuong hudng sin xuit nguyén liéu cho tdng hop NH.: khi
N, va khi H,.

1. Céng nghé ché tao khi N,

Cong nghé lam lanh sau, phan ly khong khi 1ay N,. San pham song hanh véi nito 1 oxy,
ngoai ra cdn ¢6 thé 14y ecdc khi tra: Ar, Kr, Xe, Ne; hoic 18y ¢ heli.

2, Cac cdng nghé ché& tao hon hop khi nite va hydro

Ngoai phuong dn ch€ tao riéng 1€ nito va hydro, sau d6 hén hgp thanh hé H, va N, véi
ty 1¢ xdc dinh, phuong dn thudng dung 13 cong nghé khi héa than, diing hén hop hoi nuée
v6i khong khi hodc khong khi giau oxy phan ng vdi than & nhiét dé cao.

3. Cac cong nghé ché tao hydro

1- Cong nghé dién phan nudc - danh riéng cho nhimg nuée dién nang gid ré.

2- Nhimg c6ng nghé di tir than (than nau, than d4, than cok) goi 1a cong nghé khi hoa
than; ding hoi nudc, hodc hén hop hoi nuée véi oxy phan ting v6i than & nhiét d6 cao.




3- Nhitng cong nghé di tir ngudn khi thién nhién, hodc nhimg khi thai giau metan.
Hoic ding hoi nudce; hedc dung oxy, oxy héa khong hoan toan trong sur ¢é mat cha xic téc
(hodc khong xiic tdc - dudi tic dung clia nhiét) chuyén metan thanh H, va CO va sau dé tir
CO san xuAt tiép hydro.

4- Nhimng cong nghé ding bién phip lam lanh sau tich hydro khoi hén hop khi giau
hydro nhu: khi néc 16 cok; khi that treng qua trinh chung ddu mé, qué trinh san xuat etylen,
qud trinh dién phan dung dich mudi ché tao NaOH.

5- Nhimng cong ngh¢ di tlt cdc sdn xudt cde san phdm ddu mé; céc loai cé phi diém
thdp nhu khi héa 16ng (LLPG) véi thanh phan chinh 13 butan, propan; phi di€ém cao hon nhur
naphta (trong mién 40 + 130°C, v6i phan tir lugng binh quan 88 va ty lé nguyéntr H: C =
2,23 - twong duong 84,4% va 15,7% hydro); cao hon nita nhu diu nang ¢é phi diém cao hon
naphta phu ddu nhién liéu FO, ddu diezel, ddu can...

Tuy tinh hinh dac diém cta nhién liéu, hodc dung phuong an khi héa nhién liéu 16ng
réi focming xiic tdc trén H,O, hoac oxy héa Khong hoan toin hodc ¢é mit hoac khong cé
mat Xiic tic nhu d6i véi cong nghe di tir khi.

Nhiing cong nghe di tir than, cing nhém vdi céc cong nghé ché bién khéc tir than: cok
héa than; tdng hop nhién liéu va cdc hop chit hitu ¢o co ban dang khi hoic long tir than bing
phuong phap gidn ti€p hoac tric ti€p hydro héa than, duge x&p chung vao mot nhém nganh
16n “héa hoc than™.

Nhing cong nghé tuong tir d6i vdi ddu mo, khi thién nhién, x&p vio nhém nganh “héa
hoc ddu mo va khi thién nhién”.

Tai li¢u nay dé cap dén nhimg cong nghé duge ding rong ri nhit trong céng nghiép
“dam”.

C6 thé thdy: Dé ché tao phan “dam”, nguén *“dam” vin 1a nito trong khong khi - mat
nguyén t6 “tro”, & dang “ty do”, Bang cong nghé thich hgp chuyén nito & dang v do sang
dang hgp chit, dang nito ¢d dinh trong mot lien k&t héa hoc. Bai vay thudng got day la cong
nghé ¢d dinh nitg, nhat 1a trong cdc tai liéu cfi.

Tai li¢u dugc bien soan nhu mot gido trich mon hoc kj thuat cong nghi¢p danh cho
¢dc hoc vién bac dai hoc thugc nganh “k¥ thuat héa hoc™, va cling c6 thé ding 1am tai lidgu
tham khao cho cdc cdn bé k¥ thuat trong nganh. Ciing do vay noi dung trinh bay dat nang @
phén nhiing nguyén 1y héa 1y co ban cila cong nghe; nhe hon & phin nhitng van dé cu thé
cita san xudt nhu cdu triic day chuyén, thiét bi, nhimg khéng ché k¥ thuat cu thé.



Chirong 1
CONG NGHE KHi HOA THAN

I. MOT SO VAN bE CHUNG

1. Phan loai céng ngheé

Khi héa than 13 qué trinh ding oxy (hoic khong khi, hoac khong khi giau oxy, hoac
oxy thudn, hoi nuge ho#c hydro, néi chung goi 12 chét khi héa, phan tng v6i than & nhiét do
cao chuyén nhién lieu tir dang rin sang dang nhién liéu khi; nhién lieu nay dugc goi chung
la khi than vé&i thanh phén chdy duge chir yéu 1a CO, H,, CH,... ding 1am nhieén li¢u khi dan
dung, trong cong nghiép. Trong tai lieu nay, chlt yéu dé cap dén linh vue st dung 1am
nguyén liéu cho téng hop NHs, téng hop CH,OH...

C6 thé t6m tit so d6 clia cdc qud trinh khi héa than dugc sir dung phd bign hién nay
nhir sau:

a. Khi hod than uét lien tuc tr cung cdp nhiét, san phdm chinh 13 H,, CO

than

OXy _l‘

T ™7 800+ 1800°C

: 1+40at khf’than Co, Hz
hai H,0 l CH,, CO,...

>

X

b. Khi hod than w6t cung cdp nhién ligu tif ngoai

than
——— ————— khithan
hai H,O thanh phan chinh: H,,
l T CO, CH, i4n CO,...
xi nhigt



c. Khi héa than 4m ty cung nhiét (n€u bé sung oxy), cung nhiét tir ngodi (néu khong
bo sung oxy)

than
hodc bé sung oxy l
= )
khong khi 800 = 1000°C -
— 1:20at khi than
hai H,0 CO, Hy, N,,
l CH,, CO,...
i

d. Hydro héa than tao nhién liéu CH,

than
L B00+1000°C | hiwhan
hydrc 20+ 40 at CH“ + Hp
X nhigt

e. Day chuyén ché tao khi thay th& khi thién nhién k&t hgp khi héa than bing hoi nudce
bé sung oxy v6i hydro héa. Hoac ciing c6 thé tdch khau hydro héa than khéi day chuyén bang
cdch khi héa trén chat khi héa 1a hoi nudc véi oxy, sau d6 chuyén héa trén xic tde tao CH,

than
'l' X7 by khi
et . o
the pham___| | 800+1000°C | H, co,
khi thign nhién 10+ 100 at 'y
H, " ¥ "
oXy —— 80D = 1800°C H,. CO, CO,...
hai nuéc —— 1+40at

!

Xi
Trong pham vi ch€ tao khi than cho téng hop héa hoc - chil yéu diing diy chuyén (a)
hogc (b}, ché tao khi CO, H; sau d6 chuyén thanh H, trong phén img chuyén héa. Ta duogc
khi than gébm H, (khi than wét); hodc day chuyén (c), ch€ tao khi than 4m v&i hén hop khi
H, va N,. (khi than 4m) - cung cdp nguyén liéu cho téng hop NH;; hoic dung dé ché tao
hén hop khi v6i ty 18 CO/H,O x4c dinh. Phuc vu cho t8ng hgp metanol.



Tuy chét khi héa, qué trinh khi héa, ta ¢6 thé thu dugce nhilng hén hgp khi, thanh phin
chu yéu 1a CO, CO,, H,, N, v6i nhiét tri khdc nhau. Vi du khi nhién 1iéu ¢6 nhiét tri khoang:
9.6 + 6,7 MJ/m™: cho tdng hop: 5 + 6 MJ/m*; 1am nhién liéu cho luyén kim: 8.4 + 12,6
MJ/m?®, khi metan 1éng hop: 25 + 38 MJ/m"... (con goi 12 khi thién nhién téng hap).

Ditng vé thanh phan khi san pham, thudmg c6 cic loai sau:

- Khi nguyén liéu cho tdng hgp NH, Hy:Ny=3:1
vd@i thanh phan: CO + CO, < {0 ppm
CH, < 0,5% thé tich
- Khi nguyén liéu cho tdng hgp metanol: H, : CO=2
(Hy - CO,) : (CO+ COy) = 2
- Khi nguyén liéu cho téng hgp hda hoc: H,:CO=1
- Khi nguyén liéu hydro cho hydro héa: H, =95 +98%

CO + CO, < 200 ppm
Ny, +CHy =2+ 5%
- Nhién liéu dang khi cho luyén kim: H, +CO=95+98% H, : CO=35
CO, + H,0 < 3%
(H,0 + CO,»100/ (H, + CO+ CO; + H,0)=5+ 10

- Khi nguyeén liéu cho tdng hop metan: (Hy + CO,) /(CO + COy) =3

- Khi nguyeén liéu cho tdng hgp cacbua hydro: H, /CO=0,5+2

Tuy thanh phan chat khi héa, 6 cdc loai: chét khi hda 1a H,O hoac H,O c6 bd sung
oxy, ¢6 khi than uét; chit khi héa 12 H,O va khong khi (hodc khong khi ¢6 bé sung nito), ta
c6 khi than 4m; ho#c chi ¢6 khong khi, ta duge khi than kho; hoac chi ¢é hydro ta duge khi
thay th& khi thién nhién - loai khi thién nhién téng hop.

D1 véi mot day chuyén khi héa ngudi ta quan tam dén hiéu sudt khi héa, cho dir dimg
lam nhién liéu hay khi tng hop.

Hiéu suit khi héa dwge dac trung bang lugng nhiét thu duge khi dot chdy hoan toan
thé khi thu dugc, so véi lugng nhiét toa ra khi dét toan bo nhién li¢u rin ding dé san xudt ra
lugng khi do.

Vi du ding 1 don vi khéi lugng than ¢6 nhiét tri 12 Q. thu dirge mot thé tich khi than
v.Q,

M

la V, nhigt trj ctia khi la Q, (cdn goi 1a nhi¢t the cua khi), hiéu sudt khi héa n, =

{(V thudng tinh theo khi kho).

Ciing ¢on mot cach tinh khac: hiéu sudt nhiét, bing téng nhiét trong khi mang ra so
v4i tdng nhiét mang vao. Vi du:
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~ V.Q, +Qs +(Qg + Q7 + QK
Q.+Q,+Q, +Q3+Qy

Q, . Q2 , Q3, Q4 - phin nhiét 1¥ do than, hoi nudc, khong khi mang vio 1& khi hoa va
nhimg ngudn khac;

N2

Qs , Q. Q7. Qy - phin nhiét ham ctia ddu cok thu duge & dinh 16 sau ngung tu, nhiét 1y
ciia khi than khé, phédn hoi nuée, phin cdc dau cok trong khi than - chua ngung tu hét;

K - hé s& thu héi nhiét qua hé thdng giam nhiét do (vi du: tir nd1 hoi nhiét thira), so
v6i (dng nhiét mang ra.

2. Nhirng thdng s& dic trung cho than, sir dung trong céng nghé khi
héa than

Thudng quan tdm dén cdc thong s chi yéu sau:

a. Thanh phin than: Trong than thudng gém cdc nguyén 18, sip x€p theo trat tu sau:

- Thanh phan hitu co trong than (k¥ hiéu: O): gobm cdc nguyén 6 C, H, O, N va hm

huynh hitu co - tinh theo % khdi lugng goc hitu co.

- Thanh phin chdy trong than (ky hiéuw: C): gdm cdc nguyén t6 ké trén va S & dang

sunfua kim loai - tinh theo % khoi lugng géc chay.

- Thanh phén kho (k¥ hiéu: k): gém cdc nguyén t6 ké trén cong véi xi: A - tinh theo %

khéi lugng goc kho.

- Thanh phin am hay thanh phin 1am viéc (ky hiéu: I}: bao gom thanh phin kho, cong

v4i haim 4m trong than, W - tinh theo % khdi lugng géc udt, hay day chinh Ia thanh phan
than dua vao khi hoa.

Mdi quan hé chuyén d6i nhu sau:

Thanh phan He s8 chuyén ddi
1 100
TP lam vige {1y 1 100 : o[: , 0
100 — W 100 -W' - A 100-8" - A
|

TP kh6 (k) 100 - W 1 100 _M%

100 100 - A* 100 -8~ A
i ! k

TP chay (c) 100-W A 100 - A ; 100 |
100 100 100-$

TP hitu co (o) 100 - S' —w! ~ A’ 100 - §* — A* 100 - §° ]
100 100 100

b. Nhiét tri cha than: Chi lugng nhiét tod ra khi dot chdy hoan toan mot don vi Khol

lwrong than. Tinh theo céng thic cia Mendeleev:

11



C6 nhiét tri & mic cao: Q, =[81C" —300H' —26l0' -8 || 4187 KkIk
1 g

Va & mic thap: Q, = [81(:’ - 246H' ~26[0" - s')-ew! +of )] 4,187 kl/kg

c. Kich thuée than: Chi kich thuée cuc than dua vao 10 tryc ti€p anh hudng 5i trd
lire, qua dé anh hudng téi ché dé hoat dong cua 16 khi héa.

d. Cudng do cua than: Chi do bén co hoc, nhdm trdnh v& vun trong qué trinh van
chuyén than vi dua vao 1o.

e. Do 6n dinh nhiét: Chi kha nang bi v& vun khi dua tir mién nhiét do thap vio mién
nhiét cao trong 10.

g. Xi tro va nhiét d6 néng chay cia xi: Cdc mudi vo cd trong than qua qué trinh khi
hod than, chuyén sang dang xi v6i thanh phdn chi yéu 1A Si0,, Fe,0;, ALO, Ca0, MgO,
Na,0, K,0... Hé xi nay, img vSi mot thanh phan nhat dinh, ¢6 moét nhiét dé néng chay nhit
dinh - chinh nhiét do nay quyét dinh nhiét do trong 1o 1am viéc khi hoa.

h. Hoat tinh cia than: Chi hoat tinh héa hoc clia than, thudng dic trung qua tdc do

phan ng gilta mot trong cdc thanh phin CO,, H,O vdi than, thé hién qua hé s& phan huy
cua ching (&g, hodc ty,q) trong mot diéu kién xde dinh.

Hinh 1.1 cho ta mét sy so sdnh v€ hoat tinh cla céc loai than véi kich thudc hat 0,1 + 02
mm dudi 4p sudt 1| MPa.
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Hinh 1.1. Céc chi s6 cho biét thanh phdn % chdt bde - theo (éng s6 goc chdy
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3. Cong nghé chudn bi nguyén liéu cho t8ng hop NH, tir khi héa than

C6 thé hinh dung tir than dén nguyeén lieu H, + N,, cung cdp cho qué tinh téng hop
NH;, day chuyén trai qua nhitng buéc chinh sau:

o,
Khi hod than _| Khirbui, ddu.hop | | Chuydnhoa |  [Khirbs |  [knirbo Moo N
{Am) A 7| chdtsunfua (H,S) | | CO+R,0 o, 1 co o Mt
: K
! !
! :
= i
Chdtkhihoa  Than ! H,0 i
H,0/+khéng khi E !
Hodc: E i
Khihoa than | Phan ly khong khi feoooo o 3
{udt) Nitet 16ng

] Voo

oxy  Ar.Kr. Xe. Ne
Chat khi hoa Than
H,0/+0,

Hoac than khi héa bang chét khi héa gébm hoi nudc va khéng khi (hodc khong khi gizu
oxy), chuyén thanh nhién liéu khi; qua khir cdc hop chat ciia luu huynh - chi y€u la H,S,
chuyén héa CO trén xic tic véi su ¢é mat cha hoi nuée; qua khir bd CO,: qua khr bd CO,
doi khi con ti€p tuc qua khir vi lugng CO, CO, rdi vio téng hop NH,. Hodc ding chit khi
héa gobm hoi nudc va oxy, san phdm chi y&u 1a H, va CO, sau dé 1i€p tuc khir tap chét nhu
day chuyén trén.

Bén canh d6 ¢6 mot tram phén ly khong khi, sén phdm nito tiép tuc hod I6ng phun vao

thép rira CO, moét mit tich CO, mot mit bd sung N, vio khi H,, tr& thanh hén hgp nguyén
liéu cho t16ng hop NH;,.

4. Nhimg phan tng co ban trong qua trinh khi héa than

Trong khuén khé ciia qué trinh ché tao khi nguyén liéu cho téng hop NH;, & day chi
dé cap dén qua trinh st dung ch4t khi héa 12 khong khi hodc khéng khf gidu oxy, hoi nudc.

Qué trinh khi héa than dién ra song song hai loai phan ing, phan tng hé khong ddng
nhat khi rén - gifta than v chét khi héa; phin tng he déng nhat - chi y&u 12 gitta sin pham
th€ khi clia qué trinh khi ho4. V3 ciing thudng chi xét dén phan ¥mg v6i nguyeén td chi yéu
trong nhién ligu: cacbon. Trong qu4 trinh khi héa, than trai qua hai giai doan: chung khéo va
khi héa. Qué trinh chung kho than dién ra duge coi nhu giai doan chudn bi - nang nhiét do
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chia than tir nhiét d¢ thudng t6i nhiét do viing phan ting. Ngudi ta khong quan tim dén cic
phan ing héa hoc xay ra & day. Thudng xay ra cdc qu4 trinh sau:

Quad trinh sdy: bay hoi nuéc.

Qua trinh chung kho: & day 50% oxy nguyen 5 trong than két hop véi H, tao thanh
hoi nude. Phdn oxy tao thanh CO,: tuy thuoe loai than, véi than gé: 30%, than béo 20%.
than d4 antraxit va cok 10%.

V6i hydro: tham gia tao thanh CH, 123 + 5%,

V@i nitd: toan bo nito nguyén t6 tao thanh phén tur nito.

Véi sunfua: 80% sunfua chuyén dang dang H,S, con 20% fuu lai theo xi.

V&i hydro: phan hydro con lai sau phan ng hinh thanh H,0, CH,, C,H,, H,S, chuyén
thanh hydro phén tur.

Va1 oxy con lai: s& phin \tng véi than tao CO.

V6i loai than antraxit, than cok... ¢6 thé bd qua cdc axit hitu co, ruou.

Keét qua cia cdc phin iing trén tao thanh khi san phim cla giai doan chuin bi, cong
v6i san pham ciia giai doan khi héa, ta duge khi than.

Ngudi ta khong cdn quan tam dén 8¢ do chia cic phin wng nay. Vi trong 10 khi héa
di€u cin khong ché cla giai doan nay I qua trinh truyén nhiét ir khi san phdm khi héa dén
cuc than.

Qua trinh khi héa 14 qud trinh co ban. Hang loat phan ting xay ra trong giai doan nay,
song chit yéu 1a cdc phan img so cap. C6 thé coi nhu chi y€u bao gdm cédc phan (mg giita
cacbon va oxy:

C+ 0, = CO,y + 394,1 kJ/mot (1)
2C + 0, = 2CO +110,4 kJ/mol 2)
Giita than va hoi nuéc:
C+ H,0 =CO + 1, —135,0 kJ/mol (3)
C+ 2H,0 = CO, + 2H, - 96.6 kJ/mol (4)
Nhimg loai phin img thtt c4p ciia san phdm cdc phan ing so cip:
2CO + O, = 2C0, + 283,7 kl/mol (3)
2H, + 0, = 2H,0 + 2453 kJ/mol (6)
CO, + C = 2CO + —173,3 kl/mol {7)
CO + H,0 = CO, + H,  +38.4 kl/mol (8)
C + 2H, = CH, + 84,3 kJ/mol (%)
2C0 + 2H, = CH, + CO, +274.4 kJ/mol (10)
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Ngoai ra con nhiéu phan (ng phy - ddng quan tam 1a nhitng phan ting;

%Sz +H, = H,S + 20,1 kJ/mol

2C + H; + N, = 2HCN - 131,05 kJ/mol

v nhilng phan (ng 1am thay déi thanh phan cla xi.

5. Khi than ly tudng
Qua trinh khi hod than 1y tudng la qud trinh phan iing giita C nguyén chat véi chat khi
hoéa dé€ hinh thinh cac thanh phan chdy dugc.
Trudng hop chdt khi héa la khéng khi. Phan (ing nhu sau:
2C + O, + 376N, = 2C0O + 3,76N,
Khi dé duge khi san phidm c¢6 thanh phin:

0=—2 =34,7% va N, bang 65,3%
2+3,76
hiéu suat khi héa:
n = 283x2 799
393,6x2
Luong khi hinh thanh tng véi t kg C: 5,39 m"
Nhiét tri cua khi than 2837 = 2193 kJ/m*
o 539x2x12
Vi khi than uét - chdt khi héa la hoi miege. Phan img nhu sau:
C+ HO0 =CO + H, — 135 kJ/mol

Thanh phén khi san pham: CO = 50%, H, = 50%, hiéu suft n = 100%.

Luong khi hinh thanh = 3,73 m*/kg;
2837 + 2453
12%3,73

Vi khi than dm, chdt khi héa la khong khi va hoi nwée. Xay ra hai phin tng déng

Nhiét tri cua khi than: Q = =11818,5 kI/m".

thoi:
2C+ 0, + 3,76 N, =2C0O + 3,76 N, + 110,4 kI/mol
C+ H,0 =CO + H, — 1350 kl/mol
dé téng hiéu ting nhiét bing khong, ty 1& 2 phan tng bing 1,636;
hay san phdm khi d6 thu duge s& gém 3,636 CO + 1,636 H, + 3,76 Ny;
thanh phan khi sé 12 CO = 40,26%, H, = 18,11%, N, = 41,63%:;
higu sudt khi héa n = 100%;
thé tich khi thu dyoc = 4,63 m’*/kg than;
nhiét tri clia khi than = 7092,7 kJ/m® khi than.
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V&i khi than uot, chdt khi héa la hoi nude - oxy, tudng ty ta thu duge 3,636 mol CO va
1,636 mol hydro.

Thanh phan khi san phim: CO = 68,95 va H, = 31,05;

Luong khi thu duge 13 2,71 m*/kg than:

Nhigt tri: 12127 kJ/m".

Nhu vay nhiét tri khi than thu duge thi qud trinh khi héa than kh6 12 kém nhit. T6t
nhat 1a khi héa than uét pha oxy.

Nhitng 56 ligu vé qué trinh khi héa 1y tudng, chi nhim gitip 14y mot gdéc chuan dé so
sdnh cdc qud trinh khi héa trong thuc t€ sau nay.

IL NGUYEN LY HOA LY CUA QUA TRINH KHI HOA
1. Van dé can bing cla phan dng
Vé mat 1y thuyét - dua trén cong thitc nhiét dong dé tinh hing s6 can bang cua céc
phan img chinh trong qud trinh khi héa.

Hau hét cic cong thic thyc nghiém déu dwa trén co s& thi nghiém trén graphit. Tuy
vay vin ¢6 theé sir dung dé tinh todn néng do khi sin phim & trang thdi can bang (bang 1.1).
Thuomng coi nhir h¢ gobm N,, CO, CO,, H,, CH, va H,0. C6 thé dua vio cdc phuong trinh sau
dé xic dinh thanh phin can bing nay.

1- Phuong trinh xdc dinh hing s6 can bing cla phan tng:

2
CO, + C == 2C0 Kp, = P (1
Pco,

2. Cia phan tng:
Pco-PH,

Pco-Pr,0
3. Cia phan \ng:
C+ 2H, == CH, Kp3=pCH; (3)
PH,

Ba phén ung trén dugc coi nhu phin g hai chiéu chii y&u trong qud trinh khi héa.
4. Phuong trinh can bing tng p suit cita he:

P=pn, +Pco, +Pco +Pu, +PcH, +Ph,0 (4)
5. Néu P:[zo' pgoz chi dp suat riéng phén clia cdc ciu tir twong tng trong chat khi

héa, dua vao thiét bi phan ing va biét H,O” s& phan huy tao H,, CH, cdng v6i phan chira
phan huy; O,° tao thanh CO,, CO vi mot phin thanh H,0, ta c6
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Q0
Pwo  2Pcu, *PHy0 t Py,

A = [} o - (5)
: 2p5, +Ph,o  2Pco, * Phyo +Po
6. Toan bo nits trong chat khi héa chuyén nguyén ven sang san phdm:
pO
B=— N2 Pr, (6)
2p02 + szO 2pC02 + pH20 +Pco
_([3{20\p‘1l12\.,,\h,..,'-
Néu goi B= va a=—-=va chat khi héa la khong khi vdi hoi nudc. Ap sudt
5] 5]
thdi gi6é bang 4p suit hé P, nghia 1a:
P=py,0 +Po, +PX, (N

He phuwong trinh nay cho phép riit ra thanh phén can bing cfia hé trong quan hé véi
thanh phan chdt khi héa, hodc nguoe lai. Gid tri hing s6 can bing ciia ba phan tng trén c6
the tra theo bang 1.1. Trong trudng hop chuyén ddi don vi do ludng cha gid tri hing s6 can
bang, 6 thé gin ding coi nhu kh{ 1y twéng d€ 4p dung phuong trinh trang thdi khi 1y tuéng.

Phuong trinh cuéi cling 1a:

Brco +(3[3+20L +2)pH2 +2B+i‘t2

X K Poo PH, +(4|3+401+4)Kp3 .szz =2BP (8)
P17 P2

chon mot gia tri cla PH, thay vao phuong trinh 8, tinh ra pgg, thay vao (1) tim Pco, » 1 (3)

tim pey, V.V...

Chinh x4c hon, tinh qua fougat va ©02%
hé s& fougat; tinh hé s6 fougat qua 4p suit
ty d6i va nhiét d6 ty d6i nhu thudng gap
trong tinh toan nhiét doéng. Trong khio

80

60
sdt cdc y&€u 8 anh hudng t6i can bing clia

phan ng - ¢é thé tap trung sv quan tam 4
vao mét phan ng hai chiéu, chiém vai trd
quan trong nhét trong qud trinh khi hod:

phén ing CO, + C == 2CO.

Nguyén nhan do: phan ting (2) xay 0
ra ¢ miic d6 khong dang ké trong diéu 900 1100
kién khong cé xiic tdc, nhiét d6 cao cia Nhit 49, °C
ving khi héa; phan tng (3) xdy ra véi

Hinh 1.2. Anh hudng cta nhiét do va 4p
mot téc do rit thdp & dp sudt thudng; sudt t6i néng do CO & trang thii can bing



thém nita t6c do phan tng (2) rdt cham; mong muén c6 ham lugng CO cao trong nhém hgp
chat cila cacbon trong khi sén phdm, bdi CO tuong tng v6i Hy sau phan dng chuyén hoa.
Nhimg tinh todn dya trén nguyén 1y can bang cho két qua biéu dién trén hinh 1.2. Day la ket
qua cho biét m&i quan he dinh lugng. Nhur vay ding vé mat can bang cla h¢, néu coi phin
ting khir CO, tao CO trén C 1a phan iing khéng ché thi nén tan lugng nang cao nhiét do khi
héa dén gidi han nhiét do néng chay cla xi. § cling mot gidi han ciia nhiét d9, viéc giam dp
1a 6 1gi, mét khdc ngdn chan duge phan tng tdng hop metan - t6¢ do cia phan (ing nay tang
ty 1& thuan theo d¢ ting clia dp suat khi héa.

Néu qud trinh khi hod diing chat khi hod 1a khong khi. Day la truong hop khi héa ché
tao khi than kho, hodc qud trinh thuc hién phan ng nay nhim tich trix nhiét trong 10 khi hoa,
d€ rdi cung cp cho cdc bude phin tng thu nhiét trong ché tao khi than 4m, khi than u6t theo
ché d6 1am viéc gidn doan - chu k¥. Nzudi ta coi nhu qua trinh xay ra hai phan iing co ban
sau:

C+ 0, +376N; = CO, + 376 N,
CO, + C = 2CO
{(g&n diing coi nhu phan tng giita hoi nudc - ham 4m trong khong khi va than, hoidc cdc phan
iing thir c&p khic 12 khong ding ké).
Khi dé dwa vao cdc phuong trinh sau:

Phuong trinh can bang:

2
K, = Pco (1)
Pco,

Phuong trinh tinh ty 1& phan t nite va oxy:
PN, PN,
Pco, +05pco  Po,

p’: chi dp sudt rieng phdn trong khong khi

=3,76 (2)

Phuong trinh tinh téng 4p:
P = pco, +Pco +Pn, (3)
Tur (1) (2} - (3) cho phép tinh thianh phan clia CO & trang thdi can bing phan (ng:

4,76p2,

p

+ 2,88[)(:0 -P=0

Trong thyc €, thudng chon diéun kién d€ thuc hién phan ing dén néng do cdc ciu
dat 80% ndng do cin bang.
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2. Van dé dong hoc cha phan img

Thuc ra trong qu4 trinh khi héa, quan trong nhdt la nhimg phan img chinh, khong chée
chat lugng qua trinh khi héa - phan ing hé déng nhat khi - rin. Nhir vay, theo quy luat
chung, qud trinh phan tng héa hoc, qué trinh truyén nhiet, truyén chit déu anh huéng dén
tdc d6 cla qud trinh khi héa. G day xét mot s phan tng chinh.

2.1. Phan ing chay ciia than véi oxy

Ngay tir nhimg két qua ddu tién nghién ctru phan g gilta oxy va than gd, Rhead &
Wheeler (1910) di dua ra mot gid thiét vé co ché, ma cho téi nay vin dugc chap nhan. D6 1a:

Trudc hét than hap phu oxy tao thanh hop chat trung gian (HCTG):

xC + %02 = C,0,

Sau d6 tuy di€u kién phan mg, HCTG phén huy thanh sin pham:
G0, = mCO, + nCO

Ty 1&¢ m/n thay déi theo nhi¢t d phan huy; nhié¢t do cang cao ty 1& nay cang nhd. Phan
Ung nim trong mién khong ché cita qud trinh truyén cht - t6c do qué trinh phan (ng phu
thuéc vao hé s6 khuéeh tén d6i lun (phin tng trong dong chdy) va ndng do cla OXy trong
pha khi (& day néng do oxy trén bé mat bang zero do phan itng mot chiéu).

Trong mién 1000 ~ 1100°C ¢6 thé tinh t6c do phin tng theo:

dC

I. ——‘_zko,.CO.
c dr £ 4

trong do6, ko,: hé s6 chuyén khéi cha oxy qua mang tro luc pha khf - ¢6 thé tinh theo céc
cong thue chuyén khéi he khi rén. Vi du qua chudn s6 Jp chia chuyén khéi va Iy cita truyén
nhiét, va quan hé I, = J,;; h

Coy: ndng do oxy trong pha khi.

Trong thuc t& phan tng khi héa & mién nhiét do 1000 ~ 1100°C, tién hanh rat nhanh.
Trong 1& 16p s6i ¢6 thé bd qua anh huong cia tdc do cha phan tng nay. Trong Id tdng c&
dinh, phén tng dién ra trén mot tdng than rit mong ¢ trén 100 mm d&n 200 mm; tang oxy
héa nay lién ké vdi 16p xi trén mi gié (tuong tng vdi kich thudc hat than ¢& 50 + 60 mm).

2.2. Tée d9 phin éng chuyén héa CO, trén than

CO, + C = 200-0

Trén 800°C, tuy loai than, song néi chung phin ing nay déu xiy ra ro nét, va quyét
dinh chat luong Khi than. |

Keét qua nghien ciu phan (ng & 4p suat 40 at cho thdy: trude hét CO, phan g véi
trung tam hoat tinh cia than, hinh thanh hgp chat trung gian:
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C, + CO, — CO + C(O)
C(0) == CO + C,

CO, + C(CO) — 2C0 + C(O)

CO + C(CO) — CO, + C,

Co ché c6 thé khdc nhau, song vé co ban moi nghién citu déu théng nhdt: qud trinh
hép phu CO, trén trung tam hoat tinh i cham nhat. Va qué wrinh hip phu & day theo phuong
trinh hdp phu dang nhiét Langmur.

Nhu vay c6 thé tinh t6c do phan img qua phuong trinh:

1

2Pco +K3pco,

1= kPeoy T

trong dé k: hing s4 téc do phan ttng héa hoc - tinh theo phuwong trinh Arhenius:
k;, k3: hang s trong phuong trinh hdp phu ding nhiét CO va CO,.
Gén day cling ¢6 mot s6 cong trinh nghién cifu gisi thi¢u phuong trinh thuc nghiém
tinh t6c dé phan ing:
r=kC" peo,

trong d6 C" chi trong Iugng than cdn du, chua phan éng hét. D€ c6 thé hinh dung dién bign
cua phdn \ing nay, ciing nhu nhiing y€u 6 dnh hudng 16i phan tng, c6 thé coi ket qua thi
nghiém sau:

Thi nghiém thi nhat (hinh 1.3) giGi thieu ket qué thf nghiém dién bién cla phin ing
trén cic loai nhién liéu, nhiét do khdc nhau, véi diéu kien khf nguyén lieu 13 CO, nguyén
chit. Thi nghiém thit hai (hinh 1.4) ti€n hanh trén than 86 v6i hdn hop khi théi gié ¢6 néng
do¢ CO, khéc nhav, (luong than 24 g, kich thuéc hat 2 + 3 mm, tiéu thu CO,: 0,35 lit/ph).

20 -4
X
245"
% ) e —]% oL =
207 A e £ :/ ¥ p
=~ o L
£ 80 I/ f/ : — 21 i“
2 e s
g I/ T =12 —
817 S LT T
=g j 8 8 |- " 4 1 P
2T Z f/ LI - 850"
g // = 4 / * = 1 H
20 / | erad—— > - p a 2 | 850°
. = P 2
o LB A AN v o
10 20 30 40 50 60 70 80 40 [V} 20 40 60 80 100
Thdi gian tiép xic, giay Néng dg CO; trong khi thang gid, %
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3. Téc dd cua phan \ng giita H,0 va than

Ciing nhu vdi phan tng hé khi rén néi chung, giita H,O (khi) vi C (rdn), trudc hél

phan ting qua giai doan hap phu:
C + H,O = CH,0)
Sau d6 san pham hap phu (hgp chat trung gian) phan huy thanh san phiam:
C(H,0) == C,0, + H,
C0, + H,0 = H, + CO

Ciing nhu véi CO,, & day hdu hét cdc cong trinh nghién ctru déu cho biét qu4 trinh hap

phu 12 cham va tuan theo phuong trinh hap phu ding nhiet Langmur.

. 1
Khi d6: r=Kkpu.o-
1+ kappy0 +Kapy,

4. Phan img giira hydro va than

Phan dng ndy trd nén quan trong trong qua trinh khi héa than, tao khi thay thé khi
thién nhién nham tao nhién liéu 1dng theo dudng gidn tiép, hodc gia cong ti€p thanh cic hop
chat hitu co co ban.

Quad trinh phan #ng gém mot loat phin tng ti€n hanh néi ti€p hodc song song, thudng
déu cho rang phédn iing qua cdc giai doan: a) Than bj nhiét phan, mot phan thanh trung tam
¢6 hoat tinh, mot phan theo cde hop chit bay khoi than dudi dang hoi. b) hydro phan tmg véi
¢a 2 dang than ay. c) hydro ti€p tuc phan (ing véi phan than tro - chua bj hoat héa; budc (a)
(b) c6 thé coi nhu ti€n hanh song song véi 8¢ do cao, dac biét & 1000"C. Toc do phan (ng
tinh theo phudng trinh déng hoc:

L+ b.py,

Trong phéan dng khi héa than cho téng hgp co bin, phan dng ndy dién ra véi mot ty le
khong ddng ké. Mot phan ting quan trong hinh thanh metan 1a phan tng thi cap giita CO va
H,. Phan ing nay x4y ra trong khu vyc chung kho than.

Trong qud trinh khi héa than, mét loat phan ing giita cdc nguyén 16 trong than vdi
nhau. Nhitng gia thi€t néu & muc 4 trang 13, chéng qua chi 12 nhitng 56 liéu dua trén kinh
nghiém thuc t&€ san xuit ma H. H. JloBpoxoTosa néu lén dé dira d&n mot két qua gin ding
trong qua trinh chung kho than - hodc budc chuin bi trong khi héa.

Ngoai ra cdn mot s phan ing phu sau:

Qua4 trinh tao san phdm tr sunfua trong than:

S + 0, = 50,

50, + 3H, = H,S + H,0
C+ 258 =CS,

CO + S = COS
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Qud trinh tao san pham tir nite trong than:
N, + 3H, == 2NH,
N, + H,0 + 2CO == 2HCN + 1,50,
N, + x0, == 2NO,
Nhimg phan (ing nay khong gdy dnh hudng gi t6i can bing, t6c d6 qud trinh khi héa,

song la nhitng phan iing tao tap chat, gay doc hai cho xiic tac, gay 6 nhiém khi va nudc rong
vung san xuat,

III. NHONG VAN PE CONG NGHE

Trung tam cta day chuyén 12 15 khi héa - noi thuc hign tdt ca nhitng phan 1mg khi hoa
than. Tai li¢u nay tap trung vio qud trinh ché tao khi than phuc vu ché khi cho téng hap NH,4
thuéing quen goi 1a khi tdng hgp. Bao gém qud trinh khi héa than udt, ché tao hydro hodc
hén hop khi véi ty 16 CO/H, x4c dinh va qud trinh khi héa than dm, ché tao hdn hop khi
Hy/N, v6i 1y 1¢ x4c dinh theo: CFHz 35

2

C6 hai vin dé quy&t dinh cong nghé san xuat (& day chi day chuyén san xut, thiét bj,
quy trinh va diéu kién k¥ thuat trong sin xuét, 8 chic san xuat).

Thit nhat 13 van dé chon loai 10 khi héa.

C6 thé tham khao thém tai kieu vé “Dong héa hoc va thiét bi phan dng” clia cling tc gid.

Vi phin ting hé khi ran, thé tich (hay khdi lugng) thé tich rén thay déi trong qué
trinh phan Gng; dua vao bién thién cla trang thai hé khi rin, thé hién qua quan hé giita &
lyc cha ting phan ving v6i t6¢ d6 dong khi cé thé phan ra 3 loai 10: 15 tdng ¢& dinh, 15 16p
501, 10 dong chay.

Thit hai 1a van d€ chon phuong 4n gidi quyét hiéu tng nhiét trong qud trinh khi héa.

EON+—HZ~ theo yéu cdu khi téng hop. Téng
2

Qud trinh khi héa than udt, than dm tao ty 16

hiéu (tng nhiét 1a am. Phai dua nhiét tir ngoai vao. Néu dua nhiét vio dudi hinh thitc bl nhiét
bing phin tng chdy chia than v&i oxy - ta ¢6 thé chuyén 16 khi héa hoat déng lién tuc; néu
dura nhiét vao duéi hinh thitc phan 2 giai doan luan phién: Thyc hién phan tng chéy cfia than
v6i oXy, tich trit nhiét do phéan g toa ra, sau d6 khi héa, bi nhiét thi€u bang nhiét tich tu.
Khi dé ta ¢6 16 1am viéc gidn doan, mang tinh chu ky. Ngoai ra trong cong nghiép khong
ding hinh thiic nao khac.

A. L6 khi ho4 tdng c& dinh ché tao khi than 4m
Hinh 1.5 gi6i thi¢u nguyén 1y 1am viéc ctia 10 nay dudi 4p suit thirong.
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Hinh 1.5

HinH 1.6 cho thdy mo6t vi du vé su bién thién nhiét do, thianh phdn khi theo chiéu cao
cla lo.

Qua d6 c6 thé quan st qué trinh phan tng nhu sau: Néu than nguyén liéu di vio tir
ndc 1, qua mam thdo xi & ddy thdo din ra khoi 1o, tAng than sé di dong tir trén xudng dudi.
Chat khi héa di nguge chi€u, theo chiéu di ctia ddng chat khi hoa, ta ¢6 thé quan sat thdy cé
nhitng viing (z6n) phan ¢ng nhu sau:

VI- zon xi. Xi than ndng gip chat khi héa, ning nhiét 4o chét khi héa tir khoang 60°C
lén khoang 420°C, ban than xi ngudi xudng nhiét d6 trude khi thai ra ngoai.

V- z6n oxy hda. Vung nay xdy ra phan ing chdy gira than va oxy trong chat khi héa
tao thanh CO, CO, theo cdc phan g (1), (2), (5), do phan \ing tod nhiét nén nhiét do ting
nhanh chéng téi mutc gin nhiét d6 héa mém cia xi.

IV- zon khir chinh. & day xay ra phan ¥mg giira hoi nudc va than theo phdn g (3),
(4). Phdn CO, tao thanh do phan tng (1), (5) bi khir trén C theo phan g (7). _
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Hau hét cdc phan tng nay déu thu nhiét.

Pic diém dé thay 1a ham luong H,0, CO, trong khi giam, nhiét d6 tang than gidm.

I1I- zon khir phu. O day tiép tuc phan tng khir CO, (7) va xdy ra mot loat phan \ng
thit cap quanh mién 700°C + 800°C.

II- z6n chung than. & day xay ra qué trinh chung kho than thudng goi 1a zon chuan bi
néi trong muc I chuong I. Dinh zén chuén bi 1a zon sdy (do6i khi coi ving I1, 11T 1a zon chuén bi).

I. Trén ciing 1a ving khong gian tu do dé gom khi, tich mét phan than bi né v&. O day
khong xay ra phan (g nao ddng ké.
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1. Nhiét tri clia khi than, keal/m®

2. Lugng than con lai, kgl/gid
Hinh 1.6
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T4t nhién day chi 1a mot vi du, gid tri tuyét d6i cha s6 lieu ¢6 thé khac di, song thir tr
cdc zon, phan dng cu thé rén cdc zon déu mang tinh phd bi€n déi v6i qué trinh khi héa ma
chét khi héa 1a hdn hgp O, va H,O.

Vi loai 10 nay, mot chi tiéu quan trong dé danh gid chat lugng qud trinh khi héa la
hiéu suit khi héa, mit khdc cling cdn tinh dé€n dinh muc 1iéu hao hot nude cho 1 m® sin
phdm. Anh hudng dén nhitng chi tiéu 4y khd phic tap. Bao gém ching loai than; chon cuding
do khi héa (chi lugng than d6t trén mot don vi ti€t dién 1O trong mat don vi thai gian), chon
ché& do nhigt, bao gdm nhigt do 1o va téng cdc hang muc anh hudng dén can bang nhiét; ty I¢
khong khi/hoi mrdc hodc ty 18 oxy bd sung... Tat ca déu duge tinh todn chinh xdc dua trén
thanh phdn khi than dim bao yéu ciu cla san xuvat.

O day dé cap dén mét thong s6 quan trong d6 la hiéu ting nhiét chia qua trinh va giai phép.

Téng hiéu tmg nhiét clia qué trinh khi héa than &m nham dat yéu cdu cho téng hop
amoniac hodc metanon 14 am, nghia 1 qud trinh khf hdéa cdn dugc b6 sung nhiét; hodc tir
ngoai vio qua thanh thi€t bj, hoac ding hoi nude cao dp, hodc dung khi théi gidé giau oxy,
hoic 1am viéc theo chu k¥. Hién nay véi khi than am cho téng hop, bién phap thusng dung
la 1am viéc theo chu k¥.

Qua trinh gdm hai giai doan:

Giai doan thdi gi6: thdi khong khi vio 15, thye hién phan tng toa nhiét, mot phan 16n
nhiét tich tu trong 15, mot phan CO cdn du (do nhiét d6 cao), ti€p tuc chdy & tang trit nhiét
dit trong 16 trit nhiét.

Giai doan ché tao khi than: théi chit khi héa vao 10, sau khi di thu hoi nhiét & tng trif
nhiét. Cho dén khi nhiét d6 16 gidm xudng - nhiét toa ra da can bang véi nhi¢t thigu.

Chu k¥ lai lap lai.

Hién nay héu hét 15 khi héa than 4m déu 1am viéc & dp sudt thudng.

B. Lo khi hoa ting c¢& dinh, ché tao khi than w6t

Vé cdu tric 19, day chuyén... twong tr nhu khi héa than dm. O day dé sin xust khi
than, thanh phin chi yéu 1a H, vd CO; chét khi héa 1a H,O. Ciing nhu trén, & day vin dé
hiéu 1mg cha qud trinh khi héa cang 4m hon. M6t giai phdp ci 1a theo chu ky. Chu k¥ nay
thudng gdm nhiing budc sau:

a. Théi khéng khi;

b. thdi sach - nhiam loai b6 nito va CO, trén duding 6ng;

¢. thdi 1én T - hoi nude thdi tir ddy lén dinh 16 nham san xudt khi than;

d. Théi xudng - hoi nudc thdi theo chiéu nguge lai, nham tan dung nhiét;

e. théi len I - tuong t bude ¢;

f. théi sach biang khi nwdc nhim ngan khi than ddy 10 va khong khi budc (a) hinh
thanh hén hop né.
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S0 d6 nhu hinh dudi - véi khi than 4m ndi wrén ciing tuong tu. Thudng mot chu kv
khoang 3 phuit.
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Mot phuong dn dung khd phé bign hién nay 1a: hoac chuyén chat khi héa tir H,O sang
hén hop oxy - H,O, trén co s0 tinh todn ddm bao bl nhiét tir phan ng chdy giira C véi oxy
v4i hiéu ing am cia phan (ng gifta C v6i H,O va cdc khoan nhiét ton that khdc. Nhu vay 1o
tdng cd dinh tir 1am viéc gidn doan sang lam viéc lién tuc.

Hinh 1.7 gi6i thi¢u mot loai 10, vi quay v&1i mot té¢ do riat cham khoang 120 phit/vong
nham thdo xi khoi 1o,

Than 16 gdm hai phin. Phan dudi 1a vo boc, sdn xuét hoi nude tir nguén nhiét 1am lanh
1o, Phin trén 16t gach chiu 1{a than va chit khi héa di nguge chiéu.

Hinh 1.8 giéi thiéu diy chuyén Khi hda than, chat khi héa 1a khong khf, hoi nuée, ché
tao khi than 4m phuc vu cho t6ng hgp NH;. Qua trinh san xuit bao gém hai giai doan chinh:

Giai doan théi khong khi nhim tao phén tng tod nhiét, it nhiét trong 16 khi héa, vi
ti€p tuc dot phan CO cdn lai trong 10 trir nhiét, sau d6 qua néi hoi san xuat hoi nude. Tuong
tu budc a phdn B & trén.

Giai doan ché tao khi than vdi chat kbi héa 1a khong khi - hoi nude véi 3 bude, tuong
tu budc b, ¢, d phan B & trén, trong budc nay a khi than ¢4 di qua néi hai, bude ¢ hoi nudc
qua 1 trit nhiét dé thu héi nhiét,

Thoi gian cho 1 tudn hoan: 3 phiit, trong d6 25% thoi gian danh cho théi khong khi.
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Hinh 1.7. Lo khi héa than ting c6 dinh vi quay
1. tdm phan phéi nhién liéu; 2. mam thao xi; 3. mi phan phéi gié; 4. hé truyén déng quay mam
xi; 5. dao gat va hé diéu khién dao; 6. clfa thao xi; 7. vd boc nudc d than 10; 8. thiing phat sinh
hoi nudc; 9. ndi bunke than; 10 6ng thdi gi6 (khéng khi + hadi nudc hoic bd sung oxy)
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Hinh 1.8. Day chuyén khi héa than, Cong ty Phan dam va Ho4 chat Ha Bic:
1. 16 khi héa; 2. 16 trlr nhiét; 3. néi hoi nhiét thira; 4. van thdy phong; 5. van ba
nga; 6. ng khéi; 7. thap rira; 8. két khi
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Hinh 1.9. 10 16p s6i Winkler (dp sudt thuong)

1. bunke than; 2. bunke bui; 3. than 19; 4. tam gat xi; 5. ghi |; 6. vit v6 tan
thao xi than; 7. hé truyén dong; 8. 6ng than; 9. bunke xi; 10. hdi chinh; 11. hai thit

C. Lo 18p sbi ché tao khi than udt

Lo 16p so6i thudc loai thiét bi tron 1y tudng. T6i trang thdi 1am viéc 6n dinh tinh chat
ctia hé (bao gém tinh chat héa hoc - vi du thanh phdn hé, tinh chat vat 1y) déng nhét trong
toan khoang khong gian 16p s6i. O day khong con phan zon phan tng nita. Thiét bi nay
mang ddy di vu diém va nhuge diém cla loai 1d nay trong phan Gng khi rin. Loai 10 sém
nhat 1a 10 cua F. Winkler.

Lo 16p s6i dung than cdm, kich thudc hat c& 10 mm. Chét khi héa la hoi nuéc pha
oxy; 70% lugng chat khi héa dua vao tir ddy 10 véi van téc 8 ~ 10 m/sec qua vi phan phdi tao
16p s6i va 30% bo sung trén dinh 16p so6i. Chiéu cao 16p soi chimg 1000 ~ 1200 mm. Hinh
1.10 gi6i thiéu cdu tao mot loai 1d c6 dudng kinh 5,5 m, ding than nau, nang sudt c6 thé t6i
6000 ~ 10.000 Nm*/h.
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Hinh 1.10. L0 16p s6i Winkler khong c6 vi phan phéi khi
1. hai thit; 2. hai chinh; 3. vit thap xi; 4. vit cap than: 5. bunke than

Loai 16 ¢6 vi phan phéi khi va hinh 1.10 loai cdi ti€n khong diing vi phan phéi khi.

Coi hinh 1.9, than tir bunke - ¢6 nito dé chéng chdy, qua vit vo tan dua vao 16p soi.
Chat khi héa di tir ddy 10 qua ghi tao 16p soi.

Cung cdp hoi thit vao dinh 16p s6i trg gitip cho phan ting khi héa. Than 16 cao t6i 12 =
15 m, nham tao diéu kién chdy hét than min véi kich thuéc nhd hon kich thuée binh quan,
déng thoi tdich mot phan bui.

Xi thdo ra khoi 16p s6i qua vit vo tan dua vao bunke. Khi than ra khéi dinh 10.

Loai 16 16p s6i clia Vién THAII c6 cdu tao tuong ty. Song trén dinh 16 c6 mot dan 6ng
nham tao hoi qud nhiét. Dan 6ng nay gin véi néi hoi.

Loai 16 nay ciing dung than kich thuéc 0 + 10 mm, nhiét do cao nhat 1140°C. Cudng
do 10 khoang 2000 ~ 3500 kg than/m? x gid.

N6i chung nhiing thiét bi 16 tdng s6i c6 nhitng wu diém:

- Sin lugng trén don vi thé tich thiét b 16n - véi chat khi héa 1a hoi nudc - oxy, c6 thé
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dat 161 60.000 Nm'/h khi than (v6i 10 dudng kinh 5,5 m).

- C#u tao don gian, phi tn sira chita bdo dudng thiét bi thdp - méi ndm chi phi ton
1 + 2% tong dau tu.

