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Lé&i néi dau

KY THUAT PHAN UNG la tdp thit tu trong b9 sdch
QUA TRINH VA THIET Bl CONG NGHE HOA HOC VA
THUC PHAM do cdc cén bg gidng day Bé mén Mdy va Thist
bj Khoa Céng nghé hoa hgc va Déu khi Truong Dai hoc Bdch
khoa — Pai hoc Qude gia Thanh ph¢ H Chi Minh bién sogn.

Néi dung cuén sach dugc btén sogn dua theo dé cuong
chuong trinh mon Ky fhudt phdn ung dong thé va ky thudt
phdn ung di thé cia Khoa Céng nghé hoa hoc va Ddu khi
Truong DPai hoc Bach Khoa — Bai hoc Quéc gia Thanh phd
Hé Chi Minh. | |

Cuén sdch tép trung trinh bay nhing vdn dé co bén vé
qud trinh vd thiét bi phdn ung cd dbng thé ldn di thé, gidi
thisu mét s6 phuong phdp thiée thuc dé tink todn va thiét ké
thiét bj phdn ing, ¢6 nhidu vi du minh hoa. Ngoai viéc dung
lam tai lieu gidng day va hoc tép cia sinh vien Truong Dai
hoe Bdch khoa va cde truong dgi hoe, cao ddng khdc cé dao
tao nganh Héa — Thyc phém, cudn sdch ndy con la tar liéu
tham khdo cho cde cdn bé k¥ thudt ¢d lien quan dén linh vic
nay. , .

Pay la cudn sdch duge in va tai bdn c6 stte chia nhiéu
18n. Tuy nhién tdc gid vdn rdt mong nhan duge nhiédu y kién
déng gép cia ban doc.

Pia chi lien hé:. B¢ mon Mdy va Thiét b Khoa Céng
nghe héa hoc va Déu khi Truong Dgi hoc Bdch khoa — Dai
- hoc Quéc gia Thanh phd& Hé6 Chi Minh DT: (08)8650484; (08)
8647256 — 5680.

| Téac gia
Vii B4 Minh



Chuong 1

KHAI NIEM MG PAU

M&i mét qui trinh cong nghé héa hoe duge thiét k& nhim dé san
xuit mot cdch kinh t€ mdt sdn phdm mong muén ti cdc ngudn
nguyén liéu khdc nhau qua mot sd cong doan xit ly ndi tiép nhau.
Hinh 1.1 cho thay mdt trudng hop tong quat.

- Nguyén liéu trdi qua mét s6 cong doan xi ly vat 1y dé€ tao
thanh dang thich hgp cho ¢6ng doan phén dng héa hoc.

- San ph4m cia cong doan héa hoc sé trai qua cdc cong doan . 1F|
Iy vat ly tiép theo {phéan tdch, tinh ché..) d€ dat dude san phém cudi
cting theo nhifng tidu chudn mong mudn.

* Céng doan —
Nguyén ____ Coéng doan | ___ | phgn ﬂ: - Cong doan San
lidu xif 1y vat Iy b g xiz Iy vat iy phdm
—_— od hoo I—

D&ng hoan Iy

. Hinh 1.1: Qui trinh céng nghé hoa hoc téng qudt

Trong cudn sdch nay ta chi quan tdm dén cong doan phan tng
hda hoc.

Thiét k& thist bi phdn (ng khong phdi 12 cing viéc-theo mot
khuén mau cé =dn, ma thuong 12 c6 thé gdm nhiu ban thiét k& khac
nhau cho mét qui trinh. Thigt k& t6i vu phai dya trén tinh kinh té
cva toan bé qui trinh chi khong phai chi dua trén mot thiét bi phén
ung. _

P& thist k6 mot thiét bi phén Ung ta phai ¢6 kign thic va s6 liéu
thude nhiu linh vye khdc nhau nhu: nhiét dong lye hoc; dong héa
hoe; co hoe Iwu chét; truyén nhiét; truyén khéi; kinh t& K§ thuit
phan dng héa hoc 12 sy tng hop cde y&u t§ thude cde linh vye trén.
nhim muc dich thi&t k& ding din mot thiét bi phan dng.
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Trong viée thict k& thiét bi phan ng, hai ¢du héi sau phai dude
tra loi:

1- Ta mudn phan ing nao xdy ra?

