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LSI NOI PAU

Cuon "Cong nghé axit sunfuric’ trinh bay nhung cor S hod Iy ciia qud trink
sdn xudl axit sunfuric, gioi thién cdc so dé ky thudgt va cdc thiér bi hién dai trong
cong nghiép axit sunfuric. Cuon sdch duge dung lam tai liéu hoc tdp cho sinh vién
ndm thit 5 nganh Cong nghé cdc chat vé co, Khoa Cang nghé lod hoc va Khoa Puai
hoc 1ai chiee, Truong Dai hoc Bdch khoa Ha Noi, ciing c& thé lam tai lidu tham khdo
cho cdc cdn bg k§ thudr trong linh vic sdn xudt va sit dung axit sunfuric.

Phdn phu luc kém theo nhdm giip cho sinh vién thudn tien khi lam bai t4p lon
va thiél ké'do dn mon hoc chuyén nganh, dong thoi igo diéu kién thudn lot cho ban
doc khi tra citu cdc $6 liéw lién quan.

Tdc gid



CHUONG |

NHUNG KHAI NIEM CHUNG

1- TINH CHAT CUA AXIT SUNFURIC VA OLEUM
1.1- KHAI NIEM CHUNG

- Trong hoa hoc, axit sunfuric dugc xem la hop chét clia anhydrit sunfuric véi
nuée. Cong thitc hod hoc SO..H,0 hodc H,S0,, kh&i lugng phan tr 98,08,

Trong k§ thuat thi hdn hop theo ty 1¢ bat k¥ ctia SO3 vdi H,0 déu goi 1a axit
sunfuric. Néu ty 1& SO3/H,0 < | got 1a dung dich axit sunfuric, ty 1& SO/H,0 > 1 go
[4 dung dich cha SO; trong axit sunfuric hay oleum hodc axit sunfuric béc khaéi

- Thanh phin cta dung dich axit sunfuric duge dac trung bdi phan tram khai
lugng ciia H,S0, hodc SO,.

Vi du: axit sunfuric néng do 98% H,S0, hoac 80% SO.,.

Néng d¢ ctia oleum tinh bang % SO, ty do (trén 100% H,S0,) hoac % SO, téng.
Doi khi con tinh bang % H,S0, (lugng H,S0, thu duge khi thém nudc vao oleum).

Vi du: oleum néng do 20% SO, tx do hoac 85,3% SO, tong hay 104,5% H,SO,

| 2- VAT TINH CHAT CUA AXIT SUNFURIC VA OLEUM

Axit sunfuric khan 12 chét 16ng khong mau, sinh (khéi lugng rieng 4 20'C Ja
1,8305 g/cm’), k€l tinh & 10,37°C. 3 ap suit thuong (760 mmHg) dén 296,2°C axit
sunfuric bat ddu soi va bi phan huy cho téi khi tao thanh hén hop dang phi chita
98,3% H,S0, va 1,7% H,0. Hon hop dang phi nay soi ¢ 336,5°C.

Axit sunfuric c6 thé két hop v6i nudc va SO, theo ty 1& bat ky, khi d6 tao thanh
mot s& hop chat ¢6 nhimg tinh chat khac nhau.

1.2.1- Nhiét do két tinh

Dung dich c6 néng do bat ky cia axit sunfuric va oleum déu c6 thé xem 1a hén
hop cla hai trong céc hop chit sau:



Bang I-1: Nhiét do két tinh ciia cdc hop chdt giita H,0 va SO,

, Ham luong, % Nhiét do

TH | Cong thic H,SO, | SO,téng | SO,wdo | keéttinh,°C
1 H,0 0,0 0,0 0

2 | H,S0,4H,0 | 576 46,9 - 24,40

31 HS0,2H,0 | 732 59.8 - 39,60
4 H,S0,. H,0 84,5 69.0 8,48

5 H,50, 100,0 81,6 10,37

6 H,50.. SO, 10,1 89,9 44,95 38,15

7 | H,S0.250, | 1139 93,0 62.0 1,20

8 50, 122,5 100,0 100,0 16,80

Vi du: Dung dich axit sunfuric nong do 80% H,SO, chinh 1a hén hop cua hai
hop chat H,SO, 2H,0 va H,S0O,.H,0; dung dich oleum nong d9 20% SO, tr do 1a hén
hop cira hai hop chat H, SO, va H,S0,.80....
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Hinh 1-1: D6 thi két tinh cia hé H,0 - S0,

Ta biét, nhiét dé két tinh clia hén hop hat chat khong tao thanh tinh thé hdn hop
ludn luén nho hon nhiét do ket tinh caa ting chét. Vi vay dudng cong biéu dién quan
he gifta nhiét do két tinh cla axit sunfuric vi néng do (hinh I-1) ¢6 cic cue dai ang
v6i céc hop chat ghi trong bang 1-1, con cdc cuc tidu ung vdi cdc thanh phén sau:

Pim % T Dim % SO, T
H,S0, két tinh tu do két tinh
A 38,0 -74.5 E 18,10 - 17,0
B 68.3 -45,7 G 61,80 1,0
C 75,0 -41,0 H 64,35 - 1,1
D 93.3 -3738



Tir 6 thi ta thay, nhiét do két tinh ctia dung dich axit sunfuric va oleum tuong
d6i cao, tham chi ngay ca & nhiét do vai chuc "C. Vi vay, ngudi ta thudng quy dinh rét
nghiém ngat ndng do cdc loai axit sunfuric va oleum ti¢u chudn sao cho ching khong
bi két tinh trong qué trinh san xudt, bao quin va van chuyén... Muodn vy, cdc loai san
phdm nay phai ¢6 thanh phdn gdn véi nhimg diém otecti, tic cic diém cyc tiéu trén
d6 thi két tinh.

Vi du:
Loai axit % H,S0, % SO,tudo
Axit thap 75,0
AXit tiép xuc 92,5
Oleum 104.5 20
Oleum dam dac 114,6 65

1.2.2- Nhiét do so6i va ap suat hoi

Khi tang nong do, nhiét do soi cla dung dich axit tang, dat cuc dai (336,5°C) &
98,3% H,S0,, sau dé giam.

Khi tang ham lugng SO, tu do, nhiét d soi clia oleum giam tir 296,2°C (& 0%
SO, tu do) xuéng 44,7°C (¢ 100% SO, - tirc nhiét do soi clia SO,).
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Hinh 1-2: Nhiét d¢ séi cua axit sunfuric va oleum ¢ 760 mmHg.

Khi tang néng do, p sudt hoi trén dung dich axit gidm, dat cuc ti€u ¢ 98,3%
H,S0,, sau d6 lai tang. Ap sudt hoi trén oleum tang khi tang ham lugng SO, tr do. €6
thé tinh 4p sudt hoi trén dung dich axit sunfuric va oleum theo cong thite sau:



lgP=A"Y" (1-1)
P: Ap suit hoi, mmHg

A, B: Céc he s6 phu thudc ndng d6 axit va oleum nhu sau:

% H,S0, 20 40 60 80 98,5 100
A 8,922 8844 8841 9293 9780 9805
B 2268 2299 2458 3040 4211 3944
% SO,tudo 5 10 20 30 65 100
A 8,51 9,01 9,84 10,44 1050  9.89
B 2750 2812 2915 . 2965 2510 2230

Noi chung, hoi trén dung dich axit va oleum ¢6 thanh phén khéc v6i thanh phan
pha 16ng. Vi du: hoi trén dung dich axit sunfuric lodng chit yé&u [4 hoi nudc, con hoi
trén oleum phén ton lai 13 SO,.Chi trén dung dich axit 98,3% H,S0,, thanh phin pha
hoi méi bang thanh phédn pha 16ng.

Nhu vay, khi dun néng dung dich axit sunfuric loding hoac oleum thi san phim
cudi ciing 1a axit 98,3% H,SQ, chi khong phii 1a axit 100% H,SO.,.

Ap sudt hoi riéng phin cua H2$O4 trén dung dich axit sunfuric & nhiét do khdc
nhau ciing ¢6 thé tinh theo cong thite (1-1) nhung tri 6 A, B cé khic:

% H,S0, 85 90 93 95 98
A 7,751 7,897 8,170 8,316 9,470
B 3742 3685 3656 - 3637 3593

Chu y: Cdc hé sg trén chi chinh x4c & nhiéf do duéi 250°C vi & nhiét do cao ¢6
qud trinh phén huy H,SO, theo phan tng:

H,S0, - SO, +H,0
1.2.3- Khéi lugng riéng

Khi tang néng d9, khdi lugng rieng ctia dung dich axit sunfuric tang, dat cuc dai
& 98,3% H,SO, sau d6 gidgm. Khi ting ham lugng SO, tu do, khoi lugng riéng cla
oleum ciing tang, dat cyc dai & 62% SO, tu do, sau dé giam. Khi tang nhiét do, khai
luong riéng ctia axit sunfuric va oleum giam,
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Hinh 1-3: Khdi luong riéng cua axit sunfuric va oleum ¢ 20°C.

Trong k¥ thuat, ngudi ta thudng hay xdc dinh néng do axit sunfuric bang cich
do khéi Ivong riéng ctia dung dich d6. Tat nhién, néu trong dung dich ¢6 1an nhiéun
tap chét hoac néu dung dich c6 néng dd 16n hon 95% H,SO, thi phuong phdp trén
khong chinh xdc. Khi dé phéi xdc dinh néng do bang phuong phap phan tich hod hoc.

1.2.4- Nhiét dung

Khi ting néng d¢, nhiét dung clia dung dich axit sunfuric giam. Nguoc lai,
khi tang ham lugng SO;, nhiét dung cua oleum lai tang. Khi ting nhiét 46, nhiét dung
cua axit sunfuric va oleum ting.
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Hinh 1-4: Nhiét dung ctia axit sunfuric va oleum ¢ 20°C.

1.2.5- Do nhét

P6 nhét ¢6 anh hudng rat 16n dén trd luc cda axit khi chdy trong dudng Ong
hoac mang dan, dén téc do truyén nhiét khi dun néng hodc 1am ngudi axit, dén téc do
hod tan cdc mudi, cdc kim loai v cdc chét khic vao axit... Vi vay né duge su dung
khd nhiéu trong céc tinh todn k¥ thuat.

Do nhét cha axit sunfuric va oleum ¢é cdc gid tri cyc dai & nong d6 84,5%
H,S0,; 100% H,S0, va 50-55% SO, tr do. Khi tang nhiét do, da nhét cua axit giam
khd nhanh. Vi du: Khi tang nhiét d¢ tir 20°C lén 80°C, d6 nhdt cua dung dich 60%
H,S0, giam 3 lan.
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Hinh 1-5: D¢ nhot cita axit sunfuric va oleum o 20°C.

1.2.6- Nhiét tao thanh

Hiéu ting nhiét ctia phan dng tao thanh axit sunfuric va cdc hop chat trung gian
¢ 25°C (298"K) ¢6 cdc gid tr1 sau:

TT Phan img q, kJ/mol
1 S it himh i + O = SO, 297,322
2 S0, +0,50, > 50, 96,144

3 8O0; = SO 44, 39,805

4 SO, +HO,,—>HSO,,, 124988
5  HS0, . = HS0, i, 50,196

6 HO,.— HO ., 44,079

Chi y: Dé xdc dinh hiéu vng nhiét ciia cdc phan fmg trén ¢ nhiét d¢ khac 298°K,
phéi tinh lugng nhiét cdn thigt & d6t néng hoae 1am ngudi cdc chat ban dau va san
phdm tir 298°K dén nhiét do dé.

Nhiét tao thinh dung dich axit sunfuric nong do khéc nhaw (uic 1a luong nhiét
104 ra khi thém nudc vao tkg SO, dé tao thanh dung dich axit d6) ¢6 thé tinh gén
déing theo phuong trinh thuc nghigm sau:

H- 2113M +2,99M(t-15) (1-2)
M+0,2013 M +0,062
H: nhiét tao thanh axit sunfuric, kl/kg SO,;
M: lugng nudc trong axit, kg/kg SO,,
_ 100-C (1.3)
C
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C: ham lugng SO, trong axit, %.

(Mudhn chuyén nhiét tao thanh tr kJ/kg SO, sang kl/kg H,S0, thi chia két qua
cho 1,225)

1.2.7- Nhiét pha lodng va nhiét hon hop
- Nhiét pha lodng 13 luong nhiét to ra khi thém nudc vao axit. Nhiét pha lodng
axit sunfuric tir néng dé ban ddu C, xudng nong do C, ¢6 thé tinh nhu hiéu cda nhiét
tao thanh cac axit do:
Q,=AH=H,-H, (1-4)
- Khi hdn hop céc axit ¢6 néng do khdc nhau cling tod ra mot luong nhiét goi 1a
nhiét hdn hop, xdc dinh theo cong thic:
Q, =H,+ 2113 -H, - Hy(kl/kg SO5) (1-5)

H,, H,, H,: Nhiét tao thanh céc axit ban ddu ¢6 ndng d6 C,, C; va nhiét tao thanh
dung dich axit cudi ¢6 néng do C, (tinh theo phuong trinh 1-2)
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Hinh 1-6: Nhiét pha lodng axit sunfuric ¢ 15°C.

Dua vao hinh (1-6) ¢6 thé xéc dinh dugc nhié¢t pha lodng va nhiét hon hop céc

axit ¢6 néng do6 khac nhau:
Q, = Q, (m+m,) - Qm, - Qm, (kl/kg 50,), (1-6)
trong dé: Q,, Q,. Q;: Nhiét pha lodng vo han cdc axit ban dau céd nong do C,, G
li



va nhiét pha loing vo han dung dich axit cudi ¢6 ndng do C, (xéc dinh
trén hinh 1-6);
m,, m,: lugng axit dem hon hop, kg H,S0, .

1.2.8- Nhiét pha loang (hodc ¢6 dac) vi phan

La lugng nhiét toa ra khi thém mot lugng nhé H,O hoac SO, vao axit sunfuric
(hoac oleum) lam néng do cha ching thay déi vt it Cac s6 léu nay chi y&u ding dé
tinh lugng nhiét toé ra khi hap thu SO, trong céc thép hap thy oleum va monohydrat
hoac khi hdp thu hoi nudc trong cic thap sdy (néng do dung dich axit sunfuric va
oleumn sau khi hép thu chi thay d6i khoang 0.5 - 1%).

Nhiét tod ra khi hén hop SO, véi H,O dé tao thanh oleum c6 ndng do bat ky xdc
dinh theo phuong trinh:

Q, = Qi - Qus (1-7)
trong d6:  Q,q, nhiét pha loang vo han SO, 100%, kJ/mo} 50;;
Q,: nthiét pha lodng vo han oleum tao thanh, kJ/mol SO,.
Nhiét pha lodng oleum:
Qn=Q| -Q,, (1-8)

trong 46 Q,, Q,: nhigt pha lofing vo han oleum c6 ndng do dau va cudi, kJ/mol
SO, x4c dinh theo bang sau:

Bdng 1-2: Nhiét pha lodng vo han ciia oleum ¢ 18°C

% SO, tu do | kJ/mol SO; | % SO, tu kJ/mol SO,
do
______________________________ 0 | 922 60 | 1427
_____________________________ 20 | i8s | 80 L 1609
40 1253 100 181,1

1.2.9- Nhiét bay hoi
Nhiét bay hoi nuéc tir dung dich axit sunfuric néng do bat ky ¢6 thé xem nhu [a
tdng nhiét pha lodng axit va nhiét bay hoi nudc & nhiét do da cho:
Qu=m(Q, - Q) +Lb, (1-9)
trong d6  m: lugng H,SO, trong dung dich axit ban ddu;
Q,. Q,: nhiét pha loang axit 100% H,S0, xudng ndng do ddu C, va cudi
C,, tinh theo phurong trinh (1-4) hodc tra trén do thi (1-6).
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L: nhiét bay hoi nudce & nhiét do di cho, kl/kg;
b: lvong nudce bay haoi, kg.

Tuong tr trén, c6 thé tinh nhiét bay hoi SO tir oleum nhu sau:

Qu=mQ, - (m-mQ, -mQ; +myq (1-10)
frong d6 Q.. Q,, Q.: nhiét pha lodng v6 han oleum ddu, cudi va SO, 100%,
kJ/mol SO;;

m: lugng SO, trong oleum dau, mol;
m,: luong SO, bay hoi;
q: nhiét bay hoi 1 mol SO, long, kJ/mol.

Chii y: Céc phuong trinh (1-9), (1-10) ciing ¢6 thé dung dé tinh nhiét hap thy
H,O va SO, bang dung dich axit sunfuric va oleum

2- TINH CHAT CUA SO, VA SO,
2.1- ANHYDRIT SUNFURQO SO,

Anhydrit sunfura SO, - kh6i tugng phan tir 64,066 - & nhiét do thudng la chét
khi khong mau, cé miii s6¢ dac trung, kich thich manh mat va co quan ho hép. SO, dé
hod 16ng (& 4p sudt thudng, nhiét do hod 1ong cta SO, 1a -10,1°C)

Anhydrit sunfure SO, hoa tan nhiéu trong nudc: & 20°C, mot thé tich nudc hoa
tan 40 thé tich SO,. Do hoa tan cia SO, trong dung dich axit sunfuric nho hon trong
nude. Khi ting néng d6 dung dich axit sunfuric, dau tién do hoa tan cha SO, gidm,
dat cie tidu & 85% H,S0, sau d6 lai tang.

Khi két hop véi nude, SO, tao thanh axit sunfuro:
SO, + H,0 = H,S0,

H,SO, chi tén tai trong dung dich.

Khi tdc dung véi clo, SO, tao thanh sunfurin clorua:
SO, + Cl, = SO,

Trong cdc phan iing hod hoc, SO, vira 1a chat khir, vira 12 chat oxi hod.

2.2- ANHYDRIT SUNFURIC SO,

Anhydrit sunfric SO, - khoi lugng phan tir 80,056 - & diéu kién thuong la chat
khi khong mau. Trong khong khi, né phan dng manh véi hoi nu6c tao nén nhing giot
axit nhd 1o limg goi 13 mi axit. ¢} 44,75°C SO, khi bién thanh chét long khong mau.
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SO, ran ¢6 3 dang thi hinh: o, B, ¥ €6 nhiét do néng chdy tuong ng 11 16,8;
31,5 vd 62,2°C, trong d6 dang o ¢ thanh phan 1 SO, ¢on cdc dang khdc chang qua
14 san phim cda qud trinh tring hop SO;. Cic dang o, B, v khédc nhau vé c4u tao mang
lréi tinh thé, dp sust hoi, hoat tinh hod hoc va céc tinh chat khic. Khi dét néng, cic
dang 3, ¥ s& bi phén ly thanh SO,

SO; phan ing manh liét véi nude va toa rat nhidy nhiét.
SO4 iy + HyO ingy = H,80, g0 + 131,1 kI

SO, 1a chat oxi hod vi ¢6 kha nang hut nude rét manh, gdy nén hién tuong
cacbon hod dong thuc vat. Khi oxi hod S, P, CH,... SO, bi khir dén SO,. Céc dang
cao phan tir chia SO, (B, v) thi nguoe lai, rit tro vé hod hoc, kha nang phan wng véi
nude va cacbon hod rit yéu.

SO; 16ng hén hop véi SO, theo ty 1¢ bat ky.

SO, ran hoa tan trong SO, long nhimg khong tao thanh hgp chit hod hoc.

SO, khi tdc dung véi HCI tao thanh axit closunfonic SO,{OH)Cl.

3- BAO QUAN VA VAN CHUYEN AXIT SUNFURIC
3.1- BAQ QUAN

San xudt axit sunfuric 14 mot qué trinh lien tuc, vi vay san pham phai lién tuc
dura vé kho. O kho, axit sunfuric duoc chia trong cédc thiing 16n ¢ mai che d€ tranh
bui.

Thiing chifa axit sunfuric [a nhimg hinh tru dat dimg hoac nam, |am bing thép
tim, dung tich t6i 3000 m*. Dung tich chung ca cdc thiing phéi dam bao chita dugc
lugng axit do phan xudng san xuét ra trong muoi ngay. Thudng mbi kho c6 vii thing
dé tién viéc stra chita, 1am vé sinh. ..

Céc thing chita axit dam dic va oleum khong can phai xay 16t béen trong. Riéng

axit sunfuric tinh khiét v axit lodng phai 16t gach chiu axit. & kho thudng ¢6 céac
thing tron d€ ch€ tao axit theo ndng do yéu cdu.

3.2- VAN CHUYEN

B¢ van chuyén khéi luong 16n axit di xa, thudng ding cdc toa thing duong sit,
dung trong téi 60 tan. Khi van chuyén lugng nhoé & cu ly gdn thi ding 616 xitec, thung
thép chifa khodng 0,2 dén 1 tan, chai thuy tinh dung tich 30 - 45 lit. Axit acqui va axit
tinh khiét thuong dong chai 1 lit.
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4- GIOI THIEU VAI LOAI VAT LIEU CHE TAO THIET Bl TRONG SAN
XUAT AXIT SUNFURIC

Trong day chuyén sin xuat, axit sunfuric ¢6 ndng do rit khdc nhau, tir axit
lodng vai % H,S0, (cong doan rira khi) dén axit dam dac 98 - 99% H,S0, hoic oleum
20% SO, tr do (cong doan hap thu). Toc d6 an mon thist bi, duong 6ng... phu thuoe
cha y&u vao nhiér do va nong do ctia né. Chon vat li¢u thich hop dé ché tao thiét bi c6
anh hudng rét 16n dén céc chi tieu kinh t€, k¥ thuat.

Khi chon vat liéu can chg ¥ may yéu ciu sau:

- Chiu duge moi tndng an mon va nhiét do cao, c¢6 do bén co hoc 1dn.

- Dé gia cong, duc, han...

- Ré tién

Sau day, gidi thicu vai loai vat liéu thueng dung trong cong nghiép san xuit axit
sunfuric,

4.1- KIM LOAI VA HOP KIM
4.1.1- Thép

Thép kha bén trong moi truong oleum vi trén bé mat clia né ¢6 hinh thagh mot
16p st sunfat dac xit khong tan trong oleum. Thép thuding duge dung dé ché tao thdp
hap thu oleum, thing chia, gian 1am nguoi axit, dng din vi cdc chi tiet trong thip
hdp thu oleum.

Thép ciing bén trong moi truong axit thdp vi cic nito oxit hod tan trong doé da
thu dong hod bé mat thép, tao nén mang oxit bao ve. Do d6 thép con duge ding dé
ché tao cdc thiét b, dudng 6ng trong phan Xudng san xuat axit sunfuric theo phuong
phdp thdp. Ngoai ra, thép con duge ding dé 1am céc thung chita va van chuyén axit
dam dac & kho chia.

4.1.2- Gang

Trong moéi truong axit sunfuric, gang bén hon thép, lai ré tién vi dé gia cong
nén dwoc ding nhidu lam cic dudng 6ng din axit, gian lam nguél, van, bom axit,..
Khi 6 thém mot it kim loai khic vao thi d6 bén clia gang ting 1én rit nhién,

Gang khong chiu duoe tdc dung 14u dai ctia oleum va SO, vi trong moi truong
d6 né dé bi ran nuit.

4.1.3- Chi

Chi ben trong moi trudmg dung dich axit sunfuric lofing vi trén bé mat clia né ¢
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tao thanh Iép chi sunfat khong tan. Véi axit sunfuric dam dac, 16p bao vé nay sé bi
hoa tan.

Chi thuong duge diing d€ lam hodc 16t cdc thiét bi, dudng 6ng c6 tidp xdc véi
dung dich axit loang.

Hién nay dang c6 xu huéng thay chi bing cdc vét liéu khac bén, nhe va ré tién
hon.

4.1.4- Hop kim

Trong san xudt va co dac axit sunfuric, ngudi ta thudng ding loai hop kim goi la
ferosilic, thanh phén ca né gém 80-85% Fe; 13-17% St; 2-5% Mn; 2.5% Ni: 1.3%
C... Hop kim loai nay bén & moi ndng do axit nhung khéng bén trong oleum. NG
thudng ding dé 1am cdc dudng 6ng, bom, van, cdc chi tiét dinh hinh...

Tuy nhi¢n, loai hop kim ndy c6 mét s§ nhuoc diém nhu rit cing va gion, khé
gia cong, dé nift khi thay ddi nhiét do dét ngot... nén viéc sir dung né ciing bi han ché.

4.1.5- Thép khong gi

Trong san xuét axit sunfuric cdn dung nhiéu loai thép khong gi ¢6 chifa cdc kim
loai Mn, Co, Ni, Cr, Mo, Ti... Cdc loai thép ndy chju duoe axit sunfuric dac ca ¢ nhiét
do cao. V1 viy thudng diing dé ché tao cdc thiét bi 1am nguoi axit, vdi phun axit...
trong céc thip sdy va hap thu monohydrat.

4.2- CAC VAT LIEU VO CO

Tir 1au ngudi ta da dung cdc loai dat d4 va khodng thién nhién nhu d4 hoa cuong
(granit), andezit, thach anh, amian... dé 1am c4c tdm xay 16t trong cdc thdp, bé chita
va cdc thiét bi khdc. Dé gan chat cdc tam 16t v6i nhau v véi bé mit 16t, ngudi ta ding
cdc loat ximang va vita chiu axit.

Hién nay con dung betong chiu axit dé 1am céc thi€t bi va 16t bé mat, c§ loai
chiu duge nhiét do cao tdi 800-1000°C.

DE tang bé mit tiép xic giira khi va long, thuong ding céc loai dém gom, si.
Ngoai ra, gém sit con diing lam céc dudng 6ng din axit, van va cdc chi tist dinh hinh
khdc...

Gan day ngudi ta cdn ding céc thiét bi trdng men. N6 bén véi moi néng do axit
va cdc khi an mon manh, ¢6 khi chiu duge cd & nhiét do soi clia axit.

4.3- CAC VAT LIEU HOU €O

Céc vat lieu hitu co chdng an mon chi yéu 1a cdc chat polyme tdng hop. Chiing



rdt bén trong axit lodng.

Vat liéu hitu co c6 dic di€m 1a rat d& gia cong (ép, diic, dén...), nhe va ré, this
gian sir dung lau... nhung lai kém bén nhiét va co (chi chiu dugc t6i nhiét do khoang
1060°C ).

4.3.1- Faolit

Che tao tir nhya phenol formaldehit vA cdc chat dén (amian, grafit, cat...). Faolit
ding lam thing chita axit, bom ly tam, van dp luc, 6ng dén, cdc chi tiét dinh hinh...
Nhiét 46 lam viéc cao nhét ctia né 1a 150 - 170°C tuy theo néng do axit.

4.3.2- Vinylplat
Cheé tao tir PVC (polyvinylclorua) diing 1am cdc tdm 16t, 6ng dan, quat khi...
4.3.3- Polyisobutylen

La hop chat polyme dang caosu, diing 1am cdc tdm 16t bdo v¢ thiét bi, duomg
ong; lam cdc tdm dém & mat bich noi dudng 6ng din moi trudng an mon manh. Pham
vi nhiét do st dung né tir -55 dén 100°C.

4.3.4- Antecmit

Cheé tao tir than d4 va grafit nhan tao. NG chiu 4n mdn va din nhiét 6t (hé s6
dan nhi¢t 120 - 150 kJ/m.gid.d0). Antecmit dé gia cong, chiu dugc axit ¢6 hoa tan
SO, & nhiet 46 t6i 120°C, vi vay ding 1am thiét bi I1am ngudi axit rira rat tét.

Ngoai ra, gdn day cdn diing céc 6ng bing polyetylen dé din axit loing. Trong
cdc moi trudng an mon rat manh (axit sunfuric dim dic, oleum, axit closunfonic,
"cudng thuy"...) polytetrafloctylen c6 thé chiu dugc nhiét do tir -250 dén 250°C.
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CHUONG Ji
CHE TAO KHi ANHYDRIT SUNFURG SO,

1- NGUYEN LIEU DE SAN XUAT AXIT SUNFURIC

Nguyén liéu dé san xudt axit sunfuric rit phong phii, bao gém luu huynh
nguyen to va tat cd cdc hop chit ¢é chifa lay huynh, nhu cdc mudi sunfua, sunfat kim
loat, khi thién nhién... Téng ham lugng Ivu huynh trong vo qua dat khoang chimg
0,1%.

Sau day gidi thiéu vai dang nguyén liéu diing trong sin xudt axit sunfuric.

1.1- QUANG PYRIT
1.1.1- Pyrit thuomg

Thanh phan chi y&u cla quing pyrit 14 sdt sunfua FeS, chia 53,44% S va
46,56% Fe. FeS, thuimg & dang tinh thé pyrit hinh 1ap phuong (khéi lugng riéng 4,95-
5.0 g/em™), ciing ¢6 khi & dang tinh thé macazit hinh thoi (kh&i lugng riéng 4,55
glem®). O 450°C macazit chuyén thanh pyrit ¢6 tod nhiét.

Quang pyrit thudng gap 1a moét loai khodng mau vang xdm, khéi luong dé dong
khodng 2200 dén 2400 kg/m* tuy theo kich thudc hat quang. Trong quang c¢é 1an
nhiéu tap chat nhu cdc hop chét clia dong (cha yéu la FeCuS,, Cu,S, CuS), chi, kém,
niken, bac, vang, coban, selen, telu, silic; cdc mudi cacbonat, sunfat canxi, magie...
Vi vay ham lugng thye € cta luvu huynh trong quang dao dong trong khoang 30-52%

Ngodi ra con thay loai hop chat ca luu huynh va sit cé thanh phan phite tap
hon nhu Fe S, (n 2 5) goi 12 pyrotin hay pyrit tir.

Quang pyrit ¢6 nhiéu & Nga, Tay Ban Nha, Nhat Ban, Canada, Bé Pao Nha, Na
Uy, Htalia...

O mién Bic nudc ta méi chi phét hién mot s8 mo pyrit, nhung néi chung ham
leong luu huynh thap (khodng 20-30% S), trit lugng khong 1én lim.

1.1.2- Pyrit tuyén noi
Trong quang pyrit 6 rat nhiéu tap chat, mot trong so tap chét ¢6 gia tri la déng,

Néu ham lugng déng trong quang pyrit 16n hon 1% thi dem quing nay sdn xuat déng

19



¢6 loi hon 14 d6t truc tiep dé san xudt axit sunfuric.

Trude khi dem tuyén dong, thudng ding phuong phédp tuyén néi dé 1am gidu
dong clia quang nay lén khodng 15-20% Cu (goi 1 tinh quang déng). Phan b thai
cua qud trinh tuyén ndi chita khoang 32-40% S goi 12 quang pyrit tuyén ndi, dung dé
san xudt axit sunfuric. Cit tuyén 100 tdn quang thu duge 15-20 tan tinh quang déng
va 80-85 tan pyrit tuyén ndi. Néu tiép tuc tuyén Idn hai sé thu duge tinh quing pyrit
chua téi 45-50% S.

Quang pyrit tuyén ndi c6 kich thude rdt nhd (khoang 0,1 mm) v do 4m kha 16n
(12-15%) gay kho khan cho qué trinh van chuyén va dét. Vi vay trudc khi sir dung
phai sdy d€ gidm ham 4m xudng.

1.1.3- Pyrit 1an than

Than da ¢ mot s6 mo ¢6 14n ca quang pyrit, ¢6 loai chita t&i 3-5% S lam gidm
chat lugng cla than. Vi vay phai loai bd céc cuc than ¢6 13n pyrit. Phén than cuc loai
bo nay chita téi 33-42% S va 12-18% C goi 1a pyrit 14n than.

Pyrit 14n than tuy c6 ham luong S 16n nhung khong thé d6t ngay dé san xuit axit
sunfuric vi ham luong cacbon trong do rét lém, khi chdy:

- Nhiét lugng tod ra rdt 16n, tam nhiét d6 khi ting cao, ¢6 thé 1am cho 1 d6t
mau chéng bi phé huy.

- Tiéu on nhieu oxi lam giam néng d6 SO, va O, trong khf 10, gay khé khan cho
cdc giai doan ti€p theo clia qud trinh san xuat.

Vi vy phdt nghién vi rifa quang ldn than dé gidm ham lugng cacbon trong
quang xuéng 3 - 6% (riéng 16 16p s6i c6 thé d6t duge ca quang c6 ham lugng C cao).

Khi d6t quang an than, ngoai SO, cdn tao ra mét it khi CO,, H,S, CS,, COS, S...
Nhitng khi nay khong c6 anh hudng gi 16n dén qud trinh sdn xuit. Néu ding Khong
khi giau oxi d¢ d6t quing, cd thé gidm duoc ham luong céc khi dé.

O mién Bic nude ta, md than Na Duong (Lang Son) cling chita nhiéu luu huynh
(c6 méu t6i 6 - 8% S). Viéc nghién céu tdch dugc luu huynh khéi than cé ¥ nghia
kinh t€ k§ thuat rat 16n vi tang duoc chét lugng than, ddm bao an toan (trénh hién
tugng than ty bée chdy) dong thoi tan dung duge luu huynh 13 loai nguyén liéu ta
phai mua cta nudc ngoai.

1.2- LUU HUYNH NGUYEN TG (S)

Luu huynh nguyén t6 1a mot trong nhitng dang nguyén liéu t6t nhat dé san xuit
axit sunfuric vi:
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- Khi dét Ira huynh ta thu dioc hén hop khi ¢6 ham lugng SO, va O, cao. Diéu
ndy rat quan trong trong viéc san xuft axit sunfuric theo phuong phap tiép xiic.

- Luu huynh chita rat it tap chat {dac biét 1a cdc hop chit ciia asen) va khi chay
khong cé xi nén don gidn duge day chuyén san xudt di rat nhiéu (bét duge cac thiét bi
dac biét dé 1am sach khi).

- Khi san xuit véi quy moé 16n va xa ngudn nguyén liéu thi luu huynh lai la
nguyén liéu ré tién.

Luu huynh duge sir dung chi y&u trong céc nganh cong nghi¢p san xudt axit
sunfuric (khodng 50% tdng lirgng S), cong nghiép gidy - xenlulo (khoang 25%}), nong
nghiép (10 - 15%)...

1.2.1- Tinh chat caa luo huynh

O nhiét do thudng, luu huynh 2 chit rdn mau vang. N6 ¢6 hai dang thi hinh:
hinh thoi (kh&i luong riéng 2,07 g/em’) vi don ta (khoi tuong riéng 1,96 g/em?).

Luu huynh dan dién vi nhiét rit kém, thuc t€ khong tan trong nudc. Kht néng
chay (112,8°C d6i vdi dang hinh thoi va 119,3°C d6i véi dang don ta) luu huynh nd ra
khd nhiéu (ting t&i 15% thé tich).

Tinh chat ctia luu huynh 16ng phu thudce vao ciu tao phan tir ciia né: & diéu kién
binh thuong, phén t luu huynh gém cdc vong 8 nguyén tr khép kin (5,). 3 160°C céc
vong kin mé ra thanh cdc mach thang lam do nhét cta nd tang 1én. Ti€p tuc dun

néng, cdc mach bi dit ngin ra, lam do nhét gidm. Pén 444,6°C luu huynh bt ddu
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s61. Hoi luu huynh gém ca S,, S,, S, va S,. G khoang 900°C, hoi hru huynh chi yéu la
S;. Tren 1600°C hoi luu huynh bét ddu bi phan huy thanh nguyén tir S.

1.2.2- PBiéu ché lyu huynh

- Quéng Iuz huynh thién nhién chita khodng 15 - 20% S, loai giau t6i 70% S.
N6i chung, nhiing quang chita trén 20% S déu c6 thé dem d6t tnrc tiép 14y S0, sin
xudt axit sunfuric, nhung thudng thudmng ngudi ta dem di tich S. C6 noi ding phuong
phdp tuyén ndi (c6 ndu chay luu huynh trong quang) d€ tich S: ¢6 noi ldy S trye tiép
tir mé bang cich diing nuée qud nhiét ndu chay luu huynh trong quing ngay tai cic
giéng khoan, sau d6 ding khong khi nén ddy S 16ng 1én. Khai (hdc theo phuong phap
sau rat nhanh, ré nhung hiéu suat 1ay S thap (khoang 30 - 60%).

- Trong khi thdi cua cdc nganh cong nghiép luyén kim mau, gia cong diu mo,
khi thien nhién, khi ddu mo... ciing chita nhiéu hop chal ctia lru huynh (H,S, SO,,
(S0, COS...). Khi H,S, SO, sau khi tich cdc tap chat ¢6 thé tryc ti€p dem san xuat
axit sunfuric hodc dem san xuét luu huynh.

Qua trinh san xudt luu huynh tir H,S gém may buée chinh sau:
Badu tién dung khong khi dot chay 1/3 t6ng lugng H,S:
2H,S + 30, = 250, + 2H,0 (2-1)

Sau d6 tron lugng H,S cdn lai (2/3) vao hén hop khi thu duoc & trén réi cho di
qua chat xiic tdc bauxit, & 200 - 250°C ¢6 phan ing:

4H,S + 280, = 38, + 4H,0 (2-2)

- Hién nay c6 rdt nhi¢u cong trinh nghién ctu tich lwu huynh tir quang pyrit, vi
van chuyén pyrit dit gap doi luu huynh va ddu tu, tiéu hao... khi san xuft axit
sunfuric fit pyrit cling 16n hon nhiéu so v6i tit uu huynh.

Mot trong cdc phuong phdp tach Juu huynh tir pyrit 12 ding khéng khi dot hén
hop quang pyrit va xi trong 10 16p soi. Phan ung tdng quat:

2FeS, + 2Fe,0, + 0, = 2Fe,0, + 2, - 243 kJ (2-3)
Fe;0, tao thanh lai bi oxi hod ngay trong 16p s6i thanh Fe,O:

6Fe,0, + 1,50, = 9Fe,0, + 69764 kI Q-4)
Hoi luu huynh bay ra s& ngung tu trén bé mat 1am nguoi.
1.3- THACH CAO

Diy cling 12 moét nguén nguyén liéu phong phi d€ san xudt axit sunfuric vi
nhi¢u nudc trén the giéi 6 md thach cao (CaSO,.2H,0 hoac CaS0,). Ngoai ra trong
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qua trinh san xuat axit photphoric, supe photphat kép, nitrophot, nitrophotka... ciing
thai ra moét lugng 16n CaSO,,.

Thuong thuémg, tir thach cao nguoi ta san xuat lién hop ca axit sunfuric va
ximang. Muon th¢, dét hén hop thach cao, dat sét va than trong 1o quay. Khi d6,
CaSO, bi khir, cho SO, dem di san xuat axit sunfuric; phan xi con lai thém mét s& phu
gia, dem nghién dé€ san xuat ximang,

1.4- CAC CHAT THAI CO CHUA S

1.4.1- Khi 1o luyén kim mau

Khi 16 trong qua trinh dot cac quing kim loai mau nhu quing dong, chi, thiéc,
k&m... c6 chira nhiéu SO,. Pay 13 mot ngudn nguyén lidu ré tién dé san xuit axit
sunfuric vi cif san xudt 1 tdn déng, ¢6 thé thu duge 7,3 tén SO, ma khong cén 1o dot
quang trong day chuyen san xuat axit sunfuric. Ngodi ra, viéc thu héi SO, trong khi
16 con tang cudng bao vé sitc khoé cho cong nhan va nhan dan xung quanh nha may.

Dé dot quang trong 16 luyén kim mau c6 thé ding céc loai 16 nung, 15 chuyén,
10 boc nude, 1o phan xa, 16 16p soi...

Thanh phéan khi 10 phu thudc vio nguyén licu, cdu tao 10 va diéu kién dét. Vi
vay nong do SO, trong khi 10 dao dong trong pham vi khd rong.

Bdng 2-1: Thanh phdn khi thdi ciia cdc nha mdy luyén dong

Thanh phan khi, %
Loailo I~ .
S0, SO, 0,
Lo nung 7-10 0,3-0,5 8-11
Lo boc nudce 4-8 G-15
Lo chuyén 8 0,5 i0
Lo phan xa 1-2,5 03-1,2
Lo 1ép soi 8-14 3-10

Riéng & 10 nung va 16 16p s6i, thanh phén khi tuong tu nhu khi dét quing pyrit
nén cé the ding truc tiép dé sin xudt axit sunfuric. Con khi cdc 10 khéc, ¢6 thé ding
khi thién nhién (metan) dé khir SO, thanh S.

1.4.2- Khi hydro sunfua

Khi c6¢ hod than, khodng 50% tdng lugng luu huynh cé trong than s& di theo
khi cdc, chi yéu & dang H,S (95%). Luong H,S trong khi ¢6¢ hang nam trén toan thé
gi61 161 hang triéu tan. Thu hoi lugng H,S niy khéng nhimg ¢6 ¥ nghia kinh t€ ma
con dam bao diéu kién vé sinh cong nghiép.

23



T H,S c6 thé san xudt axit sunfuric theo phuong phdp xiic tic uét (xem chuong
sau) hodc dem sin xuat luu huynh nguyén td,

1.4.3- Khéi lo

Khi d6t than trong 16 ciia cic néi hoi, lvu huynh va cc hop chat ctia né ¢6 trong
than s& chuyén thanh SO,. Hang nam tréen the gi6i dot hang ty tan than, trong d6 khoi
10 di thdi vao khi quyén hang chuc trién tan liu huynh. Day cling 14 nguén nguyén
lieu ddng k€ d€ san xualt axit sunfuric. Tt nhien mudn sir dung dugc né con phai giat
quyét van dé thu héi va 1am giau khi SO, hoac thiét 1ap so dd san xuét axit sunfuric
truc ti€p tir khi SO, ngheo.

1.4.4- Axit sunfuric thai

Sau khi dung axit sunfuric 13am tac nhan hut nudc, tinh ché diu mo, sunfo hoi
cac hgp chat hitu co... s& thu duge chat thai chia nhiéy H,S0, (20 - 50%).

Trong cong nghé gia cong kim loai va ché tao mdy, sau khi rira kim loai ciing
thu duge chat thai chira 2 - 4% H,S0, va khoang 25% FeSO,. Chét thai khi sin xuat
TiO, chda 15 - 20% H,SO, va 45 - 55% FeSO,.

C6 ba hudng sir dung chat thai nay:

- Tach cdc tap chat réi co dac dé thu héi H,50,

- Phan huy nhiét thu héi SO, d€ san xu4t axit sunfuric

- Diing tryc ti€p vio cic muc dich khong cén axit sunfuric sach.

O My mbi nam san xudt hang triéu tan axit sunfuric di tir khi thai.

Tom lai, nguyen lieu dé san xudt axit sunfuric rat phong phii. Ty 1& giita cdc

dang nguyén li¢u ding trong cong nghiep san xudt axit sunfuric khong ngimg thay
ddi theo thoi gian va tuy timg nude.

Hién nay, tinh chung trén toan thé gidi thi ty lé cdc nguyen liéu chinh ding dé
san xudt axit sunfuric nhir sau: Lim huynh chi€m khoang 2/3, pyrit 1/6, con lai 12 c4c
dang nguyén liéu khdc,

Phuong huéng sir dung nguyén lieu trong san xuat axit sunfuric hi¢n nay la:

1- Tan dung SO, trong khi thai clia cc 16 luyén kim mau, H,S trong khi céc, khi
thién nhién.

2- Tan dung quang 14n than, quing tuyén ndi, axit thai.
3- Sén xudt lien hop axit sunfuric va ximang tir thach cao.
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2- CHUAN B| NGUYEN LIEU TRUSC KHI DOT

Nhu da trinh bay & phan trén, dé tao ra khi SO, ¢6 thé d6t tuu huynh, pyrit, H,S;
phén huy thach cao...

Truée khi dot phai qua giai doan gia cong co, nhiét tuy theo dang nguyén li¢u

Vi du: quang pyrit thong thudng ¢6 kich thude 50-200 mm, vi vay phéi dua qua
cong doan dap, nghién, sang dé ¢4 kich thude nhat dinh (tuy loai 1d d6t); quang tuyén
ndi phai sdy so bd dé giam ham dm; luu huynh dot trong 10 phun phéi ndu chdy, ling
tach can...

N6i chung, cg sO ly thuyét va k¥ thuat cua cic qua trinh trén da duge trinh bay
k§ & gido trinh "Qud trinh va thiét bi trong cong nghiép hod hoc". Ban doc cin xem
k¥ lai trude khi sang phan ti€p theo.

3- DOT NGUYEN LIEU
3.1- CO SO HOA LY CUA QUA TRINH POT NGUYEN LIEU
3.1.1- Phan img chdy cua nguyén liéu
3.1.1.1- Khi d6t pyrit, ddu tién ¢6 phan img trung gian phén huy nhiét:
2FeS, — 2FeS + S, - 103,9KkJ (2-5)

Cau tac phan tir FeS, tuong tu cfu tao phan nr peroxit kim loai hod tri 2. Vi vdy
qua trinh phén huy FeS, ciing giéng phan huy peroxit thanh oxit va oxi.

Vi du: ap sudt riéng phan cha hoi ltu huynh trén FeS, phu thugc vao nhiét do
nhu sau:

Nhi¢t do,"C 570 600 630 650 700
P, ,mmHg 0,55 5.5 38,0 113,5 1210
Hoi luu huynh téch ra s& chdy gidng nhur khi dét lun huynh nguyén t6:
S, + 20, = 280, + 724,8kJ (2-6)

Sau khi tdch [vu huynh, nguyén liéu trd nén x6p, tao diéu kién t6t cho né tiép
tuc chdy. FeS cling chdy theo phan tng:

4FeS + 70, = 2Fe,0,+ 450, (2-7)

hoac 3FeS + 50, = Fe,0, + 35S0, (2-8)

Vi .dﬁy 14 phan iing gitta nhiéu phan tir nén chua xé4c dinh duge co ché€ chinh xac
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clta né. Hién nay ¢é mot sG gia thuyét sau:

Thuyét thit nhat cho ring giai doan diu tién cia qud trinh oxi hod FeS la tao
thanh mudi sit sunfat, sau 46 méi phan huy thanh oxit. Thuyét khdc lai cho rang FeS
bi oxi hod truc ti€p thanh cac oxit.

Theo K.M. Malin, qud trinh oxi hod FeS & nhiét do thap c6 giai doan trung gian
tao thanh mudi sunfat, cdn ¢ nhiét do cao thi truc ti€p thanh cic oxit.

Du theo cd ché ndo thi quéd trinh phan ing chdy clha pyrit cling xay ra theo
phuong trinh t6ng qudt sau:

4FeS, + 110, = 2Fe,0, + 850, + 3415,7K] 2-9

hodc 3FeS, + 80, = Fe,0, + 650, + 2438,2kJ (2-10)

biéu kién thudn 101 cho phdn ting (2-10} 1a nhiét do cao, ham lueng SO, trong
khi va ham lugng cdc tap chat khong chdy trong quang lén.

Quad trinh chdy clia quang khéng nhimg chi xay ra gilta pyrit vit oxi ma con xdy
ra giffa cdc pha rin védi nhau:

FeS, + [6Fe,0; = 11Fe 0, + 250,
FeS + 10Fe,0, = 7Fc,Q, + SO,
FeS, + 5Fe,0, = 16FeO + 250,
FeS + 3Fe¢,0, = 10FeO + SO,

Cic oxit sit hod tri thdp tao thinh lai bi oxi trong khf 16 oxi hod thanh Fe,O;;
Fe,O, lai phan ting véi FeS,, FeS...

Cic muoi sunfat ¢6 trong quang (sunfat chi, canxi, bari...) khong b phan huy,
cdc mudi cabonat bi nhiét phan thanh CO, va cdc oxit kim loai tuong (g, sau nay
chitng s& chuyén thanh mudi sunfat.

Tém lai, san pham clia qud trinh d6t quang pyrit gédm hén hop khi 16 chita SO,
(1&n mét it SO,) va xi chu yéu 1a Fe,O, hodc Fe,0,. S di ¢6 SO, trong khi 16 1a vi &
nhiét d6 thdp, mot phan mudi sunfat trong quang bi phan huy cho SO,, mat khédc ban
than Fe,0, trong xi déng vai trd chét xuc tic chuyén hod SO, thanh SO,. Tit nhién
SO, chi tén tai trong khi 1o khi nhiét 4o khi ra khoi 16 nhd hon nhiét do phan huy
hoan toan SO..