- C6 thé dung than cdm ($ = 0 ~ 10 mm);

- Khi than khong cdn diu cok, vi vay thép 1am lanh it gdy 6 nhiém do nudc thai:

- Van hanh don gian, phu tdi cé thé bién dong trong khoang 30 + 150% phu tai trung
binh, 6n dinh.

Tuy viy clng cé mot s nhuge diém ma nguyén nhan chit yéu do nhiét do thép, dp
suit thap: vi vay chit lugng khi than kém;

- Nhiét do khi héa thdp, nhim trinh két khéi, thudng vao quing 900°C,

- L5 khi héa lén qud - khoang khong gian tr do chigm thé tich 16n nén tdn that nhiét
160, ké ca phdn nhiét 1y theo khi.

- Phin bui bay theo khi qud 16n, phu tai lam sach khi qud nidng. Vi viy trong thoi gian
gin day huéng ci ti€n clia Winkler la nang cao nhi¢t dd va dp suat khi héa: phuong phap
diing 1> Winkler nhiét do cao, dp sudt cao (HTW). V41 cong nghé nay, nhiing 6 liéu nghién
ctru cho thiy trudng hop nguyén liéu la than nau, trong xi ham lugng CaO + MgO lén tdi
50%, SiO, 8%; nhiét do néng chay xi 950°C, cho them 5% CaO, nang nhiét do ndng chay
lén 1100°C: chat khi héa 1 hoi nudc pha oxy. Khi héa & 1000°C; ap suat 0,98 MPa (khoang
10 at). K&t qua cudng do khi héa lén t6i 5000 m’/m’ gidy (hén hgp CO + Hj), higu sudt
chuyén héa than dat 93%. Chat lugng khi than tang rd rét.

D. Lo tang di dong

Trong 10 tang di dong, nguyén liéu dudi dang bot than hoac biin ciing chat khi héa
duge phun vio dinh 10 tao ngon lira chdy khd manh, nhiét d¢ tam ludi lira co thé len (i
2000°C. Trong dong chay hat & thé huyén phii. Kich thudce hat than ¢g 0,1 mm. Toan bd qua
trinh khi héa két thic trong mién cu ly 0,5 m cach miéng phun, thdi gian phan iing ¢@ 0,1
giady. Téng thoi gian dimg cla than trong 10 khoang 1 giay. G day thuc su tao mot dong chay
lien tuc. Xi hod 1ong duge phun nude lam lanh tao vien, 70% tach ra khoi diy 16, con 30%
theo khi, 1 lam viéc ¢ ép.sua’t thudng. Chat khi héa gém: lugng oxy: 0,85 + 0,9 kg/kg than,
t9 1& hoi nudc/than: 0,3 ~ 0,34 kg/kg than, hi¢u suat sir dyng than 98%.

Khoi ddu cong nghé nay 12 1o ciia Dgc: KT. Koppers - Totzek. Hinh 1.12 cho thily cau
tao chia loai 1d nay va day chuyén cong nghe.

Sau nay nhiéu cong ty cai ti€n nhim nang cao cudng do va nang lyc san xuit cua 1o,
Vi dy 10 Shell - Coppers lam viéc & 4p sudt cao, 10 TEXACO nang nang sudt léen 910
tan/ngay.
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Hinh 1.11. Cdu tao cla loai 1 clia Piic va day chuyén cong nghé

1. 6ng dan khi than, ndi hoi; 2. bunke than; 3. bd phan lam lanh xi; 4. thiing chita xi; 5. thao xi

\
1 2

Hinh 1.12. Day chuyén cong nghé

1. bunke than; 2. b phan phat sinh hoi nudc; 3. 16 Koppers Totzek:
4. ndi hai nhiét thifa; 5. thap rita lam sach khi; 6. lam lanh khi

Hinh 1.13 gi6i thi¢u loai cong nghé nay. Theo cong nghé nay than dugc nghién min
tao bin c6 néng do cao doi khi con pha théem mot s6 phu gia nhu d4 voi, dolomit nhim nang
cao nhiét do néng chay cua xi, cling oxy phun vao 16 qua mot voi phun, thudng diung loai
voi phun cé 3 16p. 6ng trung tam pha 15% lugng oxy, khe 6ng la bun than, v ngoai phun
85% oxy con lai.

Thanh 15 lat gach chiu lira dac biét: nhiét do cao, chiu bao mdn, chiu an mon cua xi.
Qua phan ng nhiét d¢ 1én t6i 2600°C. Xi héa 16ng; Khi than hodc truc ti€p hodc gidn ti€p
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lam lanh xuéng 700°C dé san xuat hoi nudc cao dp - qua néi hoi ha nhiét ti€p tir 700°C
xudng 300°C, sau d6 dung nuée 1am lanh tryc tiép xudng 200°C.

Nang sudt thudng & ¢& 6,35 tan than/gid, higu sudt chdy cia than dat 98% + 99%.

lus

Hinh 1.13

1. than 15 dét; 2. cum voi phun; 3. voi phun oxy; 4. nudc 1am lanh vao; 5. nudc lam lanh ra;
6. gach chiu Ilra; 7. budng lam lanh; 8. bé phén chita xi: 9. thuing trén than tao bun than

Khi than

Hinh 1. 14. Day chuyén cong nghé TEXACO

1. gdu than; 2. bunke; 3. thing bui than; 4. thung trén; 5. bom cao ap;
6. budng dét; 7. budng lam lanh; 8. xi; 9. ndi hai; 10. thap rita; 11 gom bun
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Nhitng nam gin day nhiéu cong ty ap dung cong nghé lién hop dién - dam con goi 1a
coéng nghé IGCC (Integrated Coal Gasification Combined Cycle). So dé nhir sau:

Khong khi Nude mém Khi thai
Hai qua nhiét
Y
Than Phén ly Noi hai > Tudebin hoi
khdng khi nhiét thira > nudc

A

N\

Khi thai néng

¥

- > Khi hoa than | Khirtap chat :
XU Iy than > Lam lanh > it | Tudchin khi
f
Nudic ngung
¥ Y
, e 5 Dién ndng
May lam lanh «—— XU Iy nudc Thuhéi § Khong khi
] l
Xi S

Than qua Khi héa, chat khi héa 1a hoi nuée vh khoéng khi hodc bo sung oxy; san sinh
khi than; qua 1am lanh, phun nuéce rira khi axit; tdch luu huynh.

Khi than sach mang d6t chay tudc bin khi, nhiét dé khoang 1090°C, r&i tudcbin, nhiét
do khoang 482 + 338°C; khoi nay qua ndi hdi sdn sinh hoi nudc qua nhiét; hoi qua tudcbin
khi san dién niang.

Ap sudt khi vao tudcbin ¢& 1,4 MPa. Trudng hop ap sudt cao hon con din qua may
dan, thu héi nang lugng.

O thiét bi lam lanh, cé hinh thanh hoi nudc, hoi nude ndy qua néi hoi ché tao hoi qué
nhiét, hoi nay cting hoi phat sinh trong néi hoi nhiét thira ding d€ chay tudcbin phat dién.

Hién nay hiéu suat tudcbin dat 38% trong khi d6t than chi dat 34%. Ngoai ra con mot
loat cong nghé khi héa & 4p suit cao, song ty 18 hé dp sudt cao dp dung trong linh vuc ché
tao khi téng hop con thip.

Dudi day dua ra mot s6 thong s6 k§ thuat cha cdc phuong phép trén, nhim cung cip

mot hinh dnh vé cdc hoat dong cua 10, d6i véi than antraxit, vi cong nghé ché€ tao khi than
Ut

34



Théng s6 Lo téng ¢6 dinh {0 ting s6i L6 dong chay
- Kich thudc ca ban 19 dudng kinh m 36 5+6
thé tich 16 m® 54 + 49 70 + 90
- Kich thutc hat than (mm) trong d6 C (%) 20 ~ 100 <10 <,
>73~83,5 > 60 > 66
- Cutmg dd qua trinh Iuong than chay kg/m2.h 320 =+ 400 2000 + 3500 4800
- Ham luong C trong xi tinh ra hiéu sudt chay % 98 91 = 93 98 - 985
- Nhiét dd khi héa 950 + 1000°C 980°C 1500 + 1600°C
- Loai khi than khi than uét khi than udt | khl than udt CO:
CO: 18 + 30% CO: 23 + 36% 38+ 42%
Hy: 23 = 40% Hy 12+ 40% | H;i34+37%
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Chwong IT

CHE TAO KHi HYDRO TU KHi NGUYEN LIEU CHUA METAN

Hi¢n nay c6 ba phuong phép ché tao hydro tir nguén metan.

- Phuong phédp nhi¢t phan thye hién phan tng:

CHy; — C + 2H, AH,y¢ = 82,4 kJ/mol (1)
- Phuong phdp reforming hoi nuéce, cdc oxit khic:

CH; + H,O0 — CO + 3H, (2}

CH, + CO, — 2CO + 2H, (3)

- Phuong phdp oxy hda khong hoan toan:
2CH4 + 02 — 2C0 + 4H2

I. PHUONG PHAP NHIET PHAN CHO PHEP DONG THOI SAN XUAT C

Phuong phédp (2), (3) dc‘iné thoi cho CO va H,, tiép tuc chuyén héa CO trong hoi nuéc,
trén xtc tac ta dugc hydro. Vi vay trong san xust nguyén liéu cho tdng hgp NH; phan ing
(2), (3) 1a chinh. O day diém qua mét chiit vé phan tmg (1). Day 1a mot phan ttng thu nhiét,
nhiét phin (ng rat 16n.

Hing s6 cin bing cia phin ting tinh theo:

2
p ]
Hy _ —% +5,581gT ~ 0,00177T — 13.1.10°°T% - 11.3

1gKp = Ig
Pcu,

Tir d6 ¢6 thé tinh ndéng dé can bing & mot nhiét d6 nhat dinh nhy sau:

Nhigt 49, °C 500 600 700 800 900 1000 1100 1200 1300
Ky 0,328 — 3,96 36,6 93,6 186
CHy" % 56,8 33,5 17 8,7 4,55 2,59 |- 1,62 1,04 0,3
H," % 43,2 66,5 82,7 91,3 9545 | 97.41 | 98,88 | 98,96 99,7

C6 thé thdy dé ché tao hydro nguyén chat (CH, khoang 0,5%) cho téng hgp NH,, cén
khéng ch€ nhiét d¢ trong khoang 1100 ~ 1300°C. Dé gidi quyét dat nhiét do cao nhur vay,
trong mot phan dng thu nhiét lén nhir vay thudng trong céng nghiép diing phan vmg <6 tinh
chu k¥, tuong ty khi than 4m hoac w6t. Trong giai doan ddu, khoang 1 dén 2 phtt thong
khong khi d6t chdy metan - nang nhiét d¢ lén 1200 + 1600°C; giai doan 2 kéo dai chimng
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5 + 6 phit thuc hién phin mg nhiét phan. Cugi giai doan khi nhiét do ha xusng 900 =
950°C, mot chu ky méi lai bat ddu. Tuy vay néng d6 khi san pham chi dat 70 + 80% H,;
10% CH,; 5% CO; 0,5% CO, va mot s6 etylen, naphtalen, benzen... Theo véi su phét trién
clia cong nghé xic tdc, ngdy cang it co s& san Xut sir dung phuong 4n nay, chuyén sang
phuong phdp reforming CH, trong hoi nuéc véi sy ¢6 mat cha xdc tic.

II. PHUONG PHAP REFORMING HOI NUGC

Dugi day gidi thiéu mot vi du vé thanh phan cdc loai khi chita cacbua hydro:

Loai khi CHy | CoHs | CoHs [ CoH, | CoHs |CoHig| CaHa [CsHry| B, | N, | CO | CO, | Ar
Khi thien nhien 197,12 0,65 | 0,09 0,06 | 1.53| 0,03 | 0,41 |04
Khi dong hanh  |83,01] 6,74 | 3,25 2,79 3,385 0,825

Khi thai luyen kim | 29,26 | 15,60 { 3,46 { 9,02 |11,92|10,96| 6.48 | 1,82 | 5.23 1,42

Va mot so d6 tong qudt v& gia cong bang reforming hoi nude trong khuon khé téng
hop NH; va ure.

Khi cachua hydro > nén > Hydro hoa § —— Khir H,S bing Zn0

:

Heinudc ———— Chuyén ho4 Ian I (Reforming
Phan Iy khong khi ) ’1' .
Khéng khi —— hodic k:(')ng krﬂ nén — > Chuyén hoalan I1 —'L

Thu hdi nhiat
san hai nude

Chuyén hoa CO <«——|

v

Khit €0,, CO

'

e Metan ho# khir CO, CO,
May nén khi |

I— Téng hop NH,

’

—— May nén CO, ——— Téng hop ure, soda...

{

$4n phdm phan dam, soda...
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Khi cacbua hydro 1a mét ngudn nguyén liév cung cdp hydro cho téng hop NHj;:
thudng bao gém: khi thién nhién, khi déng hanh trong khai thdc ché& bién diu mo, khi than
tlt né¢ 1o luyén cok, cdc khi that tir 16 luyén kim...

Duéi tdc dung cla xiic tdc, cdc cacbua hydro ndy phan ting v6i khong khi, hoiic oxy,
hodc hoi nuée chuyén héa thanh hydro va cdc hop chat chia oxit cacbon khic. Dic biét trong
nam sdu chuc nam lai day, k¥ thuat 16ng hop NH; ¢6 nhimng phét trién vuot bac: quy mé san
lugng cho mée don vi day chuyén tang manh, cdc loai xic tdc méi dua tdng hop NH, phat
trién manh theo hudng gidm manh muc tiéu hao nang lugng, t&¢ ca tao nén mot stic thic ddy
manh sy phit trién clia cong nghé ché tao hydro tir khi trén xic tde.

1. Phan tmg chuyén héa khi cacbua hydro trong hdi nudc

Thanh phan chi y€u cia cacbua hydro dang khi I metan, mot lugng nho C,Hg, CyHy,
C4H,g... ngodi ra con CO, COy, Ny vov...

Phan iing co ban nhu sau:

CH, + H,0 —> CO + 3H, AHSyg = 2063 kJ/mot (0
CH, + 2H,0 — CO, + 4H, AH3y, = 165,3 kJ/mol 2)
CO + H,0 — CO, + H, AHSy, = ~41,2 kJ/mol (3)
CO, + CH; — 2CO + 2H, AH3ye = 2473 kJ/mol (4)

Cac loai cacbua hydro cacbon cao cling tién hanh phén g twong w. C6 thé viét phan
{tng téng quat nhu sau:
CHapga + nH,O — nCO + (2n+1)H, (5)
Song song vl d6 con mot loat phan dng phu. Bdng quan tdm 13 phin tng tich C
nguyén t3:

200 —» CO,+C  AHSy =-72.4 kKJ/mol (6)
CO + Hy — C + H,0  AHYy = —122,6 kJ/mol 7
CH;, — C + 2H,  AHYy = 82,4kJ/mol (8)

3 phan tng chuyén héa (1), (2), (4) 1a phan tng thu nhiét, hieu dng nhiét khd 16n.
Phén 1én phén tmg thit c4p 1 phan tng toa nhiét. C6 thé néi téng hiéu tmg nhiét 1a qué trinh
thu nhiét, phén ttng chuyén héa cdn b8 sung mot nhiét lugng rat [én. VE mat 4p sudt 6t nhat
lam viéc & dp suat thap, nhiét do cao.

S& di trong c¢ong nghiép ding hé cao dp, thudn tuy nhim muc dich kinh 1&,

V& vdn dé cdn bdng ciia phdn ing

Ba phan iing dau (1), (2), (3) 1a phan tng chd yéu, song chi ¢é hat phan dng 1a doc
lap. Dua vao 2 phan ting 4y ¢6 thé xdc dinh can bing cha phan ting. Phan ung (6.4) quan
trong d6i véi téng hop CH,OH, vi 1a phén tng diéu ché ty ¢ CO/H, - mot théng s6 quan
trong trong phén ing t6ng hop.
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Trong ché tao hydro, thudng tinh thanh phdn can bing qua phan tng (1) va (3). Nhung
dé thi hinh 2.1 cho phép xdc dinh thanh phin & trang thdi can bang cua cdc cdu t.

Trudng hop chuyén héa céc cacbua hydro noi chung, tit ca déu qua budc phén ing tao
thanh metan truéc khi phan ng véi hoi nuée. Vi vay phuong phép tinh thanh phan cén biang
cling tuong tu.

Néng do CO,, % thé tich

Ap suét, MPa

Hinh 2.1. Quan hé giita nong do cdc ciu tlr & trang thdi can bing v6i nhiét do, dp suat

Néng dd CHy, % thé tich

Ap suat, MPa
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Vién dé téc do phdn ing reforming I _
Néu khong 6 xic tac, ngay 8 1300°C t6¢ do clia phan tng rit chim, hing s6 t6¢c do
phan ng:
K = 2.3.10%.¢ORT (phae )
So v6i phan \mg xic tic, § 700 + 800°C:
K = 7.8.10° ¢ ZTORT (phit”")

Vi vay trong cong nghi¢p hién chi yéu dimg xic tac, ddy manh c6 chon loc phan ing
(1), trong day chuyén tong quat, goi day la chuyén héa doan I (reforming I). Nhiéu hgp chat
clia cic nguyén 6 Co, Pd, Pi, Rh, Ir... ¢6 tic dung x4c tdc ddi v6i phan Gng, song voi Ni:
hoat tinh vira di cao & nhiét do khong 16n l4m, thém nita lai ré, thuan tién tim ki€m va gia
cong, cho nén hiu hét cic co <& san xudt déu dung xic tdc Ni. Céc phu gia thuong la cdc
oxit kim loai c¢6 kha nang én dinh, kt.ong bi khi & nhiét do cao nhu Al Os, MgO, Cry0a,
TiO,..., mat khdc dé tranh phan ng tich nguyén t6 C, bd sung cac phu gia lam giam do axit
wrén bé mat xdc téc nhu cdc oxit Kim loai kiém K,0, Ca0, MgO céc oxit nguyén t& dat
hiém...

Du6i day gidi thieu mot vai loai xtic tdc thong dung:

Loai x0c tac
pac diém 710270 | UCIMy | ICIAnh | BASF Buc| Topse Ban | THAT
c11.9-02 | C12-625 | 21 |machRKS-| Nga
+ |ruan-s
< (NO% 15 | Ni12% | 20% 14,9 13.4 20 |
5
S 1K,0+Na,0 % 025
£ [re,0,% 1
S0, % 2
A0, % 48 N0, | CaM0, | G6m | MoAO, | Cadl0,
Re,0,
B - | Kntiugng chat deng kgl | 1,1+ 1.2 | 1,12+ 1.28 1,04 1,12 0.061,02| 10+12
£ |B6 matrieng mig 515 | 5060 60 + 80
5 £ |Nnigt 49, °C 450 - 900 | 600 = 1000 | 720 = 840 | 650+ 850| 425+350 | 825
3 £ | Ap sust MPa > | 01239 | 01:25 |01+34]01+39 | 35:4 |

Sau reforming I, chuyén héa dén ntitc 40 nhét dinh, bd sung oxy thuc hién phin (ng
chdy song song Vi chuyén héa 11 (s& dé cap dén trong phin sau).
Thue € cdu tir hoat tinh trong xiic tdc RI 1a Ni, vi vay déu qua giai doan “hoan

l
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nguyén” xiic tdc; thém nifa Ni c6 hod tri tir 2 dén 8, tuy thudc vao phuong phap ch€ tao, sau
hoan nguyén déu trd vé cdu ur hoat tinh & dang Ni,

Diing hdn hop khi H,, thong qua xiic téc thye hién phan tng:

3NIO + CH, — 3Ni + CO + H,0 AH,gq = 186 kJ/mol
NiO + H, —> Ni + H,0 = 2,56 kJ/mol
NiO + CO — Ni + CO, = —30,3 kJ/mol

Thuc ra vin d& m&u chét trong hoan nguyén la ty l¢ H,O/H,. Trong cong nghiép
thuding tién hanh & nhiét do > 700°C; 4p sudt lam vigc; v6i loai c6 NiO khodng 20 + 35%: ty
1¢ H,O/H, thudmg vio khoang 3, néu hoan nguyén bang CH,, ty 1& khoang 2, nhiét d¢ cao hon
50 v6i hoa nguyén bing hydro (900 + 1000°C); td¢ do khong gian khoang 200 + 400 iy .

Vin dé thit hai 12 ngd doc xic tic. Nang suit va ngd doc mot chiéu 1a hop chat cia §:
chi cdn S dat néng d6 trong khi vao khoang 5 mg/mS, xtic tac lién bi ngd doc do phan tng:

xNi + H,S — H; + Ni,S

(3 nhiét do cao trén 800°C con khd hon; néng do cho phép trong khi thién nhién vao
khoang 2 + 3 mg/m3.

Ngo doc oxy 1 hai chiéu. C6 thé hoan nguyén lai nhiéu lan, hoat tinh khong anh hudng.

Tuy loai xic tic, co ch€ clia phan ing thay déi. Ngay véi xdc tdc gdc oxit niken ciing
¢6 nhiéu cong trinh nghién citu khdc nhau, tir 46 dua ra nhiéu co ché€ va phuong trinh dong
hoc wong dng khic nhau.

D. W, Allen, D. James déu dua ra ¥ kién cho rang, phan ing trude hét hinh thanh CO,
va mot chiit CO, - nghia 12 phin Gng so c&p 1a phan tng 1, sau d6 1a phan tmg 3. Dai thé co
ché& nhu sau:

CO + H,

fr

CH4 + Hzo —_— CH20 + 2H2

fino

CO, + 2H,
Hau hét déu coi nhu phan img bac 1 theo CH,, cdn véi cdc cdu tlr khdc, két qua khac
nhau nhiéu. Nhin vio bang théng ké cdc phuong trinh dong hoc da cong b6 ¢ thé thdy o
diéu do.
r=K.pcy,

- 0,5
I _k'pCH4'pH2

0,5
r=k.pc,.;4.pl_[2

_ 0,5
r=K.pcu, -PH0 Py,
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4
r=K.pcu, 1__kP—pE.ﬂ32_
PcHy Phyo

T4t nhién, nhu cdc phan vmg hé xiic tdc khi rdn khic, trong thuc 1€ san xudt xie tac
thudng & dang vién véi kich c@ ¢ 16, H 16; hoac ¢ loai vong dudmg kinh ngoai $16, duong
kinh trong $6; phan {ng thudng nam trong mién khuéch tdn trong; cdn quan tam dén hi¢u
sudt loi dung bé mat trong.

2. Phan tng chuyén héa doan II (CH II)

() doan 1 - phan tng dién ra dudi 4p suat thuong (0,3 + 0.35 MPa), hodc dp sudt cao
(1 + 3,5 MPa), thudng nhiét do khoang 650 + 870°C. Do phan ing thu nhiét nén thudng sau
giai doan I ham lugng CH, xudng chimg 2 + 4%; nhifng nim gdn day c¢6 khuynh hudng nang
ham luong nay len cao hon nifa nhim tang higu sudt thi€t bi va gia tr1 kinh 1€ trong cong
nghé. Sau dé tiép tuc hoan thién chuyén hoa trong doan II nham ha ham lugng CHy xudng
va ciing déng thdi bo sung mot lugng nitg nhat dinh, nham dat 1y 1¢ Hy : Ny = 3 : 1. Mot so
day chuyén bé sung khong khi nhim can bang nhiét trong qud trinh chuyén hoa. Trong CH
II thire hién phan Uing sau:

Hz + 1/2 02 — H;;_O AHzgg =-231 kJ/mol
CO + 120, — CO, =-283,1 kI/mol
CH, + 120, — CO + 2H, = -35,6 kJ/mol
Ngoai ra cdn ¢6 nhimg phin dng phu sau:
CH4 + Hzo —= CO + 3H2 &H293=206.3 kJ/mol
CH, + CO, — 2CO + 2H; = 247,3 kJ/mol
CO + H,0 — CO; + H, = —41,2 kJ/mol
Trong dé chl y&€u la phan iing giﬁf H, A . Phan b nhietdo A
va Oy, vi t6c do cla phan ting nay gdp 10° dén 1/ trong lo chuyén hoa
10* 14n cdc phan ing khac. Vi vay ngay trén 1
néc 10, noi bd sung khong khi, phin Umg nay 8 ‘i/ Bign thign ham luang Bi
» '\S f T
d3 xay ra gin nhu két thiic - hieu sudt chuyén 3 i CH,trong khi S
(5] ! o
héa theo O, khodng 99%. Vi vay khi di vaio = :I >
o =0
viing Xiic tac, nhiét 40 khi nguyén liéu léndén 3 i =
1200 + 1250°C, qua ving xic tdc chi yéu 2 |
dién ra phan img (1) - reforming xdc tac, ra i i AN ‘ !
khoi viing xic tic nhiét d6 ha xuéng chimg 950 ': E Néng 6 CHycanbang 4
+ 1000"C.  hu vuc’i Viing xdc tae !
Hinh 2.2 cho thay su bién thién nhiét do trén khi + khong khi
va néng do CH, trong 16 chuyén héa. Hinh 2.2
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Xic tdc doan II co ban twong doan I, song dic diém phan ung & doan Il 13 nhiét do
cao. Thuong xuyén & mién nhiét do 1000 + 1250°C, than chi khi 1am viéc én dinh cé thé lén
dén 1400 + 1450°C vi vay yéu cdu cao d6i v&i kha nang chiu nhi¢t cia xic tic. Thém nifa &
nhiét do cao, ap sudt cao lai ¢6 hoi nude, vi vdy han ch€ ham lugng:

810, £0,2%; Na,0 + K,0 <0,2%

Dudi day gi6i thigu mot s6 loai xic téc, voi thanh phan hod hoc thudmg diing trong

cong nghiép hién nay.

Loai xtc tac Thanh phéan héa hoc Nhiét d§ phan (mg
Loai Z10260a TQ | % NiO | K,0+Na,0 | Fe,0, | Mg0 | ca0 | $i0, | A0,

14,5 0,25 1 07 | ~15 2 48
UCl My 14,9 Phuy gia CaSio, 980 + 1650
C11 -1 7 A0, 980 + 1650
C1441
BASF Bire 3 MgO
G1-10 800 + 1200
T'UAIT Lign X8 3-H 6 Al,O, 860

3. Cong nghé san xuit

Hinh 2.3 gi6i thiéu nét chinh cita mét so dé cong nghé chuyén hda 2 bude. Hinh 2.4
£i6i thiéu cu tao cilia mot loai 16 chuyén héa 1 1am viéc & dp suat 2,6 + 3,3 MPa nang sudt
600 = 1360 T NH;/24 gis.

Hefi nudie vé tudehin

E Nude mém

A : :
.:ﬁ !:I N

Khi nhin liéu

#hi eacbua hydro + hai nudc
Hinh 2.3, Chi tiét vdi phun I
1. thiét bi truyén nhiét sudi néng khi nhién liéu; 2. thiét bj truy8n nhiét sudi néng hai
nudc va khdng khi; 3 - 4. ndi hoi nhiét thira; 5. thidt bi gia nhiét nudc; 6. thist bj gia
nhiét khi d6t; 7. thiét b gia nhigt khi + hoi nudc; 8. dng dung xic tac chuyén héa 1 {thigt
bj chuyén héa 1); 9. 6ng gom khi - 3ng dan: 10. 16 chuyén héa doan 11
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Hinh 2.4. Thiét bi chuyén héa doan II

1. vd 1&: 2. viing xuc tac; 3. 8ng dan khi chuyén héa; 4. vi d8 xdc tac; 5. budng dét

Theo hinh 2.3 khi nguyén liéu dugc nang nhiét do lén 350 + 370°C, 4p sudt 4,15 + 42
MPa; tron véi hoi nu6c theo ty 1& hoi nude: khi = 3,7 + 4, nhiét do hdn hop khi - hoi nude
vao khoang 350 + 370°C di vao 6ng xiic tdc (RI).

Khi nhién liéu d6t chdy bén ngoai 6ng va budng d6t giit nhiét do phan tng khoang
790 =+ 823°C: sau Id RI - (15 6ng) ham lugng CH, giam xuéng 9 + 11%, qua 6ng gom 9 dua
vao chuyén hoa II. Khéng khi dugc nén lén 3,7 MPa, nhiét do chimg 175 + 210°C, qua gia
nhiét dén 370 + 380°C, t6i 465 + 480°C b6 sung vao khi chuyén héa. RI vao chuyén héa II,
phan ing dén ham lugng CH, cdn khoing 0,35 + 0,55%. Khi san phdm qua néi hoi thu hoi
nhiét, khéi 16 ding dé gia nhiét cdc khi nguyén li¢u, nhién li¢u...

Lo chuyén héa RI chil yéu 1am bang thép chiu nhiét - thudng thép cacbon pha Cr, Ni;
kich thuéc 6ng vao khoang: dudng kinh 114 x 21 mm, cao 11 m, nhiét do 1am viéc cao nhat
825°C. Thuoc loai thiét bi phan tng xtc tic truyén nhiét noi bo. '

Lo chuyén héa II, thudc loai thiét bi 1am viéc doan nhiét, trong dat cic loai xic tic
(thudng loai hinh tru ¢ x h =16 x 16; 19 x 19...)

Dudi day gi6i thieu mot s6 thong s6 k§ thuat ciia mot s6 day chuyén - mang tinh vi du.

Poan chuyén héa I: Nhiét do ra khoi RI 800 + 820"C
CH, % ra: RI 9+ 10%
Ty 16 H,O/C vao: 4, ra doan1: 0,8 + 0,9



Doan II: Nhiéet d6 vao doan II 790 + 800°C

Nhiét do ra doan I 950 + 970°C
Nhiét d¢ khong khi vao 430 + 440°C
CH,; % ra 0,3+04

III. PHUONG PHAP OXY HOA KHONG HOAN TOAN

Beén canh phuong phép néi trén, hién nay vin tén tai mét s6 co s& sin xudt & quy mo
nho (tuy rat it) sir dung phuong phdp oxy hoa khong hoan toan. Theo cong nghe nay thuc
hién hoac oxy héa chon loc trén xuc tc (twong ty doan I1); hoic thyc hién phan tng oxy héa
- khong dang hoi nudc, khac phyc nhuge diém vé hiéu éng nhiet 4m; hodc ding phuong
phdp phan tmg gidn doan mang tinh chu k¥; hoac phai diing céc hop kim dac biét chiu nhiét
lam thiét bi RI.

Phuong phdp nay dua trén cdc phan ing saw:

Trudce hét thue hién phén ing chdy clia metan:

CH, + 20, — CO, + H,O (1)

Pay 1a mot phan tng chdy, ted nhiet:

Butc hai, san phdm CO,, H,O cia phan tng chdy, phan ting véi CH, du sau phan ting
budc mét:

CH, + H,0 — CO + 3H, ~206,4kl/mol  (2)
CH, + CO, — 2CO + 2H, - 2483 kJ/mol (3
hoic téng quit 2CH; + 0; —> 2CO + 4H,

Phin img (1) dién ra cyc nhanh; phin Wng (2), (3) rdt cham. Vi vay véi hiéu suat
chuyén héa tuy du6i can bang, song cdn nang cao nhiét do phan ng.

Trudng hop khong dung xic téc, nhiét d¢ phan (ng trong khoang 1400 + 1500°C. C6
thé phan cdc xi nghiép con sir dung cong nghe nay thanh 3 loai:

1. Thyc hién trye ti€p phin ting chdy - 4p sudt cao, nhiét do cao. Lam viec & 2,5 = 3.0
MPa, nhiét do 1400 = 1500°C.

2. Thyc hién & dp sudt thudng + nhiét do cao.
3. Thyc hién phan ng né + tryc ti€p d6t metan trong dong co d6t trong san dién ning.

Tuy vay theo vGi sir phét trién clia cong nghé xiic téc, céc cong nghé ndi trén ngay
cang bj thu hep pham vi sir dung.
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Chuong HI
REFORMING XUC TAC LOAI CACBUA HYDRO DANG LONG

Cacbua hydro dang nay cé cacbon trong phan tir lugng trén C,. Dudi diéu kién dp suat
thuding hodc khong cao lim, nhiét do thudng, & dang 16ng.

Tét nhat sir dung phan chung c6 phf diém thap - dudi 130°C (40 + 130°C) thudng goi
14 diu naphta - phan tir lugng 88, ty 1¢ nguyén tit H : € = 2,23 (C = 84,4%, H = 15,7%),
nhiét tri 10500 keal/kg. Hoac loai ddu nhe phi diém c& 180 + 200°C.

Cacbua hydro véi ham tugng cacbon cao, phan tmg cang phic tap. Song song vdi phan
{ng chinh - con c¢6 kha nang xay ra phan Ung nhiét phan nhién liéu vi vay tot nht nén tién
hanh trén xtc tdc & nhiét do 400 + 800°C.

Vi loai ¢6 phi diém cao: ddu mazut, FO, cin diu... thudng diing cong nghe oxy hoa
mot phin; thong H,O va oxy vao chuyén héa cacbua hydro. Phan ting chdy vé1 oxy cung cip

nhiét cho phan tng chuyén héa khéng xic téc.

L. CO SO HOA LY CUA PHAN UNG CHUYEN HOA PHAN CHUNG
VOIL PHI PIEM <« 220°C

1. Can bing ctia phan img

Phén img gilta hoi nude va cacbua hydro (C H,) nhut sau:

C.H, + nH,0 — aCO + (n+ %)H2 (1)
CO + 34, == CH, + H,0 — 206 kJ/mol )
CO + H,0 = €O, + H,0 - 41 kJ/mol (3)

Phan tng (1) 12 phin Gng thu nhiét, nhiét can cho phan Ung vugt qud téng nhiét tao ra
bdi phan ing (2}, (3). Trong mién nhiét do ctia phin ung (1) 1a phan dng mot chiéu va phan
tmg(2), (3) déu 1a phan g hai chiéu.

Do vay chinh hai phan {ing niy quyét dinh thanh phén can bing cia khi sin pham sau
chuyén héa.

Theo quy luat chung: tang ty ¢ HyO ¢6 1oi cho can bing cla phan ting. Ham lugng C
trong nguyén li¢u cang cao, nhu cdu H,O cang 16n - ¢6 thé bién dong trong mién 3,5 + 5,0.
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Dudi day gidi thiéu phin tng xay ra trong nhimg didu kién khéc nhau.

Diéu kién cong nghe _
Ap sufit | Nniet do |H,0/C Phan tng
MPa °C
2,07 800 3 |CHyp +3H,020,2CH, + 0,4 CO, + 194 Hy + 1,81 H,0 + 10,25 klimol
276 | 750 | 3 [CHy,+2H,0=035CH,* 025 CO+0,4 CO, + 1,6 Hy + 1,95 H,0 + 75 klimol
3,11 450 | 2 [CHyp+2H,0 =075 CHyt 0,25 CO, + 0,14 H, + 1,5 H,0 - 48 kJ/mol

Nhu vy trong dié€u kién thudng gip 13 phan ting thu nhi¢t, con & nhiét do thip, ty le
H,O/C thdp Ia phan img toa nhiét.

Thure ra qud trinh kha phifc tap. Bing trén chi gi6i thiéu phan img khdi qudt, bao tritm
toan b¢ cdc qud trinh bén trong. Vé nguyén tic, dya vio thanh phdn nguyén liéu, diéu kién
phan ing, phuong trinh tinh hiang s§ can bing K cia cdc phan ing (2), (3) ¢6 thé tinh thanh
phén can bing - k&t qua nhir hinh 3.1. C6 thé sir dung nhu nhitng s6 lidu tra ciu.

2. Van dé téc do cla phan ting

Phan Ung sir dung xdc tdc: thanh phdn hoat tinh chinh I oxit niken. Oxit niken vira
ddy nhanh t16c d6 phan tng chuyén héa véi hoi nude, vira ddy manh phan ing tich than
nguyén to - mét phan vng khong mong muén.

Chon cdc chat phu gia, ngoai cai thién tinh chat co 1y cta xiic tdc, con chi ¥ tang tinh
chon loc chia xdc tdc. Thudng phy gia MgO ddp tng yéu cdu 4y.

Du6i day gidi thiéu mot s loai xiic téc thong dung:

Xlic tic 2402 cua Trung Quéc: NiO: 17%; Al,05: 30%; MgO: 12%; CaO: 7%: Si0;:

12%; K,O: 6%.

Xice tic UCI C11-7-01 M§: NiO: 19,6%; CaAl,O, (600 + 1000°C), 0.1 + 3.9 MPa

ICI 46-1 Anh; NiO: 16,5%; CaAl,0, < 850°C, 0,3+ 4.8 MPa

BASF G-50 Diic: NiO: 14,1; gém 850+ 1000"C, 0,1 + 3,4 MPa

Céc loal xiic tdc ndy déu qua hoan nguyén truéc phan \mg: NiO + H, = Ni + H,0.
Thuyc ra co ché chia phan iing rat phic tap, nhat 12 ddi véi ddu co C cao. Nhiing phuong trinh
dong hoc thudn tuy thyc nghiém.

Trong mién 370 + 500°C ¢6 thé sir dung phuwong trinh dong hoc dang twong d6i don
gian sau day:

r=85x 10 exp ( 11600]1)&}“6 pHng , molfg.h

RT
Két qua tinh todn kha phd hop thuc t& sin xuat.
Hoac r = Ky.pa-pu/(A + nky.p,)
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. k Pw
trong do: A=py+ D2 FwW
H k1 pH +kW‘pw

trong 4 Py, Px» Pw - - 4p sudt riéng phdn clia cacbua hydro, hydro, hoi nudc;
K - hing s6 can bing clia phin ¥ng (2);
n - chisd G
ko/k, - hang so t6c 49 phan g nghich va thuan cla phan ing (2).

Ciing c6 mot s6 cong trinh nghién citu dé cap dén co ch€ cla phan g, song déu chua
dua ra mot phuong trinh dong hoc xudt phét tir co ché ay, bai trong thuc t& tién hanh phan
ing & 450 + 800°C, wong diéu kién thi€t bi phan ing ki€u truyén nhiét trung gian; giira
nhién liéu 1éng va H,0 c6 qua nhiéu phan Ung tién hanh hodc song song hodc ndi ti€p: phan
huy trén xic tdc, phan huy nhiét, tich hydro, hydro hda, tich than, oxy héa, metan hoa...
thém nita phan (mg trong mién nhiét 4o rat rong.

Hién nay nhiéu cong trinh nghién ciu cho ring: & mién nhiét do 600°C. Phan dng dién
ra nhu sau: nhién liéu bi hap phu trén bé mat Ni - dién ra mot chudi phan g trén xdc tac:

Ni..C,H,, — C(a)+ H(a) + CH,(a) + C,Hg(a) + ... CHg (0
-H 1—[_‘ —‘_H__ -H

CH4 '_"__‘."H_ CHx(a) :H_ CHx—l(a) :‘? CHx—?.(a) ﬁ C(d) (2}

' ' C(a) + H,0 —> CO + H, (3)

CO(a) + H,0() — CO, + H, (4)

H,0 + M —> O(a) + H(a) (5)

a: trang thdi bi hip phu;
M: kim loai Ni va chdt mang.

C6 thé coi nhu hoi nurde bi chit mang hap phu trude, qud trinh hdp phu la hai chiéu.
Cacbua hydro bi hdp phu - hdp phu tuong déi vimg bén, chiém khéi lugng 16n trung tam hoat
tinh. Hai san phidm hip phu phan ing trén xic téc. Vi vay néu ding chat mang ¢é phu gia
kiém s& hap phy nudc 16t hon - 1am tang tdc d6 phan img.

Phén tmg (1) coi nhu phan img nhi¢t phan nhién liéu 16ng trén xic téc hinh thanh céc
san pham ¢6 phan tir lugng thap.

Phan ing (2) coi nhu phan ing dit mach C-C, hinh thanh gdéc tudo CH, (x =0+ 3).

Phan tmg (3), (4) coi nhu phan img hoi nuéc hinh thanh san pham.

Trudng hop mién nhiét do trén 600°C.

Phan img & day chii yéu 1a phin (mg nhiét phan, phan huy thanh phén alkan, metan,
H,. than... Riéng cdc cacbua hydro vin nhigt phan trén xic tac. C6 thé hinh dung phan tmg
dién ra rong 6ng chiim chifa xiic téc, gia nhi¢t bén ngoai. Dién bién nhu sau:
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Vi tri twong (mg trén
tang xic tac

k) A - 2
Noi vao (450 + 700°C) ————  Nhien idw Iing < 600°C nhiét phan xiic tac

> 800°C nhigt phan he déng nhat

Nhiét phan trén
25% trung tam axit

Than . << San pham trung gian
50% i Tach H khéi alkan, trang hop, alkan, alken, metan , H,
phan huy CH, trén trung tam axit

Hoi nuée
nhiét phan
7561 Phén ing chuyén hF’a $an phém trung gian
] trén trung tam basic oxit, metan, hydro
C+H,0 > CO+H,
$an pham cia phan tmg reforming
Y CH,+H,0=C0+3H
. hai nudc CH,, CO,, CO, H,, H,0 b2 2
Nofi ra 2 272

CO+H,0=C0,+H
(8 trang théi can bang) 2 27 M,

IL. NHONG VAN BE CONG NGHE

Tuy thugc loai nhién liéu, dac bict 13 thanh phidn héa hoc d€ chon xiic tac, chon diéu
kién cong nghe.

o) day gidi thiéu mot day chyén cho nhién liéu naphta. Nhién liéu 1dng qua nén lén 4.9
MPa, qua truyén nhigt dat 85°C. Trén khi hén hop N, - H,, qua gia nhiét dén 420°C; qua
thiét bj hydro héa, chuyén luu huynh hitu co sang dang H,S, qua khir H,S bing oxit kém, bé
sung hoi nude, gia nhigt dén 500°C, véity 16 H,0: C=3,5: 1; hé ¢é nhigt do 470°C, 4p
sudt 3,85 MPa, ddn vao chiim 6ng xiic tdc, trong d8 diy xic tdc; sau phin ing ham lugng
gidm (61 10% (tinh theo g&c kho) - nhiet do khoang 780°C.

Tiép tyc chuyén héa budc 2 bing b sung khong khi thuc hi¢n phén (tng chay.

Cudi cing duoc khi san phdm ¢4 thanh phdn: Hy: 52,5%: CO: 13,8%; CO,: 11,4%:
CH,: 0,.5%; Ar: 0,3%.

Thiét bi chd y&u 12 16 chuyén héa. Cling nhu véi chuyén héa metan, hinh thic 1o diing
réng rdi nhdt 1a loai 16 6ng. Vi hé nang sust c¢& 1300 tan NH;/ngay. Luong diu naphta tiéy
hao ¢& 30600kg/gi%s, hoi nude cd 137,2 tdn/gi&. Lo gbm khodng 300 6ng xc tic, dudng
kinh dng 107/134,2 mm, cao khoang 13 m, chifa 33.5 m? xiic tac, nhiét d¢ thanh dng khodng

50



837°C (theo tinh todn), nhi¢t d6 budng gia nhiét khoang 1100°C.
Ngoai ra ciing ding loai 16 doan nhiét, tdng xic tdc the nhdt chita 6,7 m” xte tic,
chiéu cao 610 mm.

D61 v6i dau mazut, hodc can ddu, diung phuong phip oxy héa khong hoan toan dé chée
tao hydro. O day thyc hién nhiing phin iing cd ban sau:

C,H, + (n wn%)o2 — nCO, + 1‘211{20 + Q
CH, + goz —» mCO + -Z“EH2 -Q
C,Hy, + nH,0 — nCO + (n+ %)Hz— Q

MPa. Thanh phan khi san phdm CO + H, = 92 + 96%. U'u di€m cia phuong phdp nay 1a ¢6
thé sir dung moi loai nhién liéu l6ng, tham chi c6 nhiéu tap chat. Song diu ur I6n, budc phai
6 thém mot hé phan ly khong khi. Thudng chi ding dé ché tao hydro tir cdc co s& luyén diu
mo, khai thdc ddu can 1am nguyeén liéu ch& H,. Loai déu nay la chat thdi trong qud trinh
chung chan khong dau néng. Phf diém cao, trong mién 525°C. Hoac sin phdm cia qué trinh
cracking xic tic, nang ham lugng xang. ..

Thong thudng phan (ing dién ra trong mién nhiét dé: 1300 + 1350°C, ap suat: 2 + 3

Thudng ché tao 1 tdn NH; cén 0,75 + 0,8 t4n déu nang hoac can Iam nguyén liéu,
khodang 0,25 tén cho san hoi nudc va dién ning.

C6 day chuyén TEXACO, déu cén qua tinh ch€ & 7,2 + 9,0 MPa, du can, hoi nudc,
oxy phan tng & 1350°C, 4p suét 8,8 MPa duge sin phdm chigm 46% H,, 47% CO, 4% CO,.

Ngoai ra mot s6 day chuyén khdc, ¢6 mot chit khac biét nhur Shetl, Koppers-Totzek...

Cong nghe Sheil twong wr cong nghé¢ TEXACO, 1am viéc & dp sudt 3,5 + 6 MPa. Diu
nang dugc gia nhiét, bom vao 1d khi héa ciing véi hoi nudc cao dp, oxy di qua gia nhiét,
Phan ving dién ra & nhiét d6 1200 + 1500°C. Sin phim ciia khi héa ¢6 thanh phdn 46% H,,
47% CO, 4% CO, (tinh theo g6c kho) mot lugng nhd H,S va N,, ngoai ra cdn mot lugng nhod
than - huyén phd trong hée khi. Sau d6 qua XU Iy tuong ty nhur qué trinh khi héa than.

Nhiéu co s& khi héa than cdm bang 10 tang soi hodc 15 phun, ¢6 thé sira ddi chuyén
sang khi héa ddu nang.

Chinh vi vay, mot s& nha céng nghe cho ring: phuong phdp nay, cling nhu phueng
phap khi hod than cdm 1a nhilng phuong phép ¢6 vu th€ dac biét; day chuyén, thiét bi cé thé
sir dung nhiéu loai nguyén liéu mot cach uyén chuyén.
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Chuong IV
KHU HOP CHAT SUNFUA KHO! HON HOP KHi NGUYEN LIEU

N6i chung, cho dit ding nguyén ligu nao, hoic nhiéu hoac it khi san phdm déu c6 hop
chét clia sunfua. V&i nhién liéu ran, thudng gap hai loai hop chat cla sunfua: hgp chdt vo con
chil y&u 1a H,S; mot loai khdc 1a hop chét hitu co: nhur CS, (sunfua cacbon), COS (sunfua
oxit cacbon), mercaptan RSH.

Ham lugng, ty 1& cdc cau tir niy thay déi tuy theo dang cla hop chat luu huynh trong
¢dc loal than. Cdc hop chat luvu huynh hitu co ndy, trong qud trinh khi hod than déu chuyén
thanh H,S vi.vay 90% S trong than chuyén thanh H,S. Van dé khit hop chat sunfua trong khi
than, chil yéu 1a khir H,S. Vi du trong khi than uét ham lugng HyS 161 1 + 3g/m’, 0,2 g/m' s
hitu co.

Khir H,S nhim bao vé xic tdc trong nhitng cong doan ti€p theo, ngoai ra trong phong
chéng 6 nhiém moi trudng, mot hang muc quan trong ciing 12 khir H,S.

Hién nay trong cong nghiép diing phd bién nhing phuong phap sau:

- Phuong phép kho: diing thé rin c6 dinh H,S sang dang cdc hgp chit sunfua cta kim
loai hoiic dang hip phu; phuong phdp ding oxit st, oxit k&€m, zeolit, than hoat tinh,

- Phuong phap ding dung dich: thuc hién phin tng hap thu hda hoc.

- C6 phuong phdp trung hoa nhu: ding kiém néng, rugu géc amin, kiém hiru cg, hoic
nude amoniac loang... dé hap thu H,S, thuc hi¢én nha H,S theo phin tmg nghich.

- C6 phuong phdp oxy héa: dung dung dich ki€m - Acsenic, polythionat, antraquinon -
disunfonic - axit... thuc hién phan {ing oxy héa trong pha léng véi dung dich nudc amoniac
kém xuc tac pha 16ng, duge S nguyén 16.

- C6 phuong phap hép thu vat 1y: bang dung dich metanol & nhiét do thap.
1. NHUNG PHUONG PHAP KHO KHU H,8

1. Phuong phap diing oxit st ngam nudc - thuc chat 1a Fe(OH);

Tinh theo géc kho, chat hdp phu gém 50% Fe,0; trong dé 70% 1a oxit sat hoat tinh.
Trong moi trudng kiém thyc hién phan #ng:
2Fe(OH); + 3H,8 —> FeySy + 6H,0 + 21 kJ/kmol S
mot phin nho theo: Fe,S; —> 2FeS + S

Thudng tron quang oxit sit véi min cua theo ty 1é 1 : 1, bd sung véi vdi lugng khoang
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0,5% trong luong oxit sit nhiam chuyén chat hap phu vé moi truong kiém: (pH = 8 + 9), phun
nude dm dén 30 + 40%.

Trong moi trudng trung tinh sé dién ra theo phan ing:

2Fe(OH); + 3H,S — 2FeS + S + 6H,0

Phan tng nay dién ra rat cham, khong ¢6 gid tri ing dung; trong moi trudng axit, tao
sunfat khong tai sinh dugc.

Sau khi hdp phy, ti€n hanh phan tmg téi sinh:

2Fe,S; + 30, + 6H,0 —= 4Fe(OH), + 684 +201,9 kJ/kmol S
4FeS + 30, + 6H,0 —> 4Fe(OH); + 454

Trong diéu kién ham dm > 30%, théi khong khi qua chdt hdp phy, ¢ nhiét do 28 =
30% phan tmg téi sinh tdch S. Thong thudng do phén tng tdi sinh toa nhiét, lam bay nudc
khoi chat hdp phu, téc do téi sinh cham ddn. Vi vay trong nhimg thiét bi hap phu loai thdp
16n, truée khi thdi khong khi ngudi ta thudng phun thém hoi nudc. Téi khi oxit sét hoat tinh
1an S t4i sinh lén d&n ham luong S dat 50%, c6 thé chuyén t6i d6t ciing pyrit ¢ nha mdy san
xuit H,50,.

Hién nay, ngoai nhiing cd s san xuat nho ding phuong phdp phoi ngoai nang nhim
thue hién phan ¢ng tdi sinh trong tu nhién, cdn thyc hién trong thi&t bj. Phé bién hién nay cé
hai loai:

Loai hinh hop, tiét dién khoang 50 m?, cao 1,5 + 2 m, gém bon 16p chat hdp phy, mbi
16p day 400 + 500 mm. thdi gian ti€p xic khi - rdn khoang 130 + 200 giy, 8¢ do dong chay
ctia khi than: 5 + 8 mm/gidy, sau hdp phu, ham lugng S trong khi than xudng t61 mic 0,1 +
0,2 g/100 Nm®. Tr& lue tdng hdp phu vio khoang 1250 + 2500 Pa/l m chiéu cao. G nhing
co s Ién thudng diing loai thip véi dudng kinh c& 6000 mm véi céc 16p chat hdp phuy day
500 mm. Loai thap ¢4 dudng kinh 4000 Nm3/gi6 véi ham lugng H,S khodng 8 g;’m3 (thdp
Thysen - Lenze), ciing ¢6 noi ding thiét bi lien tuc.

