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LY THUYET TRUYEN KHOI - Vi DU VA BAI TAP

1 NHAP MON TRUYEN KHOI

1.1 CAUHOI
Moi cau hoi cho vi du cui the.

1.1.1 CAuhdi 1

So sdnh hién tugng chuyén dong clia phan t va cum xody.

1.1.2 Cauhdi2

So sanh chuyén dong phan tir va khuéch tdn phan ti.

1. So sdnh hé s& khué&ch tdn va hé s6 truyén khoi

2. So sdnh qud trinh truyén khoi 1trong 1 pha va giita 2 pha

3. Khuéch tdn la gi? Cdc yé&u to giy ra khué&ch tdn (nguyén nhan).
4. Trang thdi cAn bing

Cho vi dui cul the.

1.2 BAITOAN
1.2.1 VD 1. Néng dé dung dich Idng

Cho dung dich axit axétic ndng d6 10% khdi lugng trong nudc & didu kién chuan. Hay xdc
dinh ndng dd phin mol clia axit (xA), ti 1& mol (XA).

1.2.2 Baitap 1. Nong dé dung dich

Hon hgp 16ng chita 58,8% mol toluen va 41,2% mol tetracloruacacbon (TCC). X4c dinh i
s6 khdi lugng clia toluen va ndng dd khdi lugng cla né.

1.2.3 VD2. néng dé pha khi

Axeton trong xudng son c¢6 ndng do6 400mg/m’® & 35 °C. Xdc dinh ndng do phin mol cia
axeton trong khong khi (ya).

1.2.4 Baitap 2.

Khong khi bdo hoa hoi nuéc & dp suit thudng va nhiét do 34 °C. X4c dinh 4p suit riéng
phan ctia khong khi, phan thé tich (phan mol) va phan khdi lugng ctia hdi nudc trong hén hgp
khong khi — hdi nudc, ti s6 khoi lugng. Biét ca hai cdu ti dude xem 12 1y tudng. Ap suit khi
quyén 1a 745 mmHg. X4c dinh khdi lugng riéng hdn hgp khong khi — hoi nuée.

1.2.5 VD 3 =VD 2.3. (QTTBT3)/21. Hé s6 khuéch tan pha khi

Tinh dinh hé s6 khué&ch tdn ctia hdi etanol qua khong khi & 1at, 0°C

1.2.6 Baitap 1. Hé sé khuéch tén pha khi

Tinh hé s& khuéch tdn cia

1. Hoi benzen trong khéng khi tai 1 at, 30°C, 20°C, 0°C.
2. Hoi nuGe trong khong khi & 1 at, 40 °C.

3. Hoi axeton trong khong khi & nhiét @6 20°C, 30°C.




4. Khi sunfua dioxit trong khong khi & 30°C, 40°C.
5. Hdi clorua hydro trong khong khi & 30°C
6. Hoi amoniac trong khong khi & 30°C.

1.2.7 VDA4. Hé sé khuéch tan pha 1dng

Tinh hé s6 khué&ch tdn ctia khi sunfua hydro trong nudc & 40 °C.

1.2.8 Baitép 4.

X4c dinh hé s6 khuéch t4dn cla

1. Hai axeton trong nude & 20°C, 30°C.
2. Khi sunfua dioxit trong nuéc & 30°C.
3. Khi clorua hydro trong nudc & 30°C.
4. Khi amoniac trong nuéc G 30°C.

1.2.9 VDS5. = Bai tap 2.5. (QTTBT3)/ 25. Té¢c dd khué&ch tén. Truyén khéi 1 pha

Mot thiing hinh tru hd c¢6 dudng kinh 2m chita benzen & 200C ti€p xiic véi khdng khli.
L6p khong khli trén bé mit benzen xem nhu ditng yén c¢é bé day 5Smm. ndng do clia benzen
bén kia 16p mang khong khi 12 khong ddang k€. Ap suit hoi ctia benzen & 20°C 12 100mmHg.
Xdc dinh khoi lugng benzen that thoat mdi ngay. Cho bi€t khdi Iugng riéng ciia benzen 1a
880 kg/m’, hé s6 ku€ch tdn clia benzen trong khong khi & diéu kién chuén 1 7,7x107% cm™/s.

1.2.10 Xem VD 2.1 (QTTBT3)/18;

Oxy khuéch tdn qua monoxit cacbon khong khhuéch tdn § trang thai &n dinh. Ap suit tdng
cong 12 1 at, nhiét dd 0°C. Ap suét riéng phin clia oxy tai 2 mit phing cach nhau 0,2 cm Ian
lugt 12 100 va 50 mmHg. Hé s6 khuéch tdn ctia hdn hop 1a 0,185 cm?s. tinh thong lugng
khuéch tdn clia oxy theo mol/s.cm’.

1.2.11 Xem VD 2.4 (QTTBT3)




1.2.12 VDA. Truyén khdi gitia 2 pha.

Qué trinh hap thu NHj trong thi€t bi truyén khdi c6 hé s6 truyén khdi theo pha khi K, = 1
kmol/h.m?at. Vao cting mot mot thdi di€m, ngudi ta do dugc tai mot vi tri trong pha khi c6
ndng dd 8% mol NHs, va ndng d6 NH; trong pha 16ng Cx = 0,065 kmol/m’. 85% trd luc
truyén khdi niim trong pha khi. Hing s6 Henry H = 9,28.107 at/(kmol/m®). Tinh hé s& truyén
kh&i trong mdi pha va ndng d NHj3 trong mdi pha tai dién tich ti€p xic pha.

