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6.4 SU DUNG CAC THONG TIN PHAN PHOI THOI GIAN LUD

Cdc két qua bifu didn su phan bd thdi gian liu ¢ trén c6 thé
duge sl dung truc tiép hoae lién két vdi ede mod hinh dong chdy dé
tién dodn khd na&ng hoat dong cia mét thiét bi phén ing thue,
phuong phdp st dung tiy thube phédn 16n trén thiét bi phdn dng duge
xem la tuyén tinh hay phi tuyén.

Hé théng duge goi 1a tuyén tinh khi ¢6 mét sy bién déi bat ky
trong tin hiéu kich thich s& gy nén mot su bién ddi ti i8¢ tuong ng
trong tin higu ddp tmg. Tinh chat nay dude bidu didn nhi sau:

Alddp ing) df{dap ung)
.L\.(k.ic:f thffh) B d(kic.f thifh)_: iy =const

hay tich phin (ddp ing) = kkich thich) + ky (6.7)

Ha thong khéng théa cdc diéu kién trén duge goi 14 hé phi tuyén.

Hé théng tuyén tinh ¢6 tinh chat 13, néu trong hé ¢6 nhidu qud
trinh tuyén tinh déc 14p xdy ra cling ldc thi, qué trinh chung cing 1a
tuyén tinh. Qud trinh chung ¢6 thé duge khio sdt bing edch khao sat
timg qud trinh thanh phan riéng biét. Tinh chdt cdng ndy khéng ap
dung duge cho hé phi tuyén. Do d6 hé phi tuy&n phai duge khéo s4t &
dang toan cuc va tinh chat chung cta hé théng khong thé€ suy ra duge
tir cAc tinh chdt cda qud trinh thanh phdn. Do tinh chdt ndy nén hé
tuy&n tinh e6 16i gidi don gidn va tinh khai quét cao hon, trong khi 1o
gidi cho h& phi tuy&n khé hon va ¢ tinh chuyén biét cho timg van dé.

1- H¢ phi tuyén khing c6 mé hinh dong chay

Néu chit chi thi ding lam tin hiéu khéng ¢6 phdn ng vdi lua
chét chdy qua binh thi thi nghiém kich thich - d4p dng & trang thai
6n dinh Ia tuyén tinh theo ndéng d6. Tinh chdt tuyén tinh nay duve
bi¢u dién theo dudng cong C va F v6i t s8 ndng d6 chat chi thi kich
thich C, va ddp ung C 1a C/C, ddc lap v6i ndng do.

V4t phan dng ¢6 dang:

Aorg) =R (Cp—hy) =kCy —ky; VB kg, by 20 {6.8)
do d6 ta cé thé viét
Tin hitu ti Dt kign dﬁng hoe tuyén Bde trung thiét
{chri’z chi th;} ¥ { tink theo ndng d¢ ]r — { bi phdn dng }
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Ap dung duy nhat la phan dng bac 1 thuan nghich ky >0 va
khong thuan nghich & =0.

2- H¢ phi tuyén véi mé hinh dong chay

Né&u phén tng x4y ra vdi phueng trinh vin téc khéng theo dang
{(6.8), tidc 1a phi tuyén, thi d6 chuyén héa khéng thé x4c dinh true
tiép tit cde ham phédn ph6i. P& minh hoa xét hai mé hinh trén hinh
6.7. Ca hai déu c6 eing dutng cong ddp lng cia chit chi thi. Véi
phdn dng bde 1 diéu nay khong quan trgng trong viée phin biét hai
md hinh vi ¢a hai déu cho cung d§ chuyén héa. Tuy nhién véi cdc
phdn imng c6 toe do khong tuyén tinh theo ndng d9 tht dé chuyén héa
sé khac nhau cho hai hé, do 46 cdn xdc dinh rd mé hinh dong chay
trige khi tién dodn sut hoat déng cha hé. Sy phi hep gitta 49 chuyén
héa tién dodn duce, véi @6 chuyén héa thuc t& tuy thude vao mife 49
phi hop thuc t€ cia mé hinh.

A e — —mm ———————————— mm e

Mé hinh 1 M hingh 2
Hinh 6.7: Cé hai mé hinh cho tin hiéu ddp ttng giong nhau vé tde
déng tuong ti cho phdn éng bdc 1, nhung tic dong khde nhau vdi
phdn ting cd t6c d§ khoéng tuyén tinh theo néng dg
3- H¢ tuyén tinh véi md hinh dong chay
M#d hinh dong chay thudng duge dung dé tién dodn 44 chuyén
héa cho hé tuyén tinh. Phuong phdp nay duge dang vi céec théng sé
¢ia md hinh thudng phit hop véi cde théng s6 eda hé, chdng han nhu
88 Reynolds, 56 Schmidt. Cdc hé thic nay cé thé duge ding d€ tién
doan d6 chuyén héa ma khéng can dén thuc nghiém, nhy trong céc
trudmg hop thdp chém, thiét bi phin dng dang éng.
Vi du 6.1: S6 lidu cho & bang 6.1 trinh bay két qud ddp tng cla tin
hiéu xung cho mot binh 1am thiét bi phén ung. Tinh E(f) va E, sau dé
vé ham phan phoi E.

Biang 6.1
Thdi gian t, ph | Néng dd chit chi thi, g/lif | Thai diant, ph | Néng d§ chat chi thi, g//it
0 0 20 4
5 3 25 2
10 51 a0 i
15 B 3s 0
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s Dién tich bén dudi dutng cong ndng dé theo thai gian
Q= ECAt=(3+5+5+4+2+1)5=100g phil
cho ta tong lugng chat chi thi cho vao déng nhdp liéu vao binh dudi

dang tin hiéu xung. P& tim E¢) dién tich niy phai bing mét, nhu
vly cdc gid tri nong d¢ doc duge phdi chia cho ZCA:, ta duge:

E(t)=E§E, hay E{t)=C(t}=.}£ T %
Ta ¢t két qud sau:
t, oh 0 5 10 15 20 25 30
E(t) = g: ph”’ 0 0,08 | 005 | 005 0,04 0,02 0,01

XC

D& nhan duge E, déi ¢ thanh ?:E, tir bdng 6.1 ta ¢6;

(5x3) +(10xB) +...+ (1 x30) _ 300

t= =18 ph
3+5+84+44+2+1 20 2
¢ t i
Nht vay: 6=—=—1., va E=TE()=15EG)<15C
I 15 SOAL
K&t qud nhén duoc 1a;
0 0 1/3 243 1 4/3 5/3 2
E 0 0,45 0,75 0,75 0,60 0.30 0,15
E|
Ef 0.75 PR
0,05L - Duding cong i R
s L v/ phing 0,60} ST
0,04} 4 " ' ENEN
0,03 L \ 0,451 A
oozt |/ "\ Al R
2 / N 0,30} F T i i i )
0,01 = A P , : : . ; : ¥ \
" ] ¢18} 4| | ; I A
) L i 1 1 1 = I | 1 : H :
5 40 15 20 28 f, ph e T i I N L b
8 b C 1323 1 43 53 2 730
Hinh 6.8: Duong bidw dién E Hinh 6.9: Dudng bidu dién B
theo ¢ cho vi du 6.1 theo 8 cho vi du 6.1

Hinh 6.8 va 6.9 trinh bay cdc két qua tinh.
Vidu 6.2: Lap béng va vé haum phan phéi I cho thi nghiém trong vi du 6.1.

Gidi: Ta c6: o j Edo=1-3E.AD
0
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K&t qua trinh bay trong bdng 6.2 va hinh 6.10.
Bang 6.%: Két qud tinh ham phdn ph6i I

E +
i 8 E, E.AB='—2E“(B| - _4) ZEAB 1=1-3E®
0 0 0 0 0 i
0,4
1 13 1 045 :+Dx%=0,075 0,075 0,925
0.75+0,45 1
2 2/4 0.75 —-42"——-><§=0~200 0.275 0,725
0.75+0,75 1
3 i 0,75 5 Y 0,250 0,525 0,475
0.60+0,75 1 :
4 | 43 | oso0 —;—x§=0,225 0,750 0.250
0.3040,60 1
s | 53 | o030 ﬂ-;—x§=0‘150 0.900 0,100
0,15+0,30 1
8 o 0,15 —2——-—><-5=0'0?5 0.875 0.025
0+0.15 1
5 | s 4 x—=0,025 1,000 0
2 3
I
00
& 1
1
TN o75f |
1 ] 1
. i
A 050 !
- | ] H h
v | E
oo 0.25F | :
P i !
; Lo ! I i
/3 2/3 1 43 5/3 2 7/3 @ /3 203 t 43 53 2 7/3 ©

Hink 6.10: Vi du 6.2
6.5 XAC DINH D) CHUYEN HOA TRUC TIEP TU THYC NGHIEM

1- Qua trinh tuyén tinh

Céc mo6 hinh dong chdy khéc nhau c6 thé cho cing dudng cong
ddp ung cia chét chi thi, tuy nhién véi cdc qud trinh tuyén tinh, cdc
mo hinh nay déu cho cing d§ chuyén héa. Xét mot tdc chat A trong
ddng ra khéi binh phédn (ing, c4n bing v4t chéit cho:
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Nong do trung Nong dd cua tac| | Phdn dong ra
binh cla dde chdt _ chat trong phédn | | gom cde phén t§
chua phdn ung Tét od phiin id oo thot gian | {cd thoi gian giwa
trong dong ra ;‘1;’;:{5 gida tva t + dt tvat+dt
L .
hay | G, = L _ CoE(dt (6.9)
V6i phan ting bic 1 e6 —ry —£C, va c6 khdi lugng riéng khoéng doi.
Ca vy
In =—kt hay €y =C,e
CAO

phuong trinh (6.9) trd thanh

G4 _ _[e—“’E(z)dr (6.10)
CAD P

Véi phan (ng ¢6 dang tdng quat clia phuong trinh van tdc tuyén tinh
(thuéin nghich) (-ry) =k (C, -k} &y >0 vA khai hugng riéng khong doi.

lnﬂz—kli hay C, =e™MNC,, - k) +k, (6.13)
CAo_k‘Z

thay (6.11) vao (6.9) ta duge:

Cy = [le™(Cp, ~ k) + iy JENdt (6.12)
0

Vi Et) dugc suy ra tif cac dudng cong F, C xdc dinh bing thyuc
nghiém, néu bift van toc tuyén tinh coa phén dng dang xét, ta c6 thé
xdc dinh d6 chuyén héa dat duge trong binh phdn dng thuc.

2- Qua trinh phi tuyén

V@i cde phédn ng ¢6 phuong trinh van téc phi tuyén theo nong
d6 thi do chuyén hda khéng thé xae dinh chi bing sé lidu kich thich -
ddp (ing. Véi (6.9), ta ¢d thé tinh mot trong hai gidi han trén hosc
duéi ctia 46 chuyén héa qua mdt hé cho truge. Tit Chuong 4 ta thay
rang, véi lyu chét chdy qua hé binh phin tng cho trude nhu thé nio
d€ ndng d6 tdc chAt cang 16n cang tdt, dd chuyén héa s& cue dai cho
cde bac phdn dng lén hon mét va 4o chuyén héa s& cye ti€u cho céc
béc phdn dng nhé hon mot, ngoai trir bdc khéng. Vi (6.9) gid sd
khong c6 khusly tron gitia cdc phan t8 luu chét, véi ndng 46 tde chat
cao nhdt ¢ thé duge, (6.9) sé cho gidi han trén cta do chuyén héa
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cho cde phan L’rhg ¢6 bac 16n hon mot va gidi han dudi cia do chuyén
héa cho cdc phan Ung ¢6 bac nho hon mét.
Vi du 6.3: Binh phan dng trong vi du 6.1 duge ding dé thye hién
phén ting phan hiy pha ldng cé phuong trinh van tde:

—ry =hC, voi k=0,307 ph™’

"Tim ti 16 tdc chit khong chuyén hoa trong dong ra khéi binh
phan tng thue va so sdnh véi ti 18 tdc chdt khéng chuyén héa trong
thiét bi phan (ng dang 6ng c6 cing thé tich. Thoi gian thé tich cho
ci hai binh nhu trong vi du 6.1 '

Giai: Vai khéi higng riéng cia hdn hgp khong 4di, tir vi dy 6.1 ta c6
cho ca hai thiét bi: 1=¢ =15ph.
Véi thigt bi phan dng dang dng cé €4 =0:

o axa -1%dc, 1. Cu
T = CAg ——— e —— J —_— = —1 e
(—PA) k CAc CA .k CA
T Ca _ ke _ 03075 _ 48 _g 01
CAO

Vay ti 18 téc ch4t chua chuyén héa trong thiét bl phén dng dang
ong 13 1,0%. Véi binh phdn ing thye ti 18 téc ch4t chua chuyfn héa
duge xée dinh bdi (6.10) va duge trinh bay trong bdng 6.8.

Bang 6.3: Két qud tinh cho vi du 6.3

1 E{t) it et ¥ Eqty.at
5 0,03 1,53 02154 0.2154x0,03%5 = 0.0323
o . 0,05 3,07 0,0464 . 0.0116
15 0,05 4,60 0,0100 0,0025
20 0.04 6,14 0.0021 0.0004
25 0.02 7.68 0,0005 0,000
30 0,01 921 0,0001 0
0.0469

Nhar vay ti 18 tac chéat chua chuyén héa trong thiét bi phén ung
thue 13 4,7%. Td béng 6.3 cho thay ti 16 tdc chét chua chuyén héa chi
y&u & trong phdn ddu cha dudmg cong E{t). Diéu nay cho thay su chdy
tdt c6 dnh hudng quan trong lam gidm dd chuyén héa.
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6.6 MO HINH CHO DONG CHAY THUC

Cé nhidu md hinh duge s dung dé md ta dic trung dong chay
thie trong thigt bj. Mé hinh phén tdn cho thay sy tuong tu gita qua
trinh khufly tron trong dong chay thayc va qué trinh khuéch tdn. Mot
md hinh khde mé td hé nhiéu binh khudy mde ndi tidp. Cdc md hinh
nay cing v6i mé hinh tadng luu héa duge ding d€ gidi thich cde sai s8
trong cdc hé thuc té.

6.6.1 M6 hinh phan tin

Xét dong chdy, trong thigt bi dang éng vA tai ddu dong chay cd
mét muie 4 khudy tron nhdt dinh ma dé Ién cda né dde l4p vdi vi tri
trong binh. Diéu kién nay ham y 1a khéng e6 viing t, dong chdy tét,
hode vugt ddng & trong binh. M6 hinh nay dvgce goi 12 mé hinh phan

tan cho dong chay trong éng (H.6.11).
Dao ddng do van t8c

Profile van A ) .
t§¢ phiing ) va khué&ch tdn phén 0
/ - %? 7
4
Binh dng Binh &ng c6 déng chay bi phan tin

Hinh 6.11: BiBu dién mé hinh phén tén

Sy bién déi cu’b‘ng' dd khudy trén hoac chdy rél s& cho thiy mé
hinh nay nfm gida hai cyc: binh éng va binh khudy. Do d6, thé tich
cua binh phdn ng theo mé hinh nay sé niim gida hai gi4 tri duce
tinh cho binh &ng va binh khudy.

Vi qud trinh khudy trén lign quan dén su phdn phoi lai vat chat
do céc vong xody, vA c6 tinh lap lai trén toan bs ddng chay, hién
tugng nay e6 tinh théng ké va xem nhu tuong tu véi khuéeh tédn
phén t& Phuong trinh vi phan cho khuéch tdn phén td theo phuong
x duge bidu difn béi dinh luat Fick.

2
B_C - D*i_g
ot ox?
trong 46 D* la hé s8 khuéch tén phan td, 14 théng s duy nhat dae
trung che quéd trinh.



DONG CHAY THLUC 179

Tucng ty, ¢6 the xem sy khudy trén theo phuong x dugc mé ta
biing biéu thic:
o
ot o
trong d6 D" duge goi 14 hé s6 phdn tdn theo phuong truc.
Céch goi nay 1a dé phan biét vdi sy khudy tron theo phuong ban
kinh khéng duge quan tdm & ddy. B3 16n cia hai dai lugng nay rat
khdc nhaw. Vi du, vdi ddng chdy trong dng, khudy tron theo phuong
truc chit yéu do gradient van tdc trong khi khufy trin theo phuong
ban kinh chd y8u do khuéch t4dn phan tlt. Vdi dang vé thd nguyén
trong d6 z = x/L v @ = t/f = tu/L. Phuong trinh vi phdn co bédn bigu
dién mo hinh phin tdn la:

o
0 PydE B (6.14)

®  ul PP oz |
trong d6 nhém 86 vé thd nguyén (DfeL) dudge goi 1a 36 phén tan, 1a
thong s6 dung d€ do mic d6 phan t4n theo phudng truc. Nhu vay:
% — 0 phén tdn khong ddng ké, nhu vy ddng chdy 6ng.

L

(6.13)

2 —3 « phén tdn hodn todn, nhu vay dong khudy trén.

ul,
1- Mé hinh phén téan cho mic do phdin tan nho

]

1
i

e —t—
— f | S
; _ . ¥
Tin hidu vao : Bidm do

Hink 6.12: M6 hinh phén tdn tién dodn sy phdn bé
tin hidu xung tai thoi diém bdt ky
N&u ta tdc dong mét tin higu xung ly tudng tai ddu vao, md hinh
phan tdn duge bifu dién nhy trén hinh 6.12. Néu mde 40 phén tdn
nhé (D/ul nhé) thi dudng cong bifu dién némg 46 chat chi thi sé
khang thay déi dang k€ khi di qua didm do (trong sudt thi gian duge do).
Treng trudng hop nay loi gidi cho (6.14) sé cho dutmg cong C ddi xang.



180 CHUONG 8

1 (1-g)°
_ "y 6.1
Ci TS exp [ 4(DIuL)] | (6.15)

biéu dién ho dudng cong Gauss chudn va céc dudng cong sai s6 vdi
trung binh va phuong sai:

D, = i: =1. (6.16)
2

% = == 2(;‘%), hey o = () . (6.17)
L

bé § riing D/uL 1a mot théng s6 cia dudng cong.

' § ﬂ

& i
12, In— 9 D
Gﬁ.mﬁ! ......... X UL /I =0, 000625
Dién tich
= 0,68 5
gach chéo e .
CB.InI‘ """ 0161 c&rnu

Téng
dign tich = 1

222N L

0

Hinh 6.13: M6i quan hé giga Diul va duong cong C khéng thit
nguyén cho mie dé phdn tin nhd phuong trinh (6.15)
Hinh 6.13 cho ta cdch xdc dinh gid tri thong s6 nay tu dudng
cong thue nghiém, biing c4ch tinh phuong sai ciia n6, do chilu cao cuye
dai hay bé réng tai didm uén, hay tim bé rong c6 68% dién tich.

2- M6 hinh phén tan cho mide dé phan tan lén

Khi tin hiéu trén hinh 6.12 thay d6i ddng k€ theo thai gian tif
di€ém vao dén diém do, duimg cong ddp dng do duge khong déi xing
va kéo dai phin dudi. Trong trudng hop nay diéu kién dong chdy tai

diém vao va tai diém do (didu kién bifn) s& Anh huéng lén dudng
cong C nhéin dmjc.

=¥
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Tin higu xung vao Bugng cong C Pidm bat ky
2 Sl 2 ' 2 |ai®ng nhaw
g =0 a Tvdo grong G?a

Hinh 6.14: D6 tdng philbng sai givng nhau

cho hai truong hop hay o’= U?a—(fzmo=ﬁ02

(i) Binh kin: Hinh 6.14 trinh bdy dutng cong C cho binh kin
duge tinh bing phuong phdp & hoe. Gid tri D/ul. cang téng, duting
cong cang nghiéng. Trung binh va phuong sai cda ho dudng cong nay la:

B, = £ =1 (6.18)
t
%
9 O D D 3 ~uLiD
g2 = 2= 2=~ 2(—=)(l-e ) (6.19)
¢ 72 ul, ul
Binh 6ng Binh 5ng D g|6ng nhau
D=0 D=0~ /[ tai mal dié'n\
¥ -,-?% '\__'I_-:‘ r*-.f’ *.if —r """--'__)
:: :}.ﬁu N N ""\..\J PTG ‘\.-
Méng chdy bién A tai bién Déng chay khong bién d8i tai bién

Hinh 6.15: Hai trong s6 cdc logi diéu kién bién cho dong chdy

(ii) Binh hé: Pay la trudng hdp duy nhat dudng cong C cb thé
rit ra bang gidi tich nhu saw

1 (1-8%)

Cy = ————cexpl-— ] (6.20)

° T oJne(Du)  48(Dufl)

véi trung binh va phuong sai (H.6.12)
— fc D
= ohom Lidi=x (6.21)
8. : + "7
2

. o8 _,D gDy

Oy = ﬁ' —2;‘-[‘.— + 8 (uL) (6.22)

va At = =8 2 — (6.23)
t— .
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Vi dy 6.3: Gia sif binh kin cho vi du 6.1 dugc bidu dién theo mé hinh
phén tdn, tinh $6 phéan tdn D/ul. cho binh.

Giai: Vi duimg cong C cho binh nay 12 réng va khong dsi xing do dé
ta c6 th€ doan 14 sy phén tdn trong binh l4 lén nén khéng dung duge
(H.6.13). Phuong sai edia phén }‘6' lién tuc do trong cdc khodng cdch
béing nhau duge tinh theo phuong trinh sau:
o - C, 7o _ ziC, [}:zf,.q P
53 56 S

Dung s6 liéu trong vi du 6.1
ZC; =3+5+5+4+2+1=20
G, = (5x3) + (10x5) ... + (30x1) = 300 ph

E4C; = (25x3) + (100x5) + ...+ (900x1) = 5450 ph?

5450 300 2
Do dé = (E R 5 )
° 20 20" i
2
" 9 O 47,5
va 0 =— = =0,211
"T# (152
Véi binh kin (6.19) lién hé phuong sai v6i DfylL. Vay:

2 D D - 1lAD
=0211=2 —_2(=) (1-
Gy 2 vl (ML) ( & )
Bing dd dim ta xde dinh duge D/uL = 0,120. K6t qua nay vugt
qué xa gidi han cho phép sif dung phén bs Gauss.

3- Khdo sat thuc nghitém cuong dé khudy trén

Thyc nghiém cho thay mé hinh phén t4n bidu didn t6t cho dong
chdy trong téng chém cing nhu dong chdy réi trong ong. Trong
truong hop nay cung 49 phan tan duge xde dinh bii Diud Lion hé
cde tinh chat efia hé (H.6.17 va H.6.19). Tuy nhién mé hinh nay chi
biéu dién ddng chay trong 6ng v6i 6ng di dai d€ dat dén sy déng
nhét eha tin higu xung trén mat tisk dién. Véi chdt léng éng phai dai
hon, két qua trén hinh 6.18. Chy ¥ 1a khusch tdn phén i anh hudng
manh 1én t6c df phan t4n trong chay dong. Vdi luu lugng thap dé tao

nén sy phin tdn, véi luu lugng 16n hon s& cé hidu ing nguge lai.
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2.0 I
Binh &ng Poop l
ul
Prban 14n nhod
— =0,002
ul IOD
1.5 i
Phan tan trung binh
D _o.025
Binh D] ~ uL
(v ubL| I
1.0 khudy
G |
Bhan tan 1dn
D .
— =02
uk.
0.5 F—
0 P %
D 0.5 1.0 1.5 2,0

Hink 6.16: Puong cong C trong binh kin cho nhitng mue d¢ khudy
trén khdac nhau theo mé hinh phdn tdn
§5 phan tén cho binh phdn ung & 1a tich s8 cha cung 46 phan
t4n duve xac dinh tir 46 thi v6i he s& hinh dang cta binh phan ung.

D s T D, d
D _ rruisne dé phan tan) x (hé s6 hinh hoc) = (—X=)
= (cuong ao p : T
trong d6 d la kich thudc dic trung diing trong d6 thi.
20 P i PR iR 1 - T1111 R EEELE
OB ’ASe= 0,2
= \\ISccz 035 Léng Déng chay qua ‘?
[ ting chém -
. N
|
5
810
i
KhiSc= 10
0,1 b LBl [ lI||-1|i p b LAl [ N
0,1 1.0 10 100 1000 2000

Re = d up/p

- nghiém su phén tdn ciia luu chdt trong dong
chdy qua thdap chém véi vdn téc trung binh u theo phuong truc
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e I S A e e L>>3d  Ls>308  L>>3004,

Chay déng
= trong éng . T

10 _/
D i Toan b§ ché dd chay )
ud, g u2d12 -
|- D=
: /"7 ez N
Phan tén do ddi luy 1
| khuéch tan p - WdE -
D @~ A 1929

0.1 i L [ 1 | L 1 L
0.1 1 10" 10° 1o 10
ud,

dup
R T =t
(Re] (Se) m Bﬁ o

Hinh 6.18: Ding chdy trong Sng véi mé hink phén tdn cho chdt Idng
4- Phan ding héa hoe va phén tan

G ddy ta sé xét dnh hudng cta s§ phan tan D/l lén dd chuyén
héa trong thiét bj phan mg. Xét mdt thiét bi phdn ung én dink c6
chiéu dai L qua d6 hwu chat chuyén déng véi van tde khéng déi u va
vat liéu bi khudy tron theo phuong truc véi hé s phan tin D. Xét
phén ting bic n dang:

A —> sdn phim -r, = kC}

Theo hinh 6.18 c4n bing v4t chét cho t4e chat la:
Véao = Ra + Tiéu thy do phdn xing + Tick ty
vdi cdu ti A
(Vdo-Ra)ys,, +(Vao "R phgn o + Tieu thu do phin ng + Tich tu =0 (6.24)

. theo truc
M@éi s6 hang (molA/thai gian) duge biéu dién nhu sau:
Vao theo dong = (molAlthé tich) (uy lutgng)

= (molAMhE tich) (vén t6e luu chdt) (tiét dién)
= CA.E'“"S |

Caring-e.8

Ra theo dong

Vao do phdn tdn theo truc = %& = —(DS%);
. dN dC
Ra do phén tdn theo tryuc = _d_tA =h(DS#)‘+N

Tiéu thy do phdn ing = (=rg )V = (-r)S. Al
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4

10T TT7TT] \%Nlllllm T T T TITT0 T 1T 18
— P L \ -
- @ ]
— & —

Q‘ I
— AN '. .

107 \\g\\\% :
\\\wﬂsﬁ i Déng chay =
| trong ng .
10 @ : =]
o :|l =
= H -
o " |

\

N §
= ] =
I % Qﬁﬁg . =
— ;1«—' \ T hyc nghiém =
B X AN - T Ly thuyét N

N i
1'0 4 ; i b
oY 5 -
. :
+— Ghay dong i+ Chay rfi —

0,1 IO U L | AN I T I M1 A I WS Ll Ldltl

10° 10° 10* 10° 10°
Re = dup/p
Hinh 6.19: Bidu thite biéu dién sy pldén tdn cia luw chdt
chdy trong 6ng
Bé vy 1a, sy khic biét gitta phuong trinh ean biing vit chadt & day
v6i phuong trinh can béng vé:lt ch&t trong Chuong 3 12 do hai s& hang
phén tan. .
Thay cdc bidu thie trén vao (6.24) va chia t4t cd cho SAl
Canu~Ca2) _ (A —C D) (g
Al Al
Gidi han khi Al = 0, ta duge:
dC, .d’C,
)

yu—=i - D

+ RO% =0 8.25
dl I A ( a)
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Vdéi dang khong thit nguyén Z = /L v 1=f =Liu=V/v biéy
thdc trén tré thanh:

2
DdCs 0% papr g (6.25b)
ul, dz°2 dZ
hodc theo d% chuyén hoa:
Dd'X, dX, 4
- RO (1-X,)"=0 (6.25¢)
ul d72 dZ A a ¢

Cde bidu thic cho thdy do chuyén héa cia tdc chat X, trén
duéng di qua thigt bi chju chi phéi bdi ba nhém 8§ khéng thit
nguyén: tée 4§ phin ting k1C} ", 8 phan tan D/uL vi bae phin dng n.

- |

Cao Cus  Casu Car
=0 = g Al =L

A divao Adira
theo dong theo ddng
Adivaotheo| NER PR A divao theo
phan tan ' phan tan

RS
/ e\
— Tich ldy A
TiatQigr =58 (=0, dong én dinh)
A phan (ng

Hinh 6.20: Cdc bién s¢ cho binh kin trong dé xdy ra
phdn tdn va phdn vng
(i) Phdn ung bge 1: Biéu thic (6.25) dugc gidi la:

C, 4aexp(l%)

S =1-X, = (6.26)
Ca, (1"‘“)26'?1?9({-1 uL) (1- a)zexp(—g%—

trong d6: @ =+/1+4kr(Du/L)
Hinh 6.21 biu dién (6.26) dugi dang d8 thi

Néu sai 88 so véi binh &ng 13 nhé, D/ul nhé, dudng cong E dat
dén dang Gauss, (6.26) thu gon con:
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Ca

——=.9Xp[—k’r+(k’r)2£] (8.27)
Cﬂn ul
“ k? 2
= expl-ku+ =] (6.28)
30 T T T T 1711 T et I T M
D - w (Binh khugy)
He Bacmdt
5 -
2 =
~
0,0825 5 al !
——r Y _0(Binhdng) . ’
| | |/|“L|q(|||l}_.-’| s
0,01 0.1 :

1—)(}\ =GA {C'.P-n
Hinh 6.21: So sdnh gida binh 5ng va binh phén ing thuc
' cho phdn ting bde 1
Phuong trinh (6.27) cho ta so s4nh t] 86 kich thudc dé dat clng
d6 chuyén héa cho cdc binh phén Ung tuomg taf binh &ng.

L V D -l LY Y
L _ ¥V _14(kt)— vdicung C (6.29)
L, V, # t)uL & Hara
va ti 86 néng d0 ddng ra cho ciing c0 binh:
Ca 1402 voicimg V (6.30)

(ii} Phdn itng bdc n: Hinh 6.22 1a 151 gidi bing do thi cla (6.25)
cho phdn 1ing béc 2 trong binh kin. C4ch sif dung tuong tu nhu hinh
6.21. P& ude luong kha ning hoat dong cia binh phéan ing cho céc
phan ¢ng c6 bac khac mot va hai ta co th€ ngoai suy va ndi suy gila
hinh 6.21 va hinh 6.22. Tém lai, v6i sai léch nhd s0 v6i binh &ng va
véi ddng hoc bat k¥.



188 CHUONG &

D (=r4)
CA —C 4 =E{_rA5 )Tln Al

6.31
(=ry), R0

trong d6: (~r,} - t6c d6 phdn dng tai ddu vao
(~ry); - t6e d6 phéan dng tai diu ra cda binh 6ng ¢ cing t
va L v6i binh phan ng thue.
Vdi phén ing bic n, (6.31) thu gon con:
%: =1 +n(£—)(k(3§;1‘c)ln% (6.32)

Chi ¥, su khudy tron khéng anh hudng lén kha niang hoat déng
clia binh vdi phin tng bac khéng.

100
'E)T_ = = (Binh khudy)
\ ” kTGAp = 2000 - ' )
| ! "
15 7 1000
S{ 'c/
Ty L
/z \,< N 50{;
- 4 e L
4 r = 200 Budng thé tick hay thai aian
4 » # e/ ay d
v \ + AN luu khéng ddi
-- 7 ™ 100
Vo o’ \"‘\ /\ Fd
10 ¢ 2 271 ™ -
L4
> > T NN 50
,, "I } \x
=l AN N T o
- 7 7 /,’\ """
R N 4 S 410
Pl
oo
/, ~ r, ,’ "‘\J’ }‘\Kf 5
- £ Dl25 . /! /l\'
n ,;hn_-_’ s ‘f" ' J\b -/ |2| ]
7 ot i J 7 1
. ” 7 . 4
70,0825 L T’*‘*A N
7 [ % Z v g
/ —D_=D(Blnh dng) e F———t ™
e uly [ 3 s (7T A
0,01 0,1 1

1~Xs=C,/C,,
Hink 6.22: So sdnh binh phén ting thuc va binh éng
cho phdn ing-bée 2
A +B —+ $in phém CAD ZCBa

2A —» sin phim
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Vi du 6.4: Sit dung mé hinh phén tdn cho dong chdy trong hinh phéan
{ng. So sanh d) chuyén hoéa tinh duge bang hai phuong phép va ban ludn.

1

Mé hinh phén tan

D/uL = 0,12

1.0
Buéng cong E thyc
E; s
Bong gép tudng ddi ldn vao
05 phugnay sai cla dudng cong

Phédn khdng

ma hinh phan 1&;1n _
chuyén hoa

1

o3 -
winl -
Wl e
wiwn-

Hinh 6.23: Vi du 6.4

Giai: T vi du 6.3 phuong sai duge xéc¢ dinh theo thyc nghiém
D o012 |
uL

D6 chuyén héa trong binh phan (ng thye duge xae dinh tif hinh
6.21. Di chuyén doc theo dudng kt = D,3Q7x15 = 4,6 tix C/C, = 0,01
dén Diul = 0,12, ta xéc dinh dugc ti 18 tac chat chua chuyén héa.

.g— 0,035 hay 3,5%

o

Tit hinh 6.23 cho théy:

C e
’ (E_)Ihm: = 4:-7% > ("é_)m& hinh phir ldn = 3:5%

6.6.2 Mé hinh binh khudy méc ndi tiép

Ngodi mé hinh phén tdn, mé hinh binh khudy mic ndi ti€p la
mot mé hinh mo6t théng sd duge s dung rong rdi dé bidu dién dong
chay thue. 9} day ta xem nhu liu chat chay qua mot loat cd¢ binh
khudy 1y tudng bing nhan méc néi ti€p va mot théng s6 cha mo6 hinh
14 58 binh khudy ¢6 trong hé.

' Véi mt binh tact: ZE=e', N=1

véi hai binh: A =%e“’?f N=2' | (5.33)

vA tuong tu c¢ho N binh mic ndi tiép véi cac dang phuong trinh khéc nhae:
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LR = (%)N-l m}_fﬁe-”‘? (6.34a)
g
B =78~ @341
N-1
Ey = (NE)E = %e‘“’ ? (6.34c)

trong d6: # - théi gian luu trung binh trong mét binh
t =Nt - thoi gian v trung binh trong hé N binh

=—A_I—t; 'B=t £

L
91-==
7 ;

ha
(=
—_

1.5

1.0

0,5

Hinh 6.24: Brong cong phdn b6 thai gian luu theo mé hinh
nhiéy binh khudy mde néi tiép, phuong trink (6.834)
Nhiing dudng cong nay duge trinh bay trén hinh 6.24, trung binh
va phuong sai xde dinh 13;

£=NE: o®=Ni®= (6.35a)

2[
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_ _ 2
- 2 1
el Gy = ﬁ (6.3be)
3 N-1
[ O MN{N--1) (-
max EG_ - N __ﬁ]__e (M-
Dién tich =1 N .
1.5+ =1 .5ai56 <2% vOiN>5
ool J2n(N- '
E N !
8 .
LSENE orteetatete iy (il i B inr 20.55 By pa vdiN =4
i =0,61E e VO N 210
a5l phuang trinh (6,34¢)
1
oo 1 1,5

Hinh 6.25: Tinh chdt ciio dudong cong phdn bo thoi gian i

cho mé hink nhiéu binh khudy mde not tiép

Hinh 6.25 cho thdy tinh chét, cha cdc dudng dugc ding 4€ ude
lugng gid tri thong s6. Nhu vay N ‘¢6 thé wde tinh tit cue dai, bé rdng
cia di€m udn hay phuong sai eta dudng cong C do dude.

Véi N 16n dudng cong phdn bd thdi gian luu trd nén d6i xing
hen va tidn d&n dudng cong chudn (H.6.13) va so sdnh hai duerng
cong nay cho ta lién hé s6 binh mic nbi tiép va m6 hinh phan tan.

Véi mb hinh nay ta c6 thé ap dung duoc tinh chat cong eda phuong sai:

T, +ON, = O 4N, (6.36)
Néu ta dua vio hé N binh tin higu xamg bit ki nhu H.6.24 thi tif (6.35):

2

AG = 02y —Opgo = (6.37)

£
N

G'z a
e M6 hinh binh khudly o
e e ) R 9
Ao A LA —i{ II

L o o e a5 .
Hinh 6.26: Tin hitu xung bdt ky cho N bink khudy mde néi tiép
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1- Bé chuyén héa cho N binh Ehudy mdc noi tiép
~ Trong Chuong 4 d4 so sdnh d6 chuyén hda trong hé binh khugy
méc ngi tiép v6i binh 6ng. Véi s6 binh N 1én nhy vay sai léch véi
binh 6ng nhs, biéu thitc so sanh vdi phin ng bae 1 thy gon cdn:

_Vgh. inh 1+% (6.38)
ong
C . 2
va %bﬂ =T (‘3{‘) (6.39)
A ang

Do tinh d4c lap ehGa cac binh nén dé dang xde dinh duting cong C
khi thém ho#c bét s binh, do @6 mé hinh nay dung dé€ xir I céc hé
tudn hodn kin va ¢6 dong hoan luu.

(i) Hé tudn hodan kin: Néu ta dua mot tin higdu (vdo hé N binh
khudy nhu hinh 8.27 va do tin hiéu ra theo tha; gian (tin hidu qua N
binh, 2 binh ...).

8= Tim hidu
vao J ITEn hi&u ra

F !
T | N binh, 2 chiing
ﬁ Tuéin hoan
C N binh, 2 chang
{2N binh)
M binh
m chéng
] 1 .
1 2 3 4 0
N 2N aN 8 N 2N 3N o
_'_ r__ L l - ] 1 1 1 -
0 t t 1 0 1 71 t

Hink 6.27: Tin hiéu xung trong hé tudn hoin
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P& nhan duge tin hiéu ra cho hé ta cong cdc két qud do cia s6
l4n tudn hoan m theo (6.34);

mN-1
EC=e™ Z ) (6.402)
£ {mN -1
0 g1
2 T 1) (6.40b)
o miN -1
=Ne™N® (NO™ 6.40
@ mzﬂ (VD! (6:0c)
Hinh 6.27 bidu didn dudng cong C cho h&. V6i he 5 binh, (6.40) la:
: 4 a3 pld
_ a8 6 6
CB" =g (1—!+§+E+..,)

trong do6 cdc sb hang trong ngozc bidu dién 14n do ldn lugt qua N,
2N, 8N binh ..

(it) Hg tuc‘in hoan mét phdn: Vé6i dong tuin hodn tuong d8i
nhanh, hé s& hoat déng gin v6i binh khudy. Tin higéu dugc biéu dién
trén hinh 6.28.

1

Hink 6.28: Hé tudn hoan mét phdn

Vi du 6.5: Gidi lai vi du 6.3 v6i md hinh hé binh khufy méc néi tiép.
So sanh két qud tinh duge ti 1€ téc ché&t chua chuyén héa theo md
hinh nay véi gi4 tri tinh theo mo hinh phén tan (3,6% tu vi du 6.4)
va phuong phép truc ti&p (4,7% tu vi du 6.3)

1

5 (6.35¢)
Og

Giai: Tir s& liéu (vi du 6.3): o3 =0,211 vA N=
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Nhit vdy binh phan ting thie ¢6 thé xem xét nhu tugng duong véi
4,76 binh khuay ly tudng bing nhau mac ndi tiép. Pé chuyén héa cd
thé duge xdc dinh tir gian dé Chuong 4.

Vay kt = 0,307x15 = 4,6 va ti'lé tde chat chua chuyén héa la:

g—=0.04 =4%

0
Két qud nay thép so véi gia tri tinh tif phuong phap truc tiep la
4,7% vi khép véi mé hinh ¢6 d6 phéan tdn thap (két qua 1a 3,56% — vi
du 6.4),
Su khdc biét giffa cdc gid tri tinh theo mé hinh nhidu binh
khudy méc ndi ti€p va mé hinh phan tdn la do dang cua dudng cong
X va sai s6 khi doc @0 chuyén héa trén hinh 6.21.

6.6.3 D4nh gis hoat dong ciia binh phan Wng

Bu&ng cong C thyc nghiém c6 thé giip ta ddnh gia hoat déng
ciia binh phén ¢ng. Vi dy néu dong chiy la dang 6ng, hinh 6.29 bidu
dién mdt 86 sai léch c6 thé xay ra.

& 4 4
Tudn hoan

Mong Sém trung binh

mudn
t 1 T
a) b) c)
4 4

&
Tré Song seng
T 1 t
d) a)

Hink 6.29: Mdt 56 dang sai s6 cda binh 6ng.

Hinh €.29a dudng cong C ding vi tri va khéng quéd rdng, do dé
khéng ¢ sai léch. |

Hinh 6.29b cho tin hiéu sém do d6 c6 dong chdy tit va ving td
trong thigt bi phdn (ing.
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Hinh 6.29¢ cho thdy c¢6 su tudn hoan trong thi€t bi phan ng vai
thiét bi phén tng ngdn, réng, luu chat chdy chdm, vi du pha long
trong thiét bi phdn dng khi — long.

Hinh 6.29d cho thdy tin hiéu ra chdm hon dy dinh, cé ba kha
néng x4y ra hién tuong nay: luv lugng dong duge do sai, do thé tich
chat 1dng sai hoic tin hidu khéng thue sy 1a chat tro nén bi hap phu
va gifr lai trén bé mat.

Hinh 6.29e cho th&y luu chat chia thanh hai déng chay song
song trong thiét bi.

Trong ede trutng hop trén, dé cai thién kha ndng hoat déng cua
thigt bi ¢6 thé 1ip thém bd phan phan phdi lai chat 1ong va/kay tAm chan.

N&y dong chdy 1a dang khudy trén, hinh 6.80 cho thiy mét 50
kha ning sai 16ch ¢6 thé xdy ra. Bén trudng hop ddu 14n luot 14 ding
vi tri, sém, hoan luu va tré. Cdch gidi thich tuong ty nhu trudng hgp
binh 6ng. Hinh 6.30e cho thdy co sy tang thoi gian 6 thé do tinh iré
cia dung cu do.

Sdm
n Mong mudn Tuén hoén
trong binh
Trung "
./ binh !'
|
1 T 1
a) b) e)
Tré
[}
{
1
d)

Hinh 6.30: M6t s6 dang sai s6 cia binh khudy

Trong cdc gué trinh, dong chdy thudng duge tao cho gan d&n 1y
tudng cang tot, thudng la dang fng. Piéu nay la khé khin, ddc biét
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14 dong chay cham treng binh 1én. Hinh 6.31 cho thdy mot sé phuang
phéap dé tao dong chdy gin dat dén dong chdy dng trong thiét bi.

T T TT 1 r
— ==l 11101 )
[ I T | @
O O
[ T T T )
. N . D)
e | fl (I .I (C i
Kéo dai dong chady Phan phoi laf L Dang chay dai,
hep hon 1a ngén, ring
Chéy dong Chay ri : Thém vat cham

Hinh 6.31: Cdc phuong phdp cdi thién dong chdy
dé dat dén dang dng
Vi du 6.6: Gid s mét tin hiéu ra do duge cho hé gém binh 1 dudge
mée ndi tiép véi binh khudy 1y tudng (binh 2) c6 kich thude da bist
hay & . Né&u khéng sir dung binh khusy, tim dudng cong C cho binh 1.

Tin hiéy vao

A =T

Hinh 6.32: Vi du 6.6
Giai: Ding phuong phép gidn do dé giai bai todn trong trudng hop nay.
Gid st Cy,, trén hinh 6.32 biéu dién dudng cong cho hai binh
m3c ndi ti€p. Can biAng vat chat cho chat chi thi quanh binh khudy
ly tudng.

Vio = Ra + Tich liy

h C, =vCyn +
ay | vl 1+2 d
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t:ic'7‘1+2
di

Lay diém E bst ky trén dudng cong Cp,p, vé tiép tuyén voi

hay Co=00: 4% (&)

dudng cong va dinh diém F va& G sao cho, theo (A)
(diém @) = (diém E) + (&) (hé 56 goc tai E)

= (diém E) + (GF) (g—g) = (diém E) + (khodng cach EG)

Viy G 14 mdt difm trén dudng cong C; cdn tim.

Lap lai nhit trén dé xdc dinh cdc diém khée (vi du X, ¥, Z) va
sau d6 vé duge dudng cong € (dudng dit doan).

6.6.4 M6 hinh ting luu héa

Dang khi thdi tit dudi 18n qua tdng hat min, khi luu lugng dong
khi dat dén diém c4c hat rin trd nén lo ldng trong dong khi, tang
duge goi la tAng Iuu héa va van téc dong khi tai ddu vao khi dé duge
goi 13 vén toe luy hda 161 thiéy u.m; Vdi vén t6c bigu dién cda dong
Ehi tai ddu vio u, 16n hon nhiéu vén téc t61 thiéu tdng sé hoat déng
manh lét nhu chat long dang sbi voi chdt rdn chuyén déng manh va
cde bot khi 16n néi 16n nhanh chéng qua tdng. PAu tién véi vdn toc
khi 16n hon umg; dong khi di qua tdng dudi dang cde bot, goi la tdng
Ity hoa siti bot. Trong cdc thiét bi phan Ung cdng nghiép nhu phan
ting pha khi xic tde rdn thutng hoat dong dudi dang tdng luu héa sii
bot vdi van toc khi u, = 5 ~ 30u,;, cd bigt co thé dén 250Hmf

Tinh toén cho thdy d6 chuyén
héa trong tdng sii bot ¢6 thé thay
ddi tit binh 6ng d&n binh khudy va
thiet ké khugch dai trong trudng
hop nay rat khé khan. Vi tdng luu
héa ¢ nhibu sai léch 1¢n so véi cde
mé hinh tiép xzic¢ pha 1y tuéng nén
¢6 nhidu md hinh duge dé& nghi dé
giai thich hién tugng nay. g déy ta e i Nhu tudn
ding mé hinh domng khi déng hoe Hi;nh 633 Mﬁ hmh mng 861
d€ mod t4 hién tugng tng soi. ctie Davidson vé Rowe
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Cé hai phdt hién dac biét quan tromg & ddy. Thu nhdt la cia
Davidson giai thich vé dong chuyén déng trong ving lin cdn véi bot
khi dang néi 18n trong tdng luu hda manh list.

1- Khi trong bot tudn hoidn manh trong bot giéng nhu vong khéi
va chi thdm théu ra mot khodng cdch ngdn trong viing nhi tuong,
Viing tham thdu nay duge goi 14 ving may vi bao quanh bot khi dang
ndi lén,

2- T4t cd cde dai lugng nhu van tdc ndi 1én, bé day ddm may, toc
do tudn hodn 14 cdc ham s& don gidn theo dudng kinh bot khi.

O day thue nghiém cho thdy cdc bot khi rat dé két tu tir pha nhi
fulong.

Phét hién thit hai cia Rowe va Pattridge cho 14 méi bot khi déu
161 cudn theo dudi khi chita ddy hat rdn.

Hai phat hién trén lam co 8¢ cho mé hinh khi déng hoc si dung
kich thude bot lam théng s& va cde dai lugng khde duge bidu dién
theo kich thude bot khi. BE khdo sdt mé hinh tdng sdi bot ta ¢6 céc
gid sif sau. '

1- Bot khi c6 kich thuéc dong nhat vA phan phoi déu trong ting.

2- Dong khi chuyén dgng trong ving 1an can cia bot tuaAn thec
mo hinh Davidson.

3- Méi bot khi 16i cusn theo né mot dudi chét rdn, tao nén su
tudn hoan ciia chdt rédn trong tdng, di 1én phia sau bot va di xudng
trong phan cdn lai clia pha nhi tuong.

4- Pha nhil tuong & tai diéu kién luu héa t5i thidu: nhu viy van
téc tuong d6i gida khi va rén 1a khong déi.