Dimng oxit st, song song vdi khir H,S; n€u trong khi ¢6 HCN ¢6 thé bj hip phu theo
phan Ung:

IFeO + 2Fe,04 + 18HCN — Fey[Fe(CN)]; + 9HO

O day gidi thiéu mot s& cong nghé diing cho mot s chat hdp phu:

Loai nhiét do thuong: Fe,Ox: 50%, dang s¢i ¢ 6 x 5 ~ 15, khoi lugng riéng: 0,7 + 0,8
kg/l, bé mat rieng 80 m*/g, luong S tich luy dén cuc dai: 50%.

Diéu kién 1am viéc: 4p suit: 0,1 + 3 MPa, nhiét d6 20 + 40% t5¢ do khong gian 300 +
800 giv ™!, t4i sinh & 30 + 60°C.

Mot s& cong trinh nghién ciu dura ra mot s6 phuong trinh déng hoc nhim tinh t6c do
clia qué trinh hdp phu - song khd nhicu thong s6 thue nghiém nén thyc t€ khi tinh todn vin
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dua theo s6 li¢u thuc nghi¢m.

Phuong phap khé nay cé ru diém 1a phén ttng mot chiéu, do vay néu thoi gian do dai,
c6 thé hap phu dén triet dé; song do phan tUng toa nhi¢t nén chu y&u dung cho hén hop khi
c6 ham lugng H,S thap. Trudng hop nguge lai thudng st sung phuong phdp hap thu trude va
hap phu sau.

2. Phudng phap dung than hoat tinh lam chat hap phuy
Thuc chat cha phuong phdp nay 13 thuc hién phan tng chdy khong hoan toan gifra H,S
va oxy trong khi than dd bj hdp phu trén than hoat tinh, trong su ¢é mat clia mét chiit khi
NH;, déng vai trd nhur xdc tdc, va sy hién dién clia hoi nudc ngung tu:
H,S + %02—)— S + H,0

Véi hop chat hitu co cla sunfua ciing vay. Vi du vé COS:

COS + 1202-—»»(302 +s

COS + 20, + 2NH; + H,0 — (NH,),80, + CO,

Thudmg bé sung oxy - néu trong khi than cdn thi€u, véi mot Jugng bang 150% hé s& ty
lugng, 46 4m tuong déi 70%, lugng NH; bing 2 + 3 ldn lugng hgp chét luu huynh hitu co
trong khi than.

Ciing nhur dac diém chung ca phuong phdp kho, phuong phép nay chi sit dyng cho
cdc loai khi ¢6 ham luong H,S thip (< 3 + 5 g/m®), nham khong ché nhiét d6 hén hop khi
sau khi tinh ch& & duéi 50°C.

Khi ham luong heu huynh dat 50 + 150% trong luong than, ding sunfua amon [(NHy),S, -
dung dich nuéc] dé hoa tan S trong than (hoac goi 1a qua trinh chi€t). Polysunfua amon nay,
qua gia nhiét lai tich ra S véi thudn do dén ren 90% va dung dich qua lam lanh, tuan hoan
quay trg lai chu trinh.

Phuong phdp nay c6 thé ha ham luong H,8 xudng < 56 ppm.

Vi loai thiing hdp phu c¢6 D x H = 4520 x 4425, dat 10 + 11 tan than hoat tinh, 4p
suat 49 kPa, nhiét d6 < 45°C; ¢6 thé xUt 1y lugng khi than c¢6 ham luong S: 5 g/m® 1a 5000 +
6000 Nm*/gidy, tiéu t6n oxy § + 6 Nrn?'/giéf - sau 15 ngdy tdi sinh mot 14n.

3. Phuong phap khir H,S béng zeolit
Phuong phap nay sir dung & cdc co sd san xudt quy md nho.

Zeolit phan 16n 1 aluminosilicat Na hoac canxi dang c&u trdc tinh thé 1ap phuong; sau
khi nung, nuée két tinh bay hoi, cdu tric tinh thé vin khong thay ddi, khong sip x€p lai 6
mang, hinh thanh cu tric mang hinh hoc, cdc 18 tréng, cic mao quan ndi v6i nhau, chiém
khodng 1/2 thé tich tinh thé.

54



Chinh cdc mao quin ndy cé tdc
dung hip phu.

C6 3 loai hdp phu chon loc. Hip
phu chon loc dya vao sy khdc nhau vé
kich thudc phan tr; dua vao sy khac biet
vé do bio hoa clia cdc cacbua hydro, dua
vao tinh luéng cyc cha phan tr. Hip phu
H,S chinh 1a loai thit ba nay. Vi d¢ phan
cuc cla H,S 16n hon cdc cau tir khie
trong hén hop khi than nén hip phu W 5%
manh. Hinh 4.1 cho thdy quan hé giita 0 é 1IU 1I5 2|0 2I5 3.0 —

lugng H,S dé bj hdp phu thay déi theo 4p Hinh 4.1 Py,g: MMHg
inh 4.

25°C

75°C

Luong HyS bi hip phu (kg} 1 kg chét hdp phu

sudt can bang (4p suft riéng phin & trang
thdi can bang) va nhiét d¢ trén chat hap phu. Chi ¢6 diéu riéng d6 phan cue cia H,O cao hon
H;S nén trude khi hdp phu H,S, ¢in 1am sach H,O bang cdch ghép ndi ti€p hai hay ba thdp
hdp phu. Mot diém nira 1a CO, ciing déng thdi bi hap phu. Hip phu cho dén khi bio hoa
COy, tich ching dua vao su khdc biét vé t6c do hap phu. Trong cong nghiép thudng dung

Si0o
i v le 2.=2,
loai 4A (NaA) ty lé ALO; 2

Dudmg kinh mao quin 4® hoic 10X - khir sunfua hitu co (Ca®* thay thé cho Na* trong

NaX), ty 1 Aslloé = 2.5; dudng kinh mao quan 8 + 9®. Thudng qué trinh t4i sinh ding
2Us

phuong phdp nha bang khi néng, & nhiét 4o trong mién 200° = 350°C.

IL. NHONG PHUONG PHAP UGT KHYU H,S

Nhing phuong phdp wét - Hip thy bing dung dich, thudng 13 phdn tng hai chiéu,
khong khir triét dé S nhu phuong phép kho, song do ¢6 thé ha nhiét dé phan ting bing tang
mat d phun dung dich, nén khic phuc duge nhuge diém cia phuong phap kho, do vay
thudng thich hop cho qua trinh xir Iy khi c6 ham lugng H,S cao két hop sau dé véi phuong
phap kho khir H,S.

1. Hap thy béing dung dich Na,CO, - nuéc - phudng phap Seaboard

Vi ndng do H,S tir 1 + 3%, thyc hién phan tng:

Na,CO; + H,S —> NaHS + NaHCO,
Qua trinh hdp thy, thuc hién phan ting thuan véi mat do twéi 6 + 8 I/m® khi.

Qué trinh nha, thyc hién phan img nghich, théi H,S ra khéi hé bang khong khi, lu
lugng khéng khi 300 m*/m* dung dich.



Khi H,S loing théi ra khong khi, dung dich ti sinh quay trg lai phun vao thap. Hi¢u
suft théi tich H,S dat 80 + 90%, t6n that 1 + 2 NazCO_q;’m?' khi. Phuong phdp nay it diung
cho hiéu qua kém, 6 nhiém mai trudng.

Hién nay con ¢6 mot s6 noi thay thé bang dung dich K,CO, v6i néng do 15 = 20%,
thyc hién phan g tuong ty nhut trén & dp sudt thudng hoac & dp suat 8 + 18 ata:

K,COs; + H,S ~> KSH + KHCO;,
Va qud trinh tai sinh theo phan tng sau, trong ddng khi thdi H,S 1a CO,
KSH + CO, + H,0 = KHCO; + H,S
2KHCO4 = K,CO; + CO, + H,0

hoic thay vi dung CO,, diing hoi nuée dé thyc hién phén tng tdi sinh & nhiét 46 70°C,
4p sut 0,12 = 0,2 ata. Do néng do kiém cao, d9 hod tan cha KHCO; va K;,CO; 16n hon so
véi mudi g natri nén t6¢ do phan tng 16n hon, hiéu sudt khir H,S dat trén 90% tham chi t6i
98%, thém nifa & 75°C toc do hip thu rat cao, d6 1a co s& cha phuong phdp kiém néng
(Benfield).

Mot s6 co s& san xudt con dung dung dich NH,OH lam chét hap thy, dic bi¢t nhimg
cd s& xUr 1y H,S trong khi néc 15 cok héa than. V& nguyén 1y 1am viéc tuong tu nhw ding
kiém.

Mot 6 cdf sG san xudt, vi du trong giai doan mdi xay dung - Cong ty Pam Ha Béc da co
mot phan xudng hip thu déng thoi H,S va CO, bang rugu géc Amin. Vi du monoetanolamin
(CH,CH,OH)NH,.(RNH,); dietanolamin (CH,CH,OH), NH(R,NH); hodc trietanolamin
(CH,CH,OH).N(R;N). Vin dé nay s& duoc ban k¥ hon & phin 1am sach CO, hén hop khi than.

Hdu hét nhiing, phin tng trén déu tai sinh nha H,S, lai phai xir 1y ti€p dé bao vé moi
trudmg. Vi vay khuynh huéng gén day la phuong phédp hap thu - thuc hién phdn tng chdy
ngim, oxy héa H,S thanh luu huynh nguyen 16.

2. Phuong phap hap thu biing dung dich kiém acsenic (Thylox)
Co s& ciia phuong phép la thye hién phan ing:

Na,As,S50, + H,S = NajAs,S60 + Hy0 (1)
va Na,As,5:0 + H,S = Na,As,S; + H)O (2)

Téc do cha phan tng (1) nhanh hon nhiéu so v6i phin ing (2). Vi vay sir dung dioxy-
tioacsenat natri (NaAs,S50,), qua qué trinh hap thu trong thip hdp thu, sin phdm dugc hinh
thanh chii y&u 12 monoxitioacsenat natri (NayAs,840). Tuy lugng khi xr 19, néu ding thap
dém, hiéu suit hap thy co thé dat 95 + 98%.

Sau h4p thy ti€n hanh phan img oxy hoa - tdi sinh dung dich hap thu & 35 + 40°C:

Na4ASZS(,0 + %02 — Na4A528502 + §
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Loc tdch luu huynh, dung dich 13m lanh dua & vé day chuyén.

Trong cong nghiép, ngudi ta ché tao dung dich bing cdch hoa tan As,0; trong dung
dich soda;

As;0; + 2Na,CO;4 —> NayAs,05 + 2C0O,

Sau d6 théi H,S vao dung dich tao tioacsenat natri - trong cong nghié¢p goi 14 qu4 trinh
bdo hoa dung dich acsenat kiém:

NasAs,05 + 5H,8 — Na,As,S; + 5H,0

Trong qua trinh t4i sinh, véi khong khi (O,) théi vao dung dich - hinh thanh dioxy
tioacsennat natri:

NayAs,Ss + O, — NayAs,S50,

Vi pH trong khoang 8 + 8,2 phun vao thdp hap thu va tudn hoan trong mot chu trinh
hip thu - nha dung dich méi thudng ¢6 néng d6 7 + 10 g Asy05 trong 1 1it nude - huong
kiém dl giit pH khoing 8 + 8,2. Dudgi day néu mot s8 s6 liéu coi nhu nhimg théng s cong
ngh¢ cia phuong phép nay.

He s6 chuyén kh6i trong hép thy: 2,5+ 3,5 g HyS/m? x gidr (& 30°C)
Hiéu suat sir dung dung dich so véi ly thuyet 30 + 50%

Thoi gian tdi sinh (& 40°C) 45 + 50 phiit

Cuding do théi khong khi m*/m” tiét dien thip 215

Hiéu suit tai sinh 75%

Ung véi lugng khi: ’ 7,5+ 8 m'/m* dung dich

Hiéu sudt khir S; 90 + 98%

Tiéu tén As,O, trang kg/tdn S 5+6,5

Xoda kg/tan § 300 + 500

Hoi nudc tan/tan 6+ 7tin

Dung dich acsenat 12 mot dung dich doc song ¢6 hiéu qua. Tuy vay ngay cang it sir
dung phirong phép nay, cdc khi mang tinh axit khdc nhu HCN ciing dwoc khir sach.
3. Phuong phap ding mudi amoni
Tuong ty phuong phép trén - thuéc nhém phuong phdp dimg dung dich polytionat,
nguoi ta con diing polytionat amoni nhu tetra hogc tritionat amoni, hap thu dong thoi H,S va
NH;:
(NH4)38,04 + 2NH; + H,S —~ 2(NH,);5,04 + S
(NH4»830¢ + 2NH; + H,S — 2(NH),8,04
voi ty le NH; : H,S=2: 1 t6c do phan g 13 [6n nh4t.
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Sau khi hap thy, tién hanh tai sinh. Qud trinh tdi sinh hinh thanh sunfat amon va 5. Co ché
cua phan ing khd phiic tap. Cé ¥ ki€n cho rang budce ddu cha tai sinh 1a phdn tng giita SO, -
san phdm clia qué trinh phan huy & diéu kién nhiét do cao véi dung dich san phim hap thu:

(NH4),5;0, = (NH4),580, + SO, + S
(NH,);8,0¢ =™ (NH;),80, + SO, + 28
4(NH4),5;05 + 650, ™™ 2(NH,),S5;0¢ + 2(NH,),S,0,
hoac trong phuong phdp hyrohax tdi sinh trong khéng khi
(NH,4),5,0, + 20, + H,0 — (NH,),S0, + H,50,
H,S0, + 2NH, — (NH,),50,

4. Phuong phap ddng antraquinon disunfonic axit (ADA)

La phuong phidp hién dang sir dung tai Coéng ty Pam Ha Bic, ¢6 cai tién chiit it bing
dua thém dung dich tanin thién nhién (khoang 66% tanin) mot thanh phan c6 nhiéu nhém
phenol ¢é hoat tinh cao, dé oxy héa thanh hgp chat quinon. Pay 12 mot phuong phap ¢6 hiéu
qua, don gian, diéu kién cong nghé khd dén dinh con goi 1a phuong phdp Stretford. Chat hap
thu ch yé€u Ia dung dich 2,6 va 2,7 antraquinon disunfenic va x6da b6 sung tartrat kali natri
(NaKC4H,O4) va khodng 0,12 + 0,28% metavanadat natri (Na,VO,) nhy mot chat xic tic.

Phan tmg h4p thu tién hanh nhu sau:
H,S + Na, VO, -» NaHS + NaHCO,
2NaHS + 4 Na,VO, + H,0 — Na,V,04 + 28 { + 4 NaOH
Na,V,0y + 2A.D.A (trang thdi oxy héa) + 2NaOH + H,O —
~» 4Na,VO; + 2A.D.A (trang thdi khin
A.D.A (trang thdi khir) chuyén sang trang thdi oxy héa trong thdp tai sinh:

ONa O
SO;Na SO;Na
2 + 20,— 2 + 2NaOH
NaQ,$ Na0,$
H 0
A.D.A & trang thdi Khir A.D.A & trang thai oxy héa

Nhu vay trong qué trinh téi sinh A.D.A, Na,CO;. Na,VO, déu dugce tdi sinh hinh
thanh dung dich hdp thuy, tudn hoan tro lai hédp thu.

& gi4 tri pH cao (t6t nhat pH > 9,5), t6c do cha phan tng hip thu cng cao. Trong
nhifng ndm gan day, do gid ADA cao, Trung Qudc di dua dung dich tanin trich 1y (san pham
trich ly tir mot 56 cay, vo cy, vO qua - tanning extract) - nhim cung cdp hop chit quinon
thay thé mot phin ADA.
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Nhimng day chuyén cong nghé cuia cic cong nghé hép thu, tdi sinh oxy héa thanh S c6
nhimg nét tuong tu. Hinh 4.2 giGi thieu mot day chuyén dién hinh. Cing c6 thé coi nhu phé
bién doi véi cong nghé nay.

r_"—‘: Khi than
: B 14 *
[ TIRET:
7 & | l‘{
= i
v ar 4 T ar ar T A r L ll I
) It
k10 l
g : i
4+ i
12} ' 13 i : : J 73 1 1{{' Khi than

il t1 ' ! - M Jf

Hinh 4.2

Khi than di vao thdp hap thu (1), dung dich hap thu phun tir dinh thap. Sau khi hap
thu, dung dich qua bom (13), hodc tuan hoan vé (1) hoac trich mot phin di tai sinh, phan
nay qua nang nhiét do trong thiét bi truyén nhiét (3), vao thap téi sinh (2). Khong khi tir mdy
nén (14), qua tich dau (15), gia nhiét (16) thdi vao ddy thap t4i sinh. Dung dich huyén phu
S, qua lam sach (5), loc (6). Phan luu huynh v6i thudn do trén 99%, qua dun nong chay (10),
d6 khuon; phan dung dich qua lam lanh (7); hoi nhap v6i dung dich méi pha trong thung pha
ché (11), qua bom (13) dua trd lai thép hap thu (2).

Tuong ty phuong phap nay, mot phuong phap dugc dung khd phé bién dé khur H,S
trong khi than - Khi dinh 10 cok, trong c6 nhiéu NH; - d6 1a phuong phdp Takahax, sir dung
1,4-2-sunfonat amon nhu mot chat xiic tdc (NQ).

Tru6e hét phan NH, trong khi than bi hép thu:

NH; + H,O = NH,OH

Sau d6 dung dich nuéc amoniac hap thu H,S:

NH,OH + H,S =~ NH,HS + H,0

Vi néu c6 HCN:  NH,OH + HCN —> NH,CN + H,O
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Dudi tdc dung xiic tac tdich ra S:

OH
SO,NH, SO,NH
NHHS + T+ HO — NHOH + Sy + P
OH
ciing tién hanh tdi sinh trong thap t4i sinh, thdi khéng khi:
N
NH,HS + %02 ™ NH,OH + S

NH,CN + S —» NH,SCN

0
SO;NH, 1 SO;NH,
0

Té&c do cha khi than trong thap hap thu vao khodng 0,49 m/s; mat do w61 39 m*/m’xh,
ty 1& 1éng/kh{ = 38 1/Nm®, mdi Nm® khi cdn 1 m? dién tich hap thy. Thyc ra phuong phip
nay chi c6 hiéu qua khi trong khi than ¢6 da NH;. T6t nhdt NH;/H,S (1y 1& khoi luong ) >
0,7. Khi d6 hiéu suét khir S dat khoang 90%.

N{) tai sinh:
OH

OH

5. Phuong phap Fischer

Chn yéu diing dung dich hdp thu gém muoi ferricyanua (20%), KHCO; (6%), dung
dich qua dién phan chuyén Fe trong ferricyanua (hod trj 2), 1én ferricyanua (hod tri 3); dong
thoi bicacbonat kali thanh cacbonat kali:

2K Fe(CN)g + 2KHCO; —> 2K Fe(CN)g + 2K,CO3 + Hy
Sau d6 ti€n hanh phan ing hip thu H,S:
2K, Fe(CN)g + 2K,CO5 + HyS —> 2K, Fe(CN)g + 2KHCO, + §
hoac phin iing téng quat: H,S &> H, + S

Phuong phap nay st dung rong rii cho qud trinh 1am sach khi than uét phuc vu cho
phan tng Fischer - Trop.

Cung loai phuong phdp ndy c6 phuong phédp sir dung dung dich amoniac loing ¢é
ferrocyanua kali.

+ Phuong phap statsmijnen - Otto:
Fe,{Fe(CN)¢]: + 2H,S + 4NH; = 2Fe;[Fe(CN)g] + (NH ), [Fe(CN)4] + 28

Xanh Berlin (Lazur) oxy héa H,S thanh S, chuyén ferro thanh ferricyanua. Loc dung
dich 18y S, sau d6 tdi sinh trong dong khéng khi.
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Twong tu nhu trén, dung dich tudn hoan tré lai thip hap thu. Nhu da biét trong khi
than con Iwu huynh & dang hop chét hitu co. Trong khi than 4m, ham luong S chii yéu & dang
H,S; trong khi than uét ty 1¢ S & H,S/S & hop chat hitu co = 3 + 6; trong khi dinh 1 cok cang
it, ty 1é nay c& 10 + 12.

Phén hitu co thudng gém CS, 50 + 70%
COS 10 + 20%
Tiophen 10 + 20%

Mercaptan 5+ 10%

Trong qua trinh khir H,S bang cdc phuong phédp ké trén - hau hét lvu huynh hitu co
cting bi hdp thu hét. Vi vaykhong dat van dé nay trong day chuyén cong nghé. Ciing tuong
tr nhu vay véi hgp chat HCN.

6. Cac phuong phap hap thu vat ly

Phuong phédp nay chi yéu ding metanol, hdp thu H,S, CO,, luu huynh hitu co, hop
chdt cyanua, cdc hgp chét hitu co khong no. O ép suat khoang 2,1 MPa, phun metanol &
nhi¢t do —70°C; cdc chét khi trén hoa tan kha nhiéu trong dung dich phan cuc.

Hén hop khi than, qua thiét bi 1am lanh gidn ti€p bing khi lanh sau tinh ch€, dua vao
thdp hap thu, & phan thdp thir (1b), tiép xiic v6i metanol & ~70°C sau hap thu, nhiét do dung

Khi than

Hinh 4.3

1b. thép hap thy Ian th(r I & nhiét dé thap (-70°C); 1a. thap hap thu 1an IT & nhiét d6 cao hon (-35°C);
2. thap tai sinh sau hap thu th{t nhat; 3. thap tai sinh cudi cing; 4. thiét bi 1am lanh; 5. thiét bi thu hdi
nhiét; 6. thiét bi lam lanh khi than; 7, 8. bom dung dich hap thu; 9. bom chan khéng
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dich tang lén —20"C, qua giam 4p xudng 0,1 MPa tich ra CO, va H,S; dung dich giam nhiét
do xuéng —-35°C, 1i€p tuc dua qua thip hdp thu la (phin 2); dung dich sau hap thu lai dua
qua tai sinh & 4p suét 0,02 MPa (thdp 3), nha toan b CO, sau d6 1am lanh vé lai hdp thu.

Thuce ra theo véi s phdt rién cta cong nghé, ngay cang nhiéu phuong phdp lam sach
khi ra doi.

N&u diing phuong phap kho: nhu oxit sat, than hoat tinh, zeolit... can luu ¥ dén téc do
phan tng thap, thi€t bi ning né, céng kénh; chi ding khi ndng do thap.

Néu diing phuong phdp hap thy - nha H,S; c4n luu ¥, thé ndo phan Ung cling qua khau
can bing pha va can bang dién ly:

H,S (khi) == H,S(Iéng) = H" + HS

Nhu vay cin dung dich kiém, pH > 9, song chi ¥ dén kha nang tdi sinh cua dung
dich, gi4 tri pH clia dung dich it thay d6i trong qua trinh hap thu (dung dich dém). Thiudmg
t6t nhat 12 dung dich muéi kiém manh - axit yéu vi du Na,CO,, K;,CO3, hodc mudi kiém
yé&u, nhu rygu gée amin...

- V@i phuong phép hép thu kém phan fng oxy héa trong pha long - van dé 1a chon mot
chdt mang tinh chat nhir chit xic tdc, chuyén gidn ti€p oxy trong khong khi oxy héa H,S -
mét chit ¢6 kha ning oxy héa - khir theo su thay déi cia diéu kién phdn tng.

- Vi S hitu co: qué trinh khi hod trén 1100°C hdu hét déu chuyén sang dang H,S5, nhu
vay S hitu co chd y&u gip trong khi ra khéi néc 10 cok, trudng hop ham lugng 16n thudng
qua budc chuyén thanh H,S trén xic tdc sau khi ha ham lugng H,S xu6ng 0,1 + 0,2 g/100
Nm’, thue hién & 125 + 200°C

CS, + 2H,0 > 2H,S + CO, (xuc tac Al;04)
CS, + 4H, — 2H,S + CH, (xic tdc Al,O5 pha oxit sdt, oxit molipden)
2CS, + 6H, — H,S + G,H, '

Vi qua trinh khi héa than, thudng khéng quan tam dén cic hep chat ndy. Tuy vay
trong nhiing nam gin day, mét quan di€m dugc nhiéu nuée ing ho la: ddu mo va khi thién
nhién c¢6 trit lugng 16n - sdn xudt nhién liéu ciing nhu sin pham cla phan iing téng hop tir
ngudn niy ¢6 gid tri kinh t&€ cao; tuy vay luong sir dung qud ldn, s€ s6m can kigt. Hoéa hoc
than lai trd lai vi tri hang ddu cia né. Vi vay nghién cdu nhitng cong ngh¢ hodc tryc ti€p hda
16ng nhién liéu than bang phuong phdp hydro héa than nhu cong nghé ITSL (Intergrated two
stage liquifaction process), hoic SCE (supercritical solvent extraction process), hodc gia
cong lién hgp (coprocessing)... ; & diy vin dé hydro héa khir hop chét S trong than dya trén
xtic tac Mo.Co tré& thanh mét hang muc quan trong. Hodc nhy phuong phdp héa long gidn
ti&€p, qua budc chuyén than thanh CO, H, nho khi héa. Vi du thyc hién tong hop Fischer -
Tropsch; chuyén héa metanol thanh cacbua hydro nhién liéu (MTG) theo céng nghe Mobil.
Van dé khi luu huynh hitu co trén xtc tic trd nén quan trong.
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1II. XUC TAC HYDRO HOA TRONG KHU S HOU CO CUA NGUYEN LIEU
CACBUA HYDRO

Khi cacbua hydro trudc khi gia cong bing reforming xfic tdc - cin khir hét S, dé€ trdnh
ngd doc xic tic. Trong nguyén lidu c6 luu huynh hitu co; trude hét phai chuyén ching thanh
H,S dé tién khir bd mot cdch dé dang hon.

Phuong 4n 12 sir dung cong nghé hydro héa trén xic tdc, thyc hién cdc phan ing:

COS+H, == CO+H,S
CHSH+H, = GCHg+H,S AHSs =-70,2 kJ/mol
CeHsSH + H, === C¢Hg+ H,S
CH,SC,Hs + 2 H, == CH, + CHg + H,S
CH,SC,Hs + 3 Hy == 2C,Hg + 2H,S
C,HyS +2H, === C,H,,+2H,S
CH,S+4H, == C,H,+H,S - 120,2 kJ/mol

Ngoai ra cdn ¢6 mot s¢ phin tng phu khic, nhut phan tmg gitta H, va O, (néu c6),
phin dng metan héa giita CO va H,, phan ing nghich cia chuyén héa CO (gitta H, va
COy)...

Thong thuong hydro héa, chuyén thanh H,S, sau d6 khir bang ZnO.

Trong cong nghiép thudng sir dung xiic tdic CoO, MoO; trén chdt mang y-Al,O3. Qua
H,S - sunfua héa & nhiét d¢ khodng 350°C:

Mo0O, + 2H,S + H; = MoS, + 3H;0
9Co0 + 8H,S + H; — CoyS; + 8H,0
ciing ¢6 thé dung CS, 1am chét sunfua héa
MoO, + CS, + 5H, = MoS, + CH, + 3H,0
9Co0 + 4CS, + 17TH, —> CogS¢ + 4CH, + 9H,0
thudng ditng xic tic c6 2 + 0,5% Co va 12 + 1% MoO;. Trong cong nghé ch€ H, tir nhien
lieu 1ong - khi, thudng gap cac loai sau:
Khi thién nhién, thanh phin chi y€u 1a CH,, hop chat S khong nhiéu, thuong 1a H,S,
COS, RSH...
Khi déng hanh trong khai thac ddu md, thanh phan chi yéu 1a CH,, khodng 15 + 25%
alkan C, + Cy, 0,01 + 5,5% Cs + Cy, H,S va § hitu co, sau xir 1y & co s& loc ddu, vin cdn | +
3% tdng lugng sunfua trong diu tho,

Loai naphta - ddu phi diém < 220°C ¢6 khoang < 15% cacbua hydro thom, thanh phan
S hitu co chi yéu.
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Timg loai xiic tdc, ¢6 ch& do lam viéc riéng phit hop vdi hoat tinh, tinh chit cua xic
tac. Thong thudng qua trinh hydro héa ti€n hanh & dp sudt c@ 4 + 4,5 MPa - nhiét do trong
mién 330 + 380°C, trong thiét bi lam viéc doan nhiét.

Trong cong nghi¢p ché bién cacbua hydro, sau hydro héa thudng khir H,S bang ZnO.

ZnO 1 thanh phdn chl y&€u trong chat hdp phu ran khit H,S, chét xiic tdic CuO, MnO,,
MgQ. Phan iing co ban nhu sau:

ZnO + H,S — ZnS + H,0 AH Y5 = —76,62 kI/mol (1)
Céc hop chat S hiru cd nay cd thé phan tng v6i ZnO:
ZnO + COS — ZnS + CO, AH %43 = —126,40 kJ/mol (2)
2Zn0 + CS, —> 27nS + CO,  AHjg = 283,95 kJ/mol (3)
Hing s& can bing cila phin tng (1) phu thudc vao nhi¢t do:
Nhiét 4, °C 200 260 360 420 460
P
K= 2 2,081.10°  2,395.10"  1,268.107  4,491.1¢°  2,185.10°

PH,S

Nhu vay ¢6 thé coi nhu day 1a phan tng mot chiéu. Ciing nhu cdc chat hap phu khidc,
phén ing toa nhiét, néu thdi gian di dai c6 thé dat mite 1am sach khi rat cao. Thudng trong
cong nghiép, sau tinh ché ¢6 thé ha néng do S xudng 0,3 ppm.

Nhimg phuong trinh dong hoc da cong bd, mikc tin cay cang it. Vi vay tuy ham luong
S trong hén hop khi nguyén lidu, thoi gian st dung chdt hip phy dai ngan khdc nhau; c6 thé
xéc dinh lugng chét hap phu theo cong thic kinh nghiém:
1,25x107° xCx Vg xt
S%xp

Vzao =

trong d6, C: néng do S noi vao thiét bi, % thé tich;

Vg: t6c do lru lugng khi nguyén ligu, m® (tiéu chudn)/ h);
V.0: thé tich chat hap phy, m®;
t: tudi tho quy dinh cho chat hip phu, nam.

Theo kinh nghiém, néu ham lugng S tir 1 + 5 ppm, t = 3 nam, 10 + 20 ppm 1a 1 nam
p: trong lugng rieng chit ddng cia ZnO;
S%: do tham nhap cha S vao ZnO - do nha sin xudt ZnO duva ra.

Téc do thing ctia dong Khi qua 16p hdp phu thudng duy tri & muc 2 + 15 cm/s,

Duéi day gi6i thiéu mot s& chi tiéu cong nghé dé ¢6 hinh dnh vé cong nghé nay:

Ap sudt hap phu: 0,1 +5MPa

Nhiét do: trong mién 350 + 400°C
Néng do H,S trong khi nguyén liéu: < 100 ppm

Néng d6 H,S trong khi tinh ché: < 0,3 ppm

Ham luong S bio hoa déi véi chat hdp phu: > 30% trong tugng S/ trong lugng chat hap phy.



Chuong V
CHUYEN HOA CO

N6i chung qua trinh ché tao khi tong hop déu hinh thanh hén hop khi ¢6 CO:
v4i khi than 4m: ham lugng H,; khoang 40%; CO khoang 31% (tinh theo % thé tich);
voi khi than uét: ham lugng H, khodng 48%: CO khoang 38,5% (tinh theo % thé tich):
v6i khi than kho: ham lugng H; khoing 0,9%; CO khoang 33,4% (tinh theo % thé tich):

vdi reforming CH, (khi thién nhién): ham lugng H, khoang 56,5%; CO khodng 12,9% (tinh
theo % thé tich);

v6i CHy oxy hod khéng hoan toan (khi thién nhién): ham luong H, khodng 558%; CO
khoang 14,7% (tinh theo % thé tich). '

Nhit vay nhin chung ham luong CO trong khi san phdm 1a 16n. Trir phan tng téng hop
Fisher - Stropsch, cdn mdc ty 1¢ CO/H, xic dinh; dé phuc vu téng hop NH;, cdn chuyén hod
toan by CO trong phan ting véi hoi nude thanh H, va CO,, vira san xust H, cho t8ng hop
NHj; €O, cho tong hop ure hoic soda hodc cho cdc nhu cdu khéc, vira chuyén CO - mot
chat khé tich khoi hén hop khi, thinh CO, - mét chét dé tich.

Ngay trong téng hop metanol cling cdn thuc hién phin iing chuyén hod nhim giit ty lé
H,/CO=26.

I. NHUNG VAN PE NGUYEN LY CcUA QUA TRINH PHAN UNG

Phan ying chinh trong qua trinh chuyén hod nhu sau:

CO+H0 == CO,+H, AH), =-414kl/mol

1. Pay la phan img tod nhiét. Céc s6 lieu da cong bs vé hiéu ing nhiét cia phén g
¢6 khdc nhau chit it, chi y&u do su kh4c biét vé s& ligu vé nhiét dung riéng ding apr Co thé
stt dung phuong trinh sau d€ tinh gid trj hiéu dng nhiét & cdc nhiét do khac nhau (°K):

AH = 10681 - 1,44T - 0,4.107*T” + 0,084.10"°T"

Két qua nhu sau:

Bdng 5.1
Nhiét 8, °K 300 400 500 600 700 800 800
AH = kJ/molCO 41,31 40,78 38,90 38,64 38.01 38,96 35,70
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2. Day la phan ting hai chiéu, h¢ khong déng nhat khi - xic tdc ran.

Trong diéu kién cong nghé hién hanh, ¢6 thé coi nhu khi Iy tuong dé g dung trong
cdc phuong trinh nhiét dong tinh hing s& can bing. Trong cong nghiép c6 thé tinh theo cong
thife sau:

= exp{z[2(0,63508 - 0,29353z) + 4,1778] + 0,31688} (1
Pco PH,0
Trong dé z = 1000 _ 1
T
T tinh bing “K.
22175 3 62
hoac IgK = T +0,297gT + 0,3525.10°T - 0,0508.10°%T? - 3.26 (2}

Nhir vay ding vé mit can bing ma néi, nhitng y&€u 13 sau c4dn khong ché dé dar hieu
suat chuyén hod can bing cao véi khdi niém: hieu suit chuyén ho4 tinh bing luong CO da
tham gia phan \ing so v&i lugng CO dua vao hé phan tng (tinh theo %).

a- Nhi¢t do: RS rang nhiét do thdp 13 ¢6 lgi cho can bang. Néu goi néng do tinh theo
% thé tich ctia CO, H,0, CO,, H; trong khi nguyén liéu 14n luot bing a, b, ¢, d va hiéu suat
chuyén hod can bing 1a x* (tinh theo CO).

K&t hop [1] hoac [2] véi phuong trinh [3]:

K = (c+ax*)(d+ax*)
a(i —x*)(b—ax*)

(3)

ta duge quan hé dinh lwgng gitta x™ = f(T), quan hé gilfa hi¢u sudt chuyén hod can bing va
nhiét do.

b. C6 thé tinh dén viéc tang ty 1é PH,0/Pco trong khi nguyén liéu nhim lam chuyén
dich can bing, & mot diéu kién phan ung nhat dinh.

Ciing 1am twong tu nhu phan (a), tinh todn hiéu suat chuyén hod can bing 13 ham cda
nhiét do va ty 1& néi trén, dua lén dé thi ta duge hinh 5.1. Mac di trong ¢ong nghiép khong
thue hién phan tng & trang thdi can bang, song néu coi hiéu cla hiéu sudt chuyén hod can
bang va hiéu sudt chuyén hod thuc & mét didu kién phan dng xdc dinh la dong luc ciia phin
ttng, thi tdng hiéu suit chuyén hod can bang, hoac bang cdch ha nhiét dé phan ing, hodc
bang cdch tang ty l¢ H,0/CO trong kh{ nguyen liéu (trong cong nghiép thudmg tinh theo ty
1& hoi nude/khf than khé) vén 1a tao diéu kién chuyén hod phan iing dién ra véi téc do nhanh
hon.

Quan hé giita x'= f(E] khdng phai theo ty 1¢ thuan.
ajr
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Hiéu suat x*
Hinh 5.1

Vi vy tuy hoan canh, diéu kién phan dng; néi chung déu dung qué luong HIZO 50 voi
he s6 ty lugng. Trong cong nghiép ty 1& hoi nude/khi than kho bién dong trong khoang 0,8 ~
1,5, ty nhi¢t d6 phdn ting (hodc néi mot cdch khdc: tuy thude loai xic tic ding trong phan

img).

Mot 6 tai lieu néi dén viéc khir CO, khoi he phan ting, nhim chuyén hod can bing -
song thue t€ chua bao gid dugce sir dung trong cong nghiép.

C6 mot diéu dang luu ¥ 12 mot s6 phan tng phu thudng xdy ra trong qud trinh chuyén
hod nhu;

2CO = C + CO, : than tich ra phti mot 16p mdng lén xiic tic, nhat 13 & cdc ting trén
ciing, lam giam bé mat ti€p xdc khi - rdn.
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Mot s6 phan dng tao metan nhu:
2CO + 2H; = CHy + €O, + Q
CO + 3H, = CH, + H,0 + Q
CO, + 4H,

fl

CH; + 2H,0 + Q

Néi chung déu gay bat lgi cho tdng hgp NH;, do 1am tang ham lugng khi tro trong khi
nguyén liéu. Pay 12 mot van dé dat ra cho nhitng ngudi nghién ciu xic tdc: Tinh chon loc
cha xdc tdc.

3. Phan {mg trong cong nghiép budc phai ti€n hanh trén xic tic. Hién nay trén thé gidi
diing 3 loai xuc tac

Loai xtic tdc 1am viéc & nhiét d¢ cao: xdc tdc nay c¢6 thanh phin chu y&u la Fe,05, véi
phu gia chll yéu Cr,O; hodc MgO. Mot dic diém chung 1a lam viéc & khoang 360°C dén
550°C.

Xiic tdc & nhiét do thdp: thanh phdn cha yéu 12 oxit dong, k&€m, nhém va cdc phu gia.
Lam viéc & mién nhiét do 180 + 210°C.

Xic tic & nhiét do phé rong: g6c oxit coban, molypden lam viéc & mién nhiét do
180 + 475°C.

Méi loai xiic tdc ¢6 nhitng nét rieng vé quy luat dong hoc va do dé diéu kién cong
nghé ciing thay déi.

a. V6i phén tng trén xic tdc nhiét do cao, 1a xic tdc duge ding rong rdi nhat hién nay.
Chi yéu Fe,04; trong méi trudng CO, thanh phan hoat tinh 12 Fe;O,4; phan 16n dua thém
Cr,O5 nhu mot phu gia 1am thay déi cdu triic bé mat xiic tic nh hinh thanh pha tan trong
nhau Cr,0,.Fe;0,, 1am tang do chiu nhiét ciia xic tac; Cr*” thé ché cho mot luong Fe* xdc
dinh trong Fe;0,, hodc cé thé coi nhu hoa tan mot phan, vuot qud gidi han CryO5 s€ tdch
thanh mot pha riéng, phil 1én bé mit Fe;0y, lam gidm hoat tinh xiic tdc. Thuong Cr,0; trong
mién 5 + 13%, khong vuogt qua 14%.

Hiu hét xic tac déu pha K,0, thudng duéi 1%. Thuc & K,O c¢é tic dung lam tang kha
nang n dinh nhiét cia hoat tinh xiic téc, thudng & dang K,S do trong khi {t nhiéu cdn H,S
phan tmg v6i K,O. V& co ch€ ra sao, hién nay chua c6 két luan théng nhat, Mot s6 xic tac

con dua them loai oxit hoic mudi cacbonat cha kim loai kiém thd nhu Mg, Ca, Sr.

Duéi day gidi thieu mot s§ xidc tdc da sit dung trong cong nghiép.
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Loai xtc tac
Dic diém ]
' Tru::;[gu s | C121UCIMG | NT21ANat ram 1NZa

_ Fe, 05 (%) >73,0 89 75 88
£ Cr,05 (%) > 10 9 13 7
§ s0,” <6 tithraS<005 | $=01+03 0.2
= cac chat knac %

Hinh déang manh
£ > | Knéiluong gia, kgl 1,25+ 1,6 1,08 123
E g D8 xdp 0,405

B& mat riéng, m%g 55+ 70 80 = 110

Ap suit 01:04MPa | 0,1:03MPa | 48MPa
& 8 | H,0/khikho 140,03
2 £ | Nhigtdot6ida, °C 530° + 5 560 500 520

Nhiét do t6i thiéu, °C 350° 340 350 320

Thyc ra thanh phin ban ddu 1a Fe,0;. Trudc khi qua sit dung cin trai qua mot hoa
trinh hoan nguyén xic tic (danh tir thudng ding & nudc ta). Thong thudng H,, CO trong khi
than & nhiét d hoat tinh cba xiic téc (thudng & 300°C) thyc hién phan tng: (trong khi than
di pha H,0):

3Fe,0; + Hy —> 2Fe;O, + H,O0 AHSy, = 9.6 kJ/mol
3Fe,0; + CO —> 2Fe;0, + CO,

Thudmg crom dua vé dudi dang mudi Cr'*5, ngoai Cry04 ¢dn ¢6 chimg 0,1 + 5% CrO,
(tinh theo t4ng crom) do phéan ing oxy hod trong qui trinh ché bi€n thanh hinh xic tic &
trén 300°C. Khi d6 xay ra phan iing:

2Cf03 + 3H2 - Crzo; + 3H20 A 398 —_-‘-648.? kJ.-‘!mOI
2Cr0; + 3C0 —> Cr,04 + 3CO = -808.2 kJ/mol

Ham lugng H,O trong khi hoan nguyén ¢6 téc dung han ch& phan (tng khir dén Fe kim
loai:

FC3O4 + 4H2 —» 3Fe + 4H20
va  Fe;04 + 4CO —> 3Fe + 4CO,

V¢ co ché€ clia phan tmg, § kién cling khic nhau. Tuy vay nhiéu ¥ kién cho ring: néu
phan ifng ndm trong mién ddng hoc, phwong trinh clia Temkin — mot phuong trinh nita 1y
thuy€t dugc coi nhu thich hgp cho nhiing giai doan déu cda phan (g,
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V6i gia thiét qud trinh hap phu CO |2 chdm nhit, hdp phu trung binh, tuan theo
phuong trinh hdp phu ding nhiét lograrit (hodc phuong trinh Temkin). Phuong trinh dong

hoe dugce tinh theo:
b 0,5 o 0,5
H,0 H
r =k.Peo- 2 - K2 Peo, - :
Pu, PH,0

k(. k, - hdng 56 t8c d6 clia phan ¢ng thuan va nghich;
p; - Ap suat rieng phin cla cdc cau tir & thoi di€ém khao st toc d6 phan Ung.

Khi tinh todn thudng phai quan tim dén hi¢u suét Ioi dung bé mdt trong cla xdc tdc,
vi xdc tac thudng ¢6 kich thudc vugt qua pham vi mién dong hoc.

Ciing c6 thé tinh theo cong thitc thudn tuy thuc nghiém clia G. S. Atrosenko (Lién X6
cii), dic biét cdc giai doan xiic tdc cuéi ma khong cdn quan tam t&i hé s6 hiéu chinh do anh
hudng ctia khuéch tin trong.

' 3
dt sz
trong dé: k - hiing s§ t6c do biéu kién cha phan ing:
18450

k=49210%¢ RT (sec’))
p’; - 4p sudt rieng phin & trang thdi can bing.

hodc dang tich phan clia phuong trinh, cho phép tinh thoi gian phan vdng tit 4p suat riéng
phén cdc cdu tir trong nguyén lidu p; phin ing dé&n gia tri p;:

Peo u+a | (Js—a+ s—a’)(wf;— s—a")
Vplo [u+a’ ) (5-a+d Vso8) s e,
Kk, Js-a' n(s/s—a—\/s—a')(\/;+\/s—a’) ( Sma) sec

Quan hé k; v& T nhu sau:

T=

T°C 578 660 700 740 753 780 800 820
k, (sec) | 0,052 0,882 0,853 1,75 2,17 3,33 5,42 5,94
o 4 o ¢
Trong d6: "= prz g = pFizO . 2= Beo - Peo. .- Poo _ Pco
Pco Pco Pco Pco

Thuc ra cdc van kién di cong bo, gidi thiéu hang chuc phuong trinh dong hoc khic
nifa, d6i v4i xic tic g6e oxit sat. Song két qua tinh todn cho thiy phuong trinh Atrosenko
khd phii hgp vdi s6 liéu clia thuc t& san xudt & dp sudt dudi 2 MPa.

b. Véi xiic tdc nhiét do thap

Trong khoang ba muoi nam lai day, sit dung kha rong rai xic tdc lam viéc ¢ nhiét do
trong mién nhiét do thdp, thuc ra gid thanh H, chign dén 70% gid thanh éng hop NH; cho
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nén sir dung xiic tic t6t trg thanh mot yéu 16 kinh t€ quan trong nhiam gidm gid thanh NH,.
St dung nhiét do thap, hiéu sust chuyén hod can bing tang, déng luc phan ing tang,

xiic tdc ndy c6 thé ha néng do khi CO trong khi san phdm xuéng 0,1%. So vdi xiic tac néi &

muc (a), s6 lieu nay 1a 3% - tinh theo géc kho; nhu vay c6 thé thiy ning suit chuyén hod

tang r0 rét, dic biét 1a trong hién trang, cong nghé khir S khd hoan thién, cé thé dat mifc
dudi 0,1 ppm.

Thanh phdn xic tdc chd yéu 1a oxit ddng, kém c6 thé cé thém nhém, crom. Dudi day
6 thé xem mot vai loai xdc tic loai nay di sir dung rong rii trong cong nghiép:

Loai x(c tac
Dac diém B202-1 UCI C18-1 BASF K3-110 | rWAn HTK-4
Trung Quéc My buc Nga
CuQ, % >29 26 40 54
& |Zn0, % 4 = 47% 54 40 11
= {Cn0, 14
2 A0, 8.4+ 10 20 20 19
Thanh phan khac
Hinh dang ' tru tru tru try
E > |Kndi luong gia, kg 1517 1,2 1,15 1,518
£ % |poxsp 0.35
Bé mat rieng, m*g 60 100 50 + 60
Ap suat, MPa i 0,1+4 01+5 2:49
£ 8 |Nnigt o 16i da, °C 230 290 300 250
g 5 {Nnhiet do t6i thiéu, °C 180 180 180 200
H,0/khi kho 05 ' 04+07

C6 thé thdy v& mit didu kién lam viéc, né€u ha duge ndng d6 CO xuéng 0,1%, san
lugng NH; tang 1,1 + 1,5%: tao diéu kién thuan tién cho qué trinh khir CO trude khi dua vio
thép tong hop; ty 1¢ hoi nudc/khi kho ¢6 thé gidm rdt nhidu; dinh mitc tiéu hao dién nang
ciing giam - Bdi vay xu thé 1a: trong nhiing giai doan ddu ctta phan Gng chuyén hod c6 thé sir
dung xdc tdc & nhiét do cao, song & cdc giai doan chuyén hod cudi nén sit dung xiic tic nay,
dic biét trong ddy chuyén reforming hoi nudc.

Trong loai xdc tdc nay, thanh phan Cu & dang tinh thé kim loai véi kich thudc nho 1
thanh phdn hoat tinh cac chi y&u. Nhiing két qua thuc nghiém cho thidy: ZnO, Cr,0s,
ALO;... 12 nhitng thinh phdn tao diéu kién tao thanh tinh thé min trong qu4 trinh hoin
nguyén xdc tdc, va déng thdi dim bdo tinh 6n dinh cha tinh thé nay trong qué trinh phin
ng.
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Xic tic thuong phdm, déng & dang CuO. Trudc khi 1am viéc dn dinb, ciing trai qua
qué trinh hoan nguyén. Mbi loai xic tdc ¢ mot quy trinh hoan nguyén riéng, c4dn nghiém
ngat khdng ché, song dai thé 12 thong khi nguyén liéu (cé H,) hodn nguyén & nhiét do trong
mién can dudi clia nhiét 4o 1am viée. Thuc hién phan ng:

Cu® + H, —> Cu + H,0 AHYys = 86,6 kJ/mol
CuO + CO —= Cu + CO, = -127,6 ki/mol
2Cr0, + 3H, — Cr,03 + 3H,0 = —684,5 kI/mo}
2Cr0; + 3C0 —> Cr04 + 3C0, = ~807.9 kJ/mol

Mot nhuoe diém cta xdc tac nay 12 rét nhay véi chat doc.

Chat doc nguy hai nhat 1a S. Mac dii ¢6 thé ha ham luong H,S trong khi than xudng
0,1 ppm bing nhitng cong nghé mdi, song lugng khi str dung thuong qud 16n, phan wng ngd
doc H,S 1a phan ting hai chiéu, téc d¢ cao - nén chét lugng xtc tdc & nhiét do cang thap cing

dé bi suy giam.

Phan img 1am xic tic ngd doc nhir saw:

Cu + H,S =CuS + H, AHgg = -28,5kl/mol k., = P2 _78
' PH,s
2Cu + H,S = Cu,S + Hy  AHjog =594 kJ/mol k.. = 1,2.10°
0 PH,0 7
ZnO + HzS = ZHS + H20 AHz()g =—7,6 kJ/mOl kPZ’Q - =7,910
; . ' : PH,s

Vi du sau khi hap phu 0,1% (kh6i lugng xiic tdc) luu huynh - hoat tinh giam 20%.
Ngodi ra néu trong xie tic 1an clo, muéi 5042_, céc oxit kim loai kiém, hoat tinh ciing suy
giam.

Vé quy luat dong hoc, nhiéu cong trinh nghién ciu cho rang phan tng ti€n hanh theo
cd ché: trude h&t CO va H,O bi hip phu trén hai trung tam hoat tinh riéng ré. Hai hop chat
bé mat nay phan ung véi nhau tao san phim.

| |
CO + -§- = -§-C0
| i
H,0+ -§- = -S-HO0
I I . I f
-$-C0 + -S-H0 = -5-C0, + -S-H,

Cuéi cling 13 qud trinh nha. Tuy vay hdu hét cdc phuong trinh déng hoc déu khéng nit ra
tir co ch€ nay, mh mang tinh thyc nghiém don gian nhdt 12 phuong trinh r = k\C¢o - Cco)

trong d6 Ccq, Cco : néng d6 CO & trang théi xdc dinh r va trang thdi can bang. Phuong trinh
nay do6 chinh xac kém; :
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hodacr = k{pco.szo —T(—pcc,2 szJ nhu dang téng quat cla phan tmg hai chiéu, hodc néu
2

tinh dén cd hi¢u suat lgi dung bé mat trong, tinh theo phuong trinh dong hoc dang vi mo.
_ 1 1/2 k 1
r= 513,15'$k.pm.pl_{20 I—E I;“"koopm +km2 .pc02

Theo kiéu phuong trinh hap phu dang nhiét Langmur.

Nhimg tai li¢u cia Trung Qudc thudng cong b6 phuong trinh dong hoc cho cic loai
xic tdc cu thé; song khi d4p dung cho mot s6 loai xlc tic nhiet do thip khdc, két qua tinh
todn khong sai léch 1dm so véi s& li¢u thuc t€, nén 6 thé sir dung nhu mot phuong trinh phd
bién.