3.1.1.2- Khi d6t pyrit 1an than, ngoai luu huynh, cacbon ¢6 trong quang cling
chdy theo phan tng chi yéu sau:

C + 0, = CO, + 4098k (2-11)
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3.7.1.3- Trong cdc 10 luyén déng, kém... tinh quang cling chdy theo cdc phan
imng:

Cu,S + 20; = 2Cu0 + S0, (2-12)

2ZnS + 30,

27n0 + 250, (2-13)
Ngoai ra luong FeS, va FeS {iin trong tinh quang cfing chay nhu khi dét pyrit.

3.1.1.4- Khi phan huy thach cao (CaSO,.2H,0), déu tién n6 bi khix nudc ket tinh
thanh CaSO, khan, dén 1400 - 1500°C CaSO, bi khit theo phan {mg:

CaSO, = CaO + 50, - 489,6 kJ (2-14)
Khi ¢6 C, Si0,, ALO, Fe,0;... nhiét do phan huy CaSO, s& giam xudng

2CaS0, + C = 2Ca0 + 280, + CO, - 5662k (2-15)

3.1.1.5- Qud trinh dot S, H,S tuong a6i don gian vi san phdm cba qua trinh chdy
chi 12 khi 16 chita SO,.

S + O, = SO, + 297,322k} (2-16)
2H,S + 30, = 250, + 2H,0 + 10387 K (2-17)
3.1.2- Thanh phan khi 1o

Trong qué trinh dot cdc loal nguyén li¢u chia hu huynh, oxi khong chi dé tao
ra SO, ma con dé oxi hod céc thanh phin Khdc chita trong nguyen fi¢u, nhur oxi hod
kim loai thanh cdc oxit (khi d6t pyrit, tinh quing dong, kém...); hydro thanh naudc
(khi dot H,S); cacbon thanh CO,; asen, selen, telu... thanh cdc oxit twong ¥mg... Vi
vay, thanh phdn khi 1o phu thuoc vao dang nguyén higu va ham lugng oxi trong khi
dua vao 1o (khong khi, khong khi giau oxi hay oxi nguyén chat...}.

3.1.2.1- Théng thudng khi 10 gém SO,, Oy, N,, hoi nuéc va mot so tap chit khic
nhu SO, As,0;, SeO,, HF, SiF,, bui...

Noéng do ciia oxi, $O;, S0; ¢6 lien quan mat thiét véi nhau qua phuong trinh:

-1 -0,5
Cy, = n_[mgl‘ﬁ‘—l}cs% ~(m+o,5“_(ri—’—)}cm, (2-18)

100 100

wong d6:  Co,» Coo, +Cso, ! néng do ctia Oy, SO,, SO, trong khi 10, % thé tich;

m: ty 1é giita s6 phan tr O, tham gia phan img vé s6 phan tir SO, tao thanh
theo phuong trinh phan tng chdy;
n: néng do oxi trong khong khi thdi vao 10 dot, % thé tich.
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Néu diing khong khi d6t quang thi n=21%

Khi dot: H,S, ZnS m= 1,5
S m= 1,0

pyrit (phan ing 2-9) m= 1,375

(phan tng 2-10) m= 1,333

3.1.2.2- Ham lugng SO, trong khi 10 phy thudc vao nhiét do dét, néng do oxi
trong khi 16, céu tao 16 va phu thude vao diéu kién xdy ra qué trinh oxi hod SO, (thdi
gian ti€p xuc gilta 8O, va xi, kich thude hat quang, cudng do dio tron...).

Khi d6t quang trong 10 nhiéu ting thi ham lugng SO, khodng 5 - 10% luong
SO,, trong 16 ddt quang bot thi ham lugng SO, nhod hon (2 - 3% lugng SO,). Trong 1&
16p s0i, do khong khi va quing dugc dio tron minh liét nén toc do chdy cua quang rat
cao. Vi vy, ndng dg SO, trong khi 10 rat 1n (14 - 15%), néng do oxi nhd (2 - 3%).
Mat khdc, nhiét d6 trong 16 lai rat cao nén mitc oxi hod SO, thanh SO, rat nhé (hinh
2-2)

0,7

T T
0,6 \ | " I

= 0,91, | '

g 0,4 __.g\ _

g 0,3 . PN _

: ) |

g U0 |
1 ]

T T

g t- R

9 11 13 [Ba) 17
Ham lugng 50, , %
Hinh 2-2: Quan hé giita nong do SO, va SO, trong hén hop khi 10 l6p soi.
3.1.2.3- Nhu da ndi & trén, cdc tap chét asen, telu, selen... s& bi oxi hod thanh

cdc oxit As)O,, TeO,, 5e¢0,, ReQ,, Re,0;... mot phin theo khi 16, mot phin ném lai
trong xi.

Xi cha 15 18p s6i c6 kha nang hdp phu nhiéu As,0,, SeO,; vi vay khi 1d 16p soi
chita it As,O,, SeQ, hon khi 10 khdc hang tram l4n.

Qud trinh hép phu asen oxit bang xi quing trong 15 16p s6i gom ba giai doan:

Diu tien asen trong quang bi oxi hod thanh As,O, di vao pha khi.
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Giai doan thit hai: Khi As,O, bi hap phu trén bé mat xi va bi oxi hod ti€p thanh
As,04: '

As,0, +0, == As,0, (2-19)

O day sét oxit déng vai trd chat xic tic cho qué trinh oxi hod.

Giai doan thit ba: As,O; t4c dung véi sit oxit tao thinh hop chat asenat it bay
hoi:

As,O, + Fe,0, —— 2FeAsO, (2-20)

Khi tang nhiét do, ddu tién muc hdp phy As,O, tang, dat gid tri cuc dai, sau do
giam (hinh 2-3).

100 - —
2 \
- = i .
o
A \
< /
= h
£ S i
& y
< |
[}
3 onl \\
y
“‘|
92 o _ |
600 7o Qe

Nhigt d6, °C

Hinh 2-3: Anh hudng cua nhiét d6 dén micc hdap phu As,0,
trong khi cia xt 1o Idp sé6i.

S& di nhu vay fa vi khi tang nhiét d9, mot mat 1am tang t6c do oxi hod As,0,
theo phan tmg (2-19) va tdc do tao thanh sit asenat theo phdn tng (2-20), mat khic
lai lam tang mitc phan ly As,O thanh As,0; va O,, do d6 ciing 1am tang mic phén
huy sit asenat.

Khi tang ham luong oxi trong khi, mitc hap phu As,O, tang vi khi d6 giam qua
trinh phan ly As,Q; va tang téc do phan wng (2-20) tao thanh sit asenat. Néu trong
kh 10 khong c6 oxi thi st oxit hoan toan khong ¢6 kha nang hép phu As,O, vi khi d6
khong tao thanh As,Q va sit asenat.

Khi tang néng do SO, trong khi, mic hap phu As,O, gidm vi sat oxit Fe,0, 1a
chat xic tic cho qud trinh oxi hod SO, thanh SO, s& bi sunfat hod, lam giam téc do
phén tmg tao thanh sat asenat (2-20).
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Khi dét cac tinh quang dong, kém... trong 1o [6p soi thi qud trinh ciing xdy ra
tuong .

3.1.2.4- Flo chita trong quang khi chdy s& chuyén thanh khi HF di vao khi 10.
Do ¢6 tdc dung véi cdc hop chil cua silic nén mot phan HF chuyén thanh SiF,.

Trong céc 16 16t betdong chiu nhiét, Na,SiF, (chal lam déng rin nhanh) sé phan
huy thanh SiF, va HF di vao khi 1o.

3.1.3- Luong va thanh phan xi

Tinh chét hod 1y clia xi va lugng xi tao thanh khi dét quang phu thudc vao thanh

phédn nguyén licu, mitc do chdy cha luu huynh, kich thude hat quang, diéu ki¢n d6t
quang...

D¢ tinh luong xi tao thanh khi d6t quang c6 thé diing mot sé cong thic sau:

- Khi dét pyrit:

160 - C,
X=2 (2-21)
160~C,
trong d6:  X: hi¢u sudt tao xi, kg xi/kg quing kho:
Cs,» €, . ham luong luu huynh trong quing kho va trong xi, %.
- Khi dét quang kém:
200-C,
X=me—m i (2'22)
200-C;,
- Khi d6t quang 1an than:
160-C; -1,6C,
X = - (2-23)
160-Cs,

trong d6:  C.: ham lugng C trong quang kho, %.

Khi tinh lugng xi cin chid y: lugng xi tao thinh gém luong xi théo ra & 10 va ca
luong bui xi di theo khi 10,

Luu huynh khong chdy hét con ndm lai trong xi & dang hop chét véi dong, sét
(chu yéu la FeS) va dang muéi sunfat canxi, bary... Ngodi ra, trong xi con ¢6 cic
mudi silicat, cic san phim ctia qud trinh oxi hod cdc tap chat trong quing...

3.1.4- Nhiét chay va nhiét do boc chay cua nguyén liéu
3.14.1- Nhiét chay

Nhiét toa ra khi chdy nguyén li¢u chira Ivu huynh (nhiét chay) phu thudc vio
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dang nguyén liéu vi mifc chay cua luu huynh trong d6. €6 thé tinh nhiét chdy theo
phuong trinh sau:

q.Cy
=S 2-24
=00 (2-24)

trong A6 q: nhiét toa ra khi chay hoan toan 1kg S trong nguyén liéu kho, kI/kg
C,, : ham luong hru huynh thyc t& da chdy, %:

C. = Cy - X. Gy

Dudi day 1a gid tri q cha mot vai loal nguyén ligu:

Pyrit, theo phan 1m
Nguyén licu S 705 EY theo phafl &
(2-9) 2-1
q, kl/kg 9260 . 14670 l 13320 12650
Khi dét quang 1an than:
Q= 13320 C, + 3377 C, (2-25)

trong d6  C_ : ham luong cacbon chdy, %

3.1.4.2- Nhiét dp boc chdy cia nguyén liéu

D6i v6i quang pyrit, ¢ nhiét do 170 - 260°C da xay ra qua trinh oxi hod cham
FeS, thanh SO,. Nhiét do bdc chay chia cac loai quiang khdc nhau phu thude vao thanh
phian khodng va do min ctia quang, déng thoi phy thude vao tink chat clia cdc tap chat
trong quang. |

Vi du: nhiét do béc chay clia quang pyrit 1a 402°C, cha pyrotin 1a 420°C. Khi ¢
20% Si0, thi nhiét do bdc chdy cua quang pyrit tang len 410°C, con khi c6d 10%
cacbon thi nhiét do béc chdy cha né gidm xudng con 380°C. Ngoai ra, hat quang cang
min thi nhiét d6 boc chdy cang giam.

Can chy ¥ 13, néng do oxi trong khif cang I6n thi nhiét do béc chdy cia quing
cang cao Vi trong qud trinh oxi hod FeS,, & nhiét do thap c6 hinh thanh mang sét
sunfat che phit bé mat hat quang. Nong d6 oxi cang 16 thi ming sét sunfat cang day
dac, do d6 nhiét do béc chdy cua quang cang cao.

Hén hop ctia H,S vdi oxi hoac khong khi & ty 1é xdc dinh cling c6 kha nang v
boc chdy khi d6t néng. Vi oxi nhigt do d6 1a 220 - 235°C, con véi khong khi khoang
346 - 379°C.
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3.1.5- Téc do chay

Nhu da biét, khi d6t pyrit, ddu tién FeS, bi phan huy thanh FeS va S, sau d6 FeS
va S chdy tao thanh SO,. D& nghién ctiu téc do chdy cla pyrit, trudc hét so sinh toc
do chay cia FeS va S trong khong khi v6i téc do phan huy FeS, trong khi tro (nito):

So sdnh dic trung cla cdac dudng cong trén hinh (2-4) ta thdy: téc do phan ly
FeS, 16n hon téc do chdy cla FeS, tdc do chdy cia FeS, lai 16n hon toc d6 cua cdc
qua trinh trén vi khi dét pyrit trong khong khi thi xdy ra déng thoi ci hai qué trigh
phan ly FeS, va chdy FeS, con S, tich ra s& chiy ngay trong pha khi.

s
50 BT |
86 L. |. . -
79! |
60
50
40 /=T
30 |4/ |
20|}
10

% Stachra

G~y

0 | 1
4 12 20 28 36
Thdi gian, phut

Hinh 2-4. Téc do tach luu huynh:

1- qué trinh chdy ctia FeS, trong khong khf;
2- qué trinh chdy cta FeS trong khong khf;
3- qua trinh phan ly ctia FeS, trong khf tro.

Nhu da thdy trén dudng cong 3, lugng Iuvu huynh tach ra khi dot pyrit bao gio
ciing nho hon so véi 1y thuyét (<50%) vi:

- Thure t€ FeS, khong phan ly hoan toan nén khong tdch dugc mot nira lugng S
trong FeS,.

- C6 thé trong quang, ngoai FeS, ngay ban ddu di c6 ca FeS.
Ta hiy xét cdc yé&u t6 anh hudng dén tdc do chiy cha pyrit:
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3.1.5.1- Nhiét dp
N6i chung, khi tang nhiét do thi t6c do phén huy FeS, va t6c do chdy cha FeS

déu tang (hinh 2-5).

Log k
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NN _ -
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, OO\\ ) . o ° 2,45 O Bl -
- \ \ : 5 R
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T T
Hinh 2-5;

a- Qud trinh phan ly FeS, trong nito.
b- Qud trinh chéy FeS,.

V1 céc dudng biéu dién trén d6 thi déu 13 nhifng dudng thang nén c6 thé biéu thi

hang s6 t6c d¢ clia hai qué trinh trén bing phuong trinh:

k=k .eq%T

Ciing tir d6 thi nay c6 thé tinh dwoe nang lugng hoat hod bidu kién cta céc qui

trinh. Vi du, d6i véi qué trinh phan huy FeS,:

G nhiét do t,=650°C (923°K) ¢6 gid tri hing s t6c do k, = 2.4
G nhigt do ,=800°C (1073°K) ¢ gi tri hing s6 t6c do k,= 3,4

E T:-T

Ta Cé' 2 e? Ti.T2
kl

)

Tir ddy nit ra: E = 127400 ]
Tuong ty, d6i véi qua trinh chdy cha Fe§ ciing tinh duge E = 13400 J

Dya vao cdc gid tri clia nang luong hoat hod trén, ta c6 thé két luan rang: t6c do

qué trinh phén ly FeS, do t6¢c d¢ phan ving hod hoc quyét dinh, con t6c do chdy FeS
lai phu thudc vio tc do khuéch tdn oxi qua mang oxit bao phu quanh hat quang. Néi
cdch khéc, qud trinh phan huy Fe$, nim trong vung ddng hoc khéng ché, con qud
trinh chdy FeS nam trong vimg khuéch tn.
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% S tach ra

[-20% O,

- 2-32% O,
3 3- 40% O,
w

® 4- 50% O,

o8 i 6o e Ta L w
Thai gian, phit Thii gian, phut
(a) (b)
Hinh 2-6:

a- Anh hudmg ctia kich thude hat quing dén t6c do chdy cta FeS.

b- Anh hudng cia nong do oxi dén 3¢ do chdy cha FeS,.

3.1.5.2- Kich thudc hat qudng

Ket luan trén, mét 1dn nita lai duge xdc dinh 16 rang khi nghién ctru 4nh hudng
cua kich thudc hat quang dén t6c do chdy pyrit. Céc két qua nghién ciu cho thay: toc
d6 phan huy FeS, khong phu thudc vao kich thuée hat quang. Nguogc lai, khi ting do
min cta hat quang, tire 13 tang bé mat tiép xic gitra hai pha ran - khi thi t6c d6 chay
cha FeS tang khd nhiéu. C6 thé viét hing s6 toc do clia qué trinh chdy FeS:

k=k.F",
trong d6  F: bé mat tiép xic pha;
n: he sd ty 18,
3.1.5.3- Nong dé oxi

Tuong tu trén, t6c do chdy ctia FeS, ciing phu thuge vio ndng do oxi theo quan he:
k=k, Cg ,
trongdd:  C, :ndng do oxi.

Nhu vay cong thitc chung d€ tinh 16c do chdy ciia pyrit phai thé hién dugc ca hai
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qua trinh: phan huy FeS, va chdy FeS, Vi ring nang luong hoat hod ctia hai qué trinh
nay rat khdc nhau, mtc do dnh huong clia mot 88 yéu 16 (4o min cua hat quang, nong
d6 oxi...) dén t6c do cha ching ciing khdc nhau.

Thuc €. & giai doan ddu chia qud trinh.d6t quang, hai qué trinh trén xay ra dong
thoi va qud trinh phan huy FeS, bao gitr cling két thic nhanh hon qué trinh chdy FeS.

Vi vay, két hop véi céc két qia da nghién ciu & trén, ¢6 thé nit ra cong thic chung dé
tinh thoi gian chdy cua quing:

2
D(1-¥1-h )
ke Cn B

trong d6:  D: dudng kinh trung binh cua hat quang;

h: mtc 4o chdy cua luu huynh;

C,, : néng do trung binh cla oxi trong ving chiy;

E: nang lugng hoat hod biéu kién;

F: bé mat chdy;

n, m: cdc hé s& phu thude vio diéu kién dot quang.

Ngoai ra, toc do chdy cha quang cdn phu thude vao c4u tao tinh thé, thanh phan

hod hoc va thanh phdn khodng cia quing, vao Cic tap chit trong quang.

14400

-
o] L

| 'i/ﬁ

1230

_7_

Nhiét do, °C

1360 |

[yl —-——[ ‘[

21 40 &0 aC 109
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_

Hinh 2-7: Biéu d6 nong chdy hé FeS — FeO.

Nhur di trinh bay & trén, néi chung khi tang nhiét do thi toc do chdy cua pyrit s€
tang. Nhung c6 truong hop tang nhiét do dan dén viec két khéi, 1am giam tdc do chdy
cha quang.

Vé nguyén nhan cha vigc két khéi, c6 nhiéu gia thuyét khéc nhau. Theo LN.
Kuzminuc thi:
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- Diéu kién cén thiét dé gay ra két khéi la phai c6 FeS trong khoi vat liéu dang
chay.

- Nguyén nhan tryc tiép gay nén két khéi la do qua nhiét cuc bo trong khoi vat licu
dang chéy hoic tao thanh hén hop otecti tir FeS va FeO ¢6 nhiét do néng chay tuong do6i
thap. Ngoai ra, néu trong quang c6 1an SiO, thi nhiét do két khaoi con thap hon.

Puong nhién, viéc két khdi lam gidm toc do chdy ctia quang, dong thoi gay
nhiéu khé khan cho qué trinh d6t quang. Vi du: ¢6 thé lam giy don cao, rdng cao
(trong 10 d6t quang nhiéu ting) hoac phé v& ché& do soi (trong 10 16p so1), tang tén
that luu huynh...

3.2- LO POT NGUYEN LIEU

3.2.1- Lo nhiéu ting
Quang
1
A F 7
J /
Wil Wnbuiuiuininininin Vit [ - st ) Rl
= |
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Khi 16
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Hinh 2-8: So' dé nguyén tdc ctia 16 xi nhiéu ting
1- truc 10; 2- bo phan nap quang vao 10; 3- bunke quang; 4- vo 10; 5- don cao;
6- rang cao; 7- cira thao tdc; 8- banh rang 16n; 9- tru dd; 10- banh rang
nhd; 11- truc truyén dong; 12- hop gidm t6c; 13- ctra thdo xi.
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La loai 10 co khi, ¢6 tir 6 dén 9 tang, phd bién 1a kiéu Id BX3 ¢6 8 ting: mot
tang sdy va bay ting 1am viéc (hinh 2-8). Giita 10 cé truc, trén truc, & mdi tdng gan
hai don cio. Rang cao (c6 do nghiéng khdc nhau wy theo timg ting) méc vao don
cao. Khi truc 10 quay (t6c do Khodng 1 vong/phiit) rang cio s& gat quing roi tir tang
trén xudng ting dudi theo dudng ziczac, xi thdo ra & tang cudi cing. Khong khi qua
céc clra & ting dudi cling vao 10, di tlr dudi 1én trén nguge chiéu véi quang. Khi 16 di
ra & tang trén, qua hop khi trude khi vao dudng 6ng chung. G méi ting o6 cla dé
quan sdt va thao tic khi cin.

Vi nhiét do trong 10 khd cao, ¢6 thé phd huy truc 1o va don cao nén chiing
thudng duge diic bing gang c6 hai ngan dé¢ théi khong khi vao 1am ngudi (hinh 2-9).

’
—

z
oz :
Ellt_u/ IR, TP T T TIT T TP 7TTT T 7 TFT T, /tE

Hinh 2-9: So do khong khi lam nguoi truc 1o va don cao: i
[- 8ng trong cua truc 10; 4- tdm ngan bén trong don cao;
2- chét gilr don cao; 5- don cao rong hinh nén.
3- g0 dé treo ring cao;
Lo co khi cdu tao phitc tap, cdng kénh, khong tan dung dugc nhiét chdy cua
quang, nang sudt thdp (30 - 35 tdn quang/ngay), ham lugng luu huynh trong xi cao...
Ut diém déng ké cha loai 10 nay 12 ham luong bui trong khi nhd (khodng vai g/m’).

Biing 2-2: Mot 56 chi tiéu lam viéc cua lo BX3

Ché d6 1am viéc khi cuong do clia 1o, kg/m’.ngdy: 200 245
Do chan khong & cira ra ctia khi 15, mm H,0 1,2 0,6
Néng dé SO, trong khi 15, % 8,5 13
Nhiét do khi, °C -Oclara 650 840

-G ting 1 700 840
2 750 910
3 765 915
4 795 360
5 670 770
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Bang 2-2 (tiép theo)

Che do 1am vi¢e khi cudng do clia 10, kg/m®.ngay: 200 245
6 615 755
7 350 650

Nhiét dé xi, °C 450 -
Ham luong luu huynh trong xi, % 1,8 2,5
Nhiét d6 khong khi ra khoi lam ngueéi truc 10, °C 200 185

3.2.2- Lo dot quang bt

/.
Quang+ o~
Khikhi

Hinh 2-10: Lo dot quang tuyén néi:

1- v6 10 hinh try; 4- voi phun hdn hop "khong khi - quang";

2-16p 16t chju nhi¢t;  5- gidn 6ng nuée [am nguoi.
3- phéu xi;

Céu tao rat don gian: 1a mot hinh try bing thép (dudng kinh khodng 4m, chiéu
cao hon 10m) trong 16t gach chiu Itra. Phdn duéi 1o ¢6 phéu xi, phdn trén dat mot gidn
cdc ong thép dan nude 1am nguoi dé quang khéi dinh vio vom 1o (nhiét d6 nudc sau

khi lam ngu¢i khoang 45 - 50°C).

Hén hop khong khi va quang tuyén ndi kho duoc théi vao 1o qua vdi phun
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(nghiéng 7 4o so véi phuong thang ding). Pé quang chdy triét dé, khong khif bo sung
dugc théi vao phin trén cla 10 (chiém 60 - 80% luong khong khi chinh).

Nhiét do khi 1o khoang 900 - 950°C, nhiét do xi 600 - 700°C, ham lugng luu
huynh trong x1 nhé hon 2%.

Quang tuyén ndi rit min nén chdy rdt nhanh (chi sau 1 giay), vi vay luong
quing trong 10 khong nhiéu nén rdt dé w dong hoa qud trinh dét quing, dong thoi dé
dang khic phuc duge nhimg khé khan khi dimg 16 dot ngot. Nhung cling do toc do
chdy ctia quang rat 16n nén khi lugng quang hodc ham luong lwu huynh trong quang
thay déi mot chut 12 néng do SO, trong khi 1o thay d6i khd nhiéu.

Khuyét diém chd yéu cta loai 10 nay 12 ham luong bui trong khi 10 rat 16n (dén
100 g/m"), ché do 1am viéc khong dn dinh, ndng do SO, thay doi trong pham vi khd
rong.

Cudmg do cha 10 dot quang tuyén ndi khodng 700 kg/m’.ngay (nang sudt khodng
100 tan/ngay).

3.2.3- Lo lop soi

Hién nay, ky thuat I6p soi dwgc ding rong rai trong nhicu linh vic cong nghe
khic nhau: hod hoc, luyén kim, gia cong ddu mo, thuc phim, y hoc, sén xuat vt liéu
xay dung, nang luong hat nhan...

Theo thong ké so bo, t6i nay da ¢4 trén mot tram qud trinh san xuat sir dung k¥
thuat 16p s6i. SO di nhu vay vi thiét bi 16p s6i ¢ nhiing uu diém noi bat sau:

- Pha rén bi ddo tron manh liét, do d6 nhiét do va ndng do trong 16p soi dong
déu, tranh cho cdc hat rin bi qud nhiét cuc bo.

- Hé s6 truyén nhiét, diin nhiét tir 16p soi dén bé mit trao d6i nhigt (va nguoc lai)
rit 16n. Vi vay khong nhimg. gidm duge bé mat truyén nhiét va thé tich lam viéc cha
thiét bi ma con ¢é thé thuc hién duge cdc qud trinh tod nhiéu nhiét song lai yéu cau it
thay d6i nhiét do.

- C6 kha nang st dung céc hat nhd (tdc pha rén ¢6 bé mat riéng 16n), do dé giam
duoc khuéch tan khong ché, nang cao nang sudt thiét bi...

Cén chd ¥ [a trong thiét bi ¢6 16p vat liéu ¢4 dinh thi nhiét 4¢ doc theo chiéu cao
va theo tiét dién ngang cha 16p khong déng déu, tr& luc 16n, hé s6 truyén nhiét nho,
bé mat hoat dong (bé mit ti€p xiic pha) rat nhd so voi tdng bé mat cia cdc hat ran (&
16p soi thi hai dai lwong nay xap xi nhau).

- Do 1&p soi rit "linh dong” nén c6 thé lién tuc cho vat liéu ran mdi vao va lién
tuc 14y san phim réin ra.
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- Tré luc cia 16p s6i khong 16n 13m va trong giGi han t6n tai 16p s61 thi khong
phu thudc vio tdc do thdi khi.

- St dung dugc cdc loai hat c6 tinh chét rat khac nhau, ké ca cdc vat lieu & dang
bot nhio hoac huyén phi,

- Cu tao thiét bi twong déi don gian, dé€ co khi hod va tu dong hod.

Tuy nhién, thiét bi 16p s6i cling cé mot s6 nhuoe diém sau:

- Do cudng do dao tron cdc hat rdn rat 16n nén néng do 1am viéc ciia cic chat
tham gia phan iing s& giam, din dén viéc gidm dong luc cha cdc qud trinh.

- Thoi gian luu lai trong 16p s6i ciia cdc hat ran va khi khong d(‘ing déu.

- Tinh chat vat 1y caa cdc hat ran bi thay déi (bi bao mon, mit, két dinh, két
kheéi...)

- Ham lugng bui trong khi di ra rét 16n, nhat 13 khi diing cdc hat ¢6 kich thuéde
khong dong déu. |

- Thanh 10 vung 16p s6i bi bao mon rit manh.

- T6c d théi khi bi gidi han trong khoang tit téc do bat ddu soi dén t6¢ do bay
hat ra khoi 16p s6i.

- Khi dung cdc hat vat liéu dién moi sé gy nén dién tich tinh dién trong 16p s6i,
dén dén nguy hiém né.

Mot s6 nhuge diém trén cta 16p soi khong phai 12 ¢d dinh, c6 thé khic phuc
duogc mot phan hoac hoan toan, thim chi déi v6i mot s6 qua trinh cu thé, né lai tré
thanh wu diém.

Trudc khi tim hiéu cdc thiét bi cu thé, hay luét qua mot chit vé trang théi soi
clia 16p vat lieu ran va cich bi€u dién qud trinh s6i trén do thi.

3.2.3.1- Trang thdi séi

Trudc hét xét trudmng hop don gidn nhat (hinh 2-11):

RO O% e Hinh 2-11: So d6 thiét bi Idp soi:
\ j_—,‘;l-‘-_- nya 1- thanh thiét bi;
R 2- bang phan phdi khi;
3- 16p hat ran,

b — a2 e

E//W
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Khi théi dong khi (hoac 1éng) tir duéi 1én véi toc dd nho thi 16p hat rin khong
chuyén dong. Tang dén t6c d6 khi, d€n mot gid tri tai d6 trong lugng hat rén can bang
v6i dp sudt thuy dong cita dong khi (hat tan & trang thdi can bing dong) thi 16p hat
ran tr& nén "linh dong", c6 mot vai tinh chat gidng nhu chat 16ng (nén goi 1a 16p gia
16ng), ngudi ta néi 16p hat dé “s6i”.

Néu tip tuc tang t6c do khi, 16p hat rin sé nd ra, cudng dé chuyén dong cla céc
hat ran tang nhung khéng phé v& can bang thuy dong. Cuéi ciing, khi téc do khi dat
t61 mot gid tri ma tai dé, ap sudt thuy dong clia dong khi 1én hon trong [wong cia hat
thi cdc hat rén s& bi ddng khi cusn ra khoi 16p s6i.

Toc d¢ khi, tai d6 16p hat ran ¢6 dinh bit ddu chuyén sang trang thdi s6i goi la
téc do soi (t6c do t6i han thit nhit), con tdc do khi, t;ﬁ dé cédc hat ran bi théi bay ra
khoi 16p s6i goi 1a t6c do bay (t6c do 6 han tht hai). Nhir vay khoang s6i nam gitta
gi6i1 han ciia hai téc do dé.

Khi néng do thé tich tvong d6i cia pha rin trong 16p s6i > 0,3 - ngudi ta goi la.
$0i trong pha dac, con khi <0,3 goi 1a sot trong pha lodng. Ngoai ra cdn chia 18p s6i
thanh séi gidn doan (n€u cho vat liéu vao theo timg chu k) va séi lien tuc (néu lién
tuc cho vat liéu vao va 14y san phdm ra)

" o '67 e
sd o)
¢, . o~
e L
el 1- "Pitténg";
| T | 2- "Niit" kh, e
Hinh 2-12: Ldp séi ¢6 sili bot. Hinh 2-13: Ldp s6i tao thanh "pittong".

Khi téng t8c d¢ khi, ddu tién xust hién cic bot khi nhoé lam tang cudng ddo tron
céc hat ran. Tigp tuc tang t6c do khi thi kich thudc cic bot cling tang. Chiing bay ién
v6i tdc do 16n hon phan khi khic, gay xdo tron manh trong h¢ théng. Trudng hop nay,
ngudi ta goi 1a 16p soi ¢6 stii bot (hinh 2-12),

Trong céc 16p cao va hep, cdc bot khi bay 1én s& tu hop lai thanh cdc bot I6n, ¢6
khi chi€m heét tiét dién ngang cha 16p, chia 16p thanh nhimg "mit" khi vi nhimg
"pittdng"” hat s0i. Hién tugng nay phd huy rat nhanh tinh déng nhat ctia 16p soi va gay
kh6 khan cho viéc chuyén dich pha rén theo phuong théng ding (hinh 2-13).

41



N6i chung, cac hat 16n ¢6 kich thudc dong déu tao thanh 16p s6i ¢6 sti bot 1on.
Néu thém mot phan hat nho hon vao 16p d6 thi tinh déng nhat s& tang va cdc bot khi

s€ nho di.
Lf\” [ b R
ﬁ . T‘;{l e LI“HMI“"«.
){.."- A D i ib‘j -|T. |‘-'}|
[ \:I““ I'ﬁw‘lrl
. ,..-'T\ I \-Iﬂ. |"F?"'l
o - i
| Hinh 2-14: |
a- 16p ¢6 tao rink; i
b- 16p tao ranh mot phan.
a 2 :
(a) (0) Hinh 2-15: Lép phun.

Cic hat ran ciing cé xu huéng két dinh (nhat 12 v4i cdc hat 4m) hodc két khoi
(v6i nhitg hat rat nho, kich thudc ¢& vai um) va tao nén & vung sip so6i nhimng 16p soi
¢6 ranh. Khi s& di theo céc rinh nay, con 16p hat ran thuc t€ ta khong chuyén dong

(hinh 2-144).
N&u tiép tuc tang tdc do khi thi cdc ranh s&€ bién mél hodc chi cdn lai modt phan

trén luéi phan phoi khi (hinh 2-14b)

Qua trinh 61 trong cdc thi€t bi hinh nén hoac hinh tru nén cé dudng kinh day
nhd va géc md 16n ¢6 thé tao thanh 18p phun ¢hinh 2-15). Khi d6 khi s& di theo truc
thiét bi, kéo theo cdc hat ran 1én trén va tung chiing ra xung quanh. Sau d6 cdc hat rin

roi theo doc thanh thiét bi xudng dudi...
Hinh 2-16 gidi thiéu so d6 biéu dién cdc pha ca qud trinh s6i do P. Reboux lap

Chu y:
* Néu tdc nhan théi [a chdt long thi khong c6 hién twong 16p so6i sti bot hoic 16p

sOi tao "pitténg” nhung ¢6 thé cé sy phan I6p cdc hat rén theo kich thudc va khéi

lugng riéng cna chiing.
* Hién tirgng soi cua l6p hat khong chi xay ra trong trong trudng ma cd trong tir

truong va trudng cua luc ly tam.

Trong trudng cua lyc ly tam, tdc do bat ddu soi va toc 4o bay rat 16n vi luc ly tam
can bang vGi dp sudt thuy dong cia dong khi ¢6 tri s6 I6n gdp tram 14n so véi trong luc.
Vi vy nang sudt thiét bi, cudng do cdc qud trinh khuéch tan, truyén nhiét... rit cao.
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* Qud trinh s6i ctia 16p hat rdn khong phai chi xdy ra khi thédi khi hoac long qua
né ma con ¢é thé do kich thich co hoc cda céc thiét bi (vi du: khuay,
201 14 hién tugng s6i co hoc.

" Kéo hat rén .
_ rakhoi 16p |

I

(= ——— t

rung...) khi dé

I' Pha lodng l

o T .
S0i S6i khong .
déng nhit S I
T Dong Dong T
i long khi
Pha dic e e e
b { Bét dau soi o
N
T@O rﬁnh .............................. —
Lop ¢d dinh

Khi hoac long

Hinh 2-16: So dé xudt hién va phdt trién trang thdi soi.
3.2.3.2- Biéu dién qud trinh séi trén do thi
Trang thdi clia he hai pha ding cho 16p s6i biu dién & dang dudng cong si.

Puding cong s6i biéu thi quan he gilta d¢ giam 4p chung AP (hoic do giam 4p riéng

AP/H,; H,: chiéu cao 16p hat ¢6 dinh) v t6c do théi khi (hoac long) trong tiét dién tw
do cua thiét bi.
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Hinh 2-17 trinh bay dudng cong s6i cia I6p hat ran kich thudc déng déu trong
thiét bi c6 tiét dién khong ddi theo chiéu cao.
P

\

T
1
I
1
I
1
|
1
I
|
I
|
|
|
1
|
i

v

0 W, W, W

Hinh 2-17: Duong cong ciia lop séi Iy tuong

Doan OA tuong ting v6i chuyén dong cla khi qua 16p hat ¢6 dinh. Dang cia
doan OA tuy theo ché do chuyén déng ctia khi. Néu kich thuéce hat nho va téc d6 khi
thap thi ché do chuyén dong clia khi trude lic soi 1a chay dong va doan OA 13 doan
thing. DG vdi cc hat 16n thi t6c do thdi khi phii 16n hon, twong tng véi ché do qué
do hodc chay xody va doan OA trd thanh dudng cong.

Diém gdy A tuong ting v6i diém chuyén 16p ¢6 dinh sang trang théi s6i. Hoanh do
cta diém A biéu thi t6c do bat ddu soi W, Tir lic bat ddu soi 4p suat thuy dong cha
dong khf can bang v6i trong lugng cta cdc hat trong 16p. Vi khi tang t6c do khi thi
trong luong cdc hat khong thay déi cho nén ning lugng tiéu ton dé duy tri cic hat &
trang thai s6i cling khong thay ddi. Trang thdi ny duoc bidu thi bing doan nim ngang
AB. Hoanh d¢ clia diém B iing véi t6¢ do bat ddu théi cc hat rin ra khoi 16p W...

Khi t6c do khi 16n hon W, cdc hat bay ra khoi 16p lam trong luong hat trong
18p gidm, do d6 nang lugng cdn thiét dé duy tri pha rdn & trang thai soi giam va do
giam dp AP vé phia phdi diém B giam.

AP

AP=const

|
!
r
|
|

0 W, W

Hinh 2-18: Puong cong séi thuc té.
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Pudmng cong thare € cha Ip s0i ¢6 khdc dudng cong 1y tudng mot chut:

Trude hét, lic chuyén 16p tir trang thdi ¢d dinh sang trang thdi s6i thi duong
cong thuc t€ c¢é dinh &p sudt AP,. S& di nhu vy vi cdn phai tiéu t8n thém nang luong
dé khac phuc luc ¥ clia cdc hat. Trong cdc di€u kién nhu nhau thi gid tri AP, phu
thudc vao hinh dang va trang thdi bé mat cua céc hat. Lép hat cang x6p thi doan OA
cang it doc, do d6 AP, cang nho.

Thi hai, dudng cong thue t& clia 16p s6i ¢6 hién tuong tré: dudng cong thuan va
dudng cong nghich (v& duge khi tang hodc giam tir tir tdc do khi) & gdn diém A
khéng tring nhau. Hon nita, duéng cong nghich khong ¢6 dinh 4p sudt va nim duGi
duong cong thudn.

Cudi cung, trong diéu kién thyc t€, doan AB thuong khong phai la mot dudng
that nim ngang ma AP tang ddn din dén gid tri khong ddi, doi khi né lai dao dong
quanh vi trf dé.

Dang dudng cong s6i phu thudc vao trang thdi cta 16p. Vi du: Néu 16p soi c6 tao
rinh thi dudng cong c6 dang nhw hinh 2-19.

Trén d6 thi ta thdy: AP ¢é nhitng budc nhay dot ngot. Chi khi nao t6c do khi db
16n thi AP m&i ddn din dat hoac dao dong quanh gia tri 1y thuyet.

LA
s

8C

RV EE N —

AP, mm H,O

; J
40 _ir__ %2_ |
3
o Lr __ ,
C ]
0,1 0,e 0,3 0,4
Tac dé khi, mis
Hinh 2-19:

DPuong cong s6i khi co tao ranh:
I, 2 - dudng biéu dién cha céc loai hat khdc nhau;
3- gid tri AP 1y thuyét.

Néu 16p s6i chi tao rinh mét phdn thi khi bat ddu s6i AP gidm mot chit, sau d6
tang ddn dén tri s6 1y thuyét (hinh 2-20).
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Hinh 2-20. Puong cong séi khi tao rdnh mét phin.
Trong trudng hop 16p s6i ¢ tao "pittdng” thi fir lic xuat hién "pitténg” va "nuit"
khi, AP s& 1on hon gid tri ly thuyét vi phdi t6n thém nang lugng dé thang Iuc ma st
gitra "pittong” hat rin véi thanh thié bi (hinh 2-21),

AP /P
i \ '
; S / I
—_ . - ——— T
% / K
/
/ X
l / | AP = const
\ Jff
| / [
I/
y .
[ _ __ET_'F.'_'_...
0] W

Hinh 2-21: Puong cong soi khi co tao "'pittong"

Chu y: Trong trudng hop I6p soi sti bot manh (xdy ra trede lic tao "pittong")
cling ¢o hién tuong tang AP nhuy trudng hop tao "pittong”.

Khi s0i ¢6 tao 16p phun thi dinh dp sudt AP, I6n hon gi4 tri AP ly thuyét rat
nhiéu, ¢6 khi téi 2 - 3 lin {hinh 2-22). 8¢ di nhu vay la vi, muon cho cic hat & tiél
dién trén s6i duge thi t6c do khi & dé it nhat phai bing W,. Khi dé toc do6 khi & tigt
dién duGi (nhd hon tiét dién trén) lai 16n hon W, rat nhidu. Neu cdc hat & trén chua
s6i thi cdc hat & dusi ciing chira the soi duge. Do d6 sitc can clia 16p hat c6 dinh dai
V61 dong khi & tiét dien dudi rat 16n. Chinh di€u nay da gay nén viec tang dinh dp suat
trirGe khi soi.

D61 véi qud trinh s6i cia cdc hat kfch thuée khong déng déu, tdc d6 bat dau seéi
khong phéi 1a mot diém ma 1a mot vai khoang, Idp vat liéu rdn ddn ddn chuyén sang
trang thdi s6i, ddu tien 1a cdc hat nhd, sau dé dén cdc hat I6n hon (hinh 2-23), Trong
trudmg hop ndy, dinh ap suat thudng khong thé hién mot cdch r ret.

Hién tuong tao nén khoang t6c do bit ddu soi cling xdy ra trong qud trinh soi
cta 16p hat trong trudng ciia luc ly tam.
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Hinh 2-23 - Puong cong séi cia lop hat khong dong déu.
Trén day da gidi thiéu so luge vai nét vé qua trinh soi clia 16p vat ligu ran va
cach biu didn cdc trang thai soi trén do thi. Bay gio xet cu the loai 10 19p s6i diing d€
dot quang.

Cau tao 10 (hink 2-24) gbm mot hinh try bing thép, bén trong 16t 16p vat licu
chiu lita. O phén du6i cia 1o dat mot bang dé phan phdi khong khi déu trén toan tiét
dién cua 1o.

Vi nhiét tn that ra moi trudng xung quanh rat nhd (1 - 2%) nén dé duy tri nhiét
do trong 1o 6n dinh, ngudi ta dat cac ong nude 1am ngudi & budng nap quang va trong
16p soi. He s6 truyén nhiét trong I15p soi khoang 1000kJ/m’.gi5.do.

Quang tuyén ndi hoac quang cuc sau khi dap nghién dén kich thudc quy dinh,
nhd bo phan ti€p lieu dwa vao budng nap quang. Khong khi qua cac 16 & ghi 6ng théi
quang vio 16, Khong khi chinh qua cdc mii gié trén bang phan phoi khi gilt cho 16p
quang & trang thdi soi. Thoi gian quang liru ai trong 10 tir 6 - 9 giay.
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Hinh 2-24: Lo 16p s6i dot quang :

1. gid do; 6. bang phan phéi khi;
2. 6ng phan phdi khi; 8. vdi phun mazut dé nhém 10;
3. gian 6ng duc 16; 9. budng nap quang;

4 bun ke xi du6i budng nap quang;  10. 6ng khong khi bd sung.

5,7. gian 6ng nudc lam ngudi;

Pé quang chdy triet dé, ngudi ta bé sung khong khi vao trén 16p soi (khoang
20% tdng luong khong khi). Ong théo xi dat & ngang muc 16p soi. Khi 10 trude khi
sang cong doan tiép theo dugc dua qua 1am ngudi & ndi hoi tan dung nhiét thira va
qua xyclon, loc dién kho dé tach bui.

Ghi 6ng & budng nap quang gém mot gian 6ng c6 duc 16 (hinh 2-26), ngoai Viéc
théi quang vao budng d6t con dé tach cic cuc quang 16n hoac vat khac 14n vao quang.
Thudng thudng trén 1 m” bing phan phéi khi 1dp tir 30 dén 50 chiéc mil gio. Toc do

48



khong khi qua 16 mii gié khodng 8 - 10 m/giay. Tng dién tich 16 cia tit ci cdc ma
gi6 chi chi€ém chimg 2% di¢n tich bang phan ph6i khi.

Khi 46t quang tuyén ndi, tdc do khi trong 16 1 - 1,1 m/giay, cuong d6 16 8 - 10
tdn quing 45% S/m’. ngay. Néu d6t quang pyrit (kich thuéc hat 4 - 6mm) thi toc do
khi 16n hon (1,9 - 2m/giay) va do d6 cudng do 15 ciing cao hon (16 - 20 tan
quang/m’.ngay).

Khuyét diém 16n nhat cia 1o 10p soi 12 lugng bui theo khi 16 rat Idn (trén 90%
tong luong xi), vi vay viéc tich bui rat khé khan.
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Hinh 2-25: So d6 cong doan dot qudng trong lo lop séi:

1- quat khong khi; . 6- xyclon;

2- dia tiép liéu; 7- loc dién kho;

3- 15 16p soi; 8; 9- van thdo xi;

4- 6ng lam nguoi, 10- Sng thai xi;

5- ndi hoi tan dung nhiét; 11- quat kh{ thai.

Mat khac, bui xi 1a chét xic tic cho qud trinh oxi hod SO, thanh SO,. Vivay
trong ndi hoi, khi 16 phai dugc 1am nguoi that nhanh (chi sau 0,3 - 0,5 giay, nhiét do
phai ha tir 800 - 900°C xu6ng 400 - 450°C) dé tranh tao thanh SO,. Do d6 néi hoi rét
cOng kénh.

Khi dung I9 16p s6i dé d6t tinh quang déng, k&m thi ch& do 1am viéc cia 16 khic
doi chit so v6i khi d6t pyrit, vi muc dich cha luyén kim 12 tao duge xi ¢é chat luong

cao va dé che bién ti€p theo. Vi du: c¢6 thé d6t & nhiet do va néng do oxi cao hon dé
dé tach kim loai mau khéi xi (bang 2-3).
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Hinh 2-26. Vai loai mu gio:
1- mi gio; 5- gach cach nhiét;
2- lu6i gan mii gi6;  6- gach chiu nhiét;
3- duong ren; 7- 16 khong khi ra;
4- bétong chiu nhiét; 8- 6ng duc 16.

Nang sudt cua 10 16p soi dung trong cong nghé axit sunfuric khoang 100 - 400
tdn quang tiéu chudn/ngay. Do ¢6 nhiéu wu diém ndi bat nén 16 16p soi dang thay thé
loai 10 co khi va ti€p tuc dugc nghién citu dé c6 nang suét cao hon va nhiéu tinh wu
viét hon.

Gan day, A.M.Maletx da dé nghi duang 10 hai 16p s6i dé dot quang vi, nhu da néi
0 trén, khoang 50% lugng nhiét phan tng duoc nit ra & trong 10 v6i hé s6 truyén nhiét
rat 16n; con lugng nhiét rit ra tir khi 10 v6i hé s6 truyén nhiét nho (khoang 100
kJ/m?.gid.do ), lai yéu cdu ha nhiét do khi xuéng rit nhanh. Do d6 kich thude néi hoi
rdt 16n. Néu dung 10 hai 16p so6i (16p dau 1a quang, 16p sau 1a xi) thi & 16p thit hai vira
dot not luong S con lai, vira lam nguéi khi dong thoi thuc hién qud trinh sunfat hod xi
(tic 1a chuyén céc kim loai mau trong xi thanh cdc mudi sunfat hoa tan, dé tich ra
dem thuy luyén kim).

Quad trinh sunfat hod xdy ra ¢ nhiét d¢ thép, di€éu nay khong thé thuc hién duoc
trong 10 mot 16p s6i binh thudng.
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Bdng 2-3: Chi tiéu lam vié¢c ctia mot 56 10 lop s6i

Chi tieu 'Quajmg pyrit CE: Tinlj
A B quiang kém

Nang sudt, tdn quing kho/ngay 200 63 150
Cuding do, tan/m”.ngly 10 20 45
buong kinh, m 5 2 6,5
Chiéu cao, m 13 7 7,4
Chiéucaolépsdi,m - 1 - 1
Dién tich bang phan phoi Lhi m’ 27 3 33
Dién tich gian 1am ngudi & 16p soi, m? - 10 13
Nong do SO,, % the tich 14-15 10-15 9-10
Nhiét do 16p soi, °C 750 700-800 | 900-920
Thé tich khong khi thdi vao 10, m'/h 20000 61000 11000
Trd hue cta 16, mmH,0 - 800-850 1500-1700
Ap suft hoi nuéc, atm 40 40
Ham luong S + trong quang, % 45 46,8 30,8

+ trong xi, % | - 0,3

A: Ld cha Vién nghién cttu Hod hoc cong nghiép Nga.
B: Lo chia Cong ty Lurgi.
C: Ld cia Nha may Dién phan kém.