2. T6c 46 cta phén ung 46 nhu thé nao?

Cau héi 1 lién quan dén nhiét dong luc hoe, cdu hd1 2 lién quan
d6n cdc qud trinh vAn téc nhu dong héa hoc, truyén nhiét, truyén
khéai.... B4 lién két ching lai véi nhau v xdc dinh xem ching cd
quan hé tuong hé nhu thé& nao 12 mot bal todn cuc ky khé, Tuy nhién,
ta sé bét ddu céng viéc bing nhing trudng hop don gian nhat va sau -
d6 14n lugt xem xét cde y&u t& bd sung cho dén khi dat duge mot 1
gidi hoan chinh cho bai todn. Sau ddy ta s& xem xét van tit hai linh
vue lidn quan 1a déng héa hoe va nhidt dong lye hoc.

1.1 bONG HOA HOC

Déng hoa hoc la mén hoc nghién ciu téc do phdn ung héa hoc
v co ché ma theo dé mét phdn éng héa hoc sé xdy ra.

Trong viée thiét k&€ thiét bi phdn ung ta cAn phai biét dén
phuong trinh vén tdc phan ing thich hgp. Co ché phén dng chi can
thist khi ta suy didn cdc s6 liéu van tdc vugt quéd cdc thi nghigm ban
diu, va trong viéc khdi quat héa déng hoc phan ing.

Sau day 1a tém t&t mét =6 khai niém lién quan.

I- Phdn iing don va phan ing da hop

Phan ung don 12 phén dng chi cAn mét phuong trinh lugng héa
hoc va m6t phuong trinh vén t8c d€ bidu dién qua trinh phdn dng.

Phén ting da hop 1a phén ¢ng phdi ¢dn hon mét phuong trinh
lugng héa hec va phuong trinh vén t8c d8 bifu dién qud trinh phin
tng. Phan dng da hop chia ra lam: '

Phén dng néi tidp A > B — 8

Phén iing song song A — R A — 8

Phantrnghénhap A.+Bl—-- R; R+B —= 8

2- Phén tng s0 déng va phan :tng khéng so dang

Xét mdt phan dng don ¢é phuong trinh lugng héa hoe:
A+B — R '
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Phan (ing s6 dang la phén (ng xéy. ra trong mot giai doan theo
thuyét va cham va phuung trinh véin tdc duge suy ra tif phuong trinh
lugng hda hoc:

(—I‘A) = kCACB

Nguoe lai, khi khéng cé sy lién hé gida phuong trinh ltgng héa
hoc va phuong trinh van toc ta goi 1a phdn dng khéng so ddng. Vi du
phén dng giita hydrogen va brom:

Hy +Bry —» 2HBr

kCr, Chn

K, +Cyp/Chp,

c¢6 phuong trinh vin tde 1a (rg5,)

3. Can bing cho phdn ing thu@n nghich so déng

Xét phan éng thugn nghich s¢ déng: A+ B & B+S KK
Van téc phan ung thudn: (rg)y, =8 CaCp

Van toc phén ung nghich: (rp)ng == koCrCs

¢ diéu kién can bing khong ¢ sif thanh ldp R:

Cp.C
(rp)y +(rg)yg =0, hay %m-cj—cz (1.1)
Cn.C
vi Ko duge dinh nghiala K¢ = ({Zpe
. CaCr
k) CrCs
Rl ‘ 1.2
nén C kz CA -CB )Cdﬂ bdng ( )

4- Bic phan dng
" Cho phan tng c6 phuong trinh vén tdc 1a:

(-ry)= ECSCY LCE a+b+. +d=n | (1.3)
wdia b, .., d khﬁng.nhéft thigt 1a cdc hé s6 cia phuong trinh lugng
héa hoc. )

Nhu vay phan dng la: Bac a theo tac chit A
|  Bac b theo tac chit B
Bac n 14 bac téng quét.
Bic phén tng khéng nh4t thidt phdi la s6 nguyén.
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5- Sw tiy thuée nhiét dé cia phuong trinh vén téc
Theo dinh luat Arrhénius, phuong trinh vén tdc phan dng:
(-1) = k.f (ndng d9)
véi k 12 hiing s8 van tdc phan (ng duge bidu dién theo dinh luat Arrhénius:
k= ke BRT (1.4)

v6i: k, - thita 38 tdn 88; E - ning lugng kich déng cha phan dng.

1.2 NHIET BONG LUYC HOC

Nhiét dang lue hoc cho ta biét hai didu cin thiét cho viéc thist
k& 1a nhiét phéng thich, hodc nhiét duge hdp thu trong qud trinh
phédn fng, va mic 46 phan (ng t6i da cd thé dat duge néu 1A phan
dung thudn nghich.

1- Nhiét phan vng

Nhiét phdn ung la nhiét phéng thich hodc hdp thu béi phdn ung,
khi phan iing duoe qui vé nhiét dé cda tdc chét.

Néu 4p sudt khong d6i, nhiét phan dng bing véi sy bién déi
enthalpy.

Nhiét phdn (@ng ¢6 thé duge tinh tir nhiét cdu tao va nhiét 46t
chdy cla sdn pham va tdc chdt. Khi khéng c¢d s6 liu thuc nghiém cé
thé tinh theo phuong phép chia Hougen v Watson cho ¢de hop chéat
chita carben, hydrogen, oxygen, nitrogen, va cac halogen.

Khi cdn tinh nhiét phdn dng é nhiét A6 T, theo nhiét phdn ung
& nhist d¢ T, ta c6:

T
AH, 7= AH, g + je.cpdT (1.5)
TD

vi: . &C'p = E(Nicp,-)sp —E(N!'Cpi' )fc (1-6)

Né&u biét nhiét dung riéng trung binh C, trong khodng nhiét d6
T, va T, thi (1.5) duge viét 1a:

A, g = AH, 7 + Z(N,Cpi), (T -T,) = S(N;Cpi)p (T -T,)  (1.7)

Anh hudng clia 4p suat trén nhiét phan tng cia cdc chit khi tuy
thuge trén su sai 1éch so vdi khi 1y tudng cta cdc cdu ti ndy. N&u tdc
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ch&t va san pham 1a khi 1y tuéng thi 4p sudt khéng ¢6 anh huong.

2- Cdn béng héa hoc

Khi phan dng 6 trang thdi cdn bing, nhigt 4% va ap sudt cua hé
gitt khéng d8i, sy bién 451 ning lugng ty do bing khong thi tir dé ta
c6 sy lien hé gia su bidn ddi ning lugng tu do chudn AF° va hing
86 cin bing K:

AF°® = - RTInK (1.8)
v6i AF°® la hiéu so giifa nang lugng tu do clia san phém va tde chit &
&idu kién chudn. Trang thdi chudn duge chon sao cho tinh ning
lugng ty do don gidn nhdt. : ,

Hing s6 c4n bing K duge dinh nghia theo hoat d9 cin bing o;
clia t4c chat va san ph&m. V6i phan dng tong quAt:
aA + BB —»= TR + 358 (1.9)

hing s6 c¢an béng la:

5 g
K = 2B=% (1.10)
2498

Hoat d6 ¢ difu kién cin bing duge dinh nghia 12 tI 86 cua
fugacity trong hén hgp cin bing v6i fugacity trong trang thai chuén.

ai = j‘g‘ (1-11)
f} 5

v6i phén dng & thé khi ¢6 fugacity ¢ trang thai chudn biing mét, biéu
thie tinh hing s6 can bing la:

K = [ols (112)
farn
Ngoai ra néu chat khi 1a khi ly tudng, fugacity bing véi 4p sudt
riéng phan, phuong trinh (1.12} trd thanh:
K = PRES (1.13)
DPaA-Pp
va p; = Py; 1 ép sufit riéng phén cha cdu tif i trong hin hop
v6i: v, - phan mol; B - 4ap su&t tong.