- 77.10° -5,7.10° 04 03 .03
r="7.7.10%exp —o— [YcoVi,0Vco, Vi, 1-PB)

) 1
trong dé B = E(YCO-YHz{]/YO()z -¥H, );

K - hing s& can bing;
yi - néng do cdc cfu tir & thdi diém khio sit t6c do phan img.
¢. V6i xic téc nhiét d6 phd rong

Khoang nam 1960 bit diu quan tdm dén xic tic géc coban - molypden, ¢é mién nhiét
d¢ hoat tinh rong hon, it chju anh hudng cta S, sau d6 dugc sir dung kh4 réng rii - con goi
la xiic tdc chiu sunfua, dac bi¢t khi chuyén hod khi nguyen liéu géc than, géc diu nang, géc
cin ddu thai, ham lugng S cao khong nhat thiét qua khir hgp chat luu huynh truée chuyén
hod. Thém nifa vin c6 thé ha ty I¢ H,O/khi kho xuéng tuong duong véixiic tic nhiét do thap.
Do vay ngay cang duoc sir dung rong rii.

Thanh phan hoat tinh chli y&u 12 Co-Mo, hodc Ni-Mo, hoic Co-Ni-Mo trén chat mang
AlyOs; Al,O4 + MgO; AL O3 + ReO (Re = nguyén t& dat hiém) song st dung rong rii nhat
trong quy moé cong nghiép la xic tdc Co-Mo-Al,04.

Uu diém 16n nhit cla loai xic tdc nay 1a: ¢6 thé c6 hoat tinh cao ngay & nhiét do
150"C va chiu nhiét t6i 500°C.

Lam viéc ¢ nhiét do cang cao, mic ham lugng S trong khi nguyén lidu cho phép cang
cao, song ty 1¢ hoi/khi kho cang cao. C6 nhiing loai xiic tde, nhu Xic tic clia BASF mién
nhiét do lam viéc hep, song hoat tinh cao, dic biét & nhiét do cao va ap suit cao. Cdc hop
chat khdc nhu NH;, HCN, CgHq... khong anh hudng téi hoat tinh ¢ha xic tdc. Cudmg do cao
nhat 12 khi ding Al,O5 lam chédt mang. Tudi tho xiic tdc cao, c6 noi di sit dung t6i 10 nam
hoat tinh vin t6t, phd bi€n la thoi han sir dung trén 5 nam; c6 thé kéo dai tudi tho bang khoi
phuc hoat tinh trong khi than giau H,S.
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Dudi day gidi thiéu mot s6 loai xide tic nay

Loai xuc tac
Pac diém B301 UcCl £25-2-02 BASF K8-11 CoMo
Trung Quéc My Bire Pirc
-~ |Co0, % 2+5 27+37 47 3
£ Moo, % B+ 11 11~13 9.8 15
g (M0, % phan con lai
™ |Thanh phdn khac Re0 09~ 3,1 K,0 0,6
Hinh dang tru try tru tru
£ o [Knéi luong gia, kgl 12+13 0.8 ~ 0,88 0.75
£ [poxsp 0,18 0.5 miig 0,55 mlig
B& mat rieng, mg 143 122 150
Ap sudt, MPa 2 4~7 07+98 2,5
2 & |Nnigt a9 t6i da, °C 475 450 500 400
2 £ |Nnigtdo6i thidu, °C 210 290 280 250
H,O/khf khd 05=+0,6 0,5+ 2

Ciing nhu trén Co, Mo déu & dang oxit, song dang sunfua ¢é hoat tinh cao hon vi vay
trude khi sir dung thudng sunfua hod bing CS, & nhiét do ¢& 200°C hoac trong mién néing
din len dén 275°C, néng 4o CS, khoang 0,2%, song su bién dong néng do nay it anh hudng
dén hiéu sudt.

CS, + 4H, == 2H,S + CH, AHSg4 = —240,6 kJ/mol

MoO; + 2H,S + H, = MoS, + 3H,0  AHj = ~48,1 kJ/mol

CoO + H,§ == CoS + H,0 AHSy4 = —13,4 kJ/mol

6 thé con ¢6 phan img CoS + H,0 == CO, + H,S AH$gs = 35,2 kJ/mol

C6 thé sir dung phuong trinh dong hoc sau day dé tinh téc do phan tng:
_ dNeo,
dav

r

=1800exp(—43000/RT)yg'8_yH20.yEg.z_y;!t;,s{l_ Yoo, YH, ] mol

KYco-Yu,o | ml/h

Trong c6ng nghiép thudng sir dung cdc phuong dn: hodc ghép doan I xic tic nhiét do
cao ha ham luong CO xudéng 5% hoac cao hon mot chiit, sau dé ghép xic tic phd rong ha
ham lugng CO xuéng 1%, tryc tiép ding nito 1ong rra CO, hoic diing toan bd xic tic phé
rong.
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IL. NHONG VAN BE CONG NGHE

Trudc day thuc hién phan ting chuyén héa & 4p sudt thudng, song hién nay hau hét déu
tién hanh & 4p suat cd 0,2 ~ 0,4 MPa; thudn tién cho cdc bude khir CO, ti€p theo trong
khuon khé ciia t6ng hop NH; tir 150 + 300 at.

Van dé 16n nhat 12 khéng ché nhiét do clia phan ting chuyén ho4.

Day 13 phan tng hé khi déng nhat, ti€n hanh trén xdc tic thé rin, hai chiu, toa nhiét.
Theo quy luat chung ¢é nhiét 48 151 wu.

Diéu kién t6i wvu duge xdc dinh qua phuong trinh tinh hing s6 t6c do phin ing 132 ham
cta nhiét do: k, = f(T); va phuong trinh dao ham riéng cla téc do phan tng theo nhiét do:

or

2 -9
oT

Thudng & dang t6ng quat: K = k _Ey H(C)
k, E, f(Cp)

Trong d6 E,, E,;, £1{C), £2(C;): nang lwong hoat hod clia phan ng thuin va nghich,
ham néng d¢ trong phuong trinh dong hec v€ thuin va nghich. Hinh 5.2 cho thay dudng
cong biéu dién quan hé giifa higu suat chuyén hod can bang, hieu sudt chuyén hod & thoi
diém khao sat theo v&i nhiét do.

- K&t qua nay duya trén co sd khi A
nguyeén liéu ¢6 thanh phin CO = 12,2%,
H,0 = 60%.

Sau doan chuyén hod I:
x=0,78

o
N

o
ha

Holi nudc x* = (T}

Hiéu sudt chuyén hoa xcq
=
M
T

02k x = HT)
- Khi nguyén liéu vao giai doan 1I:
CO = 2,35%, Hzo = 50,94% 0}2 —
Sau doan chuyén hod II: A | L [
X = 92.5% 300 400 500 600 700 ah?r?iét 4.
Theo nguyén 1y chung, c6 thé Hinh 5.2

giai quyét bang mot trong hai phuong

an: truyén nhiét noi bo hodc trung gian nham dam bao phan tng tién hanh quanh mién nhiét
do thich hgp. Tuy viy do hiéu sudt chuyén hod cao, lugng xic tdc 16n, nén trong céng
nghiép hién thuong ding phuong dn truyén nhiét trung gian. Nghia 12 thue hién phan img
trén xtc t4c trong didu Kién doan nhiét dén hiéu suit chuyén hod ¢& 70 + 75% (tinh theo
CO); lam lanh truc ti€p (hodc moét phdn gidn ti€p sau dé ti€p tuc 1am lanh truc ti€p) bing
cdch théi khi néng qua nudc lanh 1am bay hoi nudc, bé sung hoi nude cho doan phén tng
sau d6, ha thdp nhiét do khi, ti&p tuc phan itng doan nhiét qua 16p xtc tic thit hai - dat hiéu
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sudt chuyén hod cu6i cung khoang 90 dén 96%, tuy thudc phuong huéng xir Iy CO sau nay
va loai xic téc sir dung trong chuyén hod. Hinh 5.3 cho phép hinh dung mot day chuyén san
xudt véi xuc tac nhiét do cao.

Pay ciing la phuong dn sir dung cho xuc tdc ¢ nhiét do thap, ciing nhu phé rong.

Vin dé 4p sudt, vé can bing cling nhu vé t6c do phan tng, dp sudt khong anh hudng
t6i qud trinh phan img. Ciing c6 thé dat van dé: néu chi tinh khi kho (sau khi ngung tu hét
nuéce) thi day 12 phan tng tang thé tich, nhu vay c6 hién tuong tv tang dp. Ap suit cang cao,
gid tri tang 4p cang 16n. Tuy vay day khong phai 12 yéu t6 cdn ban trong quyé€t dinh ap sudt

chuyén hoa.

Hinh 5.3 gi6i thiéu day chuyén cong nghé phan xudng chuyén hoé ctia cong ty nay.

b} ' 3453333
' Cap nhiét ké _J “
’"'_Il'} 3p nhie

. Khithan

s

Khi nguyén liéu
P=20at

Hinh 5.3

Khi than 20 at di qua thiét bi khir ddu (1), qua thi€t bi truyén nhiét (2) sau d6 két hop
v6i hoi nude 20 at, bé sung hoi nuéc dén ty 1¢ H,O/khi kho = 0,8 ~ 1, ti€p tuc qua thiét bi
truyén nhiét (3), nang nhiét do khi lén 380 + 400°C di vao doan I clia 16 chuyén hoé (4). Sau
doan I nhiét do 1én dén 550°C, hi¢u sut chuyén hod khoang 78% qua thiét bi truyén nhiét
(3) ha xuéng 440°C, sau d6 qua thi€t bi phdt sinh hoi nudc (5), nhiét do xusdng 380°C, tiép
tuc vé doan II 16 chuyén hoé (4). Sau phén ing nhi¢t do lén dén 440°C, hiéu sudt chuyén hod
dat trén 92%, quay vé 1am lanh trong thiét bi truyén nhiét (2), thiét bi 1am lanh nhanh (6), &
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day phun nudc lam lanh truc tiép tach nuée khoi khi, ha nhiét do xuéng nhiét do thuong, dua
di 1am sach khi khoi CO va CO,. Trong day chuyén con lap mot 10 khai dong (7), dung khi
than chdy d6t néng toan bo 10 va thiét bi, nang lén dén nhiét dé phan ung.

Hinh 5.4 giGi thiéu mot day chuyén két hop nhiét do cao va phé rong. Néu két hgp he
khir CO biang phitc déng hod tri 1 (trong cong nghiép goi la rira déng). Trudc hét doan I
dung xtc tdc nhiét do cao, ha ham lugng CO xuéng 5%, hoac cao hon nifa. Sau dé lam lanh
trung gian va qua xuc tic pho rong ha ham luong xuéng 1%.

= Khi chuyén hoa
Khi than dm
-1 2 Hai nudc
i
4
g
21,
e
6 IS 9
=h I
3 - »
L 2 =]
5‘“-.-.. ! -
i 1 ! -
— JL

s
Nudc mém

Hinh 5.4

1. thap bao hoa; 6. thap tang &m; 2. van thuy phong; 7.thiét bi truyén
nhiét; 3. thiét bi truyén nhiét dun néng nudc; 8. thiét bi truyén nhiét trung
gian; 5. thiét bi tach nudc; 9. 16 chuyén hoa

Ciing c6 day chuyén ca doan I va doan II déu ding xic tic phd rong, thay cho xic tic
Cu-Zn, nham tan dung wu thé chéng ngd doc sunfua cua loai xic tic nay, giam dugc phu tai
cho hé khir sunfua.

Vé mit thi€t bi, trong day chuyén c6 hai loai thiét bi chinh - 16 chuyén hod va cic
thiét bi truyén nhiét. Ld chuyén hod thudc loai thiét bi phan ting doan nhiét, hai doan xiic
tac dat trén cung mot thiét bi.

Thiét bi truyén nhiét bao gém thiét bi truyén nhiét trung gian va thiét bi truyén nhiét
khi - khi; dung khi sau chuyén hod nang nhiét do khi nguyén liéu dén nhiét d6 phan ing.
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Cic loai nay déu 1a thi€t bi thong dung ki€u 6ng chim, khong ¢é gi dac biet. Thiét bi
truyén nhiét tryc ti€p déu ding loai thap dém, tuéi nudc 1am bay hai nudc bé sung nang ty 1é
hoi nude/khi khoé trude khi vao doan 11

3 day gidi thieu mot s6 chi tidu, cdc s6 lieu k¥ thuat ciia mot co s& san xuat 1000 tin
NHy/ngay tir khi hod can ddu dung xic tic BASF K8-11:

Ap suat 8,2 MPa
Téc d6 hn lugng (khi than 4m) 1091 hr!
Nhiét do khi vao doan [ 315°C
Nhiét d6é cao nhat doan [ 450°C
Nhiét 4o khi vao doan II 295°C
Nhiét do cao nhit doan II 312°C
Hiam lugng CO vao giai doan 1 45,7%
Ham lugng CO ra giai doan [ 5,05%
Ham lugng CO ra giai doan 11 0.85%
Sau ba nam, ham lugng CO ra doan Il tang 161 1 ~ 1,2%
Sau 4 nam 1,2 = 1,7%

Mot co s& ddng xic tdc B301, hodn nguyen bing khi than pha CS, trong 44 gig, 1am
viéc trong ty lé hoi aude/khi kho: 0,62.
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Chuong VI
KHU CO, KHO1 HON HOP KHi NGUYEN LIEU

Qua qué trinh ch€ tao khi nguyén li¢u, cho db ding nhién liéu rin, long, khi... mot
lugng nho C mat mat duéi dang co hoc trong gia cong, dudi dang CO, CH,... coén phin 16n
chuyén sang dang CO,.

Bit k¥ qud trinh 1am sach khi sir dung cong nghé nao, trude tién déu phai khir CO,.
CO; 1a chit doc d6i vdi xiic tdc, ngoai ra con anh hudng d€n cac budce 1am sach cdc hgp chat
¢6 hai khdc. Vi du day chuyén lam lanh séu, CO, dé déng rin 1am tic dudng &ng va thiét bj;
trong cong ngh¢ khir CO bang dung dich phitc déng amoniac; qua mét nguéng néng do CO,
két hqb v6i gdc NH," lam gidm kha nang h4p thu CO cla dung dich. Mit khéc theo véi su
phét trién cia cong nghé, nhu cdu vé CO, rdt Ién: tdng hop ure, san xuat xoda, ché tao cic
loai cacbonat, ch€ tao sunfat amon tir thach cao, lam chat tai nhiét lanh — tuyét cacbonic...
Vi vay khir, tich CO, r6i thu héi CO, & dang c6 thudn d6 cao trd thanh mot yéu 16 kinh €
quan trong trong loi dung téng hop nguyén liéu.

Hién nay thuong diing nhiing phwong phdp chinh sau:

L HAP THU - KHU €O, KHOI KHi NGUYEN LIEU BANG DUNG DICH
NUGC - RUGU GOC AMIN

1. Mdt 88 tinh chit coa dung dich
Thudng gap nhit 1a dung dich rugu - amin véi cdc loai sau:

Cong thitc cdu tao Viét tit
) H
Moncethanol amin MEA: HO- (IZ— (F—N( u RNH,
1
Ho-G-¢.
Diethanol amin DEA: L1, NH R,NH
Ho-C-¢
[
HO- (ID— (lf\ O
Triethanol amin TEA: Y N- ([3- C-OH R;3N
HO-C-C

Mot s6 hop chit iso, cdc loai khdc nhuy MDEA...

Khi phuong phdp méi ra doi thudng ding TEA, song hiéu sudt thdp, khd nang phan
ttng kém, khong 6n dinh, Vi vay hién thudng dilng MEA hoac DEA, nhét 132 MEA. Cic
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théng s6 néi trén déu cao, dé tdi sinh, dé1 khi ding hén hop MEA, DEA; khai thic kha nang
dé tai sinh clia hop chat sau hip thu v6i DEA so vdi MEA nhu COS, CS;... Riéng vé d6 hoa
tan trong dung dich, t6c do hdp thy, mic do kém dan di theo MEA > DEA > TEA. Mot s6
thong s6 quan trong cta cdc chat hap thu nay nhu sauw:

MEA DEA
Phén tir lugng 61,08 105,14
Khéi lugng rieng (kg/m™) 1017,9 1091.9
Nhiét do s6i (°C) & 1,333 kPa 71 152
G 101,308 kPa 171 270
Do hoa tan trong nude d 20°C (% khéi lugng) Khéng han ché
Do kiém (ml axit 1N/g ruou) 16,39 9,50
b6 pH 24°C 12.5 -

Quan hé 4p sudt bao hoa va nhiét do, tinh bang Pa:
véi MEA 1gP = 11,71 - 2950/T
DEA 1gP = 12,12 - 3837/T
2. Phan img hap thu
L4y MEA 1am vi du. MEA déng thdi hap thy CO, va H,S theo phan img:

CO, + 2RNH, + H,0 == (RNH3);)CO; (1)
CO, + (RNH3),CO; + H,0 == 2RNH;HCO, 2)
H,S + 2RNH, == (RNH;),S (3)

H,S + (RNH,),S == 2RNH;HS (4)

trong d6 R—-HOCH,CH,-

Thuc ra phan tng (2). (4) 1a phan \ing cuéi cling. Trong cong nghi¢p, dung dich san
phdm cfia hdp thu gém ca cacbonat, bicacbonat sunfua va hydrosunfua.

Mot s6 cong trinh nghién citu cho thay: Néu & hi¢u sudt hap thu thdp — hodc con goi la
mitc do cacbonat héa thap (thé hién qua o - higu sudt cacbonat hda - mol CO,/mol MEA)
phan iing co ban s& la:

CO, +RNH, == RNHCOO +H' (5)
Trong dung dich nudc ton tai qua trinh phéan tng:
RNH, + H* == RNH;' (6)
Vi két qua, hinh thanh cacbamat monoethanolamin:
RNHCOO ™ + RNH;* = RNHCOORNH; ("

Hojc vigt phan tng duéi dang 16ng quét
(1+mRNH, + CO, == (1-n) RNHCOOH + nRNHCOO™ + nRNH;*  (8)

trong d6: n - mitc d¢ phan huy axit cachamin.
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Khi axit nay phin huy hoan toan l+n=2

Khi phan huy khong hoan toan l<l+n<2

Khi phén huy hoan toan, 1 mol CO, phan ing vdi 2 mol MEA hay o < 0.,5; hé s6 ty
lugng n = 2. Tinh néng d¢ amin hoic tinh Cy, = Gy, (1 - no)
trong d6 C,,, - néng d6 MEA trong dung dich ban diu mol/lit.

Vi dung dich 1a kiém, CO, con phan ing véi goc OH

CO, + OH = HCO, 9
HCO; +OH == CO;¥ + H,0 (10)
Khi pH =~ 8 + 9 con xdy ra phan ing: CO, + H,0 = HCO;Z_ + HY (an

Cacbonat monoethanolamin sé& bi phan huy hodc trong méi trudng dung dich axit hodc

kiém hinh thanh hydrocacbonat amin:
RNHCOORH; + H,0 = RNH, + RNH,HCO; (12)

Tim thanh phan cin bing ctia mot hé phan Ung tién hanh song song 4y trén co s& cdc

hdng s8 can bing cta cdc phan ing duge coi la phan Wng chinh
Ke: Kgs Kios Kyis Ky

C6 thé tra gi4 tri clia cic hiing s6 nay hodc bi€n thé cha ching trong cdc s6 tay ky thuat.

Trong trudng hop o > 0,5, c6 thé coi phidn ting chinh 14 phan tng (9) va (12). Trong
thuc t€ tinh todn can béng vat lidu cua hap thy, dua trén sé lidu cla thuc t& san xuat, thudng
coi qud trinh hép thu 50% CO, hinh thanh cacbonat va 50% hinh thanh bicacbonat, thuc t&€
c6 thé dat mifc cacbonat héa khodng « = 0,65 - 0,75.

Thyc ra, trong tinh todn thi€t k& ¢6 thé tinh quan hé giita 4p sudt riéng phan clia CO,
trong pha khi va do hoa tan ctia CO, theo cong thifc thyc nghiém sau:

X =ap"
trong dé: x - néng do clta CO, trong dung dich tinh bang mol CO,/mel rugu EA;
p - 4p sudt rieng phén clia CO; tinh biing mmHg. _

a, n - nhilng hdng s6 thyc nghiém phu thudc vao nhiét do, ndng do va loai rugu amin.

Dudi day néu mot sG vi du:

Néng o EA, kmol/m® Hes6a n & nhiét do 50°C

2 0,398 0,083 Vi MEA
5 0,398 0,056
2 0,190 0,197 Vé6i DEA
5 0,170 0,187

0,5 0,0316 0,46 Véi TEA
2 0,0098 0,56

3,5 0,0062 0,56
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Nhitng s& liéu tuong ty, duge dang tai khd ddy di trong s6 tay cong nghé, Trong hip
thu, song song v6i CO, con hdp thy H,S, thanh phan H,S trong dung dich hap thy tang lén,
ap suat bdo hao cba CO, tang nhanh, lam giam dong luc hap thu. Tuy vay dung dich EA van
duge coi 1a dung dich t6t hap thu H,S va CO,;. Tée do hdp thu H,S cao hon nhiéu so vii
CO,; trong cong diéu kién, hé s& hdp thu gdp 3 + 5 1an hap thu CO,, vi vay khi ra khoi thdp
ndng d¢ H,S coi nhu dat trang thdi can bang vdi dung dich mdi phun vao dinh thdp. Day 1a
mot cong nghé 161 dé khir H,S - dac biét phii hgp trong trudng hop lam sach H,S trong khi
thién nhién cung cip cho cdc ho sir dung Iam nhién liéu.

Trong day chuyén dam, cdn khit sach H,S trudic khi vio chuyén héa CO, sau chuyén
héa CO 1a hédp thu CO,. Vi vay van dé khir H,S khong c4n quan tam trong khit CO,. Trong
qua trinh hap thu va tdi sinh, con xay ra mot s6 phan tng phu. O nhiét do¢ cao, MEA va CO,
¢6 kha nang hinh thanh hop chédt khé phan huy — ngay trong qud trinh tdi sinh — vi du phéan
ung hinh thanh oxazolidon 2.

g oo
HOCH,CH,NH, + CQO, — O\ NH + H,O

fl
O

Sau d6 ti€p tuc phan tmg v&i MEA 1-(2-oxyethylen)-imidazolidon-2:
HE ™ H HE—
O\C/NH + HOCH,CH,NH, — HO(CH,),- N\ NH + H,0

O O
va budc 3 thiy phan imidazolidon hinh thanh N-(2-oxyethyl)-ethylendiamin (OEEDA):
e CH,

HO(CHp),~ N ({NH + H,0 —= HOCH,CH,-NH-CH,-CH,-NH, + CO,

I
O

va ti€p tuc hinh thanh cac hgp chit khac nifa nhiing trudng hop chit nay vira khong tdi sinh
dwgc, vira ¢ nhiét do néng chay cao.

3. Vé mét téc do hap thy
Thuc ra khi thigt k€ thap hap thu, vin ¢6 thé dua trén phuong phdp tim bac chuyén
kh6i qua d6 thi y = f(x) can bing va dudng thao tdc thuc tién, song mot s6 phuong trinh
dong hoc néu lén ciing ¢6 gid tri tham khdo dé xic dinh diéu kién phan img.
C6 thé tinh hé s& chuyén kh6i theo:
ks Y17Y) WV
Ap.V,
trong dé: y; va v, - % thé tich CO, trong khi trudc va sau hép thy;
V - t6c do lwu lugng dong khi Nm*/gio;
Ap - dong lire chuyén kh6i atm. m* thé tich dem.

. Nm* CO,/gits . at .m”* dem
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Thuc ra tinh hé s6 chuyén kh6i trong phan éng hap thy héa hoc ndy rdt phirc tap, déu
dua vao cong thifc kinh nghiém cho timg loai dung dich hdp thu nhit dinh. Tuy vay si dung
tinh theo phuong 4n bac chuyén khéi cho két qua khd phir hop s6 liéu thyc t€ san xuat.

4. Vé diéu kién céng nghé

Hap thu hodc dudi dp suat thudng hoic & 4dp suat trung binh 2 + 3 MPa. Ngay nay
phan 16n qua trinh chuyén héa CO ti€n hanh & dp sudt nay, nén sau dé hap thu CO, ciing &
dp sudt ay.

( 4p sudt thudng, thudng gap hdn hgp khi ¢6 ndéng do CO, ban ddu ¢ 20 + 24%, sau
hap thu ha xuéng 1 + 2,5% CO,, néng d¢ dung dich MEA 17 + 20%, nhiét do hip thu ¢& 35
+ 50°C.

V&i hé 4p sudt cao ciing dung dung dich MEA 6 17 + 20%, hdp thu dén mifc o = 0,5 +
0,55, & nhiét do 35 + 55'C, néng do khi sach ¢ 40 + 100 m! ™",

Khi thiét k& diéu kién cong nghé — thudng chon ndng do CO, trong dung dich phun
vio thip — thudng goi 12 dung dich nghio, dva vao kha nang tai sinh dung dich sau hap thy
(thudmg c& 0,72 Nm’ C02/m3 dung dich 1% MEA). Dung dich ra khoi thap hdp thy tiép xic
v6i khi nguyen liéu vao thdp, coi nhir dat 75% noéng do & trang thdi can bing. Trén co s&
ayxdc dinh lugng dung dich hép thu.

Vin dé nhiét do, cin phai trén cg s& dung hod dnh hudng tich cuc cua nhiét do t6i toc
do phan \ng héa hoc va giam dong lyc chuyén khéi do dp sudt bdo hod tang. thudng giir &
nhiét do khi vao & mitc nhiét d6 méi trudng, nhiét do ra boi hi¢u vng nhiét hap thu: Thudng
vao khoang 84500 kl/kmol CO,.

5. Van dé tai sinh dung dich sau hap thu

Téi sinh thuc chat 14 tao diéu kién nhiét do cao, 4p sudt thap, nhiam tdch khi hoa tan,
14y khi CO, c6 thudn do cao (thudng trén 99%), tdi sinh duge dung dich hép thu (dung dich
ngheo) qua lam lanh tr& lai thap hap thu hinh thanh m¢t chu trinh tudn hoan.

Nhimng phin ng phu néi trén 1a phan tng phu trong tdi sinh — phan ting giita MEA va
CO,. Ngoai ra néu cé oxy sé xay ra mot loat phan tng oxy héa MEA, tuy mirc do c6 thé tao
- thanh o amin aldehyt (NH,~CH,-CH=0), axit oxalic, axit foocmic, gy tén thit MEA, an
mon thiét bi...

Giit nhiét do tdi sinh & nhiét d6 s6i clia dung dich dua vao tdi sinh, & dp suat dinh thip
tai sinh. N&u tdi sinh & 0,167 MPa, nhiét do tdi sinh c¢& 115 — 120°C. Nguén nhiét bd sung
bang hoi nude & 130 -145°C.

Hinh 6.1 cho thiy quan hé giita hé s& nay véi néng d6 EA & 50°C va hiéu sust chuyén
héa EA.

Hinh 6.2 cho thay quan hé k v§i ndéng do CO, trong khi, t6c do ddng khi.
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Hinh 6.3 cho quan hé &p suat rieng phdn CO, vGi do hod tan.

3000
3%CO; | Y, 3000
— . il
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Tdc 45 dong khi, m*/m’gig Hiéu suat chuyén hod EA
Hinh 6.1: Hinh 6.2. Quan he giita he s6 chuyén khai

1. dung dich 2N M; vi cdc thong s6 khac 6t = 50°C,

2. dung dich2 -5 N B ~ mat do wéi 3,4 m*/m’ gid:

3. dung dich 2N M; 1. dung dich 1 -2 N M ngam 4 - 5%CO»;

4. dung dich 5N B. 2. dung dich 2 - 5 N M ngam 31- 32% COy;

3. dung dich 2 - 4 D ngam 4 - 5% CO,;

4. dung dich 2N M ngam 31 - 33% COy;
5. dung dich 2N D ngarm 31 - 33% COg;
6. dung dich 3,5H, T ngam 23 - 28% CO,.
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Hinh 6.3. Quan he ndng d6 CO, trong dung dich v6i dp suit rieng phdn CO, trong pha khi:
1- dung dich 2,5N - M; 2- dung dich 2,5 - B
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Hinh 6.4. Quan h¢ p suat riéng phdn CO, va néng do H,S trong dung dich & 25°C.
Hinh 6.5. Gi6i thiéu mot day chuyén dién hinh.
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Ham lugng H,S trong dung dich, mol/mal amin

Hinh 6.4:

1. dung dich 2,5 N - M, 0,39 mol CO,/mol amin; 2. dung dich 2N - D,
0,36 mol CO,/mol amin; 3. dung dich 2N - D, 0,19 mol CO,/mol amin.

—
E-1

-

¥
]

E (II)
&

AT T

6
j= pams M= AR
9 | o .15 19
12 i.:€ =
She )|

l [€

. I e : -
= A VRS
Khi chuyén hoa ’
Hinh 6.5:

1,2. thiét bi lam lanh khi; 4. thap h&p thy; 6, 9, 16. bom dung dich; 8, 10, 12; 13, 17, 19. cac
thiét bj trao ddi nhiét trong d6 12,19 gia nhiét b&ng hai nudc; 14. thap tai sinh; 18. phan tach CO,
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Khi sau chuyén hod CO, 4p suft c¢& 2MPa, nhiét do 40°C dén vao thip hidp thu 4 &
dinh thap phun dung dich MEA (dung dich ngh&o) véi néng do MEA ¢& 20%.

C6 hai dong MEA, mot dong I di tir dinh thdp qua phan ly tich CO,, qua bom 16 dua
l1én dinh thap. Mot dong th 11 1ay tir gifra thdp tdi sinh qua lam lanh 12 lam lanh 11, bom 6
dua vé thap hap thy & doan giita thap.

Dung dich ddy thdp hip thu mot phdn tudn hoan trd vé thdp hdp thy mot phin qua gia
nhiét d&€n 145°C bing hoi nudc trong thiét bi truyén nhiét s& 10 dua vé gia nhigt, vao giita
thdp tdi sinh.

D6 1a nhimg nét co ban, ngoai ra con mat loat thiét thi€t bi lam lanh dung dich MEA.

Thiét bj chinh & day 1a thdp hap thy va thdp tdi sinh. Thuong diung thip dia, hodc dia
ludi hoic dia 18, hoac loai chép kiéu supap nhu nhitng thiét bi thong thudng khac, nhitng co
s& san xudt nho c6 thé dung thdp dém.

11. HAP THU CO, BANG DUNG DICH CACBONAT - CONG NGHE BENFIELD

1. Thuc ra cacbonat, chlt y&u 12 Na,CO4, K,CO4 déu ¢é kha nang hdp thu CO, tach
khoi hén hop khi - dé chuyén sang bicacbonat NaHCO;, KHCO;. Song do hoa tan cilia
Na,CQ,, NaHCO; déu rét nhd so véi K,COs, KHCO;; dé két tia; thém nita nong do cing
cao kha nang hdp thu cang ldn. Vi vay hién nay chi y€u dung K,COs. Thuyc hién phan tng:

K2C03 + COQ + Hzo = ZKHCO'; + Q

Truée kia, do phan tng ti€n hanh cham chap, qua trinh tai sinh khé khan, tiéu hao hoi
nude, cho nén it dumg. Sau nay ti€n hanh hdp thu & nhiét do gin véi nhiét do so1 cha dung
dich, do vay: d6 hod tan cla kiém tang rat

100 700
nhanh theo nhiét do ting, toc do hé? thu hda - }/ -
hoc cling tang, qud trinh tdi sinh dé& ding vi £ 80 o 800 2

| o o sioh < I E e A L
vay mot cong nghé mdi — hip thy bang dung £ o 3/ / ) s
dich kiém néng dugc phét trién manh, tréd 3 Ve ] / 50 g

Iy o o
thanh mot cong nghé pho bién (tvong 1y nhu '§ 40 / bz / 400 °

at . N ‘ 4 L - g
hap thy H,S). Hién nay Cong ty Phan dam Ha = //"/// £ :
Béc dang ding cong nghé nay. 20 300

Hinh 6.6 cho thidy quan h¢ mic 50 50 70 90 10 130
cacbonat héa, nhiét do vi do6 hoa tan cla \ Nhist do , °C
dung dich. Hinh 6.6
C6 thé xdc dinh mirc 49 cacbonat héa 1. dudng cong &5 hoa tan cita K,CO4;
cuc dai vi du dung dich 40% K,CO; & 100°C, 2. gUf’"gdCTiodf :'(Og é)a" clia KHCO3;
. P . . . 3. dung dic % K,CO, — nudc;
muc cacbondt héa cuc dai 1a 80%; 50%; 60% 4. dung dich 50% K,CO; — nuéc;
tuong tng 1a 35 va 25%. 5. dung dich 0% K,CO; - nudc;
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Vuot qud mite cacbonat dy, hodc ha nhiét d6 thap hon s& két tinh KHCO;.
Mot s& tai lidu gidi thieu cong thirc kinh nghiém dé tinh do hoa tan cha CO, trong
dung dich K,CO4, & mién nhiét d6 40 + 50"C nhu sau:
2
=K' &
l-a
wrong dé: pEC,2 - 4p sudt riéng phdn cia CO, trén dung dich hédp thu;

*
Pco,

o - mife do cacbonat héa dung dich tinh bing mol CO,/mol K,CO5;
K’ - hiing s& dac trung cho can bing pha khi - 1dng tinh bing cong thikc:
1gK’ = 1gK,, + ba.
AH
gk, =C - 23RT
AH - nhiét hap thu CO, bing K,CO; trong diéu kién oo = 0 (J/mol CO,)
R = 8,33 hing s6 khi (J/mol. °C)
B, C - hing s& thuc nghiém phu thudc vao néng do dung dich hdp thy, c6 thé tra
trong sé tay vé Dam. _
Mot s6 co s& san xudt cdon bé sung khodng 1 = 2 % DEA vao dung dich kiém nham
gidm &p sudt can bing clia CO,, qua dé ning cao hi¢u sudt va t6c d6 hdp thu dung dich
K,CO; déi véi CO,, dat mitc 46 lam sach cao hon.

2. Dimg vé mat co ché clia phan vng hap thu: ¢6 thé coi trude hét ¢6 su dign ly trong
dung dich nudc:

K,CO; + H,0 == 2K' + HCO, + OH (1)
KHCO; + H,0 == K'+ H,C04 + OH (2)
Khi hap thu CO,:  CO, + H,0 == H,CO, (3)
CO, + OH == HCO; (4
Sau phén tng hap thu (3), H,;CO; == HCO; + H' (5)
v HCO;, = CO,> +H' (6)
CO,> + H,0 == HCOy +OH . )
\ [H] [Hco;] SER
() nhiét do 100°C hing s6 dién ly Kg= —————— =3.10
' . [H,C0,]
cor ]} .
Kg= —s—a—=6.10
[HCO_; ]

H4p thu ¢6 thé bd qua phan g thuy phan bude 2 [6].
Vi vay t6c d6 clia phan tng hap thu ¢ thé tinh theo phuong trinh déng hoc sau:
I'CO2 = k3 + k4 [C02] [OH_]
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trong d6: k, k, - hiing s6 t8c do cha phan ng (3), (4); con néng d6 [OH ] tinh qua hang s6

can bing clia K¢ va hing s6 dien Iy clia nuée K, = [H') [OH ]
0% lco? ]
(OH" ] = 2 [ Os } R
6 | HCO; [HCO; ]

hodc néu goi B 12 ty 1é giita ion cabonat va bicacbonat trong dung dich, cling co thé thu xép
céc hing s6, dua phuong trinh dong hoc vé dang bac 1 theo COy:

Ico, = K. Ceo,
trong d6: Ceg, - ndng do ctia CO; .

3. V& mat cong nghé: phd bi€n 12 pha thém 1% ~ 1,5% DEA vao dung dich kiem 20 +
30%. Hap thu va tdi sinh & cling mot nhiét d6 - cong nghé kiem nong, & khoang 70°C ¢6
nhiéu day chuyén hap thu & 2 - 3 MPa nhi¢t d6 100°C, ra khéi thdp chimg 117 + 119°C,
giam 4p xudng ¢& 0,4 at. Dung dich sau téi sinh xuéng 70°C tr& vé thap vdi ty lé
mol CO,/mol MEA =0,1.

P& tranh &n modn, thudng bd sung V,05 nhu mot chit it ch€ qud trinh dn mdn thiét bi.
Trong qué trinh tuin hoan dung dich, mot lugng nhat dinh V chuyén vé héa tri thap, vi vay
thudng dinh k¥ bé sung khong khi, hodc dua chat oxy hda nhu KNO,, chuyén vé \AE , tuong
tu trong hép thu H,S.

III. PHUGNG PHAP HAP THU CO, BANG METANOL |

Metanol hdp thu t6t CO,, hdp thu thudn tuy mang tinh chat vat 1y. Bang dudi day cho
thay do hoa tan 8y (ml CO,/g CH;0H).

Ap suft, at
Nhit do, °C 6,8 at 10,7 at 16,5 at 22,3 30
0 59,5 94,5 174 270
25 27,9 49,3 82,5 118 107
Ap sust, mmHg

Nhiét do, °C 50 100 200 400 700
-78 12,8 25,7 53,5 116,5 240
-59 8,3 17,0 35,0 68

Nhu vay ngay & nhiét do thudng, do hod tan cha CO, trong CH,OH da 16n hon nuéc,
do hoa tan tang nhanh khi nhiét do gidm, dac bigt & trong mién —30°C t&i —60°C. Vi vay qud
trinh tién hanh & nhiét do thdp va 4p suft ¢& 10 + 50 at. Trong mién 0°C dén ~78,5°C ¢6 thé
tinh do hoa tan theo cong thic:

g S=1g P + 908/T — 6,865
trong d6: S - do hoa tan clia CO; — tinh bing cm” CO,/g CH;0OH;
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P - ap suit (Pa);
T - nhiét d6 ("K).

Trong c6ng nghiép véi khi ham lugng CO, cao (¢ 25 + 30%), & dp suil sau chuyén
héa (c& 20 + 25 at) sau khi lam lanh so b t6i -20°C dua vao thdp hap thu tir diy thdp.

Phun CH;0H & nhiét d6 —75°C vao dinh thdp. Qud trinh hap thu toa nhiét, nang nhiét
do dung dich t6i ~20°C; dung dich qua gidm 4p l4n thit nhat xudng 4p suat thudmg, sau do
giam dp xudng tdi d6 chan khong 0,2 at. Hdu hét CO, tich ra, do hiéu tng nha, nhiét o
dung dich xudng ~75°C lai qua bom cao 4p dwa vé hap thu véi nhiét do chimg —62°C.

Phuong dn naykha uu vigt, loai trir thao tdc kém 1am tén that CH,OH — mot dung moi
dé bay hoi. V&€ mat nang lugng: n€u két hop 6t giita he théng may bing cung cap luong lanh
vl qud trinh ti€t luu ngay trong qué trinh giam 4p dung dich, 6 thé tiét kiem duge mot
luong 1dn nang luong.

Trong nhilng ndm ddu thé ky 20, nhiéu nude van sir dung cong nghé hap thu CO, bing
nude cao 4p, cho du la ¢é thu héi nang lugng song vin t6n nang lugng, hiéu qua kém, nén
cho tdi nay it diing.

Vin dé thu héi CO, tr& thanh mot van dé quan trong, vi vay khd nhiéu phuong 4n
cong ngh¢ da duge dua vao san xudt. Nhung nhitng phuong 4n néu trén la khi pho bién. C6
thé t6m fat nhur sau nhifng cong nghé diing trong téng hgp NH; nhur sau;

Nhing phuang phap hoa hoc Dung dich hap thu ch 6:22?;0“ Ham CS;;au tinh
Goe amin
MEA 15 - 20% MEA khong < 50 ppm
MEA + chit 0c ché 25 - 35% MEA + phu gia (¢ ¢ché co < 50 ppm
TEA/MEA khéng < 50 ppm
AMDEA 40% — 5% MDEA + phu gia khéng < 100 - 1000 ppm
Gé¢ cacbonat kali
{Benfield) K,CO, + phu gia 25 - 30% K,CO, ch < 500 ppm
K,CO, + EA K,CO; + phu gia ¢h < 500 ppm
{vetrocoke) K,CO, + As,0, K,COj; phu gia As,Q, As,0, < 500 ppm
K,CO, + rugu amin, glycin K,CO,, glycin rugu amin ch <250 ppm
Sulfinol Sulfolan, dung dich khong < 100 ppm
diisoprepanolamin
Hap thu vat Iy
(Pursol) NMP N-metyl-2-pyrolidon khéng < 50 ppm
(Recisol) Metanol Matanol khéng <10 ppm
Dung mai fluor Propylen cabonat khong Tuy p suft
{Selexol) Propylen glycol dimetyl ete khong -
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Chuong VII
KHU CO KHOI HON HOP KHi NGUYEN LIEU

Tuy diéu kién chuyén héa CO, ham lugng CO trong khi than con khoang tir 0,4 + 3%
CO, sau khi khir CO,, ham lugng nay s€ tang 1én vi CO rat it hoa tan trong cdc dung dich
dung trong héap thy CO,. Cén ha ham lugng CO xudng 10 ppm hodc cang it hon cang tét
trudc Khi vao tdng hop NH;.

Hién nay c6 hai joai phuang phip khir CO.

Phuong phdp vat Iy — ding nito long hoa tan CO, tich khoi khi (véi ham luogng
<0,5%); hodc hap phu bang zeolit.

Phuong phép héa hoc: hoic ding phuong phap hdp thu héa hoc, hdp thu CO bing
dung dich thich hop, hodc dung phuong phap nhiét. Metan hod CO nh& phan Ung trén xdc
tic CO + 3H, = CH, + H,0, bien CO thanh khi tro CH,, hoidc oxy héa CO + 1/20, = CO,,
song song véi phan tng Hy + 1/20, + H,0, gidm phan tng tha hai xuéng mitc t6i thiéu nho
fim xtc tac ¢6 tinh chon loc cao d6i vai phan tng thi nhat.

0 day quan tam dén nhitg phuong phdp thudng ding trong cong nghiép.

1. PHUGNG PHAP HAP THU CO BANG DUNG DICH PHUC PONG (Cu*)
Nguyén 1y ¢ ban ciia phuong phap nay 13 thuc hién phan tng hip thu héa hoc:
Cu(NH;)," + NH; (tydo) + CO; == Cu(NH3),.,CO" + Q (1)

Co,

Phan tmg thuan: khir CO khoi hén hop khi, phan img nghich: nhd CO tdi sinh dung
dich déng. Hién cong ty phan dam Ha Bic, cling nhwr nhién co s§ san xuét (dac biét co s
sin xuat sit dung cong nghé chuyén héa CO wén xiic tic nhiét d6 cao) dung phuong phép
nay.

1. Dung dich hap thy

Thanh phédn hoat tinh 1a phitc amoniac déng héa tri 1 (Cu®), va mot phdn & dang hod
tri 2 (Cu™) (do tudn hoan dung dich), gdc axit thung 1a axit axetic, foocmic, cacbonat hoac
clorua. Diing phé bién nhat 12 axit foocmic va axetic. Dung dich foocmiat déng amoniac ¢4
wu diém: khi nang hdp thy 16t vi ham lugng téng Cu cao (145 - 150 g/h), Cu” cling 16n, phan
ttng & nhiét do thap gan nhu mot chiéu, néng d6 CO & trang thdi can bang rat thip nén cd thé
ha ham lugng CO trong khi t61 vai ppm. Nhuoge diém 16n nhét clia axit foocmic la 4p sudt
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bao hoa l6n, dé bay hoi gay t6n thit, d& phan huy khi tdi sinh & nhiét do cao, gid ca lai dat.
Do d6 thudng thay bing axit axetic — dung dich hip thu dusi dang phic axetat déng
amoniac. Ham luong téng déng vao khoang 140 ~ 160 g//, ham lugng Cu™ khéng kém dung
dich foocmiat.

Nhu vay v6i dung dich phitc axetat déng amoniac, cdc thanh phén cation, anion trong
dung dich bao gbém:

CAu tir Cu* Cu** TongNH; CO;>” AC  HCO,”
Néng do gmol/l  A” AM B t8ng C D E (c6 thé bod qua
Téng déng A tdng = A* + A**
Ty 1¢ dong R = Cu _A
Cutt AT

Phan amoniac § dang NH, tur do, dang nédm trong phirc, dang ¢6 dinh trong musi NH,*
B téng = B phitc + B ¢6 dinh + B ty do
trong d6 B phitc = 2A* + 4A%" i phuic & dang [Cu(NH,),]" va [Cu(NHa),12*
Dé dam bdo dung dich phai trung hoa vé dién tich nén:
A* + 2A% 4+ BeGdinh = 2C+D
Nhir vy tinh ra néng d6 NH; ty do trong dung dich nguyén liéu cho hap thu:
B=Btdng — (A" + 2A%* +2C+ D)
Cong ty phan dam Ha Bic ciing nhu cic co s& ding phuong phdp nay dé khir CO.
thuong dung dung dich ¢6 thanh phin cu thé nhu sau (néng d6 tinh theo mol/lit)

Téng Cu Cu* Cu** NH;t6ng  Téng CO, HAC R
22+25 2+21 0,3+ 0,35 90+ 18 <22 22+27 5+7
Ty trong cla dung dich trong khodng 1,2 + 1,25; bang di€m ~25"C; do nhét ciia dung
dich kh4 16n, tang r&t nhanh theo mitc ha thdp cla nhiét do, vi du & 25°C va 0°C do nhét
khoang 2,2 cP va 4,9 cP.
2. Phan ung hap thu
Qué trinh hap thy héa hoc di€n ra theo phan tng [1] ¢6 diéu s6 phéi tri chia ion: n thudng
1a 2. Tuy vay cdn nhiéu y kién khéc nhau. Day la phan ving toa nhiét. & nhiét do thap (0 + 20°C),
phiic déng amoniac c6 thé hoan toan hip thu CO; nguge lai & nhiét do cao (70 + 80"C), thuc
hién phan ting nghich — phan huy [Cu(NH),,,,;CO"], nha CO véi moét t6c do rat cao.
Hing s6 can bing cho hé dung dich thuc nay tinh theo:

a +
Cu{NH3);.CO
Ka = { 3)3 = KC. K‘Y

a . a
Cu{NH;) NH; *9C0
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Néu gia thiét nhiét do hoi tan cia CO trong dung dich déng tuan theo dinh luat Henri,
nghia 1a Ceg = H.pco trong d6 H 12 hang s6 Henri, khi do

C
Cu(NH3);.00" K.
KC = -

.H

a - 13 . B
Cu(NH3)} C]\H3 Pco Ky

Thudng tinh hing s& can bang theo cong thife:

_ AH
gKe= —— 20 _0.04)
#e= Spry 00+ C
trong dé: J - cudng do ion
I= %zci.z-ﬁ

C; - néng do phan tor gmol/lit;

Z; - hod tri cna ion;

-AH - hiéu trng nhiét;

C - hing s6;

Véi dung dich axetat déng -AH = 44,79 k}/mol; C= 7,70

Véi dung dich foocmiat déng —AH = 56,51 kJ/mol; C = 9,83

C6 thé coi nhu dung dich ¢6 nhimg ion chii yéu sau: Cu”, cu?t, CO;* . Ac”, NH,".

Néu goi N: s6 mol CO ¢6 thé duge hdp thu bi 1 mol Cu” khi phan ing dat can bang. Vay
mo1 quan hé gifta trang thdi ban ddu va can bang nhu sau:

Cu(NHy)," Cu(NH;).CO* NH;urdo
Trang thai ban dau A 0 B gmol/lit
Pén can bing A — Ax* ALx* B-Ax* wong d6 x*: higu sudt

chuyén héa can bang

*

_ X N
Hay K¢ = (LB — Ax") tir dé it ra:
x*= L [(A+B+—1 )—\((A+B+ 1 )2 _4aB
2A Kepo K'Pco

Sau khi dung dich déng ban ddu (méi) hip thy CO, trong dung dich s& ton tai 2 dang
CO, mot & dang hod tan vat Iy, mot & dang phite [Cu(NH;);CO™].

3 nhiét d6 hap thu cao K¢ thudng 16n so v6i H, CO chit yéu ton fai & dang phuc vi vay
néng dé phitc gan ddng bing néng do CO trong dung dich.

Hosc khi d6, méi don vi thé tich dung dich c6 thé hdp thy mét thé tich Vg — quy vé
trang théi tiéu chuin, s& bang:

Veo =224 Ax*
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Pay cé thé coi nhu dac trung cho kha nang hip thu cha dung dich dong. Jaboronkob
gidi thiéu mot cong thie thyc nghié¢m tinh kha nang hap thu nay:

trong d6: V., - kha nang hap thu cuc dai cua dung dich déng (m* CO/m’ dung dichy;
pco - Ap sudt riéng phan clia CO trong pha khi;
o - hé s6 tuy thude thanh phin dung dich va nhiét do.
Vi du vdi dung dich thugng gap, ¢6 thé tra moi quan hé ham o = f(T) trén cdc 6 tay
k¥ thuit.

3. Vé mat téc dd phan ing
Hau hét cic cong trinh nghién ciiu di cong b6 & nhiét do hdp thu thuong gap (0 +
10°C) t6c do phan tmg rat nhanh. Phin tmg ket thic ngay trén bé mat phan chia pha. C6 thé
dua vao day dé tinh 16c do chuyén khoi. Ciling c6 mot s6 cong trinh gia thiét qua trinh hap
thu trd e hdp thu & mang pha khi, nghia la néu tinh theo cong thitc chuyén khéi:
Gp=kp, F. Ap, [kg CO hdp thu/gio].
F - dién tich hdp thu (m?);

Ap, - dong lire hdp thu (at).
khi do ks, = —pig pig - 4p sudt rieng phin binh quan cha khi tro (at)
O ap
ap, - hé 58 chuyén khéi ciia CO qua mang trd lyc pha khi kg COfm’.gid.at
trong d6 hé s o, tinh qua chudn s6 Sherwood.

Sh=0,11 ReX® s

Ly, d
véi Sh=i’—-; Re=gdz : Sc=m

}LAi 'I"| BAI

d - dudng kinh dém ;

84; - hé 56 khuéch tan phan tir cla CO treng khi tro (kg/m.giv);

7 - hé 56 46 nhét dong luc clia dong khi (kg/m.gid);

g - té¢ do cha ddng khi tinh theo khéi lugng, trén thip tréng (t0c do gia) (kg/m’.gid);
dz - ty 1¢ thé tich dém/ b& mat dém (m);

m - ty l& mol CO trén mol h¢ khi tro.

T
3a;i = Pala 1’&

trong 46 p, - khéi luong rieng CO G trang th4i tieu chudn kg/m‘q;
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Dy - hé s6 khuéch tan phan tir ca CO trong hé khi tro, tinh & trang th4i tiéu chudn
mzfgi(‘:f;
T - nhiét do lam viéc, °C.