Ta di biét, khi dét quang trong 10 16p soi, khodng 90% luong xi (mang nhiét)
theo khi ra ngodi. Mudn tao thanh 16p soi thit hai nay phai c6 mot ludi phan chia dé
tao nén gii han nhiét do giita ving chdy va viing 1am ngudi (phan chia thanh hai
viing chi ¢6 tinh trong doi vi ¢ méi viing déu cé ci qud tinh chdy va qud trinh lam
nguoi). Ap sugt dong hoc cua khi théi vao céc 16 cla ludi nay phai 16n hon dp suat
clia 16p soi thit hai trén dién tich cha cdc 16 d6 dé€ xi khdi lot qua 16 roi xudng dudi va
khong c6 truyén nhiét giita hai 16p.

Dé tao nén 16p soi thit hai 6n dinh, ngoai viéc ngan khong cho xi lot xudng dudi,
con phai tranh khong cho ching bay ra ngoai. Muén thé, phii gidm toc do khi ¢ 16p
thit hai. Theo tinh todn, d€ dat yéu cdu trén, ti€t di¢n 16p thit hai phdi gdp doi i6p th
nhat. Vi vay, thue t€ ngudi ta da giai quy€t bing cich dit mot xyclon sau 16 cho tuin
hoan tuong xi bay lén. Nhu viy xi lién tuc théi tir duéi lén va lién tuc roi tir xyclon
tudn hoan xuéng (irir nhimg hat rat nhé bay theo khi). Do d6, ham lwong bui trong
khi 1ang dan, téi mot néng do xdc dinh nao d6, cdc hat xi bit ddu roi xudng, tach khoi
dong khi bui, tao nén 16p soi thit hai.
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Hinh 2-27: Lo hai lop séi:

1- b0 phan tiép liéu; 6- 6ng 1am ngudi;

2- mo to; 7- 1u6i phan phoi khi;
3- bubng nap quang; 8- xyclon tuiin hoan;

4- hop khong khi; 9- xyclon;

5-10; - 10- 6ng thai xi tAng trén.

Dé duy tri cAn bing chiét trong hé théng, ngudi ta dat 6ng lién tuc théo xi ra.
Qua thuc t€ sir dung 10 hai 16p s6i, ngudi ta da rit dugc nhitng két luan:

- bét quang trong 10 hai 16p s6i c6 thé sir dung téng hop dugc quang pyrit: thu
duoc déng thdi ci SO,, hoi nuéc, xi (ding truc ti€p dé thuy luyén kim)

- C6 thé san xudt duoc hoi nuée qud nhiét 40 atm ma khong cin ndi hoi (hé s6
truyén nhiét & 16p thit hai gdn 1000kJ/m’.gio.do ).

- Mifc sunfat hod céc kim loai mau trong xi dat trén 90%.

- Trong hén hgp khi hdu nhu khong c6 asen va SO, nén san xudt axit sunfuric
theo so dé tinh ché kho (xem chuong sau) rat thich hop.

Pa c6 mot s6 10 hai 16p so6i hoat dong, nang sudt gdn 150 tin/ngay (cudng do 1o
khoang 10 tin/m’.ngay) va dang thiét k& cho cong nghiép axit sunfuric nhimg 16 hai
16p s0i nang suat 200 tdn/ngay.
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3.2.4- Lo xyclon

Lo xyclon céu tao rdt don gian, chi 1a mot hinh tru rong 16t vat liéu chiu lira.
Khong khi néng (khoang 200 - 300°C ) thdi quang vao 10 theo phuong ti€p tuyén voi
thanh 15, véi t6c do 16n (100 - 200 m/giay). Vi vay cuong do chdy ctia quang rat 16n,
nhiét do trong 10 lén t6i 1200 - 1400°C lam xi chay 16ng, ham lugng bui trong khi rat
nho.

Tét nhién viéc sir dung 10 xyclon con nhiéu vén dé can phai giai quyét nhu vat
liéu (chiu an mon, bao mon & nhiét do cao), trd luc cua 1o...

3.2.5- Lo dot luvu huynh

Pé dot luu huynh, trong cong nghiép axit sunfuric va cong nghiép gidy-

xenlulozo ngudi ta dung nhiéu loai 16 khdc nhau: 10 phun, 10 quay, 10 phan xa, 10 16p
s6i, 10 xyclon, 10 sui bot... ;

Sau day gi6i thiéu vai loai 16 chu yéu:
3.2.5.1- Lo phun dét luu huynh

- Loai ndm ngang: La mot 6ng thép (dudng kinh 3,4m chiéu dai 10,5m) trong
16t gach chiu lira. Luu huynh sau khi néu chay va tach can duogc khong khi théi vao 10
qua céc voi phun. DE luu huynh chdy hét, trong 16 xay cdc tuong ngan va c6 bd sung
khong khi vao ngan thit hai.

Loai 10 nay chi d6t dugc luu huynh tinh khiét vi n€u c6 can s€ gay tac voi phun.
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Hinh 2-28: So dé 1o phun S ndm ngang:

1- vo thép; 5- voi phun S long;

2- 16p gach chiu nhiét; 6- hop dua khong khi vao 10;

3- 16p amian; 7- voi phun nhién li¢u.

4- vach ngan;

- Loai dimg: ¢6 thé d6t dugc ca luu huynh 1an nhiéu can. Luu huynh c6 thé phun
tir trén xudng hoac dudi lén.

Luu huynh diéu ché theo phuong phép tuyén ndi quang luu huynh, c6 chira mot
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lugng tap chat hifu co (tic nhan tuyén ndi), khi d6t c6 thé tao thanh nhimg mang
bitum gay khé khin cho qué trinh chdy S & day 10. P¢ phd cdic mang bitum nay,
ngudti ta théi khong khi (shi bot) vio phin dudi 10 qua 16 8.

Ngoai ra d€ d6t lun huynh bdn & dang néng chay, ngudi ta con dung 1o xyclon
nim ngang.

Hinh 2-29: So dé 16 phun dimg, tiép
liéu dudi:
1- 6ng dan khi;
2-vo 10;
3- gach chiu lita;
4-16 bd sung khong khi 1dn 2;
5- tudng ngan;

6- voi phun S;
7- 18 bd sung khong khi 1an 1;
8- 16 thdi khong khi vao ddy lo.

3.2.5.1- Lo I1dp soi dot huwu huynh

DGi v6i luu huynh ban, ngudi ta con d6t ngay & dang cuc, vi dot 6 dang ndng
chay phai dun chay long S, tro can bdm vao céc 6ng truyén nhiét lam gidm hé s6
truyén nhiét. Ngoai ra con c6 thé 1am tic voi phun.

Hién nay diing 10 phan xa, 10 siii bot, 1 16p soi, 16 quay dé d6t luu huynh bén &
dang cuc.

C#u tao va nguyén 1y 1am viéc cta 16 16p s6i dot luu huynh cling tuong tu khi
dét pyrit. Chi khéc 1a dé tao 18p soi phai dimg 16p vat liéu tro (thudng dung hat samot
¢6 kich thuée 0,5 - 1 mm). Do ¢6 bao mon trong 16p s6i nén 2 - 3 thdng phai b6 sung
thém hat samot dé giit cho 18p soi 6n dinh.

Nang suat cia loai nay khodng 42 - 45 tan $/ngay. Néng do SO, trong khi 10 1én
t6i 15%.
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Hinh 2-30: So dé 16 lép s6i dot luu huynh:

1- ludi duc 16 (ghi 6ng); 5- 6ng khong khi bo sung;

2- budng nap liéu; 6- v0i phun nhién liéu (khi nhém 16);
3- tiép lidu, 7- gian lam ngudi;

4- bunke luu huynh; 8- ludi phan phai khi (¢6 gin mii gio).

3.2.6- Lo dot hydro sunfua H,S
H,S ciing khong khi duge théi vao tir ddy [0, Qud trinh chdy cia H,S chia lam
hai giai doan: giai doan diu chdy thiéu khong khi, sau d6 méi chdy hét & buong dot
b6 sung. SG di phai chia nhur vy vi trong khi hydro sunfua thudng c6 tap chat HCN.
O nhiét do cao (khoang 1000°C) néu du khong khi, HCN s& chiy theo phuong trinh
phdn tng:
2HCN + 3,50, - 2NO + 2C0, + H,0
NO tao thanh s& bi oxi hod thanh N,O, gay dn mdn manh va 1am bén san pham.
Néu diu tien d6t H,S & nhiét do thdp va thigu oxi thi HCN s& chdy tao thanh N,
theo phan ting:
ZHCN + 250, — N, + 2C0O, + H,0
D¢ giam nhiét do trong 10, ngudi ta dat man ong nudc ciia néi hoi, nhiét do

trong 16 800-850"C. Vdi nang sudt 10 khoang 1,5 ta4n H,S/gid ¢6 thé thu dugc 6 tin
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hoi murde bao hoa 13 atm.

Dé dot H,S con diing 10 tiép liéu tir trén. Trong 16 khong ddt man 6ng nudc ma
x&p gach samot dé tang cudng hdn hop dong khi va trit nhiét khi dimg 1& dé6t ngot.
Khi 10 (nhiét 4o 900°C) dugce lam ngudi & ndi hoi bén ngoai.

Hén hop H,S - khong khi v&i ndng d6 xdc dinh c6 thé né. Vi vay cic 10 déu phai
dat van chéng nd.
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Hinh 2-31: Lo dét hydro sunfua:
1- van an toan; 4- cap nhiét dién;
2- clra quan sdt; 5- gach samot.
3- voi dot H,S;

3.3- SUDUNG Xi VA NHIET KHI BOT NGUYEN LIEU

3.3.1- St dung xi

Khi dét quang pyrit, cé thai mot luong xi kha 16n (trén 70% lugng quang kho)
Thanh phdn xi chil y&u 12 sat oxit (gin 50% Fe), ngoai ra cdn ¢6 mot s§ kim loai mau
va quy nhir ddng, coban, kém, vang, bac, tali...

Vi xi ¢é ham lugng sdt cao nén nd 12 mot loai nguyén li¢u quy cho cong nghiép
luyén kim. Nhung trude khi dem niu gang phai tach hét lvu huynh con lai trong xi va
c4c kim loai mau. Mot luong nhé Fe,O, trong x1 (thudng 14y & loc dién kho) ding dé
diéu ché chit mau vo co: cho né tic dung véi dung dich axit sunfuric rdi nung sat
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sunfat tao thanh. Tuy nhiét d6 nung, ¢é thé thu dugc cdc dang sit oxit cé mau sic
khdc nhau. Ngoai ra, Fe,O, con diing 1am phu gia trong san xuat ximang pooc lang.

Dé€ tdch céc kim loai mau trong xi, ¢6 nhidu phuong phdp khic nhau. Vi du cé
thé sunfat hod hodc clo hod ching réi tich ra dem thuy luyén (dién phan tich kim
loai).

Néu sir dung tdng hgp duge xi thi ci 1000 tan xi ¢6 thé thu duge 800 tan tinh
quéng sit (véi ham luong 55 - 63% Fe); 3,3 - 4 tdn ddng; 3,3 - 4,3 tan kém; 0,8 - 1 kg
vang; 10 kg bac; 80 kg coban; 70 t&n natri sunfat...

3.3.2- Sir dung nhiét

Trong qud trinh san xuat axit sunfuric, khi d6t nguyén liéu va khi oxi ho4 SO,
thar:h H,SO, (truc ti€p theo phwong phdp thdp hodc gidn ti€p qua SO, réi hap thu -
theo phuong phap ti€p xtc) déu toa ra rat nhiéu nhiét (bang 2-4).

Bdng 2-4: Luong nhiét tod ra khi sdn xudt 1 tén H,SO, tit cdc nguyén liéu
khdc nhau, triéu kj

Qua trinh Pyrit S H,S

Dot nguyén licu 4,358 3,017 5,279
Chuyén ho4 SO, thanh H,50, 2,765 2,765 2,765
Cong : 7,123 5,782 8,044

Tir bang trén ta thdy, lugng nhiét toa ra khi d6t nguyén liéu chiém tir 52 - 65%
tong lugng nhiét. Vi vay, ddu tién phai nghi dén viéc tan dung nhiét & cong doan 10
dot.

D¢ san xuat 1 tan H,SO, phai tiéu 6n 50 - 100 kWh dién (tinh chuyén ra 12 0,18
- 0,36 trigu kJ). Nhu vay chi cdn sit dung duge mot phdn lugng nhiét tod ra 1a nha
mdy san xudt axit sunfuric ¢6 thé ty cung cdp dién cho minh (t&t nhién phai tinh dén
hiéu suft nhiét cha nha mdy dién).

Trong 1 18p s6i, cit dot 1 tén quang c6 thé thu duge gdn 1,5 tan hoi nudc qud
nhiét 450°C va 40 atm, tic 1a da sir dung gdn mot nira lugng nhiét toa ra. Nhu vay nha
m4y axit sunfuric con c6 thé tré thanh noi cung cép nang lugng nifa (nhat 1a khi sit
dung dugc ca nhiét chuyén hod SO, thanh H,SO,) va do dé gi4 thanh axit sunfuric s&
giam di rat nhiéu.

Viéc sir dung nhiét chdy cla nguyén lieu khong chi & 10 16p s6i ma ca & 10 dot
quang bot, 15 dét luu huynh, 16 dot H,S... Ngay & 16 nhiéu tdng, tuy nhiét do khi thap
ciing c6 thé tan dung (ca nhiét lam ngudi truc 16) dé dun nudc va khong khi...
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Hién nay, dé sir dung nhiét cta khi 13, thudng dung cdc loai néi hoi tan dung
nhiét ¢ cdu tao va nang suat khic nhau, phd bign nhat 1a loai ndi hoi 6ng nudc cé
tudn hoan cudng buc. Loai nay tuy phai can bom va tiéu hao nang luong bom nhung
chic chén, tiéu hao it kim loai, lam viéc duge véi hén hop khi bui, dung ca khi sin
xuat hoic khong san xudt hoi qud nhiét.

Khi 10 tir 1d 16p s6i ¢6 nhiét do khodng 800 - 900°C di vao noi hoi va duge lam
nguodi dén 400 - 450°C réi sang xyclon, loc dién kho dé tich bui (khodng 15 - 20%
luong bui dugc tach & nodi hoi).

Nude di 1am mém va nudc ngung dua vio thiét bi 3, diing hoi dun néng dén 101
- 103°C dé khir cdc khi hoa tan, sau dé dugc bom vao 6, tan dung nhiét cta khi trude
khi ra khoi ndi hoi dé dun néng (khong dun séi). Nudce tir thing 2 duge bom song
song vao bo phan 1am ngudi trong 10 16p s6i va bo phan boc hoi 8. Hén hop nudc -
hoi tir hai bo phan trén quay vé thung 2 dé€ phan ly tach hoi. Hoi bdo hoa tach tir
thung 2 dén bo phan 7 dé dot thanh hoi qud nhiét.
Hoi
qua nhiét
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Hinh 2-32: So dé tudn hoan nudc va hon hop nudc - hoi
trong noi hoi va trong o I0p séi:

LI e

1- 15 16p soi; 6- bo phan dun nudc;

2- thung phan ly; 7- b6 phan dot hot qud nhiét,

3- thiét bi khar khi; 8- bd phéan bdc hoi;

4- bom; 9- ho phan lam ngudi trong 10 16p so1.
5- ndi hot:
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A- TACH BUI KHOI HON HOP KHi

Khi d6t quang, khi 1o thudng kéo theo cdc hat bui xi. Lugng bui trong hén hop
khi phu thuac vao loai quang. kich thuéce cdc hat xi, ciu tzo 16 dot... Ham luong bui
trong khi khi d6t quang trong 16 nhiéu tdng khoang 1-10 g/m’, trong 10 d6t quang bot
20-100 g/m’, trong 10 1dp soi dén 300 g/m’ (thé tich khi tinh & dicu kién tiéu chuén).

Khi dét quang tuyén ndi trong 10 16p s6i, ham luong bui:

Sau 10 khoang 300 g/m’
Sau noi hoi 200 -
Sau xyclon 20 -
Sau loc dién kho 0,05 -

Pudng kinh trung binh cua céc hat byi tir vai cho dén vai chyc micromet. Cac
hat bui nay gay nhiéu khé khan cho qua trinh san xuét vi ching:

- Léng trong cac thiét bi, dudng 6ng lam ting tro lyc coa hé thong, c6 thé 1am
tAc van, &ng dan axit...

- Theo axit tudn hoan ling trén bé mat cc 6ng lam ngudi, lam gidm h¢ s6
truyén nhiét.

- Lam bén axit sin pham.
- Che pht bé mat xvic téc, 1am gidm hoat tinh cta né.

Vi vay phai 1am sach bui khoi hén hop khi trude khi dua sang cong doan tiép
theo clia qud trinh san xudt. Di v6i nha mdy san xudt axit sunfuric theo phuong phép
thdp, ham luong bui trong khi khong duoc vugt qua 0,2 g/m’, cdn theo phuong phdp
tiép xtdc thi tir 0,05 - 0,1 g/m’.

Dé tach bui khoi hén hop khi, hién nay trong cong nghiép axit sunfuric nguoi ta
str dung hai phuong phdp sau:
4.1- PHUGNG PHAP CO HQC

Theo phuong phap nay, qua trinh tich bui khoi dong Khi dua vao luc trong
truomg va luc ly tam cia hat bui.

- Nhifng thiét bi trong do hat bui lang dudi tdc dung ctia trong luc goi 1a phong
lang. Phong ling rit c6ng kénh, chi ling duge nhitng hat bui 16n. Vi vay rét it su
dung.

Trong nha mdy sin xuat axit sunfuric, néi hoi tan dung nhiét dat sau 10 dot ¢é
thé ling duoc 15 - 20% téng lugng bui nén ¢6 thé xem nd da 1am thém nhi¢m vu mot
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phong 1ang bui,

- Thiét bi ling bui kiéu co hoc duge diing phé bign 1a xyclon. C6 thé diing don
chiéc hoac mot t& vai chiéc dat song song. & day bui 1ing duoc 12 do tdc dung cla lyc
ly tam. Hiéu suat khit bui cha xyclon c6 thé dat trén 90% (bang 2-5).

Toc do khi di trong xyclon khodng 7 - 20 m/gidy, khi d6 trd lic clia xyclon dén
400 N/m? (khoang 40 mm H,0).

Bdng 2-5: Hiéu sudt lgc bui ciia mot 56 loai xyclon

Puong kinh xyclon Hiéu suat loc bui (%) khi duong kinh hat bui
D cue dai 5 um 10 pm 20 pm
800 50 85 97,2
600 55 87 98.0
400 69 89 98,5
200 77 93 99.0
100 83 95 99,5

Khi d6t luu huynh, dé tach bui khdi hén hgp khi trude khi vao thdp ti€p xic,
ngudi ta thudmg dung thiét bi nhr hinh 2-33:

y[ — Hinh 2-33: Loc bui bing l6p vdt
| W liéu kat.‘
Z 1- tdm phan phoi khi;
S 4 2- ludi;
4 T

3- 16p vat liéu hat;

Kh' L) - - -
1 4- clta nap va thdo vat liéu.

L

| |
b

::4&'& 4_.)_- i

Lép vat lieu hat (dd bot, cét...) duge dat vao khodng khong gian hinh vanh khan
giffa hai t4m ludi. Uu diém ndi bat cha loai nay la thio vat ligu bdn ra va nap vat li¢u
mai vao rit nhanh.

N6i chung, c4c thiét bi 1ang bui kiéu co hoc ¢6 cdu tao don gian nhung hiéu suat
ling bui thap. Vi vy trong san xudt axit sunfuric chi ding dé ling so bo khi ham
- lugng bui trong khi kha 16n.
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4.2- PHUGNG PHAP LOC DIEN

Dugc ding phé bién trong cong nghiép néi chung va trong nha mdy axit
sunfuric néi riéng vi né ¢é nhimg wu diém sau:

- C6 thé tich duge nhimg hat bui rdt nhd, hiéu suat tdch bui dat t6i trén 99%,
tham chi t6i 99,9%.

- Tiéu hao dién nang dé€ tich bui khodng 0,1 - 0,8 kWh/1000 m® khi, tr& luc cla
loc dign chi 3 - 15 mm H,0. Vi vay, téng nang luong tiéu hao nho.

- Lam viéc duoc & nhiét do cao va trong mét trudmg an mon hod hoc.
- C6 thé tu dong hod hoan toan qud trinh 1am sach khi.

Né1 chung, co sd 1y thuyét va cidu tao thiét bi lam sach bui khoi hén hop khi
theo phuong phdp co hoc va phuong phdp loc dién (phong ling, xyclon, loc dién...) da
duoc trinh bay trong gido trinh "Quad trinh va thiét bi trong céng nghiép hod hoc”, ban
doc can xem k¥ trude khi sang phan tiép theo.

Chiu y:

* Trong nha mdy sdn xudt axit sunfuric thudng ding hai loai loc dién: loc dien
kho (cyc lang hinh t4m) dé tdch bui, loc dién udt (cuc lng hinh t6 ong bing chi) dé
tdch mu axit lodng (hodc bang ferosilic € tich mi axit dic).

* Thoi gian khi di giita cdc dién cyc khodng 3 - 5 giy, t6c do khf trong loc dién
0,5 - 1 m/giay. :

* Dign thé mot chicu gifra hai dién cuc tir 50 - 100 kV. Muén dat yéu cdu nay
phai dua dong dién xoay chiéu tir lu6i dién 220V hoac 380V qua bién 4p, r6i qua nin
dong kiéu co khi hoic ban dén.

5- DIEU CHE KHI SUNFURC NONG DO CAO

Nhu da néi & phan nguyeén liéu, khi thai cia mot s6 nha mdy cé chia SO,. Néu
thai tryc ti€p kbi nay ra ngoai troi sé:

- Lang phi mét luong 16n nguyén ligu.

- Gay an mon manh cdc vat liéu, thiét bi, cong trinh bang kim loai.

- Anh hudng dén stc khoé va doi séng cia con ngudi va sinh vat..,

V1 vay phdi tim cdch tich SO, khoi hén hop khi truée khi thai ra ngoai trdi. C6
nhiéu phuong phdp tich SO, khéi khf thai, phd bign nhat 1a ding dung dich hép thuy
theo so d6 tudn hoan. Theo phuong phap nay c6 thé thu duge SO, 100%. Chat hap thu
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ding & day c6 thé 1a nudc, dung dich (NH,),S0,, huyén phu MgO,
dimetylphenylamin (CH,),C;H;NH,...

Thuong diing nhit 13 phuong phdp tudn hoan amoniac, chét hap thu la dung dich
amoni sunfit (NH,),S0,

Khi
T —— . —_—
P D [ '—‘ = S0, 100%
TR e
ey i 4
Jr | R = | &
e J |‘ ‘l < H" ‘ =
Khithai  _ ~Ih ;_‘J HI |‘ I|: | H‘H! [_ |[J JU, ‘ )
! _ = ] il H,S0, dic
| IH T I
i . -——'IT[:'W{___ Hai H,SC, lodng
b,

Hinh 2-34: So do tudan hoan tach SO, theo phuong phap amoniac:
1- thap hép thu; 4,5, 7- thip dém;
2, 9- truyén nhiét; 6, 8, 10- lam ngudi.
3- d6t néng bang hoi nudc;

Khi thai chita khoang 0,3% SO,, sau khi 1am ngudi va tdch bui, di vao thap 1 ¢o6
tudi dung dich (NH,),S0,. Khi d6 xdy ra phan Gng:

(NH,),S0, + SO, + H,0 = 2NH,HSO,

Do d6 SO, tich khoi dong khi, hén hop khi (con khodng 0.03% SO,) thai ra
ngoai (roi.

Dung dich chay tir thép 1 dugc d6t néng & 2 va 3 1di tuéi vao thap 4. G day, SO,
va hoi nudc tich khoi dung dich, di qua truyén nhiét 2 réi vao thip 5 d€ lam ngudi
ngung tu phin ién hoi nudc trong hoén hop SO, - hoi nude. Luong hoi nude con lai s€
duge tich ndt ¢ thap sy 7 ¢6 tudi axit sunfuric dac.

Dung dich chay ra tir thap 4 sau khi qua truyén nhiét 9 dé tich nét SO, va qua
10 dé 1am nguoi, lai tudi vao thip | dé hap thu SO,...

Khuyét diém cha phuong phdp nay 1a: khi ¢6 oxi, cdc amoni sunfit s& bi oxi hod
thanh cic sunfat:
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NH,HSO, + 0,50, = NH,HSO,

(NH,),50, + 0,50, = (NH,),S0,

Khi ¢ cdc tap chit sit, mangan thi t8¢ d6 oxi hod s€ tang, ngugc lai phenol va
cdc dan xuft clia nd s€ lam giam 16¢ do oxi hod cdc sunfit.

Amoni sunfit kém bén nhiét, né ¢6 thé bi phan huy - ddu tién thanh cdc hop chat
thio, sau dd thanh sunfat va S:
2 NH,HSO, + (NH,),80, = 2 (NH,),50, + S + H,O

Phan vng trén xay ra khi ¢d cdc hop chit cha selen, telu (di theo khi thai) bi hdp
thu.

Lwong amoni sunfat trong dung dich tang dén, l[am giam kha nang hip thu cila
dung dich. Vi vay phai tich (NH,),SO, va bd sung amoniac méi vao. Sau khi ket tinh
va ly tam s& thu duge (NH,),SO, tinh thé ding 1am phan bén.

Theo phuong phép nay, dé thu duoc 1 tan SO, tir khi thai can khoang 25 triéu kJ
hoi nude, 500 kWh dién, 40 kg amoniac.

T4t nhién, néu ham lugng SO, trong khi cang 16n (khi 10 luyén kim mau, khi 1o
dot pyrit...) thi hi¢u suft tdch SO, cang cao va céc tidu hao trén cang gidm.

Ngoai ra, dé thu duge khi SO, 100%, con cho S tic dung véi SO, theo phan ing:
S + 280, = 350,

SO, 1ay trong oleum tudn hoan cia nha mdy san xudt axit sunfuric theo phuong
phép tiép xic.
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CHUONG ]

SAN XUAT AXIT SUNFURIC
THEO PHUGNG PHAP TIEP XUC

Qua trinh san xudt axit sunfuric theo phuong phép ti€p xiic gom 4 giai doan:

- Ché tao khi sunfurc SO, ;

- Lam sach tap chat khéi hén hop khi;

- Oxi hod SO, thanh SO, trén chat xiic tac:

- Hép thu SO, thanh axit sunfuric.

Trong qud trinh phat trién, céc chi tiét, cdc thiét bj ciia nha médy san xuat axit
sunfuric ngdy cang hoan thién, cong suat he thong khong ngimg tang 1én, nhung so
d6 nguyén tic clia qud trinh vin khong thay d6i. So d6 nay khong chi sir dung khi dot
quang pyrit ma con ding ca cho khi thdi clia c4c 10 luyén kim mau.

Khi san xudt axit sunfuric tir luu huynh khong ¢é asen hoic tir H,S thi so dé don
gian di nhiéu vi khong can céng doan lam sach khf.

Can chu ¥ 1a cong doan 1am sach khi trong nha mdy sén xudt axit chiém lugng
thigt bi, dién tich x4y dung va tiéu hao dién, nudc... khd 16n. So d6 sin xut axit
sunfuric tir SO, dam dac con don gian hon nita. N6 chi gém hai giai doan: oxi hod
SO, va hip thu SO,.

Sau day gi6i thiéu so dé phd bién nhdi (so d6 c8 dién) cda qué trinh san xuat
axit sunfuric theo phuong phép tiép xic di tir quing pyrit (hinh 3-1).

Khi 16 tir 15 d6t quang 2 duoc 1am ngudi trong néi hoi tan dung nhiét 3, tich bui
trong xyclon 4 va loc dién kho 5, c6 nhiét do 300-400 °C di vao cdng doan lam sach
kbhi d€ tach c4c tap chat ¢6 hai d6i v6i chét xic téc.

G thép rira 6 va 7 tudi dung dich axit sunfuric néng do tumg doi thap, céc tap
chét trong khi phan I6n chuyén vao hat mu axit. Chi mot phdn rat nhd mi axit duge
tich & cdc thap rira, phdn con lai téch & céc loc dién u6t 8 va tang 4m 9.

Do 1am ngudi hon hop khi, nhiét d6 axit sunfuric sau khi twéi vio cic thdp rira
va tang dm s€& tang. Vi vay trude khi dugc tuéi tuan hoan lai cdc thdp, cdc dung dich
axit phai dugc 1am ngudi trong cdc gian lam nguoi axit 18,

Hén hop khi sau khi qua thép sy 10 dé téch hoi nudc va thdp 11 d€ tach cic
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giot axit cuon thco dong khi, nho quat khi chung cla hé théng 12 théi qua truyén
nhiét ngoai 13 v céc truyén nhiét trung gian trong thdp té€p xuc dé ting nhiét do dén
nhiét do hoat tinh cia xiic tdc réi vao 18p xic tac thi nhit.

V1 qud trinh oxi hod SO, toéd rdt nhiéu nhiét, nén hén hop khi chira SO, sau khi
chuyén hod s& nhuong lugng nhiét d6 cho hén hop kbi SO, mdi, tiép tuc duge lam
ngudi & thiét bi lam nguoi SO, 15 trude khi vao cdc thap hap thu 16 va 17,

Qué trinh hap thu SO, (& cdc thap hap thu) va hdp thu hoi nude (0 cdc thap say)
toa nhiéu nhiét 1am axit tedi bi néng 1&n. Vi vay axit chdy ra tir cac thap dé phai duogc
lam nguoi trude khi tuéi tuin hoan trd lai.

Do hép thu SO, nén néng do axit tudi 6 céc thdp hap thu s& tang. Pé giit néng
dé axit wdi khong ddi, phai bd sung axit sdy vao thung chia axit monohydrat, bd
sung axit monohydrat vao thing chiia oleum. Oleum du lién tuc dua vé kho chita
oleum.

O thép sdy, do hap thu hoi nudc nén néng do axit tudi giam. Vi vy phai bo
sung axit tir thap monohydrat sang. Lugng axit sdy du lién tuc dva vé kho chda axit
monohydrat.

G cong doan rira, do hip thu mi axit nén nong do axit chay ra tir thap tang am
tang, phai bé sung nudc dé gilf cho néng do én dinh. Luong axit du dua sang thdp ria
1. Lugng du & thap rira IT dua sang thép rira I Lugng du & thdp rira I lién tuc dua vé
kho chira axit loang.

Nhw véy, & nhd mdy san xudt axit sunfuric thudng c6 3 dang san pham: oleum
20% SO, tu do (tir thip hdp thu oleum), axit ti€p xic 92,5% (tlr thap sdy) va axit
lodng (fir thdp rira-sau khi d3 tich selen).

Qua gidi thidu & trén, ta thdy: sdn xudt axit sunfuric theo so dé ¢b dién cb nhiéu
diém mau thufin:

- Hon hgp khi 1o néng duoc 1am ngudi ¢ cong doan lam sach khi, sau do6 lai phai
dét nong 3 cong doan oxi hod SO,.

- Hén hop khi 16 dugc 1am 4m gén nhu bio hod hoi nude & thép tang dm, sau d6
lai phai siy kho & thdp sdy (tuy hoi nude khong anh hudng gi dén hoat tinh ctia xic

tac).

- Céc tap chit trong khi duge chuyén thanh dang mu axit & cdc thdp rira, sau do
lai phai tich hét mu & cdc loc dién uét.

Chinh vi vay ma day chuyén san xudt axit sunfuric trd nén phic tap. D¢ hiéu 15
thuc cht cdc mau thuin trén, cdn di su nghién ciu co s& hod 1y cia timg giai doan
trong qud trinh san xudt axit sunfuric.
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Hinh 3-1: So d6 sdn xudt axit sunfuric tir qudng pyrit theo phuong phdp liép xic.
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Chi thich cho hinh 3.1:

1,12- quat khi; 10- thap séy;

2- 16 d6t quang; 11- téch giot axit;

3- ndi hoi; 13- truyén nhiét;

4~ xyclon; 14- thap tiép xuc;

5- loc dién khd; 15- lam ngudi SO,;

B-thaprira l; 16- thap hap thu oleum;

7- thap rlra ll; 17- thap hdp thu monohydrat;

8- loc dién udt; 18- gian lam ngudi axif;

9- thap tang am; 19- 1am ngudi oleum kiéu 8ng chim;

20- thung chira axit.

1- LAM SACH CAC TAP CHAT KHOI HON HOP KHI
1.1- CO SO HOA LY CUA QUA TRINH LAM SACH KHI

Trong khi 16 thu duge khi d6t quing pyrit thuomg ¢6 1an mot s tap chat ¢d hai
cho qua trinh san xuét axit sunfuric, vi du:

- Bui: khi 10 tuy dd qua hé thong khit bui (xyclon, loc di¢n kho) nhung ham
lugng bui trong khi sau loc dién kho con 16n (0,1 g/m’). Du ¢6 tang cudng qud trinh
khir bui thi ham lugng bui sau khi khit ciing khong thé nhé hon 0,05 g/m”. Véi nha
mdy ning suit khodng 500 tin H,SO,/ngay thi luong bui mang vao thp rira trong
mot thang ciing 1én t6i 1500 kg. Lugng bui nay c6 thé tam tang trdf luc cha thiét bi va
dudmg 6ng, 1am gidm hé s& truyén nhiét, chuyén chat...

- As,0,: di theo khi 10 & dang khi, ham lugng tuy nho (tuy theo 1oai quang.
trung binh khodng 50 mg/m’) nhung tac hai rat I6n: lam chat xuc tac bi ngd doc vinh
vién, hiéu suat chuyén hoa SO, giam.

- 8¢0,, TeO,, Re,0;: ham luong trung binh khoang 20 - 30 mg/m’. Chiing hoa
tan vao c4c axit tudi 1am ban san phdm. Mt khéc, ching cdn 1a nguyén liéu quy cho
cdc nganh cong nghiép ban din, thuy tinh mau...

- Flo (& dang HF va SiF,): ham luong khoang 10 - 20 mg/m®, g4y an mon céic
vit liéu ¢6 chita silic, trong diéu kién thuan l¢i ¢6 thé 1am gidm hoat tinh clia chat xic
tdc (xem phén sau).

- Ngoai ra, trong khi 10 con ¢é mét lugng SO, va hoi nude. Khi lam ngudi,
chiing téc dung v6i nhau thanh hoi H,SO,. O thdp rita I, hoi axit s& ngimg tu 6 dang
mit. Phdn lén SeO,, As,O, va cac tap chat khdc hoa tan trong cdc hat mu d6. Vi téng
bé mat cha cdc hat mil rdt 16n nén rat kho tich chiing ra khoi dong khi. Mu axit ¢6
thé gay an mon cdc chi tiét kim loai va san phdm clia qud trinh an mon s& 1am giam
hé s6 truyén nhiét, lam ban dém, ban axit sdn pham, néu rai vao thdp ti€p xic con
lam gidm hoat tinh cua chat xic tac...
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Vi th€ cén phai 1am sach cdc tap chit khoi hon hop khi trude khi dua sang cac
cong doan tiép theo.

Nhur dd rinh bay & phdn so d6 san xudt, dé 1am sach hén h(jp khi, ngudi ta cho -
khi di qua hang loat cdc thdp rira, loc dién, sdy... Khi d4, khi duge 1am ngudi va cac
tap chat trong d6 - dic biét 1a asen oxit - bi ngung tu, dong thoi v6i qud trinh tao mu
axit. Khi taich mi axit (& cdc loc dién udt) déng thoi cling tdch phan I6n cic tap chat
nam trong dé.

D& hiéu 16 qua trinh tich tap chit & dang mi, ta hdy xem xét mot chiit vé co s&
1¥ thuy€t cua qua trinh tac mu va taich mu.

1.1.1- Qua trinh tao mu va tich mu
1.1.1.1- Hoi qud bdo hoa

Trong khong gian kin, & méi mot nhiét do, trén bé mat cla chat 1ong s&€ c6 mot
4p suét hoi can bing nhét dinh goi 12 4p sudt hoi bdo hod. Néu thay déi dit mot lugng
rdt nho dp sudt hoi trén bé mit s& din dén viec ngung tu hoi lén bé mat hodc bay hai
chét 16ng tir bé mat d6. Ap suat hoi bio hoa khong chi phu thudc vao nhigt do ma con
phu thude vao dang bé mit ciia chét 16ng d6. Vi du: dp suat hoi bio hoa cta cung moét
chat 1ong trén mit phang thi 16n hon rén mat cong 16m va nhé hon trén mét cong 161,

Trong diéu kién nio d6, néu dp sudt hoi trong pha khi 1én hon dp suat hoi bdo
hoa thi hai dé goi 1a hoi qué'b?io hoa. Do qud bdo hod cha hoi duge biéu thi bang

cong thie:

S=—- | (3-1)
P,
trong d6  P: dp sudt hoi trong pha khi;
P,: ap suat hoi bio hoa cha chét 10ng trén mat phang & nhiét do T °K.
Quan hé gifta 4p sudl hoi bdo hoa va nhiét do cha cdc chét ong c6 thé bicu thi
bing nhiéu phuong trinh ly thuyét va thuc nghiém khac nhav. D€ don gian va thuan
tién khi tinh todn thuc (€, ¢ thé dung phuong trinh Clausius-Clapeiron:

E C_[.l
InPT:C_T - Pr=e T (3-2)

B AR
lg Pr :A—$ — Pr=10 7 (3-3)

trong do:
C, E. A, Blacic hé s6.
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E=g=&=0,12M.L , (3-4)
R 8,314
trong dé:  Q: nhiét bay hoi phan tu, J/mol;
M: khéi lugng phan tir ;
L: nhiét bay hoi riéng, J/g;
R: hang s@ khi, J/mol.do.
Gid tri cha cdc hé s6 A, B thudimg cho trong céc s6 tay, vi vay ¢6 thé tinh cdc hé
s6 C, E qua A, B (chuyén tir Ig sang In)

Thay céc gia tri trén vao phuong trinh (3-2) ta ¢c6:

S==— (3-5)

Trong tu nhién ciing nhu trong quad trinh san xudt, 4p suit hoi va nhiét do khi
thudng thay déi theo thdt gian, do d6 do qua bio hoa cita hoi ciing thay déi ca theo
th&i gian, Ldy vi phan phuong trinh (3-5) s& duoc phuong trinh t8ng quét biéu thi su
phu thudc clta do qud bio hoa vao thii gian va nhiét do:

dS_ dP  PEJT
dt  Prdt T .Prdt

(3-6)

dS _ dP PE

dT PrdT T'Pr

1.1.1.2- Tao thanh giot chdt long trong thé tich khi
Qud trinh ngung tu ¢6 thé xay ra:

- Trén bé mat chat long ¢6 dp sudt hoi biio hoa nhd hon 4p suét hoi trong pha
khi, hoac:

- Trong thé tich, tiic trén cic trung tdm ngung tu c6 sdn trong hén hop khi hoac
tir tao nén trong d6. Khi dé hinh thanh cédc giot chit long nho lo limg trong khi goi la
mu.

Phan chia qud trinh ngung tu hoi trén bé mat va trong thé tich chi 14 wwong d6i
vi, suy cho ciing, thuc chit ca hai qud trinh trén déu 12 ngumg tu trén bé mat: trudng
hop thit nhat 1a ngung tu trén thanh thiét bi hoac trén ming chit 1ong, con trudmg hop
thit hai 1a ngung tu trén bé mat cdc trung tam ngung tu ¢6 trong hén hop khi (céc tap
chat, cdc ion khi hodc cdc mam ngung tu tu tao nén),

Trén mat cong 161 clia cdc giot long nhd (hodc cdc trung tam ngung tu noi
chung) dp sudt hoi bdo hoa 16n hon trén mit phang. Pudng kinh giot 16ng cang nhé
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(ban kinh cong cang nho) thi dp suat hoi bao hoa cang lén. Vi vay, di€u kién céan thiét
dé ngung tu hoi trong thé tich va tao mi la phai ¢6 hoi qué bdo hoa.

Qud trinh tao mu do ngung tu hoi trén cac nhan ngung tu (cdc tap chat) hodc cac
ion khi goi 1a ngung tu di thé. Con qud trinh tao mi do ngung tu hoi trén cic mam
ngung tu 1 tao nén goi 1a ngung tu déng thé.

Qui trinh ngung tu di the cé thé chia 1am hai giai doan: tao hoi qud bio hoa va
ngung tu hoi trén nhan ngung ty hay trén cac ion khi r6i 1én dan thanh hat mu.

Qué trinh ngumg ty déng thé gém ba piai doan: tao hoi qui bio hoa, tao mém,
ngung tu hoi trén bé mat mam réi 16n dan thanh hat mu.

Qué trinh ngung tu hoi trong thé tich (tao miy) bit ddu & mot do qud bio hoa
nhat dinh goi 1a 4o qua bio hoa tdi han 5.

Qué trinh chuyén hoi thanh mu (tfc 12 qua trinh chuyén vt chét tir trang thdi
nay sang trang thdi khdc) xay ra mot cach dot bién, bat ddu & dicu ki¢n t6i han, khi
d6 qua bdo ho cla hoi bang d6 qud bdo hoa téi han:

S=S.
1.1.1.3- Co ché cua qud trinh tao mu

Tir cong thic (3-5) ta thiy di€u kién can thiét dé tao mi 12 phai ¢6 qud trinh lam
tang do qua bdo hoa cuia hoi, tic la phai 1am nguoi hén hop khi (dT/dt <0) hoac lam
tang 4p suat hoi trong pha khi (dP/dt >0).

Qua tﬁr;h lam nguoi khi va tao hoi qué bio hoa ¢6 thé xay ra do:

- Dan né doan nhiét

- B6 sung khi ngudi (trg) vio hén hop khi

- Cho hén hop khi tiép xdc v6i bé mat ngudi hon...

Qui trinh tang 4p sudt hoi trong pha khi va tao hoi qué bio hoa c6 thé do:
- C6 phan fing hod hoc gitta cic chat khi khi hén hop hai dong khi

- C6 tiac dong kich thich gay phan ung gifta cdc chét trong pha khi (khi chiéu
sang, phong xa...)

Vé co ché clia qud trinh tao mit ¢6 thé xét hai trudng hop:
1.1.1.3.1- Ngung tu dong thé

Trong hén hgp khi khong c6 ion va nhan ngung tu, néu do qua bao hoa cha hoi
16n hon do qud bdo hoa t6i han thi du tién xult hién cdc mam ngung tu. D6 qua bao
hoa cang 16n thi td¢ do tao mam cang 16n. Do ngung tu hoi vio nén cidc mam ngung
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tu I6n ddn. Khi kich thude va ndng do cdc hat dii 16n (gay nén hiéu ting qpang'hcpc) ta
s& thay mu. Khi tao m, 4p sudt hoi gidam (do ngung tu) va dp sudt hoi béo hoa tang
(do toa nhiét 1am nhiét do tang). Vi vy do qua bao hoa cla hoi giam.

- Putmg kinh clia hat mit phu thudc vao dp suét hoi trong pha khi. 3 didu kien
nhu nhau, khi tang 4p suét hoi trong pha khi, dudng kinh hat mii s& tang vi khi ngung
tu déng thé, 4p sudt hoi trong pha khi 16n hon dp suat hoi bao hoa vai ba ian. Vi du:
khi cho hén hop hai dong khi c6 chia SO, va hoi nudc, néu tang dp sult cua SO, va
hot nudc thi dudng kinh hat mu s€ tang nhu sau:

Ap suit hoi axit trong khi sau khi hon Puong kinh trung binh cia hat mi

hop P,, ., , mmHg r.10° cm
0,04 1.4
0,15 24
0,48 29
0,77 3.1

Ciing ¢6 thé tinh quan hé phu thudc trén theo phuong trinh:
lgr =0,25.1g Py 50, {3-8)
1.1.1.3.2- Ngung tu di thé

Diu tién xét truomg hop don gian nhat: nhan ngung tu la nhimg giot chét long
rat nho.

Khi d6 bdo hoa cha hoi trong hén hop khi 16n hon d6 bao hoa cha hoi trén giot
chat 1ong thi hoi s& ngung tu trén bé mat céc giot long d6 va dudng kinh cha giot s&
tang. Nguoc lai, néu do qua béo hoa ctia hoi trong khi lai nhd hon trén céc giot thi sé
c6 bay hoi tir bé mat céc giot va duong kinh giot gidm. Cudi cung, néu hai do qua bao
hoa d6 bing nhau thi qué trinh bay hoi va ngung t nhu nhau.

Néu cic giot ¢6 tich dién thi 4p sudt hoi bdo hod trén cic giot d6 va do qua bao
hod clia hoi twong tng véi 4p sudt d6 s& nho hon so véi cdc giot khong tich di¢n ¢6
cung kich thudc.

Trong truémg hop nhan ngung tu la cde ion khi va cdc hat ran: co ché tao mi
cling tuong tr trén, nhung do qua bio hoa cia hoi ¢6 khdc vi dp sudt hoi bio hoa khi
dé cdn phu thuoe vao bin chat va hinh dang cdc hat. Vi du: néu nhan ngung tu la chat
¢6 hoat tinh hod hoc véi hoi ngung ty thi diéu ki¢n can bing s thay ddi di rat nhiéu
hoac néu nhan ngung tu ¢d ciu tao x6p thi luc mao din s€ anh hudng dén qua trink
ngung ty...
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Tém lai, co ché clia qué trinh tao mi khi ngung tu di thé ciing tuong tu khi
ngung tu déng thé nhung viéc tao giot long bét ddu & do qud bio hoa nho hon, tic Ia
chi cin do qud bdo hod 16n hon dp suét can bang cia hoi trén cdc nhén ngung tu lo
limg trong khi.

Téc do qud trinh ngung tu hoi trén bé mat nhan ngung tu do qui trinh khuéch
tan hoi d&n bé mat d6 quyét dinh (Vi tdc do qud trinh ndy tuong déi nhd). Do do doi
v6i nhitng qud trinh c6 t6¢ do ting do qud bao hoa 16n (dS/dt 16n) hoac ¢ nong do
nhan ngung tu nho thi tdc do khuéch tin s& khong du 16n dé san déu ap sudt hoi trong
toan bo thé tich ciia hé thong. Khi dé & mot s6 noi, 4p sudt hoi trong pha khi 16n hon
&p sudt hoi trén bé mat nhan ngung tu rat nhiéu. Vi vay d6 qué bio hoa rat 16n va khi
9 qué bdo hod S bing do qud bdo hod t6i han S, thi bat diu c¢6 ngung tu déng thé.
Dién nay giai thich tai sao trong nhiéu qué trinh san xuat, tuy trong khi luon ludn cé
cdc nhan ngung tu va céc ion khi nhumg vin ¢6 ngung tu déng the.

Nhu vay, tuy theo ty 1¢ giita dS/dt va s6 nhan ngung tu, ¢6 thé chia lam hai
truong hop: -

- Néu t6c do khuéch tin hoi dén bé mat nhan ngung tu rat 16n thi do qué bao
hoa ctia hoi trong khi nthd hon do qua bao hoa tdi han va s& khong tao mam ngung tu.

- Néu t6c do khuéch (an hoi dén bé mat nhan ngung ty nho thi d6 qua bio cla
hoi & xa nhan cé thé bing d6 qué bdo hoa 161 han, do d6 s& tao mim va ngung t hoi
dong thé.

Trén co s& nhitng hiéu biét so bo & trén vé 1y thuyét tao mu, ldn luot ching ta sé
xét qué trinh tao mu trong day chuyén san xufit axit sunfuric (& thdp rira, thdp sdy,
thap hap thu...)

1.1.1.4-Tdch cdc tap chdt o dang mi

Khi 15 tir loc dién kho sang ¢é nhiét do khoang 350-400°C, khi ti€p xic vdi axit
tudi & cdc thdp rira ( néng do axit & thap rita I khoang 60-75% H,S0,, ¢ rira 11 25-
35% H,S0,) s& duoc lam ngudi xudng khoang 60-80°C.

Ta biét, trong khi 1o luon ludn ¢é mot lugng nhd SO, va hoi nrée. Khi ha nhiet
do, ching s& tdc dung vdéi nhau tao thanh hoi axit sunfuric (& nhi¢t do cao, hot H,S0,
bi phan ly thanh SO, va H,0). Vi nhiét do axit téi tuong doi thap, nén khi ti€p xiic
v&i n6, do qué bilo hoa clia hoi axit sunfuric trong khi 16 rédt Ién, vuot qua do qué bao
hoa t&i han, dan dén viéc tao mii. Mt axit sunfuric tao thanh, chi mot phan (khodng
30-50%) dugc hap thu trong thdp rita, phén con lai duge tich ¢ cde loc dién udt.