Trong nhiéu truong hop, néu khéng gid sir duge 1a khi 1y tudng
thi khi d6 cAri phai tinh fugacity. Vi du trudng hgp téng hop amoniac
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vGi 4ap sudt lam viée ¢ thé 1én dén 1500af. Fugacity trong (1.12) la
fugacity cia cdu td trong hén hgp can bang. Pai lugng nay lién hé
-véi fugaeity eta cdu ti nguyén chat theo:

i =y (1.14)

Thay biéu thic nay vao (1.12) cho ta biéu thie tinh hing s8 cén
béng theo fugacity cla cdc cdu t nguyén chat va thanh phan cta hdn
hop & trang th4i cén bing.

_ YRV (1.15)
A )”

trong do: K, = % ' : (1.16)
Ya-¥g

Trong cdc phdn ung & pha khi thudng s dung dai lugng K - Dai
luong nay duge dinh nghia la:
_ (P sB) P9~ Gb) (117
¥ (J”AP ) (J’BP )b
So sanh vdi (1.13) ta thay K = K, cho hdén hgp phan dng 1a khi

ly tudng. Véi hén hgp phéan dng 13 khi thue, (1.17) duge dung dé tinh
K, tit cdc thanh phdn can bang. Khi d6 K, khong bing K dugc tinh

theo (1.8)
Phuong trinh (1.17) ding d€ tinh K, theo hing s§ cén bing.

biy ]a giai doan c4n thi€t d€ tinh d§ chuyén héa cin bing tif s§ liéu
ning 1u'ang tir do. Cdce bude tinh toin nhu sau:

1- Tinh gid tri AF°

2- Tinh hing s8 c4n bing K tit (1.8)

3- Tinh K, tit (1.16)

4- Tinh d4 chuyén héa tir K.

Phuong trinh Van’t Hoff biu dién sy bi€n thién cha hing s6 cin
bang theo nhiét da.

dinK) = AHpq
dT RT*
vds AH?p 14 su bi€n thién enthalpy cfia phén ing § dléu kién chudn.

(1.18)
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Phuong trinh (1.18) déng vai trd quan trong trong vige thiet k&
cho cde phan tng thuan nghich. N6 cho thdy K gidm theo sy tdng
nhiét d6 cho phén tng phét nhidt. Tuong tu cho phin dng thu nhiét,
K giam khi nhiét d§ gidm. Khi AH,‘,’_TQ doc 14p vai nhiét 46, dang tich

phan cia (1.18) la:

K
e T (i—-ﬂ ©(1.19)
Ky R T, T

1 .
Néu AH?; khéng la h¥ng 36 ma duge biéu dién theo phuong
trinh (1.5), dang tich phéin la:

AH? @ Ab . Ac
rfy A2y Bp 2,0 1.20
RT R oR +6R e+ 320

v6i: AHD, ,C'va Ag, Ab, Ac- cac hiing s8; Ag, Ab, Ac tir bidu thic:

].IIKT =

AC, = Aa+ADT +8cT? (1.21)

Vi dy 1.1; Ethylen oxid duge sdn xuit bing cdch oxy héa tryc tiép
ethylen véi chat xic tde (bac va chdt mang thich hgp) trong dong
khong khi. Gi4 st dong nhéap liéu vao thiét bi phin dng ¢ 200°C va
cha 5% mol ethylen, 95% mol khéng khi. Néu nhiét 46 ddng ra
khong duge vugt qua 260°C thi dd chuyén héa cia ethylen thanh oxit
13 50% va 40% ethylen bi chay hoan toan thanh dioxid carbon. Héi
phai truyén nhiét ra moi trudng ngodi la bao nhiéu cho méi mol
ethylen trong nhép liéu dé nhiét dd khong vuot qua nhiét dd gidi han.
Nhiét dung riéng mol trung binh eda ethylen 12 18cal/gmol°C gitta 25
va 200°C va 19cal/gmol °C gita 25 vA 260°C , tuong tf cho ethylen oxid