Dya trén cdc gid sit trén, cdn biing vat chdt cho pha rdn va pha
khi 1an lugt 1a;

{ chat rdn @i | | chat rdn di xuéng (6.41)
ién trong bot - irong pha nhi tiong '
téng lugng dong khi di dong khi di Ién
= = + (6.42)
khi len trong bort trong pha nhi tuong

dan ide néi 1é

Dt u,, =0,711(gd, )2 vin .c ndi lén cda mot (6.43)
bot trong tdng lun héa
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Ep = €0 réng cia tdng tai diéu ki¢n Luw hia 161 thiéu
o = thé tich dudi khti/the tieh bol
Can bang vat chét cho:
Van t6c néi 1én cha bot, may, va dubi:
Uy = Uy —thyp Hlp = Uy =t + ('J,'i’ll{gdb)l‘r2 _ (6.44)
Ti 1& ¢Ga tang trong bot:
w, ~-8-abu,; U, —lpr

= (6.45)
Hb Itb
Ti 1& chia tdng trong dam may:
30U, 1E
fee (6.46)
1y, = Uyt By
Ti 16 ciia tang trong dubi ad (6.47)
T{ 16 cha tdng trong ddng nhd twmg di xudng bao gdm may:
1-8-od (6.48)
Van t6c di xudng ¢ta chdt rin trong pha nhii tuang:
oGy, :
o SO (6.49)
“s 71 5-od
Véan téc cva dong khi trong pha nhi tuong di lén:

Emf

s

St dung _phudng trinh 1§ thuyét cia Davidson cho sy tudn hoan
cua bot - maiy va ly thuyét Higbie cho khuéch tin mdy - nhi tudng dé
xdc dinh bidu thic tinh sy trao i ctia pha khi gitra bot va n@,#ta c6:

Thé tich pha Ehi di ?2 }bgt N Pz ik
; dén may va nguge lqils mif g
K, = : = 4.5(—~d‘ )+5,85(—— ) (6.51)
ThiE tieh cia bot 5 o,

va gidfa may vi nhil tuong:

P ; D |
ThE tich trao ddils =6,78(Emf 3”6 Uiz (6.52)

Kce R . = :
Thé tich cia bot d;
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4 _ May va dusi
B i SRR
Phd

Bubble ncbn] .i:

c6 thd 18n
hodic xusdng ]

by T
=~ Déng khivao ¢ day
i dé phil tusng l&n

Hink 6.34: M6 hinh tdng luu hoa séi bot

Mot két qua ngace nhién cia mé hinh nay 13 dong khi trong pha
nhii tueng d6i chidu va di xudng véi véan téc ldn hon u, > 3 ~ 112y
Két qué ndy gin day da duoc kim ching bdi mét s phuong phép.

Cde bidu thdc trén cho thdy 1& néu biét Enps tinh o, do wu,p va o,
va tat ed cde dai lugng dong va thé tich cske ving c6 thé€ xde dinh
duge theo théng s6 kich thudc bot. Hinh 6.34 bidu difn mé hinh va
md hinh duge 4p dung dé tinh dé chuyén héa trong Chuong 10,

6.7 KET LUAN

Phuong phdp thue nghiém kich thich — ddp (ng la cong cu tién
lgi nhat d€ ph4t hién nhimg sai lach nghiém trong so vdi dong chay
dng va xit Iy céc sai léch nay. N6 giip cho vide tién dodn 46 chuyén
héa cho phén ting bac 1, véi cae béc khéc tién dodn nay chi gan ding.

VGi nhiing thiét bi duge thiét ké, hoat déng t6t dong chay
thubng gin dat dén didu kién 1§ tudng va sai léch xem nhu khéng
ddng ké, ngoai trif c6 sy hién dién cia sy phan phdi sin phdm. Pé
sai l&ch so véi Iy tudng thuéng do c4e dong chdy tit, vugt dong.

Trong tang luu héa sii bot tu do déng khi thusng sai s6 16n so
véi 1y tudng. Phuong phap tin hidu kich thich — d4p Gng khong duge
st dung & d4y, tuy nhién khi thidt k& thém nhiing tdm chén, b phén
phan phéi ¢6 thé lam gidm dang k€ sai léch nay. |
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BAl TAP CHUONG 6

6.1.

6.2&

6.3.

6.4.

Déap ung cho tin higu bic duge thue hién cho mot binh phén
fng nhu sau:

1 s 0 15 25 35 45 55 65 75 g5
N&ng d§ chat 5 .
1 L] 2I0 1 [] 1 L} .
ch“hl.gfr.‘:ma 1.0 4.0 nE 8.5 7.0 7.7

a) V& ham phén bé théi gian luu F theo thi gian?

b) Xac dinh 77

Khdo sat th&i gian luu cho mét binh phdn Ung hoat dong lién
tuc bing cdch ding tin hiéu xung ¢ho déng nhép liéu. Néng dd
chét chi thi trong ddng ra tai nhing théi diém khéc nhau nhu sau:

t, ph 0,1 0,2 1.0 2,0 3,0 10 30

NBng dd chat

. .20 017 0,15 0,125 0,07 0,02 0,001
chi thi, mgi :

a) Binh phén (ing thyc nay dat dén ly tudng dang nao?

b) Néu thue hign phan ing ddng nhiét bac 1 (&, =0,16 ph!) trong
binh nay, dé chuyén héa cé thé dat duge 1a bao nhidu?

Mét binh phén dng khudy tron dimg d4€ thuc hién phan dng bée
1. Khio sat su phan bd thoi gian luu bing tin hidu xung duge
két qua nhu sau:

t.s 10 20 30 40 50 60 70 80

Néng 46 chét chi thi

. 0 3 5 5 4 P 1] o
trong deng ra, mg/l

Xsc dinh dd chuyén héa dat duge trong binh nay néu trong
binh 1y tuéng dé chuyén héa dat duge 82,18% trong cing thesi
gian luu.

Dong chay ¢6 luu lugng khéng d6i qua 10 binh khu4y bdng nhau
méc ndi tiép. Tin hidu xung duge dua vae binh thi nhét, thoi
gian tin hiéu réd khéi hé duge do nhu sau

Néng d6 cue dai = 100mmolll

Thoi gian kéo dai tin hidu = 1 ph

Néu ¢6 10 binh khudy méc néi tifp thém vio 10 binh ban diu, tinh:
a) Néng dé cue dai clia tin hidu rdi khéi he?

b) Thoi gian kéo dai tin hién?

¢) Sy thay déi thoi gian tin hidu so vdi s6 binh?
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6.5.

Mot thiét bi phan ung ¢6 die irung dong chdy duge bidu didn
bdi dudng cong C khéng chudn duge cho trong bdng 6.4 va theo
dang dudng cong nay ta thdy 14 m6 hinh phan tdn hodc mé
hinh binh khudy néi tiép c6 thé duge si dung dé dac trung cho
dong chay.

Bang 6.4: Bdi tdp 6.5

Thaigian | 1 | 2 [ 3t 4 | 5 | 6 | 8 |10} 1520|3041 |52] 67

Ndng 04

chgtehitj | 5|57 {8 |90 |90 |86 77 |67 14713215 7|3 |1

a) Su dung md hinh phén tdn dé tim d6 chuyén héa qua binh
phan tng

b) St dung mé hinh binh khudy mée tiép tim s6 binh va db
chuyén héa bidu dién cho binh phan dng trén.

¢) Tim d§ chuyén héa tryc ti8p tir tin hiéu thu duge

d) Ban lugn vé sy khéc biét gifta cdc két qua nay va cho hiét
céch nao tin cAy nhét.

Cho biét phan dng 1a pha 1éng, so déing c6 dang A + B — san phim
vdi lugng thita B d€ phédn dng cha yé&u 1a bic 1. Véi binh 6ng dé
chuyén héa dat duge 99%.



Chuong 7

DAl CUONG VE THIET KE HE
PHAN UNG DI THE

Khi thiét ké thiét bi phdn ung cho mét hé phan ing di thé
thudng gip hai khé khan chinh ma trude ddy khang gap trong phan
tng déng thé.

1- Su phite tap cua phuang trinh vén téc phan wng: Khé cé
mit bidu thic van toc nao d& mb t& ddy da qué trinh phdn dng. Vi ¢6
nhiéy pha trong hén hgp phan dng, nén ta phdi dé cap dén su di
chuyén vét ¢hat tit pha nay dén pha khdc trong bifu thife vin uc.
Nhu vdy, ngodi nhimg yéu t6 déng héa hoc ta con phai xét dén qui
trinh truyén khéi giia cdc pha va qué trinh nay thay déi theo s6 pha
hién dién trong hé va ban chat cia pha.

2. Phuong phap tiép xic gida cde phar Trong hé déng thé ta
d3 dé cAp dén hai mo hinh dong chdy da duge Iy tudng héa: khudy
tron va dang ong Trong hé di thé 1y tudng, mdi luu chédt c6 thé 1a
dong chay khudy trén hosc dang ong (lién tuc) hodc dang rdn, bot
(khéng lidn tuc). Tt 86 ta ¢ nhibu cdeh tifp xic pha khéc nhau d€
phdn ung xay ra, két qua 1a ta khong c6 mot phuong trinh thiét k&
téng quat kha di 4p dung dugc cho cdc cich tiép xte pha khdce nhau,

Vi nhiing kh khan trén ma van dé thigt k& thiét bi phén tng di
thé vin edn mang nhidu tinh kinh nghiém dua trén céc k&t qui tit
phong thi nghiém hay cda cde nhd may mau.

7.1 PHAN LOA! HE PHAN UNG D) THE

Véi ba trang thdi vat chdt: khi, 16ng, rin, ta gip ddy dd trong
cong nghiép cde phan dng két hop gita cdc trang thdi nay.
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1- Phdn #ng khi - rian: C6 thé xem 1a loai phdn (ng quan
trong nhdt trong cdng nghiép héa chat. Pha rdn la chdt xdc téc
thutmg gép trong cdc phdn dng ché bién ddu'md nhu cdc phan dng
cracking, déng phdn héa, reforming,..., cdc phdn ung trong dé pha
rén 1a tdc ch4t nhu phén dng nung quang FeS, ZnS, ...,

2. Phdn iing long - ran: V6i pha rén 1a chat xde tde ta ¢6 phin
gng alkyl héa véi chéit xtc tdc la AlCl;. Trong hé phan ung nay, chét
xuc tdc thudng tao phic vdi tdc chdt hay/ va sdn phdm tao thinh
mdt hon hop 16ng - rédn. Ly thuy&t mé td qud trinh phin ung nay vén
cdn tho so. .

3- Phan wng khi - léng - rdn: Trong hé niy mét tde chdt & thé
khi, thutng gap trong cde phén ing polymer héa. Vi du etylen dudec
polymer héa bédng cdch cho etylen hda tan trong mét dung méi véi
céc hat xtc tdc ¢ thé rén, hay phén dng hydrogen héa chdt 16ng nhu
dAu 4n véi chdt xic téc & thé rén.

4- Phan ung long - I6ng: DAy 14 loai phdn ing théng dung
trong téng hgp hitu co. Vi du phén dng alkyl héa hydrocarbon véi
dung dich sulfuric acid 1am chat xde téc,

5- Phan dng khi - léng: LA quéd trinh hap thu chat khi vao
chdt léng ¢6 kém theo phén (ng héa hoe. Vi du phdn iing hap thu
CO; béng ethanolamine, hdp thu SO, bing dung dich KOH.

Trong phén thiét k& cho hé di thé, ta s& @8 cp d&n ba loai phan
ung théng dung d6 la hé khi (16ng) - 1éng, hé khi - rin khong xic téc
va hé khi - rdn cé xde tde.

7.2 PHUONG TRINH VAN TOC CHO PHAN UNG DI THE

7.2.1 Dinh nghia

Néu goi A 12 mbt cdu tf trong hén hop phin Ung thi van téc
phan dng d6i véi chat A (ky hiéu 1a —r, ) duoe dinh nghia la van tde
bign d8i chdt A tinh bing mol (hay don vi thudn tién khse) trong
mot don vi théi gian va trong mét don vi “thé tich”.

Pinh nghia nay dp dung cho hé ddng thé 14n di thé, Tuy nhién
khdi niém “thé tich” & day c6 thé 1a thé tich binh phén dng V;, thé
tich chdt rdn V, hay thé€ tich luu chét chia trong binh V. Ngoai ra
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nhir @4 trinh bay trong Chuong 1, khéi niém “thé tich” c6 thé thay
béng kh6i luong chat rdn W, dién tich bé mat chat rin 5.
Van téc bién dfi theo vi tri trong hé thdng cling nhu theo nhiét
36, 4p sudt, néng d6. Do dé néu cdn tinh vdn tdc phdn Ung chat A
téng cong cho toan bd hé théng, ta chi cdn ldy tich phén I(—rA YV
v

va bao gidr ta cang cd:
.Lr (—r)dV = va (—ry)dV, = IS(—rA )dS = .[w (—rg AW = IV,, (=% ¥V, (7.1)

vii:
(=¥a) ihé tich tdc chat
(=) thé tich binh phan Ung
{~2) A van tSc phdn Ung trén mot don vi | dign tich b8 mat chét ran
(- kh6i lugng chat ran
(-1 thé tieh chét rén

Trong trudng hop vén téc phdn ung gidng nhau tai mdi diém
trong hé théng, ta ¢b:
(—ry W = (~rV,, = ()8 = (—rg W = (~ry )V, (7.2)

Ngoai ra van téc phin Ung tai méi diém 12 ham s6 theo trang
thai ctia hé tai diém do.
(~r,) = f (trgng thdi cila hé thing) (7.3)

7.2.2 Biéu thiic van toe

V6i phan tng di th& vide md td trang thdl ctia hé théng nhu
(7.3) 1a kh4 phie tap. Ngoai qué trinh phdn dng héa hoc ta con phéi
dé€ ¥ dén nhitng qud trinh vét 1§ chi y&u 1a qua trinh truyén khoi.
Nhu v4y, trong viéc nghién ciu dong hoc cda cde phén Ung di thé, ta
phii 1am sao d€ tdch qué trinh tdng quat ra thanh cac qud trinh
thanh phdn, va méi qué trinh thanh phdn nay c6 van tdc riéng, sau
46 ta m6i k&t hgp cdc van t6c thanh phén thanh védn téc téng quét
c¢tia hé phdn ung. Vi trong hé phén dng di thé€ ta dd ¢6 nhing qud
trinh khéc loai nhau nén viéc két hgp trén khéng gidng nhu viée két
hop trong hién tugng din nhiét qua nhidu 16p vat liéu, hay viée két
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hgp trong truyén khéi déi luu tu Iyu chat nay sang luu chit khac qua
I6p phim & bé mét phan pha.

1- Nguyén tde két hop

Gia sif ta c6 mét qud trinh phdn tng bao gém nhing qué trinh

thanh phén ¢d vén toc 14n luot 1a: —r, —ny, ... -r,.

Néu cdc qud trinh thanh phdn xay ra song song nhau thi v4n téc
tong qudt ldn hon van t6c thanh phan bat ky. Néu céc qué trinh xdy
ra doc 14p véi nhau thi van tée tong quat »,, cho béi:

gy = ;(—r;-) (7.4)
=

Néu cde qué trinh thanh phan x4y ra 14n lugt ndi tiép nhau thi §
trang thdi 6n dinh v4n téc ctia mbi qud trinh thanh phidn phai bing
nhau, nghia la:

) =(-rd=(-r)=..= (1) (7.5)

Tuy nhién 6 nhiéu trudng hgp, nhat 12 véi phén tng c6 chat rin
lam xdc tde, nhiing qud trinh thanh phdn x4y ra vira song song via
néi tiép, viée k&t hgp van t5¢ phan dng sé& phitc tap hon.

2- Nhitng diém can lun § khi hét hop

* Vi vén t6c cia méi qué trinh thanh phén c6é thé dinh nghia
dua trén nhitng cin ban khac nhau, do d6 khi k&t hop ta can phali
qui 46i cde van t6c nay ra cing mot cin ban.

Ching han qud trinh truyén khéi thi thudng dinh nghia dua
trén mgt don vi dign tich bé mat tiép xic pha.

do d6 giai doan phdn dng cling phai dinh nghia dya trén mét don vi
dién tich bé mat ti€p xic pha,

Qphdn ting =I('—?‘A) = _S__t}?

* Trong khi k&t hop cde van téc ta thuing khéng biét néng 46 &
cac vi tri trung gian, do 46 nhing néng d6 nay khéng thé xuAt hién
trong bidu thic van t8c tdng qust. Bifu thie vén tde téng quat duge
viét theo ndng d6 hay hiéu s& nong dé cé thé do duge. Cong viéc nay
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sé d& dang néu edc bifu thde van téc ecna cdc quéd trinh thanh phén
déu 1a tuyén tinh theo ndng ds. Trai lai néu mol tuong guan ia phi
tuyén thi viée két hop tréd nén khé khan hon. Bé don gian hoéa viéc
ké&t hop trong truéng hop nay ta ¢6 thé dong khai niém “qud trinh
kiém soat van toc”, hay bién phdp tuyén tinh héa van t&c phi tuyén.

2- Qué trinh kiém sodt vdn toe

Trong nhifu trudng hop, chi cdn mdt hay hai qud trinh thanh
phdn }a d4 tao nén trd lyc chinh cho qué trinh phédn Ung, vugt qua
duge tré luc nay thi phan dng s& xdy ra. Nhiang qud trinh sinh ra
nhitng tré lyc chinh nay, goi 14 gud trinh hay giai doan kim sodt
van t6c téng quat clla phén Ung, va ching 14 cde qu4 trinh rdt chdm
so véi nhiing qué trinh c6 tré lyc nhd. Trong trudng hop ndy vén téc
téng quat xem nhu biing vin tc eta qud trinh chém.

(_rz ) = (—rchtﬁ.m)

Véi bién ph4p nay biéu thife v4n t8¢ 8é trd nén don giadn hon. Ta
lubn luén 4p dung bién phdp don gidn héa biéu thic van t6c nay khi
¢6 thé duge. _

4- Tuyén tinh héa

Khi ta duge mdt dudng cong "vén tde theo nong d¢" ghy khé khin
cho viée k&t hop, ta cé th€ tuyén tinh héa bing khai thic Taylor réi
mdi két hop véi cdc quéd trinh khdc. Bién phdp nay chéng nhing
phic tap ma chl gdn déng, pham vi ap dung cia biéu thic bi han
ché Nhung d4i khi 46 1a bién phdp phai dung.

Vi du 7.1: Xét phdn dng xdy ra nhu —
hinh 7.1.1:
A(k) + B({r) — Ri(k) . +B& mat chét

i1 inB
Xde dinh biu thidc van toc Ci fis

phan dng gia si;
a) Phén dng 1a béc 1 theo A
b) Phdn ting 14 béc 2 theo A.

c) Phdn iing 13 béc 2, giai doan
phan tng 13 giai doan kiém so4t. |

—-—— . e m—

=

-2 _Nbng a3 can bing
- cla Atai bé mat, C,

A
b
Hinh 71: Vidu 7.1
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Gidi: a) Qud trinh téng qudt xem nhu cé ba qud trinh thanh phéin
x4y ra ndi tiép nhau:

* A khuéch tdn tir ddng khi qua 16p phim dén bé mit chét rdn B.

* Tai bé mit chat rdn B phén ¢ng xdy ra va sinh ra R.

* R khuéch tan qua 16p phim dé vao dong khi.

Hai qué trinh thanh phdn d4u va cudi cé thé nhép chung vi cd
hai 14 qué trinh truyén khoi.

Theo dinh lugt Fick, théng lugng A khuéch tdn vao bé mat chat
rdn B theo phuong x 1a:

-1dN, dC AC D
m—e S wm N o DT - -C . )= . -
Q}g S d n ] D (Ck r} +kk( B Cr) (A)

vGi: k, - hé 86 truyén khdi (Um?s); D - hé s6 khuéch tén, m?/s.

| Qué trinh phdn ¢mg 1l bac 1 theo A dua trén mot don vi dién
tich bé mit tiép xic pha.
Q. =_El% =(-ry) =k,C, |
véi k, 12 hlng sd vin t6c phidn dng dua trén mot don vi dién tich bé
mat chat rdn. ;
0 didu kién 8n dinh va cho nhitng qud trinh néi tiép:
Q. =@ &€, -C=kC,

k
hay: C.= i -:k.

thay vao bidu thitc v4n toc d€ khif néng do tai bé mit chat rin khéng
xac dinh dugé:

Cy

o —ldN, 1 _
Qk_ r”S dit o 1 N l.Ck_k'Ck

hy K
véi: Uk, Uk, 12 trd lc truydn kh6i va tré lue phin tng c6 tinh chat

cong duge vi 14 qud trinh tuy&n tinh va xay ra nfi tiép; & 1a hing s6
vén tdc phén dng téng quat.

b} Gia sif phan g 14 bac 2:
Ta ¢6: @, =k.C2; & trang théi én dinh: ki(Cp~C.) =k C*
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(idi phuong trinh béc 2 theo C, ta cd:
R+ 44, B C,

C
’ 2k,
thay gia tri C,. trén vao bifu thdc vén tdc:
o —1dN, K
Q=Q =7 =gt =gk Ry + by — JkE + 4k ,C)

¢) Phan d¢ng 1a bac 2, giai doan phan ung 14 giai doan kiém sodt.
Trong trudmg hop nay: §, = Q. =4C2, vi khu dé: €, =C,
N&u giai doan truyén khéi 14 giai doan kiém sodt van tdc:
& =@, =~C,
Tém lai, bing cach dung khéi niém “giai doan kiém so4t” ta c6
thé don gian biéu thic van tdc di rit nhiéu.

7.3 CAC MO HINH TIEP XUC PHA

Nhu da biét, véi hai loai dong chay 1§ tudng: khudly trén va 6ng
(ddy), ta cé cac cach tiép xic gida hai pha. Chdng han néu hai pha c6
dang ddng chdy 6ng, ta cé ba cach tiép xie: cing chidu, ngude chiéu
va thdng géc. Do d6 cach ti€p xidc gitia hai pha phai duge dé cép dén
trong phueng trinh thiét k€ Hay néi cdch khéc, phuong trinh thidt
k& phéi duge hiéu chinh sao cho phd hgp vdi vén toc phén dng va
cdch tiép xic giita hai pha.

Ta s& A8 cap d&n cdc cdch tidp xic khic nhau khi di vao timg
loai phan dng cy thé.

BAI TAP CHUONG 7

7.1. T4c chat & the khi khusch tédn gua lép phim khi dé phan tng trén
b& mat ch&t rin theo phén iing thudn nghich béc 1 c6 phuong
trinh vdn téc nhu sauw:

(—ry) = £(C.-C,)
Tim bifu thie vin tdc téng qudt bao gdm cd hai giai doan
truyén khéi va phdn dng.

7.2. Lép lai bai tdp 7.1 néu vén tdc phin ing ta bé mat chdt rdn ¢é
vén téc theo dang phuong trinh hip phu Langmuir-Hinselwood.




Chuong 8

PHAN UNG RAN - LUU CHAT
KHONG XUC TAC

Trong chitong nay ta s8 xét d&n cdc phan tng xdy ra giita pha
khi (hay pha l6ng) vdi pha rédn khong la chat xie tde. Phdn tng loai
nay ¢é thé duge biéu didn nhu sau.

A (luu chat) + bB (rdn)—wsdn phdm & pha lngipha rdn hay cd hai pha (8.1)

Hat .
_ ) Hat phan un
Hat ban ddu phan tng ’ 4

mét phdn hoan toan

SRy

Hat cudi cing
kich thudc
khong asi

% Thai Théi Hat co rﬂtihelo
maﬁ —_— =) thdi gian

iy gy 8an glan cudi cung bién mat

Tro hodc sdn phdm khi 1am hat co rut
Hinh 8.1: Hai dang dgc irung phdn ting chdt rdn
Nhu trén hinh 8.1, hat rn gin nhir khéng thay ddi kich thude
trong qué trinh phdn ng khi hat chia phdn lén chat khéng tinh
khiét, hay phén dng tao nén sin phdm rin, chdc. Cac hat cé kich

thuéc gidm dén khi phdn tdng IA hat B nguyén chit va sdn phdm
sinh ra l1a luu chét, '
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Trong c¢éng nghiép, phdn dng luu chit - ran (thudng 14 khi - ran)
rdt thong dung va quan trong. Nhiing phan ing trong dé hat ran
khéng thay d8i kich thude ddng ké nhu sau.

1- Phan ng oxid héa hay phip ting nung quing pyrite dé cho
oxid kim loai. Vi du, dé sin xudt oxid kém, quing pyrite dugc nghién,
phén riéng bang phuong phdyp tuyén ndi, sau dé duoe nung trong mot
thiét bi phén ing dé tao nén cic oxid kém tring, clng theo phan {ng sau:

221’18&‘, + 302“0 - -ZZHO(T) -+ 2802“0

Tuong tu, sulfur sit phdn vng nhu saw:

9- Phan (ng didu ch€ kim loai tir oxid kim loai bing phan ing
%Ay ra & dp sudt thap. Vi du, sdt duge phan ing tlif quing magnetic
trong thiét bi phan ¢ng tdng luu héa ba doan, nghich chiéu, lién tuc
theo phan Ung sau: ;

FeBOCm_) +4H2(k) e——pr BFB{:,] + ‘1:320““

3- Phan (ng nitrogen hda carbur calc dé ¢ho cyanamid:
4- Phan ing ma kim loai dé bdo v& bé mat kim loai, ddy 14 loai
phan ng giia pha 1éng va pha rén:
2"+ Cu*+ M —= M + Cu
Cée vi du théng dung nhat cho phan tng luta chét - rdn trong d6
kich thudc hat rén thay d8i nhy phdn ung chdy cla than, cii. Vi du
phéan Gng chay clia than vdi lugng khong khi khéng du:
Cin 090 —* COuio
2C +Oyy —= 2C0q

Cipy +C0yg) —= 2C00
hode véi hot nude ta duge khi than uét.
Cpy + HaOgy —* COqo +H, (I
Cipy +2HgOgy — COy,y +2Hy)
Cac phén dng khdc trong d6 hat rén thay déi kich thude nhy sau:
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1- San xuit carbon disulfur:
750+1000°C
Clr)+28(k) —— (8,,,
2- 84n xudt cyanur natri tif natri amide:
NaNHy) + gy S NaCNp, +Hyq

8- Sén xudt thiosulfat natri tir huynh va sulfit natri:
NagS0414ung giet) + () —> NagSy 0t tion)

D6i v6i ede phan dng di thé khi - rén, ta phai xét d&n hai yéu td
ngoai cde yéu t6 thudng gap nhu trong cdc phén dng dong thé. Pé 1a
hign tuogng truyén khoi gitia hai pha va edch tiép xic gifa hai pha,
Hién tugng truyén khoi bi€u hién qua phuong trinh ddng hoc ciia
phén tng, cdn cach ti€p xuce bidu hién qua cdc thist bi phan ng. Sau
diy ta s€ ldn lugt xét dén cic y&u t6 nay.

8.1 CAC KHAI NIEM VE THIET KE

Trong cdc phén dng khi - rdn khéng xic tdc, van tdc phén tng
thudng 12 ham 86 theo thei gian v3 vi tri, pha rdn thudng (nhung
khong ludn lubn) 12 ddng lién tuc di qua thist bi phan ting. Thanh
phén clia pha Iuu chét s& thay déi theo vi trf ndu khéng duge khuay
tzén déu. Néu phén ting duge thuc hién trong thiét bi phan ing ting
¢6 dinh thi sy chuyén dong clia pha lun chét qua thigt bi ¢6 thé xem
nhu dang 6ng. Viée thiét k& khi 46 gém hai budc: thist lap phuong
trinh van tac téng qudt ¢ thé 4p dung vao vi tri bat ki va tai thei
diém b4t ky, sau d6 dua phuong trinh nay vio phuong trinh ean bing

vt chit vi phan déc trung cho thist bi phan imng.

Trong mot a6 thiét bi phdn ting khéc, thanh phédn cia pha luu
chfit c6 thé xem nhu gdn déng nh4t. Ching han binh khufy trén.
‘Mgt dang khdc 1a chdt rén c6 chuyén dong cung véi dong luu chdt va
nhu véy c6 mdt luong thira tdc chat. Trong dong luu chat ddng nhat
vige thigt ké trd nén don gidn rat nhidu. Phuong trinh vén téc c6 thé
duge 14y tich phan ngay d€ cho ta m6i quan hé giita 46 chuyén hoa
ciia hat téc chdt rén theo thei gian. Néu cdc hat tdc chat rdn o6 kich
thuée khac nhau thi m8i quan hé nay khéng gifng nhau cho tat ca
cdc hat ma khi d6 46 chuyén héa trung binh duge x4e dinh theo sy
phan phéi kich thuse hat. Trong thist bj phén iing hoat déng gidn

H
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doan (theo chdt rin), tdt cd cdc hat ¢6 cing thdi gian luu. Trong thiét
bi phan dng hoat déng lién tuc, didu nay chi ding khi cdc hat ran
chuyén déng theo dang ong. Khi ¢6 sy phin phdi thoi gian luu do
chuyén héa trung binh cta t&t cd cac hat s& dugc xéc dinh theo cdc
phuong phép tinh cho dong chay khing lién tue.

8.2 MO HINH PHAN UNG

Dé thiét 14p bidu thic vAn tdc phan dng rdn (luu chdt ta phai
xac dinh r6 mé hinh ma phédn ng xdy ra. Nhu vy néu d3 chon moé
hinh thi phii chdp nhdn biéu thic vdn toe tudng Ung va nguge lai,
N&u mbd hinh tuong thich chat ché vdi phan tdng xay ra, biéu thic
vAn toc sé tién dodn thich hop dong hoc phén ng, nguoc lai néu mé
hinh khdc xa vdi thuc t& bidu thde déng hoc 58 v0 dung.

Véi phan dng khéng mic tde cha hat rdn véi luu chdt xung
quanh, ta cé hai mé hinh duge 1y tudng héa don gidn la:

1- M6 hinh chuyén héa lién tuc.

2- Mé hinh 151 chua chuyén hda.

Theo mé hinh chuyén héa lién tuc, tédc chit khi x8m nhép vao
cde hat chét rdn va phén ng xdy ra @ khdp hat rdn, lién tyc, véi
vén tGc khdc nhau trong hat rdn. Nhu vy tac chéi rdn duge phan

(tng lién tuc trong toan bd hat (H.8.2).
DY chuyén

héa thdp £6 chuyén hoda cao

. Théi |, Thitt | ;
i —p N —t e | 5
Al gian W - glan A A
i E ; ! i i
i ! : ! ; i
! ! ! ! : :
G4 : 1 1 ; i i Néng db
21 ! Lo =) I SO - i
S T e T = i =
S N i ! | oo e
: ] : : 1 I
g ; : : | |
ol | 4 3 ] E i
- | 1 | : :
@ i i b ! ! !
- O PN Y N
R 0 R R 0 R A Q R
Vi fri

Hink 8.2: M6 hinh chuyén hoa lién tuc
Phdn ing xdy ra lién tuc trong toan bé hat rdn
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Theo mé hinh loi chua chuyén héa, tdc chat khi ban ddu chi xdm
nhap l6p v0 ngoai cia hat rdn va phén tng c¢hi xay ra ¢ lop vo ngoai
nay. Vong phin dng sau d6 tién ddn vao bén trong hat bs lai @ bén
ngodi 16p vat chdt da hoan toan chuyén héa va nhifng chat rin trg
(tro). Nhu vdy tai thoi diém b4t ky tén tai 161 vat chat chua chuyén
héa c6 dudng kinh gidm dan theo thoi gian phan ung (H.8.3).

B§ chuyén héa thap B3 chuyén héa cao
Tro L&i chua :
o phan dng
Thi Thoi
i gian h gian "

] 1 1 1 I i I

[ 1 1 1 k 1 [

' R 08 1 ! 1 : |

' i ] [ 1 !

) & ! i Ving : 1 '
L l: : | phan I
S H b ¥ S .
\EE [ | ] i Ung | 1 1
~ | ! ' i I L 1
5| i : .' : o
al | i : ' |' (
o i l ! i i
w3 ' | ! i 1 1
it I i ! | | |
= " ; | j i
g I N A . | -

A o R R 0 R R 0 R

h

Vi tri ban kin
. Hinh 8.3: M¢ hinh l6i chug chuyén hog

Véi hai mé hinh trén, thue t& cho thdy md hinh thd hai phan
anh duge nhiéu trudng hop ctia phén tng by chéi (r&n mot edch kha
trung thye nghia 14 d8i v6i phan dng luu chat (rdn ta thudng quan
sat thdy mét 16p tro bao boc 16i tdc chat chua phén dng tuy ring
ranh gidi gida 16p tro va 16i tde chat chua phan ung khéng thie rd
rét nhu cdch dién ta cda mé hinh. Vi vay ta s& ding mé hinh thit hai
dé thiét lap phuong trink van t6c va sau dé 4p dung vao thiét k&. Bé
tién lgi, ta xét Juu chdt xung quanh chat rin 12 chat khi, v6i chat

léng ching minh hoan toan tuong tu. |

8.3 VAN TOC PHAN UNG THEO MO HiNH LGI CHUA CHUYEN HOA

M4 hinh nay do Yani v& Kunii x4y dung nén nam 1855. M4 hinh
bao gém 5 qud trinh thanh phén xdy ra néi ti€p nhau nhu sau:

1- Tde chét khi A khudch tdn qua I9p phim khi bao boe xung
quanh hat rin dé dén bé mat ngoai hat rin.
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9. Tac chat khi A tiép tuc khugch tan qua 16p tro dé dén bé mét
161 chat ran chua phan dng.

3. Phan (ng giifa A va chat rdn xdy ra tai bé mat 151 chéit rdn
chua phan dng.

4- Céc san phfm tao nén & th€ khi s& khudch tén qua 1dp tro
dén mat ngoai ehia hat rén.

5- Cac séan phdm & thé khi ti€p tuc khuéch tan qua l¢p phim dé
nhép vao trong dong khi.

M4 hinh trén ddy 12 mé hinh téng qudt ¢6 nhiéu trudng hop mot
hay nhidu giai doan trén khong c6, chéing han nhu phén ung khong
sinh ra san ph&m khi hode phédn tmg khong thudn nghich thi giai
doan 4 va 5 s& khéng tryc ti€p tao nén trd lyc nao cho phdn dng.
Ngoai ra ta cdn ¢6 thé don gidn héa md hinh nay bing khai niém
giai doan kiém soat van tfc vi cdc gial doan xay ra ndi tiép nhau va
khong nhat thigt tré Iue eda edc giai doan trén déiu cé cung db lén.

C6 nhitng loai phan ¢ng khong thanh 14p Idp tro bao quanh hat
rén ma chat rdn co lai ddn d€ rdi tiéu tan trong qud trinh phan dng.
M5 hinh nay duge goi 14 mé hinh hat co rdt nhu dot than nguyén

chat. DAy chi 14 trutrng hop dic bigt cia mb hinh trén.
_ Ldp phi kim
Bé& rniit phan dng 1[_,__“_ B4 mat hat o
- di chuyén - =

O 000
= » r o=
o -

va san phdm R
n

Néng 45 tac chatA

oo
=

=]
=

-

VE tri ban kinh

Hinh 8.4: Bién thién ndng d6 ctia tdc chdt va sdn phdm eho phdn ung
Ay, +bBy, —» san pham cho hat 6 kich thuée khéng ddi
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Xet phan dng thude loai A, +bB,, — sdn pham, 12 phin ing
5o déng va khéng thusn nghjch. Nhing biéu thie trinh bay dudi ddy
cing ap dung duge cho ed truong hop A la chét léng. D€ don gidn
viéc phén tich m6 hinh 161 chua chuyén héa, cdec qud trinh thanh
phan xem nhu thude ba dang tré luc chinh nhu sau:

1- Tx¢ luc do khuéch tdn qua 16p phim khi.

2- Trd Iuec do khuéch tdn qua ldp tro.

3- Trd luc do phén dng.

Lédn lugt ting trd huc trén duge xét dén khi kidm soit qud trinh
phin ung sau d6 13 trudng hop t6ng quat két hop ¢ ba trd luc. Ngoai
ra hat rdn 1a hat don hinh céu.

I- Qud trinh khuéch tan qua 6p phim khi kiém soct

Trong trudng hgp nily ndng d cia tdc chat tai mat giao tidp
gitia 1op phim khi va 16p tro luén luén biing 0 (H.8.5) hay déng Iuc
(Cy, -Cy ) =Cy, =const tai moi thoi di€m. DE tién 1¢i, ta sé dinh

nghia van tfe phédn Ung dua trén dién tich bé mat ngoai cha hat
khéng thay dét S, .

,f"ujp phi kimh'\\ B& mat 16i ehuz phan Ung

T

) LR T mat hat

I

i ]

iy 4 ,

A% o

PNy P s

o (P !
s F | [ | — ! !
£ . T P i i - | | Ndng db déng khi
et K S i
B N : a0 8
o i\ | : | P
= R ! ;3 : '
g 1 A S Y
o 0 VA T .
£ E ! ' : i :Ehan Ung kll'uang
= | E o : : thudn nghich
Cp= B . Eop L O =0

R fe 0 g R :
Vi trf ban kinh -

Hinh 8.5: Hat phdn itng khi khuéeh tén qua ldp phim khi
1 trd luc kiém sodt



PHAN UNG BAN - LULI CHAT KMONG XUC TAC 217

Goi: R - ban kinh hat rin ban dau, do d6 S, = 4nR"; r¢ - ban kinh

161 chua phan dng
Cp,.Ca .Cy. - ldn lugt 1a ndng 46 tac chdt A trong dong khi, tai

bé m#t hat ban ddu va tai bé mat 161 hat chua phén Ung.

V6i phan ting khéng thuan nghich, qud trinh khuéch tdn qua 16p
phim khi kiém sodt thi Cy =C,_ =0.

Tir phuong trinh hrong héa hoc, ta ¢6 dNp = bdN, nén bigu thic
vén tdc cd thé viét la:

o _ -l dNg _ -1 dNp b dN,
878, di 4anR® dt  4nR® dt
= bk (Cy —C4 ) =0k,Cy, =const (8.1)

trong d6 &, la hé s8 truyén khdi cha A trong pha khi, m/s.
Néu dat p . 14 khoi lugng riéng mol cia B, ta duge:

Np = paVp = pB(% Erf) - (8.2)

v6i V; 12 thé tich ciia mgt hat rén hinh céu. Lay vi phén (8.2):

dNg = bdNa= padVy = 4dpgmidr, (8.3)
thay (8.3) vao (8.1), ta duge bidu thdc van téc biéu dién sy bién thién
cta ban kinh 16i chua phén dng theo thoi gian:
-1 dNp _ ~ppre drg _

—r = = bk, C 8.4
BT 5 Tdt R di - B4l
Sdp x€p lai (8.4) va 14y tich phén:
r t
ﬂ%jqﬂzdrc = bRyCp, Jdt
R 0
palt Tt 3
hay: t= B 1 -(£)°] (8.5)
E 3k,Cy R

Néu dat o 1a thoi gian dé hat rdn phan Ung hoan toadn, nghia 12
re = 0 cho phueng trinh (8.5), ta ¢6:

- ppfl
3bk,Cy,
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L r,
ti : L (8.7)
i dé suy ra 5 -
va db chuyén héa cia hat rdn la:
4 3
- S i - 4 —TEi"
1-Xp = (the tfd,l I61 chwa\chu%'en héa) 3¢ _ ey (8.8)
(thé tich ban ddu cia hat) 4 w K
3
¢ I
do d¢; —=1-(£P =X (8.9
o dé s 5 P )

Thuong thi quéd trinh khuéch tdn qua 16p phim khi chi kiém sodt
& giai doan dau cla phan ing khi sdn phdm chua thanh lip. Ngay
khi san phdm tao thinh mot lép, trd hte qua lép tro sé trd thanh cha yéu.

2- Qua trinh khuéch tan qua lép tro kidm sodt (H.8.6)

Trong truding hgp nay viéc phén tich thist ldp phuong trinh van
toc 14 khd phite tap vi 161 chua chuyén héa cang hic cang co lai dua
d&n bé day cha 16p tro ngay cang téng lén, nghia 14 tréd luc cda ldp
tro téng theo thdi gian. Ta chia qué trinh nay thanh hai gial doan:

1- Giai doan 1

J giai doan nay c¢6 thé xem 16i khéng thay dsi, trong khi A
khuéch tdn qua 1dp tro dé vao bén trong. Pidu nay khéng c6 gi 1a qua
ddng, vi A c6 thé di chuyén qua 16p tro vdi vén toc gip cd ngan lédn
vin toe 161 co rit (tudng Ung v&i ti s khéi Iugng riéng cia chat rdn
va chit khi). Do dé gradient ndng 46 A qua 16p tro khéng déi theo
thai gian. O trang thai én dinh nay, v4n t6c phin dng s& tuong (ng
v6i van tdc khuéch tdn qua bat ky mat clu nao coa 16p tro.

~dN,
dt

DE bidu didn théng lwong khusch tdn ciia A qua lép tro, ta 4p
dung dinh luét Fick cho trudng hop khusch t4n déng mol nghich
chiu. Vi thong lugng va gradient néng d9 bién thién cing chidu nén:

| d
T DAE% (8.11)

= AnR%J, = Al = dmrld . =const (8.10)

trong 46 D, 12 hé s6 khu&ch t4n hisu dung cua tdc chdt khi qua 16p

tro, m%/s. Thudng thi khé e dinh trude gid tri cia dai lugng nay vi
tinh chdt eda 18p tro rat nhay véi sy hién dién cia luong nhé chét
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khong tinh khiét trong chat rdn va sy bién 461 cua méi trudng xung
quanh hat.
Két hop (8.10) va (8.11):
—dN,
dt

dC,

r

= const (8.12)

9
4nr DA(,

LAy tich phin (8.12) qua 16p tro véi r bién thién tir ban kinh R
dén re

Cap=0
=4, | dCy

Cap=Ca,

ta duce (——-E) =4nD, =Cy, (8.13)
Bidu thite (8.13) biéu dién didu kién cla phdn ung tai thei diém
bat k3.
2: Giai doan 2

[ —
-
- o

Q,, = ihong ligng A qua mat ngoai hat (divao +,dira-)

Phimkhi 7
“re

Q, = thang lugng A qua bd mat cé ban kinh 1

Qg = thdng lugng A qua bd mat phin ng

4
] Cae=Cy
-ﬁ :
L¥] 1
b i
A
2 1
o I
= [
L) 1
Z g,,=0 f H I
R r. 0 .7 R

Ban Kinh
Hinh 8.6: Hot phdn 1ng khi khuéch iin qua ldp tro
la trd Ite Riém sodt
Treng giai doan ndy ta dat kich thude 16t chua phan ung vhay
d6i theo thdi gian. L5i cang lic cang gidm Lich thudce trong luc do bé
day ldp tro tiang, do dé lam gidm théng lugng khuéch tdn. clia A.
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Phuong trinh vdn tdc by gi¢ chia ba bién 86 ¢, Ny, r. do d6 phai khi
bdt 1 bién s6 theo hai bién s6 kia trude khi lay tich phan.
Thay (8.3) vao (8.13), tdch bién sé va 14y tich phén, ta duge:

7
rn=R ¢

L 1 ¢
0

PBJRz

hay: - Pt
o 66D,,C,,

[1 ~3(i§)2 +2(%J3] (8.14)

Thoi gian cln thiét dé 16i chuyén héa hoan toan, re = 0

2
ppR
o 8.15
66D,,C,, (6.15)
t T, 3 F 3
e —=1-8(-t £ i

v - B(RJ +2(R) | (8.16)

hay theo @6 chuyén héa, tir biéu thite dinh nghia theo (8.8)
%:1-3(1—XB)2‘3+2(1—XB) (8.17)

3- Phdn ttng kéa hoc la giai doan kiém soat (H.8.7)

- ~ -7 b H\

e
]
f ?“' ; i - .
sl
C.Ali = G.Ar = Chc - I I__"1|—"'—‘
i :
s i
E Che =ED
i ]
1 1
1 1
i | A -
R 0, R

Hinh 8.7: Hat phdn ing khi phén ung héa hoc trén bé mat 163
lé giai dogn phdn ing
Trong trudng hop niy, phan ting khéng chiu 4nh hiudng cta 16p
tro ma chi phy thuGe vao bé mat ngoai cia 16i hay S, =4m2. Do d6
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hidu thic van tdc phan ing duge cho boi cde phuong trinh (8.1), (8.2)
va (8.3).
-1 dNp __—b dN , _b
dw?  dt 4m?  dt

c

k.Cy, (8.18)

v6i k, 1a hiing s8 v4n t6c phan tng bdce 1 xdy ra trén bé mat 181, m/s.
KE&t hop (8.18) vdi (8.3) ta duge:
-1 5 dr, dr,

41%2 DB.‘lTU’C E = “‘D‘Bd—; = bk’CAk (8.19)
T ¢
hay: ~p [ dr, = b4,Ca, J dt
R 0
Pa
suy ra t= (R-r) (8.20)
bk, Cs,
Thai gian ¢dn thiét dé phén dng hoan todn (re = 0) la:
o = Pl (8.21)
bk,Cp,
va: LR PE R (8.22)
0 R

4- Bidu thite vin toc trong truimg hop téng quat (két hop cde ird lic)

Céc bidu thie lién hé do chuyén héa véi thdi gian & trén duge
xéc dinh khi titng trd lue kiém sodt qud trinh phédn ng cia hat rén.
Tuy nhién &nh hudng ea ting trd lyc thay d6i theo a9 chuydn hdéa,
do d6 d€ mét loai trd luc kifm sodt trong sudt qud trinh phan ing l1a
khéng hop 1¥.

Céc tré lye trén day xdy ra n6i ti€p nhau, tuyén tinh theo néng
ds, do d6 vige két hop cac trd luc nay khi ching tac ding dong thai
lén qué trinh phén ung 1a tuong doi don gidn. Ta c6 thé ket hop cde
trd luc nay theo hai cdch sau:

1- Thoi gian cdn thiét dé dat daén mot d6 chuyén héa nao d6 1a
téng thii gian cdn thist a8 vugt qua timg trd lye, hay:

| L = phim + Typ Liai (8.23)

hay khi chuyén héa hoan toan
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BE = B + B + Bté& (8-24)

pltim fro

2- Két hop cdc trd lue riéng 1a dé cho biéu thie van téc tdng
qudt nhu sau:

. _ 14N, 5C,
= e S (8,25)
TR a1 _RE-r) R’

2
kﬁ rc DAE !:: k;'

~dr bC ,/p
hay: S A LR (8.26)
. A " (R-r)r, o L
R, | ED, K,
phim khi iro 5

Ta thiy ring trd luc thay d6i theo rC nghia 1a theo sy tign trién
clia phén tng. TU lic hat rdn bdt ddu phan iing cho d&n khi phan
ing hoan toan thi tré luc trung binh cta ba giai doan la:

dN, 5 C
S di k*CA,.1+R+3 B2}
ke 2Dy, k,

8.4 VAN TOC PHAN UNG VOI HAT CAU O ROT

Khi khéng cd 16p tro tac nén trong qua trinh phdn ng, nhu hat
than nguyén chét chdy trong khéng khi, hat phan ing co it ddn va
cudi cing tiéu hdy. Qua trinh duge trinh bay trén hinh 8.8, Véi mé
hinh nay phan vng xdy ra theo ba giai doan néi ti€p nhau.

1- Khuéch tdn cda tde chat A tif dong khi qua lép phim khi dén
bé mit chda hat vén.

2- Phan ung x4y ra trén bé mat gida tdc chét A va chat rdn.

3- Khuéch tdn cha sdn phdm phan (ng t& b mat chat rin qua
1¢p phim khi trd l2i dong khi

Vi hat c6 kich thu6e gisng nhau, cde trd luc sé 1an lust dugc xét
riéng biét.

I- Qua trinh khuéch tan qua lép phim khi & tré lue Ridm sodt

Trd lye cla lé6p phim tai bé mit hat phu thude vao nhidu y&u t6
nhy van t8c tuong d6i gita hat va luu chdt, kich thude hat va cde
tinh chét cda luu chat. Cde yéu 16 nady duge két hop véi cde phudng
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thite ti6p xdc pha khdc nhau nhy ¢6t chém, luu héa, va hat rén roi tu
do. Vi du, qud trinh truyén khoi cGa mdt cdu t 6 phan mol y trong
luu chat dén hat rdn roi ty do duge biéu dién theo phuong trinh sau:

E@S—”—’ = 2,0+ 0,6(Se)¥(Re) = 2,0+o,6(LD)“3(i’*—”—p)”2 (8.28)
P

Hat chua l?
_ phén tng g&
o G

e B i O e

e i

NSng do tac chat va san pham
trang pha khi

e ae e dmrerh r——————

Q
Vi trl ban kinh
Hinh 8.8: Ndng do tde chat sdén phdm Rhi hat co rit theo phdn ing
Ay +bBpy — R,
Trong qud trinh phan dng hat thay ddi kich thude, nhu viy k&
cing thay déi. Téng qudt, ks tang khi tdng vin toc khi va hat nhé. Vi
du (H.8.12) va (8.28) cho:

oo véi d; vau nhd (8.29)
d, .
1/2
b, ~— v6i d; va ulén (8.30)
& dhuz

 Phuong trinh (8.21) bifu din c4c hat tuan theo dinh lufit Stoke. Tai
thid diém khi hat ¢6 kich thuée ban dau R, co lai cdn K, ta c6 thé viét:
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dNp = p,dV =4np R°dR
tuong tir nhu (8.4) ta ed:
1 dNg _ P 4mR° 4R dR

Ed T A w T G
Theo dinh ludt Stoke, (8.28) thu gon con:
A EDA gf" (8.92)
hY
Két hgp (8.23) va (8.24) rdi 14y tich phan:
R bC, D
|, RaR =22
R, P,
Py J’Ro 9
hay: b 1-(=—)*]
& " 2D, (Rﬂ
Thoi gian dé hat phéan iing hoan toan, K = 0, la:
SR (8.39)
2bCAkDA '
va do chuyén héa cGa hat 1a:
% = 1—{;: P=1~l-X)%° (8.34)

(=]

Bi€u thie lién hé kich thudc hat theo thoi gian cho cde hat nhé
co rut kich thudc theo ch& d6 Stoke khi chuyén ddng trong Luu chat
dugc trinh bay trén hinh 8.9 va 8.10 va bidu dién kha t6t cho cde.
trudng hgp hat rdn nhé hode hat uu chat nhé chdy trong dong khi.