Dé tach mi axit trong cic thap nira t6t, phai giam néng do va nhiét do axit tudi o
thap rira IT va thap tang 4m. Khi d6 do dm twong d6i cua khi 10 tang va cdc hat mu s&
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hap thu thém hoi nude vao, 1am tang kich thude cia ching.

Vi du: khi gidm néng do axit tuéi tit 75% H,SO, & thdp rira I xuong 5% H,S0, &

thdp tang 4m thi dudng kinh hat mi s& ting khoang 3 1dn. Do d6 kha nang tich dién

- va lugng dién tich duge cha hat mi sé 16n hon, tao diéu kién thuan Igi cho né vé lang
& cdc dién cuc,

J cdc loc dién wét va thdp tang 4m, ngodi mi axit céc tap chit khic nhu asen,
selen, telu, bui xi... ciing duogc tich khoi dong khi. Axit ciing cdc tap chit chdy vao
thing chita clia thép rlra IT, sau d6 chuyén sang thiing chita ciia thdp rura 1

O giai doan ddu cla qud trinh tao mi trong thdp rtra 1 (nhi¢t do khoang
150°C), néng dé axit trong céc hat mu kha cao (95-98% H,S80,) sau giam dan vi mu
hap thu thém hoi nude. Nhung qud trinh hap thy hoi nuGe khong thé dat (5i trang théi
can bang hoan toan va do d6 mi axit di ra khoi cdc thap rira va tang 4m bao gio cling
¢6 néng do cao hon (khodng 4-7%) ndng do axit tréi vao cdc thip tuong ing.

Thuodng thudng axit chdy ra uir thap rira I chifa t6i 1% As,O,. Khi lam nguoi axit
d6, do hod tan clia As,0, s& gidm (Hinh 3-2) va né sé k¢t tila, lang trén dudng Ong
dén axit, thanh thing chita, 6ng xodn cla thiét bj lam ngudi... V&i nhitng loai quang
c6 nhiéu asen thi ham luong As,O, trong khi 16 ¢é thé t6i 300-400 mg/m’, trong axit
rira téi 1,5-2%.

Selen bi tich hoan toan khoi hén hop khi 10, hoa tan trong axit tudi va cdc hat
mi. D6 ho tan chia SeO, trong axit khd 16n. Khi tang nhiét do, d6 hoa tan clia n6
tang (¢ 200°C, dung dich axit 97,7% H,S0, ¢ thé hoa tan t§i 20% SeQ,). Khi tan
trong axit tifa, SO, bi khir theo phan tmg:

Se0, + 280, + 2H,0 = S + 2H,S0,

A s
s ]
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SO0 S BN _ .
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/ _"\
217 N L
% - \K‘.‘H"“—-— _F-—'. I\,,_/ .
2 U N Rl s et e e

Nong 48 H,80, , %
Hinh 3-2: D¢ tan ciia As,0, trong axit sunfuric:

1-010°C 2.- §50°C  3.- 696°C.
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Se nguyén 14 ket tla & thung ldng, thiét bi 1am nguoi, bé mat dém va dac biet 1a
@ loc dién uét vi & day tich phan I6n luong mu axit.

HF rat khé tich khoi hén hop khi vi d6 hoa tan cia né trong dung dich axit
sunfuric rat nho. Mudn tach né phai tang néng do axit tudi lén trén 95% va ha thap
nhiét do. Diéu niy khong thé thyc hign duge & bo phan rira khi. Nguoc lai, SiF, lai
hoa tan rat nhiéu trong axit lodng (hinh 3-3), vi vay tach flo o dang SiF, dé dang hon.
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Nang d6 H,50, %
Hinh 3-3: Mic hdp thu SiF, bing axit sunfuric:
1-¢80°C; 2- §50°C; 3-20°C.
Ngoai ra, & bg phan rlta khi con téch hoan toan lugng bui xi con lai trong khi 1o
sau loc dién kho. Luong bui ndy theo axit chiy ra tr thdp nra, di vao cdc thing lang
va tach ra & dang bun,

1.1.2- 84y khi

Hoén hop khi tir thdp ting 4m ra thuc 12 bdo ho hoi nude. Nhiét do cang cao
thi ham lugng hoi nudc trong khi cing 16n.

J didu kien lam vi¢e binh thudmg thi hoi nudc khong 4nh hudng gl dén xuc tac
vanadi nhung né c6 thé gay nén ngung tu hoi axit & thist bi truyén nhiét (cong doan
ti€p xdc) hodc & thiét bi 1am nguoi SO, vA tao mi axit {(cong doan hip thu)... Vi vay
phai say kho hén hop khi trude khi dua sang cong doan Li€p theo.

Hién nay, dé sdy khé hén hop khi, ngudi ta thuimg ding dung dich axit sunfuric
dam dac dé hap thu hoi nuée. Ham lugng hoi nudc trong hén hgp khi ra khéi thip say
khong dugc 60 hon 0,01% thé tich (0,08g H,O/m’ khi)

1.1.2.1- Diéu kién sdy khi

Sdy khi bang dung dich axit sunfuric néi rieng va hap thy khi bang chat long néi
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chung la qua trinh chuyén chdt tic pha kh{ vao pha Iéng.

C6 thé gidi thich co ch€ qué trinh nay nhu sau:

Khi P4
//Pz M‘"‘“"Méng khf
e = 7’ - = = = —— Mat phan chia pha
-, % - 7 T _| .~ Manglkng
- __ - _% ) _ - —_— JE— - J
— e, T Long -
R o — -

Hinh 3-4: So do qud trinh hdp thu:
Pi» P,: nong do khi bi hip thu trong pha kh{ vd & mang khi:
C,, C;: nong do khi bi hap thu trong pha 16ng vi & mang 14ng.

G bé mat phan chia giifa hai pha luon luén hinh thanh hai mang khong chuyén
dong: mang khi va mang long. Cdc phan t khi bi hap thu s& khuéch tin tir pha khi
qua mang khi dén bé mat phan chia pha, sau dé lai khuéch tdn tir bé mat phan chia
pha qua mang long vao pha long.

Nhur vay ¢6 thé xem qud trinh hap thu 13 qua trinh khuéch tdn cla khi qua mang
long va mang khi. T6c do hap thy phu thuge vao toc do khuéch tin ciia khi qua hai
mang do hogc chi do téc d¢ khuéch tdn clia khi qua mang khi quyét dinh - néu tdc do
khuéch tan ctia khi qua méang long rit 1én va nguoc lai.

Ngoai ra, n¢u khi bi hap thu ¢6 phan tng hod hoc vdi chét long thi téc do hap
thu khi con phu thuge ca vao toc d¢ phan tng hod hoc trong pha léng nita.

Khi sdy kh{ bang axit sunfuric thi t6¢ d6 hap thu hoi nirde do tdc do khuéch tin
no qua mang khi quyét dinh. Luong hoi nude khuéch tdn qua mang khi (tic luong hoi
nudc hip thu duge) xac dinh theo cong thite:

Q=K. F.AP, kg, (3-9)
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trong d6:  K:hé s6 hap thu, kg/h.N;
F: bé mat ti€p xvc pha (bé mét dém), m*
AP: dong luc qud trinh hap thu, N/m’.
Pong luc qué trinh hdp thu tinh theo cong thie:
(P, -P)-(F'-F)

AP = ' (3-10)
In Pk N Pl .
Pk —Fh
trong d6: P, P,’: 4p sudt riéng phén clia hoi nude trong pha khi trude va sau khi say,
N/m?;

P, P,: 4p suat bao hoa ciia hoi nudc trén dung dich axit sunfuric truéc va
sau khi sy, N/m”.

Néu ap sudt bdo hoa clia hoi nuée (con goi dp sudt cin biang clia hoi nudc) rat
nhd so v6i 4p sudt rieng phan clia hoi nudc trong pha khi (trudng hop say khi bang
dung dich axit sunfuric dam dac, néng d6 wén 95% H,50,) thi xac dinh thén gian
tiép xtic can thi€t cta khi véi dém theo phuong trinh:

T= ﬂlnlf

3-11
e (3-11)

V > Kl
trongdé: p= S : ban kinh thuy luc cOa dém, m;

V: thé tich tr do clia dém, m'/m’;

S: bé mat riéng cia dém, m* /m’;

K’: hé s6 hap thu, m/s;

P,, P,: ap sudt riéng phdn cia hoi nudc trude va sau khi hap thu, N/m’.

Tix phuong trinh (3-9) va (3-11) ta thay: P& qud trinh sdy khi nhanh va hoan
toan cé thé 4p dung mot s6 bién phip sau:

- Thudng thudng ngudi ta sdy kho khi trong céc thdp dém tu6i dung dich axit
sunfuric dam dac. Vi vay bé mat dém (bé mat tiép xidc pha) cang ién thi téc 46 va
hiéu sudt sdy cang cao. Tat nhién khong thé tang vo han bé mat dém vi nhu vay sé
tang kich thude thap sy, tang trd luc va ddu te xay dung...

_ Dé tang hieu say khi bé mat dém nhd nhét, o6 thé tang hé s6 hap thu K:

K=K W" (3-12)
trong 46 K: héing 83, vé tri s6 thi bang he s6 hap thy khi t6c d6 khi 1a Im/s
W: t6¢ d0 gia clta khi (t6¢ do khi di trong thdp réng), m/s
m: hé s6 phu thudce ché do chuyén dong cia dong khi.
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Khi chay dong m = 0,5 con khi chiy xody m = 0,8,
Tir phwong trinh (3-12) ta thdy ¢6 thé tang hé s6 hap thu bing hai cich:
Tang téc d¢ khi: Khi tang lugng khi di qua thdp say thi t6c do khi tang, do dé

nang sudt cua thap ciing ting.

Vi du, khi tang toc do khi [én 2 14n thi nang sudt cha thip tang 1,75 14n. Nhung
khi tang t6c do khi thi tro luc clia thap ciing ting va luwong axit do khi kéo theo (tia
ban) ciing ting. Cn chu y 13 trd tuc cha thap tang theo ty 1¢ binh phuong téc d6 khi:

AP, = AP, (Y22
W

Nhu vay khi t6c d¢ khi tang 2 lan thi tr& luc thdp ting 4 14n.

Tang hang s6 K,: Khi sdy khi bang dung dich axit sunfuric, hing s6 K, phu
thude vao nong do axit (& 50°C ) nhu sau:

Néng do axit, % H,S0,: 80 8 9 93 95 97 98

K,-10 : 1.9 22 25 2.6 2.8 29 3,0

Theo mot s6 tai licu khdc, khi nong d¢ axit sunfuric tir 93-96% thi gid tri
K,=1,7.10" - néu 4p sudt tinh bang N/m® hoic K, = 2,3.10? - néu ap sudt tinh bang
mmHg.

Khi tang néng d6 axit tudi, hang s6 hap thu tang, mat khdc dp sudt hoi nude bio
hoa trén axit giam, do d6 dong luc hap thu tang. Nhu vay, néng d6 axit sunfuric cang
16n thi b€ mat dém trong thap sdy cang nhd. Nhung theo tinh todn, khi néng do axit
sunfuric di lén hon 93%, néu ting ndng d6 axit thi bé mat dém giam rat it, trong Khi
do lugng axit bd sung tir thap hdp thu monohydrat sang thap sdy sé ting rat nhiéu,
dén dén tang tdn that SO, theo axit tudi va on thém dién nang bom axit.

1.1.2.2- Tén thdt SO, theo axit sdy
Khi s&y hén hop khi 16 bing dung dich axit sunfuric, déng thoi cling xay ra qud
trinh hap thu SO,.

Thuong thuong, trong diéu kién sdn xudt, axit chay ra tir thap sdy (ndng do
khoang 95% H,SO,, nhiét dé 40-50°C) hoa tan t6i 0,15% SO,. Axit ndy ding d€ pha
lodng axit tudi vao thap hap thy monohydrat. Khi pha lodng, nhi¢t do axit tang va
SO, s€ tdch khoi axit va di vao khi quyén gay 6n that SO,. Néng do axit cang 16m,
nhiét do cang thap thi ton that SO, cang cao (bang 3-1).
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Bdng 3-1: Ton thit SO, frong thdp sdy (% téng luong SO,)

_ Néng do axit sdy, % H,SO,
Nhlé:t do )C .................... , . N
93 95 97
_____ 40 0 05 10 33
s 051 0% 392
60 ; 0,37 0,64 2,22

D¢ giam ton thit SO, c6 thé dat them thép phu (thap théi khong khi). Axit séy
trudc khi b8 sung sang thdp hap thu duge tuéi vao thap niy. Ding khong khi théi tir
dudi 1én dé dudi SO, hoa tan trong axit say ra; lugng khong khi (cé chita SO,) di ra tir
thdp phu dem bé sung vao dudng dng khi trudc thdp siy dé pha loang khi 1o dén néng
do quy dinh.

1.1.2.3- Tao mu trong thdp sdy

Khi sdy khi bing dung dich axit sunfuric, lugng nhiét toa ra rat 1on. Vi vay axit
bi dun néng va bay hoi mot phan. Hoi axit bay lén di thco dong khi ngudi hon va
ngung tu trong thé tich (tao md axit). Co ché€ cha qud trinh tao ml axit trong thdp sy
nhu sau:

Vi ham lugng hoi nuéc trong khi 19 khd 16n (35-40 g/m’) nén néng do axit
sunfuric trong pha khi rdt nho. Ta biét dp sudt can bang (dp sudt hoi bio hoa) cua
H,S0, trén dung dich axit sunfuric lofing khong ddng ké. Vi vy d¢ qud bio hoa cia
hoi axit rat 16n, vizgt qud do qud bdo hoa t&i han, dan dén viéc tao mu.

Néng do dung dich axit va nhi¢t d6 cang cao thi lugng axit bay hoi cang nhicu,
Irong mu axit tao thanh cang 16n (bang 3-2).

Bdng 3-2: Ham lwong mi axit trong khi sau thap sdy (mg/m’)

Nong do axitsgy Nhigt dg, "C I
% H,S0, 40 60 80 100
___________________________________________________ © 06 2 6 0B
_95 R 3 l 1 33 ETPR 1 15
98 9 19 56 204

D¢ giam luong mu axit khi sdy khi, thudng thudmg ngudi ta dat hai thip sdy
trong day chuyén san xuat. Thap say I tudi dung dich axit sunfuric ndéng do 90-93%
H,50,. O néng do nay, lugng H,S0, bay hoi khong dang ké, do d6 & thap sdy I thyc
t& 12 khong tao mi. Thap sdy I1 téi dung dich axit sunfuric néng do 93-95% H,SO,.
Vi lugng hoi nudc con lai trong Khi di vao thap nay nhd, nén lugng nhiét tod ra cling
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it, do d6 lugng mix axit tao thanh & thap s&y II giam di rat nhiéu.

Tém lai, dé chon diéu kién thich hop cho qua trinh sy khi, cdn phai chd y dén
hang loat yéu td ¢6 lién quan dén nhau.

Vi du: khi tang ndng do axit say thi gidm dugc bé mat dém nhung lai phdi ting
lwrong axit monohydrat bé sung sang thdp sdy (lam tang tén that SO,) déng thoi ting
luong mil axit tao thanh trong thap sdy... Khi ting nhiét d6 axit tudi thi gidm dugc t6n
thit SO,, gidm bé mat Iam ngudi axit nhung lai phai ting bé mat dém, tang tdc d6 an
mdn cdc 8ng lam ngudi axit, tang qud trinh tao mi axit...

Sau khi tinh todn anh hudng cua tit ca céc yéu t6 ké trén, ngudi ta rit ra ndng
d6 thich hop cho qué trinh sfy khi la: thép say I tu6i dung dich axit sunfuric néng 3¢
90-93% H,SO,, thdp say IT tudi dung dich 93-95% H,SO,. Nhiét d6 axit tuéi khoang
45-55°C.

1.1.3- Lam sach khi khéng tac mu

So d6 1am sach khi & trén kha phic tap vi cdc tap chit chd y&u trong khi 10
chuyén thanh dang mil axit, sau d6 lai phai tdch chiing trong cdc loc dién u6t. Do dé
¢6 nhidu dé nghi 1am sach khi khoi tap chat ma khong chuyén ching sang trang thi
mu axit. Hién ¢6 hai hudng giai quyét:

- Lam ngudi khi bang dung dich axit sunfuric ¢6 néng dd va-nhiét do sao cho
céc tap chat trong khi (& dang hoi) bi hip thu trén bé mit axit tudi ma khong tao mit
(phuong phap hap thu).

- Diing chét rin hip phu tap chét & nhiét do cao ma khong can phai 1lam ngudi
va rira hdn hop khi (phuong phédp hap phu).

1.1.3.1- Phuong phdp hdp thu
Pé hiéu ro ban chat ciia phuong phdp niy, ta hily xét trudng hop sau:

Cho hén hop khi (nhiét do T,) ¢6 chita hoi clia mot chat (dp suét P,) chuyén
dong doc theo mot bé mit ngudi hon (nhiét d¢ T,). Do lam ngudi nén dén tiét dién
BB nhiét d6 khi gidm xuéng T vi mét phin hoi sé ngung tu, dp sudt hoi giam xudng
P. Nhir vay, & day da x3y ra 2 qud trinh tu nhién: truyén nhiét (lam nguoi khi) va
chuyén chat (ngung tu hoi).

Theo tinh todn va qua thuc nghiém, nguti ta thiy: ddu tién qud trinh ngung ty
~hoi cham hon qud trinh 1am ngudi khi nén do qud bao hoa ciia hoi S ic dau ting, dén
mot ti€t dién ndo d6 cha ong s& dat gid tri cuc dai, sau dé gidm. Néu gid tri cuc dai
S..c 2 S, (d6 qué bio hoa t6i han) thi hoi s& ngung tu trong thé tich (tao mu).
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Hinh 3-5: Qud trinh ngung tu hoi trong éng,

Qua trinh lam ngudi cang nhanh (tfc nhiét do bé mat ngudi T, cang thdp) thi do
qua bio hoa clia hai cang 16n. Tir d6 ta thdy rang, diéu kién tao mi phu thudc chi yéu
vio nhi¢t d6 1am nguoi T,. Nhu vay ta c6 thé khong ché nhiét d6 lam nguéi T, nhu thé
nao d6 dé do qua bio hoa clia hoi ludn luon nhd hon do qua bio hoa t6i han, do d6
hoi s€ ngimg tu trén bé mat ma khong tao mu.

D¢ xdc dinh nhiét d¢ 1am nguoi T, khong tao mu, ngudi ta da lam thi nghiém
sau:

Cho hén hgp khi chia 0,5% H,SO, (khoang 22g/m*) di qua thdp dém tudi dung
dich axit sunfuric néng d6 95% H,SO,. Khi thay déi nhiét d6 axit tudi thi him luong
H,S0, trong khi ra khoi thap ciing thay d6i (bang 3-3).

Bdng 3-3: Anh huéng ctia nhiét do axit tudi
dén ham luong mi axit trong thdp

Nhiét do Ham luong H,SO, trong " Ham lugng H,SQ, trong khi ra thép, g/m’

°C - khi vao thdp, g/m’ Danghoi ' Dangmid ' Téngcong
w0 2 04 pe 14|
20 » 12 sy 1
30 2 30 o0 3

Nhu véy, khi tang nhiét do axit tudi thi 4p sudt hoi bdo hoa cua H,SO, tang
nhung ham lugng mi axit giam. G 139°C ham lugng H,SO, trong khi di ra khoi thdp
[a nho nhat. Neéu tiép tuc ting nhiét do axit tudi thi ham lugng H,SO, trong khi ra
thap s& tang vi dp sudt hoi bdo hoa cha H,80, tang (hinh 3-6).
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Hinh 3-6: Ham luong H,80, trong khi sau thdp tudi axit 95% H,SO, :
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I- s6 liéu thi nghiém; 2- ap suat hoi bdo hoa ctia H,S0,;
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Hinh 3-7: Mitc hdp thy Se0, (1} va As,0,(2).

Truong hop lam nguéi khi trong cdc ong truyén nhiét thi qué trinh ciing tuong
tw: Hoi s€ ngung ty trén mang chat long d3 ngung bao quanh thanh éng.

Néu trong khi 1o, ngoai hoi H,S0, con ¢6 ca hoi Se0, va As,Q, thi khi ting
nihi¢t dg axit twéi, hieu suat tich Se0; va As,0, khoi khi 15 ciing tang (hinh 3-7). S&
di nhu vay vi SeQ, va As,0, hoa tan trong ¢a axit tudi va mi axit. Khi tang nhiét do,
luong ma s& giam, do dé Iwong SeO, va As,0, trong mut theo khi ciing gidm.

Tom lai, khi tang nhiét do axit twéi vao thip ria (cOn goi che d6 rira néng) co
thé tich hoan toan cdc tap chat S¢0, va As,0, & dang hoa tan trong axit rira ma khong
tao mu.

82



1.1.3.2- Phuong phdp hdp phu

Khi 1o tir loc dién kho ¢ nhiét do 350-400°C cho di qua chét hdp phu x&p dé
hap phu céc tap chat trong khi (chu yé&u la As,O, con cic tap chit khdc nhu SeO,, hoi
H,SO,... du con lai nhi€u trong kh{ cling khong anh huong gi 16n dén qua trinh tiép
theo).

Chiat hidp phu As,0, twong d6i 16t 12 silicagel. Thue t&, né ¢6 thé hap phy hoan
toan As,O; khoi khi 10 va khi lugng As,O, bi hap phu chi€m khoang 5% khéi luong
silicagel thi silicagel méi bi bdo hod. Chat hdp phu ¢6 kha nang hap phu cao hon va ré
tién hon 12 zeolit nhéan tao (thanh phdn gin ding 108i0,.0,5A1,0,). N6 ¢6 thé hip phu
duge luong As, O, bing 5-7% khéi luong nd.

Hi¢n nay ngudi ta dang 6 gang tim ki€m nhiing chat ran ¢6 kha nang hip phu
ca asen, selen, flo va cac tap chat khic...

Khi 1o sau khi qua chat hap phu, nhigt dé van con khd cao (350-400°C). Vi vay
chi cdn d6t néng so bo 181 dua thing vao thdp ti€p xiic. Pay chinh 1a wu diém ndi bat
cta phuong phap hap phu dé 1am sach khi.

1.2- SO PO VA THIET BI LAM SACH HON HOP KHi LO

1.2.1- So do

N6i chung so d6 cong doan 1am sach hén hop khi 10 trong cdc nha mdy san xudt
axit sunfuric theo phuong phdp tiép xic khong khic nhau nhiéu ldm. Néu ¢6, chi la
do cdch bé tri hoac thay déi mot vai thiét bi ma tho.

Ngoai so dé ¢ dién (ddy du nhat) da gidi thidu & ddu chuong III (hinh 3-1), &
day gi6i thiéu thém vai so d6 khic.
1.2.1.1- So do lam sach khi cua Cong ty Lurgi

O so dé nay, ngudi ta thay thap ria I rdng bing thdp ria kiéu venturi, con thap
rira IT va thdp tang 4m thi thay bang cdc thiét bi 1am nguéi khi gidn ti€p (truyén nhiét
qua thanh 6ng).

Quad trinh 1am nguoi khi trong thép rira kiu venturi va cdc thiét bi 1am nguoi
gidn ti€p ciing tuong tw nhu & cdc thip ma chiing thay thé, chi khdc nhau vé cudng do
lam viéc ma thoi.
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Hinh 3-8: So dé lam sach khi ciia Cong ty Lurgi:
1- xyclon; 5- thung chifa;
2- loc dién kho, 6;8- lam ngudi khi;

3- thdp rira kiéu venturi; 7- loc dién udt.
4- thing lang;

1.2.1.2- So do lam sach khi cia Cong ty Dorr-Oliver
Dén thap say
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Hinh 3-9: So dé lam sach khi cua Cong ty Dorr-Oliver:
1- xyclon; 4. thiing chifa;
2- thap Pibedi; 5- 1am ngudi axit;
3- thung lang; 6- loc dién udt.
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O so d6 nay, khi sau khi loc bui cin 'than & xyclon dugc dua ngay vao thdp
Pibodi (khong ¢6 loc dién kho). Théip Pibodi'lam nhiém vu cta ca loc dién kho, thdp
rira I, thdp rira IT va thap tang 4m. Do d6 trong so dé chi ¢6 mét thap loc dién uét.

Nhu vay néu dung thdp Pibodi thi so d6 ky thuat riat don gian. Nhung né ciing
¢6 khuyét diém 1a khong tach dugc selen trong axit rira va viéc tich bun ciing rat khé
khan vi ham luong bui sau xyclon con khd 16n (20-40 kg cho 1 tan san phdm)

Tém lai, cdc so d6 trén chi khdc nhau mot vai chi ti€t, con cic qud trinh Xay ra
trong dé déu nhu nhau.

1.2.2- Thiét bi

1.2.2.1- Thap rua I

Nhiém vu: Lam nguoi hén hop khi tir 350-400°C xudng 80-90°C.
Tach hau hét luong bui con lai trong khi sau loc dién kho.
Tach mot phan As,O,, SeO, va cic tap chat khéc.
Hap thu mot phdn mu axit tao thanh trong thap.

Khi

Hinh 3-10: Thap rita I:
1- vo thap;
2- voi phun axit mot chiéu;

3- voi phun axit hai chiéu;

4- hop dan axit ra;
5- méang thdo bun;
6~ hop dan khi vao;
7-16p 16t.
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Thép rta I 12 mot hinh try réng bang thép, bén trong 16t céc vat li¢u chiu axit nhu
gach chiu axit, chi 14 hoac polyisobutylen, faolit... D& phan phdi khi déu khip tiét dién
thdp va dé tiep xc tot gitra khi va axit tudi, & phin dudi thap ngudi ta lam thét lai.

Axit tuéi vao thdp qua cdc voi phun kiu ly tam hoac va dap (hinh 3-11) thanh
nhitng giot rit nhd. Vi vay bé mat lam ngudi va rita khi rdt 16n. Asen va selen tdch khoi
dong khi mot phdn tan trong axit tudi, mot phdn két tha nam trong bun & thing lang.
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Hinh 3-11: Voi phun axit:
a- kiéu Iy tam; b- kiéu va dap;
1- than vdi phun; 2- d€ hinh nén; 3- 16 axit ra.

& mot s6 nha may, ngudi ta thay thdp rua réng bang thdp rira kiéu venturi (hinh
3-12). Axit tudi vao thap rira bi phan tdn thanh nhimg giot rit nho, vi vay bé mat ti€p
xtc gifta khi va 1ong rit 16n, cudng do qua trinh truyén nhiét va rira khi cao hon nhiéu
s0 voi thap rira réng. Tat nhién thép ria venturi ¢é trd luc 16n hon,

Axit

3 Khi
Hinh 3-12: Thdp rita kiéu venturi:

1- Gng ven turt;
2- budng tich giot; Khi
3- voi phun.
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1.2.2.2- Thdp rua I1
Nhié¢m vu: Lam ngudi hon hop khi tlr 80-90°C xudng 30-40"C.
Hap thy mot phan mu axit trong khi sau thdp ria L
Tach mt phan cdc tap chat (asen, telu...) khoi hén hop khi,

Hinh 3-13: Thdp rita II:
I- vo thép;

2-16p 16t

R o

3- dém ;

4- vo1 phun axit;

5- ludi d& dém;

o

6- cot do ludi;

7- thung chifa axit;

8- gian lam ngudi axit.

Thap rira IT 12 mot hinh tru bang thép trong 16t chi hodc cdc vat liéu chiu axit
khéc, trong ciing xay gach chiu axit. Vi hiu hét bui trong khi da duge rira & thdp rira I
nén & thip rira II ngudi ta xép dém dé tang bé mat tiép xiic giita khi va 1éng.

Nhu da gidi thiéu tnréc, d mot s6 nha mdy ngudi ta thay thdp rira bing thdp

Pibodi (hinh 3-14) Khi
2
Hinh 3-14: Thdp Pibodi: At ——=ff JI
1- van thuy luc; J\.I' =l |
2- dia; Axit ' UB’ Axit

3- ong phun axit. ki

Axit
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(a) (b)
Hinh 3-15: Cdu tao (a) va so' do lam viéc (b) cua dia 16 trong thdp Pibodi:

1- dia; 3- tAm chan;

2- 16; 4- dong khi va léng.

Khi di vao hop khi va théi tir duéi lén. Axit dugc phun tir trén xudng thanh
nhiing giot rat nho. Sau d6 khi s& di qua mot vai dia 18, trén 16 ¢6 cdc tdm chén (hinh
3-15), mu axit (tao thanh khi 1am ngu6i khi) trén dudong di s& dap vao cic tdm chin
va mot phin bi lang tai do.

Khi tang s6 dia va giam duong kinh 16 thi hiéu suét tich mu sé taing nhung dong
thoi tro luc cua thép cling tang.

Phan trén cua thap lam bang hgp kim, phin dudi bang thép c¢6 xay 16t bén
trong va dong vai trd nhu mot thiét bi phu dé thdi SO, hoa tan trong axit tudi ra.

1.2.2.3- Thap ting dm
Nhiém vu:

Tang ham 4m ciia hon hop khi dé tang kich thu6c hat mu axit (hdn hop khi sau
thap tang 4m thue t€ 1a bdo hoa hoi nudc)

Tiép tuc lam ny ud1 hén hop khi xudng vai do nita (3-5°C)

Tuy theo thanh phan nguyén liéu ma thap ting 4m c6 thé c6 cdu tao giong thap
ria I (rdng) - néu quing c6 nhiéu flo, hoac giong thap rira I (thdp dém) - néu quang
khong chira flo.

Ngoai ra, néu trong hén hop khi c¢6 flo thi & thdp tang 4m ngudi ta cdn cho thém
Na,SO, vao axit tu6i dé tach chiing:

3SiF, + 2Na,S0, + 2H,0 = 2Na,SiFd + 2H,S0, + SiO,{ (3-13)

88



Can luu y 1a, néu trong hon hop khi ¢é nhiéu flo thi 16p xay 16t bén trong cic
thdp nra cing nhu cdc vong dém phai 1am bang cdc vat liéu khong chita silic (nhu
grafit) d€ tranh an mon cna flo

1.2.2.4- Loc dién wot

Nguyén ly 1am viéc cla loc dién uét ciing giong loc dién kho, chi khdc nhau vé
céu tao dién circ va vat liéu (phdn ndy sinh vién c¢dn xem lai gido trinh "Qud trinh va
thiét bi trong cong nghiép hoi hoc™)

Pé loc sach mu axit & cong doan 1am sach khi, ngudi ta thudng ding loc dién
udt ¢6 cyc lang hinh 6 ong. Vat liéu ding & day 1a chi dé tranh an mon cla axit
sunfuric loang.

Bin lidng & céc loc dién uét chita t8i 50% selen nén cén tap trung lai dé thu héi
selen (xem phan sau),

Hién nay dé loc mil axit, ngudi ta con dung loai loc ¢o khi: loc sai.

Nguyén tic [am vi¢c cha loai nay 1a cho hén hgp khi ¢6 mu axit di qua I6p soi
manh chiu axit, khi va cham véi cdc sgi, do luc ¥ ¢dc hat ma axit s€ bi gilf lai trén dé.
Pudng kinh hat mu cang I6n, toc d6 dong khi cang cao thi hi¢u sudt tich mi cang
16n. Trong qud trinh loc mu, lwong axit bi giir lai trong 16p soi tang dan, khi bdo hoa
thi chiy xufng va tich ra ngoai. Do d6 trd luc cha 16p sgi dau tién ting, dat gid tri
cuc dai (khi bao hoa) sau dé khong déi.

Hinh 3-16 giéi thi¢u mot loai loc miu axit bing soi thuy tinh ki¢u thing ding.
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Hinh 3-16: Loc soi kiéu thdng ditng:
1- ghi 16; 3-1uéi 16 5- 6ng thdo axit;

2- 6ng loc; 4-16p sai; 6- van thuy luc.
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Noi chung, loai loc sgi ¢d ciu tao don gin, dé swra chira, thay thé nhung hiéu
sudt tdich mu thap (chi tich dugc phitng hat mit 16n) va tré luc 16n.

1.2.2.5- Thdp sdy

Thuc ra chi cdn mot thdp sdy ciing di tdch hoan toan luong hoi nuée trong hén
hgp khi, nhung dé dé phong mét trong hai thip cé hu héng va dé tang Iuong olem san
xudt duge, nhét 1a dé gidm lugng mu axit khi sdy nén & mot s6 nhi mdy ngudi ta dat
hal thap sdy ndi ti€p nhau.

Thép sdy lam bang thép 16t gach chiu axit, bén trong xép ddy dem sinh hoac sy.
Pé dua axit vo thdp, ngudi ta thudng ding cdc loai voi phun axit gidng nhu & thip
ria (hinh 3-11). Loai nay ¢6 nhuog diém 12 axit bi phun thanh nhimg giot nhd nén
lugng axit bi kéo theo khi nhiéu. Vi vay & nhiéu nha mdy, ngudi ta dat bang phan
phéi dé axit chdy xuéng dém chit khong phun (hinh 3-18).

Hinh 3-17: Thdp sdy

1- vo thép; 5- nép thap;

2- 1op lot: 6- vo1 phun axit;
3- ludi d6 dém; 7- ctta chét va thdo dém;
4- clra quan sdt; 8- ddy thap.
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Hinh 3-18: Bdng phdn phoi axit:

1- ranh cho khi di; ~ 2- 6ng phan phéi axit.

* P& giam trd luc cha cdc thi€t bi ngudi ta thuong giit cho néng do SO, trong
khi & cong doan rira cao. Nhung néng do thich hop cia SO, trong qué trinh oxi hoa
chi tir 7-7,5%. Vi vay phai pha lodng hén hgp khi xung. Mudn thé chi cin md van
trén dudng 6ng dan khi trudc khi vao thap sdy dé khong khi lot vao (vi O day ap suat
am). Viéc dat van bé sung khong khi vao truc thip sdy con nhdam muc dich: tach
lwgng hoi nuéc do khong khi mang vao thap say.

* Pé giai doan tiép theo lam viéc binh thudng, cong doan lam sach khi phai dam
bao mot s6 chi tiéu sau:

Ham luong bui trong khf sau loc dién kho, g/m* <0,1
Néng do SO, trong hdn hop khi, % thé tich >8,5
trudc thap sdy (sau khi pha loang) 7-7,5
Nhiét do khi, °C
sau thdp rtra I 60-90
sau thap rua II <40
sau loc dién uét <3
sau thdp sdy <50
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Noéng do axit tudi, % H,S0,
thap ria I 55-70
thép sdy 93-95

Ham lugng tap chat trong khi vao thap tiép xiic, mg/m’

Asen - 0

Flo <3
Giot va mu axit <5
Hoi nudc, % thé tich < 0,01

1.3- TACH SELEN TU KHf LO

Selen 13 mot loai san phdm rat quy, duge sir dung trong nhiéu linh vuc khéc
nhau clia nén kinh t€ qudc dan nhur chinh luu, nhi€p anh, thuy tinh...

Vi selen dac biét nhay déi v6i anh sdng nén né con la vat li¢u khong thé thay
thé dugc trong vo tuyén truyén hinh, trong ch€ tao cdc t&€ bao quang dién, cac dung
cu quang hoc va deén bdo, dung dé do nang lugng cdc tia sang...

Selen 12 mot nguyén t6 phéan tin, ham lugng cia né trong vo trdi dat khoang 80
phan tricu. Trong thién nhién, selen thuong & dang selenua kim loai; trong pyrit,
pyrotin, cancopyrit, helanit va cdc quing chia nhiéu kim loai khdc...

Trong quang dung d€ san xudt axit sunfuric c6 chia 0,002-0,02% selen. Vi vay,
céc chat thai khi ché bién quing 12 ngudn nguyeén licu chd yéu d€ di€u che selen. Vi
du bun cha nhi may san xudt axit sunfuric theo phuong phap ti€p xdc, nha mdy
xenlulozo, bun & anot khi dién phan déng, bui ciia nha mdy san xudt chi...

Hiéu sudt tich sclen tir quang dao dong trong pham vi khé rgng (tir 30-60%) tuy
theo cdu tao va ché do lam viéc cba 16. Hinh 3-19 gidi thiu can bing selen trong mot
phan xudng san xuat axit sunfuric dét quing bang 16 nhicu tang (khi dot quang trong
1> 16p s6i thi ham lugng selen giam di nhicu).

Qué trinh tach selen trong san xudt axit sunfuric gom ba giai doan:

- Diing axit sunfuric tudi dé hap thu SeQ, trong khi 16

- Khir SeQ, thanh Se nguyén 6

- Téch Se nguyén to khoi dung dich axit

Hai qu4 trinh d4u tién hanh déng thti v6i qud trinh lam sach khi. Tuy nhién,
nhiéu khi qué trinh khir SeO, khong hoan toan lam gidm hiéu suat tich selen.
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Hinh 3-19: Cdn béng selen trong phdn xudng sdn xudt axit sunfuric.
Thai gian khir SeO, theo phéan tmg (3-8) ¢ thé tinh theo phuong trinh:
TGS
trong d6  k: hang s6 toc do phan ing,1/s
a: ndng do SO, trong axit tudi, g/!
C.. C: néng do SeQ, trudc va sau khi khi,
Khi ting nhiét d¢ va giam ndng d¢ axit tudi thi hing s6 t6c dé phan ing k sé
tang (bang 3-4)
Bdng 3-4: Gid tri k khi hoa tan SeQ, trong axit sunfuric (k.10° s*)

Nong dé axit tuéi, % H,SO,
Nhiét d(‘:), DC ................ U SO U
60 70 85
___________ 60 234 18| 0063
_____________________________ 80 79,5 5.6 021
100 151,0 125 | 05
150 1580.0 107,0 4.0

Se nguyén t8 két tha cung vdi bui (trong cdc thiung lang, thing chifa, thiét bi 1am
ngudi) & dang bun ngheo selen.

Trong céc loc dién udt, selen nguyén t6 lang cung vdi lugng bui con lai trong
khi. Vi lugng bui trong mi axit rdt nho nén ham lugng selen trong biin nay kha lén,

goi la bun giau selen.
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Luong selen trong bun phu thude chii y&u vao ham lugng selen trong quang va
lugng bui con lai trong khi sau loc dién kho. Bimn ngheo chita 5% con bun gidu chita
t6t 50% selen. Thudng thudng, tuong selen nim trong hai loai blin trén xdp xi nhau.

Tir bun selen c6 the tich sclen bing nhiéu phuong phép khdc nhau, Sau day gidi
thi¢u mot vai phuong phép chinh dé thu dugc selen ky thuat:

1.3.1- Phuong phip nung

Bem bun selen (10-12% Se) dd rira va sdy khé nung & 700-800°C. Khi d6 selen
S€ bi oxi hod thanh SeO, bay theo khi 1. Hap thy ScO, trong khi 16 bing nudc duoc
axit selenic H,SeO;. Cudi cling khtr H,Se0, biang NaHSO, dugc selen:
H,8e0; + 2NaHSO, = Sc | + Na,S0, + H,S0, + H,0
1.3.2- Phuong phap sunfua

D6 dung dich natri sunfua (ndng do 12-15% Na,S) vio bin sclen (ty 1¢ dung
dich/bim 1a 4/1). Pun néng dén 60-80"C va khusy manh trong 1 gio. Khi dé sé ¢6
phan dng:

nSe + Na,S = Na,S8Se,

Loc téch can, dem dung dich di théi bing khong khi nén & 40-50°C trong 0-8
g10. Selen tach ra dem lgc, rira va say kho.

Phuong phdp nay, ngoai selen con tich duoc ca telu
1.3.2- Diéu ché selen tinh khiét

Nguyén lieu dé diéu ché selen tinh khiét 13 selen k§ thuét chira khoang 2,5% tap
chat (S, Hg, Te, As, Fe, Pb...& dang hop chit sunfua, sunfat, oxit, selenua...).

Phuong phap thudng diing nhat 13 phuong phép sunfit-tun hoan:

D6 dung dich selenosunfit (nude céi tudn hoan sau khi k&t tinh tach selen) ¢6
nong d¢ selen 55-65 g/l va dung dich natri sunfit 220-245 g/l vao thung phan \ng rdi
dun néng dén 100°C. Sau d6 thém mot luogng selen k¥ thuit va natri sunfit sao cho
néng d6 dung dich trong thing phan ing dat 90 g/l Se va 250 g/l Na,SO,. Khuay
trong 2 gid 61 dimg 1,5 gidy d€ lang can.

Phan iing trong thiing:
Se + Na,SO, = Na,SeSO,

Loc ky dung dich roi dem két tinh & 20°C d€ tach selen (nguoc véi phan tng hoa
tan). Rira selen thu duge bing nudc cit, sy chan khong r6i dun néng chay va chung
selen & 400-420°C, d6 chan khong 3-6 mmHg, lam ngudi ngung tu hot selen & 300-
320°C.
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2- OXI HOA SO, THANH SO,

7 1- CO SO HOA LY CUA QUA TRINH OXI HOA SO, TREN CHAT XUC
TAC

2.1.1- Phan itng oxi hoa SO,

2.1.1.1- Cdn bang phdn ting

Phén imng oxi hod SO,: SO, + 0,50, —— 50, + Q 12 phdn ung toa nhiét,
gidm thé tich.

Hing s& can bang phan img:

Py,
Psoz \[l%:

trong d6 Py, , Py, » Py, : dp suatricng phdn cla cdc cdu tir & trang thdi can bang,

Ko = (3-14)

atmi.

Lé& ra phai ding dai lugng fugat thay cho dp suit riéng phdn, nhimg thue (&,
trong diéu kién cong nghiép (qud trinh oxi hod SO, ti€n hanh & trén 400°C va 1 atm)
sy sai khdc d6 khong dang ké, do d6 van sir dung phuong trinh trén.

Bdng 3-5: Anh hudng cia nhiét d6 dén nhiét phdn dng (kJ/mol) oxi hod SO,

Nhiét do, °C Q, Nhiét dg, °C Q,
______________________________ 5 | 9605 | s | 9%
_____________________ 00 | 9620 | 550 | 9318
200 Lo 96,09 | 600 93,13
_____________________________ 00 95,79 650 1 9280
400 9504 | 00 | . 92271
450 94,65

Quan hé phu thudc gitia hing sd can bang va nhiét do biéu thi bing phuong
trinh Van’t-Hoff:
dink, Q,
dT  RT
trong d6  Q,; nhiét phan g & dp sudt khong déi;
R: hing s6 khi.

(3-15)

Nhiét phan tng phu thudc vao nhiét do theo dinh luat Kirchhoff:

dQ,
=-AC 3-16
T . (3-16)
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trong d6  AC: hi¢u nhi¢t dung cla sdn phdm va céc chat ban dau:
AC,=AC,, -ACy, -05AC,

Tich phan phuong trinh (3-15) va (3-16) ta duoc:
Q,=qQ: jAC dT (3-17)
i T
9 [

0

InkK, =

(3-18)

i: hiang sd tich phéan.
Tinh todn theo cic phuong trinh trén rat phic tap. Vi vay dé€ don gian, trong

khodng nhiét do tir 400-700°C ¢6 thé tinh Q, va K, theo cac phuong trinh sau véi sai
s6 nho hon 1%:

Q,=101.420 - 9,26 T (J/mol} {3-19)
4905,5

1gK,, = —4,6455 (3-20)

Bdng 3-6: Anh hudng cia nhiét do

dén héng 5o cdn bang phdn img oxi hod SO,
Nhiét do, °C K, Nhiét do, °C K,

390

2.1.1.2- Miic chuyén hod

Miic chuyén hod 1a ty 1¢ giita luong SO, da bi oxi hod thanh SO; vi tdng luong -
SO, ban dau:
P,

50,

Py, Py,

Khi phan ing dat tmng thii can bang thi mitc chuyén ho4 dat gla tri cuc dai, go1
12 miic chuyén ho4 can bing:

P

50,

——— (3-21H)
Psm + Pso2

Xch =

can bang
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bat P: dp sudt chung clia hén hop khi;
a, b: nong do ban ddu cia SO, va Q,, % thé tich.
Két hop (3-14) va (3-21) ta ¢6:
Kch
100-0,5.ax,,

P(b-0,5.ax )

xn_'h =

(3-22)

ch
Vi phén ing oxi hod SO, 1a phén ing tod nhiét, gidm thé tich nén khi giam nhiét
do va tang dp sult, mic chuyén hod cin béang s& tang (bang 3-7).

Bing 3-7: Anh huong cia nhiét dé va dp sudt dén mirc chuyén hod cin bdng
(Hén hop khi cita 7% SO,, 11% O, vi 82% N,)

. - X 100 & dp suat
Nhlét dé‘ UC © e e s ns——— e s e e e e . [ S e s s s+ suseessssneen]
latm 10atm 100atm
.................................... 40 | 92 997 999
450 95 | 992 | 97
00 93.4 978 | 99,3
________________________ 30 85,5 949 | 983
600 73,4 89,5 96.4

Ngoai ra mitc chuyén hod can bing con phu thuoc vao ty 1¢ SO, va O, trong khi
10 nic 1a phu thude vao dang nguyeén liéu va luong khong khi dua vao 10 dét. Cing
mot loai nguyen liéu, lugng khong khi dua vao 16 cang nhiéu thi néng do SO, cang
thap va néng dé O, trong khi 15 cang cao, do d6 mifc chuyén hod can bing cang 16n
{bang 3-8)

Bdng 3-8: Anh hiuténg cta thanh phén khi dén mitc chuyén hod cdin bing
(Nhiét do 475°C, ap sudt 1aim)

Ham lugng khi, %thé tich
__________________ : x.,.100
SO, O,

............................ 2 1 8’ 14 9? 1 R
____________________________ 4. 15.28 9.8

................................... 6 . 1 2’43 96’2

7 11,00 95.8
8 958 | 52

10 6,72 92,3
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2.1.1.3- Tée do phan ing
Trong dieu kién san xudt, tdc do oxi hod c6 ¥ nghia r4t 16n vi né quyét dinh
luong SO, oxi hod duge trong mot don vi thai gian, trén mot don vi thé tich xuc téc va
do d6 quyet dinh lwong xiic tdc cdn dung, kich thude thap chuyén hod, cdc chi tidu
kinh t€ k¥ thuit khédc (vén ddu tu, tiéu hao dién nude...)
Toc do phan tng oxi hod SO, duge dac tnmg bang hing s& t6c do:
I
k =ke KT
k,: h¢ 56 thue nghiém, dic trung cho chdt xiic tac, khong phu thudce nhiét do:

E: ning lugng hoat hod clia phan img, J/mol.
E
Theo thuyét dong hoc cla cdc chat khi thi bidu thitc e ¥ bidu thi phan phan tir
c6 nang lugng 16n hon va biang E, tic 12 phdn va cham ¢6 hiéu qua dan dén viéc tao
thanh phan tir SO,.

Khi tang nhi¢t do va gidm nang luong hoat hod thi hing s6 téc dé tang.

Phdn ting oxi hoa SO, trong h¢ dong thé khong xic tic ¢6 ning lugng hoat hod
rdt 16n (khodng 120kJ/mol). Vi viy t6c do phan vng vo cling cham, thuc € c6 thé
xem nhu khong xdy ra ngay cd & nhiét do cao. S di khi khong c6 xiic tic, phan ting
oxi hod 80, ¢6 nang lugng hoat hod 16n 12 vi phai tiéu t6n nang lugng dé phé vé lién
ket gilra cdc nguyén tir trong phan tit oxi, sau dé nguyén it oxi mdi phan g véi
phan tir SO,. Qua trinh d6 xdy ra theo phan img sau:

SO,+0, = SO, + O - 1483 kJ

Cugi the¢ ky XIX, Cohen va Becker da tién hanh oxi hod SO, trong hé ddng thé
6 chi€u tia tir ngoai. Duéi téc dung cla céc tia ¢ bude s6éng tir 2000 dén 2200A
phan tng oxi hod SO, x4y ra theo so dé:

Pau tién:
SO, + hv — SO," (phan tir hoat dong)
SO,"+ SO, = SO, + SO

hoac SO, + O, - SO, + O

Sau d6 SO hoac O tao thanh s& phan ing v6i phan tir SO, va O,... Do d6 tdc do
phdn iing tang Ién rdt nhiéu so v6i khi khong chiu sdng.