12 20 va 21cal/gmol °C. Ap suét biing 4p suit khi quyén. '

Giai: Vi hidu ng nhiét & dp suft khong ddi bing vdi sy bién 46i
enthalpy nén qud trinh thuc dugc thay bing céc qud trinh sau:

1- Lam ngudi tac chat va khong khi tit 200°C xufng 25°C

2. Thye hién phén ing & 25°C

" 3- Pun néng sédn phim va khong khi tif 25°C 1én 260°C

Téng s6 b1é’n déi enthalpy cha ba giai doan cho ta hidu tng
nhiét. _
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Giai dogn 1: Trén cin bin 1 mel ethylen, sé ¢6 (1) 95/5 = 19 mol
khong khi di vao thist bi phdn (ng. Nhiét dung riéng trung binh clia
khéng khi tir 25 dén 200°C la 7,0enfigmol °C.

Vay: AH, = 1(18)(200 — 2r)+19(7 0200 -25) =26425 cal;‘mol
Giai dogn 2: Hiédu dng nhiét do § hai phan ung:
C,H, +%02 e C,H,O)

Diing 6 liéu nhiét cdu tao cho § bang 1.2 tinh cho phan dng L:

AH,.I = —12190 - 12496 — 0 = —24686 cal/mol

phin tng 2: AH,, = 2(-57798) + 2(-94052) — 12496 — 0 = ~B16.196 calimal

V6i mdi mol ethylen ¢6 0,5 mol phan (ng tao thanh ethylen oxid va
0,4 mol chay hoan toAn nén:

AHToz 0,5(—24.686) + 0,4(-316.196) = -138.821,4 cal/mol

Giai dogn 3: S4n phdm gém nhing cdu ti

Ethylen =1-0,5-0,4=0,1 mol

Ethylen oxid. = 0,5 mol | ‘

Hoi nude = 2x0,4 = 0,8mol (C, = 8,25 calfmol’C)
Dioxid carbon = 2x0,4 = 0,8 mol (Cp=9,4 cal/’mpl“C}
Nitrogen =19(0,79) = 15 mol (C p=1,0 cal/mol“d}
Oxygen = 19(0,21) — 1/2(0,5) — 3(0,4) = 2,6 mol

(Cp = 6,25 calimol’C)
Céc gid tri nhist dung riéng trung binh 14y giita 25 va 260°C:
AH; =10,1(19) + 0,5(21) + 0,8(8,25) + 0,.89,4) + 15(7,0) + 2,6(7,25)1 (260 — 25}
= 150 (260 — 25) = 35250 cal/mal.
Viy t8ng lugng nhiét lién hé Ia:
Q@ = 26425 — 138821 4 + 35250 = — 77146,4 cal/mol

Lugng nhiét phai 1dy ra khdi hé 12 77146.,4 calfmol ethylen dua
vao thiét bi phin ng.



KHAT NIEM MG DAU 17

Vi du 1.2: S8 liéu cAn bing cho phdn ung hydrat héa ethylen thanh
ethanol trong pha hai; & 145°C, K = 6,8x107% § 320°C, K =1 9x10°.