1.2.13 Xem VD 4.1. (QTTBT3)/ 44;
1.2.14 Xem VD 4.2. (QTTBT3)/45.
1.2.15 Bai t@p 5. Phuong trinh dudng lam viéc

Thi€t 1ap phuong trinh va vé dang dudng lam viéc cho cdc trudng hdp sau
Hé gdm n doan lién tuc cling chiéu
Hé gdm n doan giao dong

Hé gdm n doan nghich dong

1.2.16 VDS.

Cho binh tru hd dung H,SO,4. Ngudi ta thdi trén miéng binh hd mot lugng khong khi chay
tang & nhiét do 20°C, dd 4m tudng ddi 1a 50%. Kich thudc binh nhu hinh vé&. Hay tinh lugng
hoi nu6c c¢é chita trong khong khi va bi HySO4 hap thu. Coi trd luc trong pha 16ng 1a khong
ddng k€. Ap sud't ctia hé 101,3 kPa

Khong khi
_— >

1m

05m




1.2.17 VD 2. Cén bdng 18ng - khi. Henry

51it nuSc can bing véi hdn hop khong khi chita CO; & 4p sudt riéng phan 0,3 atm, hiing s&
Henry la 2 g/L.atm. Tinh xem c6 bao nhi€u g CO; hoa tan trong nudc?

1.2.18 Baitap 3. Hang sé Henry

Khong khi chita 21% thé tich 1a oxy. Tinh d9 tan ciia oxy trong nuéc & 0°C, 1 atm. Biét
hiing s6 Henry = 19,3x10°mmHg. Tinh ndng d6 bio hoa trong pha khi.

1.2.19 VD 3. Pudng cén bdng

Axeton trong xudng son ¢6 ndng do 400mg/m’ & 35 °C.

1. X4c dinh ndng dd phin mol clia axeton trong khong khi (ya).

2. V& dudng cAn biing va di€m trang th4i khong khi trong xudng tai diéu kién trén.
Bi€t dit liéu cin bing 16ng hdi clia axeton va nudc nhu sau:

T, °C 25 30 35 40

M=y*/x 2,02 264 341 4733

3. Tiéu chuén cho phép axeton trong mdi trudng khdng khi khu vyc 1am viéc 12 200mg/m3
nén phai xit Iy axeton. Vay c6 thé xit Iy biing phuong phdp hap thu biing nu6c hay khong?

1.2.20 Baitép 1. Pudng cén béng hé khi - Idng. Dang 1. Henry

Vé dudng cin biang 16ng hdi clia axeton va nudc & nhiét dd 30 °C. Biét dif liéu cin bing
cho nhu sau
T (°C) 25 30 35 40

M = y*/x 2,02 2,64 341 433

1.2.21 Bdi 2. Pudng cén bdng hé khi - 1dng. Dang 1. Henry

Vé dudng cin bing clia hoi NH3 va nuéc & 30°C Trong khodng ndng dd pha khi < 100
mg/m’ (25°C).

Bi€t hiing s6 Henry nhu sau

T (°C) 0 10 20 25 30 50 70 90

H (mmHg) 1560 1800 2080 2230 2410 2240 12800 112000

1.2.22 Bai 3. Budng can bdng hé khi - 1dng. Dang 2. Ap sudit riéng phén

Vé dudng cAn bing cia CO; vad monoetanolamin (MEA) & 27°C Trong khodng ndng do
CO, £20% trong khong khi

Bi€t dit liéu cin bing nhu sau
Pco2 (mmHg) 11,1 45,2 97,9 110,0 254,1
X (mol/mol) 0,534 0,595 0,632 0,638 0,702

Pcoa — 4p sudt riéng phan; X — ti s6 mol trong pha 18ng.

1.2.23 Bai 4. Pudng can bdng hé khi - 1dng. Dang 2. Ap sudit riéng phén

Vé dudng cAn bing ctia CO, va dung dich K,CO3 & 25°C trong khodng tir ndng d6 CO, <
20% trong khong khi.

Biét dir liéu can bﬁng CO; trén hé K,CO; — KHCOs; - H,O

Pcos (kg/em?) 0 0,02 0,04 0,06 0,08 0,10 012 0,14 016 0,18




[CO,] (g/it) 0 264 32,0 34,6 356 370 37,5 38,0 386 38,6

Pcos — 4p suat riéng phan; C — ndng dd trong pha 18ng.




2 HAP THU

2.1 CAUHOI
1. L66ng dung moi toi thieu: khai niem, y nghéa kinh te ky thuat.
2. So sanh cau tao, 6u nhddic Aiem cac loai thap; mam chop, mam xuyen lo, thap fiem.
3. Cac che o dong chay trong thap hap thu dang fiem, sui bot...

2.2 BAITOAN

2.2.1 VD 1.VD4.4. (QTIB13)/57.
Amoniac Addc hap thu td khong khi 6 20 °C, 1 at trong thap chem hoat Aong cung chieu,
dung nédc tinh khiet & 20 °C lam dung moi. Suat 166ng pha khi fii vao thap la 41,6m*/h.
neu nong fiol amoniac A6 giam td 3,52 con 1,29 % theo the tich, 166ng nddc sd duing
bang 1,37 lan 166ng nddc toi thieu. Xac Ainh

a) T&so Ly/Gy toi thieu.

b) Suat 166ng nd6c s6 duing

¢) Nong Ao cua pha long.
Cho biet doi kien can bang cua he 6 20 °C, 1 at nho sau:
X, t2 so mol 0,0164 0,0252 0,0349 0,0455 0,0722
Y, tz so mol 0,021 0,032 0,042 0,053 0,080

2.2.2 Baitap 1. VD 4.4. (QTTB T3)/57.

2.2.3 VD 2.VD 5.12. (QTTBT10)/248. Hé s6 truyén khdi. Phuong phdp chudn sé. Thdp dém.
Sunphua dioxit (SO,) la mot khi o nhiem thuoc nhom chat fioc loai A. Nguon thai khi nay
Ao6oc thu gom va xo ly trédc khi thai vao moi trodng. Trong trinh toan thiet ke thiet bo
hap thu x6 ly khi sunphua fioxit trong khi thai, he so truyen khaoi la mot thong so quan
trong fie tinh van toc hap thu. Thap dang fiem dung fie hap thu sunphua dioxit trong khi
trd (nitrogen) lam viec 6 che fo mang, d60i fiieu kien nhiet Ao 20°C, 6 ap suat khi quyen.
Van toc bieu kien cua pha khi trong thap la 0,35m/s. Vat chem la cac thoi than co ¢ =
42m?/m?® va Vg = 0,58m°/m®. Yeu cau xac filnh he so truyen khoi cho pha khi trong thap.