2- Phan iing héa hoc I& tré lue kiém soat

Khi phédn dng héa hoe kifm so4t, trong trutng hop nay bidu thite
gitng nhu cde bidy thie (8.20) dén (8.22).

8.5 XAC DINH TRG LUC KIEM SOAT VAN T6C

Déng hoc va céc gial doan ki€m sodt van t8c phan ing rén - luu
chét thu gon lai 12 van d8 @6 chuyén héa cla hat chiu dnh hudng nhu
thé nao béi ¢f hat va nhiét d) phan dng. Nhing =6 liéu nay c6 thé
nhan duoe bing nhidu cdch phy thuje vao phuong tien va vat lidu cb
sdn. Sau ddy 14 mot 86 tiéu chudn dé xdc dinh giai doan kifm sodt
vén tdc bang thyc nghiam.
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1- Nhiét dé

Gtai doan phan dng héa hoc thudng nhay hon nhiéu véi sy bién
thién nhiét dd so vdi céde giai doan vit 1y khdc. Do d6 thuc hién thi
nghiém & cdc nhiét d§ khdc nhau 88 giip cho ta phin bigt gita qud
trinh hda hoc¢ va qua trinh vat 1y (khuéch tén qua ldp phnn khi va
khuéch tan qua 1ép tro).

Bang B.1: Bzeu_ thite &6 chuyén hda theo thoi gian
cho cde hat c6 hink dgng khde nhau

Ldp phim Ldp tro _ Phan iimp
kigm soat kifm spét kifm sodt
Dia phing t_ L 1.
. 1 | 9 — )_(Es 0 XB o KB
g=1l-- ' 2
k| ga B oo RE __ht
D Cay 260,,Cy, bl Cax
Hat cd
o | Mion try Lok —:)-=xa+{1—x5}|n(1—x31 %:1-(1— Kg) V2
thuge | Xg=1-2)2 2
R R A
khéng % 8= f g,-_L_ B=—ra" _
Hinh cdu %27(5 é=1-3{1‘x3)2’3+2ﬁ‘)‘a) %_1 (1= Xg) '
e .3
Xg=1-(5y 2
L PO L g Pl
bk, Gy, 6602sCa, bl Ca,
Hat nhg, _-t-=1—(1-)( 213 é=1—(1—XBJ‘”3
dinh it 8 T— _
Hat | Stoke o= _RYRS yA 5 0= refo
cdu co 260, Cak ‘bk,Gﬁk
rit - z
kich Hat tn, u 1___1_(1_ KES.)Ha __—_1__(1_)(3)113
khang d6i 8 : 0
thude Khang cf
Ra;z ng PRy
(const) 8=
e bk Cp,

2. Thoi gian

Ta c6 thé so sdnh két qud thi nghidm déng hoc va k&t qud ly
thuy&t cho & H.8.9 va H.8.10 d8 biét giai doan nao la kifm sodt va
giai doan do phan tng kidm soat 12 khéng lon 1dm v2 c6 thé 14n Ién
vé sai 86 thi nghiém.
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1 [] k_.____...r....-...._..-.- i ..._._....._........E.._.__L_..---.-_..-.._............ iy S
=
> Hat co rat
\ Dinh luAt Stoke (B.34)
- ~ § E Phan ung kiém sodt (8.22)
\ // N x
b
~
b
\ bl
0.6 B N
~ H\
T Kich thudc hat khong déi L5
B Lop phim khi (8.9) N
| Wad X,
0.4 | al Y
Phan Ung hoa hgc (8.22 A
| / \
Ldp tro {8.17) \ %
0.2 \
!
\
0
0 0,2 0,4 0,6 0,8

tr

1,0

Hinh 8.9: Qud trinh phdn @ng gita hat rdn hink cdu va luu chdt

1.0 I
v Ca hat klhbng asi
|8
™ Phim khf kiém so4t (8.9
N / | | L
0,8 ‘L\ £hén ung héa hee™ |
W, |/ kiém S04t (8.22) ‘
\\‘*\ Lép tro kim soét (8.17)
0.6 T ;
i \/p\ Hatco rat (8.34)
o o v Hat ta chuyén dong rdi
i \\ Phan tng kiém soét
o)
0,4 *
U
NN
0N
%o N
h,
0,2 A \‘:'\ .
5
\_\ : N
N\~\]; xs
0 —
0 0.2 0.4 0,6 0.8

tr

1.0

Hinh 8.10: B§ chuyén héa cia hat rdn hinh cdu theo
thai gian phdn ing cho phdn ing rdn - luu chdt



PHAN UNG RAN - LUU CHAT KHONG XUC TAC 227

Céac dudng cong d6 chuyén hda - théi gian nhu hinh 89 va
H.8.10 cb thé duoc vé cho cac dang hat rdn khéc bing edch ding edc
phuong trinh trong bang § 1.

3- C& hat rdn

Lam thi nghiém vdi cdc co hat rdn khde nhau va xde dinh thoi
gian phan dng dé dat dén cing mdt dé chuyén héa cho cde hat c6 ¢f
khdce nhau, ta ducc:

taRY2EY R trd lice khuéeh tdan quae lop phim khi la giai doan

kiem sodf (sé ma giam khi s6 Reynolds tdng) (8.35)

taR® khi tra hic khuech tar qua lop tro kiém seat (8.36)
taR khi phdn ing hoa hoc kiém sodt (8.37)

Nhu vay cac thi nghiém déng hoe vdi cd hat khdc nhau s& phan
biét duge gita gial doan phan ung héa hoc va giai doan vat ly.

4. Phdan biét tro lu'ec qua lop tro ve lop phim khi

Néu 16p tro duge thanh ldp rdn, cing, khéng x8p thi thuimg la
lép phim, khi khong kiém sodt ma la lop tro kiém sodt. Nhu vay
trong trudng hop nay, ¢6 thé bd qua trd hye cha 16p phim khi. Ngoai
ra trd lue qua 1dp tro khong chiu d4nh hudng bdi sy thay 461 van tdc
cua dong khi.

5- Tién doéan tro lue cua lép phim

Do lon cha trd luc qua lép phim khi ¢6 thé€ duge tinh theo (8.20)
khi trd lue qua 16p phim khi la giai doan kiém so4t.

6- Tré lte tong quat theo trd lie thanh phéin

N&u ta vé cde hé 88 trd lue thanh phan 12 ham s6 theo nhiét d¢
nhy hinh 8.11 thi hé s& tong quat theo (8.25), {8.26) khéng thé lén
hon cde hé s6 thanh phian. '

Vi du xét phan (mg chay cha cac hat than nguyén chét vdi oxigen

C+ Qy — COp B, +A, —» san phim Xkhi

v61 phuong trinh van téc la:

1 Ny, = -4ri*

R dR_
S, Tdt P ar T e

kr CA
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Toe d& phan ung

Phin \ing hoa hoe Kigm soat:

Ldp phi khi Kiém soat

Ldp tro kiém sodt

Tée db quan sat

[

Nhiét dd

Hinh 8.11; Do méi quan hé néi tiép cia cde trd luc

nén tdc dé téng qudt (quan sdt duge) khéng bao git lon hon

toc d¢ ciia mot giai dogn bdt ky tde déng riéng 18
1000

) dp =
Phan tng kigm } ¥
S0414{8.30), K, - ok
Ldp phim khi
Kiém sodt (8.24), K, .
\ ’ -
-
- -»
7 —
& - 2 < f \0‘-’“15
e F dh —
“ /-1 mm
- —_
- s e
E %—""" -
I:a " L
1< >
5 s
rE ‘Hﬁ-r‘-" " > 1em
& /
3 L
= 10 10Ol
5
- r"f:’ﬁ- L
5]
[}
=
o
T
1 | ] ] 1
1000 1400 1800 2200

Hinh 8.12: Téc d¢ chdy cia cde hat than nguyén chdt
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Vi trong qua trinh phan dng khong tao thanh 16p tro nén ¢ day
sif dunig mé hinh hat co rat véi hai trd luc. Ta c6 trd luc tong quat:
1 1 1

=

kr kr kk
trong d6 k, duge cho bdi (8.20) con k, duge cho bdi biéu thic sau:

N.  4,32x10t(C
_i.d B _ Ak ,~(44.000ca)BT _ erAk (8.38)

S, dt JT

véi T tinh theo d3 K va C,, tinh theo mol/it. Gidn d6 hinh 8.12 cho

ta xdc dinh % véi nhiing gid tri khdc nhau caa cdc bién sd hé thong.
' Chd ¥ khi tr& lyc khuéch tén qua lop phim kifm soat, phén ing
tuong d6i khong nhay véi nhiét 46 nhung phu thudce vao ¢d hat va
vén téc tuong d6i gitta hat va luu chdt. Didu nay duge bidu dién béi
mét ho dudmg thing gan song song vi niim ngang.

Vi du 8.1: 1- Nung quing ZnS dudi dang cdc hat hinh cdu dudng kinh
9 mm trong mét ddng khi oxigen 8% ¢ 900°C. Phan ung xay ra theo
phuong trinh lugng héa hoc nhu sau

97nS + 30, — 2700 + 250,

Gid sif phdn dng xay ra theo mé hinh 18i chua chuyén héa, tinh
thisi gian cdn thigt dé chuyén héa toan bg hat va xdc dinh qud trinh
nao kiém sodt.

2. Lap lai tinh todn trén vdi dudng kinh hat 0,1 mm. 56 lidu:

Khéi lugng riéng cia hat ran: 4,13 glem?®

Hing s6 van tde phan tng: &, =2cm/s; 4&p sudt =1 at

Hé s6 khusch tdn: D, =0,08 cm’/s

Giai: 1- Gia sif 16p phim khi khéng tao nén trd e nao cho qua trinh
khuéch tan oxigen nghia la chi ¢6 trd luc ela 1dp tro va phin dng
anh hudng lén phuong trinh van tde. Theo (8.27) trd luc trung binh
tir lde b4t ddu phén (ng cho dén khi hoan tét la:

i R 3 0,1 3

S A g e 4 =0,625+1,5 = 2,125 slem
B 2D, k. 2x0,08 2

r

Nhut vay d6 Ién cla hai tré luc ndy c6 thé xem la tuong duong va
thdi gian phan dng hoan tit cho bdi: 8, =6, +8;
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p, K°
Phuung trinh (8.15) cho: -

Phin tu lugng cda Z2nS la 97,45 g/mol. Do d6:

§ _4,13gfcm3
#9745 g/mol

= 0,0424 molliem®

Pha khi gia sif 14 khi ly tudng

1mol 273K

= : 0,08 =8,3x10 "mollem®
A 99400cm® (900 +27K maicm”

o 23 do dé

0,0424 % 0,12

= = 1596,4 g
"0 B(2/3)0,08x8,3% 1077
Phuong trinh (8.21) cho
p, R 0,0424 0,1

lai =

S "—'3831,3 s
bk.Cs,  (2/3)x2x8,3x107

Vay 8, =9,,,+0,,, =1596,4 + 3831 =5427 7=

2-Vnn R = 0,05 em
I 0,005

% 2x0,08

+g=0,03125+ 1.5

Nhu viy tré lue cha phdn ang gap 60—5;12—5=48 lan trd lue cua

lap tro. Do d6 xem nhur trd lye khuéch tan qua 16p tro khong dang ké.

pgR 0,0424 x 0,005
B o= e o = :192
TR,k (2/3)x2x8,3%107 ’

8.6 AP DUNG VAD THIET KE

Ba y&u 6 chu yéu chi ph6i bai tedn thist k& thiét bi phan ng
rdn - luu chat 1a: |

- Dong hoc phéan dng cho hat don
- Sy phan phél ¢& hat cda pha rdn

- M6 hish dbng chdy, ti€p xiec pha cda pha rdn va pha léng
trong thidt bi phan dng.
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Khi dong hoc phdn ung phifc tap v chua duge biét rd, san pham
tac nén trong pha luu chat, nhigt do trong hé thay doi tif vi &ri nay
sang vi tri khdc thi sy phdn tich qua trinh sé trd nén khé khan va
thigt k& dua nhiéu trén kinh nghiém qua nhiéu nam diéu hanh, cai
tién va thay déi tiing phdn nho trén thiét bi phan dng hién c6. O day
ta chi xét dén céc trubng hop thye té da duge ly tudng hoa trong dé
dong hoe phén ¢ng, sy phén phdi c& hat va m6 hinh ti8p xiic pha da
duoc xdc dinh.

Quéng sat 1 {;"Than
2\ ‘J Khi ngng

Chat rdn

Khang khi
a) Lé nung quang sat

c)

Than
»

Pt

Khéng khi
b} B8t than df dong

~= Khira

l Luu chél véo

Chat rinra -

»_ Khivao
leJ chiit ra ) Thigt bi phidn Ung ting huu hoa
e) Cot trao déi won ~ tdng cd dinh

Hinh 8.13: Cde edch tidp xic pha khdc nhaw trong thiét bi phdn ting
rdn — liu chdt fa-¢) nghich chidu, giao chiéu, cing chiéu cho dong
chdy dng, (d) dong khi trung gian, dong rdn khudy trén, (2) qud trinh
bdn lién tuc
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Sau ddy 1a mot vai mé hinh tifp xde tiéu bidu cho pha rdn - khi:

1- Ca hai pha ran, khi chuyén déng theo mé hinh dang 6ng.

hanh phén eta hai pha thay d6i theo vi tri, qué trinh thudng ta

khong ddng nhiét. M6 hinh tiép xiic pha c6 thé duoc thye hién theo

nhiu cach: Nghich chidu (H.8.13a) nhu trong 1o cao, 13 nung xi

méng; Giao chiéu (H.8.13b); Cing chidu (H.8.13¢) nhit thiét bi sdy
polymer.

2- Pha rdn chuyén d6ng theo mé hinh khudy trén nhu trong
thiét bi phdn ung ting luu héa (I1.8.13d). Pha khi chuyén déng theo
dang trung gian giita dang &ng va dang khuiy trén. Do chat rdn cd
nhiét dung riéng 16n nén thiét bi dang nay thudng duoe diéu hanh &
diéu kién ddng nhiét. |

3- Qud trinh bdn lién tue nhu c6t trao ddi ion (H.8.13e), trong dé
luu chat duge xem nhu chuyén déng dang Sng. |

4- Qud trinh gidn doan vi du nhu phan Ung gita acid v&i chat
rdn.

Ba: todn phan tich va thiét k€ cho hé rdn — luu chat s& duge don
gidn héa rit nhiéu néu thanh phédn pha luu chat duge xem nhu dong
nhdt trong thiét bi phan dng. Gid si nay c¢hdp nhin duge khi tdc
chét trong pha luu chat ¢6 d5 chuyén héa khoéng qud ldn hay luu chat
c6 chuyén dong khudy trén, nhu trong thiét bi phén dng tdng lm
héa. Sau day 1a cdc phuong trinh tinh todn ap dung cho ede trudng
hop pha khi ¢6 thanh phdn dfng nh4t trong thiét bi phdn dng.

- Hon hdp hat c6 mét i, chat rén chuyén dong dang ong,
thanh phén pha khi déng nhét

Thoi gian tigp xuc pha hay thai gian phén dng d€ dat d6 chuyén
héa cha chdt rdn duge xdc dinh theo cdc phuong trinh trong bang
(8.1) tiy thude vao loai tré lvc nao kifm soat qua trinh.

2- Hon hop hat 6 kich thuée khée nhau nhung khéng doi,
chuyén dong dang éng, thanh phan pha khi déng nhat

Xét nhap lidu pha rdn gdm hén hop hat 6 kich thuGe khdc
nhau. Sy phin phéi c& hat nay e6 the bidu didn theo ham phén phéi
lién tuc hodc gidn doan, tuy nhién sa dung phén phdi gian doan d8
phi hgp vdi két qud phan tich riy.
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Téng quat dat F 12 sudt luong thé tich cia nhap lidu rdn (vi khéi
lugng riéng cla chdt rdn ¢é thé thay doi trong guéd trinh phan (mg),
néu khéi lugng riéng cia chit rdn khong ddi theo thoi gian thi F ¢d
thé dinh nghia 13 sudt lugng khéi lugng Néu F{R) 1a sudt lugng
" nhap lidu vAo thit bi phén Ung ¢6 kich thude R, va'R, 12 kich
thuée chia hat 1¢n nhéat trong nhép lidu, nhdp lidu cho hén hgp hat c6
kich thuée khong déi 1a:

R
F= i F(R.), cm®ls hay gis

R =0
Hinh 8.14 biéu dién phan phél ¢ hat cua nhip heu
o R, va Ian hen
‘% Téng nhap liéu: Fﬂ'?oF(R,-) Dleng?cgh gach chéo
] = la suat ang
E ‘/nhlétp ligu cacd R,
g B | :ﬁ :%F{Rn
iy !
2 : %7
g 1 %/// //"
@ t=1 | ﬁé 7 .
R, Rx (Hi R R,

Co hat bét ky
Phan bd e hat trong nhap ligu

Hinh 8.14: Biéu dién phdn phéi ¢G hat ctia nhdp lidu
Né&u thigt bi phan ifng c6 dang Gng, tat cd hat ran déu céd cung
thii gian luu ¢,. Pat Xp(R;)} 1 do chuyén héa cia hat ran B ¢6 kich

thude R; thi d6 chuyén hda trung binh Xp cha chdt rin khi roi thiét

bi phén (ng sé 1a:
Gi6 tri trung binh Phin tdc chdt B | | Phan nhép
ctia phdn B = % | khong phdn ing litw co kich (8.39)
khéng phédn iing g;‘if cd | e6 kich thudc R; thuse R;

hay biéu dién theo ky hiéu

1-Xa= ﬁn xRN,

0<Xg<1 (8.40)
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R -

e F{R,)

hay: 1-Xpn= E [1-Xg(RI--=E
18y 3 R o B 7

trong d6 Rz, =9) la ¢& hat lon nhat phan Gng hoan tean trong thist
bi phan «ing.

Qua hai phudng trinh trén (thue chat 14 gidng nhau) ta ¢é nhitng
nhan xét sau: Hat nho hon thi thoi gian dé chuyén héa hoan toan
ngdn honb Tuy nhién, do cac hat ¢6 cung thyi gian luu f, nén cdc
hat c6 kich thuée nhé hon R(f, =6) s& phdn (ng hoan toan, do d6
Xp cia nhing hat nay sé lén hon 1. Vay trong {8.32) s¢ khong c¢6
gid tri Xp>1. Ngoai ra nhifng hat trén ¢é R nhé hon Rz, =8) sé
khong déng gop vio gid tri phdn khéng phén ing 1-Xz.

Cde =6 hang R(,=0) va 1-Xp(R) trong phudng trinh (8.40)
duge xdc dinh béi cde biéu thue dong hoe thich hop.

Vi du 8.2: Mot nhdp }éu gdm: 30% hat ¢é ban kinh 50u: 40% hat ¢
bdn kinh 100p; 30% hat ¢é bdn kinh 200p. Puge cho vac lién tuc
trong thiét bi phdn dng dang 6ng d€ phan tng véi pha khi. Thei gian
phdn #ng da dwoge xdc dinh trudc ldn lugt la Sph, 10ph va 20ph dé
phan ng hodn toan ba ¢d hat trén. Tinh 48 chuyén héa cia hén hap
chdt rdn néu thai gian luu trong thist bi phéan tng 1a 8ph.

Gidi: Tir ddu bai, xem chat rdn chuyén dong theo mé hinh dang éng
v&i 4, = 8ph, nong d§ pha khi xem nhy déng nhat trong ca thiét bi
phdn dng. Ap dung (8.40) cho hdn hgp nhap lidu:

1- X =11- XpEom M 41 - x, (muu)]fiﬁﬂ+ 1~ X 200 2
voi: ﬂ%?ﬁ =03 wva 8B0) =5 ph
100
ﬂ—g—*ﬂ: 0,4 6(101) =10 pk
F(200p)
S 0,3 6{200u) = 20 ph

vi thoi gian phan (tng hodn toan cda ba cf hat ti 18 v6i kich thudc hat
Ry Ry "Ry =8 10, 18
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aén xem nhu giai doan phdn ing hoa hoc 1a giai dean kiém sodt qud
trinh, theo (8.22):

[1-Xp(R) = (1 —%)3

thay céc¢ gid tri da biét vao biu thie trén dé tinh 1-Xp

8 |
) oy (540 + (1 - EE;E;% D pas00, 0,30 = 0,0032 + 0,0648 = 0,068
| ph

- 8
1-Xp ={1- ph
10ph

Nhy vay phdn chat rdan chuyén héa la 93,2%. Nhiing hat ¢6 kich
thitée B = 50(da chuyén héa hoan toan va khong ké vao day.

3- Hén hop hat c6 mit kich thude khéng doi, chuyén dong
theo moé hinh dang khuéy tron, thanh phdn pha khi déng nhdat

Xét thigt bi phan ung ¢6 dang nhu hinh 8.13d vdi sudt lugng vao
va ra khéi thiét bi phan ting eia pha khi va pha rdn la khéong déi,
néng d6 pha khi @éng nhat trong thidt bi va pha rdn chuyén dong
theo md hinh dang khudy tron.

Pé chuyén héa X, cin mét hat tde chat tiy thude vao thoi gian
luy ciia hat trong thist bi va loai trd lyc kiém sodt gud trinh. Tuy
nhién thoi gian luu khéng giéng nhau cho tdt cd cde hat, do dé da
chuyén hoéa dat duge xem nh 12 trung binh cho tdt ed hat rdn Xag.
Nhu vay dong chat rdn ra khoi thiét bi phan ing.

Ciad bry trung Bhdn tac chat khong Phan dong ra co
binh cia phan | i chuyén hida cho nhing | | thot gian luu trong |

tac chdt B chua Mt coega | foat €0 thon gian L thigt bi phein dng
chuyén hoa ﬁ?ﬁﬁt;iw  pitatvaid +df I_ giwa t L&t + df
0
hay: 1--Xp = J-(l—XB)E(t)df, Xpsl
0

Biu thide duge vist lai dé loai ra cdc hat o6 thoi gian luu lén hon
th&i gian cdn thiet dé phdn ting hodn toan.

7]
1-Xp = j(l:XH)Edt. (8.41)
3

trong d6 E 12 ham phén phdi thyi gian luu cia hat rdn trong dong ra
duoe xde dinh nhar saw:
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Véi hdn hop chuyén dong khudy tron v6i thoi gian luu trung
binh £, ta c6:

e—ﬂh‘

E(t) = —
4

Nhu vdy n8u hén hop hat ¢é eling mét kich ed va phan dng hoan
toan trong thai gian 8

. ot |
1-X5 = [(1-Xp) —dt (8.43)
0

Biéu thic trén c¢é thé duge 14y tich phin vdi cde tré lue khée
nhau kim sodt qud trinh.
a) Trd lue khuéch idn gua 1ép phim khi kiém sodt qui trinh
K&t hop (8.9) va (8.43) ta duoc: '
e-n’r‘

= di (8.44)

4]
., 1=Xp = j(l—é)
0

&y tich phan titng phdn Xa = %(1 e 0T)

hay dang tuong duong, thudng 12 /6 16n,
1-Xp = ~o- L&z, LB (8.45)
21 3l 4! ¢
b) Phin ¥ng héa hoc 1a giai doan kiém sodt quéd trinh

K&t hgp (8.22) va (8.35):

_ 8 wtff
{s Xy = J'(l - %)3 %dt (8.46)
Q

Tich phén tirng phén ta duoc:
%o = 35 a2 rel 3 (1-e)
8 ® 0
hay dang tuong duong vdi £/8 1dn:

1-Xpg —I?—:‘;ﬁ(?) +E(t:) i (8.47)
e) Tr& Ife khuéeh tdn qua 18p tro kidm sodt qud trinh
K&t hop (8.17) va (8.43) ta dugc biu thifc sau: |
= 18 19 .8

1-Xp= 18 19 By 41 By Oya 8.48
B o t) +4620(?) 0,00149(?) +... ( )
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100 1117~ T T 71117
i |7M¢t doan b=
Lép phim khl kiém soét ]
(8.0) va (8.45)
Phan ting kiém soat |
(8.22) va (8.47)
Ldp tro kigm soat
L] = (B.17) va (8.48)
= S -~ :
]:3 e
- "~ -
e
u ~. !
=
1 Hai doan x
—Ca ché bat ky ‘\ =
- (t=2t) b .
oL S |-
0.01 01 1.0
1 = RB

Hinh 8.15: BS chuyén hda trung binh theo thoi gian luu trung binkh

trong thié:t bi phdn ung khudy trén c6 mgt cd hat

50

tI-:hl.lisr
tﬁng

e [P

1 T .1

_ L&p phim khi kiém soét (8.9} va (8.45)
Phan dng kiém soat (8.22) va 8.47
~L.6p wro kiém soat (8.17) va (8.48)

Mt bac

| o |

1

"'"\
==
\‘n
'h-\ L
- g
- S
-‘.
T
J e
- . .\\
Ldp phim soat

Phén dng kiém soat
Hai doan (t= 2t)

0,01

Hinh 8.16: So sanh thoi gian lilu gita thiét bi phdn ing khudy trén

va dang &ng cho cong dé chuyén héu ciia hat c6 cing cd
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Hinh 8.15 va hinh 8.16 trinh bay cde bieu thic trén dudi dang
d6 thi. Hinh 8.16 che thay tai 46 «luyén how ¢ae cia chat rdn, thei
gian luu cua chat ran trong binh khoay lén hon trong thist bi dang tng,

Vi du 8.3: Qud trinh nung quing pyrrhotite (sulfur st) duge thue
hign bang cdch phan tdn hat quang trong s¢i amian réi dét v& thay
rang thoi gian d€ hat quang chuyén hdéa hoan toan lién hé véi bdn
kinh nhu sau: BuR'®

Hat ton tai dudi dang hat eing trong sut qud trinh phén dng.
Sef dung thiét bi phdn dng tang luu héa 4é bién ddi quing pyrrhotite
ra oxide tng dng. Nhép liéu ¢6 ¢& dong nhat va 8=20 ph, thoi
gian luu trung binh trong thiét bi phan ¢ng la 7 =60 ph. Xde dinh ti
1& quang sulfur ban ddu khéng bi chuyén hda,

Giai: Vi hat sén pham cing duge tao nén trong qud trinh phén ing
nén khong xét dén trd luec khuéch tdn qua 1dp phim khi la yéu to
kiém soit qud trinh. |

Va1 phan ung 12 giai doan kiém sodt: 6aR

Véi trd lue khuéch tdn qua 16p tro 12 yéu t6 kifm sodt: 0uR?

Theo thue nghiem cho bigt 8cR' do d6 ¢ thé xem nhi ¢d hai
¢d ché nay déu déng gép vao trd lue eda qud trinh. Do dé ta tinh theo
hai giai dean kigm sodt trén s& ldn lugt duge gi¢i han trén va gisi
han dudi cia dd chuyén héa.

Cde hat rdn trong thi8t bi phén ng tidng lua héa chuyén ddng

theo co ché khudy trn, nhu vy n€u phan Gng héa hoc la yéu to

kiém sodt qué trinh thi theo (8.47) véi g%g% dugre:

1 .1
I-Xp= o= — — (2P + —(2¥—._ = 0.078
8473 20(3) 120(3‘] 0.0

Né&u trd hte khuéch t4n qua ldp tro 1a y&u t6 kifm sodt qud trinh
thi theo (8.48) duge;
1

= 1 1 19,1, 41
]_—..X =-._><_,_____(_,_,2+____2__u_ - 62
58573 420 3 4620(3) Q.0

Nhar vy phin nguyén liéu quang chua phén ing 13 gida tri s6
6,2% va 7,8% hay |4y trung binh: 1- X5 = 0,07 hay 7%
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4- Hén hop hut e6 kich thuée khac nhau nhiung khoéng doi,
hat rin chuyén déng theo moé hinh khudy tréon, thanh phéan pha
khi dong nhat

Xét hé théng phan ting nhu hinh 8.17 vi hat c6 kich thuéc khéng
ddi va dong ra c6 didu kign giong diéu kién cla tang dang hoat ddng
nén ta c¢é sy phan phfi c& hat cha tAng, nhap liéu va dong ra la
gidng nhau, hay:

FR) W)
F W
vdi: W - lugng vat lidu rédn tong cong
W(R, - lugng vAt ligu rén eo kich thude F; trong thiét bi phan Gng.

(8.49)

Ngoai ra thoi gian luw trung binh #(R;) coa vat héu co kich thute
bat ky R, bing thai gian luu trung binh cla chat rén trong tang.

P FLD = w _ Khot lugng vél ligu rdn tromg thiét bi phdn dng (8.50)
F Sudt fuong vat lisy rdn vao thiél bi phdn ting

bat X B(R,g) 14 dd chuyén hoa trung binh ¢Ga cée hat ¢6 kich thuge

R, trong tang thi theo (8.43) ta c6:

oR; ) “r‘-

1-Xp(R) = (8.51)

Tuv nhién nhip lidu gbm nhﬁ’ng hat ¢6 kich thuGe khdc nhau do
&6 phdn B khong chuyén héa ciia tat cd edce e hat la:

2 1-Fa®) T (R ) (8.52)

Thay (8,51) vaoc (8.52) va sau do 18n lugt thay (8.45), (8.47), (8.48)
véi méi ¢& hat cho ting loai trd luc tuong ling kiém sedt qua trinh, ta duige.

1- Khuéch t4n qua l¢p phim khi 1a qué trinh kiém sodt

= 18(R;) 1 6(R)g F(R)
~ = b [P L) —= (8.53
1-XB ZRmZt -3![t]+] 7 )

2. Phan ting hoa hoc 1a qud trinh kim sodt

1-Xp = IR, {l—*—G(R‘-) - [B{R )]2 } —R*—F{F} (8.54)

4 ¢ 20 ¢
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3- Khuéch tdn qua 1dp tro 12 quid trinh kiém sost

168(R) 19 [e(f;)lzh_} F(R,)

— 8.55
5 t 420 ¢ 18.55)

l—-fg = ZRm{
vdi 6(R;) la thoi gian d8 phdn ing hoan toan hat c6 kich thude R;

W(R)

R
Tdng luu héa; W, Xg

= RaF, X,

T 0 "l

R R
Hinh 8.17: Tdng luu héa véi mét dong ra, nhdp liéu la hén hop hat.
Sit phdn b6 ed hat cida ede ddng va trong téng la gidng nhau.

Vi du 8.4: Nhap liéu gom 30%hat c6 ban kinh 50y, 40%hat cé bdn
kinh 100y, 30%hat ¢é-bén kinh 200y, duge cho phan (ing trong tdng
v héa hoat dgng én dinh. Ting ¢é duting kinh 100 mm va dai 1200 mm.
Téc chdt pha khi lam tdc nhén luu héa va ¢ didu kién di duge xdc
dinh truge thoi gian dé dat 46 chuyén héa hoan todn cho ba cd hat
nhép lidu ldn luot 12 5, 10 va 20 pk. Tim dé chuyén héa cia chat rdn
trong thiét bi phdn \ing néu suft luong nhép lidu 1a 1 kg chd* rdniph
va tdng luu héa chida 10 kg chdf rdn.

Cho bi&t chét rdn cing, khéng bién ddi kich thude va khéi lugng
trong qud trinh phdn dng. Mt cyclon thu héi duge dimg d€ thu héi
nhitng hat rdn bi 18i cufn theo ddng khi. Sy bién dfi thanh phén cia
pha khi qua ting xem nhi khéng dang k&,

VﬁDZF.xB=0:>_'-

Giai: Tif cdc dit kién cho & ddu bai ta ¢6 thé xem tdng luu héa nhy 1a
mot thiét bj phdn tng dang khusy trén. Véi hén h¢gp nhép ligu ép
dung (8.52) va giai doan phédn dng kiém sodt qua trinh (tor vi du 8.2)
nén (8.52) dua t6i (8.54) véi chc 8 lidy: F = 1000 g/ph, W = 10000 g nén:
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7 _ 10000 _ 10 ph
1000g/ph
F(50p) = 300 g/ph va 6(50n) =5ph
F(100p) = 400 glph 8(100u) = 10 ph
F(2000) = 300 g/ph a(200p) = 20 ph.
thay vao (8.54) ta dugc:
R=50[
— 1
| FaolOPh, 1 5 000giph  110pk 110, ., 400giph
4 10ph 2010 1000g/ph 4 10ph 20 10 1000giph
R = 1001 R = 2004

o [L(20phy _ 1,205 1 3008iph _ o 434 4 0,088 + 0,105 = 0,222
4 10ph 20 10 1000g/ph

Do d6 d6 chuyén héa trung binh c(a hén hgp rdn 1a: Xp="T18%

5- Ap dung vao tdng luu héa cé dong chit rin ra o trén vé
deéi tang

Khi nhép liéu 13 hén hgp hat c6 sy phén phdi rong ¢@ hat, thi
cac hat nh?d cé thé bi 161 cudn ra theo ddng khi do 46 s& c6 mot dong
nhap lidu va hai ddng ra khéi thiét bi phin dng nhu hinh 8.18. it
chi s6 0, 1, 2 theo thu ty cho ¢dc dong nhép lieu, ddng ra ¢ ddy va
dong ra & dinh.

Can bing vat chit cho cic dong chél rin va cho cdc hat co kich
thutie R, : F,=F +F {(8.56)
va F,(R) = F(R) + Fy(R) (8.57)

Do céc hat chuyén dong theo md hinh khudy trén nén thanh
phén cta dong ra ¢ day bing véi thanh phén & trong tdng.

R(R) W) o
F W

Ngoai ra do hat cé cdc kich thude khdc nhau nén th&i gian luu
trung binh cfa mdi c¢3 hat s& khde nhau. Thai gian luu trung binh cta
cd hat B, trong tang la:

TR = (Khoi luong hat c_é' R; trong téng,). \ (6.59)
(Sudt lugng hat cang cd vao hay ra khdi tdng)
_ W(R) _ W(R;) 1 (8.60)

“F®) RRIRER) R B
W W
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Biéu thuc trén cho thdy thél gian lus trung binh, do d¢ do
chuyén héa, cia mot ¢t hat bat ky trong dong 161 cuén va dong ra ¢
ddy giong nhau.

b6 chuyén héa trung binh ciia hat ¢o ¢ R, dude xac dinh tir (8.41) 1

- ol R;) €~tr?(R,-J
1=Xp(R) =] = [L=Xz(R) —=—d 8.61
B(R) = | " (1-Xp(R)] A (8.61)
v&i nhdp lidu 14 hén hop hat cé ede ¢d khéc nhau, theo (8.52):
1-X5 = $R, [1- Xa(r B (8.62)
FAR)
R
WA Lai cudn:
{} Fa Xaa
R _ ;
Tang Iuu héa: W, Xy~ - a
FolR) BN B
= ER R =
. R, B
Ra & dydi: F,, Xg,
Vao:F ,X5=0 Khi

Hinh 8.18: Tdng luu hoa co dong rdn ra & trén vd dudi ting

Két hop (8.61) va (8.62) vdi ldn luot (8.45), (8.47) va (8.48) cho
timg loai trd lye khuéch tan qua 16p phim khi kidm sodt qua trinh.

1- Khuéch tén qua 1dp phim khi kiém sodt qud trinh:

= 1 o(R) 1 .8R), F(R)
1=Xg =58 5ot [TTRATR, LT a RS 63
8 ’"{2 t(R) 3! t(Ri)] i . L
2- Phén ting héa hoc ki€m soat qud trinh:
- Lo(R) 1 6(R) F(R)
1-Xp = 2R, {—— L —— [P 4 (Zeif 8.64)
5 {u(R,.} 20 E(R) } F, (



PHAN UNG RAN - LU CHAT KHONG XUC TAC 243

3- Khuéch tan qua 16p tro kiém soat qud trinh:

[18R) 19 &R)p | F(R)
|56 F(R) 420 #k) | F

o

(8.65)

1=Xpg = ER,,

So sdnh cdc phugng trinh trén véi (8.53), (8.54) va (8.55) cho
thay hai truéng hop chi thay 7(R;) bing 7 =const. V&i nhdp liéu c6
mbt c& hat, 8(R.)=0=const, cdc bifu thic trén s8 tr& vé cdc bitu
thic (8.45), (8.47) va (8.48).

Pé sit dung cdc phuong trinh trén ta c¢An phai bigt #(R;) 12 mot
&n s6 phu thude vao cdc tinh chat cua hai dong ra (8.60). BE xdc dinh
cdc thong s6 niy cdn phal bi€t luu lugng cia hat bi thdi ra khai tang,
ngoai ra ta chi biét duge sy phdn phoi ¢ hat cia nhédp lidu, sy phin
phoi ¢ hat cla cac dong khde chua bist.

Thuc nghiém cho biét s¢ hat c¢6 mét kich thuée nhat dinh bi 14
cubn ra khoi tdng c6 chiu cao da biét thi ti 18 v6i =8 hat trong tdng.

_ d(s8 hat dinh ddu)
dt

= K (58 hat duve dénh ddu trong tang) (8.66)

trong d6 K duoe goi 14 hing s6 van tdc 161 cudn, ¢6 thd nguyén 1a
[thoi gian]™*, va 1a ham sd theo cdc tinh chét cia hé théng.

K nhd cho hatlén
van &g khi thip,
chiéu cac ting 1én

1.0

K = Hé s8 géc

Log {phan kat danh ddu £on trong tang)

01+ A
fay
_ K 1én cho hat nhé, van téc
khi lin, chiéu cao tAng nhd
2 !
0,01 - v -

t
Hink 8.19: K&t qud thue nghiém sy phu thuge
ciia K trén cde bién 56 cla tdng lun héa
Hinh 8.19 trinh bay cde két qud thyc nghiém cho thdy Anh
huéng eia kich thuée hat, van tic khi va chiéu cao cia tdng luu hoa
1én gid tri cha K. Trong qua trink luu héa céc hat nhé vdi dong 16
cudn hat ra khai tAng, moi quan hé gilta cdc bién s6 luu héa cho béi:
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- (U&n téJC kh«i}‘f (8 67)
(chiéu cae tang)(kich thude hat)® 3

Phuong trinh (8.67) khéng nén ngoai suy ¢ho ed hat 16n khéng
bi théi ra khéi tang vi biéu thie tién dodn gid tri khde khong cia K,
trong khi d6 véi nhitng hat nhy vay K thuc st bing khong.
Véi cdc hat ¢6 ¢ R; trong tdng cé chibu cao x4c dinh:
Sudlt lugng l6t cudn hat c6ca R,.  Fp(R;)
Khoi lugng hat c6 co R; & trong téng W(R.)
voi gid tri K(R;) xdc dinh tif thue nghiém, két hop vdi (8.60) trd thanh:
_ W(R,) 1
xdc dinh dugc F, ta s& dugc #(R;): Dé xdc dinh F;, két hop (8.69),
(8.60) va sdp xép lai

K(R,) = (8.68)

_ F(R)
k) = +WIF K(R,) Ll

Vi tong s6 cho cde cd hat ta sé duge thanh phdn va suit luong

cua dong ra ¢ ddy
F(R)

F=FR)+F{E)+.+ (R )=2R 2 8.71
1 1( 1)'|' 1( 2)+‘ + 1{ m) ml-l-—WfFiK(R;) ( )

Néu ta biét sy phan phdi kich thudc hat cia nhép liéu, kich
thude tang va gia tri K cho tdt ¢d ¢4c cf hat s& gidi duge F, bang
phuong phdp do ddm nhy sau: chon mgt gid tri K, tinh F(R) ti

(8.70), téng cda tat ci FI(R) va xem gid tri tmh dugc c6 khép vdi
gid tri F; hay khéng.

Khi da x4c dinh duge F; ta s& tinh duge #(R;) va dp dung (8.63),
(8.64) va (8.65) d€ tim do chuyén héa trong tdng c6 su 16i cudn hat min.

Cufi cling, bai todn thist k& duge gidi dé xfc dinh kich thude
thigt bi phan ing nham dat duge d6 chuyén héa X , cho dong nhép liéu
c6 sudt lugng F, da biét sy phén phdi co hat. Loi gidi gém cde budce sau:

1- Chon gid tri W va tinh K(R) tuong Gng tir vdn téc khi va
chidu cao tdng luu héa s dung. P€ ¢ ring K(R,) ti 1& nghich vdi
chiéu cao ting, do 46 ti 1& nghich véi W,
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9. Tim F{R,) va F, bing cich d¢ dam (8.71).

3- Xac dinh ¢(R,) tir (8.69)

4- Tinh d6 chuyén héa tif (8.63}, (8.64) hoac (8.65).

5. Kidm tra két qua tinh duge c¢6 khdp v do chuyén héa mong
muén hay khong. Néu két qua tinh duge qua thap, chon lai tri s6 W
16n hon va lap lai trinh tu tinh todn nhu trén.

Vi du 8.5: Lap lai vi du 8.4 ma he théng khong c6 cyclon thu hdi va
t6c do pha khi lén hon do dé cdc hat rin bi 16i cudn ra khéi tdng.
Hing s6 van tée 161 cudn hat ra khol tang udc tinh duge la:

K = (2000 pm*iph)d;”
véi d, 1a dutmg kinh hat tinh bing um

Lai cudn

Téng luu hoa
W = 10,000 gm

Nhap ligu F, = 1000 gm/min i
'F,(804) = 308 gmimin > Ra 3 day tdng

!F,1100u) = 400 gmimin
*F,(200p) = 300 gm/min \I t (

Hink 8.20: Vi du 8.5
Giai: Tir vi du 8.4 va giai K(R)) tact: F,= 1000 g/ph va W = 10000g;

T=WI/F, =10ph.
E(B0p) = 0,2 ph™' 6500 = 5ph; F,(50u) = 300 giph
K(100w) = 0,05 pa™* 6(100p) = 10pA; F.(100p) = 400 giph
K(200) = 0,0125 ph™! 6(200u) = 20phi 7 (200u) = 300 g/ph
a) Xdc dinh F, biing cdch dd dam (8.71)
Chon F; = 625 giph thi F; duge tinh tif (8.71) 1a:

o 300 g/ph L 40 300
! 10000
i '_el“gggzi (0,200 1+ 1{;220 (0.08) 1+=---(0,9125)
(R =BOW) (R = 100p) (R = 200u)

= B5O+177,7+228,5 =456,2 giph {qud lén)
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Chon la: £ = 500 g/ph va tinh lai
£ =60 + 200 + 240 = 500 g/ph

Vay ta c6 F, = 500 giph; F,(500)= 60 giph ; F, (1001) = 200 g/ph;
F) (200u) = 240 g/ph.

b) Tit (8.69) thii gian luu trung binh cda nhiing cd hat khac nhau la:

(U P S S
-L o K(50 — S0 L 0.2ph™!
W+ (50p) v 2p

1
F(1000) = ——
£(100n 500/10000 1 0.05

1
500/10000 + 0 0125

= 10 ph

r(200p) =

= 16ph

¢} Tir (8.64) tinh do chuyén hdéa trung binh:
oo f =
X = LGB LBy, L (5 4 800g/ph

4 dph 20 4 120 4 1000g/ph
' = B0u R = 100p

4 10ph 20 10 1000 4 lﬁph 20 IG 1000
= 200

= 0,075+ 0,083+0,075 = 0,233

Vay dé chuyén héa trung binh eha hat rdn 14 76,7%. Thanh

phin cia tdng va cla cde dong khde nhau cho bm cdn béng vat chat
duge bigu dién tron hinh 8.21.
Tang Wy héa: W~ 10,000 grmi/min

Daéng 16l cudn: F, = 500 gm/min

(B0 = 1200 gm |Fo450u) = 240 gm/min
{WI100u) - * 400 gm 1Fa(100u) = 200 gm/min
|Wezoon)- 480 gm V 202000 = 60 gm/min

Nhap ligu: F, = 1000 gm/min S E L) BaB oAy Fy =500 gmymin

Fol50p) = 300 gm/min>t. =+ § oy s {msap; = 80 gm/min

Fot10Qu) = 400 gm/min Fi(1004) = 200 gm/min

— e i
F.{200u) . 300 gm/min \ 1 ( Fi(200u): 60 gm/min

Hinh 8.21: Cidn bang vét ehdt cho vi du 8.5
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Chung ta da khao sdt mjt s6 mo hinh ti6p xue va trinh tu thiét
k& cho qua trinh tiep xie pha rén - luu chdt. Dé thuc hién da cé mot
50 gia thiét nhu saw: '

1- Khéng c6 su bién d&i ddng ké kich thude hat trong qud trinh
phan Gng.

9- Su chuyén dong cia cdc pha }a 1y tudng. Véi tang huu hoa diéu
nay e6 nghia la néng do ddng nhat tai moi diém trong tang.

3- Qu4 trinh hoat dong & trang thdi 6n dinh.

Noodi re d& nhdn duge 1oi gidi bdng s6 ta s€ dung cdc bidu thic
vén tée do cd thém cde gid st khde. Voi ede md hind da trinh bay ¢
diy bidu difn duge phdan lén cde hé phdrn ung trong thue & va da
duge sit dung dé thiét ké cho cde hé do.

BAI TAP GHUONG 8

8.1. Mét hén hep nhap lidu gém

50% khoi lugng hat c6 duong kinh 1,5mm va nh6 haon,

25% khoi lugng hat ¢ dudmg kinh 3mm,

250 khoi lugng hat ¢6 dutng kinh 6mm,
duge cho gua thidt bi phan dng dang &ng dat nghiéng vd quay
trong dé cde hat rdn phén ing vdi pha khi ¢6 néng dé déng
nhat. Phan ing c6 dang:

A(k) + B(r) — R(r)

x4y ra theo mé hinh 16i chua phan dng.
Thoi gian hiu efa hat sé duge diung dé xdc dinh cédc thoéng so
clia thigt bi phén iing (chiéu dai, dutng kinh, goc nghiéng, van
toc quay). V6i thoi gian luu 12 14, k&t qué th{ nghidm cho thdy
hat 8 mm dat do chuyén héa 87,5%, hat 6 mm dat d6 chuyén
hoa 58%.
Tim thoi gian luu trong thiét bi phan ang dang ong, gid s chat
rén chuyén dong theo dang 8ng, & chat rdn B dat do chuyén
héa 98%. |

8.2. Thiét bi phan dng tAng luu héa lién tue duge ding dé bién d6i
tde chit tén B thanh san phdm rdn R. Dé tim thoi gian luu
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8.3.

Bl4 L]

8.5,

trung binh trong thiét bi phén dng ta ¢6 cde s6 lidu cha qud
trinh luu héa gidn doan nhu say:

C3d hat trong qua trinh vy héa gidn doan 3 mm 9 mm

Nh1ét a6 phén dng BB0°C 590 °C

Thdi glan d€ dat 46 chuyén héa 50% 15 ph 2 h

Tim thai gian luu trung binh d€ dat d6 chuyén héa 98% B thanh B
néu thiét bi phan tng lwu héa hoat déng lién tuc & 550°C, nhép
lidu ¢6 ¢t hat 1a 1,6 mm. Biét ring hat e6 kich thude khéng déi
trong qua trinh phan dng, do dé bo qua trd luc cda 1dp phim khi.
Thai gian dé phén ting hodn toan chdt rdn trong dong khi theo
kich thudc hat nhur sau:

Budng kinh hat, mm 0,063 0,125 0.250

That gian d€ phédn Ung hoan toan, ph 5.0 10.0 20,0

Néu trd lue khuéeh tdn qua 16p phim khi la khéng ddng ké, xdc
dinh co ¢hé kiém sodt van tde phan tng.
Phén dng khir quang sédt cé khei lugng riéng p, =46 glem® va
¢@ bat R = 5 mm vdi hydrogen c6 thé duge biéu disn gin ding
theo md hinh 181 chua chuyén héa. Phuong trinh lugng héa hoe
¢cho phan dng ia:
4H, + Fey0, —» 4H,0 + 3Fe
véi toc d6 phdn dng ti 16 véi néng dé hydrogen trong dong khi.
Hang s6 van téc phan ing bae 1 duge xac dinh bdi Otake (1967) 1a:
k. =1,98x10°¢ 24000aliRT ) 1o
a) Vo1 Dy =0,03cm/fs 1a hé sd” khuéch t4n eda hydrogen, tinh
thai gian cdn thiét 48 phan tng hoan to#&n hat oxide thanh kim
loai & 600°C,
b) Xde dinh tré le kidm soat qud trinh va dé I6n tuong doi
gita cde tré lic cia qud trinh?