Tinh todn theo phuong 4n nay cho két qua khd phi hop véi diéu kién thuc t&€ san xust.
Véi dung dich 120 g/l Cu* gid i V,,,, = 42,2 m*/m® CO va & mién 15°C gid tri o khoang
3,8 '

4. Nhimg théng s ky thuat théng dung trong hip thu & quy mé cong

nghiép

a. Vdn dé nhiét d¢: nhiét d6 4nh hudng (6i tdc do hdp thu, dé nhét cla dung dich va
tieu hao lugng lanh. Thudng nhiét d9 dung dich ban diu khodng 5 + 10°C: sau hdp thu 15 +
20°C.

b. Vin dé 4p suat: dp sudt cao duong nhién hap thu tot, song néu 4p suit riéng phan
cua CO vugt qué 4 = 5 at, anh hudng ctlia 4p sudt khong 16n.

Thuc t&€ & cong ty phan dam Ha Bic, v6i CO quing 3%, 4p suft hip thu vio khoang
100 + 120 at,

¢. Van dé thanh phin dung dich: néng dé Cu” truc tiép anh hudng t6i hap thu.

Tuy vay trong hap thu con dién ra mot phan ting phu rit quan trong:

2[Cu(NHj),]" == [Cu(NH;),]** + Cul + Q

nhu vay véi néng do Cu® (& dang Cu(NH;)"), so véi Cu®* (& dang Cu(NH,),**) hoic viét
dudi dang ty 1& déng R = Cu*/Cu?*, sé truc t1€p anh hudng t6i can bing cha phan g trén:

ty 1¢ nay dén 16i két tiia déng gay tdn thdt déng, thc dudng Sng, thdp, bom. Trong cong
nghiép thudng duy tri gid tri cta R trong mién 5 - 7.

Tit can bang trén c6 thé thily NH; & trang thii ty do anh hudng téi nang luc hdp thu
cla dung dich déng. Mitc do ting khong ty I¢ thuan, thém nita 4p sust bio hoa NH, s& anh
hudng t6i mitc do t8n that NH;. Trong cong nghiép, véi dung dich axetat déng, thudng duy
trl ty 1€ Byg,,/ (2C + D) = 1,6 + 1,8. Lugng axit ddm bio tinh 6n dinh cia dung dich mang
tinh kiém nay, thuong gitr D/ (A+A’) = 1,1, nghia la vugt 10% so véi téng ham luong déng.
Codn hiéu sudt chuyén héa thudng gi¥ & mitc 50% hieu suit chuyén héa can bing. Khi dé
néu A =2 +2,2 K ion/m’ dung dich twong ig kha nang hap thu ¢& 18 + 25 m* CO/m’ dung
dich dong. Néng d6 CO trong dung dich tudn hoan phun vao thap hip thu dat c¢& 0,005 =
0,01 m*/m.
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5. Nhirng phan tmg phu

Mot thuan lgi 12 dung dich kiém nay hap thu cdc khi axit.

Vidu v6i CO,: 2NH, + CO, + HyO = (NH,),CO; + Q hodc thanh NH,HCO; tuy mic
d6 hip thu CO, nhu nhilng mudi cacbhonat kim loai kiém khic v6i HyS ciing vay. Néu con
oXy s& xay ra phan ung:

2Cu(NH:),AC + 4NH, + 2HAC + 120, = 2Cu(NH3),AC, + H,0 + Q
nhu vay oxy s& chuyén Cu® thanh Cu?*, gidm kha ning hdp thy clia dung dich. Tuy trong khi
than, ham luong oxy thip song do thudng luong khi than qua xir Iy qud 16n, nén dé khéng
ché ty 1¢ R, cdn quan tam d&n phan Gng nay.

6. Van dé nha CO va tai sinh dung dich, quay trd lai vong tuan hoan hdp thu —
nha hap thu; tich CO, CO,, H,S khoi dung dich; diéu chinh R. Phdn ing tdi sinh chinh la
phan tng nghich cha phan tng hdp thu; con véi phan dng phan huy cdc muéi — san pham
ciia phan iing hdp thu giffa hydroxit amoni va CO,, H,S...

Phén ¢mg tai sinh ti€n hanh trong di€u kién nguoc v6i phin ing hap thu. Nhiét do tdi
sinh cang cao cing t6t, gidi han & tinh én dinh cta dung dich, thuong & dudi 80°C vi & nhiét
do nay 4p suit bdo hoa tang dot bi€n, véi dung dich axetat thudng giit & mize 50°C. Ap sudt
141 sinh cling vay thudng giif & mic di dé khi tdi sinh khic phuc duge trg lyc trén dudng Sng
thu héi khi t4i sinh, hoic xa ra khéng khi.

Trong qud trinh tai sinh cén c¢6 kha nang dién ra phin dng khir, gifta CO vira nha véi
Cu* dé sinh thanh Cu®*; trong cong nghiép quen goi 1a phan vmg hoan nguyén, va cling goi
ngay bo phan thiét bi nay 1a thiét bi hoan nguyén.

2Cu(NHj)," + CO + H,0 = 2Cu0 + CO,T + 2NH, + 2NH; -Q
hodc & mitc trung binh
2Cu* + CO + H,0= 2¢u” + COo,t + 2HY

Bai vay khi thiét k& thép tai sinh ndy cdn quan tam khong chi dén nhiét do, dp suat,
lugng khong khi théi vao nhim diéu chinh R vA con luu § dén ca thoi gian ditng cha khi i
sinh trong thép.

Hinh 7.1 giéi thiéu day chuyén cong nghé¢, thip hap thy v téi sinh tai day chuyén
dam Ha Bic.

II. PHUONG PHAP KHU CO DUA VAO PHAN UNG TREN XUC TAC

Trong cong nghiép dam, dé bdo vé xiic tdc téng hop NH;, cdn ha ham lugng CO
xuéng t6i mec t&i thi€u. Néu qua cdc bude khit CO, CO,, O, néi trén, ham lugng trong khi
san phdm & mic CO + CO;, + O, = 50 ppm, nhét thiét phai qua khir sach xuéng c& 10 ppm.
Trudong hop nay cin sir dung xiic téc dé bién ching thanh CHy, mot chat vo hai déi vdi xic
tic. C6 hai huéng.
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Hudng th nhit, trén xic tdc Co-Ni thyc hién phan ing:
CO + 3H, — CH, + H,0 AH%g =-206,2 ki/mol
CO, +4H, — CH, + 2H,0

0, + 2H,

= 2H 20

= -185,0 k]/mol

Mot s6 loai Xiic téc thudng ding ¢6 nhitng dac diém sau:

Loai xic thc J101 J105 ¢150-1-01 | C150-1-03 | MCR-2X | HKM1

: Trung Qudc Trung Qudc UCI My UCI My | Dan Mach Nga
Ni % = 21% 2 21% > 50% > 50% 24 36% NiO
Chét mang, Al,0, >22,0-30,5 | Kishelgur | ~ AlO, Gém
phu gia 42 - 46% 7.6 - 10% R,0,
Bé& mat rigng m/g 250 100
Nhiét do °C 300 - 500 250-700 | 250700 >1700

Diéu kién 1am viéc hoan todn tuong ty nhu qud trinh téng hop NH,. Trong cong
nghiép, phuong 4n nay thudng ding cho hé cd cong sudt 16n, ¢ trén 600 tdn NH./ngay. Dat
mot thap metan hod trudc thép téng hop NHs.

Trong céc ¢o s& nhd, nang sudt clia day chuyén don vi nhé it sit dung phuong dn nay.

Véi loai xiic tac nét trén cé thé ha (CO + CO,) < 5 ppm va ciing do td¢ do cita phan
ting hydro hod CO 16n hon so véi phan img CO,, nén trong hén hop nay, ham luong CO con
khoang 2 ppm, con lai 8 ppm la CO,.

Huéng thit hai, thye higén phan iing oxy héa:

CO + 120, = CO,.

Téc do phan tng 16n, CO; it doc hon tuy nhién dong thdi ciing lam 6n that mot lugng
kh4 16n H, do phan ting oxy héa. Van dé 12 chon xiic tdc, véi tinh chon loc cao cla xic tic —
chi tang t6c phan ng chiy clia CO, - vi du MnO,, CuO...

Tuy vay phureng dn nay it duoc sl dung trong cong nghiép.

IIL. PHUGNG PHAP RUA CO BANG NITO LONG

CO hoa tan trong nito léng, c6 thé dung nito 1ong vira tich CO vira cung cép nito cho
nhimg dong khi nguyén liéu thudn H, cho téng hop NH,,

Phuong phdp ndy dua trén nguyén 1y do hoa tan ciia CO trong nito 16ng khd 16n. Vi
vay phuong phip ndy gén lién v6i cong nghe lam lanh sau — s& dé cap dén trong chuong
VIII. Hinh 7.2 12 mot so d6 1am sach CO trong khi H, téch ra tir phdn ly khi néc 10 cok. Hén
hop khi CH, + H, di qua 1am lanh trong thiét bi bay hoi nito long & —180"C + —160°C (1)
sau d6 vao thap rira. Nito 1ong phun tir dinh thap rira (2), kiéu dia 15.
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Trong qua trinh di nguogc chiéu, khi H, 1am bay hoi N, tao hén hgp khi H,/N, véi ty 1¢
92% H,, 8% N,, sau d6 b6 sung N, dat ty 1é H,/N, cin cho téng hgp NH; (3/1), CO sé di '
cuing nito ra khoi thap rira dudi dang san phdm ddy thép.

Day la phuong an thudng ding cho céc hé ch€ tao riéng ré H, va N, (bang phuong
phédp lam lanh sau) trong ché tao khi nguyén liéu cho téng hop NHj.

~92%

HQZN2=3:1,10

\

NUNED==

11 at, -180°C &
CH, ~ 70 — 75%%

T

on

=

>

a

=]

=

=

(=]

& N

Q

o

o

23
(] :
(@)

N, ~ 80 at, =160 + -180°C

Hinh 7.2

1. thap bay hdi nitJ 16ng; 2. thap rira CO
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Chuong VIII
PHAN TACH HON HOP KHi BANG PHUGNG PHAP HOA LONG

Hod 1éng mot hén hop khi, sau d6 ding phuong phip chung tach cdu dé dat dugc
cdc ciu tr riéng ré; hodc héa 1ong theo dang ngung tu timg phan, tuong Ung vdi cic phi diém
khdc nhau dugc thé 1dng véi cac thanh phdn rieng ré 13 phuong phap dugc ting dung khd
rong rii hién nay. Trong cong nghiép ing dung rong rdi hai qud trinh:

Qua4 trinh hod 16ng khong khi, sau d6 chung tach dugce céc san pham v6i thudn d6 theo
yéu cAu thiét ké: nito, oxy, cdc khi tro khdc nhur Ar, Ne, Kr, Xe, He... goi 1a cong nghé phan
ly khong khi.

Qu4 trinh ngung tu, héa ldng timg phén khi than cok 14y hydro goi la cong nghé phan
1y khi than cok, tich hydro (bao gém phan ly cdc hon hop cacbua hydro khdc). Tak ca cic
qué trinh nay déu gin v6i qud trinh lam lanh.

Ngudi ta chia qué trinh lam lanh - dya trén cd s& nhiét do cudi ciing, thanh qua trinh
{am lanh thudng — chi qué trinh Jam lanh Xudng nhiét do moi trudng (thuong lay nhiét do
clia nudc ty nhién). Qud trinh 1am lanh dong ~ chi qud trinh lam lanh xudng khoang gan
~100°C — thudng & —50°C, bing chat tai nhiét lanh (phd bién ding amoniac — freon...).

Qu4 trinh 1am lanh sau: chi qud trinh lam 'lanh xu6ng —100°C dén —200°C.

Nhu vay qui trinh hod long phan 1y khong khi, phan ly khi than cok thugc loai lam
lanh sau.

I. PHAN LY KHONG KHi

1. Thanh phin

Khoéng khi 1a mot hon hop nhiéu thanh phén. Bang 8.1 cho thdy mot s thong s6 cg

ban.

Bdng 8.1
Thanh phan 0, N, Ar H, Ne He Xe Kr
Ham lygng, % thé tich | 20,93 | 78,03 | 0,932 5.107°[1,6.107°| 5107 |095.107°
Nhiet do toihan,°C | ~118,8 | —147,1 | 1224 | -239.9| -2287 | 2678 16,8 63,8
Ap sudttéi han, kglem®| 497 | 335 | 48 | 128 | 268 2,26 58,2 54,2
Nhiét 46 soi, °C _218.7 | —210 |-18333| -262 |-248,59| 270,66 | -114.8 | -157.2

99



Ngoai céc thanh phdn trén, tiy diéu kién moi trudng, dia 1y... con c6 thé c6 nhiing
thanh phin khdc vdi ham luong khic nhau. Vi du bui, H,0, C,H,;...

2. Nhiét dong hoc ciia qua trinh lam lanh sau

G 4p sudt thuong, nhiét do hod 1ong cua khong khi kho vao khoang -213°C: Nhu vay
muén héa 16ng khi réi chung phan ly 14y cdc ca tif tvong Ung, cin ding cong nghé lam lanh
sau, Rit nhiét cia hé khong khi nhicu cdu tu, truyén qua moi trudng. R& rang 1a qud trinh
khong thé tu dong tién hanh, cin cung cdp cong cho he.

Qua trinh héa 16ng khi lién quan dén mot s6 Khii niém sau:

2.1. Khi thue va hé sé nén

Thudng dung phuong trinh trang thai khi thue xac dinh méi quan hé 3 thong so cla
trang thdi P, V, T.

Thuding diing phuong trinh van der Walls:

P+ %)(v—b):RT.
v

Trong cong nghiép thudng diing quan h¢ he s nén:

- PV
2= RT

Tra he $6 nén tir gid tri clia nhiet do ty déi T = Tl 4p sust 1y doi 1 = Pi. Hinh 8.1
th th
cho phép x4c dinh tri s6 z trong mién dp sudt thip0<n < lvadpsudtcao0<n<10,0<n

< 40. Trong hinh vé cdc dudng cham chi ham & = T[V— (thé tich t d6i)
th

trong d6 T, P,V & trang thii lam viéc;
T P Vi © trang théi toi han.
2.2. Do thi xdc dinh mdi quan hé giita cdc ham nhiét déng H (entanpij, S (entropi)
va hai thong sé cua trang thai T, P

Tir céc phuong trinh nhiét dong cé thé xay dung m6i quan hé nay trén dé thi 8.2 déi
véi khong khi.

Trén d6 thi c6: truc tung d6 - nhiét do cha hé, tryc hoanh - entropi ciia hé.

Ngoai ra con nhimg dudng ding 4p, dudng cho cdc gid tri entanpi ciia hé.

Véi nitg, oxy, hydro, CHy, NHj; ciing ¢6 nhimg dé thi tuong tr. Cho phép xédc dinh gia
tri ham nhiét dong cba cdc khi nay & mét trang théi nhat dinh, cfing ¢é nghia gitp ta xac
dinh cdc ham nay & trang thai ddu va trang thai cudi ctia méi dién bién qud trinh cong nghe
(xem hinh 8.3 va hinh 8.4).
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2.3. Qud trinh gian né khi thuc tir dp sudt cao xudng dp sudt thdp

Trong nhiét dong, qua trinh gidn nd doan nhiét, khong sinh cong khi 1§ tudng tir dp
sudt cao xudng dp sudt thip, ndi nang khong thay d6i, do d6 nhiet do khong thay déi.

Qud trinh gidn nd doan nhiét khi thye cho dir khong sinh cong, nhiét do clia hé — trong
didu kién xéc dinh — s& giam thip; nhat la trudng hop c6 sinh cong, nhiét do cang ha thip.
Day 1a nhiing bién phap co bin dé ha nhiét do hé khi xudng thap, thim chi dé hoa 1dng khi,
(vdi kheng khi —196°C).

Hién nay thudng st dung hai qué trinh gidn nd

- Qua4 trinh gidn nd: doan nhiét, khong skt dung cong sdn sinh trong qud trinh va do sy
bién thién khd 16n clia 4p suat — nén qud trinh 1a khong thuan nghich. Cong nghiép quen goi
{2 qué trinh ti€t luu, qué trinh giam tir 4p sudt cao (trang thdi ban ddu P, V|, T;) xudng ap
_suit thﬁ'p_.(tf@ng théi cudi P,, Vs, T, — trong d6 P, < Py}, qua mot van gidm dp, hodc mot chd
thét ciia dong chay (ti€t lvu) hoac thi nghiém Joule — Thomson cho khi thie.

P,V T, PV, T,

Theo dinh luat 1 cia nhiét dong:
Q = AU + A nhiét trao d6i v&i moi trudng ctia hé md bing bi€n thién ndi ning va cong.

Cong luu dong A=P(V, - V) +Py(V; - V) =PV, - P}V,
Tuong g U,-U, +P,V, =PV =0 '
Vi qud trinh doan nhigt Q=0
Hay U +PV,=U + BV,

H, =H,

Nhur vay mot dic diém céa qué trinh ti€t luu la entanpi khong thay déi trudc va sau
tiét luw,

V& nhiét dong: ham nhiet dong 1a ham cla trang thii — xdc dinh bing gfa tri cha 2
trong 3 biéns6 P, V, T, vidu H = f(P, T).

_ (oH oH
dH= (aP)TdP+(—5fT)PdT (H
Vé6i qué trinh tiét luu, c6 quan heé
ar, __ (@i /@
(aP)H— (Gp)T Gr)e (2)

Nhu vay phuong trinh 2 cho thay sy bi¢n thién nhiét do chia hé, dng véi su bién thién
clia 4p sudt trong trudng hop tiét luu, cho th&y xu thé thay d6i nhiét do trong qué trinh thay

102



ar

déi 4p sudt — cong nghiép goi 1a hiéu \ng tiét lwu — ky hieu oy =( aP)H
Xudt phat tir quan hé dH = TdS + vdP
dH TdS
=tV
dP dP
cH dS
ha — ) =T(—=)7 +V
Y G =T )T
ov
=—T(=)p +V
( al.,)p

(QH-—)p = Cp nhiét dung dang 4p
aT
Cuéi ciing hiéu tng tiét luvu (thay 7, 6, vao 2):
ov
TdZe ~¥
__ dT
Oy =T
) CP
Cp 12 mot dai luong luén > 0

(%)P ciing 1a mot dai lugng > 0

(3)
4)

(5)
(6)

(7)

(8)

Nhur vay hiéu tng tiét Iuu c6 thé 16n hon zero (gid tri +) nho hon zero (gid tri —) hoac

biing zero (= 0), tuy thudc tuong quan giira thé tich phan tir v va gid tri (%)P.

RO TRl AVATANIE
i= 120 320
[IARAA
i=110 ‘/ /} )’7 fL]’;‘?a %0
i=100, IW\/}(/ / / / 260
\/// [ I r,fL " 240
Y ( }% // / / lzzaot{
‘-:;?/‘// )&/ / iy 200 v
hm@»‘t\i’\// {/ / // 180
49,

(=604 A7)S / 160
/ @
Lt N

a0

160
140
420
-0
20
#0 &
o
180
1/00
1120

740

180
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Troug cong nghiép yéu cau khi gidm 4p, nhiét d6 cia hé giam hoac hiéu img ti€t luu
mang gia tri (+), déng bién gifta T va P.

Cé trudng hop oy = 0: sau tiét lvu nhiét do khong déi va (—) ngugc lai.
Néu xudt phdt tir phuong trinh trang thai khi thue:
(p+ =) (v-b)=RT
v

14y gid tri dao ham cia v theo T trong diéu kién dang dp (%)p , thay vao phuong trinh (8) ta

_j2a 3ab.P
UH-{ﬁ—b——RZTZ}/CP (9

Phuong trinh (9) cho phép xdc dinh anh huong cta P va T doi véi higu img tiét luu
clia mot chat khi xdc dinh (Ung véi a, b, Cp xdc dinh) va ciing tir d6 x4c dinh diéu kién dé
hiéu ving dat yéu cdu thiét k€. C6 thé dua lén d6 thi. Trén dé thi c6 mién ay > 0, oy < 0 gidi
han. '

dugc;

T,%K

Ciing c6 thé tinh gid tri oy qua
d6 thi quen biét P — V - T clia mbi loai
khi. Hinh 8.3 cho mot vi du vé quan he
nay d6i véi khong khi.

313 P=90 85 80 73 7065 6.0 55 30

303

Vi du trang thii & diém A, (ing
vGi nhiét do 303°K va 65 at. Puong ti€p 2%

tuyén ¢ A cho quan hé (%)p , doan BC

283

B [T

chinh 1 thé tich phan tir khi v. Higu 273 -

gita chting chia cho Cp, chinh la hiéu

ving tiét luu déng nhiet. Hink 8.3. Quan hé P-V-T ciia khong khi
Trong thuc t& khi dp sudt gidm tir g

P, vé trang thdi cu6i P,, su thay déi nhiét do tuong tmg s la:

tuong tng gid tri T(%),,; doan DC’

D

P
T2 - Tl = I(IH.C[P.
B

hodc xdc dinh theo su bién thién T, — T, trén d thi TS — dua vio P, P, va cdc dudng dang
antanpi biing dudng cong o. = 0, ta goi d6 1a diém chuyén.

Ciing ¢6 thé sir dung cong thitc thyc nghiém dé x4c dinh diém chuyén dy, d6i véi mot
chét khi nhét dinh.
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273,
T ) (10

Vi khong khi a’ =0,268; b’ =0,00086.

Vi du cong thic oy = (a° + bP)(

Tuy vay véi khong khi, trong mién nhiét do, dp sudt ghi trén dd thi T-5, ta ¢6 thé thiy
trong diéu kién thudng gap trong cong nghiép; du & trang thai khi hodc & trang thai 1ong;
khong khi qua tiét luu nhiét do déu ha thdp. V4i oxy, nito, NH,, CHy, CO,... ciing nhu vay.

Trudmg hop gidn nd doan nhiét, ¢6 sinh cong voi ngoai, 1y tudng, 1am cong cyc dai 1a
qua trinh thuan nghich. Do d6 dic diém cta qud trinh 1a entropi ctia hé khong thay déi — goi
1a qud trinh nd sinh cong hay gidn nd ding entropi. Ciing nhu trén xu th& thay déi nhiét do
trong qud trinh thay déi dp suat, trong cong nghiép goi la hiéu ting nd sinh cong.

aT
Qg = (5)5 (an

tuong tu nhu trén. Ham trang thdi S = f(T.P)

. a5 v oA
két hop (— )y = — (=) pta cd the it ra:
'p(aP)T (ar)p

(e
g = — (12)
CP
Py
hodc nhu trén: T,-T = [os.dP
A

Tir d6 rut ra nhan xét:

Hiéu itng nd sinh cong ludn luén duong — nghia 14 qu4 trinh gidm 4p luon din t61 higu
qua 12 nhiét do cla hé ha thap.

Thuc ra do 1am cong vdi moi trudng, noi ning giam thap tdt dAn t6i nhiét 46 ha thap.

Trudng hop nd tiét luu, tuy he, cdc phan tir ndm trong ving luc hit hoac lyc day c6 tic
dung chii yéu, su gidin nd din tdi ting hodc giam ndi nang — qua dé tang hoidc giam nhiét do.

Th nifa: so sinh giifa cong thitc (12), (8) c6 thé thdy:

og = oy + Clp :

Hiéu img n& sinh cong ludn 16n hon hi¢u tng ti€t luu mot gia uj (+) bing v/Cp; d6
chinh 1a phan tiéu hao ndi nang dé sinh cong. C6 thé kiém ching qua d6 thi T-S. Dé thuc
hién qud trinh nd sinh cong, trong cong nghiép ding mdy sinh cong. Thuc chat 1a mot loai
“may nd” kiéu pittong hodc tuodcbin. Str dung cong gidn nd vao muc dich thu héi ning luong.

Nhu vay ding van tigt luu, cau tao don gidn song hi¢u ng kém, khong thu héi duge
nang lugng giin nd. Ding may sinh cong hoan toan nguge lai. Vi vay sir dung ca hai, hodc

105



mot phuong 4n nio 13 tuy thuge gid tri kinh t& cla phuong dn. Vi nhitng day chuyén thuoc
quy mé nho, ¢d dudi 100m” oxy/ giv, doi khi sir dung mdy sinh cong nhu mot thist bi tang
hiéu qué lanh sau trong nhifng trudng hop cdn ba 8n that nhiét —~ nhy qud trinh md mdy,
nhitg ngay néng birc. Trudng hop nay mdy sinh cong chi hoat dong khi cin thiét.

2.4. Vdn dé cong trong qud trinh héa long khi

Nhiét do soi cia N, va O, khong khdc xa nhau lim, vi vay d€ duge san pham c6 thuin
d0 cao, phdi qua nguyén cong: chung luyén; trige d6 phai héa 16ng khong khi. Trude hét xét
cdng tieu hao trong qu4 trinh hog long khi,

N€u goi A: céng tiéu hao trong qud trinh hod 16ng, (theo théi quen cong (—), chi he
ti€p nhan cong tir bén ngoai va nguoc lai;

AHpe , AS, su thay ddi antanpi, entropi ctia hé trong qua trinh hod 16ng.

AStoi tewimg - SW thay déi entropi ciia moi trudng,

AS téng = ASpg + ASy; ryimg: bANg tong bién thai entropi.
Qud trinh thuan nghich AS téng = 0, khong thuan nghich > 0,
—Ag,= AHp, ~ TASh@ (14)

Cong thyc t& ~Au =~ Apia + TASy,
v6i 1 kg khéng khi: trang thdi ban ddy (1) tuong tng H,, S,, T

I kg khong khi long & 1 at, trang thdi (0) twong dng H,, Sy

Cong 16i thidu ~ Amin = (Hy~ H) - T($, - ) (15)

Xét cong tien hao cho qué trinh phén ly khong khi:

Bién dong vé lugng trong qué trinh phan ly ¢6 thé biéu dié&n theo:

. - Hél  Nhietdo T, 4p sust P
Hon hop ban ddu 6 Tva P ; P

Phan ly cdu ty néng do kmol

Cdu tir Néngdo S8 kmol A Yar My

A Ya Ny B yp ng

B ¥B ng K yK’ N

: : : 1 n’

K YK ng
Téng 1 1 He IT

Fhan ly cdu tir néng do kmol

A ¥ar Na

B Yg» fip

1 n”
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Theo nhiét dong:

i Yi Yi
-A,,= -RT Z{n’, In=— +nf ln—,‘,]
A ¥i ¥i

V6i khéng khi, ¢6 thé thdy néu phan thanh hai cau tir N5, O, nguyén chit, tir khong
khi & trang thii 1 at, T = 290°K, yy, = 0,791, yo, = 0,209 c6 thé tinh ~A,, = 1234,87
kJ/kg khong khi hay 0,0149 kWh/Nm® khong khi.

Néu tinh theo cong héa long (cong thite 15 hinh 8.4):

— A, = 0,19 kWh/kg khong khi

Thuc ra c6ng héa 16ng 16n hon nhiéu, vi san
phdm léng, nhiét d6 thap bién thién entropi rat 16n. A

Thuc t€ lai cing 16n do khéng khi thuc hién
qui trinh thuin nghich. C6 thé miéu ta qua trinh 2 1
héa 1éng 1y tudng trén chu trinh héa 1ong 1y wdng
(hinh 8.4).

Nén khi ding nhiét tir 1 at lén dp sudt 2,
giin nd thuan nghich dén héa long hoan toan,
(trang thai 0 {mg v6i diém 3).

Avi

Thé léng thu nhiét, tang nhiét, dang dp vé 3=0 4
trang thai ban dau.

Theo céch tinh cong t8i thiéu trén, dién tich >
1-2-3-4 chinh I cong t6i thidy. Vi 1-2-3"-4" = TAS; ¥ 43
1-4-3-3-4> = AH. Hinh 8.4

Céng 161 thiéu vin 1a cong cla chu trinh Iy
tudng — chi 18y 1am chudn dé so sdnh cdc chu trinh thyc vé gia tri ning luong tiéu hao. Thuc
t& khong thé thuc hién duge khong chi vi cdc bude déu 1 thuan nghich ma con vi dp suat ¢
trang thai 2 qud 16n — khong thuc hién duge trong cong nghigp.

2.5, Vdn dé tinh todn ndng luong trong qud trinh phdan ly khong khi

Vi du 18y 1 kgmol khéng khi 1am chuén, trang thai ban ddu Ty, P, (thuéng 1a nhiét do
moi trudng va ap sudt khi quyén 1 at, ing v4i trang théi 4y H,,.

Vi du I: Qud trinh don gian nhat, tién hanh theo so d6 cong nghé sau:

1k \ ) . .
Khong khi ﬂ may nén dang nhié¢t —___ phanly M nite
Tn Py Hy T, P Hy Tn Pn H A
K kmol
oXy
Tk Py Hy,

Tén thit nhiét do mai trudng Iq
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Phuong trinh can bing nhiét:

Hp + 9= AH, + K Hi (17-a}
va A+K=1 (17-b)
gan ding Hy = AH, + KH, (17-¢)
Trir (17-¢) cho (17-a) ta ¢6:
(Hy - Hp) = A(H, - H,) + K(H, - Hg) + q (17)

Hy — Hg - su bién thién enthanpi.
Trong qué trinh nén khi tir P, dén P trong diéu kién déng nhiét, suy rong c6 thé goi Ia
hi¢u ting tiét luu déng nhiét AHr, , ¢6 thé viét phuong uinh duéi dang:
AHy = AH, + KAHy + q (18)

Y nghia vat ly chia cong thite nay la: nguén goc clia lugng lanh trong chu trinh phan ly
khong khi 12 do nén khi ding nhigt - dac trung bang hiéu tng tiét hru déang nhiét. Lugng lanh
nay bii vao c4c tdn that nhiet trong chu trinh bao gém: t6n that lugng anh (goi tit 12 t6n that
nhiét) do lugng nhigt tir moi trudng dua vio chu trinh: 3n thit lugng lanh do chénh léch
nhiét dé diu ra cta A, K so v6i moi truong ~ hay con goi 1a truyén nhiet khong hoan toan.

Vi du 2: néu dong khi vao ¢6 hai he: M kmol khi & dang ap sudt thap (T,, P, Hg,) va
(1 = M kmol) & dang 4p sudt cao (T, P tuong dng Hy,) theo so dd, cong thém lugng lanh
do mdy lanh (con goi 14 may bdng) véi tac nhan lam lanh 13 NH; 14y di; Qne,

Khéng khi M kmol
- - - _—
ap sudt thip To. Py, Hg, Ta, Py Hy

Phan ly khong khi
Khong khi (1 — M) kmol

K
P —_—— = >0
dpsudtcao P,, Hp, T l Tk, Py, Hy Xy
q QNH:;

Tuong ty nhu & vi du 1, & day c6 thé viét phuong trinh tong quat nhu sau:
M'AHT(] (P1) + (1 - M) AHTU (P2) + QNH3 = AAHA+ KAHK +q (19)

Nguén géc luong lanh dé bix tén thit bao gdm 3 phdn: hi¢u Ung tiét luu ding nhiet cia
h¢ thap 4p, hé cao 4p, va tir miy bing.

Vidu 3: Trudng hop b6 sung vao diy chuyén mor may sinh cong.
M4y sinh c6ng

Khoéng khi M ; .
ép S‘uﬁt [ha’p T P H l T TA! PO! HA NIIU
¢ o Heé phan ly
Khong khi (1-M) khong khi K
. A e E——
dp sudt cao To P, Hg, T l Tx. P,. Hy Oxy
q QNH3
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Luong khi di qua mdy sinh ¢6ng D kmol. Qud trinh gidn nd sinh céng gay flén su bién
thién enthanpi AHg (tinh theo qua trinh ding entropi ~ 1y tudng); hiéu suat mdy sinh cong
s, qué trinh doan nhiét.

Nhu vay cong thu duge tir mdy sinh cong — hay hiéu dng nhiét lanh ba cho chu trinh:

Ap = D.ng. AHg (20)

Ciing nhur trén, phuong trinh can bing nang lugng toan chu trinh:

M. AHt (pyy + (1 - M) AHy, (ppy + Quu, + Dns. AHg = AAH, + KAHg +q  (21)
nghia 12 ngudn gdc luong lanh dé b (6n thdt, bao gém ngodi 3 phdn & vi du 2, them luong
lanh san sinh tir mdy sinh cong.

Nhiing phuong trinh trong cac vi du trén 1a phuong trinh can bing ning luong. Lam co
s& dé tinh todn nang lugng, nhat Ia dé€ tinh nhitng diéu kién cong nghe, vi du p suat, nhiét
do, lugng lanh bé sung, diéu kién lam viéc clia mdy sinh cong.

Véi cde day chuyén phic tap cling dua trén nguyén tic trén dé lap cdc phuong trinh
loai ndy.

3. Nhirng chu trinh lam lanh sau

Hién nay cé nhitng chu trinh chi dva vao hi¢u tng tiét luu; cling ¢é nhitng chu trinh c6
thém hi¢u ing nd sinh cong.

3.1. Chu trinh Linde don gidn (xem hinh 8.5)

Diém 1: khong khi & nhiét do va dp suit moi truong (1 at) qua may nén nén ding nhiét
dén trang thai 2, két hgp phan doan nén va lam lanh béng nudc, P, Ty; tiép tuc 1am lanh dén
trang thdi 3, ti€n hanh tiét luu vé trang thdi 4 & dp suat Py; & day qua tiét luu, nhiét dé khong
khi giam héa 1ng. Phdn thé long thu duge & trang thdi O; phdn khi quay trd vé 1am lanh khi
cao 4p dén nhiét do ban ddu Ty,

H,0
+ 2 A
\/ 2 1
T
HZO[ — l— H = const
| A v,
Y
L AN 3
0 4 1
S
Hinh 8.5
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Dién bién qud trinh thé hién trén dd thi T-S; dudng 3-4 thé hién qua trinh tiét luu:
H; = H;. Néu nhu 14y 1 kg khong khi qua may nén lam chuin, lugng thé 16ng thu dugc 1a x
kg. Nhu viy ¢6 thé dua trén quy tic don bdy xdc dinh ty 1& nay trén doan 0-1°.
x__ 4

1-x 04

Lap phwong trinh can bang nhiét cho mién gidi han béi dudng cham (A-A) trong
trudng hop chua tinh tdi nhiét t6n thét, truyén tr moi wudng vao chu trinh, ¢6 thé it ra
luong thé 16ng thu duge x.

H2=X}L}=(1 —X)Hl
o H-H,
H, -H,
Truding hop ¢4 nhiét ton that, nhiét dua vio hé tinh bing q (ing véi mot kg khong khi):
X = (H -H,)—-q
Hy -H,
RT, P,

Cong nén khi: A = w—lnp— trong dé 1: hiéu sudt may nén.
n 1

Cong tiéu hao cho mot don vi khoi lugng thé 16ng thu duge: L = -2— :

Chu trinh Linde 14 mot chu trinh mang tinh nguyén tic dé xay dyng day chuyén cong
nghé. Pay la chu trinh don gian nhit. -

3.2. Chu trinh Linde, c6 thiét bi lam lanh bang NH; (mdy bdng)

Pay 1a mot chu trinh cdi tién chu trinh Linde. Xudt phdt tir tinh todn trén: Luong long
thu duge ty 1¢ thuan v6i hiéu tng tiét luu dang nhiét AHp, dua mdy lanh vdo ha nhiét do
xudng, tuong itng s€ tang AHy (xem hinh 8.6). |

Khong khi & trang théi 1 (T, Py), qua nén déng nhiét (6i trang thdi 2 (T, Py); qua
thist bi iam lanh (I} xuéng trang thai 3 (T;, P»); qua thiét bi lam lanh bing NH; xuéng trang
thdi 4 (T, P,) ti€p tuc qua thiét bi lam lanh II, 1am lanh xudng trang thai 3, tiét luu vé trang
thdi 6, duge thé 1ong diing 1am chdt tai nhiét lanh trong thiét bi truyén nhiét IT va I vé€ trang
thii ban dau.

Lap phuong trinh can bang nhiét qua mién dudng chaim A — A, trudng hgp bd qua
nhiét tdn that, twong ng:

H, -H,
% H, o H,

Nhu vay rd rang, hiéu ing tiét lvu dang nhiét tang, miu s6 gidm. lugng thé 1ong sé
tang lén; duong nhién cong nén sé tang 1én mot lugng tuong tng véi cdng cung cip cho mdy
bang. Tuy vay mdy bang 12 mot chu trinh hiéu sudt twong déi cao, do vay nang lugng tidu
hao cho mot don vi kh6i lugng thé 1dng giam thap.
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A
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1
1
¥
1 A I
Y 3
% i
A L 14d A
5
II

Hinh 8.6

3.3. Chu tinh Linde tudn hodan hai dp luc (xem hinh 8.7)

Khong khi & trang thdi (1) Ty, Py, nén dang nhiét qua trang thai (2) Ty, P; véi khéi
luong M kg; qua 1am lanth d&n héa 16ng hoan toan, dén trang thdi 3; mot phan véi khei luong
(1 - M) dua vao nén ti€p lén dp sudt cao trang thdi 2' (T, P;), 1am lanh d&n 3’ ti&t luu vé
(P} Ti€t lvu 14n 2 v€ 4; duoc thé 16ng trang thdi O (P,). Khi sdn sinth sau ti€t luu 1am chat
tai nhiét lanh, tr&s vé trang thédi Ty, P, va P,.

Lép phuong trinh can bang nhiét qua giai doan ra khoi hai mdy nén (mat AA’) trong
trudng hop bo qua q ta duoc:

(Hy -H;)-M(H, - H,)
B (H, ~H,)

Cong tiéu hao cho nén khi:

p
A= BT 0 M RT B gy
‘11 0 Tl2 P]

Theo chu trinh nay, lugng long thu dugc ¢6 bi gidm, song céng tiéu hao giam nhiéu
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ti€t kiém khd nhiéu nang luong. Vi vay phurong 4n niy duge coi nhu cai tién thi nhat trén
chu trinh Linde don gian.

Ciing lap luan va tinh todn so sdnh nhu d6i v6i chu trinh Linde ¢6 thiét bt lam lanh
bang NHy; néu giira thiét bi truyén nhiet ndi trén, tich lam hai, dat mot thi€t b lam lanh
bang mot mdy bang cho khi 4p sudt cao (P,); mot cho khi 4p sudt thap (P,), két qua 1a cong
tiéu hao cho mot don vi khéi lugng khong khi long giam ding ké. Phuong dn nay coi nhu cat
ti€n thif hai trén chu trinh Linde don gian.

Khi d6 ta ¢6 chu trinh tudn hoan hai dp luc, ¢6 NH, [am lanh.

21

s

—

P, Py Py
2

r-———=-9 e

AN

(O —( ]
-
w Y

Hinh 8.7

3.5. Chu trinh song song su dung hai hiéu irng — tiét luu va né sinh cong Claude

Khéng khi & trang thdi 1 (Ty, Pg), qua nén déng nhiét dén trang thdi 2 (P)) (T,), tiep
tuc fam lanh dén trang thdi 3, mot phin D kg qua mdy sinh cong, gifin nd vé 4 iing vé6i (Py),
tao khi lanh 1dm chat tai nhiét lanh bd sung; (I ~ D) kg tié€p tuc 1am lanh Xudng 5, tiét hr,
thé 1ong & trang thdi 0; khi quay vé truyén nhiét trong 3 thi€t bi lam lanh vé trang thai ddu.

C6 thé 1ap phuong trinh can bang nhiét luong qua mit AA v BB dé x4c dinh lugng
thé 1dng thu dugc; cong tiéu hao bao gom céng nén khi trir di cong thu duoe qua mdy sinh
cong; va qua dé tinh céng tiéw hao cho don vi thé 16ng.

e} day c6 mét diéu luru ¥ 12 x4c dinh trang thdi vao va ra khoi mdy sinh cong. Khi
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trang thdi vao di dugc xdc dinh: diém 3 ing v6i dp suft P, nhiét do T3 va twong tng
entanpi H,,

Sinh cong theo phuong thitc 19 tudng (thuan nghich, ding entropi) nang luong thu
dugc bing hiéu entropi trang thai vio vi ra ciia may:

AHS = H:; —_ H4“
Thuyc t& chi thu duge AHg, = .1, - Hy
Nhu vay hiéu suat mdy sinh cong tinh bin
_H,; -Hy
" Hy -Hy
H,G
2 A
T
ommomeo o A
L
) §
3
--4-~» g
s|[E
- )
s B
I 5
0
Hinh 8.8

Trang bi mot mdy sinh cong - véi mot hiéu suft xdc dinh s& xdc dinh dugce cdc ham
trang thi, phuc vy cho viéc thi€t k& day chuyén cong nghe. Trong cong nghiép, v6i hé tudn
hoan hai dp luc ciing c6 thé tach mot phén khi cao 4p (D) dua qua mdy sinh céng.

Cung loat véi chu trinh Claude, ¢6 chu trinh Claude nhiét do cao (chu trinh 8.11), vé

cd ban chu trinh nay nhu chu trinh Claude, riéng thay déi diéu ki¢n khi vdo mdy sinh cong -
chu trinh Geyland.



Trong Geyland, khi qua mdy nén dang nhiét, tich mot phin D (kg/kg khong khi) dua
thang vio mdy sinh cong, nhim giam khé khan do may sinh céng Jam viéc & nhiét d¢ qud
thap gdy nén — nh4t la hi¢n tuong hod long ngay trong mdy sinh céng ki€u pittong.

Mot day chuyén khdc lam viéc & 4p sudt tuong d6i thap (khoang 6 at) la day chuyén
theo chu trinh 8.10, chu trinh lam lanh Kapitsa, & day nhiét d6 dua vio mdy sinh cong kiéu
tudebin cuc thap — t6i mifc héa 1ong ngay trong mdy sinh cong. Chu trinh nay duoc 4p dung
rong rdi & Lién X6 trude day.

Hinh (8.9), (8.10) cho thdy dién bi€n cha hai chu trinh nay trén d8 thi T-S.

A A .
T T 2 1
6 at 1 at
3
5
4
6 .
s s
Hinh 8.9. Chu trinh Geyland Hinh 8.10. Chu trinh Kapitsa

4. Van dé chung phan ly khéng khi

Sau khi héa léng hoan toan, khong khi 1ong 12 mot hé nhiéu cdu tr. Trutng hop chi
14y oxy va nito 1am san phidm, xir Iy nhu mot thé 1dng ¢6 2 cdu tir nito va oxy.

Hinh 8.11 cho thdy quan h¢ giita nhi¢t d¢ soi, thanh phdn khong khi long va thanh
phédn pha hoi can bing véi pha 1ong 6 760 mmHg.

Hinh 8.12 cho thdy m&i quan hé 4y & nhiét do khdc nhan, 4p suit khdc nhau.

Cing nhu thiét bj chung luyén néi chung, trong cong nghé phan ly khong khi ding
thap chung don, thap kép. .

Hinh 8.13 cho thay ciu tao cia thdp chimg don trong diy chuyén Linde ciing nhv cic
thap chung don néi chung. Nhung nhugc di€m 16n nhat clia loai thip nay la: chi nhan duge
oxy ¢6 thudn d9 cao, khong thé ché tao nitg ¢6 thudn do cao. Mat khic mot luong khé 16n
oxy di theo nito, gay t16n that oxy, tham chi mat t6i 35% oxy trong khéng khi. Vi vay chi
dung cho cic co s& san xudt nho, dung oxy lam chat lam gidu oxy trong khong khi cho
nhimg loai 10 cdn khi théi gié 14 khong khi giau oxy.
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Hinh 8.14 gi6i thiéu mot loai thip chung
dugc dung rong rdi trong hau hét cic day chuyén
phan 1y khong khi — thap kép. Bao gém hai thép
chung: chung so bo & dp sudt cao (6,8 at) sau dd
chung mot 14n ti€p & dp sudt thdp (1,5 at) thap
dudi gdm bo phan tinh luyén — wong ty thdp don.
Thap trén bao gém di phin chung luyén va tinh
luyén.

Khong khi 4p sust cao (cao 4p) qua lam lanh
bing oxy v nitd san phdm (4), qua lam lanh ti€p
bing cich cung cap nhiét cho ddy thdp chung dudi
(2) - qua van i€t luu (3), d8 vao thép chumg (1). &
day tién hanh chung luyén; san phim khong khi
léng v6i ham lugng khodng 40% dén 60% oxy &
diy thdp, qua van ti€t luu (5) dua lén thdp chung
trén (8).

20 I
bty - 155
ffg ///“'—
=T 1.
142 /r\g A Va 150
"
L]
fo‘ // “/ --!?0
7,0
160
] i75
96 A]
92 4180
88 ot
T TA T
L~
BT S P A
80 - 4
LA X
02" 195
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Ham lugng oxy, %

Hinh 8.12

Khéng khi léng |

b

Van tiét fuy 2

San pham dinh thap

Nitd,

Oxy

.(_
Khéng kh

Hinh 8.13

San pham day thap
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San phdm dinh thap la nito 1dng thu vé

mdng 6 qua van tiét luu 1am dung dich héi o A |

luu dinh thdp trén. Nito san phdm ra khoi S| == P

dinh thdp dua vé thu héi lugng lanh trong q@.’k =% =

thi€t bi (4); sdn phdm ddy thép oxy long lay Arz > __—_EE ,}

ra cing qua thu héi nang lugng lanh trong —~ e oy S

thiét bj (4) ,l—:_: & 1 P
Thiét bi (7) la thiét bi ngung tu bay o VSN

hoi. Nito ngung tu & dinh thip du6i, déng %2 1 ﬂﬂ“ﬂ[m - P, P

vai trd cua thi€t bi gia nhiét day thap trén. & 6 5 % _0‘-’93%9

Oxy bay hoi & ddy thép tren, déng vai tro g 5% f2998%

clia mot thiét bi lam lanh dinh thip dudi, 4 SEE) | ng b

nhu nhimg thdp chung luyen néi chung. Khi S =

tro chu y€u He tich ra & dinh thép duéi va *i\’

Ar tich ra ¢ gifta thap trén (trong trudng hop . _ 4,8 0z)

c6 thu héi khi nay). Hinh 8.14

Trong qud trinh tinh todn diéu kién

N ) 1. thap chung &p suat 6,8 at; 2. bo phan gia
cong nghé can luu y:

nhiét day thap; 3. van tiét luu cao ap; 4. thiét bj

Nong do s’én phim Ny, O, theo yeu ciu truyén nhiét giita khéng khi cao ap va oxy nitg
cua san xudt. Ap sudt dinh thip trén (P1)  san phdm; 5. van tiét Iuu thap ap; 6. mang
thuong chon cang thdp cang t6t song dim  chia nita Idng; 7. thiét bi béc hai - ngung ty: 8.
bao dong khi khic phuc dugc trd lyc ciia cdc  thap chung ap sudt 1,3 = 1,5 at; 9. nitd héi luu
thi€t bi tir thap vé két chita khi.

Ap sudt ddy thép tren P, bing P, + AP, trong dé AP, - trd lyc thdp trén vé6i thanh phan
xdc dinh, 4p sudt xdc dinh; ¢6 thé xdc dinh nhiét d6 cla thdp ¢ cic diém tuong ung, qua
nhiét d6 so6i clia thé 16ng & thanh phén dé.

Nhiét do so6i dinh thdp du6i - dim bao qué trinh truyén nhiét tir nito dén oxy véi chénh
léch AT (dong luc truyén nhiét) khoang 3°.

Tir d6 va thanh phan nito dam bao theo yéu cdu héi lwu dinh thép trén; chon dugc 4p
sudt dinh thdp duéi P; va 4p sudt thiap dudi P,. Chinh vi vay thong thudng thép trén, thap
dudi 1am viéc & diéu kién da néu trén.

G day su bién dong entanpi clia cdc dia khd 16n, do vay dé tinh todn s6 dia 1y thuyét
thudng sir dung d6 thi I (x, y).

Hinh 8.15 gi6i thiéu s6 dia ctia doan chung, doan luyén thap trén va hinh 8.16 giéi
thiéu s6 dia doan chung thdp dudi — trén dé thi I (x, y) @ dp sudt va nhiét do tuong ting.
Thudng hiéu sudt dia khoang 0,3. S6 dai thp trén khoang 20 + 30 dia, thap dudi khoang 13
+ 18 dia (tdt nhién con tuy yéu cdu néng do san phdm va diéu kien lam viéc.
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5. Nhitng van dé céng nghé trong phan Iy khéng khi

5.1. Lam sach khi

Nhitng tap chdt cdn quan tam xir 1y trudc khi dua vio day chuyén lanh sau 1a: bui,
H,0, CO,, C;H;...

- V6i tap chédt co hoc: chil y&u 1a byi. Khong khi ving cong nghiép thudng lan bui.
Tuy diéu kién moi trudng, hdm lugng bui bién dong trong mién 0,005 dén 0,01 g/m’. Bui
1am téc thiét bi — ciing nhu cdc day chuyén khéc, cdn tdch hét bui — phuong phap phé bién
trong comg nghé phan ly khéng khi, 12 qua lgc mang hodc vong Rachig 12 x 12 x 0,3 cm
tdm ddu. Thudng yéu cdu dat 0,1 mg/m”.

- Vi CO,: CO, dé déng bang, dic biét & dp sudt cao.

Thudng tach bang dung dich kiém KOH hoac NaOH, & dp sudt ¢d 12 + 15 at.

2KOH + €O, = K,C0O; + H,O
2NaOH + CO, = Na,CO4; + H,O

Trong cdc cdo s& quy mo nho ¢& 30 m* oxy/gi®r, ding NaOH rin NaOH.4H,O. Trong
cdic co s& 16n (¢& 150 m* oxy gid) t6i 3600 m¥/gid diing Na,CO, ~ H;0; céing c6 noi ding
MEA khir CO,.

Sau khi hap thu hdu hét CO,, phdn con lai s& qua lam lanh trong céc thiét bi truyén
nhiét dé tich dudi dang tuyét cacbonic. '

- Vdi H,0, chii y&u dung chat hap phy nhu thudng gap: silicagel (SiO;) alumogel
(A1,04.3H,0); zeolit hodc cdc chat hit 4m khéc.

Dudi day néu mot sé loai thudng gip:

Loai chat hap phu Cong thire Ham 4m sau hap thy g/m®
Clorua canxi Call, 1,5
Hydroxit natri ran NaCH 0,8
Silicagel Si0,.H,0 0,03
Hydroxit kali ran KOH 0,014
Alumogel AlL,O,H,0 0,005
Zeolit 0,005

Nhit 13 cdc loai zeolit, ngdy cang ¢é nhiéu loai zeolit rat cé hiéu qua trong hdp phy
CO,, H,0 ra doi.

Phidn H,0 con lai cling s& qua 1am lanh trong cdc thi€ bi truyén nhiét dé tich dudi
dang bang tuyét.

- Véi C,H,: chil y&u dung silicagel hip phu.

5.2 Ddy chuyén cong nghé

C6 thé phan cdc loai day chuyén céng nghé dya trén nhém sén phdm cia day chuyén.
C6 day chuyén sdn xudt oxy sach, > 99,2%, muc dich chinh la 1dy oxy, thii bd nitg va cic
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khi khdc. Phdn 16n cdc diy chuyén nay 1am viéc & quy mo nhd, 4p sudt cao. Loai quy mo
nhé (¢8 30 m® oxy/gidy) thuong chi ding mdy sinh cong nhu mot thiét bi b lanh khi khdi
dong mdy hodc trdi néng — trurdng hop ndy mdy lam viéc gidn doan. Loai 16n hon ¢6 mdy
sinh céng lam viéc lién tuc.