224 VD3

Axeton ((CH3),CO) la mot khi fioc hai cho con ngddi va co nguy hiem chay. Hbi axeton
phat thai vao moi trédng trong cong nghiep do no Addc s6 dung lam dung moi trong san
xuat madc in, nhoa, son, keo... Mot thap dung fie hap thu hoi axeton t6 khong khi voi
dung moi las nd6c¢ co suat 166ng 3000 kg nddc/h. Nhiet fio trung binh trong thap la 20°C.
Hon hdp khong khi — axeton co nong fio axeton la 6% the tich Addc fnda qua thap 6 ap
suat thédng. Pha khi co 16u 166ng la 1400m*/h khong khi tinh khiet 6 fiieu kien chuan.
Thap hap thu 98% axeton. Phé6ng trinh fi6dng can bang la Y* = 1,68 X. Vai X, Y Addc
bieu dien theo kmol axeton/kmol cau td tr6 (n66c hoaic khoing khi).

Tinh AB0GNg kinh va chieu cao cua thap chem. Vat lieu chem la vong rasig co kich th6dc
25x25x3mm. Thap hoat fiong 6 chei fio van toc khi bang 75% van toc ngap lut. Biet he so
truyen khoi tong quat K, = 0,4 kmol axeton/m?.h (kmol axeton/kmol khong khi). Gia s6
vat chem tham 66t hoan toan.
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225 Baditap 2.
Khong khi 6 ap suat 765 mmHg chba 14% (theo the tich axetylen (C,H,) va nddc chda
axetylen hoa tan voi nong fio. (a). 0,290.10°kg/kg nédc; (b). 0,153.10°kg/kg nddc
Noédc lan 166t cho tiep xuc 6 25 °C. Xac fiinh

1. Pha fiau va pha cuoi cua axetylen

2. Nong 16c cua qua trinh chuyen pha tai thdi filem ban fiau theo tz so mol.
Cac nong fio can bang pha long va pha khi fi6éc xac fionh theo fAdnh luat Henry.

2.2.6 Baitap 3.

Mot thap hap thu dung fie hap thu NH; bang dung moi la n66c 6 ap suat th6dng. Ham
166ng NH; ban fiau trong pha khi la 0,03 kmol/kmol khi trd. Hieu suat hap thu la 90%.
Dung dich r6i thap hap thu co nong fio la 0,02 kmol NHz/kmol n66c. Thap fiddc duy tri &
nhiet o khong Aoi.

Soi lieu nong fio can bang cua NH; trong pha khi va pha long cho 6 bang sau. Xac fionh soi
fién vo truyen khoi. D& lieu can bang nho sau:

X, kmolNH3/kmol nd6c 0 0.005 0,10 0,0125 0,015 0,020 0,023
Y, kmolNH3z/kmol khi tré 0 0,0045 0,0102 0,0138 0,0183 0,0273 0,0327

2.2.7 Baditap4.

Tinh thap hap thu loai fiem fe hap thu khi sunfuré (SO,) trong hon hdp vOi khong khi
bang n606c. Biet cac so lieu sau: nhiet Ao cua qua trinh 30°C, ap suat cua hon hdp
760mmHg. Hon hép fii vao thap hap thu 120.000m*/ngay, nong fio SO, 7% (theo the tich).
Khi SO, 6/ thap fii ra khong 16n hén 0,3% (theo the tich). Ap suat rieng phan cua SO, tren
dung dich & 30°C tren dung dich 6 30°C tra trong so tay nhu sau:

% trong 166ng SO, trong nddc, % Ap suat rieng phan cua SO,, mmHg
0,02 0,6
0,05 1,7
0,10 4,7
0,15 8,1
0,20 11,8
0,30 19,7
0,50 36,0
0,70 52,0
1,00 79,0
1,50 125,0
2,50 216,0

Nem than coc co kich thédc trung binh dg = 25mm. Nac tinh cua fiem nho sau: be mat
rieng 4= 120 m?/m?, the tich t6 do v4 = 0,53m*/m?, khoi 166ng rieng py = 600kg/m°.
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3 Bai tap CHUONG 4. HAP PHU
3.1 CAUHOI

Céc loai hap phu
Céc phuong trinh dudng can bing hap phu ding nhiét
Y nghia vat 1y va kinh t€ k§ thuat ciia lugng than t3i thi€u myy,.

3.2 BAITAP
3.2.1 VDI. dudng can bdng hdp phu Langmuir.

Mot nghién cttu hdp phu dudc thuc hién trong phong thi nghiém bing cdch cho thém mot
lugng than hoat tinh xdc dinh vao 06 binh tam gidc chita 200mL nudc thai c6ng nghié€p. Mot
binh tam gidc nita chita 200mL nudc thdi khdong cho thém than ducc ding 1am miu tring. V&
dudng cin bing hap phu va xdc dinh cdc hé s6 trong phuong trinh Langmuir.

STT L66ng than hoait tinh, m COD cuoi cung, C

(mg) (mg/1)
1 804 4.70
2 668 7.0
3 512 9.31
4 393 16.6
5 313 325
6 238 62.8
7 0 250

3.2.2 Baité@p. Hdp phu Langmuir

Thi nghiém h4p phu thuc hién biing cdch cho thém cdc lugng than hoat tinh khac nhau vao
mdt diy 7 binh tam gidc chita mot thé tich nude 500mL bing nhau c6 ham lugng ban ddu clia
TOC Ia 2,0mg/L. Binh chita dugc khudy tron trong 14 gi, hAm lugng chin va TOC trang thai
on dinh dudc xdc dinh va ké trong bang sau.

V& @6 thi dudng ding nhiét hap phu Langmuir va Freundlich cho cdc dit liéu thuc nghiém
& duéi va cdc dinh cdc hé so trong phudng trinh tuong ung.

STT. Liéu lugng than hoat tinh TOC cudi cung
(mg) (mg/L)
1 0 2.0
2 4.4 1.7
3 9.7 14
4 14 1.2
5 28 1.0
6 56 0.9
7 140 0.8
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3.2.3 Baitap. Langmuir.