Hat cdu sulfur kém c6 kich thuse B = 1 mm duge nung trong dong
khi 8% oxigen & 900°C, 1at. Phuong trinh lugng héa hoc cho
phan itng la:

2Zn8 + 302 —_— 2ZDO + 2802

(314 s1f phén Gng x3y ra theo mé hinh 155 chua chuyén héa.
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a) Tinh thoi gian can thiét dé hat phén ing hean toan va dj
Ién tuong déi cua tré luc khuéch tdn qua lép tro trong qué
trinh.
b) Lap lai tinh todn vdi ¢t hat R = 0,06 mm
S¢ liéu: Khoi lugng riéng cha chét rin:
pp =4.13glem® = 0,0425 gmolicm®
Hing 88 van td¢ phan ting k. =2cmls
Hé s6 khuéch tdn hiéu dung Dy = 0,08cm?/s

e6 thé bd qua trd lue khuéch tan qua l6p phim khi khn ¢6 19p tro.
Chat rdn ¢é kich thude khéng déi B = 0,8 mm phan dng vdi pha
khi & didu kién 8n dinh trong thiét bi phan ing t&ng luu hda
qui md phong thi nghiém véi cde k&t qui saw

F =10g/s; W= 1000g; }?.B =0,75

P65 chuyén héa chiu dnh hudng manh bdi nhiét dé nén cé th
xem nhu phén tng héa hoc 12 giai doan kifm sodt vin toe.

X4c dinh thist bi phdn tng tdng luu héa (tim W) d¢ phdn dng
déng nhap lisu 4 tdn/h. hat rén cé kich thude R = 0,3 mm dat

dé chuyén héa 98%.
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Phan dng di thé luu chat - luu chat duge thue hién dudi dang
mot chdt khi, duge hdp thu vao mot chat 1ong va phdan dng véi chat
1dng nay. Chat 18ng c6 thé la mét dung dich hay mét dung méi cia
cht khi. Loai phan ang nay rat théng dung vi mét trong nhing ly
do sau: ‘

1- Sén phdm cla phan dng khi - long hodc léng - Iéng 12 san
phdm mong muén. Loai phan ng nay rat phé bién trong téng hop
hitu co, Mat vi du cua phdn ung léng - 1éng 14 phdn (ng nitrat héa
cdc c¢hit hilu ¢¢ bang hén hdp nitric acid va sulfuric acid d€ sao
thanh cde san phdm chéng han nhu nitroglycerin. Phan tmg clor héa
benzene 16ng hode cde hydrocarbon khde bing khi clor 1a mot vi du
cho phdn ting khi - 1éng. Trong héa v6 ¢v ta ¢ qud trinh sin xuat
sedinm amide, 1a mét chat ran, ti khi ameniac va sodium 1éng.
NHyy + Nag, — NaNH, ., + %Hzcm

Bang 9.1: Cde chdt hap thu vdi phén ing liéa hoc

Dung chat Tac chat
co, Cdc carbonat. hydroxjde, ethanolzamina
co Phic amine ddng nhat, clorur ammonium déng
S0 Ca(OH),. Ozon —Nude, HCrO, , KOH
Cly H,0.FeCl,

H,5 Etanolamine, FeiOHiy
SO, H,S0,

CoH, KOCH. trialkil phosphat

Qlefin Phue ammonium déng.
NO FeS0,,CaiOHi,.H80,
NO, H,0
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9- D6 loai bo mot cdu ti khéng mong mudn trong chat Iéng. Qud
trinh hap thu mét dung chat khi vao nude ¢é thé tang mic do hap
thu bing cach thém mot chdt thich hgp ¢é thé phn Ung vdi dung
chét khi vio nude. Bang 9.1 trinh bay mot s0 tdc chat cé thé phan
Ung véi cde dung ehat khi khae nhau, |

3- Cdi thién ddng k& su phan phéi sdn phdm cia phan ung da
hop déng thé.

Véi hai trudng hop ddu lién quan dén phédn dng gilfa cdc chat
hién dién trong hai pha khédc nhau.

Phuong phép thiét ké cho hé di thé luu chat - luu chadt chiu anh
hudng bdi cde yéu L8 sau:

1- Bidu thic van téc phdn ng téng qudi: Vi tc chat d trong hai
pha khde nhau phai ti€p xde vdi nhau trude khi phan tng <6 thé xay
ra nén phuong trinh van téc téng quédt bac gém trong do vén toe
truyén khoi va van toc phan ing.

9- D4 hoa tan cdn bdng: D hda tan cua tdc chat sé gidi han sy
chuyén dong ciia cdc chét tif pha nay sang pha kia. Y&u t6 nay chée
chdn c6 dnh huéng dén dang phuong trinh vén toc vi nd quyét dinh
12 phan (thg x4y ra trong mot pha hay cd hai pha.

3- Mé hinh tiép xiic pha: Trong cdc hé khi - long thudng s dung
mé hinh ti&p xic pha nghich dong, ban lién tuc. Trong hé long - 1ong
mé hinh tip xiic pha gidn doan va hé khudy - 1ling cong chiéu hoze
nghich chiéu thuéng duge st dung.

C6 nhiéu md hinh tiép xdc pha, can bang pha va phuong trinh
van t5c khde nhau, tuy nhién & day ta chi xét mét val trudng hop
thong dung, quan trong véi ¥ nghia la duoe sit dung rong rai trong k¥
thuét.

9.1 PHUONG TRINH VAN TOC

Dat A 1a tdc chédt trong pha khi, B 1& téc chat trong pha léng.
Néu hé 13 hai pha léng — 1ong thi A 13 tdc chat trong pha long thi
hai. Bidu thue véin tdc téng quat phdi bao gom cdc trd hac cha giai
doan truyén khéi gida hai pha va giai doan phan dng, 44 lon tuong
d6i gilta hai tré lue nay ¢6 thé thay déi ddng ké.



2562 _ CHUONG 9

Ngoai ra, gia st rang A l& tdc chat trong pha khi hda tan vao
pha léng nhung B khéng bay hoi vao pha khi. Nhu vay A phai di
chuyén vao pha léng trude khi phdn ing xay ra va phan dang chi xay
ra trong pha long.

Qua trinh phan dng x&y ra bao gdm cac qua trinh thanh phin sau:

(i) Khuéch tdn cua téc chat A qua 1p phim khi dén bé mit giao
tiép gida hai pha.

(ii) Khuéch tdn cha tdc chit A vao trong khéi chat long B.

(111) Khuéch tén xay ra trong pha long.

(iv) Khugch tan clia tdc chit ¢6 sin trong pha léng hay/ va cla
sdn phdm phén 1ng bén trong pha 16ng do sy c¢hénh léch néng dé
gdy nén bdi phdn ung trong pha léng.

Céc giai doan (i), (iil), va (iv) ¢d thé xdy ra ddng thdi do dé b
thé giao thoa l4n nhau, giai doan (i) va téng ba giai doan (ii), (iii), va
{iv) x&y ra noi tiép nhau. Néu giai doan (i) 1a giai doan kiém sodt thi
cd qud trinh sé 1a hién tugng truyén khéi thudn tay va phan dng héa
hoc khéng anh huéng 18n phuong trinh van téc. Nhung giai doan (i)
cling ¢& thé 14 giai doan kiém sodt khi phdn dng héa hoc 1am cho qud
trinh truyén khoi trong pha Iéng trd nén rat déng ké.

Sau déy 13 mét 6 ché dd doéng hoc phy thudc vao dé 16n tuong
d8i giiga trd luc truyén khéi vA phdn (ng héa hoc, va bai todn diu
tién 14 xdc dinh ch& dé d6éng hoc nao phl hgp nhat véi hién tuong
vat 1y da cho.

9.1.1 Cic ché d6 dong hoc cho truyén khdi via phan ing

Theo thuyét hai 16p phim cla Lewis v4 Whitman (1924), (H.9.1)
cho thdy cdc trudng hgp c6 thé xdy ra khi van téc tuong doi giifa
phan ing va truyén khdi thay ddi tif ewe nay dén eue kia.

Trudng hop A: Phdn dng xdy ra titc thoi

Vi mét phén t6 chdt 16ng chi chiva A hode B, khong chita ¢d hai,
nén phdn dng chi xdy ra tai mat giao tiép giita hai pha chifa A va
chia B. Ngoai ra tdc chat phai khudch tdn dén mit phan tng va vén
tde khuéch tdn cla A va B 88 quyést dinh van t8¢ téng quit va sy bién
d6i cia py va Cy s& di chuyén mit phin ung.
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I{Phim Phim EM@J nhdng (ng PRImLBRY. ca
v gkhi | 1Bng G,
i Py ;
- 8.3 .
5 Py Mt phing in Phan ting trong
= & ’ g lp phim
i
&n
s
e
[~
k
Trong 16p phim
va pha Jong
M3t tigp xic pha
\ , ,Gid tri bat ky
E P.ﬁ \ 1
5 .N ; % Phéﬂiﬂng
T ! ; chl xdy ra
= ; C
=3 ©®© e trong pha l8ng
5
=]
£ , . GiA trj bat ky
Y Iﬂn——l——l -—-"EJ-CE
®— —t, .
o Kni Long

Hink 9.1: Cdc truong hop phdn ung khi — 16ng cé thé xdy ra

Trodng hop B: Phdn ting tic thi, nong dé Cy cao

Véi trutng hop dac biét nay mét phdn dng di chuyén vé mit tiép
xc pha khi - 1éng va van téc tong quat bl ki€m sodt béi van tée
khuEch tdn cia A qua l16p phim khi. Tang Cy hon nita khéng anh
hudng 1én vén téc tong quét.

Trudng hop C: Phdn ing nhanh bdc 2

Mit phan ng cho trudng hop A bdy giy m& réng ra thanh mot
viing phan tng trong dé ca A va B déu hién dign. Tuy nhién phén
ing dd nhanh d€ vimg phan (ng nim trong 16p phim 1éng. Nhu vy
A khéng di chuyén duoc vao khéi chét 18ng dé phdn ing.
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Truitng hgp D: Phdn ung nhanh, ntng dé (n cee neén bac phan
ung la gid bde 1.

Trung hop dac biét ndy Cp khéng giam ding ké qua 16p phim
nén xem nhu khéng d6i, toe dé phan Gng bic 2 (trudng hgp C) thu
gon con tée dd phan ung gid bac 1.

Trudng hop E va F: Vdn t6c phdn ring trung dinh so vdi vdn tde
truyén khoi

Phan ng chdm dG dé tac chdt A khuéch tdn qua 1dp phim long
vao khai chat 1éng. K&t qua 1a A phdn dng ca trong 1dp phim va khéi
chéat 16ng.

Trudng hdp G: Phdn ting cham so voi truyén khoi

Phan (ng x4y ra trong toan bd khéi chat 1éng, tuy nhién trd luc
khuéch tdn cia A qua ldp phim d€ vao khdi chat 1éng vin con.

Trudng hop H: Phdn ting rét chdém

Trung hop nay trd lue etda qud trinh truyén khéi la khéng ddang
k&, thanh phdn elia A va B ddng nhat trong khé&i chat léng, téc do
quéd trinh duge quyét dinh bdi tde dé phédn Ung.

9.1.2 Phudng trinh vin t8c cho phan ng tdc thoi, trudng
hop A va B

Xét phan iing tide thdi cé bae bat ky:
Ay, +bB,;, — sén phdm (9.1)

Néu Cp khéng qua cao ta s& c¢6 trudng hep duoce bidu dién nhy
hinh 9.2. O didu kién 8n dinh tac 48 cia B di chuyén vé ving phén
ing s& gdp b lan toc do di chuyén cita A vé ving phan img. Nhu vy
phuong trinh vén téc phdn (ng cia A vi B 1a:

ul
"

r x k
i =Rk ps-pa) = kafCy -0 = Licy-0)

Xo

(9.2)

X, — X
(A trong phim khi) (A trong phim léng) (B trong phim léng
VGl ky Ry kp 12 cdc hé 88 truyen khéi trong pha khi va pha léng.
Céc hé s6 truyén khéi trong pha 1éng dua trén dong chuyén
ddng qua todn b§ bé day 16p phim x,.

A‘k}'f‘B(I} —ri- S‘c?lll. p}li{m ]
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Lép Lop
Lo Bl g pim
E khi Ing '
Pa : Ving i
i #'phan
| )
Dong khi ; ‘

PA:

Hinh 9.2: Nong dé hai téc chdt duwge bidu dién theo thuyét
hai lop phim cho phén ung tue thot
Tai bd mat tiép xuc giifa hai pha, méi lién hé giita nong do caa A
trong hai pha duoe bifu dién boi dinh lugt Henry:
pa, =HiCy 9.3)

véi H, 1a hé s6 Henry ¢6 don vi 1a La#/mol.

Ngoai ra theo thuy&t hai 16p phim ecia Whitman thi s chuyén
déng cia vat chat trong 16p phim chi do qud trinh khuéch t4n nén
chc hé s6 truyén khéi ¢ia A va B lién hé bdi:

krﬁq IJAIEI.\:@ DA‘I
kﬂt B Dﬂf’xo DBI

K&t hop (9.2), (9.3), (9.4) dé khir cdc bién 8 x, x,.p4, V2 C,, ta dugc:

(9.4)

EEL.Q_B_+.PA
_rgz_l.det=DAf ’ If“" (9.5)
S dt 1
+
Hﬂkﬁk kA;

I- Truimg hop dic bigt tro luc truyén khoéi qua lop phim
Ehi khéng dang ké
Né&u trd lye truyén khéi qua 16p phim khi khong ddng ké ky, =o
V2 p, =p, nén (9.5) thu gon cdn:

(9.6)

—Tg = k’Aic,A; (1""
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So sdnh véi van toc t61 da cla qud trinh truyén khéi la:
"'r_:l :kﬂl (CA'J —U] {97)
ta thdy van t6c clia qué trinh t&ng 1én khi ¢hat B duge thém vao pha
16ng. Viy dinh nghia dai lugng E la;

Van toc qua trinh truyén khoi cé phdn ing (9.8)
Vén toc qud trink truyén khéi '

E =(H2 s6 tdng cuong) =

Dy Cg

——em (9.9)
6D, C,

E=1+
Vay trong trudng hgp phén ang tde thi va trd lue khuéeh tén
qua 16p phim khi khéng dang ké:

*I":_ =kﬂ}_CA£E (9.10)

Cédc phuong trinh (9.5) va (9.10) bidu dién truéng hgp A cla
(H.9.1) va ¢6 thé dugc st dung truc tiép trong thigt k& khi biét Dg Dy,

ko ika i Hy
2- Trudong hop die bigt nong do Cg cao
Tré lai truting hop tong quét cda hinh 9.2 néu néng 46 Cp cao hay:

kBI
kAkpA < —E‘CB (9.11)

ving phdn tng s& di chuyén va gitt lai tai b& mit ti€p xdc pha, trd
lue khuéch tdn gua 16p phim khi kifm sodt qud trinh va tée dé khong
bi anh hudng bdi sy tdng ndéng 46 B hon nita. Phuong trinh (9.5) thu
gon con;

. 1dN,

1y =g A=k s (9.12)

Pé xdc dinh khi nao su dung (9.5) hodc (9.12) cho mét trutng
hop cu thé, ta cdn phai biét ndng d6 cia cde tde chat va cdce tinh chat
vat Iy cda hai pha. Tuy nhién dé ¢é mét khai niém, ta ¢6 thé dang
cdc gia tri gdn duing sau:

Dg =10 ¢mPs, va x, ~10%em

e D
vay: by ==L =107 cmis (9.13)

Xo
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V6i pha khi: Dy, =G,lem’fs, va x, = 107%cm

. D
viy: ky = R RT =—= =10cmis (9. 14)_

(2]

v6i: ky - hé s6 truyén khéi tinh theo don vi dong luc 1a 4p sudlt
- hé s6 truyén khéi theo don vi dong hic 12 mollthé tich.
Viy theo (9.11):

¥, c
wff, 2 Cn 050 gpelB o ©15)

RT % b 10 b B

Nhut vdy néu céc gid- tri da bi&t nghiém ding (9.15) s8 st dung
phuong trinh vén tdc (9.12).

D€ ¥ ring hiing s6 védn t6c phdn dng khéng tham gia vao (9.5)
hay (9.12), do dé qud trinh truyén khéi hodn toan kifm sodt. Ngoai
ra trd lue trong phim 1éng thuéng kiém sodt nhung khi Cp tdng cao

& 16n thi trd lyc qua 16p phim khf s& kiém so4t.
9.1.3 Phudng trinh vén tdc cho phan ting nhanh, trudng

hgp Cva D :
Trong trudng hgp C, phén dng béc 2 gilta A va B. |
1 dN, |
T =kC,C : . (9.16)
rA:! 1}} dt A B

Ngoai ra ta c6 thé viét cho {é*p phim khi va phim léng 1a:
I—PA =kAb(pA '_pAi)‘:kAiCﬁIE . (917)
Két hop véi (9.3) dé khit Cy, VA py, cho trudng hgp C:

0 1
—Ta "'—L-l—'ﬁ pA . (918)

trong d6 hé s& ting cuding E la mot ham s6 phie tap theo k&, £, b va
CplCy. . Chua c6 biéu thiic chinh xdc dé tinh E, tuy nhién Krevelens
va Hoftijzer (1948) dé nghi 1o gidi gén ding (£10%) cho E.

Trudng hop daic bist (trudng hgp D), ndng d6 Cp cao &0 d6 xem
nhu khéng ddi trong subt qud trinh phén iing, phén ung trong pha
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long xem nhu gia béce 1:

t;ﬁng trudng hep nay, biéu thire tinh hé s6 tang cudng cé6 dang don
o
gian 1a:
Dy kC D
E =\/ =4 ='f 4k (9.20)
Ry, Ry,

Khi cdc gid tri néng do trung gian trong (9.17) va ket hgp vdi

(9.3), ta duce:

1
i . | 9.91
'a=7 L, Pa (321)

ks, DaykCs

9.1.4 Phan d@ng cé toc d§ trung binh, trudng hop Eva F

- Pay 14 trudng hop tdng quét biéu dién phadn (ing xdy ra trong
l6p phim 1éng va ca trong khéi chdt 16ng. Chua c6 biéu thdc tong
quat mé td diy di ché€ 46 nay, chi ¢6 nhitng trudng hop dic biét duge
dé ¢dp nhung nhiing biéu thic ching minh duge cling rdt phic tap.

Trong trudmg hop nay phén tng phu thuse ed vao dign tich bé
mat ti8p xiic pha 14n thé tich ez khéi chat 16ng. Nhu viy ti s6:
:_5;-_ - Dién tich b2 mdt zié'p xtic pha (9.22)
Vv Thé Heh khdi chét long

a; =

tré thanh mot thong 86 dnh % .ng tié'n van tdc.
9.1.5 Biéu thde van t&. cho phan ing chim, trutng hgp G

8] day hai 16p phim va khdi chét 16ng t4c déng nhu 12 ede trd lue
x4y ra néi tiép, do d6 & didu kién én dinh ta c6:

—rA=“:§“"E‘;—-=kAi(_pA—pAf)=kAI (CA: _CA) (923)
1 dN
A: —ry =———2 =kC,C 9.24)
v _ T v, d A“B | (
Két hgp vdi (9.3) va khif ede gi4 tri néng dd trung gian:
1dN, 1

(9.25)

Sdt 1 _Hy Hya'?

ky, Ry RCp
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hay: A 1

g v, @ _1_ . H, , H ™
kﬂka'i kﬂiai kc}g
phim kii  phimidng khdi chal long

9.1.6 Phuong trinh vén t8c cho phan ling rit chim, trudng
hop H

Khi phan tng khong qud cham, sy di chuyén vat chat tit pha nay
sang pha khéac tao nén trd lyc cho qua trinh phan dng va md hinh
hai 16p phim dugc st dung d& gidi thich cho tré luc cua qua trinh
truyén vat chdt nay. Tuy nhién néu phan dng xay ra rdt chdm, tac
chit c6 dd thoi gian d€ truyén tir pha niy sang pha khdc va ndng do
tde ch&t trd nén déng nhat trong mdi pha va chiu sy chi phdi béi
quan hé can b#ng pha Do dé trd luc cla qud trinh truyén khoi la
khéng ddng ké, mé hinh hai lép phim khéng con cén thiét va qud
trinh phén Ung kim sodt van tde qua trinh tong quét:

1 dN
Tit cong thie (9.16): —ry, = ————2=kC,Cy
PV, dte
e Pa
Vol C, =—=
A H,

9.1.7 Tidu chudn xic dinh biéu thie vin tdc st dung

Trong khi tinh todn edc thi€t bi hdp thu ke¢m phén tng héa hoc,
didu quan trong 1a phai xdc dinh duge ch& do dong hoc dé tu dé lya
chon phuong trinh vAn tdc thich hop dé si dung.

1- Théng 36 dé chuyén héa qua I6p phim, M

Pé x4c dinh mdt 'phén ing 14 nhanh hay chdm qua mét don vi
dién tich bd mat tigp xdc pha léng - khi, gid sd trd lye qua 16p phim
kh{ khdng ddng k&, ta dinh nghia théng s6 4o chuyén héa qua 1ép
phim M.

Dé chuyén hdo t6i da cd thé
B {dgt duoe trong lap phim Edng} » kCA,Con _ #CpDy, (9.26)
- {Khd ndng khuéch tr.in} T Dy Cy kS, '

' t6i da qua lap phim x

(1]
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Néu M 1 tdt cd phén ing xdy ra trong l6p phim va dién tich
bé mét tigp xic pha sé& 14 mét thdng s6 kiém sodt vén téc. Nguge lai,
n&u M «1 phan (ng khéng xay ra trong 16p phim, t4t ¢4 phan g
x3dy ra trong khéi chét 16ng va thé tich chit 1dng 1a mit théng s&
kiém sodt vén toc. Bing thue nghiém di x4c dinh chinh xdc hon
théng s6 M nhu sau:

(1) Néu M > 4 phén dng x4y ra trong lép phim, ta ¢6 trudng hop
A, B, C D.

(i1) Néu 0,0004 < M < 4 ta c6 tridng hgp trung gian E, F, G.

(iii) N&u M < 0,0004 ta ¢6 phan dng rat chim, trudng hop H.

Khi M 16n ta nén chon thist bi ¢6 dign tich bé mat tiép xdc pha
16n, nang lugng khudy 14 mét théng s6 quan trong cdn xem xét.
Nguge 1ai, néu M rdt nhé diéu ean thiét 1a thé tich chat 16ng. Khudy
tron dé tao nén dién tich bé mit ti€p xde pha 1én khéng ¢6 loi & day.

Bédng 9.2 trinh bay mot s6 thong s6 tiéu bidu cho cdc thigt bi
tiép xic pha khi - 16ng khéc nhau va tit d6 ta thdy ring thdp phun
ho#c thdp mam 3& cd hiéu qud cao cho cdc phdn ¥ng nhanh (M 16n)
trong khi thdp sti bot hiéu qué hon cho phan vng chim.

Bang 9.2: Ddc irung cia mét sd thiét bi tiép xic pha khi — ldng

Dign tich b8 mat tidp | Dign tich b& mat tidp Té tich chat

Logl thiet ] | xic phafhe tich chdt | xdc phafthd toh bk | A WEHEh | g tn
long, m*im® phdn iing, m2/m® cila chdt léng I phim

Thép phun - 1200 - 80 - 0,05 ~2-10

Thép chém 1200 100 0,08 10 - 100
Thdp mam 1000 150 015 40 - 100
Khudy sii bot 200 200 0,90 150 - 800

Thap shi bot 20 20 0.98 4000 - 10000

2- Dé hoa tan

Véi nhiing phdn dng xdy ra trong pha khi, hé 86 Henry c6 thé
cho biét trd lyc qua 16p phim khi ¢é vai trd quan trong hay khéng.

Xét bidu thic van t6e truyén khi clia A qua hai 16p phim khi va 1éng;
1 dN, _ 1
STa T _1_, H, '

ka, Ra,
phim khi  phim Idng

. (9.27)
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Ta ¢é ha trudng hop:

(i) Tdc chdt A hoa tan it, H, l¢n, néu tdt cd thong s0 khde
khéng d6i thi phuong trinh vén tdc trén cho thdy trd lyc khuéch tén
qua ldp phim léng la 1én. '

(ii) Tdc chat A hda tan nhidu, H, nhé, I6p phim khi 14 thing s
kiém sodt. Trong trudng hgp may khoéng cAn thiét thém B vao pha
16ng d€ ting eudng qud trinh hdp thu.

3. Xéac dinh ché dé dong hoc tit thuc nghitm
Khudy

Vgl pAD ]

Thanh phdn pha khi @8ng nhat

Mét phin bé mat duge che,
¢6 thé thay déi dién tich

Thanh phan pha ldng d8ng nhat

Agitator

Hinh 9.3: Thist b thi nghiém Iy tudng héa c6 hai cdnh hhudy d¢
khéo sdt déng hoc phdn ting luu chdt - luw chdl

Mot céch 1y tudbng, c4i ching ta cdn 1a mét hé théng thi nghiém
linh déng 4 d8 c6 thé thay d6i cdc bién s6 mét céch dde ldp theo
cAch da x4c dinh trude va do duge tdc d¢ cia nhimg bign ddi nay.
Hinh 9.3 m6 tA mdt thiét bi phin (ng kép ding dé thu thdp cdc
thong tin d8 xde dinh ch& dd dong hoc. Nhitng dée diém cla thiét bi
phin tng kép 12 néng dé pha khi va pha 1éng ddng nhét theo md
hinh khudy trén, t6c do khudy trong mdi pha c6 thé thay déi doc lap,
t1 38 dién tich bé mat tiép xdc pha/ thé tich chét 16ng ¢6 thé thay 46i
bing cdch thay d&i dién tich bé mat ti€p xdc va mde gid tri ndng db
cha t4c chdt c6 thé tang hode gidm bling cdch thay ddi luu lugng hode
thanh phan nhép liéu.
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Vi cde pha chuyén dgng theo ché @6 khudy trén nén téc do hap
thu va phéan dng c6 thé duge xdc dinh true tidp ti ¢in bang vat chat.
Vi du, dya trén mét don vi thé tich chét 16ng, ta cé phudng trinh v4n
tde cho cdu tif B.

C i (5. — %)
T y= = ;dgﬁ o I B;, 2 (9.28)
{ i i

cho efu t A la:

1 dNA E*I_ Ugro B} Deralt[(Pay

gy = o ~(B4y 1 (920
rA,l ‘rl dt b RT"T; trd vdo i

tra
Tuong ty dua trén mdt don vi dién tich bd mat tidp xic pha, ta
eé cho B [a:

. 1 dN, v, u{Cs -Cp)
e LN izl . TN ] (9.30)
R TR S
va cho A la: _
’ 1dN,s 15 v, P ps Pa
B g P (9.31)
- S di b RTV'{ t.rcr ptrg

V6i thiét bi thi nghiém trén ta ¢6 thé c6 nhimg thay d46i sau:

1- Téng t6c 46 khudy cla pha khi: N&u toe d6 hdp thu va phan
ing tang thi trd luc clia pha khi la ddng k&, néu khéng tang thi trd
Iue pha khi ¢6 thé dugc bd qua.

2- Thay ddi 8,V, hode ¢d hai: _

a) Néu dN,/dt doc 1ap véi V, nhung ti 18 véi S thi M > 4 va ta
cé cdic trudng hop A, B, C, D. |

b) Néu cd hai § va V, déu 4nh hudng 1én dN,/d¢ thi & trong
diéu kién 0,0004 < M < 4 vA ta ¢6 che trudng hgp E, F hay G.

) Néu dN,/dt ti18 v6i V; va doe lap véi S thi M < 0,0004 v ta
co trudng hop H. |

Nhing phuong phdp trén giip thiét 1ap phuong trinh van t6c va
ché d¢ kiém sodt vin tdc va c6 thé st dung cho céc truding hop khéc.

4- Dong hoc phadn ing huyén phi

Trong trudmg hop nay khi chioa tdc chat A duge gue vao chit
léng B chifa cdc hat chat r4n lg hing va tdc chat A phdi di chuyén
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dén bé mat chat xue tac dé phan vng v6i B. Véi nhing phdn ang nhy
vay, nhing trd lyc sau xdy ra ndl Liép (H.9.4).
Bé mat tiep xuc pha khi - Idng

: Bé mat tidp hat x(c tac id ling

E e | Pa E

i \\i Car
1 L

{Phim| Phim |

I_ khi [ kim E Déng léng
] 1

\ Ldp phim tai bé ma?
hat ti#p xtac

Hinh 9.4: Cde tré luc xdy ra néi tiép trong phdn ung huyén phu

Giai dogn 1: Téc chdt A khudch tdn qua 16p phim khi dén bé
mit tiép xdc pha khi — I6ng.

Giai dogn 2: A khugch tén qua lép phim long d8 vao khéi chat long.

Giai dogn 3: A khuéch tédn qua 16p phim léng quanh bé maét hat
xue tde A€ dén bé mat hat xac tae.

Giai dogn 4: A phin ting véi B trén bé mit hat xic tdc.

Gi4 s néng do B di lén dé phén (ing xay ra 1a bace 1 theo A vdéi
hiing 86 vén toc 12 %, . Dinh nghia:

__ Dién tich be mgt tiép xic pha

ay Z = 7
y ThE tich chét long
vi g = Dign tich bé m@t hat xiic tdc
ST ThE tich chdt long

Van tdc cia cde giai doan trén duge cho bdi:

1 dN
—TAg = -VJ ; TfA- = kAk_ai(pr =~ pAl_ ) — kA;ai(CA‘- = CAE)
=k:,ila5(C'A{ -CAS)=kla‘SCAS : (932)
Két hop cdc phuong trinh trén, ta duge:
1 i
Ty = . (933)
METT H, Hy Hi f |
kAk a; kﬂz a qu! ag klaa
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Tuong tu nhu cde trudng hgp trén, ta cdn xde dinh trd luc nao la
cht yéu: Tai bé mit ti€p xdc pha khi —~ 16ng hay tai bé mat xic tde.
biéu nay duge xdc dinh dé dang bing cdch thay d6i ldn lugt dién tich
bé mit tifp xdc pha khi - 16ng va ]u'cfng chat xic tdc thém vao..

Sép x€p lai (9.33) :
.pA ___( i +HA)L+(&+£)L=CIL+C2L

(9.34)
—TAl kAk kA! a; k;,_.g ‘_kl QS @; ay

- Phan (ng hydrogen hda céc hop chdt hitu co 1A trudng hop tiéu
bi&u cho loai phdn @ng nay.

5- Phan dng lén men hidu khi

BE mat t& bao h&p thu oxigen

g

! :Poz.l ) I
icc""": Cons \\§
it PR £ 'I N

\Lap phtm bao quanh t& bao
Hinh 9.5: Tré lic cho qud trinh hdp thu oxigen
do cdc t€ bao trong lén men hifu khi

0 day oxigen trong pha khi phai truyén t6i b& mat t& bao dang
phét trién trong pha 18ng, Phuong trink d6ng hoc trong trudng hgp
ndy tuong tif nhu trudng hgp phan dng huyén phi. Hinh 9.5 bidu
dién cde tré lye va ndng A8 ¢ha qud trinh.

Van dé trong cdc thi€t bi 16n men la dadm bio cung cAp luong
oxigen thich hgp cho qu4 trinh hé h&p eia t& bag, va nhu vay cén
duy tri ndng do oxigen trong pha léng trén mic cdn thi&t cy thé toi
thidu. Vi 1y do pAy thift bi 16n men cén dién tich b8 mit tiép xic
pha khi - 1éng lén. Téng quit, tré llm khuéch t'c’ln qua 16p phim léng
la kiém sodt qué trmh

9.1.8 Két luﬁn

1- Nhing dang phdﬂng trinh v&n tdc dé cép trén day chi 12 mt
56 dang thudng gip. P61 véi nhﬁ‘ng loai phan drg khde nhy phin dng
thuén nghich, phdn dng néi tiép, vé nguyén tdc ta déu o6 thé xdc
dinh duge bi€u thic van tdc. Piéu kh6 khan & diy 1a x4c dinh dding
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diéu kién bién va gidi cac phuong trinh vi phéan phue tap. P& vdi cac
phin dng phdc tap thutng chi gidi dugc gan ding.

2- Trong khi thist 14p cde biéu thife van tfe, cde tdc gia thudng
st dung thuyé&t hai 16p phim ho#c thuy&t th&m thdu nhung nhing két
qué nghién cdu sau ndy cho thay sy hién dién cla tap chéit trong pha
16ng ¢6 thé lam thay déi hoan toan tinh chat giao tiép hai pha do sy
thay doi sitc c&ng bé mat. Hién tugng ndy goi 12 hidu dng Marangoni
ldm gidam hé s8 truyén khoi.

3- Su c6 mit cda hiéu dng Marangoni cling vdi cdc théng s6 cha
hé théng nhu &k, & H,... thudng khéng duge bist, ma néu b biét
cing chi la gdn ding nén cdn phadi thin trong khi sd dung phudng
trinh van tdc. Thudmg thi bai todn duge gidi quyét bing thuc nghiém
dé xac dinh ché& dd déng hoéa hoe réi ding phuong trinh don gian
nhit phi hop. Piéu nay do dé€ giap ta Iva chon thiét bi phan ing
thich hop va thue hién phuong phdp khuéch dai déng dang.

4- Céc phuong trinh trén duge rat ra cho hé khi - long nhung
trong thuc t& ching ¢6 thé duge 4p dung téng quat cho hé luu chét -
I chét bat ky nao véi mot s6 thay di cdn thiét.

Vi du 9.1: Thyc hién qué trinh hdp thu CO; vao nude bing cach cho
hén hop CO, - khéng khi tiép xidc véi nude & 256°C.
a) Tinh tré lue cha 16p phim khi va 1dp phim léng cho qud trinh nay.

b) D€ thiét k& thdp hép thu, dung phuong trinh vén tdc nao ¢
dang don gian nh4t.

¢) Thyc hién qud trinh hip thu nay véi phan tmg héa hoc ¢6 lgi
khéng? Tai sao?

Giai: Cac s6 lidu truydn khéi efia CO, trong khong khi vi trong mude 1a:

ko =80 molthlat; ka=26k""; H, =30oatlimol

a) Goi R, 1a tré lyc tdng cong clia qud trinh hip thu:
th = Rk + RI
L1 Ha 1,30 40125 + 1,2 = 1,2125 Lat.k/mol

K,a ko ko 80 25

Ti 1& trd luc trong mbi pha so véi tré lye chung:

R, 0,0125 K; 1,2

- x100% =1,03% ; ~ % %100% = 98,97%
R, 12125 ’ ‘R, 12125 :
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b) Vi R, < R, nén phudng trinh van téc¢ thu gon con:

1 kJ'CI
—I :__—.-—.—ﬂpA :—-,ﬁpA
A 1 Hy H,
. kkﬂ‘« kgd

—Ta "—".kl'f]ACA =kla(Ca,- —‘CA)

hay: -1y =—— et = A = pAC,

¢) Ta thay tré lue cha lgp phim léng khs i6n do dé moi bién
phdp d€ lam gidm trd luc nay déu hitu hiéu va thye hién phdn dng
trong pha léng sé 1am gidm trd lyc va ting qua trinh hap thu.

Vi du 9.2: Néu ding NaOH dé€ thue hién phan dng véi €O, trong pha
léng nhém gia ting qui trinh hdp thu CO, ¢ 25°C.

a) Sit dyng biéu thic vén tde nao khi pgy, =0,01 a¢ va néng 4§
ctia NaOH trong pba 1éng 12 2M.

b) Qud trinh hép thu ¢6 phdan (ng di tdng nhu thé nao so vdi
qud trinh hdp thu bdng nuée nguyén chat nhu trong vi du 9.1. Gia si
phéan dng tc thoi va cé dang:

¢) Lap lai cdu (a) va (b) v6i pgo, = 0,2 at v& néng d6 NaOH trong
nuée 14 0,2M. |

Gid sif hé s truyén khéi cia CO, va NaOH trong nudc 1a bing nhau.

Gidi: Vi hé s6 truyén khéi cia CO, va NaOH trong nudc 1a bing
nhau nén: knaorr® = ke, @ =ka =25 1

a) Ta xét nbng d9 cla NaOH trong nude ¢6 cao khong?
kaCp 25x2

koa.p,= 80x0,01 = 0,8 mol/h.i; 5

=25 mol/h.l

kiaC ' :
Vay kap, < taz; ff . Do d6 c6é thé xem nhu trd lyc truyén khai

qua 16p phim khi kiém so4t qud trinh va biéu thic van tée st dung 1a:

ey =S —-——= = k =
A Vv, Tt et ik, o (trutrng hop B)
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b) Mde d gia tang hap thu la:
L S Tidn
K, 11,2125
c) Tinh lap lai cau (a) va (b) v6i cdc gid tri khac elia py va Cy:
kaCy  25x0,2
b 2
k,ap, = 80x0,2 = 16 molih i
Vay k,ap, > kaCg/b nghia la nong 49 Cp khong cao

=28 molfh.i

Sy gia ting qud trinh hap thu duge ddnh gid bing hé sb ting
ewdong (vi trd lye cta 16p phim khi khéng déng ké).
p-1+-20C8 _y, *eCe i, Cs
00 4;.C 41 bk Cay bCyr
Vi py =ps nén py =HCp =Py
g o1, Cafla _y, 02x30
pr 2><0,2
Trong trudng hep ndy dang phuong trinh vén t6e sif dung la:
L v, dt AN bD
Nhu vdy van téc qud trinh hdp thu cé phén dng tang 16 14n so
vOi qué trinh hdp thu vat ly.

9.2 AP DUNG VAD THIET KE

Trong qué trinh thiét ké thi€t bi thuc hién phan ung khi - 16ng,
phuong trinh van tdc va loai thist bi cd méi quan hé rdt mit thiét
khi ta mufn dat hiéu sudt phén dng cao.

9.2.1 Phéin loai thi€t bi phan ing

Hinh 9.6 trinh bay céc loai thidt bi phdn dng khi - 16ng khae
nhau. Ta c6 thé chia cde thiét bi nay ra 1am hai loai chinh la leai
thdp va loai binh khudy trén. Loai thdp xem nhd c6 chuyén dong
dang ong va c6 thé diéu hanh theo phuong phédp tiép xtc pha cing
chidu ho#ic nghich chidu. Loai binh khuay xem nhu luu chét c6
chuyén déng dang khudy tron va cang c6 thé didu hank theo phuong
phap tisp xde pha cing chidu hosc nghich chiéu khi ¢6 nhiéu binh
khufly m&c nédi tiép.

16
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Lang Lanig Long
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&) Thap phon 1) Thiét bi phén dng thi nghigm &} Ginh khudj idmg 1) Thisl bi phdn ung ban lién e

+ Chatidng &
Chitléng B

vl
ety
E ¥y

1) Blnk khudy Wdp xiic pha clng chidu

3} Binh khwdy tidp xdc pha nghich chidu

Hinh 9.6: Cdc logi thiét bi phdn tng luu chdt - luu chdt

Thiét k€ cdc thi€t bi phdn dng nhu viy s& thay déi theo mé hinh
chuyén dong cha luu chat, dé 16n tuong d6i gida van tée phin ing,
van tde truyén khdi va do hda tan cia tde chdt. Sau day 13 m6t vai
loai thiét bi tidu bigu (H.9.6).

1- Thdp chém: Thép chém duge sl dyng dé hap thu mot cdu
tir hén hgp khi. Chat 1éng duge phén phéi 1én bé mat vat chém va
ch&t khi ]a pha lién tuc. Tén thdt dp sust cla dong khi qua thép
tuong d6i thdp nén cé thé s dung thap chém d& xir Iy mét lugng 1dn
chat 1éng.

2- Thdp phun: giéng nhu thap c¢hém, thdp phun cing ¢6 qué
trinh ti€p xic pha lién tuc. Thé tich ch&t 1éng Iun lai trong thép
tuong doi it, chat khi 12 pha lién tuc.

3- Thdp mdm: Mam c6 thé 1a _loz_ai chép hodc xuyén 16, Ch4t Ihi -
sii bot qua 16p ch4t 16ng trén méi mam khéng lén nén tén that 4p
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sudt eda pha khi qua thép la thap. Chat iéng bi liu lai trong thdp
tuong doi 16n hon so vai thédp phun, nhung van cdn nhé. Thidp mam
thich hop cho phuong phap ti€p xic pha theo bdc va v6i lugng khi
16n.

4. Thdp sve khi: Thip c6 cdu tao tuong d6i don gidn. Thép chda
ddy chét 1éng va chat khi duge cho si bot vao ddy thdp qua Gng
phén phoi khi. Chat 1éng bi gidf lai nhiéu trong thap. B4t 1gi cia leai
thdp nay 13 cdc bot khi ¢6 khuynh hudng k&t ty lai d€ tao thanh
nhiing bot khi 16n hon va tén thit dp sudt cia pha khi qua théap ldn.

5- Binh Bhudy: Trong binh khudy pha léng duge cho sii bot vao
pha khi c¢hida trong binh. Phuong phdp dieu hanh § ddy 14 ban lién
tuc. C4nh khuSy 13 loai turbin ¢é huéng ddong. Binh khudy tao nén
dién tich bé mdt tifp xdc pha khi - 16ng 1dn. Tuy nhién so vdi thdp
siii bot thi binh khudy ddi hdi phai gidi quyét nhiéu vdn dé vé co khi
nh&t 1& khi luu chéit ¢é tinh &n mon eao hay khi hoat déng & nhiét do
va 4p sudt cao.

D& lya chon thich hop mot thiét bi ta phai biet 1a c¢an S 16n hay
V;lén va nhu vy cdn biét 4p dung ché d6 dong hoc cho truong hgp
1306 (A dén H, H.9.6). Mt yéu t& khdc 14 tdch tdc chat A ra khoi pha
khi dé€n mde d¢ nao. TU hai céu tra 1 nay sé quyét dinh dung loai
thiét bi nao dang thép hodc nhiéu doan. Sau day la phuong phap
thiét ké cho cde pha chuyén dong dang 6ng nghich chifu va cho cac
‘pha chuyén déng khudy trén vdi cde phuong trinh dong hoc don gidn.
Céc phuong phép ndy cé thé suy réng khi cln cho edc dang phuong
trinh dong hoc khidc.

9.2.2 Phuong phap thiét ké
Qui ude cdc ky hidu sau:
a - dién tich bé mdt ti8p xiic pholthe tich thiét bj phdn éng, m? {m?
f - phén thé tich cia pha trong dé phdn iung xdy ra
i - edy i bAY ky, tde chdt hoge sdn phdm
A, B, R va 8 - ede chdt tham gia phdn tng
U - edu ta tré, khong khufch tan va khéng tham gie phdn ung
T - téng s6 mol trong pha ldng
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Y, = PA 41 56 mol eda A trong pha khi
Py

X, =g—A - ti 86 mol cila A trong pha ldng
(7]
G, L - sufit lugng mol téng cong ctia pha khi, 1éng eho mét don vi tiée dién thap

G, = -(-;-E“— - sudt lvong mol cia edu 4l tro trong pha khi cho mét don vi tist
t

dién thdp, molih.m”
LCy

T

- sudt lugng mol cia edu hi tro trong pha 1éng cho mot don vi

L, =
titt dién thdp, molfh.m?

Tt cdc ky hiéy, ta cd:
}:'t=pA +pB +""+pu (935)

Cr=Cy+Cq+...+C,

_ yPay_ P,3ps —padp
dYAwd(_)—— & g e &

f:u C dcﬁH CL,dC .38
dXA - d( A)= A _2 A"y
CI! Cu

I- Thap c6 phan tng nhanh. Truong heop A, B, C hay D

Truyén khéi khéng cé phan vng: P& x4c dinh chidu cao thép,
két hgp phuong trinh van tdc véi phuong trinh cn blng vat chét,
®ét qud trinh nghich dong 6n dinh, ddng nhiét, cdn bing vat chdt
cho tac¢ chat A qua mét phdn t6 the tich.

(A mdt di trong phe khi) = (A nhan duge trong pha léng) (9.37a)
Gy, Fidp, _ L, CrdCy
'(.-F‘; —pA)E (CT"CA)z

—d(GPay_ g(&Cay_Gdpy _LdC, (9.37h)
5 Cr  PB-py Cr-Cy
Néu ndng d9 loang C, « Cp va p, < P tacé L=L, v&d G=~Gy,
{9.37) thu gon con:

EE’LdpA o Ltr

B Cy

dC, - . (9.38)
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Tai mdt vi tri bat ky trong thdp téc dd truyén khél cia A cho
mot don vi dién tich bé mat tiép xdce pha la:
—ra= ‘%%-km(m ~pp) = ky{Cs —Cp) (9.39)
K6t hop (9.37) va (9.39) ta dugc phuong trinh tinh chifu cao
theip cho qu4 trinh he"fp thu khéng c6 phan ing:
Gy, (Yazd¥y _ PA2 dp,
Yar —ry Pal kMa(R—pA)z(pA—pA;)

oy Icu dc,
g Ca kAIa(CT —CA)Q(CAI'"‘CA)

242 dpa Caz dCy
'[Pm kAk a(F; —pA)(pA —PA,-) JC.-H k-Ai G(CT —CA)(CA‘- _CA)
Vi hén hop loang L =L, va G=G,,, tac6:
Gy, [PAz_ OPa L, €40 _dC4
h = I = I — L nEE
Bihy a'pa Pa—Pa Crky29Cay Cﬁ.,- -Cy4

Thip Paf LlTha'p &;

Pa

Ldn
--(2) B8 mat tidp xdc pha
Cao p,J l Cao C, tai vi trf bét k¥ trong thap

Pudng lam vide, £an bing vat chat
Hé sf goc = LIG

Chidu cao thap
h = (dién tich)

1113

Hink 9.7: Thiét k& cho thdp hdp thu khong ¢ phdn ting
Hinh 9.7 trinh bay phuong phép tinh todn & trén cho hai pha
chuyén dsng nghich chidu. V6i qud trinh hai pha chuyén dong cing
chiéu, ¢ Juge thay bing ~G.
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Truyén khéi vdi phan vng: Trong trutmg hop nay phuong trinh
van tdc va phudng trinh cdn bing vét chit phdi lHén hé duoe néng d4
cia ca hai tac chat trong thap.

V6i phan ting Ay, +bBy — san phim

c6 van téc trung binh dén rdt nhanh, hai pha ti€p xic nghich chiéu
¢6 chuyén déng dang éng. Vi phan ng chi xdy ra trong viing gin bé
mat tiép xdc pha nén c6 thé si dung thuyét hai lép phim va cde
phuong trinh vén t6c (9.5) hay (9.12), hay (9.16) va (9.17), hay (9.22).
A(khl) + bB(13ng) em s3n ph&m
Gy, GY PAi_'h_.lk.l,\L; 0

o

@
| [INAPCHSl | Gan bling vatchat
I Pa Bl p— .- Inh tha £
| [py Cgl ¥ gida dinh thap va mét
|

L f‘ l_ ! vi trl BAt ky (9.43)

Phudng trinh vi phén
cén béng vat chit (9.42)

CaoThépl
@_____ Pa Gg
. G, G PMT 1 L. Lz, Cga
| Cung chiéu
Nghich chiéu h& 86 goc
hé& sd goc L &
i - g _YA.} i ‘I“I:{EG
Y, s P
Yazf- 1‘:
: : .
. {
- ! ! Pay
Xp2 Xy
KB CB

Hinh 9.8: Can bdng vt chdt cho thap hdp thu kém phdn ing

Trong cdn blng vt chat, A chi hién dién trong khdi khi va B
chi hién dién trong khéi chat 1éng v& mot mol A phan dng véi b mol
B nén theo hinh 9.8, phudng trinh vi phén can bling v4t ch4t cho hai
pha chuyén déng nghich chidu la:

' (A mdt di trong pha khf) = -;—(B mét di trong pha l6ng) (9.42a)

hay: G, dvs =-22%B _q dPhy = _Lud CBy _48pa,__ 1, LCp (9.42b)
trd¥a L B e
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Né&u hai pha chuyén déng ciing chiéu thi G’ duge thay bang —G,,.
Su khdc biét gita qud trinh truyén khéi ¢d va khéng cé6 phén ung
trong nhiing phuong trinh c¢dn bing vat chdt 1A so sdnh (9.37) va
(9.42). Cdc nong d8 cia hai pha tai mot vi tri bat kj trong thap duge
zdc dinh theo céac didu kién & hai dau thap bang cdeh 18y tich phén (9.42):

L (Xp-Xg) cC
u 1y i 5]
_Gpsy Gipa __1LCs _chsl) 15.45)

kB b C G

1

Trong trudng hop dac biét, (9.42) vA (9.43) ¢6 thé don gidn hon.
Véi ede tac chat tham gia phén tng c6 nong dd lodng p, =B, €, =Cp,
phuong trinh vi phén edn bing vat chét 12

G, L
Ly, =——" dC 0.44
P P a bCy B ( )
v tich phén cho ndng d6 tai mot vi tri bat ky:
G, L (
L - =t (0 — Oy ) 9.45
Pt (pA pAl) bCT B B ( )

Mot trutmg hop dac biét khéc 1a khéng eé cdu tif tro ¢é mat
trong hai pha, nghia 12 méi pha chia mgt tdc chdt nguyén chit,
L, =@, =0, khi @6 phuong trinh cén bang vat chét chi lién hé dén

GvalL.