Dudi day gidi thiéu mot s& thong s§ k¥ thuat cla cdc day chuyén thudng sit dung &
Lién Xo trude day, cling nhu & nude ta hién nay.

Tén day chuyén KI'H - 30 K-0,15 KT-1000 Ap sudt thdp P -1
Nzng suit Nm® oxy/gio 30 165 1000 1300 - 3500
Ndng do oxy sin phdm 99,5 99,7 98,5 Oxy k¥ thuat 95 - 99
Ap suat cac clia hé 165 165 125 - 150 6
Ap suat thap chung | 1,4 1,4 1,4 1.4
Ap suat thap chung |l 8,5 6,5 6,5 8,5
Dac diém ky thuat - May sinh cong gian { May sinh cong | - May sinh cong | - May sinh ¢cong kiéu

doan fién tuc lien tuc tudc bin

- Tuinhoan 2 ap fyc | Tudn hoan 2 | - Thiét bi truyén | - Kripton

- Thiét bi truyén nhigt| ap e nhiet kiéu thép | (he 0,1% Kr-Xe)
kiéu &ng chum trir nhiat

M4y sinh cong kiéu pitténg

C6 nhitng day chuyén lién hop ma sdn phdm vira 14 oxy khi, vita & dang long. Ciing c6
thé chuyén ch€ do san xuat nito sach & dang khi hodc 16ng trén cling mot day chuyén cong
nghe, chi thay déi cc thong s6 k¥ thuat trong qud trinh thao téc.

Phé bign nhat trong cong nghé téng hgp NH; 1a cdc day chuyén san xudt nito sach,
oxy cong nghiép.

Dudi day 12 mot s8 vi du:

Tén day chuyén 1-6800 3600 (Linde Frenk 18200) P-1
NZng suft m*/gio
- Theo nita 5400 99,9%
- Theo oxy 92 - 94% 3600 {97%) 12500 (96 - 98)
Ap sudt cao 100 - 120 {20%) 150 - 200 {1200) 6.5
Ap su#t trung binh 8 {80%) 55
Pac diém ky thuat Lam lanh NH, tuén hoan 2 M4y nén tubebin tudn hoan | Sinh cong tudchin
ap lyc 2ap lye

Hinh 8.17 gidi thiéu mot day chuyén san xudt oxy quy mo nho.

Hinh 8.18 gidi thi¢u mot day chuyén san xudt oxy nito sach.

Hinh 8.19 gidi thiéu mot day chuyén Kapitsa - sir dung mdy sinh cong, lam viéc &
nhiét do thép.
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IL. VAN DE THU HOI KHI HIEM

Bang 8.1 cho biét thanh phdn, tinh chét khi hi€ém trong khong khi. C6 thé hinh dung su
phan bd cdc khi hiém trong thip chung phin ly khong khi nhu so d6 sau (hinh 8.20, 8. 21):

N, =€
P = 760 mmHg J'_j\
A
°K °C =
165,05 ——— -~ 108,10 Xe A Og s Ny <
119,95 —T1—— — 153,20 Kr Ne + He (_l£
e018 1 - 182,97 02 Oxy —=— ﬁ E%
87,36 —1—— - 185,80 Ar .
7740 T ~ 195,75 N, Oxylong <—— |
\/ s T
ol
27,05 —1—— — 248,10 Ne =
4,25 —1—— - 268,90 He -
Y — -273,15 <
—— s
' =
Hinh 8.20. Phan b6 nhiét d6 so6i Hinh 8.21.
cac khi & 4p suat khi quyén Phan b6 cac khi trong cdc dong

Bién phap sir dung rong ri hién nay dé ché tao khi hi€m, 1a tich chiing ra khéi dong
khi bang chung luyén. Trude hét tach thanh timg cum khi, sau d6 chung timg cum bang thip
chung. S6 thap chung t6i thiéu n bing s6 ciu tir C trir di 1:

n=C-1

D6 1a nguyeén tic chung cia chung luyén.

1. Tach Ar

Argon chil yéu ding cho cong nghig¢p ché tao béng deén dién, cho viéc tao moi truong
khi tro: han, nadu kim loai dic biét cho thép khong gi, hgp kim va kim loai nhom, magié.

San phdm argon céng nghiép 14 hdn hop 85% Ar va 15% nito. Do phi diém cia argon

nim giifa oxy va nito, nén néu khong 14y argon, argon sé phan bd trong khi sén phim: oxy
san phdm 14n 0,3 - 0,6% Ar; nito san phim 14n 0,15%.
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Trong thdp chung Ar nim 72 - iz .
. ™~ -
& quiang dia thit 18 cia thép > N ’L.m" ]
| Iy
chung (trén) trong trudng hop _ AT \‘
thudng gap — thdp chung 32 dia. £ # \,‘
~m L
Hinh 8.22 cho thdy ham = # T &
luong cdc khi N, — Ar — O, trong :g 18 — - '
pha hoi, doc theo chiéu cao thép. fa ) b’ Oxy ||
Hinh 8.23 cho thidy mot i P
. . g s
thip chung phu nham ldy hén lF A
hop khi giau Ar tir dia 18 ra khoi b {’
a

thdp v6i ham luong Ar khoang 7

+ 10% va 1% nito.

Tir dinh thdp chung argon 5
tich ra Ar véi nong do 80 + 90%

Ar, 1 +10% O, va 4 + 8% N,.

Chat tai nhiét lanh trong thiét bi ngung tu
dinh thdp la khong khi khong thuin ddy thdp
dudi, qua binh silicagel hap phu C,H,, qua tiét
luu, qua thi€t bi nay réi quay vé ngan ti€p liéu
thdp chung phan ly khéong khi.

Ar thé dua vao ddy thdp chung va tuidn
hoan v6i thap chung trén. Thuong thiap chung tho
c6 36 dén 48 dia. C6 truong hop lén dén 80 dia,
nhdm nang cao chat luong Ar.

San phdm Ar tho, thudng chi dat 65 + 75%
Ar, 5% N,, va khoang 35% O,. Hiéu suat tich Ar
trong mién 50 + 70%.

Muén duge Ar sach dé dua vao sir dung —
thuong qua dét trong sunfua, hodc hydro chuyén
oxy thanh SO,, H,O, tich khoi khi, cuéi ciing dat
san phdm c6 néng do Ar 92% - nito 8%.

Trudng hgp phd bién nhat, dét oxy trong
H, trén xtc tic paladi — xuc tic kim loai phan b&
trén chat mang oxit nhém hoat tinh, nhiét do
phén g trong mién 500 + 550°C hydro dwa vao
hé c¢6 néng do hydro trén 99,8%, oxy < 0,2%.
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Ham lugng khi trong pha hdi, % phén tir
Hinh 8.22

P

b [—
3 A
“'*-.____
Yl
——
J—— Igt .
=== I | ED 2R S®
nguyén liéu
il
| — D4 p
Oxy léng Oxy ki
Khéng khi - =
sau tiét luu
<
et W 8
Khéng khi tr
may sinh cong
Hinh 8.23:

1, 2. bd phan trao déi nhiét qua lanh;
3. thap chung trén; 4. binh phan ly;
5. ngung tu dinh thap; 6. thap chung Ar:
7. oxy khi; 8. binh silicagel hdp phu C,H,



Gin day sit dung mot s6 day chuyén tich oxy bang zeolit. Zeolit NaA & 90°C 6 kha
nang hdp phu oxy cao gdp 40 + 45 ldn so véi argon va nito. Sau 30 giay hdp phy c6 thé dat
néng do 99,9 + 99,99% argon, 0,01 + 0,05 nito va duéi 0,003% oxy.

2. Tach kripton va xenon

Heé s6 ddn nhiét cua kripton chi bang 1/2 cha argon va xenon bang 1/3 vi vay c6 thé
gidm tén that dién 16i 20 + 25% so v6i béng Ar, tudi tho cila d&n tang ba bén lan; thé tich
chia béng dén cling vi thé ma giam.

Tuy vay ham luong Kr, Xe trong .
khong khi rdt nho, 150 + 160 van m’® k N,
khong khi méi duoe 1 m® Kr va Xe. Vi
vay chi c¢6 thé ldy Kr, Xe tir nhiing day
chuyén phan ly khong khi véi sdn luong
160 (15000 + 20000 m*/gi®). 1Y

Phi diém ctia Kr (~153,2°C), Xe N,

{He)
(-109,1°C) twong déi cao, vi vay Kr, Xe —&—#W D0

nim trong phdn san phdm oxy, tich ra tlr 3
san phdm oxy khi (hinh 8.24). Qua trinh -

o

0,

h)
#

RANE

cong nghe thudng bao gém ba bude: =2

¥

1. Tir san phidm oxy dinh thi€t bi ¥
ngung tu cia thap trén, tich ra mot dong F
qua thép chung phuy, qua trinh chung dugc
san pham dinh thdp 12 oxy v&i tdc nhan C
1am lanh trong thiét bi ngung tu dinh thip -
1a nito; san pham ddy thdp 1a oxy gidu khi __!
tro (0,1 = 0,2% Kr, Xe). Yéu cdu dai v o
san phdm nay 12 ham lugng cacbua hydro
khong qud 1000 + 1200 mg trong 5 dm’ Kr+Xe + 0,
chit long.

-]
o

—

i

i

,_
A
'S

Sau khi bay hai — oxy giau kripton, Hinh 8.24

xenon, duge nén 1én 3 at qua h¢ théng
lam sach khi: khit cacbua hydro trén silic hoat tinh (Kieselghur) khir CO, vd H,O bing
zeolit, ha ham lugng CO, xudng 0,002 + 0,003%.

2. Nang ham lugng Kr lén nong do 95%, Xe: 5% - téng néng do 99% bang cich hip
phu trén than hoat tinh § 65 + 75% va cudi cling nha.

3. Budc cudi ciing, tinh ché€ ché tao kripton va xenon sach.
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Day chuyén YCK-1M ctia Lién X6 (cii) gia cong O 5 at véi nguyén liéu dong oxy cé

0.2 +0,22% Kr, Xe 12 120 m*/gié.

Thu dugc san pham (Kr + Xe) c6 néng d6 99,5% + 99,9%.

3. Tach Ne va He

Ding Ne trong cong nghiép ché tac dén chifu sang va tin hiéu. Dudi dong dién cao 4p

phét mau dé woi,

He 1a mot loai khf tro sir dung réng rdii trong viéc tac moi trueong ngan sy xam nhap
cua oxy. Ham lugng Ne va He trong khong khi cang thap (0,0018% va 0,0005%). V6i phi
diém vao loai thdp nhat, He, Ne tr& thinh khi khong ngung tich ty trén dinh thiét bj ngimg tu

& dinh thiap dudi.

Nhu cdc thiét bj ngung tu khdc, phin khi
nay tich tu lam giam hé s6 truyén nhiét — cdn
xa bb.

Hinh 8.25 cho thdy sg d8 ¢6 tinh nguyén
tic tich Ne — He. Tir 4p sudt dinh thap dudi
(5 at), phan khong ngung ¢6 nhiét do 93°K dua
1€n hodc 1am lanh ngung tu dinh thap trén, hoac
tur thi€t bi ngung tu dat ngoai thdp - lam lanh
bang nito 16ng héi luu dinh thip trén.

Sau ngung t nay duge hén hop khi véi
hiam lwong 70% N,; 23% Ne; 7% He, - khi thé.
Khi tho qua nén dén 50 at, ngung ty nito bing
khéng khi 16ng, ti€p tuc ding than hoat tinh
tach nitg,

Nito lam nhat mau cfia neon, cdn khir
triét dé.

He khong anh hudng dén chat luong mau

clia neon, nén ham lugng He cho phép dat 30%
trong neon sén phim.

Dé€ dat neon c6 thudn do cao, ¢in tiép tuc
lam lanh bang hydro 16ng hoic heli long dé
tdch triét dé nito.

Cong nghiép phan ly khong khi thudng

Ne + He
5 5,—.'
2 }w
P =
J |
K ——
A‘L —
N,
Hinh 8.25

1. van tiét luu; 2. thiét bi ngung tu;

3,4. do mic 1dng; 5. van x&; 6. do Iuu lugng

chi 14y neon. Ham lugng heli trong khi thién nhién cao hon — thuong coi day 1a nguén chi

y€u cung cdp heli.
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III. LAM LANH SAU PHAN LY KHi THAN COK, CHE TAO H,

Trong qud trinh chung luyén din mo cfing nhu cong nghiép luyén cok, bén canh cic
san phadm thé ran, thé 16ng, con mot lugng 16n san phdm phy thé khi, thanh phén chi yéu 1a
khi hydro va cacbua hydro.

Vi du: Qua trinh hydro héa ddu FO loai ddu nang thudng thu duge thé khi ¢6 thanh
phdn nhu sau:

57% H;; 26% CHy; 9% CO va N,.
Qua4 trinh cracking ddu mo cho san phdm khi:
18% H,; 29,6%CH,; 18.5% CyHy: 27,2% CyHg: 3% C3Hy va CiHg; 1,2% CyHyy,...
Qu4 trinh luyén cdc, tuy diéu kién cong nghé, nguyén liu, s& cho sian phim khdc

nhau. Song cu thé 1 tan than (ham 4m 8%) c6 thé thu duge 0,72 tén than cok va khoang 270
+ 280 Nm” khi néc 16 cok (c& 0,13 + 0,14 tdn), goi tat 1a khi than cok.

Thanh phin khi than cok dai thé nhu sau:
H, CH, C.H, CO co, N, 0, H,S

% thétich 45+60 22+28 15+35 5+7 2+35 2+53 0,1+1 1,2

Ngoai ra con ¢é benzen (3.5 g/m3), naphtalen 0,05 + 0,08 g/m3, hgp chit cyanua va
lure huynh (0,5 = 1,5 g/m3), NO (! ml/m*), amoniac 2 + 4 kg/tan.

Chi mot s& nude Chau Au v Nhat sir dung khi chung c4t ddu md cho sdn xuat NH;.

Khoang trudc 1939 véi sin lugng NH; cla the gidi vao khodng 3 triéu tdn/ndm trong
d6 90% di tir than va cok, sau d6 it ddn, song phan ly khi than cok 1ay hydro va cdc thanh
phdn khic vin 12 mot ngudn nguyén liéu ddng ké.

Truéc khi dua vao phan ly 14y hydro, cin qua mét qud trinh 1am sach.

1. Tach naphtalen va benzen

Nhiét d¢ déng rin cla benzen: 5,48°C, naphtalen cang cao; nhir vay qua lam lanh sau
s& lam tdc thi€t bj, van, dudng 6ng. Qua thap hdp thu véi chit hip thu diu cok, ddu sola,
xing c6 thé hod tan tich benzen, naphtalen.

2. Khir H,S da trinh bay trong chuong IV.

3. Khit NO

NO ¢6 kha niang két hop véi oxy, cdc cacbua hydro khong no hinh thanh cdc hop chat
gdc nitd (5 + 9% nito) cé dang nhur ddu cok; cic hgp chdt nay khong 6n dinh, nhitng ving
tich lu§ hop chat nay véi ham luong 19n c6 thé gay chdy — nd khi c¢6 diéu kién. Vi vay khir
OXit nito trd thanh mat khau quan trong d¥c biét khi ham lugng thdp, ¢6 cic chat khir nhu

H,S — phén itng oxy héa NO trong oxy hodc chét oxy héa déu ti€n hanh v6i mot téc do rat
thap. NO,, N,O5 hoat tinh cao dé khir hon.
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Hop chat sunfua cla céc nguyén & nhém 8 dé k&t hgp véi NO nhat 1a sunfua cha Fe**
trong moi trudng kiém. Sunfua Fe”* kém hon.

Trong phuong phép kho, ding Fe,O4 FeS khir H,S déng thai cling khir NO hinh thanh
NaFe,(NO),Sy vd NaFe(NO),S,. Hgp chat ndy khong 6n dinh, phoi ning phan huy nha NO.
Ham .lu‘(_)‘ng Fe, O, trong chit hip phu cang cao, oxy trong khi cok cang it; qud trinh hap phu
NO cang nhanh, c6 thé dat hiéu suit khir NO t6i 80 + 90%.

4. Khir CO,

Nhu da ban vé tac hai trong chuong VIII va khit trong chuong VI, 16 hop lai day
chuyén lam sach nhu sau: |
Khi cok —» nén —> thdp khir naphtalen, benzen -— khir H,S (phuong phédp uét) —
— khir H,S (phuong phdp kheé) — khir CO; — phén ly.

1. Co s hoa Iy ctia qua trinh lam lanh phan ly khi cok

Qui4 trinh 1am lanh phéan 1y hén hop khi chit y&€u dua vao su khdc biét vé nhiét do soi
(nhiét d6 ngung tu) ciia cdc cdu tir & diéu kién 4p sudt khic nhau. Duéi day 1a cdc s6 ligu
chinh.

Loai khi Nhiét 46 s6i °C
1at 10 15 20 25 30
CqHs -475 0 +20 +371 +43,8 + 47
C,H; - 88,7 -33 - 18 -7 +3 +11
C,H, -103,7 - 56 -39 -29 -20 -13
CH, - 161,58 -129 -~ 114 -107 - 101 -95
0, - 182,97 ~ 157 - 116 - 140 -137 - 133
co - 181,47 — 166 - 154 - 149 - 146 — 142
N, -1958 -175 — 163 - 158 — 155 - 152
H, - 2527 — 244 - 239 - 238 - 237 - 236

Nhiét do 151 han cia cdc cdu tir nhu sau:

CH,: -82,5°C; O, —118,82°C; CO: —140,2°C; N —147,13°C.

Nhu vay qué trinh phan ly khi dya vao hda long timg phdn ti€n hanh hodc & dp sudt
thap: 10 at; hoac & 4p suét cao: 25 at, khuynh hudng phé bién 12 & 10 at.

Mait khdc, ¢6 thé thay phi diém cdc c&u tl cdch nhau khé xa vi vay c6 thé diing bién
phip 1am lanh, timg buéc ngimg tu cum cdc cdu tir khong cdn hod 1ong toan bd r6i chung
luyén nhu trudmg hop téch N, va O, tir khong khi. O day c6 hai vdn dé co ban cdn huu y:
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1. Can phan tdch véi hieu sudt cao nhat cic cacbua hydro, dic biét 1a CH,, mot cdu tr
¢6 ham lugng cao thit hai, phf diém thap vao bac nhat.

2. Can tdch toan bo CO khoi H; 6 mién nhiét do rit thap trong cong nghi¢p dung nito
long dé tich CO - b sung N, cho H; tao hon hop H, va N, theo yeéu cdu cia tdng hop NH.:
thdp rira lam viée trong hé 3 c&u tir H; - CO - N, (xem chuong VII).

2. M6t s vin dé cong nghe

Hién nay sir dung rong rai hai day chuyén cong nghé. Day chuyén Linde: 1am viéc &
I3 at, tién hanh 13m lanh khi 1d cok bing khi sin ph4dm t4ch ra timg budc trong chu trinh
lam lanh Linde don gidn, mot lin tiét ru va nito long.

Béng 8.2 cho thay mét vi du vé sdn phidm cdc cum ngung tu (bao gém thanh phén va
lugng) lin luogt qua cdc thiét bi lam lanh (1-2) thu cum etylen; 1am lanh (3) va thiét bj phu
tich cum CHy; thiét bi 1am lanh bing nito long tdch hoan toan metan vi thdp rira CO bing
nito téng, thyc hién can bing chia he N, - CO - H,.

Thyc ra chdt tai nhiét lanh cha y€u & day 1a nito 16ng hod hoi — h¢ ¢é nhiét do thap
nhat, ham nhiét 16n nhat (-190°C)

Sin phdm hén hop khi Hy/N, c6 ty 18 3/1; tap chat thudng duy tri & mic CH, < 0,15
%, CO < 80 ppm; O < 100 ppm.

Thyc ra cde phan ving ngung tu, tich khoi thiét bi truyén nhi¢t khong méy gid tri, it sir
dung riéng r& ma trén 1An 1am nhién ligu, quay tr& lai cung cdp cho qud trink cok héa than.

Hén hop nay thudng ¢6 cde thanh phan sau: CH,: 50 + 52%, CnH,: 3,5 + 45%; CO:
12 + 14%: 051 0.9 + 1,1%; Ny: 23 + 26%; H,S: 3 + 6%

Nhiét tri: 23023 kJ/m® + 23860 kJ/m>.

Hién nay ciing ¢6 mot s6 co s& tach riéng & dé€ sit dyng: vi du chuyén héa CH, lay H,,
tir etylen 14y etylic, ché tao dicloethan... bang nhitng phuong phdp héa hoc nhu hap thy
etylen bang axit sunfuric réi ché bién ti€p; hoac ti€n moét bude chung phan ly...

Mot day chuyén khdc, ti€n hanh & 4p sudt cao: chu trinh Claude lam viéc & 25 at;
diing mdy sinh céng ~ nhiét do sau mdy sinh cong —210°C. Sau thiét bi lam lanh s6 1, ha
nhi¢t d¢ xudng —65°C; qua thiét bi s6 2 tich cum etylen; qua thiét bj s6 3 ha xudng —100°C
tdch cum CHy; téch ti€p tap chit con he¢ CO - H, ~ N,, hé qua giiin nd sinh cong ha nhiét do
—200 + -210°C, ngung tu ti€p tap chét con lai he khi ham lugng Hy: 93%; N,: 5,5%: CO:
1,1% ti€p tuc rira bing nito 1éng & thap dia (khoang 48 dia).
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Bdng 8.2

Thanh phan H, CH, Co N, C.Ha, 0, )
1. Qua thiét bi 1am lanh s8 1 khu lanh s&u, nhiét d6 ha tir -45°C xuéng -100°C
Nm*/gic 4884 2429 | 722 528 172 61,6 8800
% V 555 276 8,2 6,0 2,0 07 100
2. Qua thigt bj 1am lanh 56 2 — thu duge cum sén phém etylen, ha —100°C xusng ~145°C
Nm/gier 220 | 105 | 308 159 - 420
%V 525 |25 7.5 37,6 100
3. Qua thiét bj tam lanh s6 3 ha khi tif - 145°C xudng - 180°C
Nm3f916 4884 2209 [ 711 497 5 17.5 61,6 8380
%V 58,3 26,4 8,5 59 0,21 0,7 100
4. Qua thiét bj Jam lanh phu s 3, fuu gi tach cum CH,
Nm’/gids 280 2108 | 412 247 17,5 41,9 8700
%V 9.0 68,4 | 13,2 7.8 0,51 1,36 100
Dat higu suit tach 95,9%
5. Qua thiét bi ngung ty bang nita 1éng ha nhiét 4o xudng —190°C
Nm®igio | 4604 101 [ 300 | 236 19,7 5280
%V 87.2 1,9 57 4.4 0,37 100
6. Cum CH, ngung tu tach ra tir thiét bj ngung tu bing nito 1dng
Nm*/gies 14,8 68,5 | 375 22,2 5,3 146,3
%V 10,0 455 | 126,7 15,3 3,5 100
Pat hiéu suat tach 98,5%
7, Thanh phén khi vao thap ria nita 1ong
Nm’/igia 4589 34,3 | 262 234 14,4 5134
%V 89,4 0,67 51 4,55 0,28 100
8. Phan sdn phdm day thap
Nm3.-'gitf 17.8 34,3 262 861 14,4 1100
%V 1,5 2,9 22,0 724 - 1,2 100
Pat higu sust tach 100 100
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Hinh 8.28. Day chuyén lam lanh phan ly khi cok Linde:

1, 2,4. thiét bj 1am lanh; 3. thiét bj phan ly; 5. thiét bi 1am lanh
béc hai nito 16ng; 6. Thap rita CO; 7 + 12, thiét bi lam lanh nitg.
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Chuong IX
TONG HOP NH;

L. VAINET VE LICH sU' VA MOT SG MOC QUAN TRONG

Téng hop NH, dd trd thanh mot ngudn nguyen liéu quan trong cho phan dam dic biét
1a sau 1945, né€u khong ndi 1a nguén nguyén liéu chl y&u; mot phan rit nhd phan dam di tir
nitrat nairi, thu héi NH; trong khi 15 cok, cyanamid canxi.

1909: Fritz Haber phat minh phan ing t6ng hgp NH; & quy mo phong thi nghiem.

1913: & Buic Carl Bosch dua vao quy mo pilot véi san lugng 30 tdn/ngay va dan phat
trién (&i ngay nay.

Tur sau 1930 nhiéu nude phdt trién cong nghé trén co s& H, tir khi cok, hodc trd thanh
nguén nguyén liéu rin, din ddn khi hod nhién liéu rén chiém wu th& va trd thanh nguén
nguyén liéu chinh cho dén 1950.

Sau 1950 & My bdt ddu tir reforming hoi nu6e khi thién nhién, quy mé ciing 1&n 15i
165 tin/don vi day chuyén.ngay; quy mo nay ting dan, nhét 1a sau 1960 tir 300 tin/ngay lén
t6i 600 tin/ngay; vai nim sau (1965) 1&n 1000 tdn/ngay r6i 1500 ~ ti 1800 tin/ngay.

V& co cdu nguyén li¢u ciing ngay cang da dang, tir than sang khi, sang ddu... cho tdi
1990 ty trong khi trong co cdu nguyén liéu da lén dén 78,7%, ddu naphta: 5%; diu nang
3,4%, than va cok: 10,9%, cdc ngudn khic 1,6%.

Vé dinh miic tiéu hao nang lugng cfing giam dan. Vi du di tir khi thién nhién; néu dinh
mifc tiéu hao nang lugng cho 1 tdn NH; nam 1943 — 1965 trong khoang 10,5 + 11,1 Geal thi
khoang 1995 d3 giam xuéng midc ¢& 6,8 + 7 Geal; véi than 1a 9,8 Geal; ddu FO: 8,5 Geal.
Nhifng bién ddi ndy xudt phdt tir qud trinh cdi ti€n cong nghé téng hop NH,, xuit phat tir
nguyén 1y cua qud trinh cong nghé, dic biét 1a cong nghé xic tdc, quy mo va phuong 4n tan
dung nhiét.

IL NHONG €O $G HOA LY CUA QUA TRINH TONG HOP NH,

Phan tng tdng hgp NH,, trong cong nghiép 12 mot phén ung thuodc loai phin tng khi
rén - hé khong déng nhdt, tién hanh trén xdc tdc véi thanh phdn co ban 12 st tir va mot s6
phu gia nhi: Al,04, K,0, CaO...

1. Cd sd nhiét dong cta phan img

La mot phan ng hai chiéu, $6 phén tir thay déi truéc v sau phin ing.
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%Nz + %Hz == NH;(g)

Ngoai tinh thanh phan can bang qua hing s6 can biang, hing s6 nay c6 thé xdc dinh
qua phuong trinh nhiét dong. Trong cong nghiép gidi thiéu khd nhi€u cong thic kinh
nghiém dé tinh hing s6 can bing (Kp) ¢ diéu kién lam viéc khdc nhau. Cong thitc sau cho
két qua phu hop:

K = PnHy 1 YNH,
P~ 1/2 _3/2  p /2 J3/2
PN, PH, P YN, YH,

18K, (p - 0) = 18K,
_2001,6

~2,691121gT - 5,5193.10°T + 1,8489.107 T + 2,6898

hodc don gian hon, cong thic thuc nghiém clia A. Nilssen trong mién dp sudt 1am viéc tir
1 ~ 100 MPa:

2074,8

1gK, = = _ 2 49931gT + aT + 1,856.10 T2 + ¢
PT T

Gié tri clia a va c thay déi theo dp suat

Ap suét, MPa 1,01 3,04 5,07 10,13 30,40 60,80 101,3
a.10° 0 34 -1256 | -1256 | -12,68 | -10856 | -268,33
c 1,993 2,021 2,001 2,206 2,206 3,059 4,473
Ciing c6 thé tinh theo fougat (f,) va hé s6 fougat (y,):
- lfNH3 _ PNH; Y NH4 =K, K,
f1/2 372 1/2 4172 1372, 3/2 P
N, “'H, PN, ‘YN, -PH, ‘TH,
Trong cdc cong thic trén, dp sudt | -——"-—: HaiNp=31 | 1
rieng phin cla cdc cdu tir (p;), thanh = gl 777 ~Ha:Na= 3.0 71%CH ;3% A _J
A . 2 =
phén tinh theo % thé tich (y;) déu tinh = éq'o/" _‘|¢J
] v 2 ’n - / - ]
O trang thdi can bang - trang thdi cao 2 L~ dr Tt
2 2 - Fa 2 . s & dg / }f —
nhat phan ing c6 thé dat téi. Tr d6 c6 = 49 P e P
- . s . ‘3 4 4-’$ -//
thé xdc dinh néng do NH; hoic hiéu 3 P /Pk_bﬁd —
3 5 . . = 2 - ] _-"'-"
sudt chuyén hod & trang thdi can bang. = 7 Pt —
y - hpenbny Kol ! ///[// et gl B
Hinh 9.1 cho két qua gié tri nong © 20 o ,//J_,; e —-"'Eo .._-""""‘__.._J,
do NH, & trang thdi can bing & 4p sudt, = / AN ~ Lo i
.‘ 3 ) 3 g’ ) g ‘p “ E‘ //;/ ‘//"b.l/‘:::.’-#.lr-ssn,
nhiét do lam viéc khdc nhau. Ung v6i o o=
dong nguyén liéu c6 ty 1é HyN, = 3/1 2 £
100 200 3 400

va Hy/N, = 3/1 trong d6 c6 7% CH,4 va
3% Ar.
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Trong trudng hgp tinh todn cong nghe, ¢d thé tham khio dé thi nay hodc cédc s6 ligu
tinh todn trong cic s6 tay chuyén dung.

Phan ting tod nhiét, hi¢v ting nhiet caa phin tng thay déi theo nhiét do, 4p sust tong
hop. Nhi€u eong thire kinh nghiém cho phép tinh hieu img nhiét cGa phan ing. Vi du hiéu
tng nhi¢t cla phan ing giita N,, H, nguyén chat tao thanh NH;:

356,61 159,03.10"’J
+ P+
T3

—AHp = 38338,9 + [0,23131 +

+22,3864T + 10,572.10 T2 - 7,0828.107 5T kJ/kmol
Trong thyc t€ san xu4t, phan tng dién ra trong hén hgp khi Ny, H,, NH; va khi tro,
cdn tinh dén nhiét hén hop. Qua trinh hén hop thung thu nhiét vi vay gia tri nhé hon gid tri
tinh todn theo cong thitc trén vao khoang 10 + 13%. C6 thé tinh nhiét hén hop khi phan ting
sinh thanh [ mol NHj; theo:

1

oy 1~ Yy, 0 0
AHy, = (HS—Hs)h—?——(HM—HM)*(Ha—Ha)

NH; NH,

v - $¢ mol h6n hop sau khi phan tng hinh thanh 1 mol NH;; .
NH4

1—%{%& - 56 mol hén hgp H,, N,, CH,, Ar trong hén hop khi sin pham;
Hg - nhi¢t ham mola ctia hén hop khi ¢6 NH3, chi s6 o chi nhiét ham tiéu chugn:
Hy - nhiét hdm mola ciia hén hop khi ¢6 H,, N, CHy, Ar trong hén hop khi, chi s6 o
chi nhiét ham tiéu chuén:
H, - nhiét ham mola ctia NH,.
Va hi¢u ing nhiét ctia phan éng bing t8ng hai hiéu \ing trén:
AH = AHg + AHy,
Ciing c6 thé tra ctiu sd lieu tinh todn tir c4c sd tay chuyen dung.

2, Van dé tc dd cha phan ing

Phan ving ti€n hanh véi mot tdc do rat nho, ké ca & nhiét do cao. Vi vay buéc phai sir
dung xiic tic.

Hi¢n sl dung xiic tdc géc Fe,0,, thuding cé cdc phu gia oxit clia cdc nguyeén to Al, K
Ca, Mg... va mot s8 tap chat theo vio trong qud trinh ch€ tao nhu i, Ti, S, P, Cl...

L3

Thanh phan hoat tinh ¢ ban 1a Fe;0,, c4u tric spinen, ¢6 thé diing nguyén liéw dang
quang sat tir, qua tuyén. Yéu t5 ty 1¢ Fe*/Fe** anh hudmg rat 1on t6i hoat tinh xic téc, day 1a
thanh phan ¢6 tic dung chii yéu ddy manh t6c do phan umng. Trong cong nghiép quen tinh

hoat tinh xic téc bing % NH, tinh theo thé tich khi ra khoi thdp trong mot diéu kién nh4t
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dinh - vi du & nhiét do 475°C (nguyén khai), t6c do luu lugng, 4p suat xdc dinh...; con ¢é
hoat tinh sau tang nhiét d¢ lam viéc, thé hién tinh én dinh nhiét cla xic tdc - thudng nang
nhi¢t lén nhiét do cao (khoang 550°C) trong vdng 20 gid, sau dua trd lai nhiét do nguyén
khai - xdc dinh hoat tinh.

Dudi day 1a mot vi du vé mot loai xic tic:

Fe?iFe®™ 0,45 0,51 0,55 0,60 0,73
heat tinh nguyén khai NH, % 15,7 18,9 20,0 201 18,4
hoat tinh sau t&ng nhiét NH; % 15,6 18,8 201 20,2 17.8

Oxit nhom - dua thém vao xic tic nhu mot phu gia két cdu - 1am thay déi cdu tric
pha clia cdu tir chinh: lam ting bé mit riéng cha «-Fe va tao do x6p 16n; giam xu hudng ting
kich thudc tinh thé khi lam viéc & nhiét do cao (vi du & 500 + 520°C), bao dam én dinh cdu
tric bé mit. Thudng pha 25% Al,O4 dim bao én dinh riéng.

K,0, CaO duge coi nhu phu gia loai thay déi cdu tric dién tr, gidm cong thodt
electron khoi bé mat, qua d6 nang cao hoat tinh clia xue tic.

Ciing cé mot ndng 46 K,0 t6i uu - ¢d 0,5 + 1%, hon nifa s& giam bé mat riéng - nhét
13 cia Fe.

CaO nhr mot chat trg dung, tao diéu kién déng nhat thanh phin trong qué trinh ché tao.

MgO twong ty nhur CaO, ngodi ra con ¢6 téc dung ngin su 16n 1én cla tinh thé sit,
ting d6 6n dinh nhiét.

Ciing ¢6 mot khuynh huéng dua thém tdng oxit dat hi€m. Cong v6i nhitng phét kién
trong ché tao, hoat tinh Xiic¢ tdc tang o rét, nhiét do va dp suat 1am viéc déu gidm, tao diéu
kién lam bi€n déi c6ng nghé nhu ha dp suit téng hgp xuéng phé bién & mitc 9 + 10 MPa,
nhiét d6 lam viéc c6 thé giam xudng 360, tham chi 350°C, mang lai nhimg gi4 tri kinh t€ 16n lao.

Bang 9.1 giGi thiéu mot s6 dac diém clia cdc loai xiic tic loai ndy.

Xic tac ndy duge ché€ dudi dang manh, dang cdu, dang tru va gin day dé gidm tré luc,
con c6 nhitng dang cé c4u tao cdu ky hon nhu dang truc réng, tru rdng cé vich ngan...

Vé mat thanh phdn va cdc thong s& ndi trén, déu 12 dang ban ddu, trude khi dua vao sir
dung - cdn qua mot giai doan: hoan nguyén xiic tdc - chuyén sat tir dang oxit sang dang o-
Fe, dang xiic tdc hoat tinh. Quy trinh khdc nhau tuy loai xic tdc, do cdc hang san xudt xdc
dinh. Song déu chung nhimg nguyén tic ¢d ban nham dam bao hoat tinh cha xiic tic.

Trong qud trinh nay, v€ mat hod hoc: thyc hién phan tmg véi mot didu kién khéng ché
nghié¢m ngat, gita dong khi H, hodc N, + 3H,:

Fe,0, (rin) + 4H, (khi) == 3Fe (rin) + 4H,0 (khi) AHSy = 149,9 kJ/mol
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Sén phim la o-Fe dang tinh thé phan tdn & dang hat min (~ 200 ®) nim trong Xiic tdc.
Day chinh 13 nhitng trung tam hoat tinh. Tuy mic do hoan nguyén (theo tir thong dung trong
cong nghiép) cang ting, bé mat riéng ciing nhy do x&p (ty lé thé tich mao quan/khdi lugng
hat) tang 5 rét.

Vi dy & 450°C miic d6 hoan nguyén (%) 0 20% 60% 100%
bé mat rieng (m?/g) 0 2 6,5 10
& S00°C bé mat rieng (m%/g) 0 08 22 4
do x6p (ml/g) 0 0,01 0,035 0,065
Bdng 9.1
Héng | Loai xuc Thanh phan phy gia : Didu kién lam viéc
|
tac KO | AO; | Ca0 | Mgo | sio, [ o0, [coo|Ap sust, MPalnhiet o, °clv, 104 0™
ucl (c-73-3-02) 06 2.4 14 5 49+15 [375-475| 06+2
My [C-73-1-01[05-08( 2+3 [0.7+1,2 <0,4 9,898 [400+590| 1+58
ZCl | 35-4 0.8 2,5 2,0 0,3 0,4 14,7 + 58,8 | 350 = 550 2
Anh | 358 1 3,2 2.5 0,4 0,5 9,8 +58.8 { 350 + 550
BASF
B S6-10 | 0,54 2,9 28 | 032 | 035 9,8 +58.8 | 380+ 530 3
C
Topspe
Pan | KM-1 0,66 | 285 | 327 | 028 | 078 9,8+-98 3805501 1,5
mach
TMANY ca | 07«1 324 | <07 | <07 9.8 +29,4 | 400 + 550 3
Lién Xd
(cq) | CA1BN | 087 285 | 1,90 0,9 0,35 9,8+29.4 | 350+ 550
Casale
C16.35 | 0,8+2 |25+35] 2+2,5 |0,1+0,4[0,2+06{0,5:25 9,8+ 29,4 | 350 + 500 3
Thuy 51
Trung | A110-1 |0,6+0,8{2,2+ 2614+ 18 <04 30 370 + 550
QuBC | A0t 045+ 0,711,9+26] 1415 <04 20 380 + 500

D6i véi mot s6 loai xiic tdc, c6 mot s6 cong trinh cong b6 dong hoc cha qué trinh, chi
yéu la phuong trinh dong hoc xic dinh tSc do chia qué trinh, song thuc t€ qud trinh hodn
nguyén vin dua vao thuc nghiém - hodc dya vao tin higéw: ndng d6 amoniac trong nudc
ngung sau hoan nguyen.

Vé mit dinh tinh, c6 thé luu y:

Qud trinh hon nguyén 1 qua trinh thu nhiét, phin dng hai chiéu tang nhiet do ¢6 lgi
cho phén ting - ting tdc d¢ sinh thanh o-Fe; song nguge lai H,O véi ham lugng 16n ¢6 thé
chuyén a-Fe tr& thanh Fe;0, quan h¢ can bing giita Fe—0O,—H, nhu hinh 9.2.
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Theo d6, & 120

={,1.
pH2 101

c
& 350°C toan bo Fe,O, chuyén thanh g‘“‘ 3 FeO
Fe (néu thai gian du dai). n Fe;0,

Nhiét 46 cling vay, cang cao cang cd

. . o, . 01
lgi ca vé mat can bang va van t6c cla phéan Fe
tng, song cin quan tam dén kha niang lam
p o . PR N 001+
ting kich thudc tinh thé sit vira hinh thanh,
va duong nhién phai gidi han trong mién 1 | ! |
. 5 . ) I 0,001
nhiét do lam viéc clia xic tdc. 5 10 15 20 2% 10%T
Ciing tir d6 thi c6 thé coi H,0O nhu
8 ; 2 Hinh 9.2

chdt doc ddi vdi xic tdc, cdn quan tam dén
ty 1&¢ H,O/H,, diéu chinh ty 1& nay qua t6c d¢ ivu lugng dong khi, vi chinh tdc do lru lugng
nay anh hudng tdi ty 18 néi trén.

Trong cong nghiép, qué trinh hoan nguyén tién hanh ngay trén thiét bi phan g, 1a
giai doan m& may cla day chuyén cong nghe.

Ciing do cfu triic chinh clia xiic tdc [ tinh thé sit min - hoat tinh cao nén khi dimg
may, thio d& xfic tc - tuan thi nghiém ngat quy trinh cong nghé trong qué trinh chuyén lai
o-Fe vé dang Fe; Q4 12 mot viéc cuc k¥ quan trong chéng hu hai xie tdc, tham chi phan img
giita x1ic tdc v6i oxy hoic khong khi c6 thé ménh liét dén mirc [Am néng chay ca xic tdc 13n
thiét bi phan iing chia xiic tdc. Trong cong nghiép quen goi 1a: quy trinh thuin hod xic tic:
chuyén o-Fe vé dang Fe;0,.

Thudng ti€én hanh thuan hod & 4p sudt thap (0,3 + 0,5 MPa), nhiét d6 thap (< 130°C),
dong khi tudn hoan bo sung oxy dén tir 0,1% dén 21%, wy bi€n dong cta nhiét dé.

Cac nha ché tao xic tic khong ché€ nghiém ngit ham lugng chat doc dira vao theo
nguyén liéu trong qué trinh ché€ tao (chh y&u cdc nguyén té va hop chét cla ching: §, P, Cl,
As...). Cdc nha cong nghé cin dé xudt cdc quy dinh nghiém ngit, khéng ché ham luong chél
doc vinh vién (S, P, Cl, As...). Cdc chédt phd hong hodn todn xic téc, khéng thé khoi phuc
hoat tinh; cdc chat doc tam thdi (cdc oxit H,O, CO, CO,) oxy hod a-Fe thanh oxit va c6 thé
khéi phuc khi trong dong khi khong con chiing nita.

Dé giir hoat tinh xic tdc, ddm bio xic tic Iam viéc lau dai (khoang 5 + 7 nam) con
cin luu ¥ nhimg thong s6 anh hudng t6i tinh chat vat 1y cha bé mit nhu bui, than, su bién
dong that thudng cia nhiét do...

Kh4d nhiéu céng trinh nghién cttu co ché clia phan tng téng hop trén xdc tic géc oxit
sét, tuong tng dua ra nhimg phurong trinh dong hoc.
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Co ch€ cha phéin ng va theo d6 1a phuong trinh dong hoc clta Temkin, Puzob durge
néi dén nhiéu hon, va két qua tinh todn & diéu kién 4p sudt trung binh 30 MPa, nhiét do
trong mién 400 + 500"C khd phi hop thyc t&€ cong nghiép.

G day tic gia gia thiét: budc hap phu N, trén trung tam hoat tinh 1 budc chim nhit;
qud trinh hap phu tuan theo phuong trinh hdp phu ding nhiét do hai ong dé xudt - hay con
goi 14 phuong trinh hip phu déng nhiét logarit; hap phu & mife trung binh. Tir d6 phuong
trinh dong hoc ¢6 dang:

il b
r=—"1% =k py. szz ~k,. p“l”-‘ (kmol/m2.h)
ds PNH, Ph,

k;, k; - hang s6 t8c do phan ing thuan va nghich;

] - 4p suat riéng phdn cdc cdu tir than gia phan Gng & thoi diém xdc dinh t5c do
phan iing;

a,b - nhifng hang s& thuc nghiém - véi xidc tic Fe;O4 a =b = 0,5 hodc d dp suit cao,
chinh x4c hon dung fougat thay cho dp suit riéng phin

dN £ £2 (¥, -V

_NHy _ Hy | _ . | NHs AT

< = ki, | k| o |le
fou, fy,

trong dé Va, V.- thé tich mola clia hgp chat trung gian bé mat va nito & dang hap phu
(cm*fmol), véi xiic tic oxit sit c6 thé 15y gid tri V, =V, =27cm’.
Phuong trinh dong hoc irén dimg trong mién dp suit | + 50 MPa. Trong tinh toan,

thiét k& cong nghé thudng chuyén cic phuong trinh trén vé dang dé tinh hon nhu sau:
dYng,  VodYpy,

dr dVvp
L2.0- Y, 1= by ) = Vi, | 1+ Yo, ]2
= kp L Y, ). (=Y, NH; ) NH; | 1+ YNH,
" Y, (1 -bYyy, s
L=- Y N ~ =0325Kp.P
* W *

[1 ~¥nuy ~Yiell+ YNH;;_]
b B 1_+y£; ﬁ = KE’

1—}’10 kZ

1.5

Trong céc cong thikc trén 1 = V—R chi thoi gian ti€p xiic
0
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Vg - thé tich viing phan tng (m™);

V, - t6c d¢ luu lugng dong nguyen lieu (m*/h);
P - 4p suit téng hop (atm);

yi -
¥i - chi nong d6 tinh theo % thé tich - & trang thai xdc dinh r;

Y|, - ham lugng khi tra trich trong dong khi khong ¢6 amoniac (% V);
Yyh, - bham lugng NH; (% V);

chi ndng do tinh theo % thé tich - & trang thai can bing;

8 - bé mat riéng xiic tdc (¢cmZcm?).
Tir cdc phuong trinh trén cé thé xdc dinh thoi gian phan ¢ng tir ndng d6 NH, bing
khong dén néng do Ynn, -

Y
0,5 N YNH; (- bYNHg )" a- Yin)l’s'dYNHs
Tﬂ = I

0 k.(1+ Yy, ) L%u-n&fu—bymhf—yﬁm

Cin luu ¥, xijc tdc dung trong 16ng hop NH; phdn 16n ¢6 kich thuée hat trong mién
8 + 15 mm. Mic d@ hoat tinh xiic tic ddn duge ning cao, song cho ti nay hiu hét phan iing
xtic tdc h¢ khi - rin nay déu dién ra trong mién khuéch tan trong, nghia 14 cdn tinh dén hiéu
sudt lgi dyng bé mat trong clia xc téc. Khi d6 téc d¢ thyuc ciia phan img tinh bing:

Iy = k.f(y).n
Tinh todn hiéu suat n kha phitc tap vi:
n = f(R.C,.n.T.P)

trong dé R - dudng kinh hat xic tic;

C, - ndng do cdc cdu tir & mdi mot
hiéu suat chuyén ho4 xdc dinh,
tuong ting nhiét d6 T, 4p sudt
P

n - bac cua phan ng - phan dnh

dang cla phuong trinh dong hoc.

— [

o =]

1 1
o M =

Ham lugng NH; (%V)
=
1

= N

Trong trudng hgp thi€t k€ cong nghé
- ¢6 thé tham khio s6 liéu kinh nghiém
trén hinh 9.3, dé xdc dinh ham hrgng NH,
khi ra khoi viing phan tmg. G diéu kién 4p

oA . -1 1 1 1 1
sudt 30 MPa, toc d¢ luu lugng 30000 h . 300 350 400 450 500 T°C

Ngoii ra, trong nhiéu trudng hop cu Hinh 9.3.
thé ¢6 thé dung nhing cong thiic thudn tuy Budng kinh hat: 1: 0,6 mm; 2: 2,6 mm:
kinh nghiém dé tinh nhiing théng s& cin 3: 3,75 mm; 4: 6,24 mm; 5: 8,02 mm;
thi€t. 6: 10,2 mm; 7: 16,25 mm
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Vi dy: Phuong trinh ciing ctia Temkin, song chi chi ¥ dén phan 1ing thuan; lam viée
vdi xidc tdc géc oxit sat, phu gia Al,O; vd K,O (cfing ¢6 thé cho gid tri gin diing - vi phan
ing & khé xa trang thdi can bing):

1,5
deH_‘ —k PNz-pH2
— o 22

dt PNH,
Trong dé k, c6 gia tri:
t°C 425 450 475 500 525
k,.10 032 094 227 534 118

Nang luong hoat hod cla phan tng bang 14 kcal/mol hodc tinh ham lugng NH, tro.ng
khi sau phan ting (x) (% mol)

k,

0.5
o-P

=-0,5(1 + x)(1 - x)ﬁn{l —M}
x (1- x)4

Trong dé p: dp sudt (atm);

x* - ham lugng NH; & trang thai can bing;

Kk, - hang s& td¢ do phén ing;

V, - téc do luu lugng (gio™') hoac don gian hon, cong thite tinh cudng do san

Xudlt cua xic tic

g=0,77L.V, .a,.5

a; - phdn traim NH, hinh thanh trong thép, tinh bing A z8y
100+ A,
Ay, A, ham lugng NH; noi ra va vao thiét bi (% mol).
& - s gidm thé tich hé khi do phan ing = 100+ A, .
100+ A,

Trong nhilng ndm gan ddy, xudt hién xic tic kim loai quy ruthenium trén chit mang
graphit hodc gém thay cho xic tdc g6c oxit sdt. Véan dé nay sé dé cap & chuong sau,

3. Van dé can biing l6ng hdi trong hé NH,

San phdm sau phan gng 1a mot hdn hop khi H,, N, khi tro v NH,. Do dic diém van
t6¢ cia phan tng, ndng do trong Khi sin phdm déu thdp, khoang 16 + 20%. Cin dua vao |am
lanh d€ tich NH; ngung tu dudi dang 16ng. Phéan nito, hydro chua phan tng quay tudn hoan
trd lai thdp tdng hop.

Néng do NH; & trang théi can bang xyy, (tinh theo % thé tich) thay déi theo nhiét do
va 4p suat. Tinh theo cong thiic cia A. Mikhel:

6,36799 11681288
JI02P ~ (273+1)

-

lg XNH3 = 2,3591 +
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P - dp suat (MPa);
t - nhiét do ("C).

Trong cong nghe, coi nhu qud trinh 1am lanh dat trang thdi can bang pha trong thiét
bi. C6 thé truc ti€p dung cong thiic nay dé tinh lugng NH, thu duroc trong thiét bi phén tng.

HI. NHUNG VAN DE CONG NGHE TONG HOP NH,

1. Diéu kién cong nghé

Hién nay, dua vao 4p suit cha day chuyén thudng chia ra 1am 3 loai:

He thong lam viéc & dp suat thap 10 + 20 MPa
Hé thong lam viéc & dp suat trung binh 20 + 35 MPa
Hé thong lam viéc & dp suit cao 43 + 100 MPa

Tuy loai xiic tdc khdc nhau, ap suat téng hop ¢é thé khdc nhau. Song cé mot s6 dac
diém chung:

Ve nhiét d¢: phan ting tng hop 1a phin tng trong he khong dong nhat, khi rin, hai chién
va tod nhiét. V1 vy nhur phan ting ciing loai, ¢6 diéu kién t6i vu. Nhiét do t5i wu giam dén
theo hi¢u sudt chuyén hod cang tang. Thudng xdc dinh nthi¢t do t6i wu qua gia tri dr/dT =0
(img v6i ndng do ban ddu va hiéu sudt chuyén hod nhat dinh).