Tinh cdc hé sd trong phuong trinh ding nhiét Langmuir hay Freundlich cho than hoat tinh
hang bot trong qud trinh khit chat methylene blue 1am sach nudc. S6 liéu cho trén hinh sau

0.018
__0.012 /
E *
= y = 0.232x + 0.0108
> R? = 0.9288

0.006 F

0
0 0.005 0.01 0.015 0.02 0.025
1/Ce

3.24  VD2. FREUNDLICH.

Sau day 1a bdng dit liéu thuc nghiém trong nghién citu qué trinh hdp phu gidn doan. V&
dudng hdp phu ding nhiét Freundlich va xdc dinh cdc hé s cda phuong trinh. Biét thé tich
nudc dem thi nghiém & mdi binh 12 500mL va nudc thii c6 ndng d6 ddu COD 13 100 mg/L.

STT L66ng than hoat tinh COD sau x6! ly (mg/L)

(m) (©
(mg)

1 965 35

2 740 5.2

3 548 8.0

4 398 12.5

5 265 20.5

6 168 33

7 0 100

3.2.5 Baditap. Freundlich.

Nitoc thai nhiém phenol c6 nong d6 0,400g/L tinh theo tdng chat hitu co (TOC) dudc xit 1y
bing than hoat tinh dang hat. Thi nghiém trén mo hinh hap phu dang pilot hoat dong gidn
doan d€ x4dc dinh dudng cAn biing hiap phu cho két qui nhu sau:

LOo6ng than, m, g/L | 0,52 2,32 3,46 3,84 4,50 5,40 6,67 7,60 8,82

TOC sau xd ly, C, 0,322 | 0,117 | 0,051 | 0,039 | 0,023 | 0,012 | 0,0061 | 0,0042 | 0,0011
g/L

1. Yéu ciu xdc dinh cdc hé sd trong phuong trinh hdp phu ding nhiét.
2. V& dudng cin bing hip phu ding nhiét cia phenol trén than hoat tinh dang hat trong
trudng hgp nay.
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3.2.6 Bditap. Langmuir - Freundlich.

1. Thi nghiém hap phu vé6i 6 cdc chitc 500mL nudc thdi cong nghiép c¢6 ndng do TOC ban
diu 12 150mg/L. Khudy tron cSc thi nghiém trong 4 gid, dé ling, do TOC. V& dudng cin
bing Langmuir va Freundlich cho céc dir liéu thi nghiém & sau day va xdc dinh cdc hé s§
tuong Ung.

STT. Liéu lugng than (mg) TOC cudi (mg/l)
1 0 150

2 75 105

3 175 70

4 250 54.5

5 500 28.3

6 1000 12.5

3.2.7 VD3. BET.

St dung dit liéu thuc nghiém & VDI, v& dudng can biing hdp phu BET va tinh cdc hé s§
trong phuong trinh.

3.2.8 Baitép. BET.

1. S& liéu thi nghiém sau ddy trong nghién cttu hdp phu gidn doan d€ thu hdi vang trong
nuSc thdi dung dich ma c6 néng d6 dau 1a 15mg Au /L. S4u binh thi nghiém chics 250 mL
miu nudc va dudc thi nghiém véi cdc lugng than hoat tinh khdc nhay. Binh thi nghiémt ha
bdy dugc dung 1am miu tring s& khdng cho than vao. Hiay x4c dinh gi4 tri cdc hé sd torng
phuong trinh BET.

STT. Liéu lugng than (mg) Au cudi (mg/l)
1 200 0.35

2 102 0.6

3 39 1.1

4 24 1.5

5 8.6 2.5

6 4.3 3.5

7 0 15

3.2.9 Baitép. BET.

2. Sau day la dit liéu thi nghiém hap phu gidn doan ddi v6i nude thdi cong nghiép c6
nong do COD ban dau 1a 150mg/L. 6 binh chita 250 mL nudc thii va do lugng than hoat tinh
cho va mdi binh. Binh thit by 12 mau tring khong cho than hoat tinh. Xdc dinh gi4 tri hiing
s0 trong phuong trinh BET.
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STT. Liéu lugng than (mg) COD cudi (mg/l)

1 2837 3.6
2 1285 6.0
3 465 10.5
4 287 13.5
5 103 24.0
6 52 33

7 0 150

3.2.10 VD 4. * Tinh hoc. Cén bdng vét chét. Xac dinh lugng chét hdp phu.

Thiét bi loc biing than hoat tinh dang hat ¢é luu lugng bé mit 0,152 m/phiit, thdi gian ti€p
xtic 1a 5,5 phiit. Xdc dinh chiéu cao 16p hap phu 1y thuyét.

3.2.11 VD5. Tinh hoc. *

Thi€t bi hdp phu diung than hoat tinh dang hat dé khir clobenzen tit nong do 12ug/L
dén2pg/L. Hay tinh lugng than st dung.

3.2.12 VDé6. Tinh hoc. *

Miic 6 nhi€ém cyc dai cho phép ddi véi tricloetyle 1a 0,005 mg/L. Tinh Iugng than hoat tinh
dang bot PAC tdi thiéu dé xit 1y tricloetylen tir 33pug/L d&€n gidi han cho phép.

3.2.13 Baitap. Can bdng véat chét.

Pudng ding nhiét hdp phu Freundlich du6i diy dudc trinh bay vdi ndng dd phenol cin
bing & don vi pg/L va x/m biéu dién ndng d6 pg phenol/mg than hoat tinh.

a) N&u gi6i han cho phép thdi clia phenol 12 0,2ug/L va ngudn thdi ¢é chita 30ug/L, tinh
liéu lugng than hoat tinh dang bot cAn ding dé xt 1y.

b) néu thay vi dling toan bo lugng than ndy mdt 1an, than dugc cho hai 1an. Lan dau cho
than vao dé& x& Iy d€n ndng do 3ug/L va sau d6 cho than vao xi 1y trong b€ hap phu thit hai
dé&n ndng do yéu cau. Tinh lugng than can d€ xir ly.

c) C6 thé gidm thi€u lugng than can xi& dung khi xi¥ 1y hai bac khong?