Pha khi Pha ldng
'G‘YA LIXB

BPan vi 1IEt kigm

Thé tich: &V = dh
Dién tich bé mat tiép xiic pha: adh

G Y #dY,  LXg+dXg

A phén ing !
Cén bing vat chét = GdY, =—E‘~X—B, m—OI.

b  hr
mal

hrm?

Hinh 9.9: Phuong trink thiét k€ cho thdp hdp thu cé phdn ting
. tai ving b8 mat tiép xiic pha -

y (acdh, m’ Dién tich b& mit tiép xtic pha)

Phuong trinh van t8c = (14,



274 CHUONG 9

Chiéu cao thdp duge xdc dinh béng cdch két hop phugng trinh
van tde va phuong trinh cdn bing vit chat nhu hinh 9.9. Dya trén
mdt don vi dién tich bé mat tiép xidc pha, ta c6:

=[ (mol A phén dng) }[ Dién tich tiép xiic pha [Cméu cao phén ]]
(Dién tich tiep xic pha)(Thai gian) ThE tich £6 the tich
=—ryoadh (9.46)
Sdp xé&p lai va 14y tich phan theo A hodc B:
h = JYAQ dY, _ ,r Xn dXp (9.47)

Ya (ryde Xy (-ryda
trong d6 dY, va dXz duge cho bdi (9.35) va (9.36).
V¢1 hén hop lodng:
.Gy j’PA2 dpy, L, jcﬂl dCp (9.48)
B, 9Py (=l)a  BCpiCm (<1))a

Thay cdc bifu thidc.thich hop (9.5), (9.12), (9.16}, (9.17) hay
(9.20) vao (3.47) hedc (9.48) s8 ducge chiéu cac thdp, Thudng tich
phén duge 1dy bing 43 thi hodc phuong phap s6.

Vi du 9.3: Néng d6 chit khéng tinh khi&t A trong khéng khi duge
gidm 0,1% xudng eon 0,02% bing cdch cho A hip thu vio nudc tinh
khiét. Tim chiéu cao thdp cho qud trinh hap thu nghich chidu. S¢ ligw:

Vi thép chém: &y o =32.000molik.m® at; kya=014"
. D hda tan cha A vho nube tinh khigt cho bdi: H 4 =125x10 8 at.m®/mol

Sudt lugng ciia pha 1éng va khi la: Cay= 0
L =L, =7x10°mol/h.m> Pa,=0,0002 Gyy=0
= = mocifi.m

G =G, =1x10°mollh.m?® tai P =lat

f
Khéi lugng riéng mol eia chat 18ng & diéu
‘kién nay 1a Cy = 56.000moi/m®

@
Giai: Vi hén hop loang nén s dung (9.38).  p,,=0.0010 Cgp=0
Lﬁ}' tich phan duoc Capdéng ké

Hink 9.10: Vi dy 9.3
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Ltr

pA ik pﬂl G“_ CT (C/"J. CI14],')
(7x10°X1)
hay: ps —0,0002 C,—0)
“ T (1x10°)(56.000)

8000 p, —1,6=C,
Tt d6 nong do cha A trong dong 1éng ra ¢ ddy thap la:
Cy4, = 8000 (0,0010) — 1,6 = 6,4 mol/m®

Chon mét sb gid tri p, trong thép, xdc dinh duge C, tuong
ting, tinh Ap sudt riéng phin c4n bing cia A, p; , sau do¢ tinh dong
lye t8ng quat cho qué trinh hdp thu nhu bang 9.3.

Bang 9.3: K& qud tinh vt dy 9.3

Pa Ca Pa=HaCy APA =Pa —Pa
00002 0 0 0,0002
G,00086 32 0,0004 0,0002
0,0010 6.4 0,0003 ' 0,0002

Hé s8 truyén khéi t5ng quat dya trén mot don vi the tich thép
g
: _ 1 8, 1 13007 _jso12es
Kﬂka kAka kitl 32{}00 0,1
Chiéu eao thép duge cho bdi (9.41), hay _
0.0010 d '
dpy _Grm_ dPg 4,409 PA____518m
P (~ri)a P pa, Koo Ap, 0.0002 (780)(0,0002)

G day trd luc 16p phim léng chifm trén 95% trd lde t&ng quédt, do
d6 néu xem nhuy lép phim 1éng kiém sodt qué trinh cing khong mic
nhidu sai 6. Qué& trinh cAn thém téc chat B dé tang hiéu qua hép thu.

Vi dy 9.4: Trong pha 16ng & vi dy 9.3, & diy thém vao tdce chdt B c6
nong dé cao, Cp, =800 mol/m® hay gén bing 0,8N. Phéan tng nhu sau:

A[k] + Bth i Sé]‘l phgm

xdy ra trong pha léng va r4t nhanh. Gid s hé s6 khuéch tdn cda A
v4 B trong pha 1dng la bing nhau &4 =k, =54 .
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Giat: 1- Cén bang vat chél:
Véi hén hop lodng, phén tng nhanh (9.45) cho: Par = D'E“j_'_l@ Coy= 32

—
=3 Ltrﬂ (C -—C ) @
Py =Dy = G, 6Cy B —Lp
5
Py —0,0002 =E (7)(51)(; M) )(SOD—CB)
- (1x10°)(56000 _TT19
| 8000p, =801,6-Cjy Paz= 0.0010 Cp,thdp
2- Xde dinh phuong trinh vgn t6e: Hinh 9.11: Vi du 9.4

Ki€m tra didu kién hai dau thédp
Pinh: kAyap, =382.000x0,0002 = 64 molfh.m® -
 haCy =0.1x800=80 molihm?
Doy:  hyop, =82; kaCy=79,36
Tai hai dau th4p ks, ap4 <#aCy do d6 trd lye pha khi ki€m so4t
nén dp dyng (9.12)
3- Chiédu eao thdp: Tu (9.48) va (9.12)

th,',,J' dpy _ G, (P4 dPA =1.105J-0.0010 dpy  _
B e B ey k4, 0P 0.0002  32000p,

50m

V¢i qué trinh hap thu vat 1y, pha 1éng ki€m sost. Khi tao nén
phdn dng trong pha 16ng, pha khi kiém sost qua trinh. Phan tng da
lam gidm trd lye cia pha 16ng va két qua chiéu cao thap ti 513 m
gidm con 5 m.

Vi du 9.5: Lap lai vi du 9.4 néy nhép lidu cé 051 = 32molim?>.

Gidi: Hinh 9.12 trinh bay céc dong vao va ra khdi thiét bi. Lai gidi
.g0m ede bube sau ' Par= 0,0002 Gy = 32
1- Cén bdng vdt chdr: Nhu vi du 9.4, g 2
phudng trinh 9.45 cho ta sy lién hé néng dé
hai pha tai m6t vi trf bat ky.
8000p, =33,6-Cp

Vay tai day th4p; - : | 4 L@

' : Paz=0,0010 Cg, thép
Cp, =38,6~8000x0,0010 = 25,6 mol/m> |
T O Hink 9.19: Vi du 8.5
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2- Phuong trinh vén toc: Kim tra tai dinh va ddy thép

Pinh:  kAyap, =64 mollh.m®:  kaCp =82 molih.m’

bdy: ka apy =32 mollm® h: kaCy =256 molim>.h

Tai hai ddu thip ks ap, > kaCp, do d6 phén ung xdy ra trong

l6p phim 16ng, 4p dung (9.6)
il HyCp+py
A7 Uhy, +Hylky

3- Chiéu cao thap: Tal mbt s6 vi du xde dinh gia tr1 H,Cp+p,
nhi bang 9.4, Vay chiéu cao thép 1a:

h _ Gfil" j dpA : Gﬂ' Pag 1}I'kAka+HAJ{kE-ﬂ- deA
B Y(-ry)a B Yea  Egyatp,
0.0010(0,001283)a,
=1x10° | ( O9NPA _04 4 m
0,0002 0,0042
Biang 9.4: Viduy 9.5
Pa Cp if cén Ling vat chét HaCpg Pa +HaCg

0,0002 32.0 0,0040 0,0042
0,0006 ; 28,8 0,0036 0,0042
0,0010 25,8 | 0,0032 0.0042

Vi dy 9.6; Lap lai vi du 9.4 vdi nhép lidu cd Cp =128 molim?®,

f |

Pas= 0,0002 Cg=0

C.1563 |- (9.12)
Thay phugng trinh .
wan 8¢ %y Phading
o [P R
» B (9.6) _ B 1
w 00792 [ P e /_n tiép xdc pha

1

Phan ung
trong Idp phim

4

B
T
-l
el

-l

T » z

Pas= D,QUWSQSI __V_paz_= ':EEE'}U - O * 1 ;
Tr&n thap Dugi thap _ Paz= 0,0010 Capthdp

Hinh 9.13: Vi dy 9.6
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Giai:
1- Cdn bdng vt chdt: Phuong trinh lién hé néng 46 hai pha tai
vi tri bdt ky: 8000p, =1296-Cp tir dd xdc dinh ndng d6 tai ddy

thép: Cp, =121,6 moiim®.

2- Phuong trinh vdn tée: kidm tra hai dau thip

Pinh: kA ap, =864 mollf.m®; kaC, =12,8 molih.m®

Ddy: kAkﬂPA =382 molim* h ; kaCyp = 12,16 mollm® h

Tai dinh &y py <#Cp do dp dung (9.12). Tai ddy Ra,Pa >#Cpg
nén dp dung (9.6).

Xdc dinh diéu kign tai d6 viing phan dng dat dén dién tich bé
mét tiép xdc pha v thay d6i dang phuong trinh van t6c. Pidu nay
Xéy ra tai kAkpA =k,{CB . hay S’ZXJ'OSPA =CB

Két hop phuong trinh ¢dn béng vat chat gidi ra duge p, =0,000395.

3- Chiéu cao thap: Bang 9.5 trinh bay két qua tinh va tai p, =0,000395,
toc d6 phdn dng tinh dugc theo (9.8) va (9.12) I3 giéng nhau.

Chiéu cao thap duge xdc dinh theo bidu thie sau:

h= htr&n thdp + hdh.’di thip

Gy (0000395 dp, G, pooowo Uk, a+ Hylka
? 00002 b * P Jo,oo039s H.C dpA
;e Ay EPA ¢ % Pyt iislpg
(1x10%) . 3,95 1/780 60
= )(ln )+(1><_105)( )(0,000 5)= 2,1+48=69m
(32.000) 2 (0,0162)
Bang 9.5: Vi du 9.6
1
Pa Cs HaCp | Pa+HCo | K, 2 {-ry)a iim
0,000200 - 32000 | 64 WHBARL iits.
| 0,0792 ding (9.12)
0,000395 32.000 12.64
0.000395 | 1264 | 0,0158 | 0,016 780 12,64
0.000700 | 1240 | 00155 | oot6z | 780 12,64 0'0792} dung (8.6)
' 0,0792
0.001000 { 1216 | 00152 | 00182 780 12,64 ]
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2. Thap cho phan iing chim - hai pha chuyén djng cing
chiéu hodic nghich chiéu

Khi phdn tng xdy ra rat c¢ham so véi qud trinh truyén khoi,
thuyét hai i6p phim khéng 4p dung duge va vin toe phan ung duoe
bidu dién theo modt dom vi thé tich pha phén dng thay vi dién tich bé
maét xic pha.

X4c dinh chidu cao thép trong trudng hgp nay néi chung 14 khé
vi su phifc tap cta phuong trinh cdn bang vat chdt (tdc chit hién
dién vdi luong dang ké& trong cd hai pha). N6i chung ta st dung cédc
phuong phép tinh todn nhu trong qua trinh trich ly (gidn dé tam
gide, gidn db Janecke).

~ Xét phén ung: A (hhi) + B (I6ng} —» sdn pham

véi cdc didu kién sau cho cén bang vét chat: B khéng bay hoi vao
pha khi, lvong A chua phan dng trong 1éng 14 nhé so v6i lugng A
trong pha khi. Nhu vdy B khéng phan (ng chdy xudng trong pha
léng va A khéng phén tng di 1én trong pha khi, dp dung phuong
trinh c4n bang vat chat (9.42).

Pé ¢ ring mét mol A phén ing trong pha léng dugc thay bing
mot mol A trong pha khi. Két hgp phuong trinh van téc véi cn bing
vit chéit, ta duge:

L.dXp (mol A phin ing)

= -—3
b (ThE tich chdt 1dng) (Thai gian)

GtrdYA =

" (Thé tich chdt Iongi (chidu cao phan 16) =(-ry)fdh (9.49)

(Tong thé lich)

Pha li8n tye  Pha phan tan
3.Y, LXg

GYardYa L Xgrd¥g Thé tich pha phan tan = fdh

A phin dng trong phan 18
Can bing vattic = GdY, = —l—'lbxi.m??.

Phudng trinh van tde = (-Ta. o ) (idh, m® pha phén dng)
hrm® pha phén ling

Hink 9.14: Thiét lap phitong trinh thiét ké cho thdp cd phdn ing
chdm xdy ra trong pha phdn tdn. Tée do dua trén mét don vi thé tich
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Do phuong trinh van téc dua trén mot don vi thé tich téng cong
luu chit do dé f 14 phan thé tich cua pha phédn ung xudt hién trong
(9.49) thay cho dién tich bé mat ti€p xdc pha. Lay tich phén ta duge:

G [¥ay dY, J-xsl dX

A= G b xs Cry)

v6i dY, va dX, dude cho béi (9.35) vA (9.36) va (~ry) la phuong trinh
vén tbe thich hop cho mét don vi thé tich, vi du (9.16). Phuong trinh
(9.50) c6 thé c6 ede dang khde khi 4p dung vao cée trudmg hop ey thé.
Vi du, x&t mdét thdap phun trong dé B duge phun thanh gigt <6
nong dé loing, A trong pha khi va phdn ing giita A vi B ¢6 phuong
trinh v4n téc 1a 9.16. N&éu néng do cda A trong pha khi duge xem nhu
khéng déi qua cd thép thi (9.50) c¢é dang:
Jd(CB/UT) L J’CB:L dCp  LH,
" of kCyCyp  BfRC,Cr

(9.60)

C
- ln—2-  (9.51)
CBE CB bfkpACT CB:Z

Vi du sau day s& cho thdy mot dang khéc cla phuong trinh thiét
k& do ¢ dang phudng trinh cdn bing vit chdt si dung.

Vi du 9.7: Benzene dugc clor héa b3ng cdch cho tifp xdc nghich chiéu
v6i khi clor nguyén chit. Phan dng nhu sau:
CeHg (Idng) + Cly (kAi) — CHCl (Iong) + HCI (khi)

xdy ra cham, so ddng, khong thudn nghich va trong pha léng giia
clor hda tan véi benzene. Cédc gid s nhu sau:

-

Khéi lugng riéng mol chat léng khong d6i, Cp= const

Ap sust pha khi khéng d6i, B = const

Hai pha 26 chuyén déng dang 8ng trong thip

Luong clor hoa tan va khéng phdn dng trong pha léng nhdé.
Lugag HCI hoa tan trong pha léng khong dang ké

H, 12 hang s6.

Bé qua phan ung gita CeHsCl va Clo.

Tim bi€u thde tinh c¢hiéu ¢ao thdp theo nhitng bifn 88 cha hé
thong.
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-
e

Par- Yai Gay, %gy= 1

(Cl, + HCI) gy (CgHg)

rw-ro™ ™%

~_Budng lam viée cho thap cas
o Budng lam vigs cho thap thip

N *_» Budng lam vige i,
c

o
A
Phan ng trong

”
e SR P T

Yﬁl:ho dc pﬁ) =
o
1l

2 pha lign tuc S Dién lich gach cheo ti |8 vdi
Pra =1 B \\ ] PR,
c
(Cl)  (CeHe+ CeHCN & i o
X5z Xg =1
¥g(hode Cg)

[

/Bu&lng cong cho thap thip
Tée do cye dal

T
e
Fd . b

=1, = kC.Cy

BEudng cong
./:_cha thap cao

.

——

Viin tée

.

-

b
=
=
it
o
=1

L

¥

Kheoang cach dgc theo thap
Hinh 9.15: Vi dy 9.7

Giai:
Pat A = clor; B = benzene; R = monoclorobenzene; S = clorhidric
acid. Phuong trinh cAn bing vAt chét cé th€ tinh theo L va G vi
khéng c¢6 cdu tif tro cé6 mat trong hai pha, nhung ta d& ¥ 12 mét mol
clor phén dng s& c6 mo6t mol HCl tao thanh va trd lai pha khi do dé
sudt lugng mol tdng céng cla pha khi la khong ddi. Tuong tu sudt
luong motl téng cong clia pha 18ng khéng déi vi et mdt mol benzene
phdn dng sé& tao thanh mdt mol clorobenzene trong pha long. Nhu
vAy phuong trinh c4n bing vat chat (9.42) 1a:
L6, . . L

d(%) :id( ); hay: —dpy=——

dC
BB G P, & 2

Két hop véi phuong trinh van téc phan dng dya trén mét don vi
thé tich pha lién tuc
(—r4) =(-rg) =kC,4Cp
G

ta dugc: G an, = 2R dCy =kC,Cyfdh (A)
F, Cr

v4i f 14 phAn thé tich cda pha phédn ing hay pha long.
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Sdp x€p lai va lay tich phan:

EJ{IA JPAQ dpﬂ- = LHA JCBE ch (B)
par paCp  RfCp<Cu PsCp

véi py va Cy lién hé véi nhau qua phuong trinh can bing vat chét.

L&y tich phan phuong trinh vi phan can biing vét chat (A) ta duge
néng do tai vi tri bat ky trong thap.

= (- (C)
e LP )
Thay (C) vio (B) va 14y tich phén cho ta biéu thuc:
- —GH, 1o P [P, —(GILXF, - p, )]
PO RIB, +(GILY P, ] P?
hay biéu dién theo phén mol
—GH G
h= A l [1-—=(1-y, )] (9.52)
fBCrk O+(GLyy,] M "L 74
trong d6: y= %j_ , VA X, = g;

Hinh 9.15 cho thdy van toe cue dal tai mét vi tri nao d6 trong
thédp, gidm tai hai ddu thdp vi tai d6 néng d) cia tde chat nay heac
tdc chat kia rat thap.

3- Hé¢ binh khudy - Idng (hai pha cé chuyén dong khudy trén)

Hé binh khu4y - ldng duge ding dé€ tao sy tiép xac va tach pha
hai luu chét khéng hoa tan. Vi hé khi - 1éng vi hai pha cé khéi
lugng riéng rét khdc nhau nén thidt bi ling khéng cdn thiét. Hé
binh khuéy - lang thuomg duge dong cho phén dng cham.

Binh khudy - ldng mo6t giai doan dugc trinh bay trén hinh 9.6g.

V6i téc chat A trong pha khi, tac chat B trong pha 16ng, phuong
trinh vén téc dya trén mot don vi thé tich eda hén hop la:

o ‘Fl%v% =hC,Cp (9.53)
trong dé: C,,Cp - ndéng dd eda A va B trong hén hop; & - d6 do téng
qudt bao gém hing 36 v4n tdc phén (ng, ti s6 thé tich cda hai pha,
trang thai phéin tan. .. 8] day ta e6 thé cho B v6i higng thira.
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V&1 hé mét pha ti 86 mol nhép lidu hai tac chatb quyét dinbh dang
phuong trinh vadn téc s dung va khi ti s6 nay bang moét phuong
trinh 56 c6 dang don gian. Tuy nhién, trong trudng hop hai pha
khoéng hoa tan, ba théng s6 sau diy cé thé thay d6i doc lap:
| ¢

B i ed nong d¢ ddu trong nhip liéu
Ca,

B _ 41 o6 sust lugng mol nhap liéu
Fa,

Ve . ti s thé tich cta hai pha.
Va
va diéu nay din d&n sy phifc tap cho bal tosn. Trudng hop den gidn
chi xay ra khi:
. =% | (9.54)
va: FAo :FBO _ (9.55)
Véi qué trinh ti€p xdc nghich chiéu cha hai pha khong hoa tan,
phuong trinh déng hoc téng quat chi cé thé gidi bing phusng phdp
s¢. Tuy nhién v6i phuong trinh van tée phdn tng bde 2 (9.53), ta cb
thé rat ra 161 gidi gidi tich. Vay véi N doan bing nhau nhu hinh
3.16, ta duge:

Nog Lo yun
V. =—AZ)N 1] (9.56)
YN Cp kLg Ly

Fa, S | (9.57)
Fp

1
2= 1-X,
Lg=1+

v, = Thé tich

trong dé: Li=1-

(9.568)

F
LTy ) (9.59)
FB

@

GA. i1 prsrpn
s e -

Caz
ot

Cps Cai

Hinh 9.16: N dogn Ehudy nghich chiéu
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W000E—T"T T FIITI Y T TTTH
S Phan iing bac hal
(_f = : \\“%. Fao/Fes= 1.1
> N R MGt binh cling chigu—
5 I, L ™ L hay nghich chify
T i~ e E e =
2 — 5~ 3 . \ -
= -
&= —]
L=}
A=
4 —
=
8
=]
- 10 =
& 7
oy
7] —
g | -
yo = — Ngll'lich chidu —
= - — — = Clng chidu -
1 | RN S I
0,001 0.01 0.1 1,0
Phdn tac chét gidi han con lai Eﬁ_
u]
Hink 9.17: D6 chuyén héa téng qudt theo théi gian
khong thi nguyén theo (9.53)
1000 j— TTTTIT T T TTTY
\ 5

kV:Cas
Va

100

10

Thang s6 thdi gian khdng thif nguyén

Mt bink cbing chidi]
hay nguoe 12i

[

L

Phan dng
 bachal
FafFre=1 A
1 L1 111Nl L1 1111l L1t
0,001 0,01 0 1

c
Phdn e chét giél han con lai C—"

Hinh 9.18: Do chuyén héa téng qrucit theo thii gian

AR

khéng thu nguyén itheo (9.53).
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100 T TR ITT] T T T T T TT 1T
- M6t binh ciing chigu|Phan tng bae hai -
. = hay ngudc chidu FpfFus =18 —
OT_J ; |
%
5 100 .
= —
o | -
on ]
=
o =
z _
ot _
=
[[+]
g -
c
8
o 10 _
5 3
E —
] =
m —
(=]
= ==
2 — Nghich chidu
- - ’ -
- — = Ciling chidu
1] [ L1t I WA 1 1111
0,001 0,01 0.1 c 1.0
A

Fhén tac chét gidi han con lai

CAo

Hinh 9.19: D6 chuyén hda i6ng qudt theo thoi glan
khéng thi nguyén theo (9,53}

1000

KIVTGB-)
Va

Thang s6 théi gian khéng thu nguyén

[ TTTTTT |

RN

N

T T 1111
Phén ting béce hai |
Fo/Fas=5

100

10

N’Im binh ciing chiéu
hay ngugc chidu

|

Phén tiac chét gidi han com kg

=
| —. Nghich chifu -
== = Cling chibu
LN 0 1 N W1 } L1
. 0.01 0,1 1,0
(o1

C.ho

Hinh 9.20: P chuyén héa téng qudt theo thai gian.
khéng thit nguyén theo (9.53)
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Néng d6 trung gian giija cic doan:

CA. L.3 ;
i - — (9.60)
CAO FAU fFBO ¥ LSN —iN LgN
&, |
va =R - (96D

CAO - FAO "'FBO & LI(N—;'HN La'zw

Cdc phuong trinh trén cho thay hé cdc binh bing nhau ecdn thé
tich nho nhdt che ¢ing s6 binh.

Céc d6 thi tit hinh 9.17 dén hinh 9.20 bidu dién cho céc phuong
trinh trén, cho phép so sdnh nhanh qua trinh nhiéu binh ciing chiéu
va nghich chifu, binh éng, hé khudy ling, va cde binh phdn ung hoat
" déng gian doan.

Mot gi sif cho cde phuong trinh trén 14 lugng A chua phin dng chay
theo dong B tir doan ndy sang doan khdc12 khong ddng ké; va tuong
tg 1a B theo A

Vi du 9.8: Tdc chat A va B trong hai ddng riéng biét duge cho tiép
xtic nhau trong binh khudy va phén iing x4y ra nhu sau:
A+ B —» sin phim
Phan dng xdy ra ¢cham vé1 phuong trinh van tée nhu sau:
-1diN

A
wpy mae—2 = O, C
Ta V i talsp

Nhép lidu ddng mol, d6 chuyén héa dat 95%. V6i cung dong
nhdp liéu, d€ ting 46 chuyén héa lén 99% bing cdch ding ba binh
khugy tron méc ndi ti€p, mdi binh c6 thé tich biing thé tich binh ban ddu.

a) Néng sust ting bao nhiéu néu céc binh mic cliing chiéu?

b) Ning suft tang bao nhiéu néu c4c binh mée nghich chiéu?

¢) Tim 46 chuyén hfa gitta cdc binh trong ciu b?

d) Lap lai cdu (a) vdi binh 6ng nghich chiéu ¢6 thé tich bing thé
tich ba binh khudy?

Gia sif thoi gian luu cho hai pha 12 gidng nhau, bé qua dédn nd,
va phén thé tich cdc pha khéng déi.
Giai: a) Hai pha chuyén ddng cing chiéu trong hé ba binh khudy. Tu
hinh 9.17 ta ¢6 m6t binh khudy véi d6 chuyén héa 95%:
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kVrCp
4
v6i ba binh chuyén déng cung chiéu, 46 chuyén héa 99%, trén hinh 9.17:
Vo
(M) v =380
Pa

Théi gian lwu gidng nhau cho & hai trudng hgp, tuy nhién thé
tich hé ba binh gip ba l4dn thé tich hé mdt binh nén ning suat ting
ba l4n.

Véi ede pha chuyén déng chiéu, £, =25, ta cd thé ding phuong
phdp nhu trong chuong 4.

b) Ba doan, hai pha chuyén déng nghich chiéu: Tif hinh 9.17 ta
van cé:

(kzvﬂ'csg
Vs
v véi ba binh cé hai pha chuyén déng nghich chiéu, trén cung hinh ta c6:
(ktVTcBO
Ua
Fage Vo _ Va/03 _ B/63 _

)N=B = 63

Lép ti so6:
Fggs,

Viay néing suft trong trutng hep nay tang lén 18 lan.
¢) D§ chuyén héa gifla cdc bink: Cdc phuong trinh (9.57), (9.58)
va (9.59) cho: L, =0,01; Ly=100: Ly=101

va thay vao (9.60) ta dugc:

Cu 1,01

1

T 1+00.0D%PG000M
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Do d6i xiing d3 chuyén hdéa hai ddu che A va B la 17% va & gilta
sai bigt d6 chuyén héa 1a 65%. Do dé ta cé cée nong 46 duge bigu
dién nhy hinh 8.22. |

4) Binh 6ng hai pha chuyén déng nghich chiéu. H.8.17 cho:

kVpCp,

(—UA
Fong _Vsng _Verg92 392 ..,
Foew,  Ugs  Vos/380  1/380

) 9,2

éng

Lap ti s6:

Viy nang suit tdng 124 ldn cho binh 6ng hai pha nghich chiéu.

4- M6 hinh Hép xic pha ban lién tuc

Trong qud trinh ban lién tuc mdt luu chét duge cho vao lién tuc
trong binh phan tng chira luu chat tha hai, ta xdce dinh thoi gian tiép
xuc gitta hai pha dé dat 4§ chuy&n héa mong mudn. Vi du cho pha
khi gue qua pha léng chifa trong binh. tdc chdt A trong pha khi
chuyén déng nhanh qua binh, néng d6 A trong pha khi thay déi
khong ddng ké. Tde chét A duge hdp thu va phén vng chim vdi cau
t% B trong pha 1éng. Qud trinh khudy trén dé dat néng 46 déng nhat
trong binh. Sau mét khodng thdi gian phin dng nfng dé cia B gidm
trong khi néng dé clia A khéng thay ddi. N&u phén 1ing 12 bie 1 theo
A va B ta co:

. 1 dNp _ dCq
v, di dt

Véi C, khéng d6i, sdp xép lai va 14y tich phéan ta duge:

— kCA CB

c C
-| Bﬂ:kcﬁj‘d:; hay: f=— In_ 2
CBO CE o - kCA CB

hay: C_B — e‘CAkF = g PaktiHy (9.62)
CB

-}
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Phuong trinh (9.51) va phuong trinh trén 13 giéng nhau, mdt dp
dung cho binh éng, mot 4p dung cho qud trinh bdn lién tyc vdi nong
d5 pha khi khong déi.

9.2.3 Chung cit phian dng va trich ly phan dng

Pén day ta c6 hai ly do dé thuc hién phdn tng hai pha Iuu chét -
lua chdt 1a ting eudng qud trinh phin riéng hay tao nén mét sdn
pham mong mudén. Trong phdn nay ta xét dén qud trinh duge thue
hidn nhim c4i thién sy phin phdi sdn phdm cia mot phdn dng déng
thé. _

Xét mdt phan vng noi tiép xde tdc ddng thé véi R 14 sédn phim
chinh. Néu R tan trong mot pha thid hai khong hda tan, ta c6 thé dua
pha d4 vao d€ trich ly R khi R duge tao thanh va do d6 nhén dudc su
phéan phéi san phdm tot hon.

K, ;
I A—1p R —Z4eS phaphén dng

| SIS ----‘:’:'/Hésﬁiruyénkhﬁi,ka _
[?-r;o;g-n:ugn-p?g mdi dua vao

—— - ———— —

Hinh 9.23 cho thiy trudng hop dimg pha khi lam pha méi dua vao.
Khichda R

Khi chita R Khi chia R

Khf Khi
)

Hink 9.23: Phin itng trich ly vdi: a) Pha ldng gidn degn; b) Pha long
lién tuc; ¢) Pha ldng chuyén déng theo mé hinh dng. Phdn dng noi
tiép xdy ra tramg pha [éng, pha khi lé pha mdi dua vae

D& dang nhén thay riing khi k; >k thi hiéu sudt tao thanh R
dat cuc dai khi 48 phan tng ho2n tdt va ti 56 gida B (trong pha méi)
va 8 duoc cho béi i 56 kylky. VI & vA &y thube ve giai doan héa hoe
trong khi k, 1a giai doan vit 1y nén d€ so sdnh cdn qui vé cling mét
cin ban. Gidm k; vA ky 80 vOL kg 88 cdi thién duge sy phén phoi sdn
phém. .
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Vi du, xét phan ng pha long déng thé voi k=1 va k = 4 xdy
ra trong binh phan dng hoat dféng gian doan. Tu Chuong 4 ta ¢é:
CR, max _. 169
A,
Tuy nhién néu suc pha khi vao pha léng dé 161 cudn R duge tao
thanh va gid s hé sé truyén khéi khi - long trén cing mét cin ban
1a Ry =6, vay ky > &

Cleax:__ k3 = 6 = 60%
Cp, Flothy 4+6

D€ cdi thién hon nita syt phdn phoi sén phdm, ha thdp nhiét db
phén dng cho & = 0,1, & = 0,4 trong khi %; gid khéng d6i:

CR.max = 6

= =049%
C,, ~ 6+0/4 i

Vi du ddn gidn nay cho thdy cé sy cai thién déang ké su phén
phdi san phdm khi chuy&n tit hé déng thé sang di thé. Trong céng
nghiép ede phédn (ng polymer héa dang nhi tuong thude loai qui
trinh nay. _ _

Khi hai pha 12 khi va 1dng, qud trinh duge goi 1a chiung c&t phén
ting, va hai pha la long goi la trich ly phan ung.

BAI TAP CHUONG 9

9.1. CO; duge thu hdi tir khong khi bing cdch cho tiép xie nghich
chiéu véi nude ¢ 25°C.
a) Tim trd lud tuong 461 gida 16p phim khi va 16p phim léng
cho qus trinh nay.

b) Dang don gian nhét cta phuong trinh védn téc duge dung dé
thiét ké thap. :

¢) Cé nén st dung phén (ng héa hoc d€ gia tang qud trinh hép
thu khéng? Tai sao?

Cho biét CO; trong khéng khi va nudc c6:
kya = B0 molfl.h.at;  ka =25R™Y; H =30 at.limol
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9.2.

9.8.

9.4.

Ching ta du dinh ding dung dich NaOH dé gia ting qué trinh
hap thu CO, & 25°C.

a) Dang thich hgp cta phudng trinh van téc duue s¢ dung khi
Pco, = 0,01 at va dung dich sit 2N?

b) Qué trinh hdp thu dugc t&ng thém bao nhiéu so vi qud
trinh h&p thu vat Iy bang nude tinh khiét.

c} Lap lai cau (a) va (b) vi1 pgo, = 0,2 at va dung dich NaOH 0,2N.

Xét qud trinh hép thu chat A bing nude trong mot thiap chém.

Tai mdt vi tri trong thdp, phuong trinh vdn tfc téng quit dua

trén mdt don vi thé tich trong thdp nhu sau:

~ 1d N,
vV dt

véi K, 13 hé s3 truyén khoi tdng quét dua trén mot don vi thé

tich thap.
a) Gid sif ring mot acid B duge thém vao nude dé tiéng qud
trinh hdp thu, phdn Ung x4y ra nhanh, ching minh K, a thay

(—ry) = (—rida = = Ky, ap,

ddi theo nong d§ acid nhu thé nao. Biéu dién bing 46 thi K, a

theo néng dd atid.

b) Sherwood va Holloway (1940) da trinh bay s6 liéu sau cho
qué trinh h&p thu amoniac vao dung dich acid ¢6 nhiing néng
d5 khac nhau & 25°C.

Ka 2, gmoll h.at oG 310 335 350 380 370

Chudn dé acid, N 0.4 1.8 15 2.0 2.8 42

Tir 84 1idu trén xde dinh ti 18 % trd lue cia i6p phim khi so vdéi
trd life tdng cOng trong qud trinh hdp thu vat 1y aminiac vao
nude,

Mét chit khong tinh khigt A trong pha khi dugc 1am gidm
néng A6 tit 1% xudng con 2 ppm bing qud trinh ti8p xidc nghich
dbng v6i chat léng chita tde chit B co néng @6 8,4x10™ mol/l.
Cho biét: &, a =336 molihlati kya =05k L = 210 kmolfh.m?;

G = 30 kmolth. m*® ; H = 1,07 at.limol, C; = 58,9 molil.
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Phan ing A + B — sar pham xay ra nhanh
a) Tim chidu cao cin thiét cia thédp
b) Pé nghi ndng d¢ tdc chdt cla pha léng dé cdi thién qui
trinh hip thu
¢) Néng d6 vao cia B la bao nhiéu dé cho chiéu cao théap toi
thi€u? Tim chiéu cao nay?

9.5. Hai luu chat duge cho tiép xic va phdn dng véi nhau trong cip
binh khudy — lang. Pha lién tuc 12 A nguyén chdt hoa tan it
trong pha B chita tdc chat B. Phan (ing xdy ra chdm trong pha
phén tan nhv sau.

A + B —» sin phim; . -dNA =kC,Cpq
Voha phtn in 2
A tinh khi€t duge hoan luu lién tuc, sdn phdm phan dng ndm
trong pha phén tan.
a) Tim biéu thic tinh néng 44 B trong domg ra theo 23,5.Cp va
ndng d6 khéng ddi cha A trong pha phén tén.
b) Tim h3ng s6 van tdc phin vng (gmol, lit, phiit) tit cdc s6 lidu
thue nghiém sau:
Luu luong pha B = 0,2 em®/s
Phén pha phan tdn trong binh phdn dng = 24%
Thé tich luu chét trong binh phdn tng = 1500 cm’
Néng d6 ciia A trong pha phén tdn = 2,7x10>mol/
Nong d¢ ¢ia B di vao pha phén tan = 0,02 mol/]
Néng db cia B ra khéi pha phéan tdn = 0,0125 mol/l
9.6. a) H,S trong dong khi tro ¢6 nong do 0,1% & 20 a¢ duge hdp

thu & 20°C bing dung dich methanolamine (MEA) cé nong 4
0,25mol/l. Tim dang phuong trinh van tde 4p dung cho trudng
hop nay va so sdnh vdi quéd trinh hdp thu vat 1y vao nude
nguyén chét.

Cho biét: H,S va MEA phén dng nhu sau:
H,S + RNH, — HS™ + RNH
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8.7;

va ddy duge xem nhu phdn dng trung hda acid — base nén
khong thuan nghich va xay ra tdc thi. Ngoii ra, theo Danckwerts
(1970) ta cb:

k2 =0,0305" ; ka0 =6x10  mollem® s.at

Dy, =15x10%cm?/s; Dy, =10""cm?ls
H, = 0,115 at.lf mol cho H,5 trong nube.

b) Néu muén gidm néng d6 H,S trong ddng khi tif 1% xudng

con 1 ppm bing céch si dung thap chém véi dung dich MEA
trén. Xac dinh ti s6 L, /G, hop 1y d€ sl dung va chiéu cao thap

chém.
Suét luong pha khi theo cdu td trd G = 3% 107¥ mollfem®.s.
Cho phan éng déng thé so ddng hén hgp nhu saw:
A+B—% R v6i k =1 lUmolph
B+R % S ks = 8 l/mol.ph
Véi R 12 sin phdm mong muén xdy ra trong binh phén ung
hoat déng gidn doan vl Cy =1 molfl va Cg = 10 molfl.
a) Tim Cp_ /C, cho binh phén Wng hoat ddng gidn doan. Gid

st rang B 13 cdu td duy nhat trong hén hop phéan dng c6 ap
sust hoi ddng ké. Ngoai ra khi pha khi suc manh liét qua pha
16ng phén dng, hé s8 truyén khéi t8ng quat khi - 1ong cho R la

K g0y =80 ph™t
b) Tim Cy_ /C, & diu kién nay
) Néu gidm Cp_ tif 10 xubng cdn 1 mol/l s& thay ddi Cp_ ICy
trong edu (b) nhu thé nao?

) N&u ha thip nhitt d6 48 & = 0,3 va k, = 1 trong khi Kpa,
viin khong d8i & lam thay déi Cg  /C, trong ciu (b) nhu thé nao?
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10.1 KHA! NIEM

Vén tfc clia mét s6 lén phan dng duge quan sat thdy chiu dnh
hudng bdi sut hién dién cla m6t chat khong la tac chat cing khong 13
sdn phdm. Chdt d6 duge goi la chat xac tée, né cé thé lam tang
nhanh van tdc phdn dng hodc lam tri hodn phan tng. Chat xuc tde
_c6 thé 1a chét 18ng hodc chdt réin. Khi chdt xic tdc la chat 16ng thi
viéc thiét k€ duge thyce hién nhu trong chuong 9. Trong chudng nay
s€ khao sdt cdc phdn dng cé chdt xdc tde 14 chat rdn va tdc chat la
luu chit, thudng d6 1 chat khi.

Céc phdn dng vdi chdt xdc tde rdn thugng lién quan dén phan
ing phén hiy hodc tdng hgp vat chdt & nang lugng cao va cdc phin
ing nay déng vai trd quan trong trong nhifu nganh céng nghiép nhu
san xuft methanol, amoniae, sulfuric acid, nitric acid... va cdc san
phdm héa déu khéc nhau. Khi nhiéu phén ting xdy ra cing ldc tao
nhiéu sdn phdm khéc nhau, mong muén cing nhu khéng mong mutn,
thi dic tring quan trong nhidt cha chat xdce tde 12 tinh lia chon, v6i ¥
nghia la chi thay d6i van t6c clia mét s6 phén ¢ng nhat dinh, thutng
12 phdn dng don. Nhu vAy véi sy hién dién eda mét chdt xde téc
thich hgp, sidn phd&m mong muén véi Iugng wu thé duge tac nén ti
mot nhédp lidu cho trude. Ngoai ra chit xuc tdc chi lam thay ddi tae
dd phén sing, khéng dnh huéng dén can bing.

Mgt sd phén dng quan trong trong nganh héa ddu duoc phin
loal nhu sau;

1- Phén ung cracking: 1a phdn Ung b8 gdy cdc phan td ¢6 khéi
lugng 16n tai néi C-C d€ cho c4c sdn phdm c6 khéi lugng phan ti
nho hon.
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CH,-CH,—~CH, -CH, —= CH, + CH,=CH-CH,

n. butan _ methane propen

2. Phén ung kku hydrogen: 1a phan ung bé giy néi C-H d& gidi
phéng hydrogen va olefin.
CH, ~(CH,); —CH, — CH, =CH-CH, -CH, -CHj +H,

n=penlan 1 —penien

3- Phdn ing tring hop: 1a phén dng két hgp hai olefin d& cho
olefin ¢6 kh6i lugng phén ti 16n hon. :

CHj

l
CHy = CH - CHy — CHg + CHy = OH ~ CHg —» CHg = CH - CHg —CH —CHg —CHj

f- buten propen 4- metil 1- hexen

4- Phdn ting alkil héa: 1a phan ung két hgp olefin véi paraffin d&
cho paraffin ¢6 khi lugng phén tif lén hon. |
CH,

f
sten CH, 2- metil propan CH, 2.2- dimetil propan

5- Phén ng déng phén: la phan ing sdp x@ép lai cdu trie phén
tt ma khong thay déi khoi hrgng phén tif,

ot ci, o8,
H,C  CH, H,C-CH,
CH, |
Cyclo hexan metil cyclo penian

6- Péng vong hay tao nhdn thom 13 phdn dng sip xép lai phin

td va gidi phéng hydrogen.
CH

oluan
Sau ddy 13 mét s& ddc tning chung cia phan déng Iuu chat — xue

tde rin _
1- Chat xie tdc cho mo6t phan ng thudmg khéng duge bi&t nhiéu
do d6 trong thue t& cdn phéi db ddm dé tim duge chét xdc téc thich hop.

okl
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2- Co cau héa hoe gidng nhau coa chat xde tdc khong dam bdo 14
¢6 hoat tinh xie tdc gidng nhau.

3- Cau tric vat 1y hodc tinh thé phédn nao cho biét hoat tinh xic
tdc. Pidu nay duge xde nhdn bing edch dun néng chat xic tdc 18n
dén trén mot nhidt do ti han s& lam cho ehét xdc tde mat hoat tinh,
thudng la vinh vién. Do d6 céc nghién cifu hién tai vé chdt xic tdc
thtrb'ng t&p trung vao céu tric bé mit cia vat lidu

4- Céhe phén tif tde chat bién d6i, hoat héa, anh hudng lén su tao
thanh cdc chédt trung gian trong cdc viing gan véi bé mat chat xic
tdc. Cé nhiéu thuyét khde nhau da duoe dé nghi @8 gidi thich hoat
tinh cda chét xde tdc. Thuyst thit nhat cho 14 cdc phén t téc chat,
chdt trung gian duge gin 18n bé mit chat xic tdc. Thuyét thi hai cho
12 cdc phdn tif ¢ gAn b8 mat ehiu dnh hudng cia cde lye bé mat chat
xic tdc. Cac phdn ti phdn nao cling con tinh co dong nhumg da bién
tinh cé dinh huéng. Thuyét thit ba cho réing phie chdt hoat déng, hay
gbc tu do, duge tao nén trén bé mit chat xdc tde. Goc ty do nay trd
lai déng khi tao nén mét loat cdc phan ¢ng ddy chuyén véi cdc phan
td mdi trude khi bi phan hiy. Trdi véi hai thuyét trén cho 1a phan
tng xdy ra tai viing cdn bé mit chat xde tde, thuy8t thit ba cho 12 bé
mét chit xdc tde chi 14 noi tao nén cac gdc tu do va phdn ing x4y ra
trong pha khi xa bé mait chat xice téc.

5- Theo thuyét trang thdi chuyén tiép chdt xdc tdc lam gidm
hang rio nang luong qua dé tdc chat phai vuot qua dé bién ddi thanh
gdn phém.

6- Méc du chat xic tdc 1am tang tée d¢ phan dng nhung khéng
bao g1t xdc dinh cin bing hodc diém cham ddt phan vdng va didu nay
chi duge xac dinh trong nhiét dong luc hoc. Nhu vay c6 hay khéng cb
chdt xdc tde hing s edn biing cha phan ing lu6n luén khéng déi.

7- Vi bé mét chit xdc tdc rdn quyét dinh hoat tinh xic téc nén
vat ligu lam chat xic tdc phai o6 dién tich bé mat riéng khé 16n.

Méc div ¢6 nhifu van dé lién quan dén chat xic tde rdn nhung &
ddy chi xét dén nhing viAn 48 lién quan dén viec thist lap céc
phuong trinh vén tée ddng hoc cdn cho thiét ké. Do dé & day gid si
ring di c6 mot chdt xde tde cho mét phén Ung cy thé va cdn xdc

dinh dac trung dong hoe cia ede tdce chat véi sy ¢6 mit cha chat xac
tdc va 4p dung né vao thiét ké.
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i Khéng eé chat xtc tac phife 6 mic
néng Iigng cao tac nén téc 4o phan dng thap

C6 chét xuc téc hang rao nng lugng
thdp hon tao nén téc A6 phan dng Ién hon

Zac cach phin
ung khac nhau

Trang thai diu
Trang thai cudi

Nang ldong cla hai tc chat

Tac chal Phdc chat San pham
Phan ung

Hinh 10.1: Biéu dién hogt dong ciia chdt xiic tdc
10.2 HAP PHU TREN BE MAT CHAT RAN

Loai hdp phuy thnt nh4t tuong ty nhu qud trinh ngung tu duge goi
12 hdp phu vat 1¢, trong d6 lue hdp din cde phan i lyu chat dén ba
mat c'he"ft rdn tuong ddi yéu va nhiét phat ra trong qud trinh hdp phy
cing gin bing nhiét ngung tu, ti 0,6+5 keal/mol. Quda trinh sé
nhanh chong dat dén ¢in bing giita bé mat chit rn va cic phan ti
luu ¢h&t va c6 tinh thuan nghich vi yéu cdu niang lugng cho qud trinh
14 nhé. Niang lugng kich déng ¢ho qud trinh hdp phy thudng khéng
16n hon 1 kcal/mol. Hap phu vat 1§ khéng thé gidi thich duge hoat
tinh xuc tdc caa chét rin cho nhifng phdn iing gida cdc phéan tu tudng
ddi bén vi khong gidi phong duge lugng 16n néng lugng kich djng.
Hap phu vat 1y chi ¢ tdc dung trong phén dng giffa cde nguyén ti va
gdc ty do tai bé mat vi ¢6 nang lugng kich dong nhd. Ngoai ra hdp
phu vét ly con ¢é tdc dung tdp trung cdc phén tif ctia mét chét tai bé
mét, didu nay 12 quan trong trong trudng hop phéan \ng gilta mbt téc
ch&t hap phu héa hoe va mét tde chdt hdp phu vat 1y

Qu4 trinh hdp phu vat 1y gidm nhanh khi nhiét d§ téng va ird
nén khéng dang ké tai nhiét dd 16n hon nhiét 44 t6i han ca cau ti
h&p phu. Qud trinh chi ti 18 vdi dién tich bé mit riéng v khong phu
thudc nhidu vao 46 khéng ddng déu cia bé mat.
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Loai hdp phu thi hai ¢6 tinh dac hiéu va cé cde lyc hap din
manh hon lde hap ddn trong hap phu vat 1y. Theo Langmuir, cdc
phan tif hap phu bi gitt vao bé mit biing cac luc hoa tri giong nhu cde
lyc giita cdc nguyén i trong phén ti C6 hai leal hap phu héa hoe:
kich déng va khong kich déng. HAp phu héa hoc kich dong 1a qud
trinh trong d6 téc d6 bién déi véi nhidt dé theo nang lugng kich
d6ng trong phuung trinh Arrhénius. Néu qud trinh xay ra rat nhanh,
tite 12 nang lugng kich dong gin bing khong, dugce goi la hap phu
héa hoc khong kich déng. Theo cdn bing hap phu ¢6 mdi quan hé
giita lugng chat duge hdp phuy véi nhigt dé va khi vugt qud nhiét do
t6i han, hdp phu vat 1y dat tdi gid tri cén bang rat thdp. Khi téng
nhiét d6 hdp phu kich déng sé tré nén quan trong lam cho dutng
bifu didn ning lugng qua difm adc tiu. Néu tang nhiét 49 hon nia,
gid tri hdp phy kich dong edn biing gidm ddng k& lam cho dudng bidu
difn trén gua diém cuc dai. Khodng nhiét d6 trong d6 chat xdc tac
hoat dong hiu hidu phdi tring hop véi khodng nhiét d6 trong dé hip
phu héa hoc 1a déng ké,

Khdc vai hap phu vat 1§, hiap phu héa hoc khong vugt cjué mbt
16p phan t trén bé mat chdt rdn vi ede luc hda hoc gilt cdc phén tu
vao bé mit chdt rdn gidm nhanh theo khodng céch.