Tir s6 lidu nay tim bidu thife tdng quat tinh K theo nhiét dd.
Gi4i: Tif hai gia tri eda K ta tinh duge AH,q va C theo (1.20). Trude
tién tinh Aa,AbvaAc tir s liéu nhigt dung riéng. Voi phan ing:
CoHypy + HoOpy —= CoH;0Hg,
ta cd: A=C,H0H-C,H, -H,0
Ag = 6,990 -2,830-7,256 =-3,096
Ab=0,039741-0,028601 —0,002298 = (,008842
Ac = (11,926 +8,726-0,283)x10™° = 3,483x 107

Thay cdc gid tri dd bigt vao (1.20) ta duge:
Tai nhitt dg 145°C (418K)

AH
4{';’ _CR =-RIn(6,8%1072)-3,0961n418

+0,00442(418) - 0,580x 10°6)(418)% =-11,59 (A)
Tai nhiét d6 320°C (593K)

AH
5;;"0 _CR =-RIn(1,9%10°%) -3,0961n593

+0.00442(593) ~{0;580%107°)(593)* =-4,91 (B)

Giai phuong trinh (A) va (B) ta duge:
AH, 7 =-9460 ealimol va C = -5,56

Thay vao (1.20), bidu thite téng quat tinh K thec T la:

K = 51’7_;9_1 558107 +0,002227 - 0,2x 10T — 5,56

Vi du 1.3: Udec tinh dé chuy&n héa t6i da cia ethylen thanh etanol
bing phén dng hydrat hdéa trong pha hoi tai nhiét 46 250°Cva ap
sudt 34at. Diung sd ligu cin bing trong vi du 1.2 va gid sd tf s6 ban
d4u cta hoi nude va ethylen bing 5.

Gihi: Hing s cin bang K & 250°C duoc tinh theo bidu thie cha vi du 1.2:
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InK = 34%726—30—1,553 in523 +0,00222(523) —0,.29><104"(523)2 —~5,56=-5,13
K =59x10"
Hén hop khi 1a khi 1y tudng, dp dung (1.15):
59x10 = K, 1B (©)
fafs

Cde fugacity cia cde cdu tf nguyén chat duge xdc dinh tir cdc
bidu thic téng qudt va tinh gid tri tai nhiét 43 v 4p sudt cda hén
hop c&n bing:

Ir =0,84 cho etanol;: i“’» =0,98 cho ethylen; j:} =0,91 cho hoi nude
p ' b B,

thay cdc gid tri trén vao phuong trinh (C), ta dugc:

K, = YR __ 5,9%x107° M
Ya-dB ' 0,84

Trén cin ban 1 mol ethylen ban diu, cAn bing vat chdt cho két
qud tai didu kién cfn bing ¢6 x mol ethylen da phan dng nhu sau:

x34=0,21 (D)}

ethanol = 0-x
ethylen = 1-x
hainudc = b5 -—x
Téngsdmol = 6-x
Vay: yA=1—x; yﬁzs—x; g = x
6-x 6—-x 6—x
x(6—zx)
thay yao (D) ta c6: 0,21 = oG-

Giai phuong trinh trén v6i didu kidn x < 1, ta duge x = 0,15.

Trong phdn Ung ndy nhiét 46 ting s& lam gidm K va d6 chuyén
héa. Tang 4p suflt 83 ting d6 chuyén héa. Theo quan diém cén béng,
4p suft 1am viéc nén cang 16n cing t6t (chi bi giéi han bdi qud trinh
ngung ty) va nhiét d cang thap cang t6t. Chat xic tde cdn dé dat
duge t&c do phan tng ddng k& nhung céc chat xic tdc ¢é thé s dung
déu ecdn nhidt 4§ i thidu 150°C. Tuy nhién diu nay khing lam
tang duge 49 chuyén héa cdn biing. Trong trudng hgp nay do gidi han
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v& d6 chuyén héa cén bing va van t6c phin Ung lam cho phdn (ng
khéong c6 tinh kinh té.

1.3 PHAN LOAI PHAN UNG

C6 nhidu cdch phén loai phén ung tuy nhién trong ky thuit
phén iing ta quan tim dén s& pha hién dién trong hé do d6 thudng
chia edc phan dng Ia thanh hat loai: déng thé va di thé.

Su phan loai khong ro rang v6i phén 16n cdc phdn ing sinh hoe,
cdc phén ing véi co chéit enzym.