15




010
.09 I~
008
0.07
0.06
Q.05

| 1 [
¥ 8 8 5
S o =] =]

5 6 7 8910

1

0.6 0.8

0.3 04

0.2

16



3.2.14 Baitép . (MODULE 5. ACTIVATED CARBON ADSORPTION)/ Example 4

A waste water contains 75 mg/L of COD following biological treatment. Effluent
guidelines require that the waste must contain no more than 15mg/L COD prior to discharge.
An adsorption test was conducted with the results shown below. Plot the data according to
the Freundlich isotherm and:

1. determine if the desired effluent quality can be achieved by adsorption,

2. xé4c dinh khd ning hap phu cda than & nong d6 diu ra (at this level of effluent
quality),

3. determine the ultimate capacity of the carbon for this wastewater,

4. calculate values of the constants K and n.

@ &) ®3) 4 ®) (6)
Flask No. m Mass of Volume C Final COD x Mass con- x/m Adsorbate
carbon (mg)  Solutionin  (mg/l) centration of adsorbed per unit mass
Flask (mL) adsorbate of carbon (mg/mg)

adsorbed (mg)

1 0 200 75 - -

2 50 200 44 6.2 0.124
3 100 200 30 9.0 0.089
4 200 200 175 115 0.0575
5 500 200 6.75 13.65 0.0272
6 800 200 3.9 14.22 0.0177
7 1000 200 3.0 14.4 0.0144

3 ——TTTT T — e e e

0.10

.08
0.07
0.06

008
0.04

X/m (rmg/mg}

0.03

0.02

Figure 6 Freundlich isotherm for Example 4
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3.2.15 Bait@p 4. Tinh hoc. MODULE 5. ACTIVATED CARBON ADSORPTION/ Example 5.

A small industrial plant generates 200 000L of waste water during an 8 h operating day.
The waste water contains 100mg/L of phenol, which must be reduced to 1.0mg/L prior to
discharge. An adsorption isotherm for this waste water is shown in Figure 9. Design a batch
adsorption system for treating this waste water.

3 Y T T T T T e T T T T T

a1-

0.10
4.09
0.08
0.07
0.086

Q.05

{1

x/m

IR

| 1

0.04

0.03

T

0.02

i

0.01 .
.1

Figure 9 Freundlich isotherm for Example 5

3.2.16 VD. MODULE 5. ACTIVATED CARBON ADSORPTION)/ Example 6

A laboratory column 10cm in diameter and 4m deep, is found to produce good results in
COD removal when operated at a flow of 40L/h. Calculate the following:

1. The application rate in m/h.

2. The residence time, t, in the column.

3. The volumetric flow rate, Vi, in bed volumes per hour, associated with this residence
time.

4. The application rate that would yield the same residence time in a production column
that was 3m in diameter and 10m tall.

Solution

3.2.17 Baitap. Homework 6 / question 3

A laboratory column 10cm in diameter and 3m deep, is found to produce good results in
COD removal when operated at a flow of S0L/h. Calculate the following:

®

The application rate in m/h.

b. The residence time, t, in the column.

c. The volumetric flow rate, V},, in bed volumes per hour, for this residence time.

d. You need to design a GAC system consisting of two columns in series for treating the

same water at a rate of 0.5 ML/d. Practical considerations limit the diameter of the columns
to 3m. Calculate the required height of the columns allowing for sufficient backwash space.
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3.2.18 VD6. béng hoc . CE525. MODULE 5. ACTIVATED CARBON ADSORPTION/ Example 7

A batch adsorption study was conducted to investigate the removal of COD from a refinery
wastewater by using activated carbon. Results of the study indicate that the Freundlich

isotherm can be described by ﬁ = 0. 004C0'77'

Determine the design of a 6m deep by 1m diameter fixed-bed, continuous-flow adsorption
column to treat a flow at an approach velocity of 13m/h. The wastewater has an initial COD
of 600mg/L, which must be reduced to 100mg/L prior to discharge. The carbon selected for

use has an apparent density of 600kg/m3 and a packed density (bed density) of 550kg/m3.
The value of Ka has been found to be 292 kgm™s™ at a temperature of 20°C.

3.2.19 Bai té@p. Thiét k&€ hép phu CE525. assignment 4 / Question 4

A batch adsorption study was conducted to investigate the removal of COD from a refinery
wastewater by using activated carbon. Results of the study indicate that the Freundlich

isotherm at 20C can be described by ﬁ = 0. OO4CO'77-

The wastewater has an initial COD of 60mg/L, which must be reduced to 20mg/L prior to
discharge. The carbon selected for use has an apparent density of 600kg/m3 and a packed

density (bed density) of 550kg/m3. The value of Ka has been found to be 272 kgm™s™ at a
temperature of 20°C.

Design a 6m deep by 1m diameter fixed-bed, continuous-flow adsorption column to treat
wastewater at a rate of 10 m’/h.

3.2.20 Exam. CE 525/ exam 1/ 2003/ Question 2 (12 marks) FAT.

A batch adsorption study was conducted to investigate the recovery of phenyl mercuric
acetate (PMA) from electronics manufacturing wastewater by using granular activated
carbon. Results of the study indicate that a Freundlich isotherm best describes the equilibrium
at 20C as x/m = 0. 005C"".

The wastewater has an initial [PMA] of 160mg/L, which must be recovered prior to
discharge. No effluents with [PMA] higher than 10 mg/L may be discharged.

The carbon selected for use has a bulk density (bed density) of SSOkg/m3 and an apparent
density of 600kg/m3 packed density. The value of Ka has been found to be 270 kgm™s™ at a
temperature of 20C.

The GAC must be used in a fixed-bed, continuous-flow adsorption column to treat
wastewater at a rate of 10 m*/h. The PMA will be extracted in a subsequent process and the
GAC reused. It would be convenient and economical to extract the PMA from the GAC on a
weekly basis when all production stops for a general clean-up.

a) Determine quantity of GAC required; expected solid phase [PMA] at exhaustion and
fraction of GAC fully utilized.

b) Specify dimensions for the GAC column, taking into account that suitable standard
diameters for such columns are 2, 3, 4 or 6 feet, due to limitations in the production of dished
ends.
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DAP SO BAI TAP CHUONG 1 - 2

Choodng 1.
Bai tap 1: X, =0,853; C, = 535 kg/m®,

Bai tap 2. P = 705 mmHg; Y = 0,0537; y=0,0340; Y = 0,0352; pnn = 1,105 kg/m®.