Vi tiéu t6n dién nang qud nhi¢u (khoidng vai chuc ngan kWh cho | tdn axit
sunfuric) nén qud trinh oxi hod SO, nhd tia tir ngoai khong thé 4p dung vao diéu kién
san xudt dugc.
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L.A. Colodkina va N.N. Netraeva da nghién ctu oxi hos SO, bang cdch cho hén
hop khi chita SO, va O, di qua tia hé quang giita hai dién cyc sat. Ket qua 13, véi tdc
d6 khi 1000 ml/phiit, mitc chuyén hod cuc dai c6 thé dat 0,65-0,70. Khi gidm téc do

khi xuéng 250 ml/phut, mic chuyén hod dat tdi trén 0,90, Néng do SO, trong hdn
hop khi cang nho thi mitc chuyén hod cang cao.

Ngudi ta thay hén hop khi sau khi oxi hoa SO ¢6 rat nhiéu nito oxit va vi vay
cho rang qud trinh oxi hod SO, chis yéu 12 do cé phan iing gitta phan tr SO, véi cdc
nito oxit. day, cdc nilo oxit dong vai trd 1a chat xic tic. Trude kia, nguoi ta cho
rang day 1a phan ing xiic tic déng thé, nhung thuc ra la phan ving di thé vi né chi xay
ra khi ¢6 mat hoi nude hoac trén bé mat thdm nude. Néi mot cdch chinh xéc hon, t6¢
do phan ing oxi hod SO, nhés xuc tdc nito oxit khi khéng c6 hoi nuéc cling rat nho,

Tém lai, t6¢ do phan tng oxi hod SO, trong h¢ dong thé rat nho. Khi ¢6 mat
cht xc tdc ran (oxi hod di thé) nang lugng hoat hod gidm v do d6 téc do phan tmg
tang len rat nhiéu. C6 rdt nhi€u chal cé khi nang xic téc cho phan ing oxi hod SO,.

Duéi day gi6i thieu mot vai chét xiic tic quen biét cho phan ting oxi hod SO, va
doi nét so luge vé by thuyét xic téc d6i v6i qud trinh nay.

2.1.2- Chat xdc tic oxi hoa SO,

2.1.2.1- Gidi thi¢u vai logi chdt xtic tdc cho phdn ting oxi hod S0,

C6 thé tam chia cdc chat xic téc cho qua trinh oxi hod SO, thanh hai loai: xiic
tac kim loai va phi kim loai (cdc oxit, mudi, gom sit...)

2.1.2.1.1- Xuic tdc kim loai -
C6 rat nhiéu kim loai c¢6 kha nang xiic téc cho phéan ting oxi hod SO,.

Xuc tdc kim loai dige sir dung ddu tién trong cong nghiép axit sunfuric 1a platin
(1831} do Philips dé xwéng. Xtc téc platin ¢é hoat tinh rit cao, nhiét do hoat tinh
thap (khoang 375-400"C) nhung r4t d& bi nhiém doc (dac biet d&i véi hop chét cia
asen) va rat dat tién.

D¢ tang hoat tinh cha xdc tdc vi gidm gia thanh, ngudi ta dem platin (c6 thé
thém 20-40% paladi) rai trén cdc chat mang khdc nhau nhut amian, magie sunfat,
silicagel...

Cdc kim loai khédc nhau trong nhém platin ciing c6 kha nang xic tic cho phan
ing oxi hod SO, nhung hoat tinh thip hon: Pt > Rh > Ir > Pd

Ngoai ra, hop kim cla bac, vang véi platin, molipden... ciing cé hoat tinh cao.
2.1.2.1.2- Xuic tdc phi kim loai

Xiic tdc oxit kim logi
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Loai xic tic oxit kim loai dugc phdt hién sém nhat (1849) 1a xdc tdc sit oxit
duge che tao tir xi quang. Uu diém néi bat cia nd 1a ré tién, dé kiem va it nhay doc
vdi cdc tap chat ¢6 trong khi 1o.

Song vi xiic tic sat oxit ¢6 nhigt do hoat tinh khd cao (dudi 625°C né dé bi
chuyén thanh st sunfat kém hoat dong) nén mitc chuyén hoi SO, trén xdc tic nay
khong vuot qud 0,5. Vi vay chi dung chat xic téc sat oxit khi khong yéu cdu muc

chuyén hod cao (chuyén hod so bo)

Xuc tdc crom oxit ¢6 hoat tinh ban ddu twong doi cao, nhimg sau mot thoi gian
lam viée, n6 bi chuyén thanh dang crom sunfat nén hoat tinh giam.

Vidu, o nhiét d6 525°C va t6¢ do thé tich 750 gio' (t6c do thé tich tinh bing thé
tich hén hop khi & diéu kién ticu chudn di qua mot don vi the tich chat xic téc trong
mot don vi thiri gian) miic chuyén hod ban dau dat trén 0,90. Nhung sau 26, 50, 100
va 130 gior thi midc chuyén hoa twong tng chi con 0,80 - 0,58 - 0,40 va 0.27.

Cdc oxit clia déng, mangan, thige, titan, molipden, xeri, thori... & nhigt do cao
(khoang 700°C ) ciing ¢6 hoat tinh d6i v&i phan iing oxi hod SO,

Khé nang xiic tdc cho phan g oxi hod SO, ctia vanadi oxit dugc phét hién tir
nam [895. Sau d6 nhiéu ngudi da tap frung vao nghi¢n ciu chat xiic tdc nay. Cic
cong trinh nghién ciu da di dén mot s6 két luan sau:

I- Vanadi oxit V,0, nguyén chit cé hoat tinh khong cao d6i véi phan ing oxi
hod SO,.

2- Xuc tac vanadi ¢6 hoat tinh cao, ngoai thanh phén chinh 1a vanadi oxit V,0,.
phai chita ¢a hop chat cia kim loai kiem Me,O va silic dioxit Si0,. T6 hop clia ba
thanh phan trén |2 didu kién can thist dé che tao chat xuc tic vanadi c¢6 hoat tinh cao.

3- Silic dioxit SiQ, (& dang 1 do hoac lién két v6i cac chat khdc) chiém phén
chil y&u trong xtc tic va quyét dinh cau tric bén trong cla hat xic tic (do xop, bé
mat bén trong...). Tuy theo thanh phan vi phuong phdp ché tao xuc tdc, can tric dé
thay d6i va do dé anh huéng dén hoat tinh xtc tdc. Vi vay xic téc vanadi bao 215
cling chida cdc thanh phan chinh sau:

* V,0; 1a thanh phan hoat tinh cta xdc téc, ham lugng cfia né trong chit xic tic
khodng 5-12%. '

* Muéi cia kim loai kiém (K, Na, Li, Rb, Cs) Ia chat kich dong, [am tang hoat
tinh xtc tdc lén hang tram l4n. Ty lé kim loai kiém va vanadi (biéu thi bang 1y 1¢
Me,0:V,0;) dao dong trong pham vi kha rong, tir 1:1 dén 6:1. Khi tang ty lé
Me,0:V,04 nhiét do hoat tinh ciia xic tic s& giam va do bén nhiét s& tang. Ngoai
nhom kim loai kiém, cdc nguyén 0 nhém lantan (La, Ce, Pr, Nd...) ciing la chat kich
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dong t6t cho xuc tic vanadi.

Tac dung kich dong cua nhém kim loai kiém va nhém lantan tang theo chiéu
tang cua khoi lugng nguyén tu.

* Silic dioxit SiO, & dang x6p (nhu dd diatomit, kizengua, silicagel, zeolit, kali
silicat...) dong vai trd chat mang.

Ngoai ra, ngudi ta da nghién ciru dua hau hét cdc nguyén t6 trong "Bang tudn
hoan cdc nguyén t6" vao xtc tdc vanadi nham tang hoat tinh, tang d6 bén co va
nhiét... cta chat xuc tac.

V{ du, khi dua P,O, vao xic tic (0 dang amoni photphat) thi nhiét do hoat tinh
ctia chit xdc téc giam di 20-25°C, hoac khi thém B,0;, WO, MoO, vao xic tac cing
cho két qua tuong tu. Mot s6 chat xuc tac ctia Anh, My, Pitc, Trung Quéc ¢6 nhiét do
hoat tinh khoang 370-380"C

Ham luong V,O trong mot s6 méu xic téc ciia Nhat Ban khoang 7-7,5%; cua
CHLB biic 7-8%; cua Nga 7,2-8%...

Chat xic tdc thudong dugc ché tao dudi dang vién, hat, vong hodc hinh céu.

Hinh 3-20: Mot vai dang xtc tdc:
a- dang vién; c- dang vong;
b- dang hat;  d- dang hinh cau.

Xiic tdc dang vién hodc dang hat c6 dudng kinh khoang 4-5mm, dai 7-10mm;
dang vong dudng kinh trong 3-5mm, duong kinh ngoai 8-12mm, cao 8-12mm; dang
hinh cdu duong kinh 1,5mm.

Téng bé mat bén trong clia chét xic tic vanadi khd 16n, dao dong tir 4-10 m?/g,
duong kinh trung binh cia cdc mao quan khoang 2.10° cm, khéi lugng dé dong cia
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xtic tac 500-600g/1.

Ngoai xtic téac oxit kim loai, mdt 56 mudi, vat liéu silicat (g6m, si...) cling 0 tac
dung xiic tdc cho phan ing oxi hod SO, nhung & nhiét do rat cao (khoang 700°C), vi
vay mitc chuyén hod rit thap.

Tém lai, c6 rat nhidu chat c6 tac dung lam tang téc do phan tmg oxi hod SO,
nhung cho dén nay, chi xdc tdc vanadi la duoc st dung rong rai trong cong nghiép va
ngiy cang dugce hoan thién. Tuy hoat tinh cha né thap hon so vai xiic tdc platin (hinh
3-21) nhung lai ré hon tir 2-4 1dn. Mat khéc ta van khong thé khong hy vong la téi
day, cong nghiép axit sunfuric s& c6 nhiing chit xde tdc vanadi cé nhiét do hoat tinh
x4p xi nhiét d¢ hoat tinh cha xic téc platin.

L0 s S
| - . | Py
C QLL/ﬁ _‘ _|_ TS —
CT T TN
g ool |1l
5 - ' |/
3 |{ N "3 /|
5 oA i -
‘é ) ‘ _—f _|_ _I‘_ __.‘
- | ' '\
0,2 f'_f T | ii
L R T
3C0 s 5d0
Nhigt g, °C

Hinh 3-21: Hoat tinh ctia mot vai chat xiic tdc doi voi phdn img oxi hod SO,:

1- Pt; 4- Fe, 04
2' VzOﬁ ; S' CUO.

2.1.2.2- So lugc Iy thuyét vé xiic tde cho phdn img oxi hod 50,

2.1.2.2.1- Co ché ciia phdn fing oxi hod SO, trén xuc tac

Phan img gifra cdc chat khi trén bé mat chat xic tic rin thudng gém may budc
sau:

- Céc chat phan tng tit pha khi khuéch tén dén bé mat ngoai cha xvc tic, sau do
ti€p tuc khuéch tdn vao bé mat bén trong (cdc mao quan) cua xuc tic.

_ Tién hanh phan Gng gifta cdc chit ban déu trén bé mat chét xuc tac.
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- San phdm phan g khuéch tdn tir bé mat bén trong ra bé mat ngoal cua xic
tdc, sau do nha khoi xdce tic di vao pha khi.

Céc budc ddn va cusi 1a qui trinh vat 1y nén nim trong khu vuc khuéch tin.
Budc giita 13 qué trinh hod hoc nén ndm trong khu vuc dong hoc. Toc do chung cua
qué trinh phu thude vao t6c do cic bude trén hodc chi phy thude vao budc nao cé e
do it nho so véi tdc do cdc bude khic.

Nhir d4 néi & trén, khi khong ¢6 xiic téc, ¢ do phan img oxi hod SO, rit nho vi
phéi tiéu 16n mot nang lugng rat 16n nham pha v lien ket gitta cdc nguyén t(r trong
phan tir oxi dé mét trong cac nguyén tir d6 két hgp véi phan tir SO, tao thanh SO.. Khi
¢6 xdc téc, nang lugng hoat hod cia phén ing giam, do d6 tdc do phdn Umg tang.

Vé co ché cla phan ving giita oxi va SO, trén bé mat chat xic téc ran, ¢6 nhiéu
thuy€t khic nhau, song néi chung déu tap trung vao hai huéng sau:

Hudng thit nhdt tién hanh nghién ciu phan ving oxi hod SO, trén chat xic tac
kim loai (platin) va dua ra thuyét "Hap phy bé mat" dé gidi thich co ché cla phan
ing:

- Piu tién cc nguyén tir platin & bé mat xtc téc hap phu oxi lam yéu lién két
gifra cc nguyén tr trong phan or oxi.

- Tiep tuc hap phu SO, 1én bé mit dd ¢ mang oxi bao phu:

SO, + O.Pt —» 50,0.Pt

- Chuyén nhém electron va tao thanh SO, trén bé mat xvc tac platin

- Nhé SO, ra khoi bé mat xuc tdc platin

Huong thit hai tién hanh nghién ciu phan img oxi hod SO, trén chat xiic tic oxit
kim loai va dua ra thuyét "Hop chat trung gian": ddu tién cdc chét tham gia phan tng
tdc dung véi chat xic tdc tao thanh hop chét trung gian, sau d6 hop chit trung gian
phan huy thanh san phdm va hoan nguyén xic téc

Me O, + SO, = Me O, + SO,
Me O, + 250, + 0, =Me0,.,.250,
Me O, ,.280, = Me, O, + SO, + SO,

Dua trén cdc thuyét hién dai vé xic tic di thé, nguoi ta gidi thich mot cich
théng nhat co ché caa phan g oxi hod SO, trén ¢a xic téc kim loai va Xuc tdc oxit
kim loat nhu sau:

* Téc dung clia chét xic tdc rén khi oxi hod SO, (cing nhw trong cdc truong hop
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xiic tic di thé khac) 13 lam giam nang lugng hoat hoa so v6i ning lugng hoat hod cua
phan ting trong pha khi.

Vi du, d6i véi phan (mg:

ddng thé: E=209,5 kJ/mol
¢ xiic tac platin: E= 71,2 k)/mol
¢6 xic tac vanadi: E= 96,5 kJ/mol
c6 xiic tAc sat oxit: E= 159,2 kJ/mol

* Viec giam nang luong hoat hod 1a do phin (ng xay ra theo mot con dudng
méi nhis ¢b tac dung hod hoc trung gian giira cdc chét tham gia phan ing voi chil xic
tac.

* Hop chat trung gian xudt hi¢n trong qua trinh oxi hod SO, trén xuc tac 12 hop
chat bé mat va khi tao thanh hop chit dé thi cau tnic tinh thé clia xdc tdc khong bi
thay d8i (san phdm trung gian do tdc dung cua cdc chat khi véi chat xic tic khong
tao thanh pha riéng biét). Chi nhitng phén ti¥ trén bé mat xic tic mdi ¢6 phdn vmg véi
céc chét khi. Néu vi mot diéu kién nao d6 (nhiét do, thanb phan khi...) ma clu trnic

tinh thé hoac thanh phin hod hoc cua xtic tdc bj thay d6i thi hoat tinh cua xic tac
ciing bi thay déi.

* Mot trong cdc giai doan clia phan iing xvc tac 1a ¢6 tdc dung gifra oxi v&i chit
xiic téc dAn dén viéc hinh thanh hop chat bé mat. Phan Gng gilta hop chatl bé mat voi
SO, cin nang lugng hoat hod nho hon so v6i khi cho tic dung tryc tiép SO, va oxi
phan tu.

Can chu y, trong trudng hop xiic tdc 12 oxit kim loai thi SO, tdc dung véi oxi
nguyén LI (c6 trong thanh phan xic tac) nim ngay trén bé mat xdc tdc. Nhu vay,
phan dng gém bon giai doan:

1- Hap phu SO, 1én bé mat xuc tdc.

2- Oxi hod SO, bing oxi trong cdc phan tif oxit kim loai (chdt xdc tic) nam ngay
trén bé mat xic tac,

3- Nha SO, ra khoi bé mit xuc téc.
4- Hap phu oxi trong pha khi vao chat xic tac va hoan nguyén xuc tac.

Trudmg hop xic tde 1a kim loai (platin) thi hop chat trung gian chinh 12 oxi bi
hdp phu. Lién kél giira oxi va platin trén bé mat xuc tic la luc lién két hod hoc.

Nhu vy, & xiic téc platin, oxi khong ¢6 trong thanh phdn ctia mang luéi tinh thé
nhu & xic tic oxit kim loai. Song trong cdc qua trinh xic tic, chi nhiing nguyén ti
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trén b& mat xiic tic méi tham gia phan ing nén su khéc nhau d6 khong dnh hutng
dén co ché xiic tde do cic luc ¢6 ciing ban chat hod hoc g4y nén.

* Nﬁiét tao thanh hop chat trung gian khong duge 16n hon téng nhiét cta phan
img qué nhién, :

S& di nhu vay 1a vi, muén cho phan iing dat t6c do cao thi tat ca cdc giai doan
ctia qud trinh xdy ra khi ¢6 xiic tdc tham gia phai ¢6 nang lvong hoat hod nho, do dé6
moi mot giai doan cira phan tmg xuc tdc khong thé cé hiéu iing nhiét l6n.

K&t lugn nay cho phép loai trir cac truong hop khong thé ¢ khi gid thiél cdc so
d6 d€ nghién citu co ché phan ting.

* Xdc tdc oxit kim loai d6i véi phan itng oxi hod SO, c6 gidi han nhié( do dudéi.
Tai nhiét do d6 chiing bién thanh hop chat (sunfat) ¢6 hoat tinh xiic tac thap.

Diéu nay gidi thich tai sao nhiéu chét xic tdc rat 6t d6i vai cic phan ng oxi
hod khdc, nhung chi st dung cho phan tmg oxi hod SO, & nhiét do cao, tuy tai dé mic
chuyén hod can bing nho.

2.1.2.2.2- X tdc vanadi ¢6 phu gia (chat kich dong) kim logi kiém trén chat

mang silic dioxit

Co cdu cia xiie tde:

Bang nghién citu quang pho héng ngoai, ngudi ta di xdc minh duoc 1a, trong
chét xic tdc vanadi phu gia kim loai ki€m, chéit mang silic dioxit ¢6 hinh thanh hgp
chat kali sunfovanadat V,0,.K;0.80; (V,0,K,S0,) hoic kali pyrosunfovanadat
V,05.K,0.280, (v,0,K,S,0,).

O nhiét do lam viéc cla qud trinh (trén 380°C), cdc hop chit nay & dang néng
chdy trén bé mat chdt mang. D6 chinh 13 thanh phan hoat tinh cha xic tic. Oxi, SO,
bi hap phu trén bé mat xiic tdc va hod tan vao chat noéng chiy do, s& tdc dung véi
V,0; theo phuong trinh:

V,0; + SO, = V,0, + SO, (3-23)

V,0, +0.50, = V,0, _ (3-24)

Con Si0, 1am nhiém vu chit mang, ¢6 tic dung tang bé mat (iép xiic pha cla
chdt xiic téc va 6n dinh chat hoat tinh trén bé mat xic tac.

O nhiet do thap va khi néng do SO, trong hén hop kbi cao (giai doan ddu cha
qud trinh chuyén hod) s tao thanh hop chat vanadyl sunfat:

V05 + 80, + SO, = 2V0SO, (3-25)
Vanadyl sunfat ¢6 hoat tinh xiic tic thap (ning lugng hoat hod E=167.5 kJ/mol}).
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Vi vay, ngay trong ving dong hoc, dudmg biéu dién quan heé giita hing s6 téc do va
nhigt d ¢6 diem gay & nhiét do khoang 400°C (hinh 3-22)

°C

Log k
e

)
—1p%0
-

K

Hinh 3-22: Anh huong ciia nhi¢t do dén héng 56 toc dg phdn iing oxi hod SO, trén
Xiic tde vanadi:
1- khi x > 0,6; 2- khi x < 0,6.

G giai doan cusi cia qud trinh chuyén hod, lugng SO, con lai it nén téc do phan
ting (3-24) chém. Do d6 xiic téc ¢6 hoat tinh cao (& dang V,0.), hing s6 t6c do k 16n
- ngay ca & nhiét do dudi 440°C.

Nhur vay, khi thay déi thanh phéan khi ¢6 the lam thay d6i hoat tinh cta xdc tac
(do chuyén c4u tir hoat tinh trong xvc tac sang dang khdc). Cho nén giai doan dau ciia
qud trinh oxi hod SO, thudng tién hanh & nhiét d¢ cao dé wénh tao thanh VOSQO,, dén
cudi qud trinh c6 thé ha thap nhiét do khf dé dat mitc chuyén hod cao.

Khi tinh todn thyuc t€ cho qud trinh oxi hod SO, trén xic tic vanadi c6 thé 14y
céc gid tri nang luong hoat hod E va he s6 k, theo bang (3-9):

Bang 3-9: Gid tri E (kJ/mol) va k, ctia xdic tic vanadi

B Nhiét do X E K,
__________ o Vingkhuichiinwong o
< 440°C > 0,6 267 3,74.10"

440 - 530 - 59,9 2,25.10¢
______________________________ >0 |- L % -
o Viing khuéth tdn ngoai |

< 460 < 0,6 259.8 2,5.10™
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Thye t¢, qud trinh oxi hod SO, trén cdc hat xic tic dung trong cong nghiép xay
ra 0 ving khuéch tan trong. Vi vay. khi tinh todn cé thé 1y cdc gia tri hiing s6 tdc do
nhu sau:

Bdng 3-10: Gid tri k (gidy”'.atm™) cua xiic tdc vanadi cong nghiép

Nhiét do, °C k Nhiét do, °C k
___________ 400 0063 480 o B33
0,124 A5 L o4
................ 0 246 490 1 “?4
________ 0,476 500 97
_____________ 0,902 510 2,21
1,034 520 2,50
_______________________ 1,19 2530 2,79
1,37

Péng hoe qud trink oxi hod SO, trén chat xuc tde vanadi:

Tuy xuc tac vanadi da duoc sir dung rong rdi trong cong nghiép nhung cdc cong
trinh nghién citu déng hoc qua trinh oxi hod SO, trén chil xic tic nay con it.

Ta biét, ¢6 hiéu rd duge dong hoc qua trinh méi gidi quyét duge cdc van dé thuc
t&€ san xudt nhw, xac dinh duge dudng nhiét do thich hop, néng do SO, thich hap, thiét
1ap duge phuong phép hop 1y dé tinh todn cac thiét bi san xuat...

Pau tién, déi véi xic tdc vanadi ngudi ta ciing dung phuong trinh tinh todn cho

qué trinh oxi hoa SO, trén xvc tc platin:

dCso_‘ K Csol_csoz*
&t ' C

50,

trong d6  k,: hang s6 t6¢c do phan ing;
Cso, » Cyo, : noNg do SO,, SO, trong hén hop khi;
Cg,, *: ndng do SO, & trang thdi can bang,

Phuong trinh nay hoan toan khong dé cap dén dnh hudng clia néng do ban ddu
ctia SO, va oxi dén téc do phéan ting.

Dé giai quyét van dé nay, G.K. Borexkov va T.I. Xokolova, bé qua téc do phan
ung nghich va gia thiét toc do tao thanh SO, phu thudc vao ndng do cua tat ca cic cdu
tir, dd rét ra phuong trinh déng hoc déi véi qud trinh oxi hod SO, trén xdc tdc vanadi
& dang 16ng quét sau:
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dCS(,‘
dt

=k,.Cg, Co, .Cy, (3-26)

Bang thuc nghicm, di xdc dinhdwgen=-1=08: m =1
Thay cdc gid tri néng do ban diu cia S0, (a) va oxi (b) vio (3-26) ta c6:

dx ki i—-x, ax

e LI s (3-27)
B: He s& hiéu chinh viéc tang nong d6 do gidm thé tich chung clia hén hop khi

sau phdn tng

|
b=
I—x —
2.100

V1 b6 qua tée do phan tmg nghich nén phirong irinh (3-27) chi ding & vilng
nhiét do thap. G nhiet d6 cao phai dung phuong trinh dong hoc d6i véi phan img
thudn nghich:

dC ‘ C ‘ (.8 C ] I.2
— o, C, B wf[]‘x —k, = (3-28)
d C-‘»‘oj S0,

Thay n6ng d9 ban déu va mic chuyén hod vao (3-28) ta c6:

_ 2
d_x = E('__x_x)”-”.(b __azi)B 1- 12 X (3-29)

v a 1=~ 25p

D¢ thuan tién cho tinh todn, c6 thé ding phuong trinh gdn diing dang don gian:

—= = (220 -2 (3-30)
a X 2

trong d6  x,: mic chuyén hod can bang & diéu kien di cho:
k,: hang s6 toc d phén g thuan,
Méi day G.K. Borexkov, M.G. Xlinko, V.X, Bexkov da dua ra mot phuong trinh

dong hoc cha qud trinh oxi hoj SO, trén xdc tic vanadi dang trong tinh toin thuc &
¢@ do chinh xdc khd cao:

W £ kP,

P
o, I-( SN (3-31)
g P50,+ A.PSO_; Kch'PSOE‘ /PO1

trong 46 W: tdc d¢ phan ing, m® SO, (dkic)/ m® xtic tic.s;
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P.: 4p sudt riéng phdn cla cdc cdu tu, atm;
k: hing s6 toc do phan Ung, s”.atm™;
" K,,: hing s6 can bang, atm™";

A: hing sé.

Thay néng do ban ddu va mifc chuyén hod vao (3-31} ta cd:

b_.ﬁ 1—:‘11

dx kP 3 I-X by X yp 2 (3-32)
dt a g _& 1-0,2x Kapll=x) 38
2 2

P: 4p sudt chung cta hén hop khi

Phuong trinh (3-29) thiét lap khi nghién ciru qué trinh oxi hod SO, ¢ mifc
chuyén hod trén 0,6; con phuong trinh (3-32) dugc nghién citu trong gi6i han thay déi
mic chuyén hoa rong hon (tir 0,1 dén 0,95). Vi vay, chi khi nao mic chuyén hod 1én
hon 0,6 thi két qua tinh todn theo cdc phuong trinh trén méi trung nhau.

Chdt doc dot voi xiic tde vanadi:

Dudi tic dung ctia mot s6 tap chat c6 trong hdn hop khi, hoat tinh cha chat xic
tdc bi giam nhanh, ngudi ta néi xtc tdc bi ngd doc. Nguyén nhan cua sut ngd doc xuc
tic ¢ thé do chit doc bao phl bé mat hoat dong cua xic tic hoac do chat doc tao
thanh véi xtc tic mot hop chat khéng hoat dong hay hop chat bay hoi... lam thay déi
thanh phan xiic tdc.

* Chét doc nguy hiém nhit d6i véi xdc tdc vanadi 1a asen. Tuy so véi xuc tac
platin do nhay doc cla nd giam di vai ngan lan, nhung chi vai miligam asen oxit
- trong 1 m" hén hop khi ciing da do lam xdc tdc bi ngd doc. $ nhiet do dusi 550°C
asen bi hip phu trén bé mat xuc tac & dang As,O; va KAsQ,, tao thanh mét 16p moéng
che phu bé mat hat xdc tdc. (3 nhiét do trén 550°C asen lai tao thanh véi xdc tdc hop
chit bay hoi As,0..V,0; tach khoi xtic téc, di theo dong khf xudng cic 16p xiic tic
phia dudi, tao thanh vo bao boc hat xiic tac.

* Cic hap chat ca flo (SiF,, HF..) cling gy tic hai ddng k¢ cho xuc tdc: SiF,
phan ing véi hoi nude con lai trong khi sau khi sy theo phuong trinh:

SiF, + 2H,0 — Si0O + 4HF

SiO, két tha thanh 16p vo bao boc hat xic tdc. Lugng SiF, cang nhiéu, ham
lugng SiF, cang nho thi hoat tinh xdc tic cang giam nhanh.

Néu trong khf ¢6 nhiéu HF thi c6 thé c6 phén ing gilta HF va SiO, (chdt mang
trong xvic tic) 1am giam be mit xc téc.
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* ( nhiét do trén nhi¢t do ngung tu axit thi hoi nude khong dnh hudng gi dén
hoat tinh xdc tdc. Nhung & nhiét do thap (khi sita chita, dimg xuong...) hoi nudce trong
khi tdc dung véi SO, cdn lai trong cdc mao quan tao thanh hoi axit va ngung tu trong
cdc mao quan 1am hong xic tic.

* O nhiét do lam viéc binh thudng clia thdp chuyén hod, cdc tap chét CO, CO,,
H,S, CS,, NH,, NO,, Se, C ,H,,... khoéng anh hudng gi dang ké dén hoat tinh xtc tic
vanadi. O nhiét do thap, chiing c6 thé khir V,0, thanh hop chat hod tri thap 1am thay
déi thanh phdn hoat tinh clia xic tac.

* Khi 1am sach khi khong can than, mit va giot axit di theo khi gay an mon be
mat bén trong c4c thiét bi, dudng 6ng... tao thanh sat sunfat. Bi khi kéo vao thip tiép
xuc, sit sunfat s€ lang trén bé mit hat xiic tdc thanh 16p v bao pha né.

* Ngoai ra, khi tdng nhiét d6 qud cao (trén 620°C) hoat tinh xuc tic ciing bi
giam nhanh. Nguyén nhan cta hién twong nay chwa 18. C6 thé do ¢é phan wng gilia
kali (ndm trong thanh phdn xic 1dc) véi chdt mang 1am giam ham luong kali trong
cdu tlt hoat dong V,0..K,S,0,. Khi dé cdu tir ndy bi phd huy, cdc tinh thé V,0, tich
ra va hoat tinh xdc tic gidm. Néu dung chat mang tro déi véi K,SO, va K,S5,0; (vi du
cacborun ) thi xic tdc khong bi mat hoat tinh ngay ca & 700°C.

2.1.3- Piéu kién oxi hoa SO, trén xiic tac vanadi

Qud trinh oxi hod SO, 1a mot giai doan quan trong trong san xudt axit sunfurric.
Vi vay cin phai nghién citu nhimg diéu kién thich hgp (161 wu) tign hanh qud trinh d6
dé dat nang suit cao, gid thanh ha...

Trude hét hdy xét t6c do phan ng oxi hod SO, vi né quyét dinh thot gian tiép
xtc ¢dn thiét gifta hén hop khi va chat xiic tic, do d6 quyét dinh lugng xic tdc can
diing, kich thudc thiét bi ciing nhur cdc chi tiéu kinh t€, k¥ thuat khéc...

Nhu d3 trinh bay & phin dong hoc qud trinh oxi hod SO, trén xiic tic vanadi, toc
dé phan tmg oxi hod SO, thudmg duge tinh theo phuong trinh (3-30 ) hoac (3-32). Vi
du, tir phuong trinh (3-32) ta thdy: téc do phan ing phu thudc vio rédt nhi¢u yéu té:
néng do ban ddu ctia SO, (a) va oxi (b), mitc chuyén hod (x), dp suat chung cua hén
hop khi (P), hing s8 van t6c (k) va hing sd can bing (K,,).

Trong diéu kién san xuat, dp sudt lam viéc va nong do ban dau cua hén hop khi
da dwoc quy dinh tnrdc va xem nhu khong déi. Nhu vy, tai mot mirc chuyén hod nao
day, t6¢c do phan ing oxi hod SO, chi phu thudc vao hang s§ téc do phan ding k va
hing s cin bang K.,

Nhu di néi & trén, k va K, déu phu thude vio nhiét do. Khi tang nhiét do, hang
s toc do k tang con hing s6 can bang K, giam.
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Bay gi0 hiy xét su thay ddi ctia téc d6 phin tng theo nhiét do:

Bang cic két qua tinh todn va thuc nghiém. ngudi ta nhan thdy: lic ddu & nhiét
do thap, khi tang nhiét do, tuy hing s& can bing K, ¢6 gidm mot chiit nhung hang s6
tdc do phan img k ting rat nhanh (tir 400°C 1én 500°C hang s6 téc do phan ting oxi
hod SO, tang trén 30 14n), vi vay téc do phan ing tang nhanh.

V& sau, khi nhiét d¢ di khd cao, néu tiép tuc tang nhiét do, hing s§ téc do tang
khong bao nhiéu (hoac khong déi), trong khi dé hing s6 can bang lai giam nhanh, vi
vy tdc do phan dng tang cham, dat gia tri cyc dai réi giam dan (hinh 3-23). Khi h¢
dat trang thai can bang thi t6c do phan ing bing khong.
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Hinh 3-23: Anh hudng ciia nhiét d¢ dén toc dé phdn img oxi hod SO,.

Nhur vay, khi tang nhiét d¢, t6c do phéan vng tit khi ting dén ldc bang khéng phdi
qua gid tri cuc dai. K&t luan ndy ¢d y nghia quan trong khi chon ch¢ d¢ nhiét do lam
viéc chia thap chuyén hod SO,.

2.1.3.1- Nhiét dg thich hop

Nhi¢t do thich hgp - g v6i méi mitc chuyén hod xdc dinh 1a nhiét do ma tai dé
toc do phan tmg dat gid tri cye dai.

Dinh nghia nay biéu dién dudi dang phuong trinh todn hoc nhur sau:
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%,
dt_|_g
oT

X = ¢const

Lay tich phan phuong trinh trén, két hgp véi phuong trinh (3-32), thay cac gia
tri nang lugng hoat hod cia xiic tic vanadi vao... ta dugc phuong trinh xdc dink nhiét
do thich hop T, '

T = . (3-33)

\100-0.5ax

Tt phuong trinh (3-33) ta thdy, nhiét do thich hop trong qud trinh chuyén hod
SO, khong phdi 1a mot hang s6 ma phu thuéc vao nong do ban dau a ciia SO, trong
hén hop khi va mire chuyén hod x.

Khi dét cidc nguyén liéu khdc nhau s€ thu duge hén hop khi ¢6 thanh phan khic
nhau, do d6 nhiét do thich hop ciling khdc nhau (hinh 3-24).
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Hinh 3-24: Anh hudng ciia thanh phén hén hop khi va mitc chuyén hod SO, dén
nhiét do thich hop:
1- khi dét quang 1an 10%C (a=7%, b=6,2%)
2-, 3- khi dét quang tuyén ndi (a=9%, b=8,1% va a=7%, b=11%);
4- khi d6t S (a=7%, b=14%).
Hinh trén cho thdy, khi mitic chuyén hod SO, ting thi nhiét do thich hop giam.
Do dé giai doan cudi ctia qud trinh oxi hod SO, phdi tién hanh & nhi¢t do thap dé vira
tang mutc chuyén ho4 cin bang, vita ting t6c do phan ving.
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D¢ don gian (rong tinh todn ky thuat, ¢6 thé ding phuong trinh thite nghiem
sau:

IgAT = 2IgT, + 5,7921 (3-34)
AT = Tt'h - Tlh
T, nhi¢t do ting v6i mite chuyén hos can bang.

Nhu vay, muon cho t6¢ do oxi hoi SO, dat gid tri cuc dai phai tién hanh phan
ing o nhiét do thich hop (hinh 2-35).
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Hinh 3-25: Bo thi "'T - x"" ciia qud trinh oxi hod S0,
theo duong nhiét do thich hop.

Nhung nhiét d¢ thich hop lai thay déi trong qua trinh oxi ho4 SO,. Vi vay, trong
thue € chi c6 thé ti€n hanh phan tng oxi hod SO, o nhiét do dao dong xung quanh
duong nhiét d¢ thich hop. Muén thé, ngudi ta chia qud trinh oxi hod SO, thanh nhiéu
doan (16p), sau méi doan ¢é lam ngudi hon hop khi (gidn tiép hoac truc ti€p).

Vi du, xét qué trinh oxi hod SO, trong thi¢t bi chuyén hod 5 lop xuc tdc, lam
ngudi trung gian (gidn ti€p). Hén hop khi chita 7% S0O,, 11% O,, 82% N, (hinh 3-26).

Bdu tién, hén hop khi duoc dot néng dén nhigt do hoat tinh cla xic tic (diém
A}, sau dé duge dua vio 16p xc tic thir nhat cla thap tiép xtc. Do qud trinh oxi hod
SO, tod nhiét nén nhiét do clia hdn hop khi tang cao (doan AA). Nhigt do hén hop khi
sau 16p xic tic trong qud trinh oxi hod doan nhiét duoc tinh theo cong thitc:

T =T, +hAx (3-35)
T.. T,: nhiét d¢ cua hén hop khi vao va ra khoi 16p xuic tdc, "K;
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AA: Budng doan nhiét.
i : : - = BB Budng can béng.
06 i : T T R T CC: Buding nhiét do thich hap.

Mite chuyén hod, %
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Nhiét 46, °C

Hinh 3-26: Po thi "T - x" cia thdp chuyén hod 5 lop
cd truyén nhiét trung gian.
Ax =X, - x,: hiéu mic chuyén hod, phin don vi;
X, X,: mifc chuyén hod lic vao va ra khéi 16p xiic tdc;
A: hé s6 ting nhiét do cha hén hop khi khi mic chuyén hod thay daéi tir O dén |
trong diéu kién doan nhiét,

r=32 _g1pd2 (3-36)
C C

q: nhiét phan Gng, kI,

a: nong do ban ddu cia SO, trong hdén hop khi, phan don vi;

c: nhiét dung trung binh ctia hén hop khi, ki/m’.do.

Khi diing khong khi d6t nguyén liéu, ndng dd cdc chat khi c¢6 lién quan chit che
véi nhau.

Tir néng d6 a cha SO, c6 thé suy ra néng do cdc chit khic (oxi, nito, hoi

nuéc...), do d6 cé thé tinh duoc nhiét dung trung binh ¢ ciia hén hop khi.

Nhu vy, hé s ting nhiét do chd y&u phu thude vao néng do SO,. Trong gidi
han a thay ddi tir 0,02 dén 0,12 (tifc néng d6 SO, thay déi tir 2 dén 12% thé tich), c6
thé tinh A theo phwong trinh sau:

A =23292""-792 (3-37)

114



Bdng 3-11: Gid tri ciia hé s6 tang nhiét do A
theo nong dé ban dau ciia SO, (% thé tich)

a A a A
_____________________ 2y s |10 2

______________________ AR L NS © S S - I
_____________ 4 e o1z 3
S 144 B 373
_________________________ 6 17 17 0
.................. T 20 503
__________________ 8 | .2 625 1234

9 252

Vi qud trinh oxi hod SO, trong timg 16p xiic tdc 12 qud trinh doan nhiét nén miic
chuyén hod cang 16n thi nhiét do sau I6p xuc tac cang cao, dé€n mot lic nao dé he 8€
dat trang thdi can bang va t6c do phan (g bing khong.

Vi vy, trudc khi phan ing dat muc chuyén hod can bing, vi du t6i cic diém
nam giita dudng can bing va duimg nhiét do thich hop, tai do t6c do phdn g dat
0,8-0.9 gid tri cuc dai, ngudi ta tién hanh lam ngudi hon hop khi dé quéi trinh tiép
theo lam viéc & nhiét d6 gin v6i nhiét do thich hop hon.

Khi lam ngu6i hén hop khi trong thiét bi 1am ngu6i trung gian, nhiét do hén hop
khi giam nhung mdc chuyén hod khong ddi - twong tng v6i doan nim ngang trén do
thi "T - x".

Sau dé hon hop khi lai duge dua vio 16p xic tdc thit hai. Qua I6p xic tic nay,
mitc chuyén hod va nhiét do hén hop khi tang, lai dugc dua sang 1am ngudi... Qud
trinh ¢t ti€p dién cho dén khi dat mic chuyén hod cén thiét.

Chil ¥:

© C6 nhiéu phuong phédp xac dinh s6 16p xiic tdc, nhiét do va mic chuyén hod &
moi I6p, nhung néi chung déu phai dim bao sao cho téng thdi gian tiép xic can thiél
7 12 nhd nhét hodic tong thé tich xic tic c4n diing V, nhé nhat:

T=2X1,=min
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V,=2ZV_ =2C.1.V,_=min (3-38)
7, thoi gian tép xuc cua khi véi xic tic ¢ 16p thit i, s;
V,: thé tich hdn hop khi (dktc), m'/s: |
C:: hé s6 du trit xii¢ tdc (hé s6 an toan) 16p thir i

Hé so du trit xiic tdc C, thutmg duge xdc dinh bang cdch tinh todn hiéu chinh
theo:

- Hoat tinh ca xtic tic sir dung so véi xuc tdc tiéu chudn.

- Kich thude hat xtc tic cong nghiép so vai xiic tdc nghién cdu trong dicu kién
thi nghi¢m (xtc tac cong nghi¢p co kich thude 16n hon).

- Giam hoal tinh xdc¢ tic trong qud trinh su dung.

- Anh hudng cia viée xdo trén doc theo 1op xuc tdc.
- Viée duy tri cho thiét b lam viéc on dinh.

- Viéc phan phoi va hdn hgp dong khi khong deu...

Téng hop higu chinh cdc yéu & anh hudmg trén, dugc gid tri he so dy i € do)
vai timg 16p xdc tdc (bang 3-12).

Biing 3-12: Gid tri hé s6 du trit xuc tde C, doi voi cdce I6p xic tdc

.............................................................. 4 JR—

2 3
O = A S GO
A .39 b
5 1,35

Viec tinh todn s& 1dp xdc tdc, nhiét do vh mite chuyén hod vao, ra timg 16p rat
phitc tap. Vi vay thudng tién hanh trén cdc mdy tinh dig¢n ti. Bang (3-13) va (3-14)
cho két qud tinh todn ché do thich hop (t6i wu) ctia hai loai thap chuyén hod.
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Bung 3-13: Ché dé thich hop cua thdap chuyén hod

c6 trao doi nhiét trung gian

Thanh phan khi
Lop Thong s6 a= 6,0 a= 7,0 a= 7,5 a= 8,0
b =127 b=113 b =105 b= 98
X, 0,755 0.725 0,707 0,689
I f, 440 440 44() 440
t, 571 585 591 596
T 0,448 0,548 L0613 0,680
X, 0.905 0918 0,920 0,923
) t, 486 463 451 440
t, 512 501 497 493
T L0270 b 0582 1 OR8] Li7d
X, 0,961 0,970 0,971 0971
111 t, 450 438 436 434
t, 460 448 446 444
T, 0458 0953 | L271 L712
X, 0,980 0,980 0,980 0,980
v t, 437 432 429 425
L, 439 434 431 427
N T 0.714 0.976 L418 2.134
> 1.890 3,059 4,136 5,700

x: muc chuyén hod, phin don vi;

t: nhiet do, "C;

T: thoi gian tiép xuc, s;

v, T: ky hiéu chi vi tr{ diém vio va ra lop xtc téc.
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Hinh 3-27: D6 thi "'T - x" ciia thap chuyén hod cd bd sung
khi nguyén liéu sau ldp xuc tdac.
® Khi 1am nguoi tryc ti€p hén hop khi sau 16p xic tac bang cdch bd sung khi
nguéi vao (khi nguyén liéu hodc khong khi) thi dudmg 1am viéc ciia qud trinh oxi ho4
SO, ¢6 khdc so v6i lam nguoi trung gian (1am nguoi gidn tiép):

- Khi thém khi nguyén li¢u vio, ngodi viéc lam gidm nhiét do cla hén hop khi
con kéo theo viéc gidm mifc chuyén hod vao 16p sau (vi ting lugng SO, chura chuyén
hod). Vi vay dudng bi€u dién qud trinh 1am nguoi khong phai 13 doan thing nim
ngang song song voi truc hoanh nita (hinh 3-27).

Bang 3-14: Ché do thich hop ciia thdp chuyén hod cd bd sung khi nguoéi vio
sau Iop xikc tdc thit nhat, trao doi nhiét trung gian sau cdc Iop con lai

Thanh phan khi
Lép Thong s6 a= 60 a= 70 a= 75 a= R,0
| b=127 b=11,3 b=10,5 b= 9,8
(1) (2) (3) ) (5) (6)
X, 0,661 0,655 0,662 0,641
t, 440 440 440 440
I L 554 571 581 585
T 0,376 0,472 0,538 0,587
t 269 237 40 206
B 0.780 0,717 0,797 0,664
X, 0,516 0,469 0,528 0,426
X, 0,834 0,827 0,844 0,820
II t, 492 476 471 458
L 527 548 539 547
T 0,229 0,359 0,462 0,591
X, 0,933 0,938 0,944 0,943

118



Bang 3-14 (fiép theo)

{1 (2) (3} (4) (5) (6)
11 £, 473 460 452 445
t 490 482 473 473
___________________________________________________________ T [..0325 1 0,595 0809 L,140
X, 0,971 0,973 0,974 0,973
v t, 440 437 436 435
. 446 444 442 441
I Jos2 0,889 L A,129 1,535
X, 0,980 0,980 0,980 0,980
\Y £, 437 431 428 424
t, 438 433 429 426
T 0481 0,783 L3t | 1817
hl
Br+ YT 1,849 2,964 3,960 5,473
2

1,: nhiét do ctia khi ngudi;

B: phéan khi ngudi bo sung vao sau 16p xdc tdc thit nhat.

- Khi b6 sung khong khi nguoi vao sau 16p xiic tdc, ndng do ban ddu cia SO,
trong hdn hop khi viio 16p sau giam (vi tang thé tich hén hgp khi). Do d6 do doc cua
dudng doan nhiét 16p sau ciing bi thay déi (hinh 3-28).

© Khi tinh todn cén hicu 16 khdi niém "ndng dé ban ddu" cia SO, (a): Nong do
ban dau cta SO, dugc tinh bang ty 1 giita thé tich ban ddu cia SO, (khong tinh dén

lugng thay déi do chuyén hod thanh SO,) véi téng thé tich hén hop khi.
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Hinh 3-28: D6 thi "'T - x"' ctia thdp chuyén hod

)y

Nhiét d&

c6 bo sung khéong khi nguéi sau ldp xic tdc.
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2.1.3.2- Mirc chuyén hod

Trong qua trinh oxi hod SO,, khi tang mic oxi hod (con goi mifc chuyén hod
hodc mifc tiép xuc) s&:

- Giam dugc ham lwong SO, trong khi thai. Vi du khi mic chuyén hod x dat t6i
0,99 thi ham luong SO, trong khi thai 13 0,04% thé tich, V&i ham luong nay, hén hop
khi ¢6 thé thai truc tiép vao khi quyén ma vin dédm bao dicu kién vé sinh cong
nghiép.

- Tang duoc muc st dung lvu huynh, do d6 giam gid thanh san pham.

Nhung dé dat duge mitc chuyén hod cao phai két thic qud trinh oxi hod SO, O
nhiét do thap, ma tai nhitng diéu kién gén vé6i can bing, hang s6 tdc do phan ng
giam rat nhanh, do d6 t6¢ do phan tmg rit nhd. Mic chuyén hod cang cao thi thoi
gian ti€p xtc cdn thiét cang 1én, titc Jugng xiic tic cin ding (cho 1 tén axit san phim)
cang nhiéu (hinh 3-29). Diéu nay lai din dén viéc tang gid thanh san phim.

Mirc chuyén hoa x

Thé tich xUc tac, littdn ngay

Hinh 3-29: Anh hudng ciia micc chuyén hod dén luong xic tdc
cin dung khi oxi hod SO, :

1- 6,0% SO, 12,7% O, 3-7,5% SO, 10,5% O,
2-7,0% SO, 11.3% O, 4-8,0% SO, 9,8% O,

Hinh (3-30) trinh bay két qua tinh todn gén ding cdc yéu 18 anh huong (cong va
trir) dén gid thanh san phdm: Khi tang mirc chuyén hod, dédu tién gid thanh axit
sunfuric gidm, dat gid tri cuc tiéu khi x = 0,98 sau d6 lai tang. Nhu vay, vé mat gid
thanh san pham thi mic chuyén hod cudi cling bang 0.98 1a thich hop nhét, nhimg vé
mit vé sinh cong nghiép thi khong ddm bdo vi khi thai con chira nhiéu SO,.
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C6 thé gidi quy&t mau thudn nay bing hai cich: hoic diing dung dich hap thy
not lugng SO, con lai trong hén hop khi trude khi thai ra ngodi troi (déng thoi thu
duge san phim phu 12 musi sunfit), hodc diing phuong phép tiép xvic kép d€ dal mic
chuyén hod cao, khoang 0.995.
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Mirc chuyén hod x
Hinh 3-30: Anh hudng cia mitc chuyén hod dén gid thanh axit sunfuric:
1- gidm gid thanh do tang mic chuyén ho4;
2- tang gid thanh do tang lugng xiic tic;

3- anh hudng chung cha ca hai yéu t6 trén dén gid thanh san phim .
2.1.3.3- Nong do thich hop

Nong do SO, ¢6 anh hudng dén rat nhiéu chi tiéu kinh t€ k¥ thuat nhir nang suét
cdc thiet bi (thap sdy, quat khi, thap chuyén hod, hap thu, truyén nhiét...), ticu hao
dién nang, chat xic tac, ché dd nhiét...