Bang 10.1: Hép phu vdt Iy va hdp phy hoa hec

Thing s H4p phy vat I Hap phu hda hge
Chit hdp phy T4t ¢ chit rdn M8t s8 chalt rin
Chét bj hip phuy T4t ¢a chat khi dudi nhigt dd téi han Mdt sb tac chat khi
Khodng nhist 48 | Nhigt 43 thip Nhidt dp ca0
Nhigt h4p phy THEP (=~ AHag ) £ao (khodng nhidt phan Ung)
Van tic Rt nhanh, nang fuong kich dong E thip | Khong kich dang. £ thip, Kich djng, E ceo
DY che phi C thé nhiku [6p phan tif Mot Iop phan to
Tinh thudn nghich | Thuin nghich cao Thugng khdng thuin nghich

10.3 PHUONG TRINH VAN TOC
10.3.1 Mé hinh phan tng lién tuc

Dé thiét 14p biéu thie van t6c cho phan Ung xuc téc rdn, ta phai
phin tich r6 ede qud trinh khac nhau tao nén trd lue cho phan dng.
Vdi mot hat xic tée rdn xdp, cde qud trinh dd gom:
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1- Tro lue khuéch tdn qua lép phim khi: Tdc chat khuéch tdn tir
trong déng qua 16p phim dén bé mat chat xuc tac.

2- Trd lue khuéch tan trong 16 %6p cia hat: vi dién tich mét
trong cia hat xic tdc 1dn hon nhidu dién tich mat ngoai hat nén
phan lén phén ung xdy ra bén trong hat, do @6 téc chat khuéch tdn
vao bén trong hat qua cdc 16 xop.

3- Trd lyc cha hién tugng bé mit: Tai mot vi tri nao do, cde
phin t& luu chit dang di chuyén trong 16 x6p s& két hgp véi bé mat
ch4t xie tde va tai d6 xdy ra phdn dng dé tao thanh sidn phdm. San
phdm sau d6 duge phéng thich vao dong luu chat bén trong 16 xép.

4- Trd lue khuéch tén cda sdn phdm trong 16 x6p ra khdi hat.

5- Trd luc khuéch tan cda sdn pham qua 19p phim luu chat dé
vao dong luu chat.

6- Trd luc dong nhiét: V¢i nhiing phédn ng xay ra nhanh kém
theo thu hofic phat nhiét nhiéu thi ddng nhiét truyén vao hodc ra
khéi ving phén tng 6 thé khéng dd lén bing d€ giit nhiét 4 cua
hat khéng dfi. N&éu difu nay xdy ra hat s8 ngudi hodc néng anh
huéng manh dén van téc phdn dng. Nhu vay trd luc cia qud trinh
truyén nhiét qua 16p phim luu chat hod@c bén trong hat sé ¢6 anh
hudng 18n toe 46 phdan dng.

Khu&ch tan
7\ bér ngodi

2 F=; —— i ————— —— ——
Ry e ke - —_ -

Khudch tan
bén trong

u_.‘.___-_'___-___,- T - ——— -—— - ——

A- /
B& mat chat xiic tac

1- Khu&ch tan qua I6p phim Iuu chét (gi& s t&c chat A); 2- Khuéch tan clia tac chét A qua 16
x8p; 3- Tae chat A kél hop 18n bé mat chat XGc tic; 4- Phin (ng xéy ra trén bé mat chal xuc
tie (gid sl A —» R); 5- Phong thich (nha hdp) R ra khdi hé mat chét xtc tac, 8- Khuéch tin R
qua 18 x8p; 7- Khudch tin R qua I6p phim luiz chat,

Hink 10.2: Cdc giai doan trong phdn ung xiic tde di thé
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Nhu cdc phan dng di thé trong chuong 8 va chuong 9 14 khéng
phai tat cd cac trd lue nay duge xét dén eang hic. Thong thudng co
thé bé qua hai giai doan cudi hodc két hgp voi hai giai doan dau
twong dng. Vi du néu phdn tng x3y ra khong cé sy thay ddi s6 mol
thi ¢6 thé xem nhu tde chat va sén phdm khuéch tdn ddng mol
nghich chiéu. Sau dé sé xét dén hiéu ing nhigt,

i

—s] Lp
§ phim kht

Phin hat tac chat
¢ mét B x6p ly Wwing

e e e S S T T

NEng @ tac chit

% B mit trong cla hat xic thc
» M4t ngoat hat xic 14g

-

a) b)
Phdn imn
I Trg lyc ciia h;ﬂ,{; Tres Iye hudeh
Vidp phim khl  jat xic tic t4n trong I8 x8p

Y

!
1
| &
|
I Tr Iy da hign tuong b mat
Phin {rng %3y 72 & m3! ngoai hat xic tdc
e)
Hinh 10.2: M6 hinh phdn ung lién tuc cho chdt xic tde rdn x6p
@) So dé 16 x6p; b) Nong dé ide chdt trong viing edn 16 x6p
¢) Tuong tu voi dién cia 16 x6p

Xét mot 16 x6p cda chat xde tde 1y tubng véi ba trd lye nhu hinh
10.3. Vi t4t cd ba tré lyc nay khong x4y ra ndi tiép hodc song song
nén khong thé k&t hop bing phuong phdp don gian nhu chuong 7. T
hinh 10.3 ta thdy trd luc 16p phim va trd luc bé méat xdy ra ndi ti€p
nhau trong khi trd luc 16 x6p khéng lién hé don gidn véi hai trd lue
kia. Do d6, tré lue 16p phim va tré thanh bé mit 14n lugt duge xem
xét ridng bigt trong khi trd luc khuéch t4n qua 18 x6p khong thé xét
déc 14p.

Sau ddy =8 xét dén cdc dang khdc nhau ciia phuong trinh vén toc
khi ldn lugt mot trong cédc trd luc trén chiém uu thé.
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10.3.2 Trd luc khuéch tan qua lép phim khi

Khi trd luc khuéch tdn qua 16p phim khi 16n hon rat nhiéu cée
tré lye khde thi téc do truyén khéi cda tdc chdt dén bé mit ngoai hat
duge xdc dinh béi hé s§ truyén khdi k,, . T8c 46 truyén khoi dua trén

mét don vi dién tich mat ngoai cda hat §,, 1a:
=B gy (€, -Cy) (10.1)

véi: Cy, - néng db cda tdc chdt A trong dong khi
Cy, - néng d6 cdn bing tai bé mat hat.

Céc gis tri cGa hé s6 truyén khéi cho nhing mé hinh tiép xic
pha khéc nhau thudng duge xdc dinh biing cde phuong trinh chuén s¢
khéng thi nguyén. V6i cdc phan tng rdn — luu chat ¢é xuc tdc hodc
khéng 6 xic tde hoat déng & nhiét db rdt cao thi phuong trinh van
tdc téng qudt 12 gidng nhau khi trd luc khudch tdn qua lép phim khi
kiém soét qua trinh. |

10.3.8 Hién tuong bé mit kiém soat

Mgt trong nhing thuyét 1am co s& cho vi8c thi€t lap phuong
trinh van tdc 1a thuyét cho ring phdn (ng xdy ra tai nhitng ving
hoat dong trén béd mat chat xdc tde. Theo d6 ¢é ba gial doan xdy ra
néi tiép nhau trén bé mit chit xic tdc.

1- Phéan tit duge hap phu 1én bé mit chdt xic tde va duge gin
vao ving hoat ddng.

2- Phan t& d6 s& phan tng v4i phan tf khéc trén ving l4n cén
(co ché& hai vimg hoat dong) hodc v6i phan tlf khéc trong dong khi (co
ch& mbt ving hoat dong) hay don gian 14 tu phén hdy trén ving hoat dong.

3- San phém duge gidl hap khéi bé mat, gidi phéng ving hoat ddng.

Ngoai ra cdc phén td tu do cda tdc chat, sdn phém, cdc phan &
di gin vdo ving hoat dong, cdc chat trung gian duge xem nhu &
trang théi cdn bang.

Cée biéu thic vin téc tdng quét cé dang:

(S6 hang dﬁng,' hoc)dénghoe) (10.2}
(Troluc)

Vén toc phdn tng = =
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Viduvdiphantmg A+ B<=R + 8, K

Xady ra v sy c6 mit cua chat mang U ¢é tinh tr¢ vdi phin ung,
biéu thiie van tée khi qua trinh hdp phu A kiém so4at la:
Kp, - ps/K)

(10.8)
1+Kgsppps +Kppp +Kppp +Kgpg + Ky Py

]

-
Khi phén dng giita hai phan td A va B gén k& nhau kiém sodt,
biéu thic van toc 1a

. #paps = Prps/K) (10.4)
(1+KAPA +K.BPB +KRPR +K3p5 +KUPU)2

=T

trong khi qud trinh gidi hap R kiém soit, bidu thae van tdc La:

K{pAPB’rpS _pR’lK) (10.5)

n —
Ty =

Maéi phuong trinh vdn t0c tuong (ng véi mot co ché lién quan tif
ba dén bay gid tri K. N&u bifu dién theo théi gian tiép xic pha hay
thoi glan th€ tich hdu hét cdc s6 lidu 46 chuyén héa cla phan éng
xiie tde déu khép véi cde phuong trinh vén téc tuong 461 don gidn bic
1 hodc béc n.

Sau ddy 12 mot 86 nhdn xét tém tdt cho vide sit dung ede phuong
trinh dong hoc.

1- Xée¢ dinh dugc co ché bidu difn mét cdch hop 1§ qud trinh
phén dng xdy ra dé tit d6 suy ra cdc didu kién hoat d6ng thuan loi.

2. Xdc dinh mét co ché ¢6 phuong trinh déng hoe don gidn nhét
vh dé sd dung nhat nghiém ding cdc dir kién thue nghigm.

3- Khi ngoai suy k&t qua dén nhiing viing khdo s4t ¢é thé bi sai
1dm vi cdc trd luc khéc ¢6 thé trd ndn quan trong. Trong trudng hop
nay dang phusng trinh vdn tdc s& thay 44i.

4- Gia st dd xde dinh duge cv ché va phudng trinh déng hoe cho
hién tugng bé mat. K&t hgp trd lue nay véi cde tré lite khde (khuéch
tan qua 16p phim hodc qua 16 x6p) ia khong thue t& Trong truing
hgp nay ta thay bi€u thiic van tdc ¢ nhidu hing s6 bing bidu thic
béc 1 tuong duong tit d6 cé thé két hop v6i cde giai doan phan tng
khéc dé duge biu thie van tde téng qudt.
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1- Phriong trinh vén toc khi hien titong be miit kiém sodt phan ting
Véi phan dng khong thuin nghich va thuin nghich béc 1

_rA = kCA hay "J"A = k(CA i CA(’} (10.6)
v6i phan dng khéng thudn nghich bae »
~ry = kC}
Theo thuyét bé mat hoat ding, bidu thic van tée e6 dang:
kCA k(CA '—CA )
—ry=—2A_  hay r, =Z_AZdel (10.7)
ARG T TR T agey
va: —ry = k%_a' Py = k(CA_fg,ée; (10.8)
(1+k&C,)* (1+kC,)

2- Tién dodn dinh tink ti thuyét bé mal hoat dong

1- Theo 1y thuy&t hdp phu, tdng 4p suédt s& lam tdng luong vat
chat duoe hap phy. Nhu vdy néu qua trinh hép phy & giai doan kiém
sodt vén ifc, ting néng 4o tac chdt (Ap sudt) sé lam tang van toe
phan dng.

2- Né&u qua trinh giai hap 1a qué trinh kifm sodt thi ¢ trang thai
cin biAng gita phan tit dd gin vao bé méat va phdn tif tyf do eta sdn
phdm, qud trinh gidl hdp khéng chiu anh hudng clia nong do tac
c¢hat. Do d6 ting néng d§ tde chat khong lam tang van tdc phan dng.

3- Phan (ng héa hoe 13 qua trinh kiém sodt: Hinh dung la cdc
mat hoat dong khéng d6i va hoat dong lién tue. Gid s phdn Ung
phén hity cdc phan 1¢ A da gén 1én bé mit ma khoéng ¢é su hién dién
cha mot chat khde. Tiang néng Ao A trong pha khi trén bé mat khong
lam ting van téc vi bé mat gid sit 14 da bdo hoa A. Vdi phin ting ¢6
hai mat hoat déng (A + B —» sin phdm), néu A cé thira trén bé mat
thi van tée phén ting phu thugc vao ndng do B trén bé mat. Téng Cp
hay giam C, s& lam tdng vén tée vi ¢d nhiéu B hon trén bé mit.
Tang C, s& lam A chi€ém hét bé mit va diy B ra ngoai do dé lam

giam van téc.

e
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hap phu
A= A* phin img ; gidi hdp ,
+ hdp phu *—= (sin phim)* S—= san pham
B —F B*
4 / H&p thy A kidm soat
Nha hidp R kiém soat
o
o / Phé&n dng kiém soat
fuca
Ap suAt ridng phén cia A
hdp phy phén ling nhd kdp

A=—= A* S—= (gdn phdm)* === san phim

Hép phy B
kigm soat

M&p phy A
kigm soat

Phdn {ng Phan ung
kigm so4it kidm soat

Nha hép
V kiém sodt
- .
Ap suflt ting ’ CA/Cq
(CalCg 6 dinh) {Ap sudtidng c8 dinh)
hdp phu

A == A*| phin dng ahés il
+ hdp phu =—= (san phim)* =—= sin phim
B =—— B*

Hinh 10.4: Bién d6i t6c dg phdn dng theo £ 1§ tde chdt
va dp sudt tong cho ede co ché kiém sodt khdc nhau

3- Anh huwong cia sy thay d6i 6p sudt phén dng

T6ng quat, & 4p sudt rat thap, qud trinh hdp phu 12 giai doan
kiém so4t chd y8u trong phén ng bic 1. O 4p suit cao hon bé mit
s& tang d6 bdo hoa phan td. Néu phan dng khéng xdy ra nhanh thi
qué trinh phan dng trén bé mit sé tré thanh giai doan kifm sodt v
vén tdc bi gidm. N&u tdc chdt phdn vng nhanh nhung sdn phim
khéng gidi hap nhanh tuong dng thi b8 mit s& tré nén bio hda ede
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phan ti san phdm va qua trinh gidi hap khi dé 14 giai doan kiém
sodt va van toc s& giam,

Anh hudng cha 4p sudt trén vAn tée phdn dng tién dodn theo
thuyét bé mat hoat dong duge trinh bay trén hinh 10.7 va hinh 10.8
cho thdy & dp sudt thép tdt cd cdc phén ing duge xem gin nhu 14 bée
1. O 4p sudt cao hon, van t8c khéng 481 va ¢6 thé giam.

i - A Phén ung
S Nha hap hay nhé& hap
WO <
b= =]
[4] o =}
s P %Qé“
X
; o o
Ap suft t8ng Ap sust 1dng

Hink 10.5: Bién d&i co ché kiém sodt la ham s theo nong dp
tdc chdt hay dp sudt t6ng cho phdn ting hai tde chdt
pdi co ché mét mdt hoet dong.

hdp phy
A=A phinung gidi hdp
+ +—= (sdn phdm)* =—= sin phdm
B
hdp phu
AT A% Lhining nhd hdp
+ hdp phu — i = B
B == B* |

' Phén ung
Vin tscd (11 16 tc chét t6i vu hay nha hap)

-
b

.
& Phan ing (1 18 tac chat khéng 16 uu)
Q

)
&

L
Ap sudt t8ng(tl 18 tac chat &n dinh)

Hink 10.6: Sy bién déi ca ch€ kiém sodt cho co ché
hat mgt hoat déng
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10.3.4 Tréd lu'c khuéch tin qua 18 xop

I- L6 x6p hinh tru don, phdn ing bée 1
Xét mét 16 x6p hinh tru don, tde chdt A khuéch tan vio 16 x6p,
phan (ing bac 1:
4 —1dN
Aws shopide, v§ ook

S dt

x4y ra tai vdch 18 x6p va sdn phdm khuéch tdn ra khoi 16 x6p nhu
hinh 10.7. M6 hinh don gidn nay sau d6 s& duge md rong.
Phén té 16 xdp

= kScA

; nhu hinh 10.8
o
" BN “&\ \\\\ Khﬁng ¢o phan iing

A P ETANR N
AN

tai cudiid x6p

)
»

I
'
)
b
1
H
—_—
1
1
i
|
1
]
|
|
I
1
1
1
I
|

PR —— --‘h“ﬂf“ﬂr—-

Phén dng tac chét A

0 X e L
Kheang céach doc thao chiu dai 18 x6p x
Hinh 10.7: Biéu dién mét I5 x6p hinh tru ca chdt xie tde
Dong vét chdt vao va ra mft phan t& 16 x6p bat ky dugc biéu
dién trén hinh 10.8. O trang théi én dinh c4n bing vat chat cho téc
- ch4t A qua m6t phéan td 18 x6p 1a:

Viao — Ra — Tiéy thy do phdn ting = 0 (10.9)
dC '

~nr® D, ( d: Yo +w21)A(dCA )rg —k,Ca(21r.62) = 0

SAp xép lai: dx dx =0 (10.10)
Ax DA!’
vé ldy gidi han khi Ax —0:
g :

oLy, 2 Ca =0 (10.11)

dxg DAI‘
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Dién tich trén do

Lo i £
Tiét dién = 2 B
1 en = nf fihan ung xay ra S = 2nrhx

Vao Ra
d NA 2 Ck dN# dC
)van n dx Ao T)r g g’“( *)

Ung trén b mat ~ ddn VI dién tich

S8mol A phan _ 16 dg phan ing e teeh)

1 ; ;
= (= S -E‘E—](dlén tich) = k Caf{2nrAx) : A% :
X0 Xea
Hink 10.8: Cdn béng vit chdt qua mét phan 16 16 x0p

Véi phdn ving béde 1 duge biu difn theo don vi dién tich bé mit
cda 18 x8p chdt xic tdc, &, c6 thd nguyén la [chiéu dail/thoi gian].

TSng gudt, mdi lién hé gifia cdc héng s6 van téc phin dng dya trén
¢d¢ cdn ban khdc nhau nhu sau:

3
(k,%}(th@’ tich, m®) = (fem,;"Tgka lugng chét xie tde, kg)

= (&, _%)(dig}n tich bé mat chat xic tde,m?)

hay: EV=~F% W=£k.S | (10.12)
Nhu vay véi 16 x6p ch4t xte tdc hinh tru:
k=t (dzen tu:h bé mr;it) E (2m'L Zk (10.13)
the tich nril r
Theo don vi thé tich, (10.11) trd thanh:
2
9Cy R (10.14)
dxz DA .
(10.14) 13 phuong trinh vi phén tuyén tinh e6 nghiém téng quat 1a:
= Me™ + Mye™ (10.15)

vdi: st
’ DA DAr

va M,,M, 1a cdc hiing s6. Véi diéu kién nhu hinh 10.8, cde diéu kién
bién 14n lugt la:
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Tai diém vao 16 x6p hay tai bé mit chdt xde tdc:
Ca=Cy ta x=0 110.16a)
Tai difm cudi cia 16 x6p khong co su di chuyén vat chat hay tdc
dé khuéch tdn bdng khong

dCy ;
—2£. =0 tai x=L (10.16h)
dx
do d6 cdc gid tri cia M, va M, lan lugt la:
. CA E_ML g CA BmL
Ml =m L M2 EW (10.17)
Do d6 gradient néng d6 cha tdc chit trong 18 x6p la;
miL-x) ~p{L—x) -
Cy . B _ +e e coshm(L —x) (10.18)
Cag ™ +e” coshmL

Noéng do tac chat gidm lién tue khi di chuyén vao 16 xdp duge
trinh bay trén hinh 10.9, cho thdy phu thude vao dai lugng khéng
thd nguyén mL goi 1A mdédun Thiele.

1
mL = 0.5 &
\k“ ——————— _a.—-—-._-gﬁ—=s=0192
CAs

%1
0.6

2 R et NS S = 0,76
% \
Q %L =2 i
vy

% 0.6
2

(w1} -

E ———————————————— = 0,48
!

w 04 \

g mL=5 1<~.\

<o

= "kn-..-_.

B N

o 0,2 0.4 0.6 0,8 1.0

T118 khodng cac trong 15 x8p /L
Hink 10.9: Su phdn tdn vé gid tri trung binh cia ndng dé tde chdt
trong I8 x6p la ham s6 theo théng s6 mL
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Goi Ca la ndng d6 trung binh cla tdc chat trong 16 xop. Ti s6
o CA’!CAS duge goi 12 hé s6 hidu dung dé xdc dinh t6e d6 phan ung
chiu &nh hudng bdi trd luc khuéch tan qua 18 x6p nhu thé nao.
. Toc do phdn tng thue t€ trong 16 x6p
T'ée 46 phdn ting i6i da néu khéng cé khuéch idn trong 16 x3p

Véi phan itng bae 1 ¢= EAICAS vi tée dd phéan (g tf 18 véi ndng dd

Cy _ tanhmi. (10.19)

Eii =
b Oy mL

duge bi€u difn bang dutng lién tuc trén hinh 10.10 d& xic dinh khuéeh

tdn trong 18 x0p dnh hudng lén vin tdc phdn dng.

1 e = Al
N

L3 x8p hode dfa phang mét d4u kin
Hinh try m&t ddu Kin
Hat ciu

@

=

=

e

g‘-' o ~ L

v ] 5 s & - \‘\

- Sy thay déi thé tich do phan ang N .
v .,

thil V - -~ /

i 2oul _q4¢X = 1 khong thay ddi thé tich

in

2 thé tich g&p Adi
% th8 tich mot nira

0.04 1
0.1 1 10 100

Modun Thisle: mL = L ki
Hinh 10.10: He 6 hién dung la ham s6 theo thong s6 mL cho nhitng
hink dang xiic tdc khde nhau va bién doi thé tich trong phdn tng

Tit nhitng d6 thi trén ta nhén thay:

I. e~1 khi mL<065: Néng d0 téc chat gidm khéng ddng ké
trong 16 x6p, nhu vdy khugch tdn trong 16 x6p c6 tré lyc khong ddng
ké& cho phan tng. Gia trj nhd cia mL:LJm cé nghia 1& ho#c 16
x6p ngén, phdn dng chim hodc khuéch tdn mhanh, tdt ed ba yéu td
ndy cé6 khuynh huéng 1am gidm tré lue cho khuéch tdn. -

2. enxl/ml khi mL>0,5: Nong d6 téc c¢hdt gidm nhanh dén
khong khi di vao 18 x6p, nhu vAy qué trinh khudch tdn dnh hudng
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manh ién van tdc phan dng va trd thanh yéu 16 ki€m sodt van toc
phan dng.

Tom lai, xét 16 x6p tru va phdn tng bdc 1, biéu dién theo néng
- d6 tac chat tai miéng 16 x0p Cy » ta cbi

Tong quit: -1y =kCa =kCy e (10.20)

trong d6 € duge xde dinh theo (10.19)
Trd luc khuéch tan qua 16 x6p khong dang ké (mL < 0,5)
—ra =kC,, (10.21)

Tro lue khuéch t4n qua 16 x6p ddng k€ (mL > 0,5)

112
7, = k]izs = (kDE) e (10.22)
T&r hinh 10.3 cho thay trd lye khuéeh tén qua 16 x6p khéng tée
dong ndi tiép véi trd lye phin Ung trén bé mat do d6 khong thé khio
sdt doc lap. Phuong trinh tong quat (10.20) cho thdy khuéch tan qua
16 %6p duge bifu dién bdi hé s e, tuy nhién hé s6 nay lién hé khéng
nhiing s8 hang khuéch tdn ma con lién hé ca s§ hang phén dng tai
bé mit thong qua hiing 8§ v4n t8c. Nhu vay khuéch t4n qua 13 xép
khéng thé tré thanh yéu t& kiém sodt v6i ¥ nghia 12 mot minh trd
luc nay quyét dinh t6c do tdng qudt cla phan ng.
V@i hon hgp hat ¢6 hinh dang va kich thude khdc nhau, hé s&
hiéu dung trung binh dugce bidu didn 1a:
T=gf+e,fy +o ©(10.23)

vl fi,fs-.. 12 phan thé tich clia céc hat ¢6 kich thudc 1, 2... trong hén hop.

2. Higu iing nhigt

Khi phdn iing xay ra r4t nhanh va nhiét phéng thich (hay hép
thu) trong hat khéng thé trao dfi nhanh chéng véi méi trudng ngodi
da dé giir nhiét do hat gan bing nhiét dé cha luu chat, phan ng sé
xdy ra khéng ddng nhiét. Trong trudng hop nay c6 thé xdy ra hai
loaa hiéu dng nhiét:

«Chénh léch nhi¢t d6 bén trong hat.

«Chénh léch ntiét d8 gua 16p phim: Toan hat ¢ thé néng hon
(hay nguoi han) lue chit xung quanh.
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V6i cde phin ¢ng phéat nhiét, nhiét phéng thich va ¢de hat néng
hon luu chal xung quanh, do d6 téc do khéng dang nhiét ludn ludn
16n hon téc d6 ding nhiét theo nhiét d¢ déng luu chat do duge, va
nguge lai véi phdn tng thu nhiét.

Khi xdy ra chénh léch nhiét dé bén trong hat AT, , phuong
trinh vi phan duge vist tai vi tri bat k¥ trong hat la:

dT

-k, rne D, 20y (-AH,); wa cho toan hat:

De (CAB - CA,MMI ) (—AHr }
k

AT&@I = (thim _-‘T;Jé mi;‘lf)= (10‘24)

4
trong dé: k. - hé s6 dan nhiét hiéu dung, callerns®C
D, - hé 86 khuéch tan hiéu dung, cm®s.
Néu chi ¢6 sai biét nhiét dd bén trong hat thi hé g8 hiéu dung

khong déng nhiét duge trinh bay trén hinh 10.11 dudi dang khéng
thi nguyén.

10 7 =
Hiéu ung tré
Phat nhigt
o
o
3
P
=
3
Eis)
0w
-
L Mt phing
déng nhist
0.4 | |
o1 1 0

Médun Thie téng qudt, (10.13)
Hinh 10.11: Duing cong hé s6 hiéu dung khéng ddng nhiét
cho su bién doi nhiét d¢ bén trong hat
Khi xay ra chénh lach nhiét dd qua 16p phim ATy, t8 ¢ phuong
trinh tinh nhiét tao nén do phdn dng va nhiét trao déi:

Qugo nan = Vgt (14 pidi kién ) (~OH,)
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Draoiam = hshat (Tie =T

K&t hop hai phuong trinh:

L1y pigy i) —0H )
h

trong do: L - kich thuge dic trung ciia hat, em.

AT i = (T, ~T,) = (10.95)

firm

h - hé 88 edp nhiét qua 1¢p phim luu chat, calicm?.5°C.
Tuy nhién, trong ede hé khi rin nu phin dng x4y ra dd nhanh
thi sai biét nhiét d¢ cha yéu xdy ra qua lép phim khi trude khi xay
ra sai biét nhiét dé trong hat. -

Film
3

T 4 PR A% A
8 g : LR :
LY P % )
Rt g
b 3 B
1 ] 1 i
= P
. H T I v T
:’:: : i 1 1
&} i i Cﬁ &/ CA
1 ] =
R H
‘I'D3 T T T T T
Bang nhiét | Hat néng hon luu chit chung quanh
= 1/mL 4 -
\ |
b Y 1
i N i
- Co thé x&y ra
£ ché do 1ré
T L
210 -
2
w0
(5]
"0
I
10"k I J
l.
. ' ~
Kndng cé al i " Tr e cho Khugch | Truydn knBi
hidu qui Trd e g 18 x8p 14n tan qua i x8p va ki€m spdt \
10 khufch tan trwﬂrla nhift qua phinl1
[}
-
10 1 10° 10° 10’ 10" 10"

M&dun Thisle mL = LK/,

Hinh 10.12; Céc co ché kiém sodt tée d khde nhay cho phdn ing
phil nhiélt manh trong chdt xic tde x6p
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Hinh 10.12 minh hoa cée giai doan %Ay ra cho phin ung phdt
nhiét véi hiéu ¢ng nhiét ting ddn anh hudng.

1- V61 phan tng rat chdm nong dd cdc chat dong nhét qua hat
va nhiét phét ra duge truyén di nhanh chéng da d& gid nhiét d¢ hat
va dong khi gidong nhau. ‘

2- V6i toc A6 phdn ung ting tré lue khuéch tdn qua 16 x8p tré
nén khéng déng nhit truge tién. Nhiét dé vAn cdén dbng nhdt, nhu
vy sif dung hé s6 hiéu dung ding nhiét.

3- T6c 46 phan Ung ting cao hon, nhiét d6 hat van dong nhat va
cao hon nhiét d6 dong khi xung quanh. Hidu ung khuéch tdn qua 18
x0p trd nén quan trong hon v& hdu hét phdn (ing x4y ra trong 16p vo
méng gdn bé mat chit xic tde. Nhiét tao ra 16n hon nhigt truyén di.

4- Cufi cling, toc d6 phan dng rit cao, hat néng di dé tat ca tée
chit phan tng khi dén bé mét chat rdn. O ché€ do niy ngudn cung
cdp tdc chat tré thanh giai doan cham va t&c d6 truyén khoi qua ldp
phim khi sé kiém sodt toc dé phdn ing.

10.3.5 K&t hop cdc trd Iuc cho hat dding nhiét

Theo edc phuong phdp da trinh bay trong Chuong 9, két hop trd
lyc qua 16p phim khi, tr& luc qua 16 x6p, va phan Ung béc 1 dé cho
higu ting t&ng quat vi t4t ¢4 d8u 14 tuyén tinh vai 16p phim khi.

1 dN,
- B Oy —~Cy ) (10.26)
Sngom d * Ak As
' N
v@i thé tich hat: el BN kC, € (10.27)
Vi, dt .

K&t hop hai bidu thic trén va khi gid tri khong biét cla néng 49
tai bé mat:
1 dNg _ 1
T Bii @t SpgonilhEVig + 1k

ngod

Ca,

__1 dNy _ 1 Ca, (10.28)
Vig 4t Uke+VigltySpeon

hay:

Véi hat cau ¢6 ban kinh B
1 dn, 1
. - —Cy,
S At keR+ Lk,




314 ' CHUONG 10

L & ___ 1 ¢ (10.29)
V.o dr  Uke+rRi3k,

hay: =

Trong cac phuong trinh trén, k 1a hing sé vén toc bic 1 dua trén
mot don vi thé tich hat, %, 1a hé 38 truyén khéi dya trén mét don vi

dién tich bé mit ngeai hat.
10.3.6 Dién tich bé mit ngoai va trong hat

Trong c4c ching minh trén do dién tich bé mit ngoai tuong d6i
nhé nén bé mit ngodi déng gép vao phan dng la khéng déng ké.
Nhung trong trudng hap phan Ung nhanh di dé tac chdt khéng kip
thdm thdu vao trong hat xic tdc thi gid st trén sé sal va toc d6 phan
img téng quét phai bao gém cid mit trong va mat ngoai hat. Theo
hinh 10.3, hiéu (ng tdny quat cia tat cd cde trd lue nay la:

1 dN, 1

= ; = C
Sngm‘]i di _:.L__ ¥+ ! <
By kelVy fS, s S, S,y + 8, 1+ A,
1 dN 1
hay: - i 3. 10.30
Ve At Ve 1 R
kySpe  RelS, A8, +8, N+k(V, 1V, .
trd luc cuaa: phimkhi  phdn Ung béntrong phan Ung bén ngcal
trong d6: £,(S, +8,.)=4kV,,, khi e'SS"" <1, phén (ng x4y ra trén
ng

bé mat ngoai hat xic tic s chiém uu th€ so véi phéan dng xdy ra bén
trong hat, (10.30) thu gon cdn

1 dv, 1
S, dt& 1 1

Ptg _+_
k

Cy (10.31)

&

Phuong trinh (10.31) 14 biéu thde van tde phdn (ng cho hat xic
tdc khéng x8p.

10.4 PHUGNG PHAP THUC NGHIEM DE XAC BINH \fﬁN TOC PHAN UNG

_B'Eft k¥ loai thigt bi phan (ing nao 44 biét dugec mo hinh ti€p xic
pha déu e6 thé dung d€ khéo sat déng hoc phan dng xic téde. Vi chi
¢6 moét pha huu chit e6 mit trong phan tng ndy nén toc d6 co thé
duge xem nh trong phan tng déng thé. Cin chi ¥ dén cdce dai luong
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va thif nguyén si dung treng phuong trinh. Vi du véi phan dng ¢6 thé
tich khong déi, hoat dong gidan doan, cde dang phuong trinh khac
nhau la: _
dX dX Vv Vv
L WA O [Za- Y[ 1032)
Wi 894

Cy, —Ta Vi ® 1) Voo i

Vdéi thiét bi phan ing dang ong:

Fy dX, = -rydV =—rydW = r3dS =13dViq =75 dV,  (10.33)

Phuong phédp thuc nghiém d€ khdo sat dong hoe xic tdc 1a do
mitc d6 chuyén héa cihia dong khi chuyén déng lién tuc qua mét tang
hat r&n xiic t4dc. Lan lugt khdo sdt bon thiét bi thi nghiém sau:

« Thiét bi phdn dng vi phén

» Thiét bi phdn Wng tich hgp (dang éng)

- Thi&t bi phdn @ng khudy trén

» Thigt bi phan 1tng gidan doan
10.4:.1 Thiét bi phan dng vi phén

Ta goi 12 thiét bi phan dng vi phdn khi ta xem xét téc dé la
khéng d6i tai moi difm trong binh phdn dng. Vi vén tde phdn dng
phu thudc vao néng dé nén gia s trén chi hgp 1y c¢ho da chuyén héa
nhé hodéc phan dng cham trong binh phdn dng 16n hay phén ing béc
khéng néng dp e6 thé bién ddi lon.

Trong mdi thi nghiém cho binh vi phéin, phuong trinh thiét ke
cho binh dng: '

x‘.t XA,'
174 J‘m dXA 1 j‘m . Xﬂ,m _XA.vc‘m
e e = A=
Fy -r r -
4 X Ao 4 Ty b Xp pao e

tit 46 téc do trung binh cho mai thi nghiém la:

) FAD (XA,M i XA‘uc'w) FA.U&O _FA.m
Crakps = W = W

(10.34)

Nhu vAy mdi thi nghiém sé cho truc ti€p gid tri toc dd tai nbng
d6 trung binh irong thigt bi phin Wng vd mot loat thi nghiém sé cho
b6 86 lidu téc 46 - néng d6 duge dimg A€ thiét 14p phucng trinh vén
tde. Qud trinh duoe tifn hanh ldn lugt edc bude sau:
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1- Thue hién céc thi nghiém véi ndng do tac chat ban dau khéc nhau,
2- Chon néng @ C,,;, cao nhdt lam cg 88 d& tinh F, va 49
chuyén héa va goi nong 46 nay la C, .
8- V6i mbi thi nghiém xde dinh Fy , W, X 00, X4 pg V2 Cayrp
4- Tit (10.34) tinh téc d6 cho mdi thi nghiém.
5- 86 liu téc d6 - ndng 4o dugce tap hgp va su dung phuong phap
vi phén trong chuong 2 d& xdc dinh phuong trinh van téc.
10.4.2 Thi&t bi phin @ng tich phéin

Xem 1a binh phan ¢ng tich phin khi van tdc phén ng bién déi
nhidu qua binh, do d6 néng dé tdc chdt trong dong cling bign ddi
ddng ké khi qua binh. Khi d6 ta c6 thé s dung mét trong hai céch
sau d€ xdc dinh biéu thie vin tdc.

I- Phuong phap tich phdn

X4 dinh m6t co ché cu thé vdi phuong trinh van téc tusng Ung
dé 14y tich phén phii hop véi didu kién chuyén dong cda luu chat qua
binhk nhu sau:

1- Thute hién cde thi nghidm trong eft chém véi nong do nhép
lisu C 5 c6 dinh nhung thay déi W va / hay F, sao cho nhén duge
mt khodng rong W/F, va X,,,.

2- Chon phuong trinh van toc dé 14y tich phdn cho binh 6ng:

w _XJ‘A dXy
FA-:I o _"’::-'1

3- Véi méi thi nghiém, xée dinh gid tri efia hai v8 phuong trinh trén.
4- V@ v& tr4i theo v& phai, hay nguge lai dé kiém tra tinh tuyén tinh.
2- Phuong phap vi phan
Tuong tu nhu trong Chuong 2, sép xép lai phuong trinh thiét ké
cho binh 6ng (Chusng 3):
A= d‘?’:ff; - d(;?f; )
A, A,

(10.35}

cac budc tién hﬁnh nhu sau:
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1- Thue hién cde thi nghidm trong ¢t chém véi néng dé nhédp
ligu Cpg c6 dinh nhung thay déi F, va f hay W sao cho nhan duge

mét khoang rong W/FAO va X,.

2- V& X,,, theo W/F, cho cdc thi nghiém qua goc toa do.

3- Phuong trinh (10.35) cho th8y téc d6 phan dng tai mot gid tri
bat ky cia X, 14 hé s& géc clia duing cong nay. Do dé ta ¢6 mét loat
gi4 tri van t6c theo néng do dé€ suy ra phuong trinh vén tdc.

10.4.3 Thi&t bi phan ng khuiy trén

Yau cdu cta thigt bi phan Wng khudy trén 12 ndng dé cdc chdt

dédng nh4t trong thist bi. Mot dang thi€t bi thi nghiém don gidn duge

trinh bay trén hinh 10.13. Mgt dang khdc 1a thi€t bi phén ung c6
dong tudn hoan lén ciing dat dén mé hinh khudy trén.

Phuong trinh tinh todn cho thigt bi phan dng khudy tron 1a:
W _ X4 ra
L
tir 46 phuong trinh vén téc la:

L B Xan
Ara W

(10.36)

Nhit vay m&i thi nghiém s& cho true £ip gid tri téc do theo nong

dd ede chat trong dong ra.
V& ngodi
bt vao ddy

\_ Thanh phén
[~ ddng nhét

1 T B&n gid xuc téae

guay nhanh
- .
Luu chit vao Luu chét ra
x.ﬂ.rn Cﬁ.,ra

FAnl xh.uﬁm CA,vio
Trye khudly

Hinkh 10.13: So d8 thiét bi phdn ung khudy trén thi nghiém
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10.4.4 Thi&t bi phén iing gisin doan

g

Chigu tydn %’h

Theo doi su / CD haan hhanh Gh(’?ﬁ
o 5 : ) S T T LPogn, - .
bién ddi n-fmg do Nng g% eiia the chat ‘o XUG tac W
theo thdi gian B i
déng nhat

Sy bign ddi nhé ndng do
qua bink ph&n ting

Hinh 10.14: Thiét bi phdn dng xic tde hogt déng gidn doan

Hinh 10.14 trinh bay sg d6 thi&t bi phdn ting hoat déng gidn
doan ca vé chit xic tde 14n luvu chat. Trong hé théng nay ta theo doi
néng dé theo thdi gian va trinh bay két qua theo (10.32). Tién trinh
thuc hién tuong ty nhu binh phén ting gidn doan déng thé va dé ddm
bdo két qua cé ¥ nghia, ndng d6 cla luu chat phdi ddng nhat tai thaoi
difm bt ky, tire 12 d§ chuy&n héa qua mgt 14n chdt xdce tdc 1a nhd.

10.4.5 So sanh cdc thiét bi phan iing thuc nghiém

1- Thiét bi phdn dng tich phin ¢é thé midc phai sy bién 441
nhiét do dang ké tit diém nay sang diém khdc nhat 12 hé khi - rdn
mic di c¢6 lam ngudl tai vach thiét bi. Piéu nay lam cho viée do dac
cde théng s6 dong hoc tréd nén vd nghia. Trong trudng hop nay sd
dung binh phan ing khudy trén 13 t6t nhat.

2- Thiét bi phdn dng tich phin 12 hifu dung cho viée mé hinh
héa cdc quéd trinh cha cdc cdt chém l6n vdi tAt ca hiéu dng truyén
nhiét va truy8n khéi, dic biét cho cdec hé ¢6 nhidu chat khde nhau
trong nhip lidu vA sdn phdm.

3- Vi cdc thiét bi phdn dng vi phdn va khudy trén cho truc tiép
phuong trinh vén td¢ nhung cde thiét bi nay hiu ich hon trong phéan
tich cdc hé phan dng phic tap, ma thiét bi phin dng tich phén
khéng su dung duoc. _

4- D§ chuyén héa nhé trong binh phan ¥ng vi phdn cdn phai do
chinh xédc nong dg hon 1a trong cée loai thi&t bi phan ing khdc.

5- D& khdo s4t qué trinh truyén nhiét va truyén khéi, thist bi
phan ing tich phén gén vdi mé hinh tdng c¢d dinh 16n; tuy nhién,



PHAN UNG XUC TAC GHAT RAN ' 319

thiét bi phan {ng khudy tron, gidn doan thich hgp hon d€ xdc dinh
cac gidi han cua cédc hidu Ung nhu vay.

6- Thiét bi phdn ing hoat dfng gidn doan, thigt bi phdn dng
tich phin cho cde hiéu 1tng tich lay do 46 hiou ich cho viéc theo ddi
gud trinh phan ¢ng da hop. Trong binh gidn doan theo déi cdc phan
dng khéng c6 tré luc truyén khéi, truyén nhiét dé hon. Tuy nhién,
md hinh héa tang ¢d dinh duge thuc hién tot nhat véi thist bi phan
tng tich phén.

7- Do dé x& 1y s6 lidu nén binh khudy trén thudng chiém wu thé
hon trong viéc khdo sat dong hoc phan (ng xdc tac rén,

10.4.8 Xac dinh trd lu'c kiém soat va phuong trinh viin tée

Viée xdc dinh phuong trinh vén tfc t¥ thuc nghiém s& tr¢ nén
khé khan khi cé td hai trd luc tré lén anh hudng lén vén toe. PE
trdnh trudng hop nay, tif cdc thi nghiém so bd ta xdc dinh cde gidi
han trong dé mdi tré lye ¢6 dnh hudng 1én van téc. Didu nay cho
phép ta lya chon didu kién hoat d6éng trong 46 moéi trd luc duge khao

sat riéng biét.

I- Tré lite 1é I6p phim khi

Trong cac truong hop ¢6 s6 liéu van tdc thuc nghiém, néu xem
ddy 12 phén dng béc 1 thi ta so sdnh hang s6 van téc bae 1 véi hé s8
truyén khéi tuong dng.

kV. < kS

Néu hai s8 hang ¢6 cung d4 16n thi 16p phim khi €6 thé déng vai
trd quan trong quyét dinh van téc phan tng. Mat khdc néu BV, nhé
hon %,8 nhidu thi ¢6 thé mot trd lyc khdc dong vai trd quyét dinh va
nhy vay trd lyc cia 1dp phim khi e6 thé bd qua.

Bing thuc nghiém ta cé thé xdc dinh cdc gidi han cia qud trinh
trong dé tré luc cha lép phim khi 12 quyét dinh béng cdch theo déi 4§
chuyén héa trong binh phan tng dang &ng theo cde suat lugng khde

nhau cia ddng nhip liédu.

2- Higu itng khong ddng nhiét
C6 thé xay ra sai biét nhiét do qua 1dp phim khi hoe qua hat.
Tuy nhién theo cdc phdn trinh bay trudec ddy néu thi nghiém cho
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thay tré luc 1¢p phim khi khéng dang ké thi xem nhu hat ¢6 cing
nhiét dé véi méi trudng luu c¢hat xung quanh va nhu vay c6 thé xem
nhu qué trinh ding nhiét.

3- Tro lue qua 16 xop

P& khéo sdt trd lye qua 18 xﬁ’p, trd luc pha khi phai khéng ddng
ké, tidc 13 C,, =C, , nhu vy qué trinh sé xem nhu ding nhiét.

Tré Iue qua 15 x6p duoc bifu didn béi hé s6 hiéu dung va phuong
trinh vén téc dua trén mst don vi khoi lugng chdt xice tde nhu sau:

- LaN,
W dt
trong d6 ¢ 1a ham sd theo mL cho trén hinh 10.11
Xét tang hat xic tdc 6 kich thude R,, tdng khde ¢6 kich thude
R, . Trong ving hoat dong sao cho tré lue khudch tdn qua 18 x6p
khong ddng ké e =1, nhu vay vdi hai tdng ta ¢

- kCAkE’

_-q;l _kCp g

T - kCp s %

=] (10.37)

Nhy vay téec d6 phédn dng dua trén mét don vi khoi lugng tdng
hat 1a giéng nhau cho hai tang va déc lap véi kich thudc hat.

Trong viung tré e qua 16 x6p 12 16n £ =1/mL, nhu vay vdi hai ¢@
hat ta co:

_r.r:lz E2 le ‘Rl
Nhu vay téc dé phédn tng ti 1& nghich vdi kich thuée hat.

Ving chuyén t18p giita hai viing trén duge xé¢ dinh nhu saw: Néu
céc thi nghiém ban d4u véi c4c kich thude hat khdc nhau cho van tc
phan dng gidng nhau, thi trd luc khuéch tdn qua. 16 x6p khéng déng
k&, cdc thi nghiém tiép theo duge thue hién trong didu kién sao cho
trd lyec khuéch tédn ting ddng k& so véi trd luc héa hoc. N6i cich
khée, cde thi nghiém nén thyc hién véi kich thuse hat ting ddn hay
nhiét 3§ cao hon cho dén khi t8c d6 phan mg khdc nhau cho hai
tdng. M#t khdc, néu thi nghiém bdt ddu trong ving trd lue khuéch

:ﬂ——i:%:& (10_38)
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tdn manh, cac thi nghiém ti€p theo sé thuc hién véi hat nhd hon
hoac nhiét dé thap hon. Nhu vay x4c dinh v vé dudng cong & theo mL. .

Néu gip phan «ing bac n, ta c6:

; 1 1 2D 2 RD, 1p ~ni1p2 '
Py =ROD £=kCR -— =RC} - = e = eyl ptrtlNe (10,39
A LT A E kg nel ) S

Véy phdn ung bac n & tdc dong gidng nhu phdn ng béc (r+1)72
hay:  bdc 0 trd thanh béc; bdc 1 vin 12 bic 1
bédc 2 trd thanh béc 1,6;  bédc 3 trd thanh bac 2
. Ngoai ra sy phu thude vaoc nhigt do cia phdn ng chiu dnh
huéng béi tré lue qua 16 x6p manh. Tir (10.39) héng s6 van tdc bidu
kién cho pRdn tng bac n la:

2 kD, ap
N L,
ok (n +1 12

LAy logarit va vi ph4n hai v& theo nhiét dg:
d(l]lkbk) _ _l_[d(ln.k) + d(lnD!)]