Choong 2.

Bai tap 1: D = 0,084 cm?/s;

Bai tap 2: D = 0,215 cm?/s;

Bai tap 3: D = 0,097 cm?/s; D = 0,092 cm?/s;

VD4: ky = 1,176 kmol/h.m? at; k, = 0,062 kmol/h.m? (kmol/m?);
Cas = 1,35 kmo/m?; Pas = 0,012 at
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GIAI Vi DU CHUONG 3

3.2.21 VD 1. VD 4.3. (QTTB T3)/ trang 56
Amoniac Addc hap thu td khong khi 6 20 °C, 1 at trong thap chem hoat Aong cung chieu,
dung ndbc tinh khiet 6/ 20 °C lam dung moi. Suat 166ng pha khi fii vao thap la 41,.6m3/h.
neu nong fiol amoniac AG6c giam td 3,52 con 1,29 % theo the tich, 166ng nddc sd duing
bang 1,37 lan 166ng nddc toi thieu. Xac fionh

1. Tz so Ly/ZGy toi thieu.

2. Suat 166ng nddc s6 dung

3. Nong fio cua pha long.
Cho biet doi kien can bang cua he 6 20 °C, 1 at nho sau:

X, t& so mol 0,0164 0,0252 0,0349 0,0455 0,0722
Y, tz2 so mol 0,021 0,032 0,042 0,053 0,080
Bai lam

3.2.21.1 Tém tat
e Thiét bi hap thu dang dém, cling chiéu.
Nieu kien lam viec: T = 20 °C, P, = 1at.
e Pha khi: NH; — khong khi
Suat 166ng pha khi vao: Vyz = 41,6m°/h
Nong fioi: ys = 3,52% the tich = 0,0352.
ye = 1,29 % the tich = 0,0129.
e Pha l6ng; NH; — H,O
Nooc tinh khiet: x5 = 0;
Ly = 1,37Lmin.
e Dudng cinbing: X - Y.
Yeu cau
L/ G;, toi thieu = ?
Suat 166ng n66c sO dung: L= ?
Nong fiol cua pha long: Xac = ?
3.2.21.2 Céng thiic ap dung
Ltr _ Yd _Yc
G, X, -X,
{Ltr j _ Yd B Yc
G, )™ X'w)-X,

tr

3.2.21.3 Théng sé can tinh
Ya, Ye Xa, X*(Ye), Gur,
3.2.21.4 Néng dé pha khi va pha Idng
Y = 0,0365; Y. = 0,0131; X5 = 0;
Niem Aau vao P (Xz = 0; Y = 0,0365)
Nong fiol can bang X*(Y. = 0,0131) = 0,01,
Niem Aau ra thiet bo theo ly thuyet: Q (X* = 0,01; Y. = 0,0131)
3.2.21.5 (Ly/Gt)min = 2,34.
3.2.21.6 Luu lugng pha Idng
Ly = 5,35 kmol/h.



3.2.21.7 Néng dé pha Idng

X: = 0,00730
3.2.21.8 Pdanh gié néng dé pha Idng cé dat tiéu chudn thdi khéng
C-= XM, Py
X, M, +M,
Gia thiet pgg = pr20 = 1000g/lit; Mg = M0 = 18 g/mol;
C- 0,00730x17 x1000 — 6850 /1t
0,00730x17 +18

Tieu chuan thai vao nguon loai B: ham I66ng amoniac quy ve N = 1 mg/lit/.
TCVN 5945-1995.
C = 6,85x10°x14/17 = 5,64 x 10°mg/Iit. > tieu chuan cho phep thai.
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3.222 VD 2.
Sunphua dioxit (SO;) la mot khi o nhiem thuoc nhom chat fioc loai A. Nguon thai khi nay
nodc thu gom va xo ly tréde khi thai vao moi trodng. Trong trinh toan thiet ke thiet bo
hap thu x6 ly khi sunphua fAioxit trong khi thai, he so truyen khaoi la mot thong so quan
trong fie tinh van toc hap thu. Thap dang fiem dung fie hap thu sunphua dioxit trong khi
trd (nitrogen) lam viec & che fio mang, dodi Aieu kien nhiet fio 20°C, 6 ap suat khi quyen.
Van toc bieu kien cua pha khi trong thap la 0,35m/s. Vat chem la cac thoi than co o5 =
42m?*/m? va Vg = 0,58m*/m?. Yeu cau xac filnh he so truyen khoi cho pha khi trong thap.
3.2.22.1 Tém tat
Chat bo hap thu: SO, ;
Khi tro: N>;
Ap suat tong: P: = lat;
Nhiet Ao lam viec T = 20°C = 293 K;
Thap hap thu dang fiem, che fio chay mang
Van toc bieu kien wy = 0,35 m/s
= van toc cua khi qua tiet dien thap rong.
Vat chem: thoi than:

o = 42m*/m®

Vg = 0,58m*/m°.
Yeu cau
Xac fonh hei so truyen khoi cho pha khi:
ky: he soi truyen khoi cuc bo, he soi cap khoi.
3.2.22.2 Céng thic ap dung
Phoong trinh chuan so foi voi thap hap thu dang fiem, che fio. mang

Shy = 0,407 Re,**® s¢,**.