Xét toan bo cac anh hudng trén 1a rat kho, vi vay, & day chi xét danh hudng cla
nong do SO, dén mot sd chi tiéu cha thdp chuyén hod.
Trd lue cha I6p xiic tic mdi cho vao thdp cé thé tinh gin ding theo cong thitc:
AP=98AW' " ph (N/m? (3-39)
trong d6  W: tGc do gia cua khi (khong tinh dén thé tich xic tdc chiém chd), m/s:
p: khai lugng riéng ctia khi, kg/m”,
h: chi€u cao 16p xic tic, m;
A: h¢ so phu thudc vao dang va kich thudce hat xiic tdc.

Theo mot s6 tai licu, d6i v6i xide tdc vanadi méi dang hat, khi t6c do khf bing
(.4 - 1,0 m/s, hé s0 A ¢6 cdc gid tri sau:

121



Kich thudoc hat xic tac, mm: 4 5 6 8 10
Héso A : 725 500 420 340 300

D6 véi xiic tac dang vong, kich thude 10 x 10 x 3 mm, trong tinh todn so bg ¢6
thé ldy A=160.

Trong qud trinh lam viée, trd lyc cta céc 16p xic tdc tang dén, nhat 1a & 16p dau.
Vi vay, dinh k¥ (2-3 nam mot 1an) phai thay xuc tdc.

Viéc thay xiic tic khong chi do tang trd lyc ma chl yéu do giam hoat tinh xdc
tdc trong qué trinh st dung. Khi thay xic tdc, thudng dé xvc tic cii (dd sang bo cic
hat ran v&f) vio cdc 16p gifta, cdn 1dp dau vA 16p cudi phéi chat xdc tic méi dé giwr
nhiét do hoat tinh 18p ddu thap va mitc chuyén hod 16p cudi cao.

Khi nang suat va dudng kinh thip chuyén hod khong d6i, néu tang néng do SO,
thi lugng xic tdc cin ding sé tang nhanh (hinh 3-29), do dé tang chiéu cao 16p xdc
tic, dan dén viée tang tré luc (cong thic 3-39). Mit khéc, néu giam nong do SO, thi
thé tich hén hop khi s& tang, do do tdc do khi di trong thap tang. Diéu nay ciling dén
dén viéc tang trg luc cua 1dp xic tac.

Tée do khi W va chiéu cao 16p xiic tdc h lién hé vdi ning sudt N cia thap ti€p
xuc theo phuong trinh sau:

W=C1E va thzE
a a
trong d6  a: ndng do SO, trong hén hop khi;
C,, C,: hiing s6;
T: thdi gian tiép xuc.

Thay cdc biéu thic trén vao (3-39) va chp nhan AP, p khong doi, ta ¢6:
N=C—2 (3-40)
7

C: hing s6

Giai phuong trinh niy cho phép xde dinh duge diéu kién lam viéc thich hgp cha
thap tiép xtc, tai d6 nang suét clia thap dat gid tri cuc dai, ing vdi &rd Iyc da cho.

Trén dé thi ta thiy, néng do SO, thich hop vao khodng 7%. SO liéu nay nit ra khi
nghién citu qué trinh oxi hod SO, tit hén hop khi thu duge khi dot quang pyrit. Néu
nguyén liéu ban ddu thay déi, thi s6 mol oxi tiéu t6n d€ tao thanh 1mol SO, cling thay
déi. do d6 nong do SO, thich hop ciing thay déi (hinh 3-32).

122



E—
SN
 ee | N | Hink 3-31: Anh huong
g I\ cia ningdsSO,ban
28 oo b N PR ddau dén ndng sudt thdap
& F ' \ i tiép xiic.
%= C ] Nsan
gé 1.8 bt N7
m et 1
R NE

0%

|| i 3 -

1 :

=} " 7 31 3 10

Nong dd SO,, %

Vi du, tiéu tén oxi: khi dot S: 1,000 (phuong trinh 2-16)
khi dét pyrit: 1,373 (phuong trinh 2-9)
1,333 (phuong trinh 2-10)
khi dot H,S: 1,500 (phuong trinh 2-17)

V1 vay, néng d¢ SO, thich hop trong hén hop khi thu duogc khi dét cdc loai
nguyén liéu khiac nhau nhv sau:

Nguyén liéu ban dau SO, 100% S FeS, H,S Pyritlan than
Nong dé thich hop, % : 14 8,5 7 6,3 4,9
14|
= \\
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Tigu t8n oxi, mal/mot SO,

Hinh 3-32: Nong d6 SO, thich hop d6i v6i cdc dang nguyén liéu khdc nhau:

- SO, 100%: 4- H,S;
2-S; 5- pyrit 1dn than.
3- pyrit (CefCs =0,25).
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Cic chi tiéu kinh t& k¥ thuit cta nhd mdy duge xdc dinh trude hét bdi chat
luong va gid thanh san pham. Vi th¢ khi lua chon diéu kién 1am viée thich hop ctia
thdp ti¢p xiic khong chi tinh dén mitc chuyén hod ma ¢ cac yéu 16 khdc.

Ta di biét khi tang nong d¢ SO, thi thé tich hén hop khi giam va nhu vay ciing
lam téing nang sudl cha cdc thiét bi chinh khdc trong nha mdy va giam dién nang tiéu
thu d€ van chuyén khi...

Mat khdc, néng do SO, thich hop ciing khong phai i s6 licu that nghiém ngat.
Trén do thi (3-31) ta thdy, khi néng do SO, tang tir 6,5 1én 9% thi nang sual thap tiép
xtic chi thay doi khoang 5%. Vi vay, trong thuc t€ sin xuat, ngudi ta thuong sir dung
noéag do SO, cao hon noéng do SO, thich hop.

2.1.4- Anh hudng ciia qud trinh chuyén chat dén viéc oxi hoa SO, trén xiic
tac vanadi

Tée d6 oxi hod SO, trén xtic tédc vanadi cong nghigp rat I6n. Vi thé néng do cic
chit tham gia phin tmg cling nhu néng do sin phdm sau phan fing, nhiét do hén hop
khi & mat ngodi va bén trong hat xtic tdc rat khic nhau. Do dé tdc do oxi hod SO, phu
thuéce rat nhiéu vao toc do chuyén chat va truyén nhiét trong hé théng.
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Chiéu dai mao quan, cm

Hinh 3-33: Anh hudng ciia chiéu dai mao quadn dén mic sit dung bé mdt bén trong
cua xiic tdc.

Trong diéu kién sin xuat, qua tinh chuyén chat tir dong khi dén bé mét ngodi clia
hat xtc tdc (khuéch tdn ngoii) khong dnh hudng dén t6c do oxi hod SO,. Giai doan
cham nht trong qud trinh oxi hod SO, 1a khuéch tan cdc chit tham gia phan tng 1r bé
mat ngoai cha hat xvc tdc dén bé mit bén trong cha né (cdc mao quan). Vi vay, bé mit
bén trong cua cc hat xiic tdc khong diroe sir dung hoan toan, nhit 1a & cac 16p dau.
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- Muc sit dung bé mit bén trong cda cdc hat xic tic phu thuoc vio nhiét do,
chiéu dai va dudng kinh cdc mao quan.

Khi tang chiéu dai mao qudn, téc khi tang dudng kinh hat xuc tdc, ddu tién mitc
sit dung bé mat bén trong ctia xtc tdc gidm chut it (khu vyc dong hoc), sau dé giam
rat nhanh, cuéi cling thay déi ty 1¢ nghich véi chiéu dai mao quan (khu vuc khuéch
tan trong).

Khi tang mize chuyén hod, mic sir dung bé mat bén trong tang, nhimg khi miic
chuyén hod da kha 16n (x > 0.9 x,,) thi mic sit dung bé mat bén trong khong phu
thude vao mie chuyén hod nita, vi khi x = x, thi phuong trinh (3-28) thue (€ tring véi
phuong trinh déi véi phin dng bac nhat.

Khi tang nhiét do, hang s6 t6c d¢ phan tng ting, do d6 mutc sir dung bé mat bén
trong giam,

- Trong cong nghiép, v6i nhitng hat xtc tdc ¢6 dudng kinh trung binh nhd hon 2
mm thi giai doan khuéch tin hoan toan khéng dnh huéng dén t6¢ do qud trinh oxi hod
SO, (mic st dung bé mat bén trong luon luén xap xi 1 v6i moi gid tri cha x). Véi
nhiimg hat 16n hon maot chiit thi qua trinh oxi hod SO, nim trong viing trung gian giita
dong hoc va khuéch tan. Chi v6i nhiing hat rat 16n thi qud trinh mdi hoan toan nam
trong mién khuéch tdn trong.
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Hinl 3-34: Anh hudng ciia duong kinh hat xiic tic dén tiéu hao chung:
1- gid thanh xuc tdc;
2- tiéu hao dién nang dé khic phuc trd luc cla xUc tac;
3- tiéu hao chung,
Nhu vay, hat xiic tdc cang nho thi mic sir dung bé mat bén trong clia n6 cang
I6n, do d6 luong xuc téc dung cang it. Nhung, mit khéc hat xtc tic cng nhéd thi 1rd
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lyc cla 16p xdc tic cang 16n, do dé tiéu hao nang lugng van chuyén khi cang cao.
Chon dudmg kinh thich hgp cta hat xiic tdc phai dam bao qué trinh oxi hod SO, xay
ra trong mién trung gian gitta ving dong hoc va khuéch tan, nham gidm tdi muc thap
nhét lugng xic tic ciAn dung ciing nhu nang lugng tiéu hao dé khac phuc tré luc cta
16p x1i¢ tac (hinh 3-34).Kich thudc thich hgp cia hat xic tdc phu thudc vao rat nhiéu
yéu 13: hoat tinh, gi4 thanh va tdi tho ctia xiic tdc, tdc do khi, tiu hao dién ning dé
khéc phuc trd luc ciia 16p xiic tic.

Két qua tinh todn & diéu kién trung binh cla cic 1op xic tdc din (x=0.5
t=525"C) va clia cac 16p cudi (x=0,9 t=470"C) trinh bay & bang (3-15).
Bdng 3-15: Anh hudng ctia téc do khi dén duong kinh thich hop
ciia hat xic tdc (mm) 6 cde mirc chuyén hod khdc nhau

W, m/s x=0,5 x=0,9
_____________________________ 05 LB A
w. 30 7
1,5 7,2 10

Tir bang trén ta thay, khi mic chuyén hod tang thi dudng kinh thich hop clia hat
xtic tac ciing tang. Thuc t&, do phan tng oxi hod SO, giam thé tich, nhiét do khi vé
cudi qud trinh ha thip, dudng kinh thap tiép xiic & cdc 16p sau tang nén 16¢ do khi &
céc I6p sau giam. Vi vdy, ndi chung dudng kinh thich hop cda hat xic tic § cde 16p
sau thudmg nho hon so véi cdc 16p dau.

Vi dy, khi toc do khi & 16p ddu 14 1,5 m/giay thi dudng kinh thich hgp cua hat
xuc téc 1a 7,2 mm, nhung lic d6 t6c do khi & 1dp cudi chi 0,5m/giay, do dé dudng
kinh thich hgp cha hat xdc tdc & 1&p cudi la 4 mm.

Chii ¢, cdc s6 liéu & trén tinh todn cho cdc hat xiic tdc ¢d hinh dang nhu nhau, ¢o6
thé xem gén ding la cdc hat hinh ciu. Khi dang hat xiic tdc thay ddi thi dudng kinh
thich hop clta hat xuc téc cling thay déi vi trd lyc clia né di thay déi.

Vi du, khi diing hat xic tdc dang vong, do thé tich ty do clia né 1én nén trd luc
16p xiic tdc nho, vi vay dudng kinh thich hop ¢6 thé giam.

2.1.5- Tiép xuc kép

Tir hinh 3-30 ta thdy, mirc chuyén ho4 thich hop trong qué trinh oxi hed SO, 1a
0,98. Nhing sau dé phai c6 bién phap xir 1y khi thii dé dam bdo diéu kién v¢ sinh
cong nghiép.

Dé gii quyét van dé nay, Cong ty Hod chit Bayer da sir dung so d6 san xudt
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axit sunfuric mai, goi 1a so d6 tiep xuc kép.

Theo so dé nay, qué trinh oxi hod SO, trén xdc tic duge thuc hién lam hai giai
doan.

3 giai doan thit nhat, mic chuyén hoé dat khoang 0,90. Sau d6 dem hén hop khi
di hdp thy SO, nhim ting ham lugng oxi va SO, trong hén hgp khi trude khi vao giai
doan chuyén hod 1an thif hai.

 giai doan hai, miic chuyén hod dat 0,95-0,97 luong SO, con lai. Nhur vay mic
chuyén hod chung dat 0,995-0,997 va ham lugng SO, trong khi thai chi con 0,03%
thé tich.

V1 & so d6 tiép xuc kép, hén hop khi cdn duge dot néng hai 1an tir nhi¢t do ban
diu khoang 50°C (sau thdp sdy vio giai doan thit nhit va sau thip hap thu vao giai
doan thit hai) nén ndng do ban ddu ciia SO, phai 16n (9-10%) dé di lugng nhigt cén
thi¢t cho qua trinh ty xay ra.

Hinh 3-35 gidi thiéu cong doan oxi hoé - hap thy trong day chuyén san xuat axit
sunfuric theo so dé ti€p xvic kép.

—

M

I Y S =

T R S
Hinh 3-35: So do tiép xic kép:

1,2,6,7: truyén nhiét 4.8: thap hap thuy

3 . thap tiép xiic; 5 :loc bang soi thuy tinh.

Hén hop khi tir quat khi qua cdc truyén nhi¢t 1,2 vao giai doan ti€p xiic lan thit
nhdt gém ba 1ép xiic tdc. Sau d6 khi sang thip hap thu 4 tich SO, 161 gua truyén
nhiét 6,7 vio giai doan ti€p xiic thi hai (mot 16p xic tic). Cudi cung, khi qua lam
ngudi 6, vao thdp hap thu 8 réi thai ra ngoai rdi.
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2.2- MOT SO THIET BI DUNG TRONG CONG DPOAN OXI HOA SO,
2.2.1- Thap oxi hoa

Trong cdc nha mdy san xudt axit sunfuric hién nay, ngudi ta dung kha phé bién
loai thdp oxi hod (con goi thdp ti€p xiic hodc thdp chuyén hod) 4-5 16p xiic tdc co
truyén nhiét trung gian sau moéi 16p xic tac (hinh 3-36).

Khi tir b phan khéi déng

Hinh 3-36: Thdp tiép xic 4 l6p xiic tdc co truyén nhiét trung gian:
I, IL, 111, IV . cdc 16p xuc téc;
1;2;3 : cdc bo phan truyén nhiét;
4 : thdp truyén nhiét ngoai,
5,6;,7,8 : vankhi.

V6 thap 1am bang thép, bén trong 16t vat liéu chiu Ira (& ving x€p xic tdc) hodc
¢6 vong dan nd nhiét (& ving dat 6ng truyén nhiét). Phén dudi thap md rong ra dé
giam tré luc clia cac 16p xdc tac vi giam t6c do khi di trong thap va giam chiéu cao
16p x1c tac.

Hdn hop khi SO, tir quat khi (nhiét do khoang 50°C) di vao khodng khong gian
gilta cdc Ong cua truyén nhiét ngoai 4. O day n6 duoc dot néng so bo dén 230-240°C
nhd khi néng tir thp ti€p xiic di ra. Sau d6 tiép tuc qua cdc bd phan truyén nhiét bén
trong 3, 2, 1 dé 1am nguoi hén hop khi sau céc 16p xic tac III, II, I va ban than n6
dugc d6t néng dén nhiét do hoat tinh clia xdc tic (440-450°C) 16i di vao 16p xic tic
thi nhat...
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Sau méi 16p xic tc, nhiét do clia hdn hop khi tang, vi vay phai cho qua cic bo
phan truyén nhiét dé ha nhiét do xudng. Sau 16p xdc tic cudi cing, hon hop khi ra
khéi thap tiép xiic va vao truyén nhiét ngoai dé d6t nong hdn hgp khi méi, dong thoi
ha nhiét do xuéng trude khi sang cong doan hap thu:

Pé didu chinh nhiét do ctia hdn hop khi vao céc 16p xiic téc, ngudi ta thay doi
luong khi di vao khodng khong gian giita cdc 6ng ¢ cdc bo phan truyén nhiét bang
cdch déng mo cac van 5, 6, 7...

Vi mitc chuyén hod & 16p 1 khd 16n, khoang 50-70% tng lugng SO, nén nhiét
do hon hop khi sau 16p I cao nhat, c6 thé t6i 600°C. Vi thé, bo phan truyén nhiét sau
16p I rét 16n. Dé cho don gian, nhiéu noi 1am ngudi khi sau 16p I bang cich bé sung
truc tiép hén hop khi SO, nguoi hoac khong khi ngudi - néu hén hop khi ¢é néng do
SO, ban déu cao.

SO,
1
3
I
4
——
| .|
I
1 p— 4 =
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3 |
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Hinh 3-37: Thép tiép xtic c6 bo sung SO, sau lop I, cdc lop sau ding truyén nhiét
trung gian loai nam ngang:

[-V: céc 16p xuc téc; 4- b0 tron khi;
1-3: cé4c bo truyén nhiét; 5- 16p thach anh.
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DéE dé ché tao va stia chira, nguoi ta con dat cdc bo truyén nhiét kiéu nam ngang
(hinh 3-37) hodc dua sang bén canh (hinh 3-38). Tat nhién cdc loai nay cling c6
nhuge diém 12 phan phoi khi khong déu va chiém dién tich mat bang 16n.

Vi nhiing thap ti€p xtc c6 nang suat cao, khoang 100 tan H,SO,/ngay, thudng

thudong dat bo truyén nhiét & bén ngoai vi kich thudc thap rat 16n, duong kinh thap 61
12m, chiéu cao 22m (hinh 3-39).

...............
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Hinh 3-38: Thap tiép xtic ¢é bo truyén nhiét ddt bén canh:
1- 16p xtic tac; 2- truyén nhiét.

Khi dén
truyén
nhiét

o

Hinh 3-39: Thdp tiép xtic ddt bo truyén nhiét bén ngoai.

130



Gan day. trong céng nghiép axit sunfuric bat diu sir dung Lthdp tiép xuc kicu 16p
sO1. Loai nay ¢é nhimg wu diém ndi bat sau:

- Tang cuong duge qud trinh kKhuéch tén cha SO, v O, dén be mat xue tiac do
ddo tron manh gita hon hop khi va chit xdc tic.

- C6 thé si dung cdc hat xiic tdc nho, dudmg kinh 0,5-2mm vi trd lue cla 16p s6i
khong phu thudc vio kich thude hat. Khi d6 mite st dung bé mit bén trong cua xtc
tdc gin nhu bing 1.

Mait khdc nhi¢t do trong toan 16p xic tic rat dong déu, nén cuomg do qud trinh
oxi hod rat 1én, luong xic tic can diing ¢6 the gidm duge mot mira.

- Hé s¢ truyén nhi¢t tir 1dp soi dén bd phan lam ngudl rat lan, tir 800-
1200kJ/m*.h.dé tic 1a gdp 8-10 lan so véi binh thudng, Nhd d6 6 thé tién hanh oxi
ho4 hén hop khi ¢ ndng do SO, cao ma khong so xtc tdc bi qua nong,

- Nhe¥ ddo troén manh trong [Gp soi nén nhiét do hdn hap khi vao 16p xic tic thir
nhat ¢é thé thap hon nhiét do hoat tinh cna xtc tic. Digu niy ¢ y nghia thue t€ quan
trong, nhat 12 khi oxi hod hon hop khi ¢ nong do SO, cao.

- Néu trong hdn hgp khi ¢6 chia mot it bui cling khong gay khé khan gi, vi toc
do khi vi cudmg do dao tron rat ién, bui khong thé nam lai trong 16p soi duc.

- C6 thé thay xiic tdc cil, nap xuc tdc mdi vio mit khong cin dimg xudng. Biéu
niy ¢6 ¥ nghia quan trong déi voi cic day chuyén ngén (khong cé cong doan lam
sach khf) vi mot s6 tap chat khong gay anh hudng gi xdu & diéu kién nhi¢t do lam
viée binh thudng, nhung & nhiét do thap (khi dimg xudng) ching ¢6 thé phé hoai xiic
tac va thiét bi.

Vi toc do ddo tron trong 16p soi rat én, ¢o the coi nhiét do va néng do khi trong
16p soi 1a dong déu. Vi thé, 16c do phin tng oxi hod SO, ¢ moi diém trong [dp soi
nhu nhau. Thay biéu thite dx/dt biang x/T vio phuong trinh (3-32), ta duoc:

a.x.(1-0.2x)

1= (3-41)
KP(l—x)| B (— 2y
(1= %) [[ (Km_(i_x))]
b_li?(
p=—2 (3-42)
&
2
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Hinh 3-40: Thoi gian tiép xic 7.
- Lép xic tac c6 dinh (Dién tich OBC).
- Lép soi (Dién tich OABO).

So véi 16p xiic tac 6 dinh, thdi gian ti€p xdc cdn thiét khi oxi hod SO, trong 16p
s0i 16n hon. Nhung hé s6 du trit xtic tic trong 16p soi chi bang 1,2 -1,5 trong khi & 16p
xtc tac ¢6 dinh hé s6 nay 1a 4 (bang 3-12). Vi vay luong xuc tdc dung trong 16p sO1
van nho hon. SO,

Hinh 3-41: Thdp tiép xtic kiéu lop soi:

1- 16p xuc téc; 3- bo phan 1am nguoi.
2- ghi d& xuc tac;
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Hirh 3-41 gidi thiéu so d6 nguyén tic mot thap tiép xuc kiéu 16p s6i. Khi théi tix
dudi 1én, 1dn lugt qua cdc ludi phan phéi khi, trén dé ¢6 dé chét xic tdc. DE rit nhiét
phan \tng, ngudi ta dit trong 1dp so6i cdc bo phan 1am ngudi bang nude kiéu ng kép.
Phan trén cua thap duge 1am rong ra va ¢6 b phan tich byi dé gidm luong xuc tic
kéo thco khi,

Ludi phan phai khi 12 loai lugi chép c6 tiét dién tu do khoang 6%. Trén ludi dé
xuc tdc kich thude 0,75-1mm. Nhiét do khi vaoe thap 300-350°C, tré luc 800-900 mm
H,0, t6n thét xiic tdc do bi bao mdn trong 1Gp soi khodng 109% trong ! nam.

Bdng 3-16: Mot s6 chi tiéu chinh ctia thap tiép xiic kiéu lop soi

Lop ~ Chiéucaoldp xictic Nhict do, Hiéu suat
Lép ¢6 dinh Lop soi °C chuyén hoa
n 250 S 50 | 60-75
2 300 A0 80 1 80-90
B T B ~ RIENEE a5 L 9095
4 350 575 415 95-98

2.2.2- Thiét bi trao doi nhiét
2.2.2.1- Thiét bi trao doi nhiét ngoai

Dé dét néng so bo khi nguyén liéu (hén hgp khi ban ddu chita SO,) trude khi
vao thap tiép xdc, dong thai 1am nguoi hén hop khi chia SO, sau chuyén hod, ngui
ta diing thédp trao d6i nhiét ngoai bang thép (hinh 3-42).

Khi néng chita SO, di trong 6ng tir trén xudng, con khi ngudi chita SO, di &
khodng khong gian giita cdc ong tir dudi 1én. D€ phan phoi khi déu theo tiét dién cla
khoang khong gian giita cdc 6ng va tang hé s truyén nhiét, ngudi ta dat cdc tim ngan
nam ngang 2. ‘

Néu trong khi di vio cong doan tiép xuc ¢6 mi axit thi né s& ngung tu mot phan
& khoang khong gian gilra cdc éng lam hdong cdc Ong truyén nhiét va giam hé so
truyén nhiét do sdn phdm cta qud trinh an mon bao boc thanh ngoai cla ong.

Khi chita nhiéu hoi nudc ciing ¢6 thé gay dn mon bé mat bén trong cdc ong do
ngung tu hoi axit (tao thanh tir SO, va hoi nudc), dac biét 1a trong cdc ong ¢ gin cira
hén hgp khi SO, vao, vi & day nhiét do cla khi thap nhét (khoang 50°C) va hé s6
truyén nhiét 16n nhét (do tdc do hon hgp khi SO, vao 16n).

Ngoai ra, néu 6ng bi thing hoac ghi éng bi hd thi SO, s€ lot vao trong Ong,
sang cong doan hap thu 1i theo khi thai ra ngoai trdi, gay tén that SO, va 6 nhi€ém
moi trudng.
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1
2
Hinh 3-42: Thap trao déi nhiét ngoai: Hinh 3-43: Thdp lam nguéi SO,:
1- ghi 6ng; 3- vong dan nd nhiét; 1- budng trén; 4- budng dudi;
2- tim ngan;  4- cua; 2- 6ng truyén nhiét;  5- clra khong khi;

5- ong truyén nhiét. 3- quat khi; 6- thdo axit ngung.
2.2.2.2- Thiét bi lam nguoi SO,

Hén hop khi chita SO, sau truyén nhiét ngoai c¢é nhiét do khoang 200°C cin
dugc 1am nguoi dé hap thu t6t.

Vé nguyén téc, thdp 1am nguoi SO, ciing tuong tu nhu truyén nhiét ngoai: hdn
hop khi chira SO, di trong cdc Ong truyén nhiét tir trén xudng, con khong khi hoac
nudc lam ngudi di & khoang khong gian giita cdc éng tir dudi 1én (hinh 3-43).

O mot s6 nha mdy, ngudi ta khong diung thdp 1am nguoi SO, ma cho hon hop
khi chita SO, tir thdp truyén nhiét ngoai di thiang vao thip hap thu oleum. Nhu vay
thdp nay dong thoi dong ca vai tro thap hdp thu va thap lam nguéi SO;, cho nén ché
do lam viéc cha né ciing thay doi (bé mat dém, mat do axit tugi, bé mat 1am nguoi
axit...)

2.2.2.3- Thiét bi dot néng khéi dong

Khi nha mdy mdi bat diu hoat dong hoic chay lai sau khi dimg lau, ngudi ta
phai sdy xtc tac (c6 khi phai bdo hoa xic tic) va nang din nhiét do cua thap tiép xtic
dén nhiét do hoat tinh cua xuc tac. Muoén vay phai thdi khong khi néng ¢6 nhiét do
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450-500°C qua thap tiép xuc cho dén khi hé thong lam viéc binh thuong.

Dé ¢6 khong khi néng, nguoi ta dung khi 10 ¢6 nhiét do 650-700°C (thu dugc
khi d6t nhién liéu ran, 16ng hoac khi) trao doi nhiét véi khong khi thuong trong cdc
thiét bi 6ng chum ¢6 cdu tao giéng nhu hai thap trén.

0 mot s6 nha may, nguoi ta dot khi thién nhién. Khi 10 thu dugc cé nhiét do
1100-1200°C duoc pha loang bang khong khi (truyén nhiét truc ti€p) dé ha nhiét do
hon hop khi xuéng con 450-500°C roi dua vao thédp ti€p xic.

Gan day, nguoi ta sir dung thiét bi dot néng khong khi bang dién vira don gian,
gon, nhanh chéng dat dén trang théi lam viéc va dé diéu chinh (hinh 3-44).

4- khung day dién tro;
5- 16p céch nhiét.

1- vo;

2- nap;

3- ddu day dién tro;

Thiét bi d6t nong bang dién lam béang thép c6 16t chat cach nhiét, dugc chia lam
hai ngan, bén trong dat cac khung, quén khoang 50 kg day dién trg crom-niken.

Thiét bi nay tuy c6 tiéu hao nhiéu dién nang hon, nhung né chi lam viéc trong
mot thoi gian rat ngan (khi khoi dong va khi chay lai) nén sir dung né van kinh t¢

hon.
Du6i day gidi thiéu mot vai chi tiéu k§ thuét cta thiét bi d6t néng bang dién:
Thé tich hén hop khi duoc dét néng, m'/h 3000
Nhiét d6 khi,"C
Trude khi dot néng: 50
Sau khi dét néng: 520
Thai gian chudn bi lam viéc, phut 10-15
Dién tich dot néng, m® 13,1
39x1,8x%x 1,1

Kich thudc, m
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3- HAP THY ANHYDRIT SUNFURIC SO,
3.1- CO SG HOA LY CUA QUA TRINH HAP THU SO,

Giai doan cudi ciing cua qud trinh san xufit axit sunfuric theo phuong phdp tiep
xuc 1a tach SO, khoi hén hop khi va chuyén né thanh axit sunfuric. Tuy theo hén hop
khi ¢6 chifa hoi nude hay khong ma co ché clia qud trinh tdch SO, khdc nhau. Néu
hén hop khi trude khi vao thép ti€p xiic duge sdy kho thi qué trinh téch SO, & day ia
hap thu, con hén hop khi di thing vao thdp tiép xic ma khong sy thi qué trinh tich
S0, 1a ngung tu axit sunfuric. Trudng hop thit nhit phd bién hon.

3.1.1- Qua trinh hap thu SO,

Didu tién SO, hoa tan vao dung dich axit sunfuric, sau d6 phén img véi nude
trong dé:

#S0, + H,0 = H,S0, + (n-1)SO,
Tuy theo ty 1¢ gitta lugng SO, va H,0 ma néng d6 axit thu dugc s& khdc nhau:
Khi n >1 sén phim 12 oleum .
Khi n = 1 sdn phdm 1 monohydrat (axit sunfuric 100%).
Khi n < 1 san pham la dung dich axit lodng.

Thuong thudng, ngudi ta ¢é xu hudng san xudt toan bo san phdm & dang oleumn
dé bao quén, van chuyén va sir dung thuan Igi hon.

Muén vay, cho hén hgp khi chida SO, qua thap c6 tudi oleum (thdp oleum). Nhut
da bi¢t, oleum la dung dich axit sunfuric 100% ¢6 du SO, nén 4p suit hoi riéng phan
cua SO, trén né kha I6n.

Vi du: dp suat hoi SO, trén oleum ttéu chudn (20% SO, tir do) nhu sau:

Nhi¢td6,°C : 50 60 70 80
P, ,mmHg: 8 17 30 47

Vi viy, thip oleum chi hap thu duge mot phan SO, trong hén hop khi (kinh 3-
45). Ham lugng SO, con lai trong khi ra khoi thdp oleum khd 16n. Vi du:

Nhiét d6,°C: 50 60 70 80

Cyo, % ¢ 1,08 223 400 620
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Hinh 3-45: Miic hdp thu SO, ¢ thdp oleum khi néng do SO,
trong hon hop khi khdc nhau.
Do d6, dé hap thu hét SO, lai phai dua hon hop khi tiép tuc qua thdp hap thu tha
hai tudi monohydrat (thip monohydrat). Bén day mdi két thic qud trinh hap thu SO

Do hép thu SO;, néng d6 oleum tang. Pha lodng nd bang luong axit thu dugc &

thip monohydrat (con goi tat la mono). Luong oleun du 18y ra lam san pham dua vé
kho.

Khi san xudt axit sunfuric theo.phmmg phdp xuc tac udt (xem phan sau), trong
khi ra khoi thép tiép xtic ¢é chita mot lugng hoi nudc i6n hon lugng nudc can thick dé
tao thanh H,SO,. Khi 1am ngudi, SO, s& tac dung v6i hoi nude tao thanh H,S0,, sau
d6 hoi H,S0, méi ngung tu. Nhu vy, & day xdy ra qud trinh ngung tu hoi H,SO, chit
khong phai hap thu SO,.

Truong hop lugng hoi nuée trong khi nho hon lugng SO, thi s& xdy ra dong thai
ca hai qud trinh : ngung ty hoi axit sunfuric va hap thy SO,.

Gin day ngudi ta cho ri‘mg,'né'u chi san xuat axit c6 nong do nho hon 93% thi
tién nht 12 cho ngung tu hoi axit vi qud trinh nay c6 toc d6 16n hon so vdi qué trinh
hip thu SO,. Mat khdc qua trinh ngung tu xay ra & nhi¢t do cao hon, do dé dé lay
nhiét ra va dé sir dung nhiét hon.

Co ché qua trinh hap thy SO, ciing tuong ty nhu qud trinh sdy khi (hép thu hoi
nudc bing axit sunfuric). Do d6 ta cling ¢ cong thic :
Q =K.F.AP,
trong d6  Q: luong SO, hap thu duge, kg/h
K: hé s& hdp thu, kg/m’>.h. mm Hg;
AP: dong luc cua qud trinh hap thy,

137



K = K“. W
o day: K, he $6 phu thuge vio ndng do va nhiét 4o axit;

W: 10¢ do gia ctia khi di trong thdp, m/s.

Anh huong cOa nhiét do va nong do axit dén he s6 K, duge thé hién trong hinh
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Hinh 3-46: Anh hudng cia néng do va nhiét do axit dén hé sé K.,

Tirhinh vé ta thily, & 60 "C khi ndng do axit 1a 98.3% (tmg v&i 80% SO, tong)
thi K,, = 0,175 ¢bn khi teéi oleum 20% SO, tu do (g vdi 85.3% SO, 16ng) thi K, =
0.115. (Theo mot s6 lidu thuc nghiem khéc thi d6i véi axit 98,3 K, = 0,069, con doi
voi oleum K, = 0,026},

Anh huong cta nhiét do va néng do axit tudi dén oc do hap thy va hiéu suat hip
thu thé hién trén hinh (3-47) v (3-483.
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Hinji 3-47: Anh huéng ciia néng do va nhiét dg axit dén hiéu sudt hap thu SO,
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Hinh 3-48: Anh huong ciia nong do va nhiét dé axit dén toc do hdp thu SO,
Tir hai hinh trén ta thiy, qua trinh hap thy SO, t6t nhat la & nhiét do thip v khi
néng do axit tuéi 1a 98,3% H.S0,, vi tai d6 ci t6c do hap thu va hi¢u sudt hip thu deu
dat gid tri cuc dai. Cé thé giai thich dicu nay nhu sau

Hoi trén dung dich axit ndng do nho hon 98,3% gom ca hoi H,SO, va hoi nude.
Khi tuéi axit nay 1én hdn hgp khi SO, thi dong thii véi qud trinh hip thu SO vong
pha léng con ¢d qud trinh tao thanh hoi H.S0, trong pha khi do SO tic dung véi hai
nudc.

Ndéng do axit cang nho thi dp sudt riéng phan cha hoi nude trén do cang 1dn va
hoi H,SO, tao thianh cang nhiéu. Nhu di trinh bay o ddu Chuong 111, dp suit néng
phdn cha hoi H,SO, trong pha khi cang 1dn thi d¢ qud biio hod cia hol S cang 1dn.
Khi § = §,, s¢ xay ra hién tuong tao mil.

Vi téc dd hap thy mu rit nho cho nén da sé cdc hat ml axit chua bi hip thu da
bi kéo theo Tudng khi thii ra ngoii. Do d6 hieu suat hip thy SO, gidm vi tén thit SO,
tang,

Nhiét do cing cao thi luong hoi nude bay hoi tir dung dich axit cang nhic¢u. Vi
vily 16c do tao mil cang lén va tdc do cling nhu hi¢u suat hip thu cang gidm.

Néu diing axit néng do 16n hon 98,3% thi hoi trén dé ¢6 ca SO, Nong do axit
cang 16n thi dp suat riéng phan cha SO, cing 16n. Do dé dong luc hap thu va toc do
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hap thu giam. Mat khic dp suat rieng phan ciia SO, sau khi hép thy ting 1am ton that
SO; theo khi thai tang va hi¢u sust hap thu gidm.

Nhi¢t d6 cang cao thi dp sudt rieng phan cha SO, cang ldn, vi vay hiéu sudt va
toc do cang nho.

Bang (3-17) gi6i th'i(-f:u vai s6 licu vé 1on that SO, trong thap hip thu ¢ néng do
va nhiét do axit tuéi khac nhau:

Bdng 3-17: Ton thdt SO, trong thdp hdp thu monohydrat.
Nong do SO, trong khi : 7.2%
Bé mat dém : 1000 m¥/ 1tin H,S0,.giv

Toc do khi : 0,8 m/giay
T 1 |

Nongdo  Nhigtdo Tén thit SO, % )
axit tudi axit tuéi Do hap thu | Do tao ! Do bay Hiéu suat
o, oC khong hét mi hoi hap thu
H,S0, H,S0,
60 | 0,009 0,22 0,003 99,77 |
95 80 1,03 0,019 98,94
_________________________________________________________________________________ 100 400 0067 9593
60 0.009 0 0,006 99,99
98,3 80 0,037 89,95
_________________________________________________________ 100 0035 9986
60 3,34 0 0,006 96,65
101 80 9,80 0,037 90,16
100 31,50 0,135 68,36

Tir bang trén ta thay: khi ndng do axit nhé hon 98,3% thi t6n that SO, chii yéu Ia
do tao mi axit, cdn véi axit néng do 16n hon 98.3% thi t8n that SO, chu yéu lai 1a do
hip thu SO, khéng hoan toan.

Chi y: Nhu da trinh bay & trén, kha nang hép thu SO, phu thuée rat nhiéu vio
nhi¢t d6. Vi du: v6i hén hop khi chita 7% SO, thi mitc hap thu SO, cta oleum phu
thudc viio nhiét do nher sau:

Nhiét d6,°C 30 40 50 60 70 75 79
Mikc hap thu, %: 90 86 76 61 34 165 0
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Nhu vay trong qué trinh hap thu s& c6 mot gid tri ma tai dé dp suét riéng phin
ctia SO, trén dung dich oleum téi can bang vai 4p suét rieng phén clia SO, trong pha
khi. Do d6 khong thé tien hanh hap thu duoc nita. Nhiét d6 d6 goi 1a nhi¢t do téi han.

Vi du: nhi¢t d6 t6i han cia oleum tiéu chudn khi hén hop khi chita 5% SO, 1a
76°C, chita 7,5% SO, 1a 84'C.

Tuong tu, d6i v6i dung dich axit loang, & nhiét d6 16i han thi dp sudt riéng phdn
cua hoi nudc trén dung dich axit twdi rat 16n, toan bo lugng SO, s& két hop véi hoi
nude tao thanh mi axit va qud trinh hap thu cling khong thé tién hanh duge (midc hap
thu bang 0).

Vi du: Nhiét d6 t6i han cta dung dich axit ¢6 nong do 85%, 90% va 95% H,SO,
tuong tng la 105, 144 va 198"C,

3.1.2- Can bang nudc trong hé thong

Do héap thu hoi nude trong hén hop khi nén axit & thdp sdy bi pha lodng ra.
Luong axit nay sé chuyén sang cong doan hap thu, & d6 lugng nuéc trong axit phan
ting vdi SO, tao thanh H,SO,. Luong nude theo axit s&y sang cong doan hip thu cang
it th phdn san phdm 14y ra & dang oleum cang nhiéu.

Phin oleum san xuat duoc (con goi 1a hiéu suat oleum) ciing phy thudc ci vao
nong do SO, vi ndng do SO, cang 16n thi thé tich hdn hop khi di qua cong doan rira
cang nho, do d6 lugng nudc di theo khi cing it.

Luong nudéc mang vao cong doan hip thy phu thudc trude hét vao ham luong
hoi nuée trong khi tir loc dién udt vao thip sdy. O thdp tang dm thyc t& 13 khi bj bao
hoa hoan toan hoi nude. Nhiét do cang cao thi dp sudt hoi nude bdo hoa cang 16n. Vi
th¢ ham lugng hoi nudc trong khi di vao thip say thuc t€ 12 do nhiét do khi quyét
dinh. Nhu vay, khi néng do SO, trong khi khong déi thi hi¢u sudt oleum phu thuoc
chu yé€u vao nhiét do hén hgp khi truéc thap say. Néu nhiét do nay trong déi cao thi
lugng nudc hap thu & thép sdy khd 16n va do d6 khong thé sian xust duge oleum.

Néu lugng nude hap thu & thdp sdy khong dii dé tao thanh axit sunfuric c6 néng
do qui dinh thi phai bé sung nudc vao cong doan hip thy hoac cong doan say.

Néu axit say khong nha hét SO, hod tan trong do (i(héng ¢ bd phan khir SO,)
thi tot nhat 1a bé sung nudc vao thing chia cia thap hép thu monohydrat dé gidm
lugng axit sdy va do dé giam tén that SO, hoa tan trong axit d6.

Néu chi sdn xudt axit sunfuric ddm dic ma khong san xuét oleum thi lai bd sung
nuée vao thimg chia cua thdp sdy dé don gian cic dudng 6ng din axit.
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3.2- THIET BI TRONG CONG POAN HAP THU S0,

Nhu da trinh bay & hinh (3-1), khf SO, sau khi lam nguéi so bo & truyén nhiét
ngoai duge dus sang cong doan hip thu, (5 day khi SO, ti€p tue duoc 1am nguoi, tao
diéu kién t61 cho qud trinh hap thu.

Bau tien SO, duge hip thy trong thip oleum. sau do sang thip monohydrat, cudi
cung qua thidp tich giot réi phong khang hodce dira di thu héi S0,.

Oleum va axit tudi sau khi hap thy SO.s€ bi ndng 1én vi duoc dira qua thiét bi
fam ngudi trude khi tudi twdn hoan.

Theo tinh todn, muén san xudt (oan bo san pham & dang oleum thi lugng SO,
phdi hip thy & thip oleum khodng 1/3 toan bo lugng SO, trong khi. Thyc t¢ thap
oleum ¢6 the hap thu duoe nhiéu hon (60-70%: tuy theo nhict do axit 1u6i).

3.2.1- Thap hap thu

B¢ hap thu SO, ¢ thé dang nhiéy loai thdp hap thu khéc nhau:

Thdp dém: Ding khd pho bién. Cau tac twong v thap say (Hinh 3-17)

Yéu ciu dém cua thip oleum khoang 600-1000 m” cho | tdn san pham.gio, to¢
40 khiden Tm/giay, mat do wéi 10-12 m/m* gie,

Lwong SO, hip thu ¢ thdp monohydrat nhicu hon, nén bé mit d¢m cua thip nay
c6 the 61 1200m*/tin. gidr, mat do wéi dén 25 m'/m’.gid.

Vi qué trinh hép thu SO, loa rit nhiéu nhi¢l nén ngudi ta con tién hanh hdp thu
SO, dong thoi ¢6 lam nguoi ngay ¢ beén trong thap. Lam vi¢e theo nguyén tic nay co
the 6 hai loai thiét bi sau:

Loai tha nhét 12 thdp hdp thy sii hot kiéu dia 16 hoidc dia chop (xem lai gido
trinh "Qud trinh v thiét bi trong cong nghiép hod hoc"). Loai nay ¢ thé tuéi axit
98.3% H,80, cho hap thy SO, d¢ lay tryc tiep san pham 12 olcum 20% SO, nr do.
Hi¢u sudt hap thu dat t61 99.9 - 99 994,

Thict bi nay gom tir 4 dén § dia 16 (hodc dia chop), tiét dién tu do cta cdc 16
khodng 15% tiét dien chung toan thip. BE mat 1am nguoi cdn thiét cho méi dia
khoang 10 m*. Tr¢ luc méi dia 300 - 400 N/m?.

Loai thit hai ¢6 ¢an tao twong ty thist bi lam nguéi oleum (Hinh 3-49) vi (3-52)
Qo1 1A "thap hap thu - lam nguoi.

Thi€t bi ndy gém céc ong truyén nhiét bang thép khong gi 2 dat giita hai ludi
ong 4. U khodng khong gian giita cdc Ong dat tir 4 dén 6 lwdi phu 3. Giita céc dng
truyén nhiét vi (w6i phu ¢6 cdc khe hé hinh vanh khin (chi tiet A). Hén hop khi théi
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tir dudi Ién di qua cdc khe hd d6, sui bot qua 16p axit trén cdc dia (tudi tir trén xuong)
tao thanh cac mang hdp thu SO, Luong nhiét tod ra trong qua trinh hap thu duoc
mang nudc chdy bén trong céc 6ng truyén nhiét 1y di.

N6i chung, cdc thiét bi hdp thu loai rit nhiét bén trong ¢6 cudng do chuyén chit
16n gép 5-10 lan thap dém, hé so truyén nhiét tir 2000-3500 kJ/m>.h."C, ¢6 thé 1am
viéc dugc ca khi ¢é cac chat ban.

Tat nhién, loai nay ciing ¢6 mot s6 khuyét diém nhu cau tao phiic tap, trd luc
16n, bi an mon manh.

Hinh 3-49: "Thdp hdp thu

- lam nguoi'':
1- budng phan phéi nudc;
3- 1uGi phu;

2- Ong truyén nhiét;

4- luéi ong.

-
b2

Chi tiét A

3.2.2- Thiét bi lam nguoi axit

D¢ lam nguoi axit sau hép thy hoac sdy, c6 thé dung céc loai thiét bi kiéu gian
tu6i, 6ng chum, 6ng 16ng 6ng, 6ng xodn ruot ga...

3.2.2.1- Thiét bi lam nguoi kiéu gian tuéi

Thiét bi 1am nguoi cdc loai axit sdy, oleum, monohydrat vé ciu tao thi giéng
nhau, nhung vat liéu ché tao thi khic nhau vi t6c do an mon ctiia cic loai axit rat khac
nhau.
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Hinh 3-50: Thiét bi lam nguéi kiéu gian tuéi:

1- gian 6ng; 4- san do;
2- 6ng gop trén; 5- 16 dua axit vao;
3- 6ng gop dudi; 6- 16 dua axit ra.

Hinh (3-50) gi6i thiéu mot kiéu thiét bi 1am ngudi bon gian tudi. Trén mbi hang
ong bing gang ¢6 mot mdng phan phdi tuéi nudc ngudi trén cic 6ng. Axit nong theo
ong gép 3 di vao cdc 6ng, sau khi 1am ngudi lai vao 6ng goép 2 & phia trén.

Chi tiéu co ban cha thiét bi 1am nguoi 1a hé s truyén nhiét K. Trong cic dieu
kién nhu nhau, néu cuong do lam viéc cang 16n va bé mat 1am ngudi can thiét cang
nho thi hé s@ truyén nhiét K cang 16n. Hé s6 truyén nhiét K phu thudc rat nhiéu vao
t6c do chuyén dong cia axit trong cdc 6ng 1am nguodi. Quan hé ndy c6 thé biéu thi
gan ding theo phuong trinh thuc nghiém:

K=AW" (kJ/m>h."C)
trong d6  W: téc do axit, m/s;
A: hé s0, c6 gia tri nhu sau:
D6i v6i thiét bi 1am nguoi ki€u gian tudi:
Khi lam ngudi axit sdy va monohydrat: A= 945
Khi lam ngudi oleum A= 650
Dai vai thiét bi 1am nguodi kiéu 6ng chim A=3100

Tir phuong trinh trén ta thay: khi tang toc do axit di trong 6ng lam ngudi 1én 2,5
14n thi hé s6 K tiang 1én gap doi, giam dugc bé mat 1am nguéi va kich thuée thiét bi.
Nhung khi tang téc do axit thi trd luc thiét bi va toc dd an mon cling tang.

Tinh todn kinh t&€ k§ thuat cua céc yéu té trén, nguoi ta rit ra téc do thich hop
cua axit khoang 0,5 - 0,7 m/s. Nhitng thiét bi ché tao tlr vat liéu chiu a&n mon cao thi
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toc do axit cé thé 16i 1 m/s.