Bang 1.1: Phdn logi phdn éng hda hoc tién lgi cho thiét k&
thiét bi phdn tng

Khéng xac tic Go xiic tac

HAu h&t phan @ng & pha khi H&u h&t phan Ung & pha long

Béng thé
Géc phan Ung chay ciia ngen i0a Céc phdn dng U thE keo
Phan dng chay ciia than Téng hyp amoniac
; Nung quang {xide hia amoniac 88 sin xudt nitric acid.
Dj th
Phan (ng cla acid vdi chit rn Phin dng tracking
Hip thu khi = thng £6 phin (ng | T8ng bdp methanol

1.4 BINH NGHIA VAN TGC PHAN UNG

Xét cu tif i trong phdn Ung héa hee. Dua trén cﬂc can bdn khéc
nhau, ta c6 cdc dinh nghia khéc nhau va van tdc bién d6i cia cdu ti &

14n lugt nhu sau:
- Dya trén mot don vi thé tich hfn hdp luu chat phén ing:

1 dN ; “mol i bién doi
V di (mét don vi th€ tich hén hop phdn ing) (thon gian)

n= (1.22)

- Dya trén mét don vi thé tich binh phan tng V, (véi V, 2V ):
. 1dN; _ . mol i bién d0i

4 (1.23)
Vb at (mor dcm vi thé tich bink phdn @ng) (thén gran)
. Duya trén mét don vi dién tich bd mit tiép xac pha:
o 1 daN; mol i bién di '(1.24)

P T ]t {mﬁ: don vi dién nch bé mat tidp xtic pha)(thm gian)
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- Dya trén mot don vi khoi luogng chat xide tac (hosc khél hiong
chit r4n trong hé luu chat - chdt rin):

o= = : o (1.25)
W dt  (mét don vi Rh6i luong ehdt rdn) (thii gion)
- Dya trén mét don vi thé tich chat rdn:
- N - . Z 5 e
. =_1.d P mol i bién d6i (1.26)

V. dt . (mét don vi the tich chdt rdn) (thoi gian)

Trong phan dng déng thé, thé tich cta hén hop phan dng xem
nhi bing vdi thé tich cda binh phdn dng do d6 (1.22) va (1.23) xem
1a mbot. Viée chon dang phuong trinh van tdc ndo d€ s dung trong
phin dng di thé tiy thude vio sy dé& dang thuan tién khi sif dung.

Tit cde phuong trinh dinh nghia (1.22) dén (1.26) ta ¢6 si lién hé
gida cde tdc 43 phén wng:

7, (¢hf tich hén hop phdn ung) = 1; (¢h€ tich binh phdn img} =

7 (disn tfck bé mgt tiép xic pha) =1 {khSi Ligng chdt rdn) =

" (thé tich chdt rdn) - (12n
hay rV=ri{V)=r(S) =" (W)=r"{V.)

Mot s§ phdn dng xdy ra rit nhanh, mét s6 phén ung khic lai
xdy ra rdt cham. Vi dy, trong qué trinh san xuit polyethylen hay qud
trinh s4n xudt xing tU ddu thé, ta mudn phan dng x4y ra rit nhanh,
trong mét hode vai gidy, trong khi dé trong qud trinh x¢ ly nudc,
phan ing xay ra rat chdm, trong nhiéu gitr hedc nhiéu ngay.

Do téc d6 phdn vng thay ddi rat nhiéu nén viée thigt ké thiét bi
phén ing s& rat khdc nhau trong nhitng trudng hap nay.

Cdc yéu 6 anh hiong dén van téc phdn dng

C6 nhidu y&u td dnh huéng d€n van téc phin tng. Trong phan
ing d8ng th& rd rang 4p sudt, nhiét dé va ndéng 46 1A céc bidn s6.
Trong phan dng di thé do c6 hai pha trd 181, nén vide truyé'n vat
chdt ti pha ndy sang pha khdc 14 quan trong, do d6 van t8c truyén
khéi cing 1a mdt bién =8. V6i nhing phin dng 6 phét nhist hoie
thu nhiét, tdc d¢ truyén nhiét anh hudng d&€n qua trinh phan tng. Do
d6, qué trinh truyén nhist va truyén khéi déng vai trd quan trong
quy&t dinh van téc phan (mg dj thé.