= 10.40
aT 2 df = 4T W
Theo phuong trinh Arrhénius:
k = ke Fna'FT gy D =D, o kT
va thay vao (10.40): |
Ey = B + B san (10.41)

Vi niing luong kich dong cho phén (ng pha khi thudng hei 1dn
(khodng 20 ~ 60kcal ), trong khi cho khuéch tdn 1A nhé (khodng 1
keal & nhiét d thuong va khodng 4 kcal & 1000°C) Ya c6 bigu thic gn
ding: ; -

E,, - E,:;_ui (10.42)

_ C4c két qua nay cho thdy nang lugng kich dong bigu kién cho
csc phin (ng chiu 4nh hudng manh trd luc qua 16 x6p gdn bing mot
phéin hai ning lugng kich dgng thyc. |

Tém lai, sy hién dién eda trd luc_khué'ch tdn qua 16 x0p duge x4c
dinh bing:
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Tinh todn néu biét D,

Phan ing bac 1:

* Khéng c6 trd lue khuéch tan qua 16 x0p:
(7 I L2

1 10.
DC, < | (10.43a)

* Tr@ Iue khufch tdn qua 16 x8p manh: mL >1 va € =1/mlL

(-TA )bk‘[‘

1 10.43b
D,Cx . )

* Phén ng bat ky:

(2 ) Lf (CAk) < 1¢ré lye qua 16 xép khéng ddng ké
Cay > 1 trd lye qua 16 x6p ddng ké
2D, [ flc )dc,
Ca,
- 4- Tré luc do phan ting héa hoe
8] déy ta chi xét cdc dang phuong trinh van toc thue nghiém don

gian trong trudng hop tré luc chd y&u do hién tugng bé mat. Trong
trudng hop khéng cé tré ltc khu€eh tdn qua 16p phim luu chét,
phuong trinh vén téc phén tng trén béd mit duge xde dinh true tisp
du c6 hay khong tré lue khuéch tén qua 18 x8p.

10.5 PHAN PHOI SAN PHAM TRONG PHAN UNG DA HOP

Trong trudng hop phdn dng da hgp, su phan phsi sdn phdm 1a
chi yéu. Quy tdc chung d€ cuc dai héa sin phdm chinh trong phén
ing dong thé cing duge dp dung cho trudng hop nay (chuong 4).

Vdi phén dng xic tde rin, ta cé:

tinh ch@t xiic tdc chttng 4
(p‘#"‘c déng hoc phdn dng =9 &

1- Phan iing song song

-6+ R (chinh) rp = k,C2

A—2+8(phy) 1= kC2 (10.44)
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Hiéu sufit nhat thai cho mét phan t6 bé mit chat xuc téc:
R o TR _ 1

R+8  mptrg  1+(kyliy)e,™

(pthc_(c(

; % 7 . 1
v phan u’ng bac 1: cptht;c '—_W

Trong diéu kién trd lye khu&eh tén qua 16 x6p chifm uwu thé
?‘R = klc‘:i E’l kflcul e

vdi phugng trinh (10.39)
= le:;l _[ 4DA a1 .
* L {a; +ay +2)k +k2)C :
tuong tuf thiét lap duge bidu thie cho rg va thay cd haa bigu thic vao
phuong trinh dinh nghia ¢ dudc:
!
1+(kyfly) Cra¥

(10.45a)

Por =

vGi phan ing béc 1:
I

Két qua cho thdy sy phan ph6i san phdm trong phan Ung song
song ¢6 eiing bac khéng phu thude vao néng 46 cha A trong 15 x6p.

2- Phan dng phu véi hai téc chél

Xét nhép lidu gdm hai tdc chit cling phdn dng khi ti&p xdc vdi
chdt xic tac rdn

(10.45b)

A —2o R (chinh) rp = &,C8

A-2.80phy) r=kCt (10.46)
Hiéu suét nhat thoi cho phén dng chinh la:
£ ya . (10.47a)

et E{R+S 1+ (kyCo ik C3)

Né&u ¢4 hai phan dng déu 12 bac 1
1

" (10.47b)
e = T (yC il C)




324 CHUONG 10

Néu tré lue khudch tén qua 16 x6p chifm uu the, két hop vdi
(10.39)
D
re =k C% 4 = 2 hDyyn e

a+l I?
2 kDpy Clerore
Hiéu suét bifu kién 1a: _
: | 1
Ppp = = ¢10.48a)
1 (CI"']. kzD C.gjzl
b+ 1 leAca+1
Véi cd hai phan ng 1 béc 1
1 1
Ppp = = (10.48Db}
" eDaynCa
kD, C,u Ry Cy,

3- Phén iing néi tiép
Phén dng n6i ti€p. bic 1 v4i R 1 sén phdm chinh;
A—»R—5
Khi phén tmg trén bé mat 1a giai doan kifm sodt vén toc, C4
khéng gidm bén trong hat xic téc.

k
Cor = Penye POV (2 = (ﬁ)mm (10.49)
' k; ky
Néu trd lue khuéeh tdn qua 16 x6p chié’m wu theé, ta cé:
dC C
R A 2)1"2 (10.50)
dCA& 1+ Y CA# 1

Tich phén cho binh khudy, Cp =0:
1 CA!:(CAO _C‘Ak)

Cp. = . 10.51)
B " 14y Cy, +Y(Cy —Cy,) (
Tich phan cho binh 6ng, CR =0: |
.Y L-L[(C‘”‘k yw_Em, (10.52)
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Nong do R dat cuc dai

G bink khudy: B 4 ©(10.53)
Cp (LG 41
v6i binh &ng: bmar o ¥ . Vi y=(@)1’2 (10.54)
CAD 1+ Y k].
Bang 10.2: Anh hudng cila khuéch tin qua 16 x6p
lén phdn ©ng néi tiép bdc 1
Cr, ,max/Ca, cho binh dng Cr, .ua/Ca, Cho binh khudy
Ko
K Khong cé Coé Ti e Khéng co Cé Ti g
trd e trd Wi glam ted lc trds e giam
1154 0,836 0,650 -30.6 0,790 0,480 38,5
136 0,831 0,504 39,3 0,640 0,356 445
114 0,630 0,333 47,6 0,444 0,225 48,5
1 0,368 0,184 50,0 0,250 0,125 50,0
4 0,157 0,083 47,2 0114 0,067 48,5
18 £.051 0,031 38,2 0,040 0.022 44 .5

4- Chdit xtic tac thue t&

Cédc phén trude chi xét dén 16 x6p ¢6 mot kich thude. Tuy nhién,
trong thue t& 18 x6p cfia hat xic tde ¢6 nhigu kich thude khde nhau.
Vi du hat xuc tdc duge diu ché bang cdch ép bot x6p, do d6 ¢é nhiéu
15 to giffa cdc hat bt va cdc 16 x6p nhé trong méi hat bot (H.10.15).

Hat xilic tac I6n M3 hinh c8y tric 18 x&p

ccoom i
o0 JIE

B3t x8p ~ Gk i) B Khe b 160 / /
duge &p lai : ' L3 x8p nhd

Hink 10.15: Hai mé hinh cdu trice 16 x6p
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Néu ta dinh nghia mife d§ ré nhdnh clia cau tric x6p cda hat la

o vdi: =10 biéu dién hat khéng x6p
a=1 bi€u dién hat cé mét cd 18 x6p
=2 bidu dién hat ¢6 hai ¢ 15 xbp.

thi méi hat x6p thuc t& cé thé duce dac trung bdi mét gid tri nao dé
cua o .

Vi qud trinh khuéch tdn qua 18 x8p chidm uu thé, ta cé:

1 1
E{Jk = EEI! ldn +_E

2
vl =i, 1422 (10.55)
(ﬁ)b = (E)”g.., cho phdn itng phu
Ry
E, = %Ek‘ e +;1.£E
v6i: o2 o (10.56)
(%)bk = (%12-)1"4... cho phan ung phu
Tdng quat, voi cdu tric 16 x8p bat ky:
E, =(1 —2%)3&_ - +§1EE
ot bt by my, :1+"’2;1 (10.57)
(%)b;, = (%—)“20{... cho phin i#ng phu

Qua cédc phuong trinh trén cho thiy véi o lén, Anh hudng ciha
khuéch tédn qua lép phim khi ting dén, ndng hong bidu kién gidm
dén nang lugng khuéch tan va bdc phan ung tién dén 1. Nhu vay, vdi
mét cau tric 16 xdp cho trudc ma chua bigt «, ude lgng tin cay cho
ti 86 & dugc xdc dinh tir thie nghiém trong nhimg didu kién khué&ch
tdn gua 16 x6p khong quan trong. Ngoai ra, xde dinh i s6 cdc gid tri
k trong cdc diéu kién trd e khusch tdn qua 16 x6p ddng k& va khéng
ddng ké sé cho gid tri o.
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Vi du 10.3: Tim co ché kiém sodt vén t6c.

T&c d phdn ing phan hiy A trén mot chat xdc tde cu thé duoe
do thuc nghiém vdi cde théng sé sau:

Hat xie tdc hinh cdu:
dy =2,4mm hay L=R/3=04 min =4x10""m chdt xic tdc
D, =5x107 m3/hm chdt xic tée (hé s6 khuéch tan hidu dyng)
k, = 0,4 keallh K.mchat xie tde (hé 8§ ddn nhiét hiéu dung)
Pha khi:
h =40 keallh K. .m*ehdt ztic tée (hé 86 truyén nhiét)
by, = 800m3(h.m?® chdt xiic tde (hé s6 truydn khdi)
Phan dng: AR =-40 keal/mol A iphét nhiét)
Ca, =20molim®(at, 336°C)

—ra pi =10° mollh.m® chdt xic tde

a) Trd lue khuéch tan qua lép phim c6 anh hufing 1én vdn t6c khéng?

b) Thi nghiém nay ¢ phéi da thue hién & ché dd tro luc gua 16 xdp?

¢) Sai biét nhiét dé xdy ra qua ldp phim hay bén trong hat?
Giai: @) Trd lie khuéch tdn qua Idp phim

n 3
Vign t6c bidu kien ke Vier _ CAn 8 _trAw) @ 1

Vén toc néu [op phim kiém sodt  ky.Spg kk(ﬂd,!z,) Caky 6 150

Viann téc biéu kién thdp hon nhidu téc dé truyén khdi do lop
phim kifm sodt. Do d6 tré lwc qua 16p phim khéng dnh hudng lén
van tdéc phdn ing.

b) Khuéch tén qua lé x6p

Theo phuong trinh (10.43a) va (10.43b) cho khugch tan qua 16 x3p

(—ri Jp L2 (10° mollh.m®chbt xiic tde) (4x10™ m chdt xiic tdc)’ ~16
D,Cy, B (5x107° mlhm chdt xic tdc) (20mollm®)

Pai lugng nay 16n hon mét do d6 khuéch tén qua 16 x6p 4nh
hudng va 12m chdm tde 6 phdn iing.
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¢) Qua trink khong ddng nhiét: Theo (10.24) va (10.25)

DC,, ~0)-4H,)
AThgt,max = b
e

_ (5x10° m*h.mchdt xdc tde)(20molim”)(40kealimol)

: ~0,1°C
(0, 4kcallh K. .mchdt xdc tdc)

_ Llorg dyy (-AH,)

himmax = h

AT,

_ (4x%1074m)(10° molih.n®) (40keallimol)
(40kcal/h.m® . K)

Két qua trén cho théy nhiét d9 hat gin nhu dong nhat nhung
ndéng hon hiu chét chung quanh.

= 40°C

Vi du 10.2: Phuong trinh van t8e tit binh phén \ing vi phén.

Cho phin Ung xic tic A—4R duge thiyc hién 6 8,2 af va 117°C
treng binh phén dng éng chifa 0,01 kg chdt xic tde v6i nhép ligu ¢
lwu lugng 200/ A nguyén chat chuda phdn dng. K&t qud cde thi
nghiém nhu sau:

Thi nghiém 1 ) 3 4
La vag: moll 0,400 - 0,080 0,080 0,040
Cp 1a» MOI 0,084 0,070 0,055 0,038 ¢

Xde dinh phu'cmg-trinh van téc cho phin dng trén.

Gidi: Vi d5 bién dfi cue dai quanh néng d9 trung binh 1a 8% (thi
nghiém 1) nén c6 thé xem ddy 1a binh phdn dng vi phdn va dong
(10.34) d€ x4c dinh phuong trinh vén tée.

Néng d6 ban ddu cho A & 8,2 a¢ va 117°C 1a:

Pa, 3,2ad
C, = = . ={),1molll
4 = RT " (0,082Latimol KN320K)
va: Fy =C4.v= (0,1 molA200/h) = 2 molih

Vi khéi lugng riéng thay déi trong sudt -:j_uéi trinh phén dng, nén
bidu thidc ndng d§ va d6 chuyén héa la:
' . 1-C,/C
CA - 1 XA hay XA e AT~A
CAO 1+£AXA . _ 1+EA(CAICAD)
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Bang 10.8: Vi du 10.2

Chwa C,
1‘_ .\l_ll -l_ JB '
cn.n‘ho GA Ia cl’t- X B cp‘ i c“b *a -Fa
Cay | Ca awo == = | Kan=——g — | Xan TS
molfl Hey, —— they 5. Jh Wira
G c YED -]
Ag Ay
1-1 1-0.684 0.0455
— = — . =0.0455 -0,1
1 084 | 0,092 Tig =0 17 300,845 00455 | Tpovz
0.8 0,70 0,075 0.,0588 0,0988 0,0330 7.6
0.6 0.55 0,0575 Q14239 0.1698 00,0268 5.4
o4 0,38 0,039 o27a7 02897 0,0170 3.4

Bang 10.3 trinh bay két qué tinh todn. V& —r;, theo C, nhu

trén hinh 10.16 cho ta dudng thing qua gde toa 48, cho thiy phan
ung phan hiy bie 1.

' l
Hé s8 gc = k = 96
edn h.kg chat xic léc)/
g 4
(%]
|
-
3 r
2
[F=
o /6
2
0 :
0 0,02 0,04 0,06 0,08 0,10
mol
Cp.—
ATt

Hinh 10.16: Vi du 10.2
~ Vén téc phén itng biéu dién theo mol A phdn dng/. kg chét xdc
tae duge xac dinh tif hinh 10.16 1a:
—7a w TR (96 Uih.kg chdt xic tac)(C,, molil)
W dt
Vi du 10.3: Phiong trink vdn téc ti binh phdn tng tick phdn:
Véi phén (tng xic tde A~—=4R duge khdo sdt trong binh phdn dng
dng véi khéi lugng xic t4e khde nhau, nhap lidu c6 luu lugng 201/h A
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nguyén ehat & 3,2 af, 117°C. Nong dé A trong dong ra dugc ghi nhin
trong cdc thi nghiém nhu sau:

Thi nghigm 1 2 3 4 5
Khai lugng xuc téc, kg 0,020 0,040 0,080 0,120 0,160
Cara . M 0,074 0,060 0,044 0,035 0,029

a) Dimg phuong phép tich phan dé xdc dinh phuong trinh vén toc.
b) Lap lai céu a vdi phuong phdp vi phén.

A

0.7 74

2

0.6 it -
Hé s§ géc k=95 hkg cn51>/
05 XUe tae

< [
3¢
G Fd
:fo"‘ /J"
=11
0.3 L

rd

5

0 0,001 0,002 0,0030,004 0,0050,006 0,007 0,008
Caows _ W hkgchdt xic tdc
Fro 20 lit

Hinh 10.17: Vi du 10.3

Gidi: a) Phuong phdp tich phdn: Tt vi du 10.2, trong cac thi nghiém cé:
CAO = 0,1 molil; Fﬁo =2mollh: £, =3

Vi noéng d6 thay d6i ddng k€ trong cdc thi nghiém nén binh
phédn dng thi nghiém duge xem nhif binh phén éng tich phan.

Pdu tién thi vdi phédn dng bdc 1, néu khéng khép vai so lidu
thuc nghidm ta s8 thit vdi phudng trinh vén téc don gidn khac.
Phucng trinh cho binh 6ng

, X4=035 . .
W, kg chdt xiic tdc Lr dX,,mol A phdn ing/mol A nhdp liéu

Fy, .mollh B X4=0 —ry.mel A phdn unglh.kg chdt xic tde
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V& phan ing béc 1:
XA

dX, 1 ‘Thﬁx{idx
“*A

W f
Fy kCy kC, 4 1-X,

o

=(1+EA)].D1 -6, X,

Fa =
thay cde gid tri da biét vao:
1

1-X,

W
(4111 —BXA) = Iﬂ(z—o')

Vé hai nhém s8 trong ngo#c vd1 hing s6 ti 16 &, (1.10.17). Nhu
vay két luan 14 phuong trinh vén téc bac 1 phit hop véi 86 lidu thue

nghiém. V& k x4c dinh ti hinh 10.17, phuong trinh van tdc 1a:

—ry = (95 Hh.kg chdt xic tde)(C y,moliD)
Béing 10.4: Vi du 10.3

1-Ca

- c,‘é__ 4ln1_1x 3X,, 4In1"1x | wia | wize
1+5Aa":- A A
0.,0808 0.3372 0.2424 0,0748 0.02 0,001
0,1429 0,8160 04287 01873 0,04 0,002
0.2415 1,1080 0,7245 0,3835 0.08 0004
0,3170 1,5268 0,89510 0,5758 0,12 0,008
06,3790 1,9080 1,1370 0. 7710 0,16 0,008

b) Phuang phdp vi phén

Phuong trinh 10.35 cho thiy téc dé phdn ng duge cho bdi hé s§
goc clia dudng cong X, theo W/F, . Bang 10.5 cho hé s6 géc do duge

trén hinh 10.18 & nhiing néng d6 C, khac nhau. Quan hé tuyén tinh

gila —r, v& C, trén hinh 10.19 cho ta phuong trinh vén t8e:
—ry =(93 1/ h.kg chét xic tdc) (C,,molll) -
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Bang 10.5: K&t qud tinh phuong phdp vi phdn trong vi dy 10.3
c
1- A .
w Gl . Ca, | =8 (whinh 10.18)
w A di——)
Fag Ca, T+e, Ca Fa,
Cﬁe
0.4
0,02 0,01 0,74 0.0808 =
0,04 0.02 0,60 0,1429 5,62
0,08 0,04 0,44 0.2415 413
0,12 0,06 0,35 0,317 3,34
0,16 C.08 0,29 0,379 2718
04 Mgt [W | /S 10
géctai [Fag
lU:J‘ = ~ -E a
> 03 | =002 iy ) ; /
> | =004 ST _|E | 295 it .
s =0,06 - s gl'= 53 h.kg chat xuc tac y
i =0,08 | .5 5
2 o2 P g /{
x / £
> 4
= re
0,4 :
0,1
2
0,0 0
¢ 002 004 006 008 0 00z 0D4& 006 008 010
mol

W kg chat xac tdc

FAo

mol A/

ATt

Hink 10.19: Vi du 10.3

Hinh 10.18: Vi du 10.3
" s Phuong phdp vi phdn

Vi du 10.4: Khéi luong chdt xic tde (cé binh) suy ra tic phuong
vin tée.

van tdc da x4c dinh duge tinh khéi lugng chét xdc tde edn cho

trinh

Xét phdn dng xic tdc nhu trong vi du 10.2. Ding phuong trinh

thiét

bj phan tng dang cot chém (gid st tudn theo mé hinh 6ng ddy) dé
chuysn héa 35%A thanh R véi dong nhdp liéu 1a 2000 mollh A

nguyén chét & 3,2 a, 117°C.
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Giai: Ap dung phuong trinh binh 6ng, phan vng béc 1:

X
W fdxA _‘T‘ dX, 1 ‘Tuaﬂxﬂdx
- 4 — "
Tich phan dugec:
WA [(1+e )1 b
=—¢ {(1+¢,)In —g
‘kCAO A i A“A
Thay céc gia tri da bift tir vi du 10.2 vao bidu thde cho két qua 1a:
2000 mol Alh 1 . i
W= - 4.1 =1,05)=140 kg chdt xiic id
(06 Ul chit mic taex01 mol Al 0,65 02 A

Vi dy 10.5: Xde dinh khéi lugng chat xic tde tir s6 [idu vin t6e néng do.
Vi phan (ng cha vi du 10.2 gid st ¢6 s6 lidu van tdc ndng 36 nhu sau:
Gy . moll 0,039 0,6575 0,075 0,082

1, molAh kg chat xie tde 3.4 54 7.8 2.1

Tir 86 lidu trén, khéng diing phuong trinh van tdc, xde dinh khéi
lugng chdt xic tdc cho thiét bi phin tng loai ¢ét chém d€ phan dng
2000 mol/hA nguyén chdt & 117°C (C, =0.1mol/l e, =3) d€ db

chuyén héa clia A dat 35%
Giai: Tich phan biing d8 thj phuong trinh cho binh dng

0.35
W _ J dX,
]
Fﬂo p TA
S6 liéu d€ vé duge trinh bay trén bdng 10.6, két qud cho:
0,35
"+ dX
J’ 4 - 0,0735
o Ta
Bang 10.6
. 1-€.,/0,1
—a _1_ c I it . ke
! A AT 143C,/0.1
{ddcho) a +9%a
34 0,2940 ' 0,0390 0,2812
5.4 0,1880 1 0,0575 0,1563
7.6 0,1316 0,0750 0,0778
9,1 0,1100 0,020 0,0228

Vay W = (200 molA/h)X0,0735 h.kg chdt xic tdclmol = 14Tkg chdf xuc tdc.
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0.4

Dign tich dRa
gach chéo n Ta

- . - 00735 h.kg chat x0o tac
4 mol

0,2

1 h.kg chét xic tis
mol

21

i} 01 0z 0.3 D35 04
X4, kKh&ng thu nguyédn

Hinh 10.20: Tich phén bdng d6 thi cho vidy 10.5

10.6 AP DUNG VAD THIET KE

Tac chat khi ¢6 thé duge cho ti€p xic vdi chat xiic tdc ran theo
phidu cdeh v& mdi cdch ¢6 nhimg thudn lgi va bat lgi riéng. Hinh
10.22 minh hoa mét s8 mé hinh tifp xic pha khi - rdn. C4e thiét bj
phan (ing nay ¢6 th& chia ra Iam hai loai chinh: tdng ¢8 dinh (H.10.21ab,c)
va tang luu héa (H.10.21d,e,9). Loai thigt bi tdng chuyén dong (H.10.21g)
1& trudng hop trung gian ciia hai loai trén.

Hinh 10.21a 13 thiét bi phén (ing t4dng ¢f dinh.

Hinh 10.21b 12 dang thiét bi sif dung d€ khéc phuc sy qua nhiét
cuc b§ bang cdch ting dién tich bé mait truyén nhiét d& lam ngudi.

Hinh 10.21c ¢ho thdy cdc gud trinh 1am ngudi trung gian dé
kiém godt nhiét d6 t6t hon. Cha ¥ & doan ddu tién phan dng xdy ra
nhanh nhét, 6 chuyén héa duge giit thdp bing cdch dit it chat xic
tdc hon cédc doan khéce. Cée doan nay duge 1dp ciing v6i bd phén trao
d61 nhiét trong cing mét thiét bi hay dé rdi timg thiét bi ¢ ngoai.

Hinh 10.21d cho thdy thiét bi phdn dng tdng luu héa véi chdt
xuc tdc én dinh khéng ¢édn tdi sinh. Cic dng clha thist bi trao déi
nhiét duge dat trong tdng d€ lam ngudi hode dun néng va kiém sodt
nhiét do. ~ :

Hinh 10.21e cho thdy logi thigt bi v&i chdt xic tdc bi méat hoat
tinh va phéi duge 16y ra d€ t4i sinh lién toc.
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-

Hinh 10.21f che thdy thiét bi phan iog nghich chiéu ba doan
nhém khic phue nhuge diém cia tdng luu héa 1a tiép xuc pha kém.

Hinh 10.21g cho théy thiét bi phdn ung tdng chuyén déng dang
éng cho pha khi trong tdng c§ dinh va bat lgi 1a hat to, ¢6 ciing wu
digm vé hiéu sudt sit dung chat xde tde cha tdng luu héa.

Cé nhiéu yéu t6 anh hudng lén thiét k& tai vu thist bi phin dng
xic tde va ban thiét ké t6t nhat la st dung hai loai thiét bi khéce
nhau mée néi tiép. Vi du vdi d6 chuyén héa cao va phin ng phit
nhiét nhiéu ta ¢6 thé sit dung tdng luu héa va sau d6 1a tdng cd dinh.

Tém lai hai khé khin chinh khi thiét k€ thi€t bi phan dng xic
tdc 12 ddc trung khéng ding nhiét cia tdng g dinh va tinh khéng ly
tudng chuyén déng dong khi trong tang luu héa. Sau ddy 12 mot s6
thiét bi phdn ing xic tdc tidu bidu.

f Téng chém
S doan thi tu,
— ludng e
Té he
R o t§e nhiy
& [ Lamngusl

- Dong ngudi ==
a) Doy khivae vag— ot ; Téng chém
doan thd nhit,
lugrg xdc tac ft

Tac chat khi dl vaao €) Citirss Mk x30

Kh ra-w

T4ng hdu héa

F
3\5 Bén it b
tal sinh

+ Gau 1éi hoke
Chéi xic e Khi d&ng dua
dén thit b| Déng hat rén cht e te 18n

1 sink chuyén dgng dinh thist bj

Téc chil phin dng
f)  khidivao
Tée chit
khl vao s

Hinhk 10.21: Cdc logi thiét bi phdn ing xie tde rdn
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Tach chat chuyén déng hudng tam

Tusng duge lam mat dén 100°C ' !
y S&n pham chuyén déng ly tam

B 150°C
100" —>

el

— Il 1e’cis’c

'\Téc chét tai dudng tam \Déng nhigt hudng tam
Hinh 10.22: Truong nhist dé trong thiét bi phdn iing tdng c6 dinh
cho phdn tng phdt nhiét
1- Thiét bi phan wng tang cd dinh dogn nhigt
Néu qud trinh trao ddi nhiét va dong chuyén dong cia pha khi
thich hop thi viée tinh todn, thist ké sé don gidn va qué trinh thue
t& s& difn ra gén vdi tinh todn.

AL I S 9 )—--mn‘ﬁg

Qi Q
Thudn nghjch phét nhit Khdng thudn nghich phit nhigt Thu nhit
4 T6i t !
Tma: T
x,,a-% "
- T T T

Hink 10.23: Téng 6 dinh nhiéu doan dot gdn dén khodng
nhiét dé 161 uu
2- Cae tdng e dinh c6 lam ngudi trung gian

. TnGIDTb . TcDTe

QacXa =0 X, On X Xz Q

1 |Bo thd tich

e s . xﬁ
x&‘l xﬁl?

Hink 10.24: Tdng c6 dinh hai doan & diéu kién 61 uu
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Theo Chuong 6 qué trinh phin dng nén xdy ra theo khoang bién
thién nhiét d6 t61 wu. V6i nhiéu doan qud trinh phan tng xdy ra gin
dat d&n didu nay nhu hinh 10.24.

V6i s6 doan da xdc dinh trude t61 vu héa qua trinh phén vng 13
61 thiéu héa lugng chdt xic tde cdn ding. Sau déy la trinh ty tinh
toan cho qud trink hai dean vé1 phan (ng thudn nghich phdt nhét.
Phuong phap duge trinh bay trén hinh 10.25. Trén hinh nay ta t6i
thi€u héa dién tich bén dudi dudng cong 1/(-ry)theo X,. D¢ tim
difu kién 81 uu, cn x4e dinh trudc ba bign s6: nhiét 4 ddu vio T, ,
lugng chdt xdc tde sif dung cho doan thit nhat (diém b doc theo dudng
doan nhiét), lugng nhiét 1am ngu'ﬁi trung gian (dac diém ¢ doc theo
dudng be). N&u ba doan s8& 12 5 bién s6.

1- Chon T,.

2- Di chuyén doc theo dubng doan nhiédt cho d&n khi théa diéu kién:
%% dX, =0 (10.58)

)T,

s& duge didm b trén hinh 10.25 va xdc dinh duge lugng chit xic tde
¢An va nhiét do ra cho doan mot. Mdt cdch khdc 1a dd dim, thudng
v6i hai hosic ba 14n thir tif cde didu kién tde do thip sé dugc két qua
gin diém t8i vu.

3- Lam nguédi dén diém C c6 eting van téc phén dng véi diém b

(rs D e ki anh phdn g = TA oo bink phdn iing ke tidp (10.59)

4- Di chuyén doc theo dudng doan nhiét cho dén khi théa (10.58)
che didm d.

5a- N&u d dat duge theo yéu cdu ban ddu cha do chuyén héa thi
T' chon ban ddu ]a ding. Nhu vy qud trinh lam ngué trung gian va

a

phan b# chat xde tde giirta cde doan (cho bdi dién tich bén dudi dudmg
cong 1/(-ry) theo X, théa didu kign eye tiéu héa thé tich chdt xic téc.

5b- N&u diém d khéng dat duge dé chuyén héa yéu cdu, chon lai
T,. Thudng sau ba ldn thd s& dat gén diém t&i wu.
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3- Tang nhiéu doan cé dinh c6 hoéan luu
Ap=0 c 8 b g9 d e
T Q. Q,

0,60 |

0865-

050 -

0,25

ER T DR Ei Rt i PR
o 025 0,50 0,65 0,80

Hinh 10.25: Thiét b phdn iung hai tdng cé dinh t61 wu c6é hodn L,
Puong bitu dién véi R = 1
Hinh 10.25 trinh bay qud trinh hai doan vdéi ti 86 hoan lmu R =1
va nhiét 4§ nhdp liéu T. Trong céc qud trinh ¢6 hoan luu, thiét bi

trao d6i nhiét c6 thé dat & mdt s vi tri ma khéng d4nh hudng dén
hoat dong clia binh phdn dng. Vi tri t6t nhat 14 vi tri thudn lgi cho
vide khdi déng va gia tri hé s6 truyén nhiét cao hon.

' Xa=0.Tr g & b d__te
__\\df te: f lE X pa
d
T

Hinh 10.26: Thiét bi trao doi nhiét duoe dat & vi tri khdc
so vdr hinh 10.25
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4- Binh khudy trén noi tiép

Hinh 10.27: Hai binh khudy mde ndi tiép hoat dong
g didu kién 161 uu
Téng cf dinh v6i dong hoan lwu khd 16n 88 dat dén mo hinh
khudy trén. Nhu hinh 10.27, cdc binh phdn dng hoat ding theo
khoang nhiét @6 t6i vu, sy phén ph6i chdt xdc tac gita cde doan tdt
nhat 13 cuc dai héa dién tich cdc hinh chid nhat, fic 13 cye dai héa
dién tich KLMN gé cue ti8u héa dién tich cdc hinh chi nhét ¢6 chém.

5- Lam ngudi nhanh
Oin

T S S VI o VB

Hinh 10.28: Lam ngudi nhanh (khéng ding bé phdn trao d&i nhiét)
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D& thay cdc bo phén lam ngudi trung gian ta c6 thé dua nhip
liéu ngudi vao truc tip doan thi¥ hai va cdc doan k& tiép cia hé
théng phan dng. Hé théng duge trinh bay trén hinh 10.28. Trong
trudng hop nay thé tich cla cdc binh phdn dng duge tinh theo dutng
cong 1/{-r,) theo X, sé phic tap hon vi nhap liéu vao mdi doan 1a
khdc nhau. Ngodi ra ta cé thé lam ngudi bing luu chdt tre. Pidu nay
lam Znh huéng dén c4 hai dudng cong 1/(-7,) theo X, va T theo X,.

6- Li‘a chon mé hinh tiép xtic

1- V6i phdn ung thu nhiét van t6c ludn luén gidm theo do
chuyén héa, ding binh 6ng khéng c6 hoan lw. Véi phén ing phat
nhiét, hé s6 géc dudng doan nhiét quyst dinh méd hinh ti€p xde nao
14 16t nhat.

Sau diy 1a xét cho phan ing phét nhiét i

2- Lam ngudi nhanh béng edch thém nhap liu ngudi Ia phuong
phép it tén kém nh4t. Tuy nhién phuong phdp nay chi thue t& khi
nhiét A9 nhdp liéu thdp hon nhidu nhiét dé phdn dng va nhiét do
- khoéng thay d6i nhiéu trong khi xdy ra phan dng, tic la:

C
Lo = Tpii
phdn 1tng f “Mr

Hinh 10.29 minh hoa hai trutng hgp thuc t& va khéng thuc t€
kht 1am ngudi nhanh.

X* f 1 X.ﬁ &
c I Dudng gidt han
(T = Ty)> —=2 k :
Sl B L |
P :
P E* y
r" e £ :
r‘g"’ ,P" . J.-""— ]
L e -
4, (™ P C‘p '
P R i
oot —AH, -
- e -
1; L I T 5= T
! Tphinh ung Tl' Tphrinh ing

Hink 10.29: Hai truong hop nén va khéng nén st dung
laom ngudi nhanh
3- Phin dng phdt nhiét néu hé 86 géc dutng doan nhiét thdp
(nhiét d6 tang nhiéu trong khi phin tng) khéng nén dung ché dé
nhiét 4§ thdp vi van t6c rdt thap, Nhu vay ding ti 18 hoan luu cao s
dat dé&n dong khuay tron. Mat khéc, néu hé 8§ gée 16n (nhiét 46 tang
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it trong khi phan (ing) vdn to¢ gidm theo d§ chuyén hda va nén si
dung binh ong. Cu thé, tac chdt khi nguyén chadt c¢6 hé sf géc dudng
doan nhiét nhd; vdi dong khi lodng hodc chit 1éng hé s6 géc 1dn. Vi
du, %6t tc chit ¢6 C, =10 calimol va AH, =-30000 cal/mol.

véi dong nhép liéu 14 tde chét nguyén chat:

C, 10 1
—AH, 80000 3000

hé 56 géc =

v8i dong nhip liéu ¢6 1% téc chat:
C, 1000 1

hé sé géc = —

—~AH_ 30000 30

v@1 dung dich léng 1M;

, C, 1000 1
0 gde = A = —
hé 80 goe = = 30000 30

Céc dudng doan nhiét cho céc trudng hgp nay dude trinh bay
trén hinh 10.30, '

}ff‘ ' Dung binh dng
1
Binh @ng theo binh khuay
Tac chat nguyén chat:
08 = nmmmmmtiinain HE 56 goc = ——
300 : M\ \ Binh khugy
Tac chét lodng: Hé s6 goc = 1, E
I
0 ; : piphy
A\ 1500° ~— p—15" T

\‘Tﬁc dd rat cham -

Hinh 10.30: Si dung binh khudy hay binh éng theo df ddc
' cila duong dogn nhigt
4- V6i phén tng phét nhiét trong binh phdn dng nhiéu doan, céc
didu trén dugc tém tét nhut sau:
* Nhap liéu nguyén chét ding hoan luu cao dat dong khudy tron.
* Dong khi ioéng (hay chdt 1éng) ding binh éng va nhiét do
nhép lidu khéng can cao.
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* Dong khi lodng (hay dung dich) nhiét dé6 nhap liéu béng nhiét
do phan dng sau dé tam ngudi nhanh.

7- Thiét bi phan &ng tang luw héa

Vé6i hé phan dng bat ky, néu ta ¢6 phuong trinh déng hoc phén
dng vad mé hinh ti€p xic pha trong thiét bi thi c6 thé thigt lap
phuong trinh mé té dic trung hoat dong cha thiét bi dé. Véi thiét bi

phén (ing tAng hiu héa mé hinh khi déng hoc 14 md hinh ting sdi bot.
’ GA.ra

T £ May va dudi

Pha bot [} f *~{Ph&n pha nho
"] tugng con lai .

.-

S S T —

Hinh 10.31: M6 hinh tdng luu héa véi dong khi sii bot
Gid st luu luong dong khi 16n nén cé thé xem nhu ddng khi
trong pha nhii tuong va bot la khéng ddng k&. Mo hinh tinh dugc
trinh bay trén hinh 10.31.
Phén dng xde tdc bée 1 véi e4 =0 hay

1 dN,

ok =kC, (10.58)
fin

va khi xdy ra phén dng phdn hidy A trong bot khi dang néi 1&n
Phén h:i'}strong bot kht = (phdn ing trong boi} + (truyén dén I6p may) (10.593)
Truyén diin lép méy = (phén ding trong Iép méy) + (truyén dén lop nha wong)  (10.59b)

(Truyén dén lop nhit tuong) = (phdn dng trong 16p nha tuong) (10.58¢)
Cdc biéu thie trén duge bifu dién 1a:
1 dN,
"'rA,.b = ——1;;':—‘1:}*— = kaCAb +Kbc (C""b = CAc} _ (10603)
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Kce(cﬂc - CAE = Yﬂkcﬂr (aate)
Trong d6, theo dinh nghia

i = the tich chat rcfi? phén ldn trong bot (10.612)

thé tich bot
5 thé tich chdt :rcfn trong lap may (10.61b)

thé tich bot

5 = thé tich ehdt rci'rf trong lop nhi tuong (10.61c)

theé tich bot

Thytc nghiém cho thdy v, =0,001-0,01 va a=0,25~1.0 (10.62)

Ngoai ra, véi tAng luu héa ta co:

3Su, -l
o (10.63)

y, =(1-¢,,)!
g f Yor _um,ffamf

_(1-¢,,)0-8)

va: Ye 3 ~{y. +7v) (10.64)
Khit t4t ci edc néng 40 trung gian trong (10.60) duge:
—rAb = ["fbk'l' 1 1 1 ]CA (10.65)
+
K, 11
v+ (- +——=)
K, Yk
L&y tich phan cho ddng khi chuyén dong theo mo hinh 6ng qua tang:
C vy ho
In—% = [y,k+ - hmhia 16 66)
Cyx 1 . 1 W,
K, T i
Y+ 1 +—)
KC—E ‘Yck
trong d6: Lol oy, (1 ~ Echem )L"hé"' (10.67)
178 1- Em],r tiy,

trong dé nam s6 hang trong ngodc vudng bidu didn trd lye truyén
khéi va phdn ing phic tap xdy ra song song va ndi tiép.

Véi phdn tng x4y ra rat nhanh (gia tri k 16n) rat it A dén dudc
16p nhii tuong va hai so hang ddu trong ngo#c vubng chiédm uu thé.
N&u phdn dng chdm cédc 86 hang sau sé chiém wu thé.
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Vi kich thuéc bot khi la dai lugng chi phdi cde 86 hang van téc
ngoai tri¥ & nén hoat ddng cda tdng luu héa bifu dién theo d;, nhu
hinh 10.82. V&i dy 16n hon hoat dong cia tdng sé kém do bot khi
chdy tdt nhidu va gidm ddng k& dudi ddng khufy trgn,

140 1 1 T T 1T ]

o
o
[

01

I I'TTT

0,08

]

0,04

{1 e chém)Lk Thei gian vé thit nguyen
L

Hinh 10.32: Hogt déng ciu tdng luu héa ld ham sé theo
kich thude bot biéu dién theo phuong trink (10.66)

Ngoai ra khi tdng s6i hoat déng trén qui mo thuong mai sé lién
quan dén luu lugng khi 1én, va dudng kinh tdng, vdn tée khi cing
I6n. Ca hai y&u t6 nay 1am cho tdng tao nhiéu bot khi véi bot khi lén
vé1 nhiing dnh huéng x4u efia né. Do d6 trong thist k& cdn tranh
hién tugng nay bling cdch:

1- Gén thém cédc b phin vio tdng dé haﬁ ché tao bot va chia
nho bot. _ -

2- B dung tdng chém - hiu héa trong dé pha khi ddu tien di qua
“tdng luu héa sau dé dén tdng chém. Trong trudng hop nay dé chuyén
héa cia pha khi dat cao. ' |

3- Bt dung vén tdc khi cao d€ tao nén 16p nhi tuong lodng,
khéng c6 bot khi, ddong chay tdt khéng nhidu. Néu van tfc khi cao
hon, thiét k& phit hap dong khi s& tde dgng nhit déng chay 6ng.
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Luu héa nhe

Bé phan
trong thiét bi

4 Chaét ran
hoan luu

a) b) f c) 1
Hink 10.33: So d6 d€ tranh dong chdy ¥dt trong tdng cé bot khi lon:
a) Kich thude bot bi han ché trong khéng gian giita cde b6 phdn trong
téng; b) Tdng chém cho dé chuyén hda cao; ¢) Luu hoa lodng.

V& du 10.6: DS chuyén hda trong tdng luu hoa.
Mét thist bi phdn dng tdng chém thi nghiém (L, =10cm va
u, =2 cmls ), d¢ chuyén hoa dat 97% cho phan iing A—=R.

a) X4dc dinh d6 chuyén héa cho tdng luu hdéa qui mé pilot
(L_ =100 cm va u, =20cm/s) trong d6 kich thuée bot khoang 8 cm?

b) P6 chuyén héa trong tdng chém & didu kién ndy?

S6 lidu: Thyc nghiém: w,, = 3,2 emfsi €, =2, =0,5

Cho bigt: D=D, =0,204 emlsi a=0,34. Dung chi 8 m € chi tdng
¢d dinh.

Gidi: Gid st binh phdn dng thi nghiém hoat ding theo m6 hinh ong

Vg =JdXA :_J' dX 4
Fy 7oy TRCy( -X,)
Tich phén cho:
n(l-X)= RCa,Vs _H#(1-€,)L, (45

FAB Hc

t 46 xdc dinh hing 88 van t6c phdn (ng:
K Cy, 2emls 1 100

= > | = n—=1,4s7t
L{l-c) C4 (10cm)i-05 3

k
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@) Téang liw hoa: Phuong trinh ddc trung hoat déng ting Ivu héa
duge cho bai (10.65) va (10.66). Cae dai luong duge xdc dinh theo céc
biéu thite chuong 6.

uy, = 0,711(980%8)% = 63 crulsi uy, =20-3,2+63="79,8 cm/s

20-32 . 3.2 0.204Y2 % 9801/ 2
5= 58 =0.2105; K, =4.5% (F-)+5,85( =ty )=2,892571 (10.64)
B = 6.78(0’5XU’234>‘79*8)1’2 - 0,856
3%3,2/0,5
= {1-0,5)[—==—-"10,34}= 0,34
¥e 63-3.2/0.5
{1-0,5)(1~0,2105)
< 0,01; = : : -{0,34+0)=1,53
¥ g 0,2105
Thay céc gid tri da biét vao (10.66) va (10.67)
C
e =(- 04 1 1100 0 79x 100 1 053
Ca Lo, 1 63 63
2,892

0,34%1,4 + 1K Ly 2 )
0,855 1b3x1.4

Ca
Ca,
B chuyén hoa X, 46, = TLO%

hay: = ¢1%%3 = 0,285

b) Tdng chém theo (4)

. Ca, _ (1,457)1-0,6)(100cm) _
Ca 20cm/s B

Ca
Ca,

3,5

Vay: = e =008 X, =97%
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BAl TAP CHUGNG 10

10.1.

10,2,

10.3.

S6 liéu dong hoc cho phén tng A—=R thu duge trong mot thidt
bi phan dng thi nghiém loai tdng chém vdi cdc luong chat xic
tac khdc nhau duge st dung cho luu luong nhép liéu cd dinh
F 4, = 10kmolfh

W, kg chit xuc tac 1 2 3 4 5 6 7

Xa 012 | 020 0,27 0,33 0,37 0,41 0,44

a) Tim phuong trinh vén téc tai do chuyén héa 40%

b) D& thigt k& thiét bi phin (ng lén voi sudt luong nhap liéu
F,, =400 kmollh, tim lugng xtc tac can d€ dat dd chuyén héa 40%.
¢) Luong xde tac cho ciu (b) 12 bao nhiéu néu thiét bi phén tng
dong dong hodn liu rat 16n.

Phén tng bic 2 A—R duge nghién ciu trong thiét bi phén ung
véi ti 56 hoan Iuu rat 16n va ghi nh4n duoce 86 lidu sau day:

Thé tich réng cha tdng 1 lit; khi lugng chét xic téc st dung 3 g,
Nhép liéu vao binh phén dng: C4 =2 molll; v, =1k

Dong ra khéi binh phén ing: C, ., =0, molll,

a) Tim hing s6 vén toc cho phén dng trén (cho don vi)

b) Khéi lugng chit xde tde s dung trong thiét bi phdn dng
ting chém dé dat d9 chuyén héa 80% cho dong nhép ligu cé luu
lwgng 1000 l/A vdi néng 4§ Cy =1 molll.

¢) Lap lai cau (b) vdi tdng chém 14 mét phén xdc tdc va 4 phén
chAt rdn tro. Thém chédt tro d€ duy tri ddng nhiét va gidm diém
qué nhiét cuc bg. '

Gia sif didu kign d&ng nhiét cho toan b tang xic tée.

Thi nghiém déng hoe phan dng xic tdn rdn A—»3R duge thuc
hién & 8 at, va 700°C trong thiét bi phén dng khudy trén leal
gid co thé tich 960 ¢m® va chifa 1 g chdt xtc tac ¢6 dudng kinh
dy =3 mm . Nhép liéu 12 A nguyén chdt dugc dua vio binh véi
c4e 1uu lugng khéde nhau va do dp sudt riéng phén cla A trong
ddng ra dng véi mdi gid tri luu lugng.
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Luw ivgng nhap lI§u, ¢/h

100

22

1

0.6

Para’Pa.vao

0.8

0,5

02

0,1

0,05

Tim phuong trinh vin toc cho phin dng-trén xdy ra vdi chdt
xtc téc ¢ kich thuée da cho.
10.4. G 700°C v4n téc phan dng phén hiy A—-3R trén chat xic téc
rén cho trude duge biéu dién la:

. __1 dN,

_r=

W

={10l/h.g chdt xic tdc)C,

Mot thidt bi qui m6 pilot duge ché tac cé dang éng vdi dudbng
kinh trong 2 cm dugce chém bing cdc hat xiic tdc tron vdi 75%
hat tro d& duy trl diéu kién ding nhiét. V6i nhap liéu 400 molth
gom 50% A va 50 % khi tro & 8 at, 700°C, chidu dai thiét bi

phan tng 14 bao nhisu d€ dat p, /P4 4s =0,111.

Cho biét chat xiic tdc va hat tro x6p ¢é dudng kinh d, =3 mm,
khéi lugng riéng cia hat pg = 2g/em?®. D6 réng clia tAng bing 50 %.

10.5. Cho phdn dng pha khi xiic tdc rén nhu sau: A—»R; —r, = kC%

Thiét bi phan (tng dang éng pilot duge chém vdi 2 lit chét xdc
tdc ¢6 nhip lidy 2 m°/k tdc chdt A nguyén chat & 300°C, 20 at

d9 chuyén héa dat 65%. Tim thé tich thi&t bi phén tng dé phdn
(ng 100m>/h nhap lidu khi & 40 at, 300°C chia 60% A va 40%

khi tro d€ dat d§ chuyén héa cla A 12 85%. .
10.6. Van téc phin dng trong diu kién khong c6 tré luc khuéch tdn

qua 14 x0p cho phan ng pha khi béc 1 nhu sau:

—ry = 10 molls.cm® chét xue tde
vdi: C, =10 mollem® & 1 at, 400°C

X4c dinh & hat xde tdc st dung (D, =10em?/s) dé ddm bdo
tré lyc khuéch tdn qua 16 x6p khong 1am gidm téc d6 phan ting.
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Tir qué trinh don gian dén phiic tap nhat, ede quéd trinh sinh hoc
ed thé duge phan loai thanh cdc quéi trinh 18n men, cdc qud trinh
sinh 1y don gidn, va cdc hoat dong cia cdc thue thé séng. Qud trinh
1én men c6 thé duge chia thanh hai nhém: cdc qud trinh lén men
duge thic ddy va phdt trién bdi ede vi sinh vét hosic vi khudn (men,
vi khudn, aga, ndm moec va protozoa) v cde qud trinh 1én men duoc
xac t1€n bfing enzyme (14 cdc héa chdt do vi sinh vit tao ra). N6i
chung cdc phén dng 1én men la cédc phdn iing trong dé cédc nguyén
liu hiu c¢s duge bigén d8i thanh sdn phdm do tdc dong cda cde vi
khudn ho#c enzym.

Cac qua trinh Hoat déng ctia cac
sinh hoe thife thg séng

/ \ Cac qua trinh

Géc qua trinh 18n men sinh Iy don gian

.

Biude xtic tdc bdi enzym Buge xie tac bdi vi sinh vat
(hop chat co khéi lugng {men, vi khuén, aga,
phan tif I6n, dac higu, thudng chi ndm mée, protoxea

tae dyng cho m$t hop chét)
Hinh 11.1; Phdn logi cde qud trinh sink hoc

Lén men enzym cé thé biéu dién bing phuong trinh saw:

(Chdt hidu eo, A) o (sdn phdm, héa chdt R) (11.1)
Lén men vi sinh c6 thé bifu dién theo phuong trinh

(Chat hitu co, A) “UIE (win phdm, B) + (them 1€ bao € (11.2)



350 CHUONG 11

Diém khéc biét chi yéu giita hai loai 1én men 14 trong qud trinh
l1én men enzym, tdc nhan xdc tdc [a enzym khong ty tai tao, nhung
tdc dung nhu mt héa chdt thong thudng, trong khi 1én men biing vi
sinh véat, tdc nhdn xdc tde 13 vi sinh vit ¢6 thé tu t4i tao duge. Tuy
nhién, trong qud trinh tua tdi tao, cde t& bio tao ra cdc enzym riéng,

11.1 QUA TRINH LEN MEN ENZYM

11.1.1 Phuong trinh déng hoc Michaelis - Menten (M-M)

Trong méi trubmg thudn lgi, véi enzym phd hop A€ xic tdc, chat
hitu co A 88 phén tng d€ tao thanh R. Bidu thic don gidn bidu difn
tinh chat die trung nay nhu sau.