Khuyét diém Ién nhat cta thiét bi 1am ngudi kiéu gian tudi 13 hieu suat sir dung
nudc 1am nguoi thdp. S& di nhur vay vi mot phan nude bi vang ra ngoii ma khong tuéi
vao ong lam nguoi (hinh 3-51).

DéE khic phuc hién tuong nay cé thé treo nhing td&m rang cua dusi méi Sng

nham loai trir kha nang chay theo qudn tinh cua dong nudc & duéi 6ng va gidgm chiéu
cao tr do cia dong nude xubng dng dudi.
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Hinh 3-51: Ton thdt nudc lam ngugi va bién phdp khdc phuc:
1- t6n that dong nudc do bén ra ¢ dang bui;
2- ddng nudc ton that do Iyc ly tam va trong luc;
3- ong 1am nguoi:
4- tdm chan.
Mot khuyét diém co ban nifa cia thiét bj 1am ngudi kiéu gian twéi 1a sinh ra
nhiéu hoi nudce, lam khong khi xung quanh c6 d6 4m cao.

3.2.2.1- Thiét bi lam nguoi kiéu ong chim

BE 1am nguoi oleum. thudng ding thiét bi kidu mang ong thing ding (hinh
3-52)
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Hinh 3-52. Thiét bi lam nguéi éng chivm:

[- 6ng thép; 2,3- ludi ong; 4- vo thép;

5- luéi phu; 6- ng ngan; 7- tdm ngan.

O thiét bi nay, nudc 1am ngudi chay trong cdc dng cdn oleum chuyén dong &
khoang khéng gian gilia cdc ong.

Dé tranh cho oleum khéi 1iép xiic véi nudc 1am ngudi do c¢é khe ho giira 6ng va
[u6i d& ong, ngudi ta dat thém mot 1udi phy 5, trén d6 c6 gin cic 6ng ngin 6. Déu
cudi cua cdc 6ng nay 1éng tu do vao phan loe hinh phéu & ddu trén cha 6ng 1. Nudc
chay vao 6ng 6 va chay xudng ong 1 & dang mang véi tc do rat cao. Nhiy vay, he s6
truyén nhiét rat lén.

Tam ngan 7 nham muc dich tang t6c do chuyén dong cla oleum v phan phoi
né déu trén toan tiét di¢n cua thiet bi.

3.2.3- Vai chi tiéu ky thuat cua cong doan hap thu SO,

Nhiét do khi, "C

Ra khoi thdp oleum <60

Ra khoi thap monohydrat <60

Nong do axit tudi

Thép oleum, % SO, tu do 19+ 1

Thdp monohydrat, %H,50, 983104

Hiéu suat hap thu, % =999
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3.2.4- Xt 1y khi thai

Nhu da trinh bay ¢ rén, hiéu suat chuyén hod SO, thudng thuomg chi dat 97-
98%, hiéu suft hap thy 99,9%. Vi vay trong khi thai con khoang 0,2% SO, (5g/m’) va
0,007% S0, (0,3g/m"). Ngodi ra con ¢6 mot it giot va mu axit do hdn hop khi kéo
theo. Khi thai theo 6ng thai ra khi quyén. Chiéu cao cdn thiét ctia Sng thai khi tinh
gén ding theo phuong trinh thue nghiém:

M
C.— 4/ V.AL
H: chiéu cao t6i thi€u cho phép ctia 6ng thai khi;
M: lugng chat doc thai vao khi quyén, gfs;

H=12,5

C: gidi han néng do cho phép cha chdt doc trong 16p khong khi gan mat dat,

mg/m” ;

V: thé tich khi thai, m"/s:

At: chenh 1¢ch nhiét do giita khi thai va khong khi xung quanh, “C.

Theo tinh todn so bo thi chidu cao cdn thiét cha éng thai khi rat Ién méi cd thé
dam bao dugc dicu kién vé sinh cong nghiép. Vi vay phai ti¢n hinh 1am sach khi dé
giam ham luong chét doc xudng thap réi méi phéng khong.

Trude hét, dé tdch cdc giot axit (con goi 1a tia bian) di theo khi, ngudi ta dat thap
tich giot sau thdp hap thy monohydrat. Day 1a mot thap dem (giong thdp siy) nhung
khong tudi axit. Cac giot axit di theo khi s& bi giit lai & trén dém r6i chay xudng ddy
tL.dp va thdo ra ngoai.

O mot s6 nha mdy nguoi ta khong dat riéng thdp téch giot ma bé tri ngay mot
I6p dém hoac s¢i thuy tinh & phia trén thdp hap thu monohydrat (khéng tudi axit).

D€ téch SO, trong khi thii c6 thé ding dung dich soda (hodc amonihydroxit)
hap thu SO, thanh natri hydrosunfit NaHSO, (hoac amonihydrosunfit NH_HSO.).

Ngodi ra con nhiéu phuong phdp tich SO, tir khi thai nhu oxi ho4 SO, bang
dung dich 20-30% H,SO, va 0,3% mangan Il oxit (Mn,0O, déng vai trd chat xuc tdc)
hodc bang dung dich huyén phit V,0; trong axit sunfuric, ZnO...

33- SAN XUAT MOT SO DANG SAN PHAM KHAC CUA AXIT
SUNFURIC

3.3.1- San xwvat axit sunfuric sach

Axit sunfuric sach (thudc thir, axit acqui) khdc cdc loai axit k¥ thuat chil yéu 12
& chd ham lugng tap chat trong d6 rat nho. Vi vay, dé sdn xuét axit sunfuric sach cdn
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mot 5O yéu cau sau:

- Thigt bi, dém, dudng 6ng... phdi 1am bang vit Jiéu chiu an mon cao (vi du:
thi€t bi 1am nguoi axit, duomg 6ng din axit... phii lam bing thép X18 H12 M2T, dém
bang si...

- Nhiét d6 axit tudin hoan phai thip dé giam lugng Fe va cin trong axit. Muén
vay phai tang bé mat lam nguoi axit.

- Gidm ham lugng tap chdt (asen, nito oxit...) trong khi. D€ gidm ham luong
ascn phai tach trigt dé mi axit trong khi trude khi hap thu vi phan 16n asen nim trong
mu axit,

V& co ché tao thanh nito oxit trong qud trink sén xuat axit sunfuric thi hién nay
chua ¢ tai ligu ndo xdc minh 16 rang, nhung qua thyc nghiém nguoi ta thay, nito oxit
c6 thé tao thanh trong qua trinh dot cic nguyén liéu chita luu huynh, treng cic loc
dién (& vilng quang sdng), trong qud trinh oxi hod SO, trén xiic tic vanadi.

Vi céc nito oxit (NO+NO,) hoa tan rat nhiéu trong axit sunfuric dic nén trong
day chuyén san xuat hau hét nito oxit bi giit lai & thap oleum. Vi vay d€ gidm ham
luong nito oxit trong san pham thi (6t nhat san xudt axit sach ar axit ldy o thap hap
thu monohydrat hoac tir khi sau thap hip thu oleum (tat nhién phai cho khi qua th4p
tach giot vi ¢6 nito oxit hoa tan trong cdc giot axit d6).

Thudng c6 thé diéu ché tryc ti€p axit acqui bing céch pha lodng axit sdy hoac
axit ¢ thap hap thu monohydrat. Sau d6 diing khong khi dudi hét SO, con hoa tan
trong d6. Cuét cling ¢6 thé them mot it H,0, dé oxi hod céc tap chat hifu co hoa tan
trong axit.

D¢ sdn xudt axit acqui mot cdch lién tuc, nguoi ta dat them mot thip hap thu
riéng va cho mot phén khi SO, tir sau thip hap thu oleum qua dé. Qud trinh san xuat
‘nay phai ddm béo cdc yéu cdu da néu & trén.

Dé san xuét axit sunfuric 1am thude thit (tinh khigt) ngudi ta dung nude cdt hap
thu SO; trong cdc thiét bi hdp thy bang platin, sit trang men hoac thach anh.

3.3.2- San xuat 8O, 100% va oleum dam dac

SO, 100% ¢6 hoat tinh rit cao nén duge diing rong rii trong nhiéu nganh k¥
thuat khac nhau. C6 nhiéu phuong phép diéu ché SO, 100% & dang 16ng.

- Dung khi 16 néng chung oleum tiéu chudn hoic oleum dam dac trong vai ba
ndi bang gang. Sau dé ngung tu khi SO, bay lén, s& duogc SQ, long.

Phuong phép nay rit cong kénh va tiéu hao nhiéu nhién lieu,
- Oxi hod SO, 100% bing oxi trén chit xdc tic vanadi. Phuong phdp nay yéu
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cdu phai c6 SO, va oxi nguyén cht; thiét bi, xtic tdc cling doi hoi nhitng diéu ki¢n
dic biét.
- Phuong phip phd bién nhat 1a dung khi néng sau thap tiép xic dé chung oleum

twan hoan trong cong doan hap thu cila phan xudng san xudt axit sunfuric theo
phuong phép tiép xiic.

Hinh (3-53) gi6i thi¢u mot so dé diéu ché SO, 100% theo phuong phép thit ba,

Khi néng tir cong doan chuyén hod di vao khoang khong gian giita cic dng cta
thdp 1 dé boc hoi oleum (di trong Ong), sau d6 sang cong doan hap thy theo so dé
binh thuong,

Oleum néng da tich mot phan SO, tir thdp 1 chay xuong thdp 2 dé dun néng
luomg oleum mdi tir cong doan hap thy sang, sau d6 lai rd vé thing chita oleum dé
hap thu SO, dén ndéng do ban dau.

Khi SO, bay ra tir thap 1 qua lam ngudi ngung e 3 réi vao thing chita SO, long
4. Thung 4 ¢6 vo boc nuée néng (30-40"C) dé tranh déng ran va ket tinh SO,
80, 100% ket tinh & 16,8°C vi vay diéu ché va chuyen ché né rat khé khan.

Trong diéu ki¢n binh thudng, sau khi ket tinh, SO, sé tu tring hop. Liic nay khong thé
dun néng dé chuyén lai né thanh dang 16ng duge vi n6 s@ thing hoa.
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Hinh 3-53: 80 4o diéu ché SO, 100%:
1- thiét bi bdc hoi oleum; 4- thiing chita SO, long;
2- thiét bi dun néng olem; 5- thung pha nuéc néng.

3- thap ngung tu SO,;
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Dé bao quan SO, ¢ trang théi 1ong khi 1am nguoi né xudng dudi nhiét do déng
rdn, phai khic phuc hién tugng tu tring hop clia n6. Mudn vay ngudi ta thém vao dé
mot it chat on dinh nhu B,O,, Na,SO,, KCrO,... trong dé thuong diing nhat 1 B,O..

Khi thém vao SO; long 0,7-1% B,0, c6 thé 6n dinh duge SO, 1dng & ca nhiét do
- 30°C trong vai thing.

Gan day ¢6 tai lieu quang cdo 1a dd san xvét duge loal axit sunfuric *“kho”. Day
12 mét loai bot min, diéu ché bang cdch tham axit sunfuric dam dac vao bot microxel-
E (mot dang cua silicage!) trong thuing tron ¢6 lam nguoi bén ngoai,

bau tién tron 20-50% H,SO, v6i chat hidp phu & duéi 100"'C. Sau d6 thém lugng
axit con lai, tao thanh san phdm chuia t6i 80% H,SO, so vé6i toan bé chat hap phu.
Diing khong khi théi, s& thu duge loai bot kho ¢6 khai luong chat déng 0,58 g/em’,
Axit chira trong bot nay (ndng do 98%) 1a loal hoat dong.

O Nga cling da ché tao dugc loai bot chira téi 40% SO,. Loai nay khong boc
khoi trong khong khi. Ngoai ra, ¢é noi con chd tao SO, ¢ dang hat hodc vién dung
trong cdc tui polyme.

4- SAN XUAT AXIT SUNFURIC THEO SO DO TINH CHE KHO

Hién nay, d¢ san xudt axit sunfuric tir pyrit hoac quang sunfua, trén thé gidi
thuong ding so dé ¢o dién (hinh 3-1). Con dudng phit trién ctia phuong phép nay la
tang niing sudt clia hé thong tiép xtic, hoan thién cdc cong doan va thiét bi..,

Nhu da trinh bay & ddu chuong II1, trong day chuyén cd dién cé nhiéu mau
thuan, néu khac phuc duge chung thi céc chi tiéu kinh ¢ k§ thuat s& 6t hon lén rat
nhiédu.

Dua trén co so ctia cdc cong trinh nghién ciru khoa hoc v phén tich k§ cédc giai
doan cta qud trinh sdn xudt axit sunfuric, cling nhur dua vao két qua thuc nghiém
nhiéu nam trong diéu kién ban sén xudt va trong cong nghiép, cic nha khoa hoc Lien
X6 (cli) dd dua ra mot so d6 mdi khédc hén véi so dé cd dién goi 1a so do san xuat axit
sunfuric thco phuong phdp tinh ché kho.

Diém diic biét quan trong nhat ciia so dé ndy 13 : khi 16 néng sau khi loc bui,
khong qua 1am ngudi, rira, sdy ma di thing vio thép tidp xdc. Ngoai ra, & day qud
trinh hap thu SO, kém theo qua trinh ngung tu hoi axit sunfuric.

Nhu vy, trong day chuyén cé dién c6 4 giai doan, con day chuyén tinh ché kho
chi c6 3 giai doan. Do d6 giam von ddu nr va céc tiéu hao khéc.
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41- SO PO K¥ THUAT CUA QUA TRINH TINH CHE KHO

Hinh 3-54: Ddy chuyén sdn xudt axit sunfuric theo so do tinh ché kho:

1- loc dién kho, 5- loc sgi thuy tinh;
2- thap truyén nhiét; 6- loc dién uét;
3- thdp ti€p xuc; 7- quat khi.

4- thap ngung tu;

Hén hop khi 10 sau khi loc bui qua truyén nhigt 2 roi di thdng vao thdp ticp xic
¢6 dat céc 16p xiic tdc vanadi. D€ gidm nhiét do cha hén hop khi sau cdc [6p xuc tdc
ngudsi ta ding khong khi bé sung tryc tiép (hoac dung trao déi nhiét)

Khi sau chuyén hod sang thdp ngung tu loai dém tudi axit nong do 93-95%
H,SO.. Khi thai trudc khi phéng khong duge dua qua 5 va 6 dé tich mi axit.

Qua cdc s6 licu thuc 1€ clia nha mdy ngudi ta thdy : tuy trong khi ¢6 mot luong
bui, asen, flo... nhung hiéu suit chuyén hod chung vin dat khd cao (trén 97%) va
ham lugng mi axit trong khi thai chi con nhd hon 0,003g/m”,

Néu ap sudt rieng phén ciia hoi nude trong khi sau chuyén hod nho hon dp sudt
riéng phin ctia SO, thi & thdp 4 dong thoi xay ra hai qud trinh: ngung ty hoi axit va
hip thu SO,. Trudong hap nay c6 thé san xudt duge ca oleum bang cdch thay thap 4
bing hai thdp : hip thu oleum vd monohydrat. Nhung so d6 hap thy ¢ day ciing khic
so dé cd dién: khi sau chuyén hod chia 1am hai nhénh, mét vao thdp hap thu oleum
vl mot vao thap monohydrat. Khi sau thip oleum lai nhap chung vao nhénh cling vao
thdp monohydrat.

Trong thap oleum, SO, két hop véi hoi nude theo ty 1¢ ding phan tir. Hoi axit
tich ra s& ngung tu mot phin trong thé tich (nhiét do axit tudi & thip oleum thip)
Luong mil tao ra trong thap oleum phu thuéc vao nhiéu yéu t6 nhu: ham luong hoi -

151



nudce trong khi, nhiét do oleum tudi, c4u tao thiét bi... Theo tinh todn so bo, khoang
30% lugng hoi axit tao thanh trong thap oleum ngung tu & dang mu,

G thap monohydrat, vi nhiét do axit & phin dudi thip tuong d6i cao (110-
120°C) nén hoi axit tao thanh & day chi yéu ngung tu trén bé mat dém.

D¢ san xudt axit sunfuric theo so dé tinh ché kho, ¢ thé sir dung cic loai
nguy¢n lieu: pyrit, khi thai clia cdc 16 luyén kim mau, thach cao...

Y¢u cdu doi véi quang pyrit nhu sau:

Ham luong, % S 2354125

Am

< 4
As < 0,1
F < 0.1

Du6i day 12 mot sa chi tiéu kinh & ky thuat :
Chi s6 tiéu hao cho 1 tin H,SO, :

- Quing (tinh cho quang kh6 45% S), t4n 0 0,8

- Dién, kWh : 70

- Nude, m’ . 50
Ham lugng:

- Strong xi, % 1.2
- H,80, trong khf thai, g/m’ 0,1
Giam von ddu tr SO, vé6i so d6 cé dién % :15-25
Giam gia thanh 1tan H,S0,, % :10-15

4.2- CO SO HOA LY CUA QUA TRINH TINH CHE KHO
4.2.1- Lam sach khi lo

Dé san xudt axit sunfuric theo so dé tinh ché kho, mot mat phdi nghién ctu
gidm dén mifc thap nhat cdc tap chat (bui, As, F) ma khong qua lam ngudi, rira, say;
mat khdc phai tim dicu kién ti€n hanh qud trink dé xtc tic vanadi c6 thé 1am viéc lau
dai v6i vGi hon hop khi vin con mét s6 chat doc.

9] chuong 11 ta da biét: Khi d6t quang trong 1d Idp so1, ham lugng asen trong khi
10 rdt nhd vi né bi bui xi hap phu. Mirc do hap phu As,0; phu thudc vao nhiét do
(hinh 2-4) va néng d¢ oxi trong khéng khi (hinh 3-55)

Tir hinh trén ta thay, khi ndng d6 oxi nhd hon 2% thi anh huong cha né dén hiéu
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sudt hdp phu As,O, rat I6n. Nhung & néng d6 cao hon thi anh hudng d6 khong dang
ké.

Ham luong As,O, trong khi con phu thudc vao cudng do cha 16 d6t. Toc do khi
trong 10 cang 16n thi ham lugng As,O, trong khi cang cao.

Ngoai ra, viéc nap quang vao 10 ciing anh hudng 1én dén ham lugng As,O,
trong khi. N&u nap khong déu, ¢6 chd néng do oxi rét nho, 1am nong do As,O, tang
vot lén,

00 T
O e :
— l P
< 80 I |
I |
“ £ [
2= 680 1] ‘
38 |
T £ A0 ? i
] | ‘
| '
20 L ! =

0o 4 8 12 16 20
Néng dd oxi, %

Hinh 3-55: Anh huéng ciia nong dé oxi dén mitc lam sach khi khdi As,)0,
Flo trong khi & dang SiF, s& 1a chét doc d6i v6i xiic tic vanadi vi nd thuy phan
theo phuong trinh:

SiF, + 2H,0 —= 4HF + Si0, { (3-42)

Hing s6 can bing cua phan tng biéu thi bing phwong trinh :
C?EI:

2

Ky =——"5—
Csi, -Cu!o

K, =5,547 _§,3:r_8§ (3-44)

(3-43)

Trong thuc t€, ham luong flo trong khi sau 15 16p s6i twong déi nho, nhiét do khi
kha cao (khoang 800"C) va ham luong hoi nudc dén 6%. Vi vay hau hét flo déu o
dang HF. Khi 1am nguoi khi trong néi hoi va loc dién kho thi phan tng (3-42) ¢6
chuyén dich sang trdi mot chiit.

Nhu vay, trong qué trinh tinh ché kho, flo khong anh huéng gi dén xic téc
vanadi vi thue t& né hoan toan & dang HF. HF khong bi gilt lai trén xtc tdc ma theo
khi vao cédc thiét bi sau.

$ thap ngung tu, khi duge 1am ngudi va ham luong hoi nuée trong d6 gidm do
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c6 phan ting gifta SO, va H,0O. Hai y€u 1§ nay tao diéu kién cho HF tic dung véi Si0,
co trong dém va 19p 1ot cta thdp (phdn iing 3-42 chuyén dich sang trai). Do d6 trong
khi sau thdp ngumg tu cé ca SiF, va HF, ty 1¢ gifta chiing phu thuoc vio ham lugng
chung ctia chiing trong khi, ché do nhiét cia qud trinh ngung ty, néng do SO, va H,0O
trong khi, thoi gian khf lru lai trong thédp, vat liéu 1am dém va 16p 16t...

Bui con lai trong khi sau loc dién kho s& lang trén chél xic tdc. Do dé trd Iuc
cua xuc tic tang.

- Néu dat mot loc dién kho 4 trudng, két hop véi t6 xyclon thi ham lugng bui
trong khi ¢hi con duéi 30mg/m’. V6i ham lugng dé, chat xic tic vin c6 thé 1am viéc
lau dai va tr¢ luc cna né tang khong nhiéu 1dm. Loc bui k¥ hon rit khé va thuc & 1a
khong thuc hién duoc.

Tuy bui theo khi vao thdp tiép xic ¢é kich thude rdt nho (dudng kinh trung binh
1,6 um) va cic vong xic tdc kha 16n (8x8 mm) nhung luong bui ling & 16p xdc tic
ddu tdi trén 95%. Luong bui con lai thyc € 14 duge lang hoan toan & cdc 19p sau.

SG di xdc tdc ¢ kha ndng tich bui 16n nhu vayla vi bé mat ciia né ¢6 nhiét do
cao hon nhi¢t d6 khi. Do dé xuat hién “luc nhiét chuyén” ngin khéng cho bui di vao
chat xiic tdc. Vi nong do cha bui trong khi ting dan 1én va hat bui ciing 1én lén (do
k&t hop vé6i nhau ) cho nén "luc ¥" ting va bui lang xudng.

Nhimg diéu gidi thich trén day 13 hodn toan phit hop vé6i thuc nghiém: Néu bang
cach nao do giit cho nhigt do xdc tic bang nhiét do khi (vi du, khi khong c¢é SO, dé
Khong ¢6 nhi¢t phan (ng lam tang nhiét do xidc tac ) thi kha nang tach bui cha xuc tdc
rit kém (do khong xudt hién "lue nhiét chuyén™).

Theo tinh todn so bo thi, trong di¢u kién lam viéc véi khi ¢6 ham luong bui nhu
trén, thoi gian lam vige ca 16p xiic tdc ddu o6 thé kéo dai t6i 8 thang, Néu ding loc
dién kho 5 trudng thi thoi gian lam viée cua 16p xiic tdc ddu con 1au hon. Ham luong
tap chat (Fe) trong axit san phdm xem nhu khéng déng ké (5.10°%)

4.2.2- Ngung tu hoi axit sunfuric

Trong day chuyén tinh ch& kho, khi 10 Khong qua siy nén trong khi sau khi
chuyén hod c6 ca hoi nuée va SO,. Nhung chi mét luong rat nhd ching phan tng véi
nhau i trén 400°C, axit sunfuric thuc t& bi phan ly hoan toan:

H,O + 8O, —= H,S0, + Q

Hinh (3-56) gidi thiéu biu d6 trang thdi clia hé cdc cfu tir trong phuong (rinh
trén.
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Hinh 3-56: Biéu do trang thdi cua hé
80, + H,0 = H,SO," - H,S0,"
(khi chda 6,25% SO, va 10,09% H,0):
1. H,80, léng; 3. H,SO, khi;
2. H,50, ngung tu; 4. SO,

Tir bicu dé trén thay ring qud trinh ngung tu hoi axit sunfuric bit dau & 273°C
(diém swong ) va thue t€ két thic ¢ 150°C. Luc bat ddu ngimg tu, khoang 30% hoi
axit sunfuric bi phan ly {xem duting cong SO.}, & 240"C mifc phén ly con 5%.

Nhu di trinh bay & chuong 111, qué trinh ngung tu hoi ¢6 thé xdy ra trén bé mat
hoic trong thé tich (tao mir). Thudng thudng ngudi ta cho ngung tu trong the tich vi
qui trinh ply ¢6 t6c do rat lon, con lugng mu tao thanh s& duge tdch trong céc loc
dién udt.

Dé tach mi dé dang, phai tao diéu ki¢n cho hat mi1 ¢6 kich thuée 16n. Mubn vay
phai giam do qud bio hoa cua hoi trong qud trinh ngung .

C6 thé tién hanh ngimg tu hoi axit sunfuric trong cic thi€t bi ngumg tu hoi loai
dém, ong, phun hodc sti bot... Co ché clia qud trinh ngung tu hoi trong tat ca cic thiét
bi trén déu nhu nhau, tdc 12 hén hop “hoi - khi" dugc lam nguoi do tiép xic vOi bé
mat 1ong hoac miang chat ngung ngudi hon, hoi s& khuéch tin dén bé mat nay va
ngung tu trén d6, dong thoi ¢6 mot phan hoi ngung ty trong thé tich tao mi.

Hinh (3-57) va (3-58) gidi thiéu so d6 ngumg fu hoi axit trong thdp dém va bién
d8i cdc thong s6 theo chiéu cao clia dém.

Khi di tir dudi lén vi dugc [am nguoi bing axit tuéi nén nhiét do clia khi giam
dan (dudmg 1) va do ngung tu hoi axit nén 4p sudt hoi ciing giam (dudng 2)
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Chiéu cao dém, m

Hinh 3-57: Thép ngung ty dém: Hinh 3-58: Bién doi cdc thong 56 theo H dém:
1- thép ngung tu; 1- mhiét d¢ khi, °C;
2- lam nguoéi axit; 2- ép sudt hoi H,S0,, mmHg;
3- thung chita axit; 3- d6 qud bdo hoa clia hoi;
4- bom; 4- r trung binh ctia hat m, cm;
5- van diéu chinh. 5- d% qud bao hoa t6i han.

Vi nhiét do axit & phan dudi thép tuwong d6i cao, nén do qud bio hoa ciia hoi axit
& day nhd, do d6 hoi axit ngung te trén bé mat dém ma khong tao mi. Cang Ién trén
thi do qud béo hoa cang tang. O khoang gin giifa thdp, d6 qud bdo hoa cba hoi I6n
hon do qué bao hoa t6i han, lic dé ¢ hién tuong tao mi va do qud bdo hoa giam dot
ngot {(dudmg3). Can chi y 13, khi tao mu thi dp sudt hoi cling gidm rat nhanh con nhiét
do khi ¢6 tang mot chiit (do ¢6 nhiét ngumg tu).

Sau khi tao mt, dwomg kinh hat mu tang 1én do ngumg tu hoi axit vio dé, Duong
kinh hat mii cang 16n thi cang dé tich & loc dién. Muéhn vay phai tang nhiét do ciia bé
mat ngung tu (d€ gidm do qud bio hoa) bang cach tang nhiet do axit tudi hoac gidm
luong axit tudi.

D¢ thue hién bieén phédp thit hai, cho mot phdn axit qua van 5. Nhu vay luong
axit tu6i vio thap giam nhung ché do lam viéc trong thiét bi 1am nguoi khong déi.,

Giam luong axit tuGi va tang nhiet do axit tugi khong nhimg lam ting dudng
kinh hat miy ma con ¢6 thé cho hoi ngung tu hoan toan trén bé mat dém ma khong tao
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mil (Bang 3-18)

Bdng 3-18: Anh huong ciia nhiét dé va luong axit tuéi
dén ham lugng va duong kinh hat mi

- Nhiét do axit tu6i , °C) | Luong axit tuéi cho | Ham luong | D trung binh
Vio Ra 1 tan san pham, kg mil ra hat mu, cm.10°
(g/m*)
S 80 | A LT 32
____________________ 0 w0 I8 SRR A= T
____________________ o 0 200 f 46 | 93
130 220 21 0

Trong thiét bi ngumg 1 loai dng, hoi nuée va SO, duge 1am ngudi va ngung tu
trong cac 6ng chim (hoic trong khodng khong gilra cdc 6ng). Thiét bi loai nay tuy
don gian, tro luc nho, tn dung duge nhiét dé sin xust hai, ngung tu hoi axit khong
tao muv... nhung chua duge sit dung réng rai trong cong nghi¢p vi qud trinh ngung ty
trong dé xay ra & nhiét do tuong doi cao, gay dn mon rat manh.

Trong thdp ngung 1y kidu dia 15, khi di tir duéi len qua vat I6p chét 16ng trén cic
dia16. Loai ndy ¢6 wu diém ndi bat 1a qud trinh ngung tu hoi axit trong thap tién hanh
0 diéu kién cua ch& do bay hoi: nhi¢t tod ra trong qua trinh ngung tu dung bay hoi
nude. Vi the khong cdn thiét lam nguoi va bom axit.

4.3- SG PO KY THUAT CUA QUA TRINH "TINH CHE KHO-TIEP XUC
KEPH
So d6 "tinh ché kho-tiép xiic kép" so v6i so d6 tinh ché kho c6 them mot thip

ti€p xic 8 va thap hdp thu SO, 10, cdc thist bi nay lam viéc theo ché€ do cua day

chuyen c6 dién vi khi sau thap ngung tu 4 chi con 0,01% hoi nuéc va néng do SO,
khoang 5%.

O day thdp ti¢p xic I ¢6 the dung loai 16p s6i hodc ¢6 dinh. Néu diing thip tiép
xuc 10p soi thi khi vao thép tiep xiic ¢6 thé ¢ nhiét d6 thap hon va khong can loc bui
k¥ 1am.

Theo so d6 nay, c6 thé san xuat duoc 70-90% axit sunfuric k¥ thuat va 10-30%
axit sunfuric sach (axit acqui, thudc thi...). Ciing c6 thé san xuét duoc ca oleum, Vi &
50 d6 nay, mitc chuyén hod dat t6i 99,4% nén khong can xir 1y khi thai.
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Khi thai
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Hinh 3-59: So do tinh ché kho- tiép xuc kép:

1- loc dién kho; 6- loc dién uét;

2- thap ti€p xtc I, 7- quat khi;

3- truyen nhiét, 8- thép tiép xiic II:
4- thap ngung tu; 9- dot hoi qud nhiér;

5- loc soi thuy tinh; 10- thdp hép thu monohydrat,

5- MOT SO SO DO SAN XUAT AXIT SUNFURIC THEO PHUCNG
PHAP TIEP XUC I TU CAC DANG NGUVEN LIEU KHAC

5.1- SAN XUAT AXIT SUNFURIC TU LUU HUYNH

So 6 ky thuat clia qué trinh san xudt axit sunfuric theo phuong phdp tiép xic di
tr nguyen li€u luu huynh ¢ chia asen, selen khong khéc gi so d6 san xudt di tir
quang pyrit (trir cong doan 10 dot : ding loai 16 khic va khong ¢6 loc dién kho).
Nhung néu trong luu huynh khong ¢6 chita asen, selen thi so d6 s& don gian di rat
nhiéu (khong ¢6 cong doan 1am sach khi)

Hinh 3-60 gi6i thiéu mét so d6 san xuat axit sunfuric 6 lvu huynh (so dé ngén)

Luu huynh sau khi ndu chdy, ling tdch can, duogc dua vao 1o d6t. Khong khi
dimg dé d6t duge sdy kho bing axit sunfuric dam dac. Hon hop khi SO, ra khéi 10 cé
nhi¢t do 1100-1200 °C duge lam ngudi trong ndi hoi dé ha nhiét do xudng 440-
450°C r6i di vao thip ti€p xic (I6p xic tic I, 11 dat dudi, III, IV, V & trén). Hai l6p
dau lam nguoi gidn tiép, cic IGp sau lam ngudi truc ti€p (b6 sung khéng khi nguoi
Vao) '
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Khi ra khoi thap ti€p xdc qua lam ngudi réi vio hip thu.

Khi thai
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Hinh 3-60. So do sdn xudt axit sunfuric di tir S:
1- thap sdy; 9- dot hoi qud nhiét;
2- thap tach giot; 10- thap tiép xuc (5 16p xuc tdc),
3- quat kh; 11- truyén nhiét;
4- thiing lang; 12- 1am ngudi SO, ;
5- loc; 13- thdp hdp thu oleum;
6- thung chita S sach; 14- thap hap thu monohydrat;
7-lo dét S, 15- tach giot;
8- ndi hol; 16- thiing chifa axit tuin hoan.

V1 lvu huynh ¢6 chita mot it ddu hoa (tic nhan tuyén ndi con lai) va bitum nén
khi chdy s& tao thinh hoi nude. Néu ham lwgng cdc tap chét trén 16n, luong hoi nudc
tao thinh ¢6 thé vugt qua gidi han cho phép (0,01%), dan dén viéc tao mi khi hip
thu, gay t6n thét axit theo khi thai v khong san xuit duge oleum.

Dé gidm viéc tao mil, ngudi ta chi diing mot thap hap thu monohydrat tudi axit
98,3% H,S0,, nhiét do axit ra 110-120"C (ché& do néng).

Dé tan dung nhiét ca khi sau thdp tiép xiic va trdnh tao mi khi hdp thy, mot s6
nude dung nude cao dp (40 atm) dé 1am nguoi SO, nhi¢t do nuée vao 120°C, ra
200"C. Do dé hoi axit tao thinh s& ngung tu trén bé mat ma khoéng tao thanh mil.

Dudi day gi6i thiéu hai so dé san xuét axit H,SO, tir lue huynh cla My va
CHLB Pic. Cdc so db nay chi khdc nhau vé ciu tao cia mot vai thiét bi ma thol.
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Hinh 3-61a: 80 d6 sdn xudt axit sunfuric tic S cua Cong ty Monsanto (My):

I- quat khong khi; 7- thap ti€p xic;
2- say khong khi; 8- dun nudc cdp cho noi hoi;
3-10 d6t Ivu huynh; 9- lam ngudi SO,;
4- ndi hot; 10- thdp hap thu oleum;
5~ loc khi; 11- thap hip thu monohydrat;
6- dot hoi qué nhiét; 12 truyén nhiét.
Khi thai
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Hinh 3-61b: So do sdn xudt axit sunfuric tir S cua Céong ty Lurgi (CHLB Piic).

5.2- SAN XUAT AXIT SUNFURIC TU H,S THEO PHUONG PHAP XUC

TAC UCT

Quad trinh san xuat axit sunfuric tir khi hidro sunfua di duge I.A. Adadurov va
D. Gernet nghién ciu dp dung tir nam 1931. Sau d6 né duge ti€p tuc nghién citu khd

ddy dn va duge dp dung & nhidu nude.

Vi H,S (thu duge tir khi thai) di rira cdn than nén sau khi dot, khong cdn lam

sach khi nifa. Do d6 day chuyén sdn xudt don gian di rat nhieu.
Qud trinh san xuét axit sunfuric tir H,S gdbm 3 giai doan:

HS + 3/20, = H,0 + SO, + Q,
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Thudng thuong ham luong H,S trong khi nguyén ligu khoing 90%. Vi vay
luong nhiét toa ra day rat 1én. Do d6 khi dét H,S phai cho du nhiéu khong khi hoic
dat b phan nit nhiét bén trong 10.

- Oxt hod SO, thanh SO, trén xiic téc vanadi:
50, + 1220, = SO, + Q,

Qud trinh oxi hod SO, Xy ra trén chat xtc tdc vanadi khi cé mat mét Jlugng Ién
hoi nuée (tac thanh khi dot H,S), vi th€ nguoi ta goi 1a phuong phap xuc tdc wét.
Luong hoi nude khong anh hudng gi dén qud trinh oxi hod SO,

- Negung tu SO, va hoi nwdce cd trong khi tao thanh axit sunfuric :
SO, + H,0 — H,80,*" 5 H,50,%®

Hinh 3-62 gi6i thieu mét so dé san xuat axit sunfuric tr H,S ¢6 néng do cao.

H,$0, Khi thai
H.S Hai nuéic
! ’
Khikhi I it 4:!? £
——% f , —r- ?;
12 | 3 4 5
9
10t~—~==]
Hinh 3-62: So 46 sdn xudt axit sunfuric tir H S
1- loc bui; 6- 1am nguoi axit;
2- quat khong khi: 7- thap ngung tu;
3- 1o dét H,S; 8- loc dién uét;
4- nobi hai; 9- thung chita axit tudn hoan;
5- thédp tiép xuc; 10- bom axit.

Khi H,S ciing khong khi di vio 16 dét. Khi Io c6 nhig¢t do khodng 1000°C di vao
noi hoi, gidm nhiet do xudng 450°C 161 vao thdp ti€p xdc. D 1am nguoi hén hop khi
sau cdc 16p xic tdc, ngudi ta bd sung tre tiép khong khi nguoi vio.

Khi ra khdi thdp ti€p xic di vao thip ngung tu loai dém, tusi dung dich axit
sunfuric. Nhigt d6 axit wéi 50-60"C, axit ra 80-90°C. Vi qua trinh 1am ngugi hén hop
khi trong thap ngung tu rt nhanh, nén dé qud bdo hoa clia hoi axit & day khd lén.
Khoing 1/3 dng luong hoi axit ngung tu trong thé tich, tao thanh mi va duoc tich &
loc dién 8.
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Chu y:

* Khi b6 sung khong khi dé lam ngu6i hén hop khi sau cdc 16p xvc tdc thi thé
tich hon hop khi s& tang lén, lam ting trd lyc va tiéu hao dién nang van chuyén ki,
Vi vay néng d6 SO, vao thép ti€p xic thudng dugc gitt cao hon nong do thich hop.
Sau khi b6 sung khong khi, néng do SO, & cic 16p sau s& gan véi ndng do thich hop.

* Néu khi nguyén liéu ¢ ham luong H,S thap (10-20%) thi so d6é san xuit ¢6
khéc doi chut: khong khi trude khi vao 16 dot H.S dugc dot néng so bo bang nhiét
cia khi ra khoi thdp ti€p xdc va qué trinh ngung tu hoi axit xdy ra trong thdp ngung
tu ki€u sii bot.

Thap ngumg tu kiéu sii bot (hinh 3-63) ta mot thung hinh tru bang thép, trong
16t gach chiu axit, chia lam 3 ngan. Hoén hop khi chira SO, va hoi nude sé sii bot qua
16p axit va dan ddn di qua tdt ca cc ngan. O ngan dau, néng do va nhiét do axit kha
cao nén hot axit chi ngung tu trén bé mat ma khong tao mi. O cdc ngan sau, co tao
thanh mgt phan ma axit vi duoc tdch & loc dién 2.

D¢ diéu chinh nhiét do & cac ngan, nguot ta dua nude vao dé. Khi bay hoi, nude

thu rat nhi€u nhiét, lam gidm nhiét do trong cdc ngan, do dé bé mat 1am ngudi 3 rat
nho (bang 1/15) so véi khi dung thdp dém. Hoi nuée sé theo khi thai ra ngoai.

Hinh 3-63: So do thiét bi ngung tu sii bot:
[- thdp ngung tu; 4- cap nhiét dién;
2- loc dién udt; 5- van diéu chinh.
3- 1am nguoi axit;
Du6i day 1a mot s6 chi tiéu chinh cua thiét bi ngung tu:
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Nhiét do khi vio ngung y: 430°C

Ngan 1 2 3
Nhiét do axit, °C 230 165 100
Nong do axit, % 93 85 30

* v Iy thuyét, phuong phap xic tdc uét ¢6 thé san xudt duge axit 100% H,SO,
vi khi d6t H,S s& cho 1 phéan tr SO, va 1 phan tir H,O. Thuc t&, & phuong phap ny,
néng do san phdm chi dat 92-94% vi khong khi va khi nguyén lidéu ludn luon chita
mot luong hoi nuée nhat dinh. Mat khéc, hiéu suat chuyén hod SO, thanh SO, chi dat
97-98%. Do dé, ty & SO,/H,O tuon nhd hon 1 va khi ngung tu, cho san phidm cé
néng do nho hon 100% H,SO,.

Muén tang nong do san phdm [én trén 94% c6 thé b sung thém mot lugng S
vao 1d d6t H,S dé tang ty 16 SO/H,0.

Néu khi 10 sau ndi hoi dem lam ngudi, sdy kho... thi qua trinh ti€p theo s& tuong
tur nhu khi san xuat axit sunfuric tit quang va ¢6 thé thu duge ca oleum va axit dam
dic. T4t nhién lic dé qua trinh s& phiic tap hon nhiéu vi phai 1am nguoi khi (dé€ ngung
tu va tich hoi nudc ), sau d6 lai dot néng hdn hop khi dé dwa vao thap oxi hod SO,.
Mit khdc khi 1am ngudi ngung tu hoi nudce thi phan 16n SO, s€ hoa tan trong nudc
ngung, giy ton thit SO,.

5.3- SAN XUAT AXIT SUNFURIC TUTHACH CAO

Pé san xudt axit sunfuric ¢6 thé ding mudi canxi sunfat khan CaSO,, ngam
nudc CaSO,.2H,0 hoic photphogyp {(chit thai ciia qué trinh san xudt supephotphat
kép gom CaSO, va cdc hop chit cua flo, H,PO,...)

N6i chung, s¢o do k§ thuat cha qud trinh san xuét axit sunfuric tir cic dang
nguyén liéu trén déu nhu nhau. Vi vay, duéi day chi gidi thiéu so dé san xudt di tlr
CaSQO, (hinh 3-64)

Cic nguyén liéu ban ddu (CaSQ,, xi quing, dat sét, than c6c) di nghién min va
sily kho duge nghién thém va trdn k§ & 5, dua vao dét 0 16 quay 6. Clinke tao thanh
duoc 1am ngudi ¢ 7, r6i nghién k¥ va tron thém véi thach cao & 10, thu duge xi mang
chira vao 11,

Khi 15 chita SO, dem sén xudt axit sunfuric theo so dé ¢6 dién. C6 khdc doi chiit
14 bo phan tinh ché khi chi can mot loc dién udt (vi khi khong cé As va ham luong
SO, rit nhd) va bé mat truyén nhiét trong cong doan ti€p xiic 16n hon (do ham luong
SO, trong khi 1o thap hon so véi dot quang pyrit).

Khi san xuat axit sunfuric tit thach cao phai t6n thém nhiét lugng dé tich nude
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két tinh (CaSO,.2H,0) va néng do SO, trong khi thu dugc ciing thap hon. Néu di tr
photphogyp, qua trinh con phiic tap hon nhiéu vi cdc tap chét ¢6 trong dé dnh huong
rdt nhiéu dén chat luong xi mang va dén qua trinh san xuat axit sunfuric.

CaS0,
, Thach cao
Xi
Biat sét
Coe Khi dem
L,’ 2 4 san xuat

H,50,

Khikhi

Hinh 3-64: So do cong doan chudn bi va dot phai liéu
frong qud trinh sdn xudt axit sunfuric tir CaSO, :

1-4; 8,9 11 : bunke;

5. 10 : nghién bi;

6 : 10 quay;

7 - thuing 1am ngudi.

5.4- SAN XUAT AXIT SUNFURIC TU SO, NONG PO CAO

Khi ding khéng khi dét quing, trong khi 16 ¢6 t6i 80% N,. Néu thay mot phéan
hoac toan bo khong khi bing oxi thi cudng do qua trinh tang lén rat nhiéu, vi khi
gidm duoc néng do N,, thi néng do SO, tang va ning sudt cha cdc thi€t bi chinh trong
phan xudng san xual axit sunfuric cling tang.

Vi du, khi ding oxi ky thuat dé dat tinh quang pyrit hodc tinh quang dong thi
nong d6 SO, trong khi 16 tang 1en t6i 50-90%. Néu lai ding oxi k§ thuat dé oxi hod
SO,, san xudt axit sunfuric thi cuong do qué trinh tang tir 4-8 ldn, dong thoi c6 thé
san xuat true tiép SO, 100% va oleum 65% SO, e do.

Khé khan chinh cfia qu4 trinh ndy 12 viéc oxi hod SO, cé nong d6 cao rét phic
tap vi phai oxi hod SO, trong diéu kién luong oxi du rit it, nhiét lugng tod ra rdt 16n.
Néu dung thiét bi chuyén hod binh thutmg thi rét cong kénh, phic tap, khé sir dung
va diéu chinh.

Dé khéc phuc kié khan nay, ngudi ta ding thép tiép xic ki€u 16p s6i, lam viée
theo so d6 tiép xtic kép (hai giai doan) c6 hap thu trung gian.

Hinh 3-65 gidi thiéu so d6 cong doan "ti€p xiic - hap thu” trong phan xudng sin
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xudt axit sunfuric di tir SO, ¢6 ndng do cao.

Khi SO, va O, dugc dét néng so bo trong truyén nhiét 1 (nh& nhiét cia khi sau
chuyén hod) réi vao thdp ti€p xc L. O day SO, dugc oxi hod dén 80-90%. Khi sau
chuyén hod dem 1am ngudi ngung tw SO, 16ng hoac hip thy oleum 65% SO, tu do,
oleum 20% SO, tu do. Luong SO, con lai cho di qua thép 1iép xtic II va SO, tao thanh
dugc hap thy trong thap monohydrat.

Céc tinh todn cho thdy, néu néng do SO, trong khi nguyén liéu 6n hon 26% va
miic chuyén hod & thap tiép xiic I 16n hon 65% thi ¢6 thé dua tryc ti€p khi SO, (nhiét
do 40-60"C) vio thdp ti€p xic ma khong can dot ndng so bo.

| 3 l | Ir - ‘ =4 T B |
— IJ v /N
50, i

Khi thai

i E e °
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50, + 0,

Hinh 3-65: So do sdn xudt axit sunfuric tie SO, :

1- truyén nhiét kép; 6- thap hap thu oleum 20%;
2- thép tip xuc I, 7- tach giot;

3- truyén nhiét; 8- thdp tiép xuic II;

4- ngung tu SO, 1ong; 9- 1am ngudi SO, ;

5- thdp hap thu oleum 65%; 10- thdp hap thu monohydrat.
So sdnh véi phan xuéng tuong duong di tir khi SO, 7.5% thi so d6 nay:
- Vén déu tu (ké ca phan xudng san xudt oxi) gidm 3,1 lan.
- Gi4 thanh san phdm giam 70%
- C6 thé san xudt nhiéu loai san phdm: oleum 65% SO, tr do, monohydrat,

oleum 20% SO, tu do, SO, 100%.
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6- CAl TIEN QUA TRINH SAN XUAT AXIT SUNFURIC THEO
PHUONG PHAP TIEP XUC

K¥ thuat san xuat axit sunfuric 1a mot trong nhimg yéu {6 co ban quyél dinh cdc
chi tiéu kinh t& cha san xuat axit sunfuric, vi thé nhiéu vién nghién ciu va xi nghiep
trén the giGi rat chu v cai tieh so dé ky thudt va cdu tao thiét bj.

Hi¢n nay so d6 ¢6 dién duoc dung phé bién nhat trén thé gidi, nhung so dé nay
rit phitc tap va khong kinh té, Tuy né ddm bio cho nha may lam viéc duoge lau daj,
nhung vén dau tu vao cong doan rira khd 16n (30% khi dét pyrit va trén 50% khi diing
khi thai ctia 10 luyén kim mau).

So dé tinh ché kha khong ¢6 cong doan rira khi, vi vy cdc chi tiéu kinh t& ky
thudt caa né cao hon so vdi so d6 cd dién, Khong nhitng thé, né con nhiéu kha nang
nang cao cdc chi tieéu dao.

Vi du, ¢é thé nang nhiér do khi sau loc dién kho len 450°C r6i vio ngay thdp
ti€p xde md khong can thiét b truyén nhiét 2 nita (hinh 3-54), hodc nghién citu mat
ché do thich hop trong thdp ngimg tu dé cdc hat ml tao thanh c6 dutng kinh kh4 1én,
¢6 thé tach hoin toan trong loc sgi thuy tinh ma khéng can loc dién uét 6, hay ding
thi€t bi ngung tu kidu 6ng chim dé tan dung nhiét sin xuét hoi nuéc (2 tan hoi/tan
H,50,), diing thiét bj ngung tu kiéu dia 16 s& khong cdn bom va gian 1am nguoi axit
tudn hoan (nhimg thit nay dat va phai sita chita luén)..,

NG6i chung, gid thanh cia chat xtc téc chiém mot phén rdt nho (khoang 1%) so
v6i ti¢u hao chung khi san xudt axit sunfuric. Vi vay, tuy theo timg trudng hop, c6 thé
dung so d6 tinh che don gian dé giam von dau tr. Tat nhién Idc d6 phai thay xdc tic
luon, nhit 1a & 16p dau.