VE gid tri mién nhiét d6 1am viée: tuy loai xic tac sir dung,

D€ ddm bio nhiét do 1am viec quanh mién 18i wu, sit dung loai thiét bi truyén nhiét noi
b6 hodc trung gian. Phdn thi€t bi truyén nhiét trung gian hodc ding hinh thitc gidn ti€p, hoac
tryc ti€p bing cach truyén nhi¢t tir chat tai nhiét lanh qua thanh 6ng ciia thi€t bj truyén nhiét,
hogc b6 sung khi nguyén liéu lanh (120 = 150°C) vio giifa hai doan ciia phan ing xiic téc.

Do thi&t bi truyén nhiét néi bo ¢ nhuge diém 1a tiét dién chua xide tic qud nho so vdi
ti€t dién do dung xiic tdc nén tugng xiic tic bi han ché’ nang suat thi€t bi qua thap; khong
hop vé&i ddy chuyén c6 san lugng 16n, nén chi

ding cho he ¢& 100 + 150 tfn NHyngay. Hien [ ~\_oanIII
hidu hét déu chuyén thanh thiét bi truyén nhiét 2 5-300 Butmg can béing
trung gian. Eﬁ i o Doan II
Hinh 9.4 cho mot hinh anh vé thip téng =
P NP ©
hgp 3 doan trén xidc tic oxit sit cla hing Topsoe. §10 \ /

Hinh 9.5 gi6i thi¢u mot loai thap tdng hop Boan [ \
trén xidc tic oxit sit, 5 doan, thiét bj lam lanh E 5 /K ‘E}urlng thich hap
trung gian san xuit hoi nudc 16 at, nang sust 300 -~ ~
tdn/ngay dem, 4p sudt téng hop 300 at, lugng xiic . . L

' téc 6,g4 };113. Bénpcz_mh 1a dgutmlg) phan b& nhigé,t do 0 0 woom ' 0
va nong 4o NH; theo chiéu cao thap. Hinh 9.4
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19 20 % NH

NI
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N, +3H,

NEN

§ 0 0w
Nhiét do

Hinh 9.5

1. bom tuan hoan; 2. thiét bi 1am lanh bing NH,; 3. thiét bi 1am lanh; 4. thiét bj lam lanh bang
nudc; 5. thiét bi trao d8i nhiét; 6. xuc tac; 7. binh phat sinh hoi nudc; 8. Gng truyén nhiét

Vé thanh phan khi nguyén liéu: Qu4 trinh tdng hop NH;, dong khi dua vao thdp bao
gém hai phdn: khi nguyén liéu tir cong doan ché tao khi nguyén liéu dua sang véi ty lé
Hy/N, khoang 3 + 3,1; 0,5% khi tro (CH,, Ar) va khi sin phdm cta qud trinh téng hop sau
khi da tich phan 16n NH; (bao gém H,/N,, NH; va khi tro). Goi chung 1a khi tudn hoan.

Anh huéng dén t6c do phan tng chi y€u c6 hai loai khi: mot loai 12 hén hop H, va
nito va mot loai 1a khi tro.

V6i H, va nito, duong nhién néng do cang cao cang c6 loi cho phan tng ké ca tang
t6c do phan ung va chuyén dich can bing. C6 thé dua vao phuong trinh dong hoc dé tinh ty
1¢ Hy/N, =y v6i gid tri t6i wu. Vi du véi phuong trinh Temkin, Y t6i wu Ung véi gid tri 1,5.
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Tuy vay tiéu hao theo phin tng véi hé 56 ty luong = 3/1; gid tri t6i uu 14p tc bi phd v&. Vi
viy trong céng nghi¢p déu gift ty 1& y = 3/1; hoac trong trudng hop bé sung khi lanh, thuong
bé sung hén hop khi giau Hy, tach tir khi phéng khong.

V6i khi tro: do dong khi di tudn hoan, nén nong d¢ khi tro tang ddn trong dong tuin
hoan. Ham luong khi tro tang, tuong tu giam 4p suat riéng phin cdu o khdc; do vay tde 4o
phan tng, can bing phin img bj giam tuong fing v6i mic gidm do dp suit tong hop ha thap
gay nén.

Dua vao tinh toan kinh t€ dé xac dinh néng d6 khi tro trong khi tudn hoan (cing la khi
nguyén liéu dua vao t8ng hop NH;); mot bai todn giifa tic hai do gidm t8c d¢ phan ng, can
bing phan tmg va tén that Ny, Hy, NH; do thii bo.

Khong ch€ nong do nay bing cdch phong khong (hoac dinh k¥ hoac lién tuc) mot
luong khi tudn hoan. Lugng khi phéng khong cén tinh todn dya vao luogng khi trg dua vao he
thong trong khi mé6i bang lugng khi tro phong khong.

Hién nay thutng giit ham lugng khi trg trong khi tudn hoan chimg 8 = 12% (téng CHy
va Ar). Nhu viy dong Khi nguyén ligu cé thanh phdn: 8 = 12 % khi tre; 3% NHa; con lai la
hén hop Hy/N, véi ty 1€ 3/1.

VE 4p sudt: dp suadt lam chuyén dich can bing, fam tang t6c do cha phan tng thuin
ciing nhu gidm t6c do clia phan tng nghich, tao diéu kien d& dang cho phan tich NH; san
phdm khoi dong khi tuin hoan; cudng do sin xuft cia thiét bi 16n; hiéu tng nhiét 1én... Han
ché duy nhit cha 4p sudt 1a ddu tw cho thi€t bi trong day chuyén, mic d6 khé khin déi véi
yéu cdu cia thiét bi.

Vi vay wy tinh hinh Kinh t€ ky thuat ciia dat nude dé chon 4p sudt lam viéc. C6 mot
thoi & nude ta v mot s6 nude c6 hoan canh tuong ty, cho riing nén chon cong nghe 300 at,
mot s6 nudc tién ti€n chon 4p suft ¢ 1000 at, tham chi cao hon.

Tuy vay hién nay xudt phat tir kha nang ché tao xiic tic hoat tinh cao, c6 kha nang lam
viéc & nhiét 4o thip - c6 19i cho dong lyc ciia phan Gng téng hop; them nita kha nang ché tao
va sir dung loai mdy nén tudcbin lam viéc & 4p sudt cao va von c6 hiéu suit cao, ddy manh
xu the tdng hop & ap sudt thip - ¢d 10 + 15 MPa.

2. Day chuyén céng nghé

Hinh 9.6 gidi thi¢u day chuyén cong nghé cong doan téng hop NH, & dp sudt trung
binh 30 MPa, niang suat 1360 tdn/ngdy. Khi nguyén lieu téng hgp c6 ham lugng 0,3% Ar,
1% CHy,, 20 ppm CO, CO,, tron véi khi tudn hoan qua 4 1ép xiic tic cia thap téng hop NH;
(2) - ¢6 b sung khi lanh trung gian; ti€n hanh téng hop & 31,5 MPa, sén phim khi c6 ham
iugng NH; khodng 14 + 16% (NHs), nhiét do khodng 480 + 530°C, tién hanh lam lanh
xudng 335°C, vi ra khoi thip téng hop, lam lanh tiép bing nuéc & thiét bi lam lanh s6 (3) ha
nhiét d6 xudng 215°C, lam lanh tiép trong thiét bi 1am lanh s& (4) bang khi tudn hoan xudng
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60 + 75°C, qua thiét bi 1am lanh bing khong khi (5) ha nhiét do xudng 30 + 40°C; & day
NH; ngung tu, tich ra khoi khi trong thi€t bi phan ly s6 (6); NH; san phdm dua vé kho chia
sau khi qua mang loc (8) & dp suat 2 MPa.

Hén hop khi sau khi tich NH; con lai 10 + 12% NH;. Qua mdy nén tudn hoan (7)
nang 4p suat lén 31,5 MPa - nhdm bd sung t6n that dp sudt trén thiét bi va dudng ong.

Tir may nén (7) khi qua thi€t bi truyén nhiét (9), thi€t bi 1am lanh bing NH; trong hé
mdy bing (10), ha nhiét do xudng 5 + 2°C, qua thiét bi phan ly dat trong thié€t bi truyén nhiét
(9) - san phdm 16ng qua giam 4p xuéng 2 MPa dua vé kho chita ciing san pham phan ly tir
thiét bi s6 (6).

Sau khi tron v6i khi méi (hdn hop khi nguyeén liéu), khi tudn hoan c6 ham lugng NH;
(chimg 3%), khi tro (chimg 8 + 10%), quay trd lai thap téng hop NHj, hinh thanh mot chu
trinh tudn hoan.

Dé téch khi tro, trich mot luong khi phéng khong trong dong khi tuan hoan.

Khi phéng khong qua thi€t bi ngung tu phan ly (1 1), thiét bi 1am lanh bang NH; (12),
thu héi NH; du6i dang san phdm ngung tu. Phdn khi dua vé ding 1am nhién liéu, hodc qua

hip phu, thu héi khi hydro.
_‘ Khi mai
i 7 rreys

1 P Nude

;

Nuéc Kho chira

v A
-

s,
1

o L4
1

Hinh 9.6. So d6 day chuyén tdng hop NH; ¢ 30 MPa

Ciing c6 mot s6 day chuyén sl dung b gia nhiét ngoai (1) phuc vu viéc nang nhiét do
thap t6ng hop bing khi néng - khi nay dugc nang nhiét nhd d6t nguyeén liéu.

Ciing ¢6 noi ding dién tr& dat ngay trong thip téng hop.

Mot s6 day chuyén - nh4t 12 day chuyén nang suat 16n, dé triet dé khir CO, CO, con
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dat them thap metan hod, thyc hién phan img chuyén CO va CO, thanh metan trén xdc tdc.

Cing v6i diy chuyén ¢ 4p sudt ndy con cé cdc he nhd: 200 tdn NHi/ngay, hé trung
binh 600 + 900 tin/ngay.

Nhiing day chuyén 4ap sudt thap (10 + 15 MPa); nhimg day chuyén dp suit cao (100
MPa) déu c6 cdu triic twong tu day chuyén nay - di¢u khdc biét & mic d¢ lam lanh (ddn dén
mitc do phiic tap khdac nhau ¢ hé thi€t bi lam lanh).

Day chuyén 4p suat thdp, dé phan ly dugc NH; nhu mitc 4o ¢ 4p suét trung binh cin
jam lanh xu6ng —20°C 1a 4b. Mot vai day chuyén, dac bigt & dp suét cao ¢6 thé thuc hién ché
do ghép cdc thap téng hgp kém véi he lam lanh bang nuéc thanh mot chudi néi tiép, thay
cho hé théng 1am viéc tudn hoan. V& quy mo sn xudt, cling ¢ nhimg co sd st dung quy mod
nho (180 + 200 tin/ngay), dac biét & nhimg ving xa bién, ving co nguén nguyén lidu vai it
luong nho.

3. Thiét bj trong day chuyén

Thiét bi quan trong nhat trong day chuyén la thdp tdng hgp NHi. Thay déi céu tao

thap téng hgp, gan lién vai tim xiic téc mdi la hai huéng duge coi 1a nhiéu ti€n bo nhit trong
tong hop NH;.

Nhiéu nam gin day, st dung ruthemin nhu mot loai xuc tdc mdi nhat; trai qua mot
giai doan dai ruthemin qua dit, din dén han ché mic sir dung xdc tic ndy. Cho dén nay do
gia thanh ha, xuc tdc duge sit dung rong rdi hon. Uu thé & chd hoat tinh cao nén lugng xuc
tic dung it, 4p suat lam viéc thép, nhi¢t do cao, do bén va tudi tho dat yéu cdu, nhat 1a khi
tim duoc cdc chit mang t6t nhu chit mang graphit (hang Kellog); gém (hang Topsoe).

Vé thong s6 vat 1y cda xuc téc. C6 gang ding xic tic ¢6 dudmng kinh hat nho nham
giam anh huéng clia khuéch tan trong, vé cflu tric 16p xic tic - ¢§ ging lam IGp xvic tac mong
nhim giadm ton that dp sudt, song dam bao nap mot lugng xic tac 161 da trén mot don vi thé
tich. V& c4u tric thip va day chuyén - ¢6 gang thu hoi nhiét phin ting dé san sinh hoi nudc,
cung c¢adp cho mdy phdt di¢n, hodc phét lue giam nang hrong tiéu hao trong 1 tén san pham.

Trén cd s nhimg nguyén tic trén, hién nay chi ¢6 cdc co s& san xudt quy mo nho (cd
180 tan/ngay) con sir dung thi€t bi truyén nhiét noi bo con déu chuyén sang thiét bi truyén
nhiét trung gian.

Dong khi di chuyén tir dang huéng tryc (thing gdc vai tiét dién thap) sang hudng kinh
(di 1 tAm ra hodc ngugc lai - theo chiéu clia dudng ban kinh thip).

Hinh 9.5 gi6i thiéu cdu tao mot loai thip cd thiét bi truyén nhiét trung gian, dong khi
di huéng truc, thu hdi nhiét phan img sin xudt hoi nudc.

Hinh 9.7 gidi thiéu so dé c4u tao thip cé thi€t bi truyén nhiét trung gian, dong khi di
huéng kinh (thap Topsoe S-200).
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T,

Khi néng khéi dong 1\§‘

Khi tuan hoan vao
(dudng chinh)

Thiét bj truyén nhiét trén
Lap xdc tac 1
V6 trong do xtc tac —
Lép xuc tac 2
Thiét bi truyén nhiét dudi

Khi s&n pham ra
Budng gén (khi b sung diéu chinh nhiét do

Hinh 9.7. Théap Topsoe - 200

= Xic tac ITT Xuc tac IT Xc tac M
Khi san pham ra b
. Nhiét ké

(5795455555 {
-0 ' ‘3‘\/ N\
C&a"g”"’flj Bed 2B [ I Bed | -\:D ) \ :|
( { ( Ll 1yt (i )
T o e e 11 S —" ﬂ
777 | Eveag Butng gin
/ U

Khi tuén hoan vao thap
Hinh 9.8. Thap Kellog loai nim

Hinh 9.8 gi6i thi¢u so dé cdu tao ciia thap téng hop loai nim (thdp clia hing Kellog).

Hinh 9.9 gii thigu so d6 c4u tao thiét bj 1am lanh kém bo phan phan ly NH; san phim
& dang long.

Phin du6i thap 1a thiét bj tich NH; 16ng. Phén trén 12 thiét bi truyén nhiét giita khi
tudn hoan va khi da tdch NH,.
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Khf tuén hoan vao

; 'l' Khi sau tach NH,
1 -
|
H
{
i

Hinh 9.9 1 r-.:‘-

1. nAp thiét bi; 2. thanh thiét bi; o
3. thiét bi truyén nhiét;, 4. véng |
dém phan tach NH; 1dng; 5. 6ng ) PEZRI ;
trung tam; 6. ngan chira NH; long ; i f
s B [
Khi méi I
J =3
E-:_ SHEE
s\__.l f ==
NH, léng Khi tir thigt bi [am lanh
7 biing NH,

Khi i thiét bi 1am lanh béing NH;

Khi tir tudcbin di vao thap (khi tuin hoan), di ngoai khe 6ng, sau d6 dua sang thiét bi
lam lanh ti€p bing NH; bay hoi.

Sau khi lam lanh xuéng —2°C, khi quay trd lai qua b phan phan ly NH; san pham.

Thé 16ng téch ra khoi ddy thap; khi di 1én theo trong 6ng vé thép téng hop NHj.

Hinh 9.10 gidi thiéu thi€t bi 1am lanh bing NH; (s6 12 hinh 9.6). Hon hop khi tir thiét
bi lam lanh (s6 9) qua di vao dan truyén nhiét chir U ha nhiét do xudng —2°C tr6 vé thiét bi
phan ly NHj; (4) trong thi€t bi lam lanh (9).

NH hoi

1.2 3 4 6
Khi 'y 4 Rt ¥

Hinh 9.10. Thiét bi lam lanh bing NH;

1. nép; 2. dan &ng truyén nhiét chir U; 3. &ng dan do ap suét trong thiét bi; 4, 5. 8ng dan néi
cac thiét bi an toan; 6. dudng dan hdi NH3; 7. clra stfa chita; 8. 6ng do m(rc 16ng; 9. 6ng xa
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Pua NH; Iong vao thiét bi, chuyén thianh pha hoi trong thi€t bi va trd vé hé thong may
bang - thu 4n nhiét hod hoi 1am lanh khi.

Tuy vay c6 nhiéu co s& chon nhitng thiét bi ¢6 cau tao khac nhu dang ditng. Chon thi€t
bi kiéu ddng nao la tuy diéu Kién cy thé va ¥ d6 cha ngudi thi€t k€. Hinh 9.5 gi6i thigu mot
dang cum lam lanh goi la thap 3 két hop. Ciing nhu vy, d6i véi thi€t bi 1am lanh bing nudc,
¢6 dan lam lanh, 6 loai ong 16ng ng, c6 loai 6ng chum... véi chél tai nhiét la nude cong
nghiép, hoac nudc mém dé tranh cdu cin.

Trong day chuyén san xuft ¢6 hai thi€t bi quan trong 1a mdy nén hén hop khi N, + Hy
va mdy nén tudn hoan (s¢ 7 trén hinh 9.6).

Trudc day diing loai mdy nén kiéu pittong, m4y tudn hoan ciing vay. Theo véi sy phat
trién cha cong nghe, hién sir dung réng rdi may nén va may nén tuin hoan kiéu tudebin,

Thém nita - hé thong diéu khién di¢u chinh tw dong nhim dua quéd trinh hoat dong
trong mién thong s6 k¥ thuat t61 vu trd thanh nhimg bién phap quan trong dé ha gid thanh
san pham.

Mot diéu ding luu ¥ 1a qud trinh tong hop methanol ¢6 thé thuc hién trén ciing day
chuyén téng hop NH; - thay déi duy nhat 1a diéu kién cong nghe va xic tac. Vi vay trong
cdc day chuyén quy 6 16n, ghép nhiéu day chuyén don vi, ngudi ta tao diéu kién cé thé
chuyén déi san pham khi nhu cau thay ddi.
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Chuong X
CONG NGHE CHE TAO AXIT NITRIC

Axil nitric 12 mot trong nhitng hop chdt duge ché tao som nhat, dai thé & quy mo cong
nghiép di urdi qua céc phuong phép:

Axit hod natri nitrat bing axit sunfuric (trudc nam 1920).

Truc tiép tSng hop tlf nito va oxy (bdt ddu nam 1902).

Cuéi cling ta phuong phdp oxy hod NH; xudt hién & Pic tir 1908,

Cho t6i nay phuong phdp nay trd thanh phuong phdp chinh dé ché tao HNOQ; trong quy
mo cong nghiép.

75% axit nitric sin pham dugc sir dung lam phan bén, dudi dang nong do 50 + 65%;
phén 1én diing trong phan huy quéng photphat ché tao nitrophotphat. Mot phdn dung dé ché
tao céc hop chat nitro cacbua thom (nitro-aromatics) va nitroalkan; phin l6n ding trong
cong nghiep thude nd. Axit con ding trong ch€ tao axit adipic - mot hop chat trung gian
trong san xudt nylon (trudng hop nay dung axit dac).

AXit nitric 12 mot loai axit manh, chit oxy hod manh.

Trong thuong trudng thudng cé hai loai - loai oxit loang cé néng d6 HNO, khoang 42
+ 65%: axit dam dic khoang 96,0% + 98,5% HNO;.

C6 thé truc tiép ché tao axit lodng, sau dé co dic, cling ¢6 thé truc ti€p ché tao axit dic.

(3 day chi ban dén phuong phép che tao HNOj; tir NHj!

1. Nguyén liu: khong khi, NHj, khong c6 nhitng tap chét cé hai d6i véi xdc tac nhu:
bui, ddu... cdc nguyén t6 hoac hgp chat cha As, Bi, P, Pb, S, Si, Sn 1a nguyén ligu cho qua
trinh ché tao,

2. Qué trinh ché tao axit lodng bao gém cdc budc:

- Oxy hos NH; tao san pham oxit nito;

- Oxy hoa oxit nito thanh dioxit nito.

- Hép thu dioxit nito - phin dng v6i nudc tao axit nitric.

1. CONG NGHE CHE TAO AXIT NITRIC LOANG
A. Qua trinh oxy hoa NH,

OXit nito - san pham cia qué trinh oxy hod NH; ¢6 thé ¢6 nhiéu sin phdm tir hod tri
khong dén hod tri 5 (N,, N;O, NO, N,O3, NO,, N,Os). Song ¢6 thé coi nhitng phan ng sau
Ia phan img chinh:
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1. 4NH; (g) + 30; (g) — 4NO (g) + 6H,0 (g) + 227 (kJ/mol)
2. 2NH; (g) + 20, (g) — N,0 (g) + 3H,0 (g) + 276 (kI/mol)
3. 4NH; (g) + 30, (g) — 2N, (g) + 6H,0 (g) + 317 (kJ/mol)

Mot sG phan Gng phu khic:

4. 4NH; (g) + 6NO (g) — 5N, (g) + 6H,0 (g) + 451 {(kJ/mol)

Phan tng thuémg ti€n hanh & nhiét d6 cao, ¢6 phan tng phan huy NH,

2NH; — N, + 3H,

Pé dam bao thiic ddy phan (mg mot cich chon loc, chuyén chli yéu NH, thanh NQ
theo phan ting (1), bién phdp sir dung duy nhat 1a thuc hién oxy hod NH; trén xic tdc. Hién
Pt dugce dung rong rdi trong coéng nghiép.

Thanh phan chinh cla xic tdc Pt 1a Pt, ngoai ra con pha them Pd va Rh nhim nang cao
thém hoat tinh va cudng d6 xic tic. Thutng kéo bach kim dang sgi c¢6 dudng kinh 0,04 +
0,09 mm dét thanh 1uéi, hoac dét thanh 16 hinh thoi - nhim tang cudng d6 chin kéo cia lud
¢ nhiét do cao - cdc nude phuong Tay thudng dung loai nay.

Loai luéi méi ché tao, nhin béng, hoat tinh kém - cdn qua giai doan hoat hod - cé thé
thue hién hoat hod Pt ngay trong thiét bj phan (ng bang cich hoat hod trén ngon lira hydro,
ciing ¢6 thé hoat hod bang ngon lira con - ludi Pt qua hoat hod mat mau sdng kim loai song
hoat tinh ting rit nhanh. Sau dé thyc hién phan ng oxy hod & 900°C.

Trén xtic tdc Pt, phan tng co ban 1a 3 phan vng diu. O nhiét do 900°C hing s6 can
bang cia cdc phan dng trén ¢b gid tri nhu sau:

4 6
_ Pno-PH,0
ki=— 5

Pnu,4 -Po,

=10

2 6
Ky = PNO-PH,0 — 100!

4 4
PnH, -Po,
26
_ pNz 'pH20

-67
7+ - 10
PnH; -Po,

k3

Nhur vay 3 phan ing nay déu 12 phan tng mot chiu va c6 thé thay néu thai gian phan
ttng di dai, sdn phdm cudi cing ctia hé phin g s& 13 N,.

Pt thiic ddy mot cdch chon loc phan tmg (1).

V& co ché& cha phén iing ndy trén xiic tdc Pt, nim 1934 Bodenstein vad nam 1959
Akrause dva ra co ché: oxy va NH; bj hip phu trén trung tdm hoat tinh, phan tng véi nhau
thanh hydroxyl amin bi h&p phu, san phdm h4p phu tao thanh phin tng tiép véi oxy tao
HNO, va sau d6 phéin huy thanh san phim cudi ciing:
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1
NH; + Oy hap phy > NH2OH pap phy

NH,OH gy pny + O —> HNO; + Hy0
4HNO, —> 4NO + 2H,0 + O,

Hau hét cdc qua trinh nghién cttu tinh todn déu thira nhan, phan ng xuc tic hé khi -
rin niy nim trong mién khéng ché cia khuéch tdn ngoai. Téc do clia qud trinh khuéch tdn
NH; dén bé mit xiic tdc cham, quyét dinh t6c d6 cla cd qud trinh phan tng. Nhu vay hoan
toan cé thé dua vao phuong trinh truyén chit:

dPNH,
dt

= KNH,g- (pNH_,g - PNH35) (kmol/gid.m?)

trong d6 py,: 4p sudl riéng phén cac cdu tir trong pha hoi va p, (frén bé mat). Trong trudng
hop phan ting mot chiéu nay pyy,= 0

Kyt DE s6 cdp khéi cia NH; qua mang trd luc pha khi.

Tinh toan thong qua chudn s8 I clia chuyén kh6i va Jy clia truyén nhiét:
Jo=1Jy
Két qua tinh toan rdt phl hop véi thyc t€ san xudt.
Ciing c6 thé tinh theo mot loai cong thiic kinh nghiém.
Vi dy J1. Anen6aym gidi thi¢u phuong trinh ap dung cho mién nhiét do 800 + 900°C:

C S.n 0,56
lg—2 =0,95] -——[0,45+ 0,288 vy
8 R 0,283(V,d)"")

o-
trong d6 C,, C - chi néng do NH, trong khi nguyén lieu va san phim (%);
S - dién tich riéng (em%fem®);
n - s& 1dp ludi xic tac;
d - dudng kinh sgi xiic tic {em);
V, - téc do luu lugng dong khi nguyén ligu (Ifem>.h).
Nhu vay gid tri (C, — O/C, chinh bing apy,: hi¢u sufit oxy hod NH; thanh NO va
N,; trong trudng hgp bd qua phin (ng phan huy NH; thanh nito (3) c6 thé coi day chinh
bing hiéu suat chuyén hod cia NH;.
B. U. Arpowenko gidi thi¢u phuong trinh dong hoc trong diéu kién 4p suat 0,1 + 3,1
MPa; nhiét do 850 + 1010°C; ty 1 NH,/O, = 1.8 + 2.0

a dpng, —k. PNH; ~ PNH; max
dt PNO
p; - 4p suat rieng phdn cdc cau i,
1 - thoi gian ti€p xuc (s);
k - hiing s6 t8c do phan tng s h.
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Dang tich phan ciia phuong trinh trén nhu sau:

1 o,
- .(am m_ﬂ__a]
Ty, Oy — O

max

¢ - hiéu suat chuyén hod NH; thanh NO,
O ax - hiéu sudt chuyén hod cuc dai.
Gid tri 0t @ mOt nhiét do, dp sudt nhdt dinh tinh theo cong thic:
4655-0,02
O = 3,9T40P

S5 16p xic tdc phu thude vao ap sudt, thudng tinh trén coéng thirc véi quan he¢ kinh
nghiém sau:
n=143+157P
P - tinh bing MPa;
T - tinh bang "K.
Hing s6 téc do phan tng tinh theo phuong trinh Arhenius:
K = Ael400.30RT

trong d6: A=910%.e 0057 _3710°P +7.8.10°

Trong cong nghiép, qui trinh oxy hod NH; cén quan tam khong ché€ nhitng diéu kién
phan (mg sau:

Nhiét d¢ phdn tmg: Thuc ra sau hoat hod, xic tic Pt bit ddu c6 hoat tinh ddi v6i phan
{ing oxy hoa NH; tir 145°C; nhiét do tang cao t6c do phan ng tang dén 750 + 900°C - hau
nhir toan bd NH; di bi oxy hod; thai gian tiép xic ¢5 1, 1.107% sec. Hiéu img nhiét quyét dinh
nhiét phan tng, thudng tang noéng do NH; trong khi nguyén liéu lén 1%, nhiét do viing phan
g tang 70°C - xdc dinh nhi¢t do vung phan tUng trén co s& tranh nhi¢t d6 cao, t6n that Pt;
thém nira ting nhiét do cé nghia tang nong

. . 5 Néng do NH,, %
do6 NH;, c6 nguy co roi vio gi6i han no. e

2 20 18 16 14 12 10 8

Phan yng mot chiéu nay khong cé 100 / /‘
nhiét do t6i wu, xét vé téc do phin \mng. .Egg 4
e o 2 Vi
Trong cong n\ghlép thudng g%u' G 870 5 60 5
+900°C, {ing v6i nong do NH; dudi 12%. 2 1 " /
& 2
Tdng dp sudt, v6i nhimg budc phan T 40 /
tng k€ ti€p 1a c6 1o, thi€t bi gon, giam ddu 2 /
tu. Song v6i phin ing oxy hod NH, dp sudt
am gidm t6c do phan tng, tang tdn that

0,75 084 095 1,10 129 1,54 189 245

bach kim. T§ 2 O4/NH,
3 4p sudt thuong cudng do san xust Hinh 10.1
dat 1500 kg NHy/kg xiic tde x 24 gid. 1. hé khg; 2. hé am
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& 4p sudt 0,9 MPa cudmg d¢ san xudt dat 10000 kg NH,/kg xuc tdc x 24 gio.
Vi vay hién nay song song tén tai ba hé: Heé oxy hod & dp sudt thuong; hé oxy hod &
4p sudt trung binh (0,3 + 0,5 MPa) va h¢ 4p suét cao (0,7 = 0,9 MPa).

Vdn dé thanh phan khi nguyén liéu:

Thong thuéng tién hanh oxy hod NH; trong h¢ NH; - khong khi theo hé 3 ty luong,
ty 1& O,/NH, = 1,25, viec dir oxy s& ddy manh t6¢c d¢ phan g song thyc t€ cho thdy, khi ty
lé dugi 1,7 hiéu sudt oxy hod gidm, t6t nhit vao khoang 1,7 + 2; nghia la néng d¢ NH, tuong
ing vio khoang 9,5 + 11,5%, khong vugt qud 12% (hinh 10.1).

Néng do cao khong chi anh hudng dén nhiét 46 viing phin #ng ma cdn nguy hiém roi
vao mién gidi han nd clia he NH; - khong khi (hinh 10.2)

Vin dé t6c do luu lugng chia dong khi thdi gian dimg cia dong khi trén viing xic tac
4nh hudng téi hiéu suft chuyén hod qua nhimg phan ng phy.

Téc do hmu lugng thip, thdi gian dimg clia NH, trén xtc tdc dai, d& phan huy thanh
nito; nguge lai thai gian dimg qué ngin, NH; chua phan g s& truot qua ludi Pt, phan (ng
v6i san phim NO tao nito.

Vi vay viéc tinh thoi gian phan
ing, qua d6 x4c dinh t8c¢ d6 Lhm luong 100
mot cich chinh xdc (iing véi thé tich
viing x¢ic tdc Vg nhét dinh) 12 cdn thiét. % \
Thong thudng, trudng hop oxy hod & ip 80
sudt thudng, van t6c cia dong khi qua
ludi & mic 0,3 m/s. 8] 4p sufit cao, nhiét
d6 phan (ng cao hon, kha nang phéan huy

——

1
\ _, Gii han nd hé NH; - khang khi ~ I

>

Nhigt d6, °C
=
(=]

nhiét cia NH; cao hon, vi vay thudng

——— E

gift t6c do nay cao hon & dp suat thudng. 2

el .

Gidi han ng hé
NH; - khang khi trén NH,OH
{hodc cd hai nudc)

PtRh dé bi ngd doc bdi cac hop chét cha
S, P, As,O;... Tuy vay trong dong khi
nguyén liéu it céc tap chat nay. Trong 20
qué trinh san xudt thudng cé tap chit co 10
hoc ling dong trén xic téc, cling c6 thé u l I
¢é it nhidu tap chat c6 hai nén hi¢u sudt
chuyén hod c¢6 khuynh huéng gidm dén.
T6i khi hieu sudt xudng dudi 95% .
thudng mang tdi sinh xiic tdc bang cich Hinh 10.2. Giéi han no ciia hé

thio rira... hoat hod tr& lai. 1. NH; khéng khi khd; 2. NH3 - khong khi - hai nuac

30

Vdn dé bdo vé xic tdc: xic tic 40 \\ /

14 16 18 20 22 24 26 28 30
Ap suat 1 at; néng d6 NH, (% thé tich)
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Cing do thudng xuyén lam viéc & nhiét do cao, mot phan - tuy rdt nhd Pt chuyén
thanh oxit PtO, dé bay hoi, gay ton thét xic tdc, Rh ciing vay: Rh,05 thién di trén bé mat
XUc tdc song it bay hoi hon nhiéu.

Tac dong cta dong khi cling gay t6n that Pt. Khi ludi Pt gidm trong lugng 15%, cin
thay thé. Hau hét cdc nudc déu quan tam dén viéc thu héi luong Pt nay. Thuong dung cic
bién phdp thu hoi sau day:

Phuong phdp loc bang cdc tdim loc (ZnO,, Al, 03, silicagel...) day 20 + 30 mm.

Phuong phdp O.S.W ding CaO hap phu PtO, & 600°C hinh thanh xCaO.yPtO,. Dén
mot thoi gian, tich CaO bing HNOs, con lai Pt.

Trong nhimg nam gén day ding nhiéu loai lu6i dic biet dé thu héi Pt, vi du Céng ty
Degusa diing lu6i Pd-Au (0,09 + 0,18 mm), dét dat dudi luéi Pt 1am viéc & nhiét do 750 +
850°C.

Ciing nhu véy, cong ty Engelhard thu héi dva vao phan ing:

PO, + Pd —> Pi-Pd + O,

N6i chung, hiéu sudt thu héi Pt tang theo ham lugng Pd trong Iuéi thu héi, song cuong
d6 co hoc giam. Ciing c6 noi dung Ni-Cu, nhitng kim loai ré tién hon thay thé vang, do bén
co hoc tang 1én, c6 thé thu hdi dén 85 + 90% Pt bay hoi. M6i day nhat 1a ding ludi thu héi
dét bang cdc soi niken hodc nikencrom ngoai ma mot 16p Pd c6 do day khic nhau, theo mat
cét nhu hinh 10.3.

Tuy Pt 1a mot loai xtc tdc t6t, dugce sir U A LA bbbttt e Y A
dung rong rdi song do qué dit lai hiém cho
nén cic nudc déu c6 ging tim loai xic tic
khong phai Pt dé thay th€ hoiac mot phén,
hodc hoan toan Pt.

Chiéu cla dong khi

Khoang nhitng nam 50 cia thé€ ky
trude, nhi€u nude stir dung xic tic goc Fe-Bi
thay th€ mot phdn xic tdc Pt, hinh thanh
mot I6p xic tdc thir 2 - khong phai Pt, dat Hinh 10.3
dudi 16p thir nhat - xic tic Pt, 1am viéc &
nhiét d6 780°C c6 thé dat mic chuyén hod cudi ciing 12 96%.

-
-

Gan cu6i th€ ky 20, mot s6 nudc sir dung xic tic géc Co;0,, 1am viec & nhiét do
700°C, t6¢c do khong gian 5.10* gio ™', néng do NH, khodng 10%.
Tuy chwa duge sir dung rong rai, song nghién ctiu mot loai xic tic khong phai Pt -

thudng 1a oxit kim loai chuyén ti€p vdn 1a mot vin dé mang tinh thdi su cho cong nghé
HNO,.
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8. Qua trinh oxy hoa oxit nito - NO
Sau qud trinh oxy hod NHj trén xuc tdc, khi sén phdm bao gém hoi nude va NQ, cin
oxy hod NO hinh thanh oxit nito ¢6 hod tri cao hon. Thudng ti€n hanh cdc phan ing:

2NO + O, —» 2NO, 112,7 kJ
NO + NO, — N,0, 40,2 kJ
2NO, ~» N,O, 56,9 kJ

N,O, + O3 = N,O5 + O,
Phan ing sau cung nay thudmg chi ti€n hanh & dp suat cao. Trong nhitng phén iing
trén, phan ng co ban trong c¢éng nghé ché tao HNO, 12 phan ung:
2NO + 0, == 2NO,
Phan g nay 14 phan iing trong hé dong nhat khi, hai chidu va toa nhiét.
V& mat can bing clia phin tmg:
Hing s6 can bang cGa phan tng tinh theo:

N2
1K, = 1g—N0P02 _ 3T ) 051157 — 0,0005T + 2,839
Tt N, | T
2

Néu goi néng d6 ban ddu cta NO la: 2a (% mol);
nong do ban ddu cha G, 1a: b (% mol);
hiéu suit chuyén hod theo NO 1a: x (%);

ap sudt hé phan ang la: P. 100
Khi d6 4p suat riéng phdn cic cqu tin: \ \
80 z
2a(l-x
PNo = 2ad-x), p g \ \
(1 -ax) X 60 \Y
b “g \ 0,8 MPa
Po, _(b-ax o 3. 40 A {
(1-ax) z \ N
__2ax 4 2 oama L ™
Pno, (1-ax) 0 o e
5 100 300 500 700
Tirdé: K, = w.p ‘ Nhigt da, °C
x“(1-ax) Hinh 104

Hinh 10.4 cho thdy quan h¢ giifa hiéu suit chuyén hod theo NO va ap suat (0,1; 0,8
MPay), v6i nhiét d6 phan Wing, & ndng 40 ban ddu cha dong khi nguyén li¢u 1 9,92% NO va
5,68% O,.

Theo hinh nay, du & 0,1 hay 0,8 MPa, du6i 200°C phén (g theo chiéu thuan 13 co
bén, hiéu suit chuyén hod NO cé thé coi nhu dat 100%.

Nguoc lai trén 700°C, phan ing theo chiéu nghich 13 co ban.
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Nhu vay néu sau oxy hod NH; qua lam lanh tich H,O véi mot t6c do rat cao khoi hé
(nhim gidm do hoa tan cia NO, trong nudc ngung hinh thanh HNO3), xuéng nhiét do thép
duéi 200°C, thi phan tng oxy hod NO thanh NO, 1ap tic s& xay ra trong moi khoang khong
gian tu do c6 thé c6 trong day chuyén (dudng 6ng, van...).

V& mat t6c do phan tng c6 thé tinh t6c do phan tng theo phuong trinh dong hoc:

dpno
Tg_ = kl-PzNo—Poz
C6 thé tra hing s6 téc do phan ting tir cdc s6 liéu sau (trong d6 thoi gian tinh bang s):
Nhiét do, °C 0 30 60 100 140 200 240 300 340
kp 69,3 42,8 29,2 19,5 13,5 8,71 6,83 5,13 4,34
ky (%).104 6,93 4,28 2,92 1,96 1,35 0,872 0,683 0,513 0,434
g 0,1 MPa

Thay thé néng d6 NO (2a); oxy (b); dp suat (P); hi¢u sudt chuyén hod tinh theo NO
(x); thoi gian phan ng (t) dugc dang tich phan ciia phuong trinh trén nhu sau:

kp.T.P2= 1 = (b_a)x+ln 1-x
(b-a)” | (1-x)a

l—gx

Dua vao phuong trinh ndy, V. A. Karjavin da lap mot todn do gitip cho viéc tinh toin
duge nhanh chéng (hinh 10.5). Truc tung cla todn dé la hiéu suat chuyén ho4 tinh theo NO,
truc hoanh la gia tri kp.az.Pz.t, {mg vai cdc ty 1é khdc nhau b/a = .

14 ey s A - PETT T - : =
i b Eﬂ}.r:_t 1 ir[Fl e e, ‘2 =L f.:;'
EEEIERR D sz Z2atil
! ok Lt _%H_f: e, { ok lr_!..i_";:..
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s |l 5% ol L L
31 I ] F} i bioagd |
2 k Rl
= I i 4 (Y& L B T e
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T | ERIAR
b T il _.:.._.E._:..’.. ‘H_
]
15 { I % |
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+ TI_ SR RS O -!_l
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N5 HENS e T i
w20 7o
k,a Pt

Hinh 10.5
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Bi¢t a, b, P, v6i mot nhiét do nhat dinh, c6 thé xdc dinh gii trj cha Bep, tir dé tinh
duge thoi gian cdn thiét d€ dat mot hitu sust oxy hod NO nhat dinh v&i quan heé:

o + 1 o y(I—a)
-Dl-a) (y+1)) (-

2
k.a“.t=

Nhur vay 15 rang tSc do phan (g ty 1& thusn véi binh phuong cha dp sudt. Ap suat
khong nhiing lam tang hiéu sudt chuyén ho4 can bing ma con 1am ting t6c do cua phan iing
hod hoc trong hé ddng nhat nay.

Phdn Ung nay ¢6 dac diém hoan toin khédc véi cde phén tmg thong thudng; nhiét do
cang gidm td¢ d6 phan Ung cang tang.

Nhiéu gia thiét dua ra dé giai thich co ché phan tmg ba phén tir nay, nhim giai thich
anh huong dac biét nay cha nhiét do t6i t6c d6 phan ting. Song néi chung ching cif déu chua
6 tinh thuyét phuc.

Vi du chuyén phén ting ba phan ti thanh 2 budc, méi bude 14 mot phan ing hai phan
tir, ¢6 diéu 1a chi ¢6 mot kha nang cho phan ting nay, ma khong phai 12 déng kha nang giita
cdc phin turn:

NO + O, = NO.O,
Phan ting hai phan tir hinh thanh hop chat trung gian khong én dinh:
NO.O, + NO = 2NO,

Hop chat hai phan tir lai phan dng véi phan ing tich ba, budc tao thanh NO, 1a budc
quy€t dinh t6c do ca qud trinh phan tng.

Trong cong nghiép khong dat van dé quan tam dén anh huéng cla néng do NO va oxy
déi véi t6c do phan g vi ndng do ndy phu thuoe vao dong khi vao cong doan oxy hod NH;
- mot dong khi ma thanh phan khong thé bién dong duoc. Ciing ¢6 nai sir dung khong khi
giau oxy - song inh huéng khéng nhiéu.

Phan {ng nay 12 mot phan tng d& nhan bing cam quan vi NO, mang mau vang, NO
khong mau.

Khi ha thdp nhiét d¢ s& c6 nhitng phan img phu sau:

Phin img tring hop: ~ 2NO, == N,O, + 56,9kJ

Day ciing 1a phén iing hai chiéu, tinh hing s6 can bing theo:

Pho, _ 2692
Pnj0, -

gK, = Ig + 1,751gT + 0,00484T - 7,144.107°T2 - 3,062

Nhiing $6 lieu vé hi¢u suit tring hgp NO,, x thay déi theo nhiét do cho thay:

Nhigt ds,°c | -20 -10 0 +10 30 70 100 150 200
X% 92 91 89 87 77,84 | 38,01 | 1252 1,35 0,04
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Tdc do phan ing bic 2 theo nong d§ NO;:
dpl:};04 -k 912\102

Téc do phan tng nay twong déi 16n, hoan thanh trong thdi gian cd 107! giay. Néi
chung, khi nhiét do clia hé ha xuong dudi 200°C khi phan tng oxy hod NO thanh NO, dat
t6i can bing, phan tng tring hgp NO, thanh N,O, bit ddu ti€n hanh v6i t6c d6 ding ké, & dp
suat thudng néu nhiét do ha xuéng 25°C - trong vong 107 s, phan ting dat trang thdi can
bang. .

Ciing ¢6 phan img sau:  NO + NO, = N;O; + 40,2 kJ

Pay ciing la phan img hai chiéu, & nhiét d6 3,5°C N,O3 ngung ty thanh thé long va
~103°C d6ng réan.

T6c do phan ing 1a ham bac 1 cda NO va NO,

dpn,0,
dr

(3 nhiét do thudng, trong vdong phin mudi cia giay, phan tng dat trang thdi can bang.

Trong diéu kién phan \mg, khong tao thanh N,Os. chi khi ¢6 ozon (O3) méi xay ra
phan 1ng:

=K.pno- PNO,

N,O, + O3 = N;O5 + O
Trong heé khi, ton tai NO dé xay ra phan tng:
N,0s + NO = 3NO,
C. Phan imng ché tao axit nitric loang
Trong cong nghiép dé ché tao axit nitric lodng, sau qud trinh oxy hod oxit nitg irong
hé - oxit nitg va khéng khi du sau phin vmg, dua hén hop khi qua thap hdp thu, thue hién
phan \mg giifa oxit nitg voi nudc:
2NO, + H,0 = HNO; + HNO, + 116,1 kI
N,O, + H,0 = HNO; + HNO, + 59,2kJ
N,O; + H,0 = 2HNO; + 554K
Phan tng chi y€u 12 phan tng gifta NO,, N;O, v6i nuée. Sin phim cla phan Gng 1a
HNO, va HNO, véi tj 1& 1 : 1.
HNO, 12 mot hop chat khong 6n dinh, 1ap tic phan huy theo phén ng:
3HNO, = HNO; + 2NO + H,0 -75,87k}
Vi vay c6 thé coi phan ting 1éng quét trong qud trinh hap thu nhu sau:
INO, + H,0 = 2HNO; + NO + 136,2k]
va 3N,0; + H,0 = 2HNO; + 4NO
Phan tng thi nhat 12 phin éng co ban trong hdp thu.
Day 1 phan img cé mot s6 nét dic biét.

160



Truéc hét day 12 mot phan ing tod ra mot lugng nhiét twong d6i i6n, hai chiéu.
Néu vi€t hing sO can bang cla phan img dudi dang:

2
Pno -PHNO,
Ky = oot
Pno, ‘PH,0

hoic K| = quO , iy 1& dp suat rieng phin clia NO va NO; trong pha khi & trang thdi can

PNo,
bing hdp thy;
P2 0
K, = HNOs 1ty 1e 4p sudt riéng phin clia hoi bio hoa HNO; véi H,0;
pH20
thi K,=K.K; _
Gid tri cha K, trong mién nhiét do khdc nhau (15 + 35°C) tinh theo:
1gK, = 8,921 —0,1114C (& 15°C)
IgK, = 8,561 - 0,1114C (& 25°0)
1gK, = 8,1137 - 0,1114C (&4 30°C)
1gK, = 7,957 - 0,1114C (& 35°C)

Trong d6 C: néng do ciia HNO; tinh theo % khdi luong.

C6 th€ tham khio cdc gié tri cha hing s6 can bing K, thay ddi theo nhiét do va néng
d6 axit nitric & trang thdi can bang trén hinh 10.6.

Hinh 10.7 cho phép xéc dinh ndng do axit nitric & trang thii can bang thay déi theo ham
lwong NO va NO, trong pha khi ciing hi¢u suit oxy hod NO & dp sudt va nhiét do thudng.

Qua nhimg s6 liéu co ban trén c6 thé rit ra mady nhan xét:

- Phan tng hép thy, ct 3 phan tit NO, hdp thy hinh thanh 2 phan tor NO nhir vay higu
suat chuyén NO, thanh HNO; - hiéu suft hdp thy circ dai dat trén 66%.

Qué trinh hip thu tao ra NO trong hé NO - khong khi dw; phén mg oxy hod NO vira
hinh thanh, tién hanh song song v&i phan ving hap thu. Hodc thuc ra néu di vao hip thu:
1 mol NO thi thuc t& cdn oxy hod 1,5 mol NO. Hi¢u sudt hdp thu tang theo lugng NO vira
hinh thanh, duge ti€n hanh oxy hod trong hdp thu.

Theo phan img hod hoc trén, diéu ki¢n t&t cho hép thu la dp sudt cao - 4p sudt cao c6
Igi cho phan img oxy hod NO va ci qu4 trinh hip thy hod hoc: nhiét do th&p - nhiét d6 thap
¢6 lgi khong chi cho hdp thu hod hoc ma cdn ¢6 1¢i cho phan ng oxy hod oxit nitg, & day
khéng c6 gidi han clia cyc tri.

3 day c6 hai phin (g ti€n hanh song song, déu quyét dinh dén hiéu suit va toc do
qud trinh hap thy. Thuc ra qud trinh oxy hod NO tr& thanh y&u t6 khong ch& trong budc hap
thu nay - dic biét trong trudng hop néng do NO thap din trong qud trinh phan tng.
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Hinh 10.7. Toin d6 cho phép xdc dinh nong do
HNO; can bang 12 ham ctia ham lugng NO,, NO
trong pha khi cling hiéu sudt oxy hod NO & dp
suat thudng, nhiét do 25°C
Trong thiét ké, giita phan ing h¢ khong déng nhét va phan tng hé déng nhdt, can tim
nhimg phuong 4n dung hoa gilta nhu cdu tang dién tich ti€p xic pha (cta hdp thu) va nhu
cdu tang thé tich ty do (ctia oxy hod NO). Thudng tinh thdi gian ti€p xic theo phén tng
cham nht - phan ng oxy hod 1,5 mol NO so v6i 1 mol vao h¢ hap thu.
Khi d6 tinh t6c do qué trinh theo phuong trinh trong d6 thay vi ding y = b/a, ta dung
v = b/1,5a.
Vi du néu & 30°C, thanh phdn khi nhu sau: 9,8% NO va 9,4% O,.
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Khi d6 muén dat hiéu sudt 95%, chuyén phuong trinh vé dang him clia y va hi¢u suat
chuyén hod o.

Ta cé:

T

o 2,3 y(1-a)
= 2 + 7 |
k,a.(y-D.(-a) (-1 y-a

thoi gian tuong \ing 1 = 460 s.

- Vin dé néng do HNO; san phdm

Trong qud trinh hap thy, luon tén tai m&i can bang thé hién & hing s6 can bang k, va
k,. Hing s& nay khong chi thay d6i theo nhiét d6, ma con thay déi theo néng do6 axit nitric &
trang thai can bing. Ham lugng NO va NO, gilt mot ty 18 xdc dinh. Téng ham lugng ciing
vay - bi gi6i han bdi néng do NH, trong giai doan trén. T hinh 10.7 ¢6 thé thdy: néu lam
viéc theo cong nghé oxy hod NHj trong hé NH; - khong khi, sau d6 hdp thu, khong thé dat
nong do axit sin phim qué 60%. Trong cong nghiép thudng chi dat axit san phdm c6 néng
do 46% va ndng do nay thay déi nhidu theo nhiét d¢6 moi trudng. San luong ngay he, ngay
dong c6 thé chenh nhau dén vai phin tram.

D. Day chuyén cdng nghé

Trong co6ng nghiép, dua vao 4p suat cta day chuyén san xudt d€ phan loai cong nghe.

C6 cong nghé dp sudt thudng (0,1 + 0,2 MPa) va cong nghé 4p sudt cao (0,8 + 1,3
MPa); ca qud trinh oxy hod NH; d€n qud trinh hdp thy cling ti€n hanh trén mot p sudt. C6
qué trinh cong nghe 2 &p sudt: oxy hod amoniac & 4p sudt binh thudmg, cdn oxy hod NO va
hép thu san xudt HNO, ti€n hanh & dp sudt cao; con goi 1a qua trinh lién hop.

Qud trinh oxy hod & 4p sudt cao thudmg chi phi dau tu cho thiét bi thip, song chi phi
sin xudt 16n do tén that nhiéu Pr, hiéu suat chuyén hod NH, thdp, hiéu sust thu h6i nhiét thap.

Chon phuong 4n nio, diéu dé phu thuge vao diéu kign mdi nudc. Song bang thong ké
dudi day cung cAp mot 8 s6 lieu dé so sdnh.