¢
—ry =rg —kg% - (11.3)
M

trong da: CEQ - néng dﬁ enzym tdng céng
Cy - hang sd duge goi 13 hiing s6 Michaelis.
Tai C, cao: toc db dge l4p véi O
Tai C4 thép: t6c do ti 18 bac 1 theo Cy
Tai tdt cd cdc gid tri C,: toc d¢ ti 18 v6i néng 46 enzym, Cy,

g

Cg, cao
Tai C, cao tdc ddc tap vdi C,

Tai C,, th&p tdc do 1 18 bac 1 thao C,
Tal tat cd cdc gid trj C, 16c do i le vl
néng dd enzym, Ce,

Ce, thép

-
CA

Hinh 11.2: Dudng bidy dién vdn toc - néng dé
cho cde phdn wng xiic tde enzym
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Trong qud trinh tim kiém moét co ché don gidn nhéat dé gidi
thich nhing quan sat va dang phuong trinh vin téc trén, Michaelis
va Menten (1913) da di dén mot co ché phan ting s¢ ddng gém hai

giai doan :
A+E == cha trung gian X —-» R + E

va CEO = CE - CX

voi: Cp - néng d) enzym tut do; Cy - ndng dd enzym gin vao téc chét,
Mat 86 trudng hop didc bist cda phuong trinh Michaelis. Menten
* Khi C, = Cy,, mét nia néng d6 enzym & dang tif do, mét nia &

dang k&t hgp
* Khi C, »Cy, hdu hét enzym két hgp dudi dang phic chat X

* Khi C, <« Cy,, hdu hét enzym & dang ty do,

Hinh 11.3 biéu dién phucng trinh Michaelis - Menten. Dudi day
12 phucng phdp xde dinh hai hdng s6 v4n téc cha phuung trinh lén
men enzym quan trong nay. ’

Vién tle: -1, = rg Béc 4 khiC, «Cy _
/— Bac 0 khi Cy» Cyy
F oy = kSCEq ---------- ; ;[i ------------------------------
A Budng cong
ro ~ ’ R
e Ka0E J_:" : .Van tdc - ndng 4o M-M
e 2 B 2 |77 S _--:\TalGA= GM mOt!‘lua
Hé s8 géc ban diu_] | enzymd dang kéthgp
! va r=-he
:( }C'Eo 1 .
kz +k3 k2.|. " C"
1

Hinh 1i.4: Puwong bidu difn ndng dé - thoi gian
ciia phuong trinh M-M
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I- Binh lén men gian doan hay binh lén men dang ong

Lay tich phén phuong trinh (3), ta dugc

C

CMln“——--F(CAn—CA) 'kfiCE (11.5}
CA bde 0

bic mbi

Dudng biéu dién néng dé - thi gian duge trinh bay trén hinh
11.4. Tuy nhién phuong trinh nay khéng thé v& tric tiép dé xdc dinh
cdc gid tri cla hing 6 k3 v4 Cy,. Tuy nhién (11.5) ¢6 th€ duge bidn
d6i ra dang sau ddy 38 e6 thé vé duoc d€ xde dinh cdc gid tri cha
hing s6 van tdc.

Cy, —Cy t
Aﬂc =~Cyr + bsCy, — (11.6)
In e T
CA CA
két qua duge trinh bay trén hinh 11.5.
' A
Cas
Ca, ~Ca
I CAfCa
0 . Gy
. CM GM+CA IHCA‘:J’C;\_
ks k3
—Cyl \Lcho tat cd gid tr ela Cp,
i
-0 AR Y
Ca, =Cp
inC, /Cy
0 i - N S
F;
) . Cu g !LC In Gy /Gy
I.," kacga W Ay
_CM l” kchU

Hinh 11.5: D6 thi xde dinh phuong trinh M-M tit s6 liéu
binh phdn ing giin dogn
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2- Binh khudy trén én dinh
Thay phuong trinh Michaelis - Menten vao phuong trinh thist

~ keé cho binh khudy 8n dinh, ta dugc
3 CA-o _'CA _ (CAI, _CA}(CM +CA)

(“‘FA) kachCA

T

(C, —C N Cy +Cy)
hay kyCp 1=—=2 Ac s (11.7)
A

hay (11.8)

két quad duge trinh by trén hinh 11.6.
4 Bac 0

e e i e g o

Mot dudng
cho tatca Cg,
Bac 1
Cy -C
,r/ C_I'lr‘l CM + CP-a (3 ]
”
_CM /# Jk

Cac dudng vdi
) Cg, khdc nhau

_CM
Hinh 11.6: B4 thi xde dink phuong trinh M-M ti s¢ lLi¢u tt binh phdn
iung khudy trén hoat déng lién tyc

3- Nhitng phuong phap khac dé xac dinh k va Cy,

Phuong phép gém nhitng bude sau:
. X4c dinh C, ,,theo T tir cde 86 liéu thuc nghiém thu duge véi

mot trong ba thiét bi phén tng ly tudng bat k¥: binh khudy trin
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hoat dong gidn doan, lién tuc hodc binh &ng.

- Sau do tinh -y tai cdc gia tri €4 khdc nhau, hodc truc ti€p
tir s6 liéu cia binh khudy trén lién tue (-ry =(C, ~Cy,,)1) hode xde
dinh hé sd gée cho s6 lidu tit binh 6ng hodc binh khudy gign doan.

- Ve Cy  theo (-74) bing mdt trong hai céch sau:

(-ry) theo (-r,)/C, d6 thi Eadie
M~ry) theo 1/C, 48 thi Lineweaver
« Rit ra C), va & tit cdc A6 thi trén.

11.1.2 Uec ché& bang chat ngoai lai - tranh chip va khéng
tranh chip

Khi c6 sy hién dién cha chdt B 1am chim phdn dng co chat -
-enzym cua A thanh R, B dudc goi 13 chat (e ché. C6 cde loai tdc dong
de ch& khdc nhau, mé hinh don gidn nhét duge goi 1a 17¢ ché& canh
“tranh va tc ché khéng canh tranh

- Uc ¢hé canh tranh khi A va B tdc déng ctng phia trén enzym,
hay la nhitng hgp chat ma cfu trie khang gian tuong tu véi c&u tric
cua nhitng co chat va c6 khd ning chiém ché cia co chat trong qua
trinh phan (ng enzym.

- Ue ché khoéng tranh chdp khi B tdc dong & phia khde trén
enzym va lam ngung tdc dﬁng A, két qud la tac dﬁ t81 da cia phin
tng gidm di.

Y nghia duge hoe 14 nghién ctu céc enzym vA chét Gc ché 1a mot
trong cdc phuong phép chinh dé xdc dinh higu qué cla cdc loai thudc
dang c6 va trong vige phét trién ra cdc loai thuSc méi. Thanh tuu
nay da thay d6i toan bé huéng nghién ciu cla nganh duge trong
nhiing nidm gan day, .

Huéng nghién ciu hién nay 13

» Nghién ciiu bénh tat vé khia canh sinh héa, sau d6

+ Tdng hgp héa chit 4 khéa esc hoat dfng chia cic enzym guyét dinh.

Sau déy 14 céc bigu thue dong hoe cho hai loai e ché nay.
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1- Péng hoc cita e ché canh tranh

Co ché sau ddy bidu dién déng hoc cia qué trinh khi A vA B

canh tranh trén cing mot enzym
1
A+E == X 2 R+E (11.9)

-4
B+E =— Y (11.10)
5]

chd y 14 B chi két hop vdi enzym tu do
ching minh duge phuong trinh van tée sau {chuong 2).

R= CM +CA+NCB CM CM(1+NCB )+CA
trong dé Cy = kﬂ;kﬂ ,molim®; N =k—4, m?® Imol
3

So sdnh véi cde hé khéng ¢6 vc ch& (11.3) ta thdy rﬁng Cyr dugc
thay thé bé.ng CM (1 +NCB )

2- Dpng hoc cia e ché khéng canh tranh
0 day A va B t4c déng lén hai phia khdc nhau cia enzym lam

gidm tée d6 phan dng cia A
1

A+E == X 2 R+E (11.12)
4

B+E "**-.T Y _ (11.13)

B+X --6—' Z (11.14)

7
 Chu ¢ ring B t4c dong 16n enzym b4t chap A da gdn lén enzym
hay khong. Phuong trinh van tde t6ng quét 1a:

k¢ c
——=—Cy Cy
_ AN _rLCy) ‘B, {19
B G+ €y + 10, O +ECCs, o TG,
M1+LCy,

1%
B

vdi CM kﬂ;lhﬁ N=zﬁ_4;
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So sdnh vdi phan img khéng e ché, ta thay
ks

» Thay k3 biing —2—
R Tengy

1+NCB
» Thay Cuy b B T——
ay Cy bing CM(1+LCBO )

3- Thue nghiém

V6i cdc thi nghiém tif mdt trong ba binh phan (ng khudy trén
gidn doan, lién tue, binh 6ng ta thu duge s8 liéu C theo t va vé duge
d6 thi hinh 11.5 va hinh 11.6 cho cde hé théng (¢ ché, véi cdc hé dc
ché, cdc dd thi nay duoe hidu chinh nhu trén hink 11.7 va 11.8.

/— Ghi chd: Khi B trén bé mat né
88 khéng cho A divao hoac dira

40 ché

canh tranh

Ue ché khéng
canh tranh

Hink 11.7: Minh hoa hoat déng cia hai logi ve ché

Canh tranh

= 'C,. _CA
In C%ICA

ks

Hinh 11.8: Anh hudng cla chdt ve ché ién s6 lidu
tix binh phén dng gidn dogn va binh 6ng
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Canh tranti T Khéng canh tranh

Cg = 0

Hink 11.9: Ank hiudng ciia chdt o ché lén 56 ligu
ctia bink phdn ung khudy trén lién tuc

» Hé& g8 goc cha 8¢ a6
A d:f’;‘g 2"“9 phdt trién
at trién X
C, cac A kil - -1 |
mE"i Hé o6 goc dyf dinh duding
Ce cye dai K
L N ¢
M Bidu kisin = kA
i Ca+Cpn
E ‘
: C
e A,
P C thap. 16 bao T8 bao
R thiéu ch&t dinh dubng s nhiéu
chéat dinh dudng
Hinh.11.10: Sy phdt trién t&€ bio trong mdi truong
thudgn loi déng nhdt
Thai gian 18 & Dang binh thudng dudng cong ; 4 Mt deng dudng cong tré
Té gia can
nhigu tha gian T& bo truéing thanh
dé thich nghi

T& bao mdi thieh nghi nharh

i -

Tudi t& bao dua véo , Tudi td bao dua vac
mo| trudng mai mdi trudng mdi

Hinh 11.11: Thoi ginn tré phy thudc vdo tubt té bao
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Qua cdc biéu thiic trén cho thdy phuong trinh Michaelis -
Menten 18 dang don gidn nh4t dé biéu dién cdc phan dng xic tie
enzym. Phuong trinh nay sau dd duge hidu chinh va md rong theo
nhiéu cdch. Phuong phdp tuong tu cing duge thuc hién véi hai trudng
hgp ue ché.

11.2 QUA TRINH MEN BANG VI SINH

Qud trinh lén men ty nhién la mdt qud trinh phic tap vdi thue
pham va t€ bao phdn dng v6i nhav mot cdch hdn dén, O diy ta chi
xét dén hai trugng hop don gidn nhat sau day;

» Mot loai vi khudn C téc déng, thusng goi la t& bao hay vi
khuAn.

» Mot loai can thue ph&m A, dude goi 13 co chit.

Néu thye phdm phi hgp, vi khudn sé &n, sinh san va san xuat ra

chdt R. Qua trinh duge bidu dién nhu sau

A—C-—C-I-R

Trong mgt s¢ trudng hop sy hién dién cta sdn phdm R dc ché
hoat dfng cila vi khudn bat k€ thue phim cdn nhidu hay khdéng va
qua trinh duge goi la bi san pham e ché , Vi du 1én men ruou nho, ddm. .

. i bhud) .
(nho, trai edy ...) A (thém vi Rhudn) + rugu

Khi néng d6 rugu ting, sy sinh sin t& bio s& chdm déan va khi
néng dé rugu dat 12% cée vi khusgn ngimg hoat déng.

Xur 1y bun hoat tinh cla nuée thai 1a mét vi du cho qud trinh l1én
men khéng ckiu dc ch€ do sdn pham.

{chdt tndi hiiu co) o (vi khudn sinh thém) + (COg,Ho0...)

Boi khi ching ta quan tAm dén sy phan hiy cia A nhu trong xu
ly nuge thai. Nhiing trudng hop khdc c6 thé quan tdm dén qud trinh
sdn xuft thém C nhy sdn xudt protein don bao dg lam thuc ph&m va
cudi cimg 12 nhing trudng hop ta ¢dn chdt thai R eta vi khudn nhu
trong qua trinh sédn xudt penicillin va cdc chdt khdng sinh khdc.
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11.2.1 Khao sdt dinh tinh qua trinh 1én men trong moi
trudng khoéng d6i

Vi khudn sé mat mot thdi gian ban ddu d€ thich nghi vdi m6i
trudng 1én men, Toc do phdt trién cta t& bao du‘qd biéu dién theo
phuong trinh Moned nhy sau.
RC Co . v 8 g B —— .
SEACC v € 1A ndng d6 cla A tai d6 té bao sinh ra voL-
Ca+Cy :
tde dé bing 1/2 toe 46 cue dai

."C:

11.2.2 Khao sat dinh tinh thiét bi 1én men gian doan

Trong cac thidt bi nay, t& bao sinh ra thanh phédn co chat thay
d6i va san phdm c6 thé dc ché sy thanh ldp té bao, cy thé gdm cdc
giai doan sau

. Giai doan tiém tang

+ (iai doan phat trién

. Giai doan dn dinh

. (iai doan suy thodi

\ Bat déu vdi i
nhidu ca chat,
\_Duﬁng cong |
i Ca cao

Phét tri€n'nhanh

0 G
Bat d4u vai
it eg chat
Ca, thdp
CCO B " o cc.o PE— Y
Phat triin nhanh Tdng quat
0 max Gi‘)
Trong binh _\ déc lapvdi C
g.max ? An
gldn deoan, _/: =

L Chat dae hai gidi han
. sy phattrién cia & bao

Gy, ndng sudlt
te bao cue dai

Dinh dudng gidi han

B

Néng di t& bao cyc dal

Ca

-}

Hink 11.12: Tron.g binh phczn ting gidn dogn
tiy thuée nao co ché gide han

adng sudt t& bao cre dai
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a) giai doan tiém tang: Khi cdc t& bao trong binh si dung hé&t
ngudn thuc phdm né sa ngimg sinh san, hoat déng enzym cia ching
ciing giam, cdc héa chit phan i Iugng thap khuéch tén ra, va cde té
bao thay d6i tinh chat. Chiing trudng thanh. Nhu vay khi dua cde t&
blo vaoe méi trudng mdi, mét khodng thii gian tiém tang méi xay ra
khi ede t& bao téi san xuft cdc héa chat cAn thist eho sif phat trién
va sinh sdn. Néi chung b4t ky sy thay déi nao trong méi trudng ciing
tao nén mot chu ky kich thich sinh san/ thich nghi d€ c4c t€ bao ty
diéu chinh thich nghi.

b) Giai doan phat trién va 6n dinh: 8¢ lueng t& bao phat trién
theo dang lily thita trong méi truong déng nhat, nhung trong hé gisn
doan, méi trudmyg thay d6i do d6 toe d6 phat tridn thay 46i. Giai doan
suy tAn (gidm) trong qud trinh phédt trién t& bao bi ehi phdi bdi mot
trong hai y8u té say

» Can kiét ngudn dinh dung, hay

» Tich tu céc chat déc hai cho té& bao.

11.2.3 Khéo sat dinh tinh binh 18n men khudy trén hoat
déng lién tuc

Trudng hop nay t& bao & trong méj trvdng déng nhédt. Khong cdn
giai doan thich nghi va qud trinh sinhk san ¢ téc do khéng d6i duge
xac dinh theo thanh phédn cda hén hop trong binh. Qud trinh thuing
dugc bidu dién biing phuong trinh Monod.

kC,Co
Cy+Cyy

-..rc =
Gid trj k phu thude vao nhist do, sut hién dién cla cdc nguyén to
dudi dang vét, cdc vitamin, cc chat dée hai, cudng @6 4nh sdng ...
11.2.4 Sy phin b6 sidn phdm va hiéu sust phin doan

A-SooCsrR
Hiéu eudt phan doan tie thei duoe biéu dién nhu san

d(C tao thanh)
CIA = o{C/A) = -
f=aoi) d(A st dung)

d(R tao thanh)
RiA = o(RIA) = : i
WEA) d(A sz dung) Sl
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{1t tao thanh)
d(C sit dung)

RIC = o(RIC) =

Do d6 ta cé cédc biéu thic sau

(11.17)

_RC A
g AT @

|
| O3] =

R R
A’ C

N6i chung phuong trinh lugng héa hoc ¢6 thé 14n 16n véi hiéu
sudt phin doan thay ddi theo néng d6. Do dé dé€ don gidn hoa ta gid
st tat cd gid tri ¢ git khéng d6i voi ndng 46 bat ky. Gid st nay <o
th€ hop 1y v4i binh khudy trén lién tuc, hay cho giai doan phét trién
lay thita trong binh 1én men gidn doan. Cdc trudng hgp khdc khong
chinh xdec.

va B = (—ra)g; TR ==Tp = (-74) rp=(r) (11.18)

L8] C
CC —Cco = (P{I)(CAO -_CA) irs hay CC _—'CCO +QP(EJ(CAD _CA)
¥4 R
CR _CRD =(P{E")(CA0 _CA) hay _— CR =C.Rﬂ +¢(Z) (CAD "CA} (1119)
Co-Cr =oE)(C,=Cp) .. hay ... Cp=Cy +§HCe~Cp,)
“n RO o C O CO e e R R, C [ C,

11,2.5 Biéu thdc dong hoe

Téng quéat tée d sinh sdn t& bao phy thubde vao ngudn thuc
phdm va tde do tao thanh chat thai dc ch€ qud trinh sinh sdn t& bao.
Cdc dang phii hop, don gidn nhét cia phuong trinh vén tée duge
trinh bay dudi day va duge van dung vao cdc chuong sau.

1- Nguédn thuec phim

Phuong trinh dinh lugng ¢6 dang tuong tu déng hoe enzym vdi
enzym

A+E=+=—X tai C, cao 1z =kCg
Xwe—eR+E CA thﬁp g = kCEDCA',CM
) s kCy Cy
va Op =Cp+Cy taitdtcdgidtri Cy Ty = GitCy (11.20)

dang sau cing la phuong trinh Michaelis - Menten véi C), 12 hing 58
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Vdi vi khudn
A-S-C+R
A Chg e Clatnsats 6 C, cao  rp=kCe
Cinhsin = 2Cpn+ R C4 thip rp =kC,CLIC,,
kCC,

——= {11.21)
Cy+Cy

Cisngcong = Conn sin + C_linh tat ca C;, g =

n

dang sau ciing 1a phuong trinh Monod v8i C;; 1A hing s6

Trong qua khi da cé nhigu dang phuong trinh déng hoe duge dé
nghi v& si dung. Tuy nhién khi cé phuong trinh Monod, phuong
trinh nay da duge s dung vi tinh don gidan. Do dé trong chuong nay
ta g€ sU dung phuong trinh Monod dé biéu dién téc dd phdt trién €
bao theo néng 46 co chat.

2- Anh hiéng ciia chat thai dée hai

Khi chét thai déc hai R duge tao thanh 88 ngin cdn qua trinh
phdt trién t& bio. Nhu vay hing s6 van t6¢ Monod bidu kign kyy, 56
giam khi ndng d6 Cp téng. Dang don gidn che moi quan hé nay la;

C ;
B, = h(1-2R)" (11.22)
b C

o

R
vOi: & - hing s6 van toc khi khong c6 sy hién dién chdt thai dée hai
2 - bde eda sdn pham dde hai
Cp - ndng d6 R tai d6 lam ditng hoat ddng eia tat ca té bao,
trong trudng hop nay k,, bang khéng
Phuong trinh (11.22) duge trinh bay trén hinh 11.13.

Hoat tinh 3 mic cao cho dén khi gdn véi Cy"
Giam tuyén tinh theo hédng s&
van t8c khi R tao thanh

1

M=

Hinh 11.13: Gid tri k bifu kién gidm khi sin phdm
ddc hal R duoc tao thanh
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3- Biéu thic dong hoe tong quat )

Biéu thuc don gidn nhat cha dang phuong trinh Monod giai thich
cho cd hai yéu td trong qud trinh 1én men vi sinh vat la
C CiCe

L 11.23
AATRRTAE Oy, K148

_rC_ e
véi: -ry - phuong trinh Monod téng qudt; kg, - giam khi Cp ting:
C
kyy = k(1)
Cr
Ch - néng d6 (cAn bing) tai d6 cdc phdn dng déu dimng.

NGi chung, phén dng va su sinh sdn t& bao sé chdm dédn hofic do
néng do gidm hozc do néng dé R ting (1am 6 nhiém moéi trutng)

11.3 QUA TRINH LEN MEN VI SINH DO CO CHAT KIEM SOAT

Né&u gid s hiéu sudt phan doan khéng d6i, toc dé phan dng
khéng gidm do sy tao thanh hodic tdng do lugng t& bao tang thi
phuong trinh téng quat (11.23) s& thu gon thanh phuong trinh
Monod.

EC,Cp
C,+Cy

véi: Cy , Ce, - 14n lugt 13 cde gid tri ndng do nhap liéu hay noéng dé

3

bt ddu; C,; - hang 56 Monod.

11.8.1 Thiét bi 1én men gidn doan (hogc dang 6ng)
Xét qud trinh 1én men (phén tng) trén. Lic bdt ddu C, cao,
Ce, thap, tai lic cudi, €4 — 0 trong khi C¢ cao. Nhu vay t8c do cha

qué trinh tai lic dau va luc cudl 12 thap, nhung gia tri nay s& cao tai
mét gid tri néng d¢ trung gian. D&t dr/dt=0, ta 58 xdc dinh duge

gia tri van tdc cuc dai

CA\ vdn (e cye dai = Jcif + CM (CAD +'(P(%)CCD ) - CM (11.25)

Diédu nay cé nghia 1a v6i nhép liéu cho trude C A Ce, cho mot
hé bat ky, viéc thiét k& s& ding binh khudy lién tuc d€ dat
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2 b -~ 3 ~ ) T L : d ‘
C, t6 26 max » 58U d6 la ding binh éng. Do dé diéu quan trong ¢ day 1a
xdc dinh €y 15 46 gy

Tré lai binh khudy gidn doan (hoac binh 8ng), ap dung phuong
trinh vin t8c ta duge

Cc Ce
t=r,= | £ -+ [ a*nac, vai ¢,=c, ~9l2)C,, ~C,)
CCD it Cﬂﬂ c-A _
Ca “a y
_ J- de -ij C£+CAL_(ECA vdi CC=CCQ—:p(ig—)(CAU—CA)
Ca (P(E)rc €y "P{"'[‘“;)CC A

tich phan duge

Bt =kt =( C‘MA -+1)mgc = CMA }lngA (11.26)
CA(; +LP(E)CCU Coa CAC +(P(E)Cco A,

v6i Co-Cg, =4S, -C,)

Bat déu voi G, thip

A 4

Hét chat

dinh duény

i &
Ce Gan vdi C. va T "f/ 3
e C, va C. thay ® et Q}‘} B&t du
hamsomi f ag) gang ké Ittt 1 v6i G, cao
i '
t, hay , Car 0

Hinh 11.14: Bdc trung hoat déng cde bink 1én men dang éng hodc
gian doan cho qud trinh lén men vi sinkh theo phuang trink Monod

Néu efng khodng thoi gian tidm tang, ta sé duge thdi gian téng
cong. Phuong trinh trén ¢6 thé bidu dién theo Cp thay vi C, va C,.

C.R = CRB +¢'(%)(CC _CCO) = CRQ + @(%)(CA'} _CA) (11.27)

Phuong trinh trén duge bidu didn trén hinh 11,14
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11.3.2 X4c dinh cde hing sé Monod tit thi nghiém 1én men
trong binh gian doan

Phudng phap a:
S&p xép lai phuong trinh (11.26)

nC, /C,)
In(C t/c ) M; l +% e " M- > (11.:28)
¢, chc, Cic +cp(E)CCo
s6 liéu duge v& trén hinh 11.15.
i
Phudng Irinh (11,28) 5 Ha 58 gée = %
— . —
In(Ga/Ce,)
Tung dé goc= M—I:]
g In{C /G,
0 = TRCICs)

Hinh 11.15: Xdc dinh gid tri cde hdng s6 cida phtiong trink Monod
tit s6 lidu thue nghiém - phuong phdp a
Phuong phap b: ]
D4u tién x4c dinh 7y tif 56 lidu dCpldt, sau d6 sdp x€p lai
phuong trinh Monod.
= e {11.29)

sau dé vé lén dé thi d& tim Cy, va k (H.11.16)

i

Phyong trinh (1 1.29)0

Ha s8 gie =

PTI:

- Tung d3 goc =%

A
1 & Ca

. _
Hinh 11.16: Xéc dinh gid tri cdc hdng s6 cia phiuong trinh Monod
tiy 56 lidu thuc nghiém - phuong phap b
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Nhén xét cho cdc qua trinh gian dean:

- Phucng phép (a) st dung truc tiép tdt cd s6 liéu va biéu dién
dudi dang dudng thing. Néi chung phuong phdp nay t6t hon

. Phuong phép (b) can 14y vi phan hay hé s6 gdc t¥ 58 liéu thuc
nghiém, rudm ra hon va kém tin cdy hon. '

» Vdi néng d6 C, cao, viy C, »Cy,, ddt Cy =0 trong phuong
trinh Monod. Piéu nady ddn dén 1. =kC,, trong trudng hop nay,
phuong trinh biéu dién (11.26) thu gen con

L4

4 C P
k1, = lnc—cw dudng cong theo dang ham s6 mfi
CG

- V6i néng d6 C, thap, C, «Cy, phuong trinh Monod tré
thanh dang tu xiic tdc don gian, phuong trinh thu gon econ
C, C
CMA g
CA,, +¢(E)Ccn AMC,

ks = c6 dang dudng cong chir S

+ V6i nong do Cp rét cao, phuong trinh Monod khéng bi chat
déc hai dc ché khéng d4p dung duge, ngay cd cé nhiéu chit dinh
dudng cdc t& bao tré nén phén rd, sy phat trién cham din va cudi
cting ditng hdn. Nhu vy v6i néng dé t& bao rat cao, ta phai s dung
phudng trinh déng hoc san phdm dc ché. ‘

» P& xdc dinh cdc hing 36 van tdc cia phueng trinh Monod, ta
st dung s8 lidu tif binh lién tuc thi don gidn hon sd li6u ti binh gidn
doan ho#c binh 6ng.

11.3.3 Binh 1én men hoat déng lién tuc
Khong c6 t8 bao dong trong nhip ligu C, =0

Gid st déng hoc Monod (khéng e ch& sdn phdm), hisu sudt.
phén doan ¢ khéng d6i, va khéng c6 t& bao trong déng nhap libu,
phueng trinh bidu difn cho binh khuay hoat d6ng lién tuc la

AC.

it =T‘ viii=A, Chay R {11.30)

thay bi€u thde » vao ta duge
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Cy +C Crr
theo C,: ki, =M YA pay €, = 6 kr, > 1+
A T s 45 g vl R, > CAO
theo CC: ka = A ha}’ CJC (P( )(C M )
(P(E}CAD ‘—CC
& Cyr
vdi Ry > 14— (11.31)
Ca,
o ExC, +Cy)—Cp
theo Cp: kg = A= hay
R
m(E)CAD _CR
Cp = 920(C Cu_)
4 "kt -1
. Cye Cuy
vii k1, >1+—4 va vb nghiém ndu k1, <1+==
Cy, Cya,

P& xdc dinh cdc hing s§ dong hoc, sdp xép lai cdc phuong trinh
trén ta duge

1 k 1 |
= 1, — (11.32)
Cy Cy b oCy

va duge biéu didn trén hinh 11.17.

F 3

Phudng trinh {11.32)

Cp

was!“:“t Ha af goc = :
% poin M
CAB d

\

Twashout

Hinh 11.17: Xce dinh gid tri ede hing s6 cida phiong trinh Monod
tix 86 lidu eda binh kudy lién tuc

Tit phuong trinh déng hoc ta thdy thoi gian lén men ti uu, toe
d6 1én men cve dai,... tdt cd thy thudce trén Cy va C A, nhu sau:
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C .
N= 142 (11.33)
\J Cu
Vay qué trinh hoat déng t8i uvu cia mdt binh 1én men liéa tyc
xdy ra khi

C, 1 Cc  __ N _
C, N+l Cgeithimax N+l

va Cp =0 xay ra khi

N ‘
kt,, =—— (1184

2
N
ke, =— (11.35)
N*-1
tdt cd dugce trinh bay trén hinh 11.18
K Ca N
CC téi wu N+1°
Ce w . N
CovaCet DA ——Cc i _N+1
. 1oy N-1, & bao
Che | ‘\ Fe, cn.rcdaF{VCc)DPt:kV@cnu(m) f— 2 }
\‘-\ : Trong 46 y = 114 Ca,
LI | C’M
M
Cﬁ.mﬂ.l( ————— N F: ) e e s el e e e Ee ——
I s
| b Y
|
|
Cow [F ===~ j|' _____ i\ T&c d6 san xudt
: : t¢ bao cue dai
I J,’ | Téc d tiéu thy
| u
i ;’z A cue dai }CADN=F‘T‘
l/’ CAunl _ 1
221 Chs N+
- i
~ !
0 i "kt
J’n\cmﬂrcmz NZ \C,‘°+CM_ N+1 N “"

y =
1 Cio N2 -1 Cao N N1
f

Tac d¢ san xudl
cyc dai té bao

0
%
i
g =

Hinh 11.18: Tém idt dde trung ciia bink kudy lién tuc

theo phuong trinh Monod
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Dong nhap lidu cé chiia t&€ bao, CCD =0

Phuong trinh lam viée cho binh khudy hoat dong lién tuc trong
trutng hop nay la:
(CAG _CA)(CA +CM)

'CC'OCA +CA(CAn 'HCA)

(11.36)

ktk:A

c

11.3.4 Hoat dong 18i vu cia binh 1én men
Péng hoc Monod khéng dc ché vid nhédp liéu cho trude, ta cb
dung bidu dién L theo C ¢6 dang chit U nhur hinh 11.16. Dya véo

r
tinh ch&t dac trung trong chuong 4, qué trinh vén hanh d€ dat dén
di€m to6i uu nhu sau:
. D€ dat d4&n difm bat ky gita A v2 B: ding binh khudy lién tue
va trén v6i phén con lai ctia nhép liéu
. P& dat d&n diém bat ky gida A va O di tryc tidp dén A bing
binh khudy 1ién tuc sau d6 si dung binh &ng sau diém A.

|

fa

S

m -

¥
£
o

Hinh 11.19: Puong biéu dién vén t6c - néng db
theo phtiong trinh Monod

Vi du 11.1: X4e dinh didu kién vdn hanh tdi wu cho cée k&t hop khéc
nhau etia edc binh lén men khudy tr6n hoat djng lién tuc theo
phuong trinh dong hoe Monod va c6 céc thong a8 sau (don vi phu hop):
k=2 Cy =3; Cy=1; ¢(C/A) =1 va méi binh c6 V; =1.

a) Mot binh khudy lién tyc ¢6 luu lugng nhép liéu v = 3.
b) Mét binh khudy lién tuc cé v = 1.

¢) Hai binh khudy lién tuc ¢é v = 3.

d) Hai binh khufly lién tuc cé v = 1/8.
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@) Hai binh khudy lién tue ¢ v = 1,5.
£} ) Hai binh khudy lién tue ¢6 v = 0,5.

Giai: Theo cdc quy tdc 161 uu héa cho binh khufy lién tuc {phUUng
trinh (11.833) va (11.34)), ta ¢é:

N = 1f1+§=2
1

L N 2
BTN -DE (2-1)2

Vo Cp=0 = L2 = : “—“E
FUURTO(NE-DE 4-1)2 3

a) Mét binh khudy, luu [ugng nhap lidu cao » = 3.

Néu tdt cd nhép liéu di qua binh khudy c6 thoi gian luu trung
binh t=V/s=1/3 14 qua ngdn va cdc t&§ bao khéng .da thei gian dé
luu trong binh. Do dé cho mdt phdn nhép liéu di vugt dong va dé
binh ]én men hoat d6ng ¢ diédu kién t4i wu (hinh a).

b) Mét binh khudy, luu lugng nhép liéu trung binh v = 1.

Trong trudmg hop nay, néu tat ca nhap liéu di qua binh 1én men
thi t=V/uv=1, theo phdn trén, day 12 diéu kién t0i uu nén cho binh
hoat ddng theo edeh nay (hinh b).

c) Mot bmh khudy, luu lugng nhép lidu trung binh v = 1/3.

t=Vh= 3 theri gian luu I6n hon thdi gian t61 wu nén van hanh
theo cich nay (hmh c).

d) Hai binh khudy, Iuu lugng nhép liéu cao v = 3.

Véi méi binh khudy, thai gian luu t61 wu 12 =1 nén s dung so
dé theo hinh d.

e) Hai binh khudy, luu lugng nhép lidu trung binh v = 1,5.

Trong trudng hgp nay, t6t nhat 1a git binh phéan Ung thy nhat d
diéu kién t8i 1tu (hinh e).

f) Hai binh khu&y, lwu higng nhéap lidu thidp v = 0,5.

Trong trudng hop nay, do luu luong nhip lidu qud thdp nén |
khong th€ van hanh & didu kién t(‘fl U,

=1

Vidu 11.2: Tueng o vdi vi du 11.1, ta s dung binh 6ng c6 hay khéng
€6 dong hoén luu. X4c dinh didu kign t8i wu trong nhiing trudng hop saw:



PHAN UNG SINH HOC 371

a) Thé tich binh 6ng V;=3; v =2,

b) V,=2; v=3 |
Giai: Dau tién xdc dinh cdc didu kién 61 uu:

N=21,=1va 15 =23

a) Luu lugng nhdp liéu thdp t=V,u=3/2=1,5

C6 hai cdch sdp dat t8i vu nhuv hinha.

b) Luu luong nhép liéu cao 1= V,/lu=2/3 .

Né&u t&t ci nhap lidu di qua, néng dé6 Cp khong dat yéu cdu nén
cAn sdp x6p t6i uu nhu hinh b.
Vi du 11.3: Vi khudn E. Coli phdt trién trong méi truong glucose theo
phuong trinh ddng hoe Monod nhu sau:

Y Sy
vdi glCIA)=0,1 va C, = kg glucoseim’ .

Xse dinh luu higng nhép lidu 1a dung dich glucose (C 4, =6 kgim?)
cho mot binh khufy hoat dong lién tuc (V, =1m°) dé dat toe dé
chuyén héa glucose cuc dai va téc d¢ sdn sinh t& bao E. Coli eyc dai?

Giai: P& xdc dinh tdc d6 chuyén héa cyc dai glucose, ddu tién xde
dinh gid tri N dé st dyng d6 thi 11.8.

e =TT 0,333
lu litgng glucose la:  F, = (UCAD)t-d =3x6=18 kg/h

T&c d6 chuyén héa glucose cue dai la:

N 4,
PR T W ls(m) = 1__8(-5—) =14,4 kglh

Téc dé s4n sinh t& bao E. Coli cuc dai 1a:
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FC = Uf_” = CC;:_H = (3) [(P(CIA)CAn (

max

2 )] = 3(0,10X 6)&) =1,44 kglh
N+1 5

11.4 LEN MEN VI SINH DO SAN PHAM KIEM SOAT

V6i méi trudng thich hgp va didy di dinh dudng, cdc t& bao s@
phdt trién tv do. Tuy nhién, di cdn dv dinh dudng cudi cing san
phém théi eda ching sé dc ché sy phdt tridn cia t& bao, Péng hee
Monod luén luén 12 trudng hop d3c biéi eta phuong trinh véan téc.
Dang don gidn cla phuong trinh vén t8c téng quat cho truding hop
nay-la;

CR )rt CA CC

(11.37)
Cr Ca+Cy

C
e = G = K-

vdi: k - hiing $6 vin tée trong moi truomg khong tic ché

n - bdce clia mifc d§ e ché do sdn phdm

RIL~CRr/CR)" = hiing s§ van t6c bifu kién, gidm khi sdn phim
dugc tao thanh.

Trong trudng hgp dic biét du chat dinh dudng, hay C, » C)y,, v2
n = 1, phuong trinh trén thu gon con dang don gidn sau:

o= (p(E)J"R = k(l—g'*i)(jc (] i| 38)
R Cx

Phén ting s& ding khi Cj dat dén C;
Dang téng quat ctia (11.38) véi n » 1

'_ R - R CR CR R
rg = ¢(5)rc = tp(-c—,)k(l— c: )Cp = k(1—a-,R-)(CR ~Cp. +<p(E)C'Co) (11.39)
Tée d6 cye dai dat duge khi dg? =0
4
c L, +ci-oB)c,) (11,40)
R, tde df max 2 R, R C £y

Nbu vAy lubn lubn c6 mét gid trj néng d8 tai dé toc d6 1a to1 uu,
-11.4.1 Thi€t bj 1én men dang &ng ho#ic khusy gidn doan, n=1

Ca, Ga0 CAZC,,

Ge o ® 0 ——g—‘ G
c Y
Rtk Binh éng Cr

Hinh 11.20
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Dé xdc dinh biéu thitc litn hé gida thoi gian va ndng dg, 1ay tich

phén (39)

Cp Cr
n=g= | e _ | = e = (11.41)
Cr, B Cp k1~ E)Cp~C, )9 C,)
R
hay theo sdn phdm R
¥ o ColCr—-Cr)
kt, = kt, = Cr PTE " (11.42)

B, C.(C

s Cp=Ce + cp(%){CR -Cg)

Phuong trinh duge bifu dién trén d6 thi hinh 11.21,

DIGI‘I tich =tP : GH
: : Téc dd cye cal

Hinh 11.21: B9 thi biéu dién phuong trink 11.42

A
Do chuyén hba caoE—

Cy . |
St
&3

==

R=uw '
0
D& chuy&n héa thap i
e P 1
GR 2 -} .
‘}H = o
Gilr {ESlnl) vi tai day tdo dd dat cyc dai _
c, 2 -
0 cﬂ' cﬂt

g

' ”
Hinh 11.22: Vdn henh t6i wu binh lén men daong 6ng
cho diéng hoc phdn ung bi tic ché

torr,
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Do dudng bidu dién 2 theo Cp la dudng cong ¢é dang chi U
R

nén phuong thite t6i uu @& van hanh thiét bi phin dng dang 6ng dugc
trinh bay trén hinh 11.22.

11.4.2 Thiét bi 1én men binh khuidy trén véi n=1

0

] k T
Hinh 11.23: Xde dinh hdng $6 vdn t6c cia phiong trinh (11.38)
4 86 lidgw ciia bink khudy lién tuc

B3 thj cho
Cg =0 Ga gidlhan—/
Cp,=0
Cp, ¢ thd dat eye dai \

Gn

i

Dé dbc 18n kAt tng vai
tdc di san xusit /R dat cue dai

_C’:H_- -------------------- e
& ; Didu Kidn win hanh 182 nhét
Crupi —/ ! tai day wing woi
] KVCqp *
S E Fromax = (VCR o = — 4“ . mol Rfs
= i
P 1
L i
r. 1
ok i .
0 1 2 e

cn.u—/ \_éldiUUgﬁnzlén Togu

Hink 11.24: Cdc tinh chd? hogt déng cia binh khudy lién tuc
theo phicong trinh (11.38)
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Trong trutng hop, thoi gian tré khoéng dang ké cho cdc té& bao
nhép li6u di vao méi trudng mdi va néng dd C,py cao, ta cd

Cp+C Cr-C
T = Re o = 5 = (11.43)
R pl- NCr =, +9l)Cc)
R

Trutng hop dic bigt C, =0 va Cp =0, phuong trinh téng quat

trén don gian con

kr, = “CR L v bkt 1 (11.44)
-6 1 Ug
Cr

PE xic dinh cde hing 6 déng hoc tir s8 lidu cde thi nghiém
trong binh khuay, sdp x&p lai {11.44) va v& dé thi hinh 11.24.
« Cp 1
Cp = Cp——F.— (11.45)
Sr=tem g

Céac tinh chat cia (11.44) duge trinh bay trén hinh 11.24.

Véi binh khufy tron lign tuc 6 Cg =0, Cp =0 vagiatn ¢, lén.

+ T8c d6 sdn xudt t& bao va sdn pham R dat cuc dai khi &1, =2
v Cp =Cr/2

« T6c d6 sdn xudt t& bAo va sdn phdm dat cuc dai khi

R "
FR, max - Q(EJFC max kVCRfﬂl

» Duing cong Cp ¢d dang tuong tu va ti 18 véi dudng cong Cp.
Nhu vay C, ting tir 0 dén tp(%}C;.

. Qué trinh van hanh t61 wu cho hé nhiéu binh ¢é cung dang nhu
cac hé khéng bi e ch&, Qui tde chung la ding binh khudy dé dat dén
t6c do cuc dai trong mét binh. Qud diém nay si dung binh éng

Lén men véi 7 # 1 dong hoc gidi han

Phuong trinh vén téc cho dong hoe phén ng bac n.

5 :k(l_gf Y Co (11.46)

R
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- Ry
Katis —R[?—EF} i

S\

0 o —* Ca

Hinh 11.25: Phdn ing chém ddn tiy thuée nhiéu
vao bde phén tng itc ché n
Céc phuong trinh nay duge trinh bay trén hinh 11.25. Véi binh
khudly, truong hop tdng qust Ce, #0 va Cp 20, tact

Cg - |
k1, = T < o (11.47)
(Cp~Cph +=Cp Ma-22)
] C 0 P
v trlﬁjﬂg hdp dac biét C'Co =0 va CRD =0
biy=—r— khi kg, »1 (11.48}
CR)n
R’

Cde dac tinh efia phuong trinh nay dude trinh bay trén hinh
11.26. BE xde dinh cic hdng s¢ déng hoc Cg, k va n tif thuce nhiém,

ddu tién xde dinh C‘R trong thi nghiém véi binh khudy hoat déng

gidn doan ¢6 lugng thita tdc chat A va cho ¢ —s oo, Sdp xé&p lai cho
binh khuy lién tuc.

logt, = —logk+nlog(-¢iq~—} _ (11.49)

"H8 =8 goc aye dai

o "Géc di6u kidn dE dat d&n 165 do
Cr py= B frmmomm oD : s4n xuft eye Sai
Vig EkV{'ﬂ‘ﬁJﬂ

{11.48) \ .
) ; KWCg *7

P ! = c 2 ___H-_,__

- Fﬂmn: {Cq hw m+1]m|

rR. may = —=}
m i

.

K1y

Hink 11.26: Dgc trung cia binh khudy iheo phuong trink (11.46)
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Két qué duge trinh bay trén hinh 11.27, tir d6 thi s& xdc¢ dinh
dugc cace hing so déng hoc & va n.
i

logr,

(11.49)
\ \—Hésﬁ'géc=n

0 > | CR”
onl )

f

log—
£

Hink 11.27: Xde dinh bdc va hdng sé vén téc phén ting cila phuwong
trinh 11.46 tir s6 liéu ciia binh khudy

Vi du 11.4: Lén men nudc trdi cdy nghién (A) dé sdn xuit nuéc udng
lén men ed con vdi phuong trinh ddng hoe sdn phdm te ché nhu sau:

A s R+C va rg =k(l—c—f)”CC
Cr
vdi: k=+3, k' n =1 (tai mot thdi diém 1én men nh4t dinh)
Cr =0,12 kg cénlkg dung dich; p=1000 kg/m?®.
Xde dinh Juu lugng eén cye dai e6 thé sdn xuat duge (kg/h) trong
mét thiét bi Ién men khudy tron lién tuc ¢6 V), =30 m® va néng dé
con trong sdn phdm, luu lugng nhap lidu cdn thist,

Giai: Tl cdc s6 liéu da cho va hinh 11.24 ta xdc dinh cdc thong s &
diéu kién toi uu;

o _(012kg edn |,10° kg dung dich
B ™ kg dung dich’ m® dung dich

Cp, , = %2 :1—;04=60 kg ednim® =6% con

T hinh 11.24:

) =120 kgim?®

ktg, =1 SUy TR Tgp = ﬁh

2

va Tpy =2T0, -0 = ﬁh
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Nhung 1,, = i nén luu lugng nhép lidu 161 wu la:

L

V30V _ s og mim

Y=
Tt.i(

Tde dé sdn xuit con:
Fp=uv,,. Cp,, =2598x60=1558 kg con/h

BAI TAP CHUONG 11

11.1. Co chét A va enzym E chdy qua mét binh lén men khudy tron
hoat déng lién tuc e6 V = 6 Iit. T s6 liéu néng d6 ddu vao va
ddu ra ciing véi luu lugng, tim phuong trinh van tde cho phan
Ung lén men trén,

Ce,. molit Ca, » MOMR C ., molit v, lftth
0,02 0,2 0,04 3.0
0,01 03 0,15 4.0
0,001 0,68 0,60 1,2
11.2. Tai nhiét d6 thudng sucrose duge thily gidi biing enzym sucrase
nhit sau:
sucrasa .
sucrose —» san pham !

Néng d9 ban ddu eiia sucrose 1a Ca, =l molim® va cla sucrase
la Cg =0,01 mol/m®. Qu4 trinh duge thye hién trong binh gidn

doan va nong dé duse xéc-djnh theo thdi gian nhu sau:

t h 2 6 10
G moint 0,68 0,16 0,008

Tim phudng trinh véan t6c cho phdn tng trén.

11.3. Carbohydrat A phén hiy do enzym E. Chimg ta nghi ngd carbohydrat
B ¢6 4nh hudng 1én phdn ung phAn hiy trén. D€ khdo sdt phan
ing, theo déi nong 46 cia A, B va E theo luu luong qua mét
binh phén Gng lién tuc cd V =240 cm®, ta duge bang s6 lidu sau:

C,,» molmé C,, mollm® Cg, » moll® Cg, s motim® v,cnr/oh
200 a0 0 12,5 80
800 300 b B 24
1200 800 0] 5 48
700 33,3 33,3 333 24
200 BO 33,3 - 10 80
200 500 33,3 20 120
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a) Tim phuong trinh védn téc cho phdn ing phan hiy trén?
b) Vai trd cia B trong phdn ing phéan huy 13 gi?

11.4. E. Coli phét trién trén lactose trong binh 1én men lién tuc c6 V = 1 lit
v6i cac luu long nhap lieu khde nhau ¢6 Cy =160 mg lactosellit .

K&t qua ghi nhin duge ghi nhén nhy sau:

v, fith Ca. mo/iit N&ng d3 t& bao, ftong ddi
0.2 4 : 15.6
0.4 10 15
0.8 4D 12
10 100 ' B

Tim phudng trinh vén téc.
11.5. E. Celi phét trién trén mannitol theo phuong trinh dong hoe sau:
1,2C,.Ce
Jp =4~
Cy+2
vdi Cy = gmannitolim®; ¢(CIA)=0,1g té baolg mannitol
Xdc dinh néng dd t& bao trong ddng ra binh lén men khi luu
luong nhap ligu 1a 1m®h , nbng dd dung dich mannitol CAo =6 gim?,
lan lugt cho vao hai binh lén men lién tuc co:
a} V, =5m’ va by V, =1m’,
11.6. Phuong trinh dong hoc Moned dugc diing d€ bi¢u dién cho phén
ing sau:

A té—b-é-f-c R+C, -ry= kCA_CC ,
C4 +hang s6

M3 hinh thiét bj nio sau day si dung 1a t&i uu, mé hinh nao
khéng nén s dung? (T8i wu v6i § nghia thé tich binh cye tién
cho m6t nhép ligu cho truse).

, |id¥4'-{
— ) ik S C—)—
a) b) <)
W sl /
) —{iel i~
) D
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