1

- u.lp . H
Sherwoods: Sh= ——; Reynolds: Re= ——;  Schmidt: Sc = —;
D n Dp
3.2.22.3 Cdc théng sé cdn tinh
| — kich th6éc hinh hoc fiac tréng, m;
D so2.n2 - he so khuech tan trong pha khi, m?/s;
u - van toc thoc pha khi, m/s;
p - khoi 166ng rieng pha khi, kg/m?;
u - Aol nhot pha khi, Ns/m?
3.2.22.4 Tra ciu, tinh todn cdac théng sé
o Hé 56 khUé’Ch tan DSOQ_Nz
Pha khi gom SO, — N, . Tinh he so khuech tan cua khi SO, trong N, khong khuech tan.
W(ll] cmi/s.
P(VA1/3 +VB1/3)2 MA MB
> Kiém tra don vi clia cong thic.
» Céc dir liéu:
The tich mol (bang tra): Vso, = 44,8 cm®*/mol; Vy; = 31,2 cm®*/mol;
Ap suat tong : P =1 at;
Nhiet fiol T = 293 °K;
Phan t6 166ng: Mso, = 64g/mol; My, = 28g/mol
> Thay s6

AB
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AB

_43.107293%7 (1+1
1(44,8" +31,2"%)* (64 28
> Kiém tra k&t qud tinh todn
Tra bang: Dsosi« = 10,3.10° m?/s (0 °C) = 0,103 cm?/s.
— ket qua tinh phu hdp.
e Chiéu dai tinh todn, kich thudc dic trung — ng vSi khodng trong gifta cdc vat dém.
Cong thitc & phan phu luc
|4V, _4x058

Gy

12
j =0,109cm? /s

=0,55m

e Van toc thuc, van t6c qua cdc khe rdng giita cdc vat dém
Cong thoc 6 phan phui luc
w
u=—>r-= 035 _ 0,60m/s
vV, 0,58
e DOJ nhét: xéthé 1a N,
Tra bang — py = 17.10° Ns/m? (Pas) (0°C)

3/2
020°C —u, =17.10'6ﬂ@z§j =17,9.10 °Ns/m’
+

e Khdi lugng riéng: xét hé 1a N,

Tra bang — py = 1,25 kg/m? (0°C)

O 20°C — py = 1,25 x 273/293 = 1,16 kg/m°.
3.2.22.5 Tinh cdc chudn s6

Cong théc — Aén vi — thay so.

k.1 k_ .0,055
Sh = =y74=5046ky§
D 0,109.10
Re :u.lp:O,60><O,055>6<1,16:2140;
T 17,9.10
-6
Se =M __ 17910 142,

*“Dp 0,109.10° x116
3.2.22.6 Hé s6 truyén khdi cuc bé
Shy = 0,407 Re,**® s¢,**.
5046 k, = 0,047 2140°%* 1,42°% = 69,39
— ky = 0,0138 m/s = kmol/s.m®.(kmol/m?®).



3.2.23 VD 3. VD. 5.8. (QTTB T10)/ 241. Tinh dudng kinh, chiéu cao thép. Biét Ky.
Axeton ((CHj3),CO) la mot khi fioc hai cho con ngddi va co nguy hiem chay. Hbi axeton
phat thai vao mai trédng trong cong nghiep do no Addc s6 dung lam dung moi trong san
xuat mdéic in, nhda, sbn, keo... Mot thap dung fie hap thu héi axeton t6 khong khi voi
dung moi la n66c co suat 166ng 3000 kg n6dc/h. Nhiet fio trung binh trong thap la 20°C.
Hon hdp khong khi — axeton co nong fio axeton la 6% the tich A66c fida qua thap 6 ap
suat th6éng. Pha khi co 16u 166ng la 1400m®/h khong khi tinh khiet 6 fiieu kien chuan.
Thap hap thu 98% axeton. Phddng trinh 6dng can bang la Y* = 1,68 X. VAai X, Y Ad6c
bieu dien theo kmol axeton/kmol cau t6 tré (n6dc hoac khong khi).
Tinh A6&ng Kinh va chieu cao cua thap chem. Vat lieu chem la vang rasig col kich th6éc
25x25x3mm. Thap hoat fiong & che Ao van toc khi bang 75% van toc ngap lut. Biet he so
truyen khoi tong quat K, = 0,4 kmol axeton/m2h (kmol axeton/kmol khong khi). Gia s6
vat chem tham 66t hoan toan.
Bai lam
3.2.23.1 Tém tat
e Thdp hip thu dang dém, ngugc chiéu.
Nieu kien lam viec: T = 20°C, ap suat thééng: P, = 1lat.
He so truyen khoi tong quat K, = 0,4 kmol axeton/m?.h (kmol axeton/kmol Kk).
e Pha khi: axeton CH3;COCH3 ( C3HgO ) - khong khi
Suat 166ng pha khi vao: Vyus = 1400m°/h (fiieu kien chuan)
Nong fio : ys = 6% the tich = 0,06.
Hieu suat hap thu: 98% axeton
Van toc khi bang 75% van toc ngap lut.
e Pha l6ng; NH; — H,O
Nobc tinh khiet: x5 = 0;
L6u 166ng nddc: Ly = 3000kg/h.
e Dudng cinbing: Y*=1,68 X
e Vatli€u chém: vong rasig kich thudc 25x25x3mm.
Vat chem tham 66t hoan toan —» y = 1,
Yeu cau
DH=?
3.2.23.2 Céng thdc ap dung

D= | 4V
TC.Wy
5 — 025 0,125
le Wi G3d (p_yj(ux )0,16 :A_B(LJ [p_yj
gVy P G Px

K, So,wAC

3.2.23.3 Théng s6 cdn tinh
Wy1 Wthr Od, Vd’ gu pyu pX’ l’l)(u E! G1 Vy, CA S! \V’ AYy
3.2.23.4 Tra ciu, tinh fodn cdc théng sé

e DPém vong rasig kich thudc 25x25x3mm.
Dien tich be mat: o4 = 195 m?/m3.

26



The tich t6 do, fio xop Vg = 0,75 m*/m°.
4V,  4x075

AYwnh = Y¢ — Y*ann = 0,0012 - 0 = 0,0012.