Thong s6 o vl Mot ap suét‘ Mot &p suét Hai 4p suat
' 1 Ap sust trung binh *| Ap sudlt cao * lien hep

Ap sudt MPa 0,5/G,5 1,01.0 0,51

Binh mdg tiéu hao NH, kg/tan 283 288 282

NO, théi (tinh ra NH,) kg/tdn 0,5 - -

Tén that Pt (c6 thu hdi) mg/tan 60 130 60

Tieu hao ndng lugng kWh 8,5 8 9,0

Hoi nudce tu sén th 0.8 0.4 0,3

NO, trong khi thai ppm 400 <200 < 200

Sudt ddu tu (1dy ap sudt cao lam chudn) % 120 100 110

* Ap susit oxy hos NH,/hdp thu.
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Hién nay céng nghé ché tao axit nitric phat trién theo nhimg khuynh huéng sau:

1. V& 4p suat ¢6 khuynh huéng nang 4p suat tir 4p suat thudng 1én 4o suat cao.

2. V& quy mé clia mOt diy chuyén tang din - Hién & miic 2000 tin HNOs/ngay.

3. Tim bién phdp thu héi nhiét nang mot cach cé hiéu qua nhat.

4. Trong ché tao axit nitric ddm dac - chuyén ding phuong phédp ch€ tao truc tiép tr
téng hop N,Oy.

5. Piéu khién tr dong hod qud trinh san xuit.

6. Ngoai cong nghe phd bién trén, cong nghé truc ti€p tong hop nito - oxy trong khong
khi vin dang dugc ddu tr nghién ciu - nhdt 12 ing dung cong nghé Plasma trong téng hop.

A. Vé ddy chuyén céng nghé

Day chuyén céng nghé 4p sudt thudng (0,15 MPa), oxy hoa NH,, NO va hap thu déu
ti€n hanh & 4p svit thudng (hinh 10.8).

Khéng khi qua thdp rira 1ang bui 1, & day phun nuée tach byi; qua tich giot 2, hén hgp
v6i NH; qua may quat khi 3; thigt bi loc bing cdc 6ng loc gidy 4; 15 oxy hod 5; néi 6, san
xuét hoi nudc 40 at; thiét b lam lanh cao tSc 7; nhiét do ciia hé xuéng khoang 100°C - nude
ngung tu hod tan mot phian NO,, hinh thanh axit 3%; qua thi€t bi lam lanh 8, ha xuéng nhiét
do thudng d€ ngung tu phdn nhod hoi nude con lai, & day hinh thanh axit - 30% qua quat %
qua 6 thép hdp thy loai dém, thap thi nhat coi nhu thip danh cho phin Ung oxy hod ti€p NO
va NO,, thdp thit IT cho axit sian phdm; axit loang va nuéc ngumg phun vao thip VI, chuyén
din vé thip I qua bom cta timg thép.

Dé tach nhiét phan tng - mi thip déu c6 thiét bj 1am lanh axit tudn hoan bing thiét b
13 (lam lanh bang nudc).

Sau khi h&p thy, khi thai qua thdp oxy hod NO ti€p VII cudi cing qua thip VIII, IX|
dung kiém dé hap thy khi thai (hodc dung dich NaOH hodc dung dich NayCOs.

- Day chuyén c6ng nghé dp suit cao (0,8 MPa) (hinh 10.9).

Khong khi qua thip téch bui bang nudc (1); loc tay fo (3); Mdy nén tuocbin (5) ning
4p sudt lén 0,8 MPa; mang loc (12) tron véi NH; & 6ng trn (10); NH; 1ong duge gia nhiét
chuyén sang dangkhi & thiét bj bdc hoi (20); mang loc (19); Ong tron (18); 10 oxy hod (17);
néi hoi (16) san sinh hoi nudce 40 at qua lam lanh (13); thiét bi phan ly (14); loc (15); vao
thép hdp thu s6 (10); khi thai qua phan ly (11); vdi phun tao dp sudt ti€p sic (9) bing hoi
nu6ce, thu hdi nang lugng (4) sau d6 phdng khéng vao khong Khi.

G day sit dung mot tudebin khi; khi thai tir 0,8 MPa giam xu6ng 0,1 MPa truée khi
phéng khoéng. Nang lugng thu héi duge, gép phin cling dgng co (7), quay mdy nén khong
khi.
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Nudc ngung qua miy nén (2), bom lén dinh thip hidp thu (10) loai chép. Thye hién
phan tng hap thy; thdp c6 thiét bi 1am lanh trén moi dia; axit san phidm dugc tdch ra tir ddy
thap.

Day chuyén lién hop (hinh 10.10) - Qué trinh oxy hod ti€n hanh & 4p sudt thudng, hip
thu & 0,35 MPa.

Vé co ban phdn oxy hod NH; cla day chuyén tuong tir diy chuyén (10.8) phin oxy
hod NO va hédp thu tuong ty hé cao dp (10.9); ciing sir dung mdy tudcbin thu hoi nang lugng
tir khi thai.

B. Vé thiét bi

Hinh 10.11 gi6i thiéu ¢&u tao 16 oxy hod NH; & 0,8 MPa.

Hinh 10.12 gi6i thiéu cu tao mdt loai thdp hap thu kiéu dia 15 lam viéc & 0,35 MPa;
day chuyén lién hop, dia 18, c6 lam lanh trén timg dia.

Hién nay trén thé gidi ¢6 mot s§ day chuyén san xuat axit nitric lodng dién hinh nhu
sau:

Day chuyén Uhde 4p sudt trung binh, nang suat cho 1 don vi day chuyén ¢d 200
tdn/ngay - 250 tdn/ngay; lam viéc & 4p sudt 0,4 + 0,5 MPa, néng do axit sin phim khodng
68% HNO,; ham lugng NO, trong khi thai: 200 ppmv; qua xiic tic phan huy phéan con lai
trude khi xa vio moi truong. Hang Uhde ciing ¢6 nhimg day chuyén dp sudt cao 0,8 + 1 MPa
loai don va loai lién hop: oxy hod NH; ¢ 0,5 MPa va hdp thu ¢ | + 1.4 MPa.

Day chuyén Grand Paroisse lien hop - oxy hoi NH; & 0,35 + 0,6 MPa va hdp thu &
1,0 + 1,5 MPa, ning sudt 900 tdn/ngay; néng do NO, trong khi thai: 200 ppmv, nong do axit
nitric: 68%.

Hing nay ciing x4y dung day chuyén 1200 tin/ngady & Thé Nhi Ky; ciing c6 day
chuyén don 4p sudt 0,5 + 1 MPa.

Vien GIAP (Nga) x4y dung hang tram day chuyén dp sudt cao, don (0,7 MPa); hép thu
trong mot thip cao 44 m; ding mdy nén khi ki€u técbin; khi thai qua xic tdc phan huy oxit
nito sau dé nang nhiét do 1én 700°C, thu héi nang lugng hé trg cho médy nén tudcbin.

Néng do axit sén phdm: 68%.

Day chuyén cao 4p Weatherly 1am viéc & ép sudt don, 1 MPa; néng do khi thai: NO, =
200 ppmv; néng do axit sin phdm 58 + 60%; phan huy NO, trong khi thai béing d&t trong
khi nhién liéu.

Trong cong nghé san xudt axit nitric, mot van dé cdn lwu ¥ 12 6 nhiém moi trudng do
khi thai c6 NO,. ‘
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Hién nay c6é may hudng dé giai quyét vin dé nay:

1. Nang cao hiéu suét hép thu NO, bing phuong 4n nang cao 4p sudt lam viée, cai
thién diéu kién 16i uvu cho hép thu.

2. Tim céc loai xic tac cé tinh chon lgc cao, phan huy NO, thanh nito.

3. Diing xtc tdc, két hgp diing nhién liéu - nhat 1a khi thién nhién (chu y€u la CHy)
dét phan huy oxit nitd,

Ciing c6 mot s6 co s& san xudt - diic biét cdc cd s& quy mo san xudt nho diing chét hip
thu nhu silicagel; cic loai zeolit hoac hap thu bing dung dich uré, dung dich soda.

Day chuyén hinh 10.7 gidi thiéu phirong phép thu héi NO, bing soda.

Thue ra trong qud trinh hap thy oxit nito bang dung dich nuéc - soda (Na,CO;) phan
tmg dién ra nhu sau:

v6i NO,: 2NO, + H,0 = HNO; + HNO, .
2HNOQO; + Na,CO; = 2NaNO; + H,0 + CO,
2HNO, + Na,CO; = 2NaNO, + H,0 + CO,
Phuong trinh phdn ing & dang téng quadt:
2NO, + Na,CO; = NaNO, + NaNO; + CO,
va vdi N,O5:
N,0,+H,0 = 2HNO,
2HNO, + Na,C0O; = - 2NaNO, + H,O + CO,
Phuong trinh phin tng & dang téng quat:
N,O + Na,CO; = 2NaNO, + CO,
Nhu vay sau khi hdp thu NO, bing nude, khi thai chll yéu gébm NO va mot phan nho
NO,; néu lam viéc & dp suét thudng, tong ham lugng oxit nito vao quéng 1 ~ 2 + 4%; qua
hép thu bing dung dich soda san phim chi y&u s& 12 hén hgp mudi NaNO; va NaNO,.
Hoac cén co dic, dua vao tinh chat clia he mudi d€ tich rieng NaNO, va NaNO,.
Hoac diing axit nitric chuyén toan bo NaNO, vé dang NaNO; theo phan tng (day 1a
phuong dn sir dung rong rii nhat).
3NaNOQ, + 2HNQ; = 3NaNO; + H,0 + 2NO - 1984]
NO phat sinh sau phén ing, dua tr& lai quat trudc cong doan hap thu.

Mot vin dé cin luu ¥ 13: nhitng cong trinh nghien citu vé tée do phan iing hp thu deu
cho thay: t6¢ do phan ing hdp thu cao nhit ing véi ty 1¢ NO/NO, trong hén hop khi nguyén
litu bing 1, hoac don gian: & dang N,0;. Vi viy trudc hdp thu bing dung dich soda, dat
thém mot thap oxy hod (VII), oxy hod NO thanh h8n hop déng phan tit NO, NO,.
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Ngoai ra khi dua NO quay trés lai hip thu cdn luu §: dua Na,CO4 vao day chuyén, chic
chin s& dua ion clo (C17) vao day chuyén (ndm trong tap chat ctia Na,CO4 cong nghiép);
theo NO, clo s& tao thanh cudng thuy, cudng thuy tdp trung & mot vimng thich hgp trong day
chuyén gay an mon thép khong gi - mgt vat lieu chu y&u lam thiét bj trong toan bo day
chuyén ché tao axit lodng - cin kiém tra va thédo bd khoi day chuyén hap thu mot lugng axit
chifa tugng clo bing lugng clo dua vao thi€t bi qua Na,COs.

IL. CONG NGHE CHE TAO AXIT NITRIC PAM DAC

Qué trinh san xudt theo cong nghé néi trén khong ché tao duge axit dam déc. Cé6 ha
hudng dé ché tao axit déc:

A. Ché tao axit nitric dam dac bing co dic axit lodang

Hinh 10.13 cho mdi quan hé giifa thanh 124

phin pha hoi can biang v6i pha long, tng véi / ;\
/]

nhiing axit nitric ¢é néng d¢ khdc nhau & nhiet  £114 /

do soi.

Ph:? hai ™

Cé thé thdy xust hién diém ding phi & = o —" ]

121,9°C, tuong tng v6i axit néng do 68,4% Pha long \l
(tinh theo kh6i luong) nhu vay khong cd kha w
ning dung bién phdp chimg dung dich HNO; -
H,0 loing - san phdm clia qud trinh ché tao

0 20 40 60 80 100
Néng d6 HNO;, % KL

Hinh 10.13

axit lodng néi trén thanh axit nitric ddm dic v6i
néng do bing hodc trén 68,4%. Mot bién phép
thudng dung 1a chuyén sang chung trong hé 3 cau ur v6i su trg gilip cia chit hidt nudc,

Hinh 10.14 cho biét néng d6 clia axit nitric dang hoi - can bing v6i thanh phdn dung
dich he 3 ctiu tit HyO - H,80, - HNO; v hinh 10.15, h¢ Hy0 - H80, - MgNO, & nhiét do
s61, dudi 4p sudt thudng.

Hinh 10.16 cho bigt nhiet do s6i ctia he H,O - HyS0, - HNQ, dudi 4p suat thudng.

Trén day 1a nhitng hé thudng ding trong cong nghigp.

Vi du he HNO; - HyO - H;SO4: mot hé cé 40% H,S0,, 34% HNO;, 26% nudc, thanh
phdn pha hoi & nhiét d¢ soi la 90% HNO,, tuogng tmg nhiét do soi (hinh 10.16) 120°C & dp
suft thudng.

Trong cong nghiép tién hanh chung trong thdp chung véi khoang 20 dia axit nitric
dudi 50% dua qua gia nhiét bang hoi nude dén nhiét do soi, hinh thanh h¢ long - hoi dua vao
dia thd 10 (tir dudi 1en). Axit sunfuric véi néng do khoang 93% dua vaio dia thit 16; hoi axit
nitric bay ra & dia thit 20, dinh thdp chung qua 1am lanh ngung tu, mot phan héi luu vé dinh
thip chimg, mot phan téch ra lam san phdm axit nitric dac. Dinh thdp giit dp su&t 20 + 50
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mmHg, HNO; va mot phdn NO & dinh thép nhiét do 150°C. Dung hoi nu6c bao hoa 6 4 + 6
at gia nhiét ddy thdp, nhiét do chimg 170°C - san phdm ddy thdp la axit sunfuric 65 + 70%
lin chimg 0,03% NO va axit nitric, axit lodng nay dua di sir dung trong cdc day chuyén sir
dung axit v6i néng do tuong ing.

San phdm dinh thdp dat néng do HNO; t6i 95 + 98%.

A\
A\ b
X \VAW
WA CAVAR
AVANENAVAVAVA

AN \VAVAVAR
S CANNNAVAVAY
\\AVAVAV/

Y
0 \A‘E _..;"'-3‘-“.-_}‘ 5
2w w0 g o w0 g0 do Me(NO

Hinh 10.14 Hinh 10.15

Pinh mic tiéu hao day chuyén nay nhu sau:

Pé san xuat 1 tan HNOj; cin:

- Axit lodng - tinh thanh 100% (tan): 1,01 = 1,015
- H,S0,4 91 + 92% H,SO0,(tdn):

véi HNO; 48 + 50%: 40+38
vdi HNO; 58 + 60%: 3+2,8
v6i HNOj3 67 + 68%: 2,3+2,1
- Nuéc 1am lanh (m®): 40 + 30
- Hoi qué nhiét (tan): 0,3+0,2
Hoi bao hoa (tan): 0,25+ 0,15
- Dién ning tiéu hao (kWh): 12+10

Trudng hop dung nitrat magie cling tuong ty nhu vay. Tién hanh chung hé 3 cdu tir
HNO; - Mg(NO3), - H,O trong thdp chung loai dia.

Nang nhiét d¢ axit nitric 1én t6i 100°C, cing dung dich Mg(NO;), - nudc v6i néng do
72% & nhiét d6 soi, dua vao ving gin dinh thép.

Phan san phdm d4y thdp dugc gia nhiét & nhiét do s6i - khodng 100 + 180°C. Hoi dinh
thdp chia chimg 87% HNO; - 13% H,0 ti€p tuc qua mot thdp chung phan ly nita dé duoc
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san pham dinh thdp 12 HNO; 99%, qua ngung tu dinh thip - mot phin lam dung dich héi
lru, mot phédn 14y 1am san phdm axit dac.

Séan phdm ddy thép Ia dung dich Mg(NO3), 55% qua thiét bi c6 dac, nang tr& lai néng
do 72% Mg(NOs), dé dua lai dinh thdp chung 14n 1. Ca hai phuong phdp nay c6 mét nhuoc
diém rat 16n 12 tiéu t6n nhiéu hoi nudc, dic biet 1a phuong dn ding Mg(NOs),.

V6i phuong én thi 1 ding rong rai hon, dac biét 1a doanh nghiép san xuit gin vé6i co
s& sir dung axit sunfuric lodng.

Vi vay phuong 4n ché€ tao gidn ti€p nhu vay thuong sir dung cho co s& sin xuit cé quy
mo nho. Thiét bi, day chuyén don gian. C6 thé ding chi cting lam vat liéu chéng an mon.

80 /30°. 20

m _?a - i - ”’ - m
jrS 160"
m L H,SO,
H20 o 2w 30 W 50 & 0 & D =
“H3504—'_"
Hinh 10.16

B. Ché tao axit nitric dam dac bang phuong phap truc tiép

Phuong phdp nay dya trén co s& téng hop HNO; dam dic tir N,0, 16ng véi H,0 va O,
@ dp sudt cao va nhiét do cao, theo phan (ng téng quét sau:

2N204 (tong) + 2H30 (tong) + Oz hy == 4HNO; (4n) + 78,8 KJ

Qud trinh cong nghé bao gém budc oxy hod NH; trong khong khi dé ché tao dong
nguyén liéu oxit nito - phan nay tuong tu nhu qué trinh oxy hod NH; trong ché tao axit nitric
loang. Sau d6 14n lugt di qua cac budc:

1. Lam lanh nhanh, tdch lugng nuée hinh thanh tir phan tng oxy hod NH; ra khoi he.
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2. Oxy hod NO thanh NO,, tru6c hét bang oxy trong khéng khi dw, sau d6 bing axit
nitric.

3. Hép thu NO, bing axit nitric dam dac.

4. Phan huy axit nay, tich ra N,Q,.

5. Lam lanh va hod léng N,Oy, ngung ty tich N,O, ra dang léng.

6. Tong hop N,Oy4 véi nudc, 6 bd sung oxy.

e day chi dé cap t6i nhitng bude c6 tinh chat dac thd clia cong nghé:

1. Van dé oxy hoa NO bing axit nitric |

Oxy hod NO bang oxy trong khong khi 13 phan iémg 2 chiéu, t6c do phan ¢ng cham,
déc bi¢t 13 trudng hgp ddi hoi phai dat t6i mot hiéu sudt oxy hod cao (twong g véi néng do
NO trong dong khi nguyen liu rat thdp). Vi vay ti€n hanh oxy hod trén axit nitric ¢é néng
do cao - thuc chét 1a phan dng nghich trong hdp thu NO,. Néng d6 HNO;, nhiét d6 cao c6
lgi cho phan tng

NO + 2HNO; = 3NO, + H,0 - 73,6 KJ

Diéu kién phin tng ciling 1a diéu kién thich hgp cho phan iing theo chiéu nghich ctia

phan iing hap thy v&i néng do axit nitric ddm dic qua:
K = BNo_

3
PNo,

ty le

o3 rat nho, khi néng do HNO, cang cao.
2
Trong san xudt, ding HNQ, 98%, hiéu suat oxy hod cé thé lén t6i 98% dén 99% -

HNO, chi tdch ra tir ddy thap oxy hod ndng do ha xudng 70 + 75% HNO;.

Theo E. T'. Cenauen, ¢6 thé tinh thoi gian phan Gng c4n thigt dé chuyén 4p suét riéng
phan clia NO trong khf nguyén liéu 1a p” xung dén 4p sudt rieng phédn trong khi thai la p'
bing cong thic danh cho thdp dém:

4]

1= BB

kK p°
trong dé: p - thong s6 vat 1y clia dém, bang thé tich ty do ciia dém/dien tich ti do clia dém (cm);
k - hing s6 t6¢c d6 phan img.
O ndng do HNOQ; trong mién 98 + 70%, t6c do gia cia khi trong thdp: 0,2 m/s, tinh k
theo:
k=1,43 - 0,033.(100 - z) (& 15°C)
k=1,76 - 0,0407.(100-2) (&25°C)
k=2,03-0,0467.(100-2) (&d35°C)
Trong d6 z : néng d¢ binh quan cha axit nitric.
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2. Van dé tach va hod long NoOy

C6 thé di theo hai hudng:

Hodc lam lanh, nhim dua vao sy thay d8i 4p sudt bao hoa clia hoi theo dp sudt va nhiét
do dé chuyén N,O, sang dang 16ng.

Phin 16n nhimg day chuyén cong ngh¢ di theo phuong 4n nay déu tién hanh theo hai
budc. Bude thir nhit, lam lanh bing nudc dén nhiét do thuong va budc thi 2, ha nhiét dé
xudng _10°C. Khong cin ha thap hon nifa vi 10,8% N2O, - san phdm qud trinh tring hop
NO, s& chuyén sang dang tinh thé.

Hén hop khi thu duge sau OXy hod NH, & 4p suét thudng cd ham lugng NO 161 da
khoang 11%.

Tuong img v6i dp sudt riéng phin 1a 83,5 mmHg, trong khi 4p sudt bdo hoa hoi NO; +
N,0, trén N,Oq4 thé léng & —10°C bing 152 mmHg. Vi vy butc phai ti€n hanh hod 16ng &
4p suét cao.

C6 thé tinh todn 4p sudt t6i thiéu nay bing 0,182 MPa.

Béang dudi day cho thiy mo6i quan hé¢ gifta hi¢u sufit ngung tu oxit nitg véi 4p sudt va
nhiét do , Gng véi néng do NO, trong khi nguyén li¢u 1a 10%.

Ap sudt, MPa Nhigt do, °C
5 -3 10 155 -20
0,5 - 9,75 45,10 56,96 68,59
08 16,64 44,74 66,18 73,40 80,54
1 33,12 56,10 72,90 78,85 8449 |

Nhu vay lam lanh dén —10°C & 4p sudt 1 MPa,
tach NO, - N;O, ti gén 73%.

Mot phuong dn thit hai 12 trude hét ding axit nitric d
nha duge NO,

- N,O,4 nguyén ch4t, 1am lanh hod long.

Do hoa tan cha NO, trong HNO, dic khd lon.

Vi du 1: véi axit nitric khan, do hod tan nhu sau:

thoti gian di dai c6 thé dat hiéu suét

am dic dé hdp thy NO,, sau 46

Nhiét do, °C 785 70 60 40 33
Pohoa tan, % 0 3,1 7.8 21,5 270
Vi dy 2: Do hoa tan clia NO, trong axit nitric 97% & —10°C nhu sau:
Ham luong NO, trong khi nguyén lieu, % 10 20 25 30
Ham lugng NO, trong dung dich HNO; + NO, 294 372 41 45

& nhiét do thap hon (khoing 0°C) c6 thé dat do hoa t

an tdi 40%.
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Nhu vay khi hip thu NO, bing axit nitric dam dac, khong chi ¢6 hoa tan vat [¥ ma con
hinh thanh mét hop chat theo phan ing:

HNO; + NO, = HNO,.NO,
Trong hop chit nay NO, chiém 42%.
C6 thé tinh t6c do hip thu NGO, bfmlg HNOj; theo cong thife kinh nghiém clia B. M.
Kayt.
t= P lngg—hlg
Pg —Pj
trong do: p - thong s6 vat 1y clia dém;
pg , pg - 4p suat rieng phdn clia NO, trong khi noi vio va ra khoi thiét bi, mmHg;
pi+ Pi - 4p sudt bio hoa clia NQ, trong axit nitric noi vio vi ra ciia thist bi:
k - hing s6 t6¢c do phan Gng, tinh theo:
lgk = 1,655 + 0,31gw — 1,371gT + 0,0149z
® - t6c do gid cha khi di trong thp (thudmg trong khoang 0,1 + 0,6 m/s);
T - nhiét d9 (263 + 283°K);
z - néng do axit nitric (trong mién 85 + 98%).
Trong mién t6¢ d6 gia khodng » = 0,4 m/s, néng do HNO, bang 98% cé thé tinh theo:
1g(0,812 - k) = 0,0139x — 0,44 (& 0°C)
1g(0,564 - k) =0,0251x - 1,018 (-10°C)
‘Trong d6 x: ham lugng NG, trong axit (% khéi luong).
3. Tong hop, ché tao axit nitric
Phan ting tong quit nhu sau:
2N,04 + O, + 2H,0 = 4HNO;
Trong cong nghiép, tién hanh t6ng hop trong thist bi phan Ung cao 4p: 40 at va nhiét
do trong mién 70 + 80°C; ty 1¢ phan tt N,O,: H,0=1: 1.
Tang ty 1¢, c6 thé tang t6c do phan img, song nhu vay lai thém mét bude, chung tich
N,O, du khéi axit sin phdm.
Hinh 10.17 gidi thiéu mét day chuyén san xuat. Cong doan thir nhat - oxy héa NH; tir
thi€t bj s6 1 dén s6 8 - hoan 10an tueng tu nhur day chuyén oxy hod & dp suft thudng.

Hén hop khi oxit nito qua mdy quat s6 7, di vao thdp oxy hod (9) 4p sudt c& 1400 mmHg,
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25 + 35% HNOy //

75% HNO;
59% HNO;

Hinh 10.17
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& day phun axit tudn hoan nhim muyc dich 1am lanh - oxy hod NO bang oxy trong Khong khi
du, mot phdn hoi nuéc ngung tu pha lodng axit tudn hoan - néng d6 axit phun vao thap thi
nhat 14 50 + 55%, thdp thit hai: 60 + 62%; nhi¢t phan ting dugc dua ra ngoai nhd axit tudi va
sau d6 1am lanh trén thi€t bi truyén nhiét 6ng chiim (10). Ti€p tuc qua thiét bi oxy hoa oxit
nito biing axit nitric 98%, san phdm axit ddy thip khoang 75%; khi N,O, qua lam lanh (13),
ha nhiét do xuéng -10°C bing he NH; sau 46 vao thdp hap thu (14), thuc hién qué trinh hép
thu N,0O, bing HNO; 98%. Dung dich axit nitric ddc bdo hoa N,0, phun vao thap (14),
(18); khi thai qua thdp rita (17) thu héi oxit nite trude khi phéng khéng. Trong thip 18 gia
nhiét bang hoi nude, tdich N,O, nguyeén chat ra khoi axit, axit quay vé lam lanh, dugc axit
nitric dac thuong phdm va sit dung tudn hoan trong chu trinh, khi N,O, qua hé thong lam
lanh dén 50 + 40°C trong thiét bi 1am lanh (21), thi€t bi lam lanh bang nudc (22) va ha ti€p
xudng —8"C. N,Q, 1éng di vio thip chira (24), & day rén vdi axit nitric dam dic, dua vao
thiét bi phan tmg cao ip (25); mdy nén (28) nén oxy lén 40 + 50 at, dua vao thiét bi phan
tmg. Phan ving két thiic, san phdm axit nitric diac con lin 25 + 50% N,0, dv qua thing chita
(27), vé (18), phén con lai quay tr& v& oxy hod cing NO.

AXit téach ra t¥ thiét bj 1am lanh (12) c6 néng 46 75% dua vé bd sung vao axit 98%
dua vao thiét bi phan ting cao ap.

Mot vai s6 lieu vé dinh miic tiéu hao cho 1 tdin HNO; nhu sau:

NH, (t4n) 0,294
OXy (m3) 140
nude (m®) 190
Pt (g) 0,06
hoi nuéce (T) 0,2
lugng lanh (10° kcal) 400
dién ning (kWh) 270

Hinh 10.18 gidi thiéu cdu tao ciia mot loai thigt bi phén vng cao 4p - tdng hop axit
nitric dic v6i nang sudt 25 tAn HNOs/ngay dém.

Vo thip bing thép chiu dp sudt 50 at day 36 mm. Trong 16t vat liéu chiu axit nitric -
nhoém 99,8%.

Khoang 10 dia 16 ¢é dudng kinh 0,83 m, cdch nhau 0,62 m dat song song trén tryc
thiét bi.
L& 8 mm, cu ly 16 30 mm. Thoi gian dimg clia nguyén liéu trong thi€t bi ¢& 6 phit.

Ciing ¢6 nhimng day chuyén Iam viéc & dp sudt thap hon - ¢@ 25 at, 75°C vdi ty 1¢
N204 / Hzo = ?,5
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Chuong X1
GIOI THIEU CONG NGHE SAN XUAT METHANOL

Thé ky thir 19, methanol duge ché tao chl yéu dira vao cong nghé chung tho gb.

Khoang ddu thé ky 20, bat ddu tdng hgp CO va H, tao mét hén hop cé methanol, dén
khoang 1920 - 1923 BASF nghién cifu xiic tdc géc Zn - Cr cho phan ing nay. Cho dén nay
téng hop trén xic tic nay van 1a cong nghé chu yéu.

Trude kia thudng téng hop & 4p sudt cao (e& 250 - 350 at) va 320 - 400°C. Khoang
nhiing nam 1970, sir dung xdc tdc géc déng vai hoat tinh cao, xuét hién nhitng day chuyén
tdng hop & 4p sudt thap (c& 50 - 100 at), nhi¢t d6 230 - 280"C. Tir d6 phuong phdp nay vin
tén tai va cang dugc phét trién.

Do téng hop methanol di tir nguén nguyén lieu khi téng hgp CO + H, tuong tir tdng
hop NH., thém nita cong nghé hoan toan twong ty vi vay thudng co s& san xuit methanol gin
1ién v&i cong nghiép tdng hgp NH; - cong nghiép cdc hgp chat vé co cla nito.

I. TINH CHAT

Methanol - rugu methylic CH;OH, khéng mau, doc voi ngudi, khdi luong rieng 0,791
g!cm3. hoa tan hoan toin trong nudc, dé chdy, nhiét 46 s6i 64,7°C (& 760 mmHg).

Nhiét 4o n6ng chay: -97°C
Nhiét hoa tan trong nuéc: 269,63 kl/kg
Chi s& octan: 110 - 120

La mot chat diing 1am nguyén liéu cho cong nghiép hod hoc hitu co: san xudt chét déo,
cao su tdng hop, to soi nhan tao, nong duge, thude. Song d6i tugng st dung quan trong nhat
12 san xuat focmandehyt nhd phan ting oxy hod khong hoan toan bang oxy trong khong khi
trén Xic tic: He

CH,OH +050, — H-C=0 + H,0 g’ c70
H

Phan ting v6i hydro clorua tao CH;Cl va véi amoniac cho methylamin CH;NH,;.

C6 thé sir dung CH;OH lam nhién liéu thay xang, hodc truc ti€p chuyén hod mot bude
nita thinh xang.

Ciing ¢6 thé tit CH;OH tao rugu ethylic, tir ruou ethylic mét nudc tao ethylen tiur day
san xudit cdc hop chét hitu co tit ethylen, thay cho viec di tir ddu mo.
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Chinh do vay, cong ngh¢ téng hgp methanol tir nguyén li¢u than - mot loai nhién ligu
rin dang dugc phét trién manh, ddy trién vong nhét 1a trong théi ky khing hodng diu mo,
nguy co can kiét ddu mo trong thoi gian khong lau nifa. '

II. NHONG NGUYEN LY CU BAN

Thuc chét cha phan ting di tir hén hgp khi CO va H, 1a phan img hydro hoa. Tuy di¢u
kien phan wng va xiic tic cho phan ing, c6 thé dién ra mot loat phan mg hinh thanh
methalol, cacbua hydro hodc andehyt... -

CO + 2H, == CH;OH H
CO + 3H, = CH; + H,0 (2)
2C0 + 4H, = C(,H;OH + H,0 3)
2CO + 4H, == CH,0CH; + H,O (4)
Hoic néu cé CO,: CO, + 3H; = CH;0H + H,O 3

Néu dimg vé& mat nhiét dong ma néi, trong mién nhiét do tir 200 - 500"C, trong cdc
phén ng trén, kha ning tao CH, 14 16n nhat (AG trong mién -25 dén —30 kcal/mol {CO)),
khong thé tac CH;0H (AG trong mién O dén +20), véi C,HsOH ciing vay (AG tir -7 dén +7).

Trong diéu kién 4y budc phai ding xtc tic, tinh chon loc cla xic tdc cling diéu kién
thich hgp dé thuc hién chon lgc phén ting téng hgp methanol. ( day chi dé cap t6i phan ing nay:

, CO + 2H, = CH30H + 21,70 kcal/mol (25°C) H

VA néu trong hén hgp khi cé COy:

CO, + 3H, == CH;0H + H,0 - 11,84 keal/mol (25°C)  (5)

Cé6 thé tinh hiéu Umg nhiét clia phan ting tod nhiét (1) & nhing di€u ki¢n nhiét d¢ khac
nhau theo cong thic:

Q=-750-66.10T +4,8.10 °T* - 1,13.107°T" (1)
trong d6: Q - hiéu img nhiét ca phan dmg [kJ/mol];
T - nhiét d6 [tuyét d6i] cha phan tng {K].

Thuye ra hiéu tng nhiét trong mién 200 ~ 350°C vao khoang 21 ~ 23 kcal/mol, thay déi

it nhiéu theo 4p suit.

LA phin vmg hai chiéu, tod nhié¢t. Hing s6 c4n bing cta phéan ing:

PcH.0H
Kp= ——
Pco 'Ph,
¢6 thé tinh theo cong thitc:
K, = 9,740.10°. exp[2l,22§ + 91‘_;3’6 ~7,492.InT + 4,076.10>.T — 7.161.103.T2] 2)
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Hoac don gian hon, tinh theo phuong trinh clia M. M. TemkuH v B, M. UepeaHHueHKO!

1gK,, = %ﬂ _7.4920gT +0,177.10°2T - 0,311.107"T? + 9.218

Ciing nhu phén ting téng hop NH; tién hanh & 4p sudt cao va nhigt do cao - khi xa
trang thdi 1y tudng, vi vy nén tinh theo fugat thay vi 4p sudt can bing.
K;=K,K,
Xiac dinh hé s8 fugat qua dp sudt va nhiét do ty déi.
Nhimg s6 lieu tuong ing, c6 thé tim thay trong 58 tay k¥ thuat.
DE& ¢6 thé hinh dung cu thé hon, ta ¢6 thé 1y mot s6 ket qué tinh todn theo cong thiic
(2) & nhiet do 300°C:

] Ap sust riéng phan 4 trang thai can béng (at) Ham lugng
Ap sudt K, :
Pco Ph; PcHacH CH,0H (%V)

10 0,96 3,32 8,65 0,036 0

25 0,90 8,15 16,29 0,56 1,7

50 0,80 15,3 30,6 71 8.0

100 .61 25,2 50,5 24,3 24,2
200 0,38 34,2 68,4 97,4 48,7
300 0,21 37,7 75,4 186,9 62,3

Ngoai ra trong dieu kién thyc {& cla san xuat con c6 nhimg phan (ng phu sau:

200 + 4H, == (CH;),0 + H;0

CO + 3H, == CH, + H,0

4CO + 8H, == C/HyOH + 3H,0

2C0, + 4H, == CH, + ZH,0

200 == CO, + C

Ngoai ra cé thé c6 mot lugng nho rugu bac cao, mot lugng nho aldehyd, aceton...
Phan ing tién hanh trén xiic tc.

Trude kia thudng ding xtc téc géc k&m crom (Zn,05 + Cry05), hoat tinh thap, nhiét
do lam viéc cao (380 - 400°C), chinh vi muén nang cao hiéu sudt chuyén hod, cdn ti€n hanh
& 4p sudt cao. _

Xic tac duoc st dung phd bién hién nay 11 gée déng - kém (CuQ + Zn0).

Véi xic tic kém - crom, thyc chat tham gia phan Ung 1a cii san phidm sau hoan
nguyén xic tdc (hic md may).

2(Zn0.ZnCr0,. H,0) + 3H, = 7ZnCr,0, + 3Zn0 + 5H,0
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Dudi day gidi thidu mot s6 loai xiic tic duge sir dung rong rai hién nay trén the€ giéi.

Loai xiic tdc lam viéc 6 dp sudt cao

v Ten xic | Thanh phan chinh (%) Diéu kien lam viéc
9 tac 700 | €0, |Apsust(at)| Nhietdo (°C) | T6c do knong gian 10%,h~"
UCH (M§) C 70-2 78 22 210-340 | 340- 400 18-3
ICI (Anh) 25-1 250-340 | 320-390 '
BASF (Buc) | S 5-10 70 20 > 200 300 - 400 18-3
TOPS®E
SMKR 200-300 | 330- 400 2-
{Dan Mach) 0 4 5
Loai xtic tdc lam viéc & dp sudt thdp
" Ten | Thanh phén chinh (%) Didy kien lam viec
n _
9 | xuctae | cuo 7n0 | Ap sudt (at) | Nhigt do (°C)| T8c 6 khong gian 10, h™"
ucl C 792 35-137 | 220-300
30

.... [o] 51|80 | Loy, 2,0 49~61 | 210-270

rMAN CHM-1A | 53 20 49 210 - 330

) (5,5% Al,O)
10
TOP - 270
S®OE LMK L 1,00 98 220 - 2
207 38 - 43
38- 4 100 250
Trung Qudc 2 (5 - 6% ALO,)
301 30-25
45 - 60 50 220
Trung Quéc (5~ 6% Al,O,)

Thue ra co ché chia phan tng chua duge gidi thi¢u cu thé cho cédc loai xic tic khic

nhau.

Véi luong xiic tic kém - crom, sau hoan nguyén thudng ¢6 thanh phdn 3Zn0.ZnCr,0,
véi ham lugng 53% ZnO, 44 ~ 46% ZnCr,0,, diéu kién 1am vi¢c nhu sau:
200 - 300 at
300 - 400°C

Ap suit téng hop:
Nhiét dé trong mién:

Ty 1¢ trong khi nguyén ligu:

Té6c d6 luu lugng dong khi:
Theo tai lieu clla ATpowenxo, vin c6 thé diing phuong trinh dong hoc ctia Temkin,
twong ty nhu céc phan dng chuyén hod CO, S0, téng hop NHj ...

Hz/‘CO - 2

W = 40.000 b

183



0,25 0,25
r= kl'sz' _'pCL ‘—kz.("_}
PcH,0H
vdi gid tri k; nhu sau:
t (°C) 300 330 360 390 420
k, (kmol/m®h) 0,148 0,152 0,162 0,168 0,174

Nhtr vay ciing theo cdch suy luan dé nit ra phuong trinh Temkin, tdc d6 ciia phan tng
nam trong mién déng hoc (xuc téc ¢ < 3 mm), budc hap phu H, duoe coi 1a bude cham nhat.

Hoic tinh theo phuong trinh mang tinh thuc nghiém cho phan tng & mién xa trang
thii can bang:

a-2x {b—x 023 .
r=k; P { ] (kmol/m™h)
1-2x X

trong do:
a, b - néng do tinh theo thé tich cia H, va CO trong khi nguyén liéu;
x - higu suat chuyén hod thinh CH,OH clia CO (%);
P - 4p sudt téng hop (at);
k; & 360°C bing 0,162 kmol/m’h;
nang hrong hoat hod clia phan iing thuan bing 10,5 kcal/mol.

Véi xiic lic gdc dong, mot s6 taj lidu cia Trung Quéc gisi thiéu phuong trinh done
hoc sau:

d 2 07
YCH;0H - k1(1+2YCH OH) 'P2‘1(YCO‘Y2|-| ) 1= YCH,0H
dt M 2 K'Pz‘}’oo‘)’H2

trong d¢ :
k; - chi hing s& t6¢ do phan tng thuan:

08
k, = exp{—Z,ISMT—Sw,GT-(%j ]

P - t6ng 4p sudt hén hop khi (at);

T - thoi gian ti€p xic tiéu chudn (s);

YcH,0H> Yoo» Vi, - néng do tinh theo thé tich (hoic phan tir) cia cdc khi tuong tng;

K - hdng s6 can bing ca phan ing.

Thue ra trong diéu kién hién nay c6 thé coi day 13 phwong trinh dong hoc c6 thé dugc
sit dung trong thi€t k& lugng xic tic ding trong phdn ting chung cho hé xic tic gdc déng
kém ¢ dp suat thdp (ving 100 at).
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Cing tai li¢u nay c¢ gidi thigu hiéu suit 1gi dung bé mit trong (1) cho cic hat xic tac
v6i c& hat khic nhau trong diéu kién thong dung cia thuc t€ san xuat (khoang P = 50 at,
nhiét d6 T = 475°K, hén hop khi 8CO,/12CO/72H,/8N,).

Purang kinh xtc tac (cm) 0,1 0,2 0.4 0,6 08
n 0,098 0,095 0,980 0,057 0,927

Ciic gid tri trén chi c6 gid tri tham khéo, Vi trong mién néng d¢ H,/CO qua lon. Thuc
ra véi diéu kién d& cé phuong trinh dong hoc, hoan toan c6 thé x4c dinh gid tri n trong
nhitng diéu kién cu thé.

3 day c6 mot van dé: néng do ctia CO,.

Vi xtic tic Zn - Cr, ¢6 thé coi CO, nhu mot thi khi tro, song nhiéu thong tin cho thay
v6i xiic tdc gbc d6ng - k&m, tinh hinh c6 phic tap hon. Thudng két qua nghién citu xdc nhan:

1. Trong hén hop khi, vdi mot ham lugng CO, nhét dinh c6 thé nang cao higu sudt
chuyén hod CO thanh CH;OH.

2. Nang cao tinh chon loc clia xG¢ tdc, gidm ham luong san pham cla cdc phan Ung
phuy, dic biét cic loai ete.

3, Xiic téc lam viéc 6n dinh, ¢6 tdc dung lam 6n dinh nhigt xiic tdc va kéo dai tudi tho
clia xic tdc, gidm hién tugng két khoi.

Mat bét 1oi & chd [am giam t8n that chut it Hy.

C6 thé tham khao mot cong thic giGi thigu mSi quan hé giita néng do khi CO, trong
khi nguyén liéu (j,r{éc,2 %) Vi ndng do clia methanol trong san phim methanol thé (y):

y=99,37 - 1,74 y¢o,

IIL. NHUNG VAN DE CONG NGHE

Hién nay phé bién ding cic day chuyén: 4p sudt cao (cd 250 - 300 at), 4p sudit trung
binh (¢ 100 - 130 at) va 4p sudt thdp (50 at) tuong ng v6i dp sudt téng hop khéc nhau,
nhiét do ciing khic nhau. () 4p sudt 150 at, nhiét do téng hop thap hon & 300 at chimg 50°C,
& 4p sudt 50 at nhiét do t6ng hop thdp hon 150 at cling chimg 50°C.

Pé dam bao néng do CH,OH trong san phdm téng hgp c6 ham luong khong déi, & dp
sust thdp c6 ging duy tri nhiét do thdp, trong mién 250°C. Tir dé dat ra yéu cdu chon nhing
loai xiic tic ¢6 hoat tinh rdt cao, xic tic géc déng - kém c6 thé dat yéu ciu dy. Nguge lai &
4p suat cao, nhiét do khd cao, doi héi céc loai xiic tc 6 tinh chét co 1§ cao, chiu nhiét, 6n
dinh nhiét - thudng 1a xvc tdc kém - crom.

D6 1a nhimg diém chinh can can nhic khi chon cong ngh¢ vé 4p sudt. Ciing nhu cac
phan ng gidm thé tich khéc, tang dp sudt c6 lgi cho phan ting. V& mat t6c do phan ing ciing
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vay. Qua phuong trinh dong hoc ta thdy dp sudt anh hudng dén t6c do nay.

O day cung tuong ty nhur qué trinh téng hop NH; dua vao nhidu yéu 5 dé chon dp suat
t6ng hop. Rieng d6i véi xic téc g6c dbng kém tren 75 at, hisu sust chuyén hod hdu nhu it
thay déi khi tang 4p suat.

C6 thé xem hinh 11.1, rit ra tir k&t qué thi nghiém cho thay diéu ds.

4
Igx
T,
T
19 2
T,
1.7
1.5
1 3 1 i | 1 -

1,6 1.8 20 22 24 IgP {P tinh bang kGiem?)

Hinh 11.1

Ty 1&¢ H)/CO theo phan ting 1ng hop 1a 2/1; thuc € trong khi bao gid cling c6 CO,, ty
I¢ ciia (H, + CO,) / CO thudng tinh theo phén ting (1) va (5).

Tuy vay ty 1¢ ndy néu thap, phan tng phu xdy ra manh hon. Ngoai ra ty I¢ nay con anh
hudng t6i hiéu ting nhiét clia phén g tdng hop. Thuc 1€ thung khdng ché ty 1& (H, — CO,)/
(CO + CO,) trong khi nguyén liéu khodng 2 dén 2,1 , va trong khi tudn hoan téi 5, tham chi
d he cao dp ty I¢ nay trong Khi tudn hoan len t6i 10. Khi o cling vay, anh thEJng xdu t&i
téng hgp. qua lam gidm 4p suat rieng phén cac cfu tif tham gia phin img.

Sau téng hop, qua 1am lanh téch san phdm khoi hdn hop khi tusn hoan, ha thdp ham
luong methanol trong khf tudn hoan (khf vio thip) gidm kha nang x4y ra phan tng phu hinh
thanh rugu bac cao va céc phan vng phuy khic.

C6 thé xdc dinh 4p sudt rieng phén ciia CH,OH & trang thir can bing véi pha long, &
nhitng nhi¢t d6 khic nhau theo cong thirc:
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1529,4
t+236

IngH30H = ?,9616 -
trong d6 : pey,on tinh bing mmHg;
t - nhiét dé tinh theo °C.

@ dp sudt 130 at né€u lam lanh bing nudc xudng 30°C, ¢6 thé ha ham lwgng CH,OH
xudng 0.2 ~ 0,3%. Hodc néu tdng hap & 250 at c6 thé sir dung s6 liew sau:

Nhiét 9 (°C) p (mmHg) Ham (ugng CH,OH (% thé tich)

50 3817 0,201
40 2435 0,128

30 150,0 0,07¢ -~
20 887 0,047
10 50,1 0,026
0 26,8 0,014
-10 13,5 0,007

Dudi day gidi thieu mot day chuyén cda ICI, 1am viéc & dp sudt thip lam vi du
(hinh 11.2).

1
L1 Khf nhien figu ] CH,0H sach
- - ) -
> 3 { ~
\.‘ ! ’/ 4
— I jP
|
| Ly

Kni téng hop >

Hirh 11.2. Day chuyén t6ng hop metanol cla ICI, 1am viéc & 4p sut thap
1. thap tdng hgp; 2. thap phan ly; 3. thap chung; 4. thap methanol; 5. may nén; 6. may tudn hoan
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Khf nguyén liéu qua nén dén 50 hay 100 at, tron véi khi tudn hoan vé6i 1y 1& (H, — CO,)/
(CO + CO,) = 5 vao thap téng hop (1), sau téng hop khi ¢6 ham lugng 4 - 7% CH,0H, qua
truyén nhiét véi khi tudn hoin réi thi€t bi lam lanh bing nuée, tich CH,OH khoi khi, duoc
CH,OH tho. CH;OH thé qua 2 thap chung v6i dp sudt chimg 3 ~ 3,5 at. Khi CO, H, chua
phan (ing, qua phéng khong khi tro, phédn khi tro nay c6 thé ding lam nhién li¢u. Phin chl
yéu tron khi mdi qua mdy nén tudn hoan (6) dva tr&s lai thdp sau khi di thu nhiét tir sin
pham khi téng hop.

Phidn CH,OH th6 thudmg 14n: khi hoa tan H,, CO, CO,, dimethyl ete (metoxymethan)
(CH;OCH,), axetandehyt (CH,CHO), axeton (propanon) (CH3;COCH,), methylfocmiat
(HCOOCHS,), cacboxyt sét ..., mot s6 cht ¢6 phi diém thdp nhu rugu ethylic, ruou bac cao
va nuéc. Qua thap methanol chung 14y methanol sach.

Thudng thip chung tho c6 40 - 50 dia (3).
Thép methano~l ¢6 60 - 70 dia (4).
- Duéi day 1a mot s6 thong s6 k¥ thuat cia day chuyén nay:.

Ning sudt: 100.000 tdn/ndm
Ap suil: 50 - 100 at
Nhiet do t6ng hop: 200 - 300°C
Xic tac: déng - kém

Ty le (H, - COp) /(CO + COp): 2
Nguon khi nguyen ligu c6 thé di tr than, dau ning, khi thién nhién.
- Mot s6 chi tieu kinh t€ di tit nguyén liéu khdc nhau:
Tiéu hao nhién liéu cho 1 tin methanol (GJ):

Day chuyén Than da D&u nang Khi thién nhién
Day chuyén Lurgi 40,8 38,3 29,7
Day chuyén ICI 32,6 32,2 30,6

La mot phan tng hé khi rén, trong d6 chat tham gia phan (mg & thé khi, xic tdc thé
rin. Phin ting hai chiéu, tod nhiét, giam thé tich.

V6i dic diém d6 moi bién luan vé thép téng hop methanol hoan toan tuong ty thdp
téng hop NH,, tham chi c6 thé ding ngay thdp t6ng hop NH;. Vi vay khong cdn bien luan
thém vé c&u tao thi€t bi dic ching nay.

Vé cong nghé ciing vay, khic chang 1a cong doan chuyén hod khi than udt, thay Vi
chuyén hod dén trén 90% CO nhu & téng hop NHs.

35 day chuyén hod dén mitc do ty 1¢ (H, — CO;) / (CO + COy): theo yéu cdu cla téng
hap.
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IV. VAI NET VE CHUYEN HOA METHANOL THANH XANG

Tur khi than (ddu ning, khi thién nhién)... chuyén san xudt methanol di thanh mét
nganh san xuat véi quy mé 1én.

C6 thé tryc ti€p ding methanol lam nhién liéu, song ¢é nhiéu nhuge diém. Cong ty
Mobil dd dua vao day chuyén san xudlt: chuyén hod methanol thanh diu xang c6 chi s6 octan
cao trén xdc tac zeolit ZSM-5.

Day chuyén nay c6 nhiéu wu diém: duge xang chét lugng cao véi hiéu sust cao, qud
trinh don gidn. Song co ban 1a: nhiét tri cha methanol khéng 16n, tan trong nude, tham chi
hiit 4m trong khong khi, chuyén sang xang nang luong tinh theo khéi lugng gin gap doi.

Qua4 trinh chuyén hod chil y&u dua vao phan g thodt nude:

nCH,OH — (CH,), + nH,0
Pay 1a mot phan ing toa nhiét, hinh thanh 44% cacbua hydro va 56% nudc.
Xdc téc chl y&u 1a zeolit téng hgp ZSM-5 hoic Al,O4.

Zeolit ZSM-5 ¢6 ciu tao tinh thé 1ap phuong, mao quan déng nhat, kich thude 0,5 -
0,6 nm tuong duong dudng kinh ca phan tir C,y, cdc phan tr C thdp hon lot qua zeolit. Cj,
khong lot qua vi vay han ch€ sy kéo dai cia mach cacbua hydro. Chinh vi vay chi ¢6 giam
kich thudc phan tIr méi tdch khoi xiic tic.

Nhur vay sén phdm phén tng chil y&u Ia cacbua hydro tir Cg — Cjo. phi diém clia chiing
tring véi thanh phan xang.

Phan dng ti€n hanh & 20 at, nhiet do 340 - 410°C, ciing <6 nhiéu nudc sir dung xang
pha 4 ~ 8% methanol hoic i€p tuc cai tién téng hgp trén xiic tdc Zn - Cr, & 4p sust 100 ~
150 at, nhiét d6 410°C, thu dugc sin phdm gém CH;0H 70%; C,HsOH: 2,4 ~ 5%; C,H,OH:
5,6 ~ 10%; C;HyOH: 13 ~ 15%. Dua tryc ti€p san phidm ndy pha vao xang. Cong ty Lurgi di
c6 cong nghe tdng hop & dp sudt 50 ~ 100 at; nhiét d6 290°C; ty 1¢ H,/CO trong khi téng
hgp = 1 duge loai nhién liéu methanol cé thanh phin:

CH,OH 53,5%
C,H,0H 3.9%
C,H,0H 6.2%
CsH,,0H 32%
C4H,,0H 14,8%
H,0 0,3%

C6 thé truc 1i€p sl dung 1am nhién liéu.
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