Gan day ngudi ta diing thiet bi ti€p xiic kiéu 1ép s6i. Né cho phép hén hop khi
vao thdp tiép xic ¢é nhiét do thap hon nhiét do hoat tinh cita xtic tdc va cé thé ¢ mot
s0 tap chal va bui ma khong gay tdc haj g...

Cung v6i viéc cdi tién k§ thuat, nang sudt cia céc he thong tiép xic cling tang
lén khéng ngimg:

Nam: 923 1950 1960 1970

Nang suat cia mét

day chuyén, tin/ngay: 12 120 400 1000

Niam 1982 Hang Texas Gulf Inc (Bang Bac Carolina - My) dua ra mot day
chuyén nang sust 2800 tin/ngay.

Ning sudt axit sunfuric ctia x{ nghiép ciing ngay cang I6n. Nhing nam 70, &
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MY, ty 1é xi nghiép ¢6 nang suat trén 500 ngan tdn H,S0,/nam khoang 40%, dfn nam
1985 ty 1& nay da vuot 70%.

Nam 1988, nang suit cha mot s hdng san xuat axit sunfuric hang dau the gidi
nhu sau:

Texas Gulf Inc. : 379 ngan tan/nam
Occidental Chem. Co. : 3.084 -
Inter. Mineral and Chem. : 3.728 -
Office Cherifien : 3.500 -

Khi ti€p tuc tang nang suit clia hé théng ¢dn phai cé nhimg thi€t bi rat 16n.

Vi du, trong hé thong tiép xic nang sudt 2000 tan/ngay, thap sdy phai c6 duong
kinh téi 12m, con thép ti€p xdc 1a 16m.

Dé gidi quyét van dé nay, ngudi ta cling chi y nghién ctiu qud trinh san Xuat
axit sunfuric & dp sudt cao, vi nang sudt cdc thiét bi chinh ty 1¢ thudn véi dp sudt. Tat
nhién, khi dé6 tiéu hao dién nang va chi phi dé ché tao cic thi€l bi s€ tang.

Vi dy, khi tr luc ctia hé thong ti€p xic khoang 2500 mm H,O thi tiéu hao dién
nang dé van chuyén khi chiém 35% tiéu hao dién nang chung. Néu ldy dp sudt trong
hé thong 13 2 atm thi tiéu hao di¢n nang chung tang lén hai 14n, con tiéu hao dé van
chuyén khi tang ba 1an. Chi phi cho cdc thiét bi lam viéc & dp sudt cao cling tang
nhung khéng nhiéu lim, vi theo tinh todn so b thi & dp suat 2-3 atm, chiéu day clia
cdc thiét bi hien dang ding ciing khong thay doi la bao nhiéu.

V6i nhitng thiét bi kich thudc nhu hién nay, néu lam viéc & 100 atm (nhat 12 lai
dung oxi va SO, néng do cao) thi ning sudt s¢ rat 1on va qua trinh oxi hod SO, khong
cin.xdc tdc nixa.

Nhu da néi & trén, dé tang nang sudt ciia hé thong, ngudi ta cdn thay the mot
phin hay toan bo khong khi bang oxi trong qud trinh dot nguyén liéu va oxi hod S0O,.
Khi thay khong khi bing oxi, t5c do qud trinh d6t nguyén liéu va oxi hod SO, ting,
déng thi tang luong nhiét tod ra trén 1 m* khi, tang nong do SO, trong khi (diéu nay
rit quan trong khi san xuat lién hop axit sunfuric va xi mang tlr thach cao, vi nong do
SO, trong khi 1d quay thap).

Gan day, ngudi ta cling dang nghién ciu phuong phép duing vi khudn dé chuyén
hod S thanh SO, va H,SO, (khi tinh ché ddu mé va cdc san phdm tit ddu mé) hodc
chuyén hod H,S, SO,, cdc mudi sunfua... thanh S (trong x{r 1y khi thai, nude thai...).

Dudi day gidi thiéu vai s6 liéu so sanh cdc so do sdn xudt axit sunfuric khac
nhau:
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Bdng 3-19: Mot s6 chi tiéu ky thudt ctia qud trinh sdn xudt axit sunfuric

Nguyén liéu Pyrit, theo so dé Luu
L ¢6 | tinhche | huynh
Chi tieu dién khé

Bé mat 1am nguoi axit(K= 840 kJ/m*.h. "C),
m’/tan.ngay

- & thap rira va tang 4m

- & thdp sdy 2

- ¢ thap hédp thu 3 5
Téng bé mit truyén nhiét rong cong doan
chuyén hoa (K=42 kJ/m*.h.d¢), m%/idn. ngay 13 5 14
Lugng xuc tac (x=0,98), kg/ tAn.ngay 175 200 170
Téng legng axit tudi vio thdp,  m'/tan.ngay 65 35 35
Heé s6 tiéu hao:
Nude (25°C), m'/tan H,S0, 100 50 35
Dién, kW.hjtan H,SO, 120 70 40
Luong hoi (40 atm, 450°C) san xuat duoc,
tan/tan H,SO, 1 1 1

7- CO DAC DUNG DICH AXIT SUNFURIC

Mot lugng 16n axit sunfuric duge ding lam moéi truong hit nude nhu c6 dic
dung dich axit nitric, sdy khi, khi téng hop cdc hop chit hitu co, san xuét chat nd...
Liic d6, trit mot luong rat nhd H,SO, bi ton that, cdon né chi bi pha loang di ma thoi.

Vi thé, ngudi ta dem cd dic rdi sir dung lai hoac dem ding vao viéc khac.

Mot s6 trudng hop, axit sunfuric khong nhiing bi pha lofing di ma cdn bi bdn do
1An mot 56 tap chat nhu HNO,, cdc hop chét nitro, nhya... (khi sén xuat thudc né), cic
hydrocacbon (khi sdn xuat ruou téng hop)... Nhimg tap chit nay 1am giam chét lugng
axit sunfuric va gay khé khan cho qua trinh c6 dac. Vi vay, c6 thé diing ngay axit ny
vao nhimg muc dich khong yéu céu chat luong va néng do cao, nhu san xudt supe

photphat, tdy rita kim loai... hoac trudc khi ¢6 dac phai tdch céc tap chat dé ra.
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71. CO SG HOA LY CUA QUA TRINH CO DAC DUNG DICH AXIT
SUNFURIC

C6 dac dung dich axit sunfuric chinh 12 qud trinh tich nudc khoi né. Luong
nuéc m, can tdch khoi axit lodng xédc dinh theo cong thitc:
C
m_=m,(—=-1)
1

m, : lugng dung dich axit sunfuric thu duoc sau cd dic;

C,. C, : néng do dung dich axit trudc va sau khi ¢6 dac, % H,50, .

/ ] 1- Hoi

2-Long

Nhiét do, °C

20 40 60 80 100
% H,S0,

Hinh 3-66- D6 thi s6i ciia hé H,SO, - H,0.
Hinh (3-66) la biéu dé s6i cta dung dich axit sunfuric. Duomg cong dudi chi

quan h¢ giita nhiét d¢ soi clia dung dich va thanh phén cia né. Dudng cong trén chi
quan he¢ gifta ham luong H,SO, trong pha hoi va nhiét do 01 cia dung dich.

Nhu da thay, ham tuong H,SO, trong pha hai va pha l6ng rat khéc nhau. Khi
dung dich cé ndng d¢ nhé hon 70% H,SO0, thi pha hoi thyc t€ chi ¢ H,O ma khong
6 H,SO,. Khi tang nong do dung dich thi ham fuong H,S0, trong pha hoi tang dan.

Vi dy, hoi trén dung dich axit sunfuric néng do 85% c6 khoang 0,1% H,50,,
con trén dung dich 95% c6 61 15% H,S0,, trén dung dich c6 nong do 98,3% thi
thanh phan pha hoi va pha long nhu nhau. Nhu vy, khi boc hoi dung dich axit
sunfuric thi néng do cha né tang dan dén 98,3% sau d6 khong thay déi. Diéu d6 cé
nghia, khéng thé co dac dung dich axit sunfuric lén néng do cao hon 98,3% H,50,.

C6 ddc dung dich axit sunfuric gém hai qua trinh chinh: dun néng dung dich
axit va boc hoi nude. Vi vy luong nhiét cung c4p cho qué trinh ¢0 dic gém:

- Nhiét c4n thi€t dé dun néng dung dich tir nhiét do ddu dén nhiét do co dac:
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Q, =m.(H-H,)
trong d6  m: luong dung dich can dun ndng, kg;
H,, H,: ham nhiét cuia dung dich & nhiét d6 tnede va sau khi dun, k¥kg.
- Nhiét dehydrat, vé tri s& biing nhiét pha lodng vi phan:

100—-Ci _100—C2

~ 7.
@ SoZo Ts0-G

- Nhiét bay hoi nuée ( nhiét hod hoi):

Q:=351,54/365-t
t: nhiét do béc hoi, °C.

- Nhiét tén that ra moi trudng xung quanh phy thude vao ciu tao thiet b, ché do
1am viéc vi nang sudt cia no.

Trong qu4 trinh co dac dung dich axit sunfuric, cling véi hoi nudce ciing ¢6 mol
luong H,SO, bay hoi, gay nén ton thét axit.

Néng do dung dich cang cao thi H,SO, bay hoi cang nhiéu. Tuy nhién, trong cac
thiét bi ¢o dac hién dai, lugng H,SO, bay hoi khong nhiéu 1dm, nén khi tinh todn cin
bing nhiét ¢6 thé bo qua nhiét bay hoi axit.

D¢ co dac dung dich axit sunfuric, c¢6 nhidu loai thi€t bi khdc nhau. Tuy theo
phuong phap truyén nhiét tir khi dén dung dich axit ma cé (thé chia cac thiét bi co dac
ra 1am hai nhém: thiét bi cho tiép xiic tryc ti€p khi néng véi dung dich axit va thiét bi
dot néng bén ngoai (truyén nhi¢t qua thanh thiét bi). V6i nhém thit hai, ¢6 thé ¢6 dic
trong chin khong hoac & 4p suat thudng.

72- CAC LOAI THIET Bl CO DAC DUNG DICH AXIT SUNFURIC
7.2.1- Thiét bi co dac truc tiép

(5 nhimg thi€t bi nay, diéu kién tiép xiic giita khi v 1ong rat t6t, dung dich axit
co dac khong cin dun soi, cau tao thiét bi don gian, twong déi kinh €... Vi vay, chiing
duoc st dung kha rong rai.

7.2.1.1- Thiét bi cé ddc kiéu sui bot

Thiét bi ¢ dac kiéu sii bot 1a mot hinh tru nim ngang, c6 ba ngan. Dung dich
axit Yodng dugc dwa vio ngan thit ba (theo dudng khi di) roi theo cic rdnh bén trong
céc tudng ngan chdy dan sang ngan thit hai, thd nhat.

Khi néng (800-900°C) tix 15 ddt 2 theo dudng ong va cdc khuyu sui bot qua 16p
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axit & cdc ngan (tuong ty thiét bi ngung tu sii bot). Qua cac ngan, ndng do dung dich
axit tang dén, dén ngan dau, nhiét do axit lén t6i 230-250°C , nong do dat 93-95%
H,S0, , do dé c6 mot lugng H,SO, bay hoi ciing hot nude va hén hop khi sau ngén
dau bi biio hoa hoti H,S0,.

O ngan thit hai, vi nhiét do va néng do dung dich axit tuong ddi thip nén do qua
bio hoa chia hoi H,80, & day rat 1on, virot qud dé bio hoa téi han, dan dén hién tuong
tao mi. Ham lugng mii trong hén hop khi sau ngan thit hai t6i 50 g/m’ (chua ké giot
axit do khi kéo theo). D& tdch mix va giot axit, khi dugc dua qua loc dién udt 4 trude
khi thai ra ngoai trdi.

Axit dam dac 14y ra tir ngan dAu, dua qua lam ngudi réi bom vé kho.

Axit lod@ng ‘_ _§!——

Nhién lidu
— il
—
] -
_ L 541
K/khi . _|

Hinh 3-67: Se do thiét bi c6 ddc kiéu siii bot:

1- quat khong khi; 5- Jam ngudi axit;
2- 10 dot nhién liéu; 6- thiing chita axit;
3- thiét bi c0 dac sui bot; 7- bom axit.

4- loc dién uat;

G 16 d6t, ¢6 mot phan nhién ligu chdy khong hoan toan. Ching di theo khi 1o va
kht H,SO, thanh SO,, gay ton that axit (khoang 1-2%). Ngoai ra cdc tap chit ¢ trong
dung dich axit ban ddu (nito oxit, mudi, can, cdc hop chat hiru co...) cling gy khé
khan cho qud trinh ¢6 ddc va lam tang ton thét axit.

Khi néng do ban ddu ciia dung dich axit 12 68-70%, nong do san phdm 93-95%
thi nang sudt clia thiét bi nay khoang 180-200 tan H,50,/ngay.
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7.2.1.2- Thiét bi co déic kiéu venturi

Thi€t bi co dac ki€u siii bot ¢6 nang sudt tuong d6i thap, nén gan day ngudi ta
con str dung thi€t bi ¢6 dac ki€u venturi ciu tao don gidn, ¢6 nang sudt va cdc chi tieu
kinh 1& k§ thuat khdc kh4 cao.

Hinh (3-68) gi6i thi¢u so d6 thiét bi co dac ¢6 hai 6ng venturi,

Dung dich axit loing dugc dua vao ong venturi I1. O day, nho dong khi théi qua
voi tée do réat 16n (100-160 m/giay) nén dung dich axit bi phan tan thanh nhiing giot
rat nho, bé mat bée hai rat lén.

Dén phan mé rong cua venturi, téc d khi giam, cdc giot axit va cham vao nhau
thanh nhimg giot 16n hon va bi tich ra & xyclon 7. Sau dé qud trinh lap lai ¢ 6ng
venturi [ va xyclon 5. Cu6i cliing, axit ddc chiy vé thiét bi 1am nguoi 3 rdi dua vé kho.

Khi 10 ¢6 nhiét d6 950-1000°C qua hai 6ng venturi duoc 1am nguoi xuéng 220-
230°C (& 6ng T) va [50°C (& Sng 1),

Khi
thai Axit loding

Hinh 3-68: So do thiét bi cé ddc kiéu venturi:

1- 1o d6t nhién liéu; 5,7 - xyclon phan ly;

2- bom axit; 6- 6ng venturi I1 (téch mi);
3- 1am ngudi axit; 8- thung dinh muic;

4- dng venturi I {(c6 dic); 9- thing cao vi.

Uu di€m ndi bat cia thiét b co dac ki€u venturi 12 cudng do qud trinh rat 16n
nén nhiét do trong dng thap, thdi gian tiép xuc gitra khi va dung dich axit rat ngin, do
d6 giam dugc miic phan huy H,SO,, gidm ham Iugng mi1 axit vi céc chi tiéu tiéu hao
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dién, nuéc... Tuy nhién, thiét bi loai nay c¢é nhuoc diém 1a trd luc kha 16n (1700-2050
mm H,0).

Nang sudt thiél bi co dac kicu venturi khodng 400 tan H,SO./ngay.
7.2.2- Thiét bi co dac gian tiép
7.2.2.1- Thiét bi lam viéc theo nguyén tdc chung cdt

O thiét bi nay, dung dich axit duoc dun soi trong néi chung kin. Hoi bay 1én
dugc dua vao thap chung cat loai dia hoac dém. Dung dich axit lodng tuéi tir dinh
thap xudng. Cang xudng dudi thap, pha long cang giau cau i khé bay hoi (H,S0,),
cang lén trén, pha hoi cang gidu cfu tr dé bay hoi (H,0). Két qua thu duogc axit
sunfuric ddm dac, con hoi thit bay 1én chu yéu la nudc.

Hinh (3-69) giéi thiéu so dé thiét bi co dac kiéu chumg cat.

—_— ) _%‘__: "
69% H,S0O, I a
72% H,S0,
!
B
L_:‘;—
’//; :
%5
@—-:. ‘]‘m
96% - 98%
H,S0, e T

S N N
/\.'%’m/

42\9200 Wald
Nhién lidu
Hinh 6-39:
1- ndi chung; 5- thap tin dung nhiét;
2- 10 a6t nhién liéu; 6- 1am ngudi axit;
3- thap chung cét; 7- thiing chira axit dac.

4 - ngumg tu haoi nuée

Hoi axit tir néi chung 1 (d6t néng bing khi 10 & bén ngoai) boc 1én, di vio thip
chung cit 3. O day xay ra qud trinh ngung tu hoi axit (vi n6 ¢6 nhiét do so6i cao) va
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bay hoi nudc (do nhigt ngung tu H,S0, cung cép). Vi trén cung wéi dung dich axit
nong do 70-72% H,SO, nén thuc & chi cé nude bay hoi. Hoi nudc vao thép 4, tiép
xiic v61 nudc ngudi va ngung tu tao nén dp sudt Am trong hé thong, giam duoc nhiét
do soi cua axit, do dé gidm tén that H,S0,.

Trong ndi chung ¢6 dat cdnh khudy d€ tranh két tha trén thanh néi. Vi vay, thiél
bi nay ¢6 thé c6 dac dugc ca axit ban,

Dé tan dung nhiét cia khi thai, ngusi ta dat them thap dém 5 tuéi dung dich axit
lodng dé cé dac so bo.

Uu di€m caa thiét bi c6 dac kiéu chung cét 13 6 thé co dac dung dich dén néng
do cao (98%), tdn that axit nho. T4t nhién, né cling ¢6 moét s6 khuyét diém nhu nang
sudt thap (10-20 tan H,S0,/ngay), he s6 sir dung nhiét thap va dé qud nhiét cuc bo.

7.2.2.2- Thiét bi lam viéc trong chdn khong

Trong chan khong, axit sunfuric ciing nhu bat ky chat 1dng nao, déu soi & nhiét
do thap hon so v6i & dp sudt khi quyén. Vi du, nhiét do soi ciia dung dich axit
sunfuric 95% & 760 mmHg 14 300°C, con & 4 mmHg la 120°C.

N

Hai nude

,_,\
s )
i A
l -

Nude
¥
Nuide ngung
Hinh 3-70: Thiét bi ¢6 ddc chdn khong:
1- vo thiét bi; 4- thiét bi phun hoi;
2- &ng hoi; 5- 1am ngudi ngung tu;
3- tach giot; 6- Ong baromet.
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Do nhiét do s6i giam, chénh léch nhiét do giita axit bay hoi va chat tal nhiét s&
tang. Ngoai ra, & nhiét do thap, t6¢ do &n mdn thi€l bi cla axit cling giam, t8n that
H,SO, rit nhd, dac biét giam duoc qué trinh khir H,S0, thanh SO, cta cic tap chat
hitu cd ¢6 trong dung dich axit lodng.

Hinh (3-70) gidi thiéu thiét bi co déc axit trong chan khong, lam viée gian doan.

Dung dich axit loding duge dua vao noi 1. O day, né duge dot néng bang hoi
nude di trong 6ng 2 (1am bing thép silic). Hoi thit bay 1én, qua tich giot 3 vio thict bi
1am nguodi 5, hon hgp voi nude ngudi va ngung tu. Nude cang ngudi va hoi ngung
cang hoan toan thi do chan khong trong thi€t bi ¢6 dac cang cao.

Dé ting do chan khong, ngudi ta dit thém thi€t bi phun hoi 4.

Déu tién, dun néng dung dich axit va tao do chan khong 7 mmHg. Khi néng do
dat 86% H,SO, thi suc khong khi vao dé khudy tron dung dich va kéo hoi nudc bay
lén. Cho axit bay hoi dén 93% H,S0, thi dimg lai, thdo axit ra, lam ngudi 16i chuyén
vé kho. Sau dé lai nap mé mai vao.

Thiét bi nay mdi mé (12 gi&y) o dic duge 50 tan H,SO, tir 68 Ién 939% H,SO,.
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PHAN PHU LUC

Bang 1: Tinh chdt ciia axit sunfuric

Ham lugng, %

H,SO, SO, téng

KL riéng

g/em®

Nhiét dung
cal/g.do

Nhiét do, °C

Két tinh Soi

12- GN AXIT
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Bdng I (1ié6p theo)

Ham luong, %

HZS 04 SO; t(jng

KL riéng
g/em’

Nhiét dung
cal/g.do

Nhiét d¢, °C

Két tinh

Soi
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Bdng I (tiép theo)

Ham luong, % KL riéng | Nhiét dung Nhiét do, °C
H,SO, SO, tong g/cm’ cal/g.do Két tinh Soi
________ 56 ATL | 14557 0568 |- -28.8 133.8
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Bdng I (tiép theo)

Ham leong, % | KL riéng | Nhiét dung Nhiét do, °C
H,S0, SO, téng g/cm’ cal/g.dé Két tinh Soi

| essT | 17693 | oaes | 85 | 2313

85 69,39 1,7786 0,4118 8,0 237,1
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Bang Il: Nhiét dung Cp (kcal/kg.do) cria dung dich H,S0,

Néng do Nhiét do, °C
H,80,,% 20 22,5 25 40 60 80
0,957 0,957 0957 | 0956

40 | 0683 0681 1 (0.683) | 0683 0,684 | 0,685

45 1 0636 | 0638 0,639 0,642 | 0643 | 0645
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Bang 11: Tinh chdt cua oleum

Ham luong, %

S0,
tu do

SO, téng

H,S0,

KL riéng

g/cm®

Nhiét
dung
cal/g.do

Nhiét do

Kaét tinh

Soi

— (J —

[T (O T

100,00

100,225 | |
100,45 | 18366 ) 0,33

1.8305 |

_0,3380

1,8591

18624
1,8658
1,8691
1,8725

103,38
103,60

104,50

1,8899
1,8933
1,8968

104,72

1,9002

.............................................

104,95
105,18

1,9037
1,9071

1577

1666
162,]

106,08

1,9139
19173
19206
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Bung HI (tiép theo)

Ham luong, %

SO, tong

106.75
106,98
107,20

107,65 \

KL riéng

g/em’

Nhiét

Nhiét do

dung
cal/g.do

Két tinh

Sdi

19307

1,9338 |

00,3431

107,88

108,10
108,32

109,00

108,78 |

1,9611

19381 |

100,0

109,22

1,9637

109,68

1,9691

(109,90 |

- 110,12

19717

984
96,3

244
924

90,5
88,7

111,02
11,25

LA

1,98% | " 28,8 9.3
1o 2 | - L 269 78,0
1,9930 24.8 16,7




Bang 1 (1iép theo)

Ham luong, % KL riéng Nhiét Nhiét dé

SO, | SO,téng | H,SO, g/cm’ dung Két tinh Séi
twdo | R cal/g.dé
33 91,74 112,38 | 1,9946 | 03943 | 226 | _ 754
56 | 91,92 112,60

37 92,10 12,82
.8 92,98 113,05

S 92,47 113,28

60 | 92,65 | 113,50

61 92,83 113,72

62 93,02 113,95

63 93,21 114,18

64 93,39 114,40

65 | 9357 | 114,62

_________________ 66 | 9375 114,85

67 93,94 115,08

68 94,12 115,30
_____________________ 69 | 9430 | 11552

____________ 0. 9449 115,75

71 94.67 | 115,98

__________________ 219485 | 11620 2,0023 -

73 95,03 116,42 2,0022 .

4| 95,22 116,65 2,0019 -

___________________ 5| 954 11688 | 20013 | 0,514

&N 95,60 | 117,10 2,0004 T

77 95,78 | 117,33 1,9992 -

____________ 8 19596 17,55 | 1.9979 -

79 96,14 | 7,78 | 1,9964 -

80 96,32 118,00 1,9947 0,552

_____________ 81 96,51 118,22 1,9930 -




Bdng [ (tiép theo)

N Ham luong, % KL riéng |  Nhiét Nhiét dé
H,S0, g/cm’ dung Két tinh Séi
cal/g.do

SO, SO, tong

100 100,00
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2,007 | D.081 | 0,091 | D.0FL | D.0TT | D.001 D. 08 2. 09 Do OF 0.0 | 'OS'H %
op 131U 25 o (Surw) goy okq Loy jeus jens dy ‘Op SUON

winajo va opnfuns jxo yaip Sunp updy voy ovq wy jpns dy 4] supg
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Bdng V. Ap sudt hoi riéng phdn ciia H,50, trén dun g dich axit sunfuric

Nhiét da,
IIC

Ap suit hoi H,SO, , mmHg khi nong d6 dung dich axit sunfuric

85%

90 %

93%

95 %

98%

1,1.10°

14007
68.10% |

2,5.10°

9,5.10°

245107

5,81.10"

1,6.10"
9.9.107

16.10"
3,25.10"

- 8 ,29- l ()-1

6.9.10°
2,14.107
592.10"
149 .

1,95

3.47
7,51

187



Bdng VI: Nhiét tao thanh dung dich axit sunfuric tir khi SO, va nuée

(kcallkg H,0)
Nong d¢ axit tao thanh Nhiét dé, "C
% SO, tong % H,S0, 0 50 100
__________ 24,5 30 190 200 {2 Y S
28,6 » 232 243 | 236
32,7 40 278 291 306
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Bdng V1. Nhiét tao thanh dung dich olem tir khi SO ; va niutée

(kcallkg H,0)
Nong dé oleum tao thanh Nhiét dé, "C
%SO, twdo | %S0, téng 50

1817
1830

(185
1895

1920

[89



Bdng VI{1: Nhiét hén hop SO, long véi medc

—

Nong do Nhiét toa ra, kcal/mol 80, § cic nhiét do

dung dich 20 °C 40 °C 60 "C 80 “C 100 °C
tao thanh

% 11,50,
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Bdng IX' Nhiét hoa tan vi phdn trong dung dich axit sunfuric va oleum

IX-1: Nhiét hoa tan SO, long vao axit sunfuric va oleum

Nong do

Nhiét toa ra, kcal/mol SO, 6 cic nhiét do

dung dich
tao thanh

20°C

40 °C

60 °C

80°C

100 °C

% H,80,

IX-2: Nhiét hoa tan mrée vao olenm

Nong do Nhiét toa ra, keal/mol H,O & cic nhiét dé
dung dich 20°C 40 °C 60 °C 80 'C 100 °C
tao thanh
________________________ 32 1 160 16,1 16,2
_____________________________ 10 | 1686 | 167 16,8
___________________ 20 o p 173 | 175 178
. S S 183 | 18,8 192 1.
U S 194 | 20| 208 |
U 22,2 23,3 43 s —
80 26,4 28,2 ; ] .
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IX-3: Nhiét hoa tan nudc vie axit sunfuric

% H,50, 80 85 90 95 98 99,3 100 ‘
Q, cal/mol 11,0 3,65 4,78 6,18 8,0 9,5 10,5 15,7541

Bdng X' Nhiét dung ciia cdc khi va hoi nuie ( cal/g.do )

| T°C S0, 0, N, SO, | H,0 | Kh/khi
0 0,1450 | 0,2185 | 02461 | 0,1450 | 0,4441 | 0,2397
10 | 01463 | 02190 | 02462 | 0,1475 | 04448 | 02399
_______________________ 20 10,1476 | 02194 | 0,2463 | 01500
30 01489 | 02198 | 02463 | 0,1525
40 | 0,1502 | 0,2203 | 0,2464 | 0,1550
__________ 50 0,1515 | 0,2208 | 0,2465 | 0,1575
60 | 01528 | 02212 | 02466 | 0,1600
_____ 70 0,1541 | 02216 | 0,2467 | 0,1623 | 0.4 N
______________________ 80 0,1554 | 02221 | 0,2467 | 01650 | 0,4500 | 0.2410
_____________________ 90 | 0,1567 | 02226 | 02468 | 0,1675 | 0,4508 | 0,2411

100 | 0,1580 | 02230 | 0,2469 | 0,1700 | 04515 | 0,2413

110 | 0,1592 | 02237 | 02471 | 01720 | 04527 | 0,2416

120 | 0,1604 | 0,2244 | 0,2473 | 0,1740 | 0,4539 | 0,2420

130 | 01616 | 02251 | 02476 | 01760 | 04551 ) 02423

______________ 140 | 01628 | 0,258 | 02478 | 0,1780 | 04563 | 0,2427
0,2479 | 0,1800 | 0,4575 | 0,2430
0,482 | 0,1820 | 0,4587 | 0,2433

0,2484 | 0,1840 | 04599 | 0,2437

| 0,2487 | 0,1860 | 04611 | 02440 | 0,3716

0,2489 | 0,1880 | 04623 | 02444 | 0,3723
0,2491 | 0,1900 | 0,4635 | 0,2447 | 0,3730

0,2495 | 0,1920 | 0,4649 | 0,2452 | 0,3738
0,2499 | 0,1940 | 0,4664 | 02457 | 0,3746 |
02503 | 0,1960 ) 04678 ) 02461 | 03734
............................... 02507 | 0,1980 | 04692 | 0,2466 | 0,3762 |

0,2512 | 0,1975 | 0,4706 | 0,2471 | 0,3770
02516 | 02010 | 04721 | 02476 | 0,3778 |
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Bang X (tiép theo)

T"C SO, 0, | N, SO, H,0 | Kh/khi | H,S
270 | 01770 | 02353 | 02520 | 02025 | 04635 | 02481 | 03786
250 | 00780 | 02361 | 02524 | 02040 | 04749 | 02485 | 03794
290 | 01790 | 02368 | 02528 | 02060 | 04764 | 02490 | 0.3802
300 | 0800 | 02376 | 02532 | 02080 | 04778 | 02495 | 03810
310 | 01807 | 02383 | 02537 | 02095 | 0.4793 | 0.2501 | 03819
_________________ 20| 00814 | 02390 | 02542 | 02100 | 04809 | 0.2506 | 03828
30 | 01821 | 02397 | 02548 | 02115 | 04824 | 02512 | 03837
340 | 01828 | 02404 | 02553 | 02130 | 04839 | 02518 | 03846
| 350 | 0,1835 | 02411 | 0,2558 | 02140 | 0,4854 | 02524 | 0,3855
______________________ 360 | 01842 § 02417 | 02563 | 02150 | 04870 | 02629 | 03864 |
________________ 370 | 00849 § 02424 | 02568 | 02165 | 0.4885 | 02535 | 03873
______________________ 30| 01856 | 02431 | 02574 | 02180 | 04900 | 02541 | 0,3%82
____________________ 390 | 01863 | 02438 | 02579 | 02190 | 04916 | 02546 | 0,389)
_________ 400 | 01870 | 02445 | 02584 | 02200 | 04931 | 02552 | 0,3900
__________________ 410 | 01876 | 02451 | 02590 | 02110 | 0,4947 | 0.2558 | 0,3909 '
420 | 01882 | 02457 | 02595 | 02220 | 04963 | 0.2563 | 03918
___________ 430 | 01888 | 02463 | 02601 | 02230 | 04979 | 02569 | 03927
440 | 01894 | 02469 | 02607 | 02240 | 04995 | 02575 | 03936
_______________ 450 | 0,1900 | 0,2474 | 0,2612 | 0,2250 | 0,5012 | 02581 | 0,3945
460 | 01906 | 02480 | 02618 | 02260 | 0.5028 | 02586 | 0.3954
470 | 01912 | 02486 | 02624 | 02270 | 0,504 | 02592 | 0.3963
480 | 01918 | 02492 | 02630 | 02280 | 0.5060 | 0.2598 | 03972
490 | 01924 | 02498 | 02635 | 02290 | 05076 | 02603 | 03981
500 | 01930 | 02504 | 02641 | 02300 | 05092 | 02609 | 0,390
510 | 01934 | 02509 | 02647 | 02310 | 0.5109 | 02614 | 0,399
__________________ 520 | 01938 02653 | 05125 | 02620 | 0,4008 |
530 | 01942 02658 | 0.1330 | 05142 | 02625 | 04017 |
________________ 540 | 0.1946 02664 | 02340 | 05158 | 02631 | 04026
550 | 0,1950 0,2670 | 0,2345 | 0,5175 | 0,2636 | 0,4033
560 | 01954 02676 | 02350 | 0,592 | 02644 | 04044
570 00,1958 (0,2538 02682 00,2360 {),5208 (30,2647 {),4053
13- CN AXIT 19%




Bang X(tiép theo)

T°C | S0, 0, | N, SO, | H,0 | Khkhi| HS |
___________________ 580 | 0,1962 | 0,2543 | 02687 | 0,2370 | 05225 | 02652 | 04062
590 0.1966 | 0.2548 | 02693 | (,2375 | 05241 | 0,2658 | 04071
600 0,1970 | 0,2553 | 02697 | 0.2380 | 0,5258 | 02663 | 04080
610 | 0.1973 | 0,2557 | 0,2702 | 02390 | 0,5275 | 02668 . 0,4089
620 | 01976 | 02561 | 02707 | 02400 | 05292 | 02673 | 0.4098
630 1} 0,1979 | 0-2565 02713 | 0,2405 | 0,5309 | 0.2678 | 0.4107 |
640 | 0,982 | 0,2569 | 02718 | 0.2410 | 0,5326 | 0,2683 | 04116
650 | 01985 | 02573 | 02723 | 0,2420 | 0,5343 | 0,288 | 0.4125
_______________ 660 | 0,1988 | 0,2577 | 02728 | 0.2430 | 0,5361 | 02692 | 04134
670 01991 1 02581 | 0,2733 | 02435 | 0,5378 | 0,2697 | 0,4143
680 01994 | 02585 | 02739 | 0,2440 | 05395 | 0,2702 | 04152
690 0,997 1 0.2589 | 02744 | 02445 | 0,5412 | 02707 | 0,416]
700 02000 | 0,2593 | 0,2749 | 0.2450 | 0,5429 | 02712 | 04170
710 | 02003 | 02596 | 0,2754 | 0.2455 | 05446 & 02716 | 04179
720 0] 02006 | 0,2600 10,2758 | 02460 | 0.5463 | 02721 | 04188 |
_______________ 730 | 02009 | 02603 | 02763 | 0.1465 | 0.5481 | 02725 | 0.4197
740 0,2012 1 02607 | 0,2768 | 02470 | 0,5498 | 0,2730 | 04206
750 | 0,2015 | 0,2610 | 0,2772 | 0,5515 | 0,2734 |
760 | 02018 | 02613 | 02777 | 02480 05532 | 0,2738 | 04224
770 0,2021 | 02617 | 02782 | 0,2490 } (,5549 | 02743 © 0,4233
780 | 0,2024 | 0.2620 | 02787 | 0.2500 | 0,5567 | 02747 | 0,4242
____________ 790 1 02027 | 02624 | 0,2791 | 0,2505 | 0,5584 | 0,2752 | 0,425]
________________ 800 1 02030 | 0.2627 | 0,2796 | 02510 | 05601 | 0,2756 | 0,4260
810 0,2032 | 02630 } 02800 | 02515 | 05618 | 0.2760 | 0,4268
820 | 02034 | 0,2633 | 02804 | 02520 } 0,5635 | 02764 | 0.4276
(02036 1 0.2636 | 02809 | 0,2525 | 0,5651 |} 02768 | 0,4284
0.2038 | 0,2639 | 02813 | 02530 | 05668 | 02772 | 0,4292
________ 0,2040 | 0,2642 | 0,2817 | 0,2535 | 0,5685 | 0,2776 | 0,4300
________ 02042 | 02644 1 02821 | 0,2540 | 0,5702 | 0,2779 | 0,4308
______ 0,2044 | 02647 | 0,2825 | 02545 | 0,5719 | 0,2783 | 0.4316
0,2046 | 02650 | 02830 | 02550 | 0,5735 | 02787 | 0.4324
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Bdng X(1iép theo)

T'C S0, 0, | N, SO, | H,0 | Kh/khi | HS
______ 890 | 02048 | 02653 | 02834 | 0.2555 | 05752 | 02791 | 04332 |
_____ 900 | 02050 | 02656 | 02838 | 0 2560 | 0,5769 | 0.2795 | 0,4340
oo | 026% | oax fommes fozms L om0,
920 | 02054 | 02661 | 02845 0.5801 | 02802 | 04356
______ 930 | 02056 | 02664 | 02849 | 05817 | 02805 | 04364
940 | 02058 | 02666 | 0,2852 0.5833 | 02809 | 04372
_____ 950___ 0,2060 0,2669 0,2856 0,5849 0,2812 03,4380
______ 960 | 02062 | 02672 | 02860 | 02590 | 0,565 | 02815 | 0 4388
970 [ 02064 | 02674 | 02863 | 02595 | 05881 | 02819 | 04396
980 | 02066 | 02677 | 02867 | 02600 | 05897 | 02822 | 04404 |
990 | 02068 | 02679 | 02870 | 02605 | 05915 | 02806 | 0.4412
________ 1000 |0.2070 | 02682 | 02874 | 02610 | 05929 | 02829 | 04420
________ 0101 02071 [ 02684 | 02877 | 05944 | 02832 | 04428 |
02881 | 05959 | 02835 | 04436 |
_______ o | s | et
________ 05989 | 02841 | o4as2 |
0,6004 0,2844 0,44___60 _________
s et byl
_________ 06035 | 02850 | 04476 |
0.6050 | 02853 | 04484 |
W0 | 02079 | 02701 | 02904 | - 06064 | 02856 | 04492 |
________ 100 | 02080 | 02703 f 02907 | 0.6080 02859 | 04500 |
IO 1 02081 | 02705 | 02909 | 0,6094 | 02862 | 04506 |
_______ 1120102082 | 02707 | 02913 | 06108 | 02864 | 0ast2 |
1130 | 02083 | 02709 | 02915 036122' 02867 | 04518
______ 1140 | 02084 | 02711 | 0.4524 |
1150 | 0,2085 | 0,2713 04530 |
_______ 1160 | 02086 | 02715 0,d536
170 | 02087 | 02717 o4sa2 |
________ 1180 | 02088 | 02719 04548 |
1190 | 02089 | 02721 _0,;932_' 04554 |
1200 00,2090 00,2723 (),2935 (,6220 0,2886 (0,4560)




T, "C

P, mmHg ]

Bang Xl: Ap sudt hot nuie bio hoa

gH ,0/m* khi

T, "C

¢I1,0/m’ khi |

8,609

9209
9,844

28,350

30,040 |

49,69
52,44

102,09
107.20

1360
142,60

60

149,50

3202

48,56

 BO6T
20,76
95,00

99,40

104,00

108,70

11370
117,90
124,10

tV6
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Bdng X1 Nhiét dung Cp (keallkg.do) va entanpy H (kcalikg) ctia hot nudc

Nhiét do

IJC IIK

Cp

Nhiét

do

0(\ '

'K

Cp

| 273,15

(0,444%

__________ 0,4500

| 0,4678
0,469

0,4706

64441

04493 | 31,31

583.15
59315

104,57
109,28

813,15

0.4793

0.4947
10,4963

| 04979

0.4995

0,5076

803,15

0.5109

7S

16,7

176,4




Bdng XII{ (1iép theo)

1043,15

1323,15

133315 |

1343,15

0,6035
0,6050

............. 870 | 1143,15 | 05719 | 4364 | 1170 | 144315 | 06178 | 6151
................ 880 | 1153,15| 05735 | 442, | 1180 | 145315 | 06192 | 6213
890 116315 ) 0.5752 | 4478 | 1190 | 146315 | 0,6206 | 6274
900 | 1173,15| 0,5769 | 453,5 | 1200 | 1473,15] 06220 | 6336
14- CN AT 20t



Bdng XIV : Tinh chdt ciia hot nide bdo hoa 6 khodng nhiét dio 20 - 100 °C

(P: dp sudl sudt hoi, mmHg - p: KLR, g/m’ - v: thé tich riéng, m® /kg

H: entanpy, kcal/kg - L: nhi¢t hod hoi, keal/kg)

t,"C P

H

606,0




Bang XV (tiép theo)
570,

________________ 61 | 15643
62 163,77
63 171,38
64 117931
65 187,54
__________ 66 | 19609 |

67 204,96

68 | 21417 |

69 | 223,73

70 2337

71 2439

21 2346

T3 2657
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Bdng XIV (tiép theo)

83 400,6 328,4 3045 | 6325 | 5495
_________________ 84 | 4168 3408 2,934 632,9 548,9
85 | 4336 | 3536 | 2,828 6333 | 5483
86 | 4509 3667 | 2727 | 6337 | 5477
___________________ BT | 4687 | 3804 | 2629 | 6341 | 5471

B8 | 4873 | 394,3 2,536 6344 | 5464

89 5063_}_ 408,7 _2_,44?‘ 634.8 5458

90 52_§__,’;'_6 423; 2,361 6352 5452

91 54605 | 4388 | 2279 | 6356 5446

92 56699 | 4545 2200 | 6359 | 5439
93 | S8860 4708 | 2,024 | - 6363 | 5433

94 | 61090 | 4873 | 2052 | 6368 | 542,7

95 | 63390 | 5045 | 1982 | 6372 s42,1

96 | 65762 5222 | 1915 | 6376 | 5415

97 682,07 | 5402 1,851 | 6380 | 5409

98 | 707,27 5590 1,789 6384 | 5403
_____________________ 99 | 73324 | ST80 | 1973 | 6387 | 5396

100 760,00 59?,'? 1,673 639.1 5390
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Bdng XV Ham dm d (g/kg khong khi kho hodc gim’ khong khi am),
khot lwong riéng p (kgim’) , do ting thé tich ciia khong khi kho

khi bdo hoa hoi nude AV (%) va nhiét ham

ctia khong khi dm I1 (kcallkg khiong khi kho) phu thuice nhiét do
(°C) va d¢ dm twomg doi cvia khong khi @ ( % )

© = 40% © = 60%

1,°C d p |5 AV _ d o p H AY
g/kg | g/m’ ’ oke | g/m’

10| 3,09 | 376 122000 425 | 0,4889 | 4.65 | 5,64 ) 1,288 ] 5,19 {07455

15| 430 | 513 |1,1979] 6,19 | 0,6966 | 6,47 | 7.69 | 1.1963| 7,50 | 10449

20| S91 | 692 11,1764 837 10,9444 891 | 10,37 |1,1742 | 10.19| 14284

251 804 | 9,21 |1,15511 10,88 | 1,3001 | 12,14| 13,82 11,1524 113,37} 1.9501 '

30 ]0,8%____12,14 1,1342 13,791 1,7352 1_6,_37 _ :

35| 14,43 |15,8411,1134/ 17,23 2,3248 | 21,90} 23,76 | 1,1087 | 21,80 3,5153

40| 19,07 | 20,45 [1,0927 21,31 | 3,0611 129,05 | 30,68 | 1,0865]27,45}4,6633

45| 25,03 26,17 [1,0719| 26,23 | 4,0248 | 38,31 | 39,25 | 1,0640 | 34,43 | 6,1569

50| 32,60 |33,171,0508] 32,18 | 52367 | 5021} 49,76 | 1.0408 | 43,08 | 8,0531

55| 42,24 41,71 1,0288) 39,45 | 6,7813 | 65,57| 62,57 | 10168 53.94)10,5252

60| 54,48 | 54,04 |1,0072| 48,38 ] 8,7462 | 85,44 78.05 [0,9916|67,68[13,7010

¢ = 80%: op = 1007

t,"C d p 3 AV d p H AV
ghg | g/m’ |

10] 621 | 752 |12177) 613

15| 8,66 [1026]1.1948] 8.82

20| 1194 |13,83|1,1722{ 1802

25| 1629 |18,43[1,1495) 1589

30 22,03 24,29 11,1268 20,63 | 3,53 o . Tl AR

35| 29,54 | 31,67 |1,1038] 26,48 | 46507 | 37,37 | 39,59 | 1.0991 31,27 5,997

40| 3935 40,901,084 33.78| 6,3101 | 49.98 | S1.13 | 1.0741 | 40,31 | 8,0230

45| 52,14 | 52,341,060 4296| 8.3759 | 66,57 | 65.42 | 10482 | 51,86 10,6820

50| 68,79 | 66,35 1.0308] 54,59 |11,0302| 88.42 | 8294 | 1.0208 | 66,74]14,1786

55| 90,60 |83,42 |1,0042] 69,49 |14.5928] 117,50 | 104,28 | 0.9917 | 86,18 | 18.8357

60 | 119,35 [104,070,9761| 88,82 119,1233| 156,64 130,09 | 0,9906 |112,05)25,0753




Bdng XVI: Nhiét dung Cp (kcallkg.dd) va entanpy H (keal/kg)
' ctia lun huynh rdn

t,"C Cp~ H t, °C Cp H
0 0,16350 0 70 0,17635 11,870
5 0,16470) 0,825 75 0,17711 12,756
10 0,16580 1,650 80 0,17787 13,642
15 0,16700 2,480 85 0,17860 14,535
20 0,16800 4,100 90 0,17934 15,428
30 0,16973 4,946 95,39* 0,i8012 16,397
35 0,17060 5,799 95,39%* 0,18430 19,389
40 0,17146 6,652 100 0,18410 20,230
45 (,17230 1,516 104* 0,17880 20,410
50 0,17314 8,376 101%+% 0,18865 20,422
55 0,17396 9,246 110 0,18757 22,101
60 0,17477 10,116 115,207% 0,18968 23,081
65 0,17556 10,993 115,201 0,23624 35,878

* Tinh th€ hinh thoi

#* Tinh thé don 1a



Bdng XVI1: Khoi lugng riéng p (kgim’), nhiét dung Cp (callkg.do), dé ddn
nhiét 2 (keal/m.h.di) va do nhét 1 (cps) ctia heu huynh long trong khodng nhiét

do 150 - 165 °C

A

0.11920

(,12100

6,700

15000




Bdng XVIII: Nhiét dung Cp , entanpi AH va entropi S° ciia FeS,

T ("K) | Cp (cal/mol.dd) | AH (cal/mol) | S"(cal/mol.dé)
100 4484 | -2250 1.4
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Bdng XIX: NHIET DUNG C, (calimol.dé), ENTANPI AH (calimol),
entropi §° (cal/mol.do), va nhiét tao thanh O° (calimol) ctia Fe 0,

T,'K C,’ AH st Q"
298,15 25,04 0 21,5 196 800 (2 1300)

400 28,71 2750 29,41 “196 400
500 31,37 5770 36,14 “195 800
600 33,66 9010 42,04 195200
700 35,79 12460 47,35 -194 500
800 37,82 16130 52,25 -193 800
900 39,79 20030 55,84 -193 000
950 40,77 (@) - 22060 (@) | 59,04 (@) -192 800
950 36,00 () | 222208 | 59,21 (B) -192 600
1000 36,00 24 020 61,05 2192 600
1033 36,00 -~ - 193 100

1050 36,00 | 25820(B) | 62,81 (B) ~193 000 (B)

1050 33,56 25820(y) | 62,81 (y) -193 000 (7)
1100 33,65 27500 64.37 ~193 000
1179 33,78 - - -193 400
1200 33,82 30870 67,30 193 300
1300 34,00 34250 70,01 -193 000
1400 34,11 37 650 72,53 -192 600
1500 34,35 41 070 74,89 -192 400
1600 34,53 44 540 77,13 -192 100
16741700 | 34,66 - - -192 100
1800 34,70 48100 79,29 192100
- 51880 81,45 -191 700
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Béng XX: Nhiét dung phan tit Cp (cal/mol.do), entanpy AH (calimol) va

entropy 8" (cal/mol.dg) ciia FeS rin va ldng

........... ]100 14"82 12680

................................ 1200 15,06 _ o laixo

_________________________________________ 1300 | 1529 13680

____________________________________ 1400 ) 15,53 7260

______ 1468 1569 18350 |

_______________________________ 1468 1 17,00 (one) _ 26080 Qong) |
1500 17,00 26620
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Bang XXI: D6 hoa tan cia SO, trong dung dich axit sunfuric

Nong do D6 hoa tan cua SO, (g/100g axit)
H,S0,, % 20 °C 30°C 40°C 50 °C 80 °C
________________________________ 10 L 952 | 68 | 50
_______ 20 ] 843 | 612 4.5
30 R 5,37 4,0
______________ o L 626 463 35 1.
00 S18 3,89 29
___________________________ Do) 483 352 | 27
60 1 4,09 3,15 2,4
__________________ 65 1355 2,78 2,1
o 3,01 2,41 1.8
____________________ 75 246 1. 204 15
_______________________________ 80y 19z o Lee | 12
85 1,38 1,29 1,0
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