Noong kinh t66ng fdong: d,, = =0,0154m
Oy
He so tham 06t: v =1
e Pha khi: axeton — khong khi, & 20 °C.
Khoi 166ng rieng: py = 1,293 x 273 / 293 = 1,205 kg/m°. (axeton khong fiang ke)
No nhot: uy = 17,3.10°Ns/m? = 17,3.10°%cP. (fAa tinh)
Nong fiol fau: Vs = 0,06 — Ys =y/(1-y) = 0,0638
Nong fio cuoi: ye. = (1 -0,98) x 0,06 = 0,012 — Y. =y/(1-y) = 0,0012
L6u 168ng khi:
Vi = 1400 m*/h.
Gy = 1400/22,4 = 62,5 kmol/h.
G, = 1400 x 1,205 = 1687 kg/h.
L6u 166ng hap thu
Ma = 58 g/mol;
Ca =Gy (Ya-Yc) =625 (0,0638 — 0,0012) = 3,91 kmol/h.
Ma = Ca Ma = 3,91 x 58 = 227 kg/h.
pa = Ma 7 va = 587 (22,4 x 293/273) = 2,41 kg/m®.
Va=ma/ pa=227/2,41 = 94,2 m*/h.
Lou 166ng khi trung binh
G = Gy + Ca/2 = 62,5 + 3,91/2 = 64,4 kmol/h.
G, = G, +ma/2 = 1687 + 227/2 = 1800 kg/h.
Vi = Vi + Va/2 = 1400 + 94,272 = 1447 m®/h.
e Pha 18ng: axeton — nuéc, G 20 °C.
Khoi 166ng rieng: px = 998. (axeton khong fiang ke)
No nhét: tx = 1,005 cP = 1,005.10° Ns/m?. (20 °C)
Lou 166ng long:
L, = 3000 kg/h.
V¢ = 3000 / 998 = 3,006 m*/h.
Ly = 3000718 = 166,7 kmol/h.
Lou 166ng trung binh
Ly = Ly + Ca/2 = 166,7 + 3,91/2 = 168,6 kmol/h.
L, = L, +ma/2 = 3000 + 227/2 = 3114 kg/h.
Nong fioi fau: Xz =0 - Xg=x/(1-x) =0
m, 227
Nong fo cuoi:  x, =— A58 _ 099 _y X, = x/(1-x) = 0,0235
m, L, 227 3000
+ +
M, My, 58 18
e Dudng cinbing Y = 1,68X (ti s6 mol)
Nay thap Y*aay = Y*(Xc) = 1,68 X, = 1,68 x 0,0235 = 0,0395
Nznh thap Y*inn = Y*(X) = 1,68 Xz = 1,68 x 0 =0
e DOng luc pha khi
AYray = Y& — Y*ray = 0,0638 — 0,0395 =0,0243.
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AY. = AYday - AYdinh _ 0,0243 — 0,0012
" 1 AV o[ 0:0243
n - -
AY, . 0,0012

3.2.23.5 Tinh dudng kinh thiét bj

=0,00768

e Vintdc ngip lut, van tdc ddo pha

2 —\025 0,125
Ig Win G3d (p_y}(ux)o,m _A_B i (p_yj
L ng px G px
1g_ Wy 195 (1,205}0 005)0»16}:0022_175(3114J°’25(1,205j°’”5

| 9,81 0,75° {998 1800 998

19(0,0569w2) = 0,022 — 0,866 = -0,844
0,0569wy,2 = 10084 = 0,143

W2 =2,52
Wi =1,59m/s.
e Van tdc khi
. wy =0,75 wy = 0,75 x 1,59 = 1,19 m/s.

e Dudng khi thidp

po |4V _ [4x1447/3600 _ 15730~ 0.66m = 0,66m
W, n.1,19

Dién tich ti€t dién
S = n D°/4 = 0,338 m>.
3.2.23.6 Tinh chiéu cao thiét bj theo phuong trinh truyén khéi
C, 3,91
B K So,WAC, - 0,4 x0,338x195x1x0,00768

=19,3m=19,3 m

3.2.23.7 Tinh chiéu cao thdp theo s6 don vi truyén khéi
H = NOy X Hoy.
e S& don vi truyén khdi N,y tinh theo cong thic dinh nghia.
Y inh — Y a 12 -
N, o _dnb day _ 0,00 0,0638 815

¥ AY, 0,00768
e Chiéu cao mdt don vi truyén khdi Hoy tinh theo cong htic dinh nghia.
G 62,5

HOy = tr = =
KySG\V 0,4x0,338x195x1
e Chiéu cao thdp
H = Noy x Hoy = 8,15 x 2,37 = 19,3 m
Ban chat hai ph6dng phap tinh chieu cao thap nay la giong nhau.

2,37m

3.2.23.8 Tinh chiéu cao thép theo phuong phdp sé don vi truyén khéi dung dé thi

e S& don vi truyén khdi N,y xdc dinh theo d6 thi dudng 1am viéc va dudng can bing.
Ny = 7,71
H=7,71x 2,37 = 18,3m (sai so 5,3%)

3.2.23.9 Tinh vdn téc pha khi khi thiét bi hoat déng & cdc ché dé khdc nhau
e Ché& @6 toi vu (bit diu trang thdi nhii tuong)
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a 0,43
Re, =0,045 Ar*”’ [:J ,
L

L, —py)py-g ~0,0154°(998 —1,205)x 1,205 x 9,81
n,’ (17.3.10°)
_ wlp,  w, 0,0154x1,205

= T =1073w,
M, 17,3.10

=144.10°

Ar =

Re

0,43
1073w, =0,045x (144.10° )" (@j
g 3114
1073w, = 1589
wy = 1,48 m/s.

Th4p 1am viéc & ch&€ d6 nhii twong

_W 2(5 p E 0,25 p 0,125
lg —— (—YJ.(MX )" 1=0,079 - 1,75(:j [—YJ
AT G Py

aQ

1800 998

9,81x0,75° \_ 998

1g(0,0569w,%) = 0,079 — 0,866 = -0,787
0,0569w,” = 10 = 0,163

w,’ =2,87
wy =1,69m/s.
e Vin tdc dong khi xdc dinh theo t6c dd sic
Y =1.2e*
w 2(5 p
y=——1¢ [—y}(ux)""" = 0,0569 w’,
2.V Py

i 1/4 1/8
X=|=] . L) [ 0,495
G Py

0,0569w;’ = 1,2e%%%° = 0,166
ws = 2,91

we= 1,70 m/s.

Van toc lam viec thich hép:
w;s = (0,8 — 0,9) ws = 1,44m/s.

B 2 0,25 0,125
w195 : }
| y (1,205)_(1’005)0,16} _ 0’079_1’75(3114j (1,205)
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