KHAI NIEM M3 DAY a1

Trong ¢ae¢ phan L’fng néi trén, ndu phan ung lién hé dén mot so
giai doan xdy ra ndi ti€p nhau, giai doan chdm nh&t ¢6 anh hudng
16n nhit va goi la giai doan kiém sodt vin téc phén img. Van dé
quan trong la xdc dinh duge ede yéu t6 4nh hudng va mic dé anh
huéng cia cac yéu t6 nay l1én giai doan kiém soat. Chi khi nao ta xéac
dinh duge ddy &0 cdc yéu t6 Anh hudng khi dé viée suy dién cdc két
quéd trong phong thi nghiém ra thist k& bi phdn ¥ng mdi ¢ dj tin
cdy cao.

Vi du 1.4: Hoa chat A duoc bién d6i thanh héa chdt B trong mot thiét
bi duge chém bing cac hat vat chém hinh céu khéng rong. Dién tich
bé mat riéng cia chdt xdc tdc 1a 200m°/m® tdng chém. Khéi lugng
riéng x6p cia chdt xdc tac 1la 2908kgim®. D6 réng cia ting chém la
£ = 0,40. _ .
Phuong trinh lugng héa hoc la: A —= 2R
vA phuong trinh v4n tfc phan (ng cia A dya trén mot don vi khai
lugng chédt xic tac 1a:
1 dN,

=-=224_g1C
( rA) W di 0 A

d&u (=) cho thdy v&n tde bién déi cha A 12 4m hay A 14 tde chat
a). Viét phuong trinh vén téc trén véi don vi cda cde dai lugng

b) Viét phuong trinh vin téc (—r}), (—ry) va (—ry}.

Giai: a) Pon vi cta €4 12 mel A/l thé tich réng:

m 1 dNy mol A [ thé tich réng mol A
("rﬂ)z = ] - == '1 - ]=( A s 7 g

W dt (kg chdt rani(h) (kg chét ran)(h) I thé tich rdng

b) Khéi lugng chit xte tde cho mfi don vi thé tich binh phan dng Ia
W/V, = 2908 kg/m® thé tich binh phan Ung. Do d6 dua trén mbt don
vi thé tich binh phan ing.

1 dN, mol A W1dN, -W

~ry) = = = (=ry)
(-aa} V, dt (I bink phdn dngith) V, W dt v, "a
! thé tich réng mol A
= 08 kg/l)0,1 . e B
(808 kalh] (kg chdt rdn)(h) 2’1 thé tich réng
—[0,2008 i thé tich réng ] mol A

(1 binh phan dng)(h) 1 thé tich réng
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b réng e=V/V, =0,401 the t;ch rongll thé tich binh. Do d6 dua
trén mot don vi thé tich luu chét

1dN, mol A Vo 1dN, _ %
(_..rA)z— = e (_rA)
V dt (Il binh phdn itng)(h) VYV di v
1 [ binh phdn u’ng) 0.2 I thé tich réng mol A
0.4 I thé tich réng (2 bink phin ung)h) 'l thé tich réng

. mol A

=(0,727Th" Y (C,—— -
) {Cy I the tich réng

" Dién tich bé mat iiéng chdt xie tde cho mét don vi thé tiech binh
phén tng $/V, = 200m¥m? binh phan dng. Do d¢ dua trén mét don vi
dién tich bé mit chét xie téc.
1dN,y _ mol A . - Vi 1 dN4 Vb

(<7a) = —o— A= —2(-74)
S dt (mPbimenth) SV, dt S 7
3., gy : By spmng ok
m b:_nzh phdn mg)[O,EQO& ;n Lthé tich rong C,. ;HE?I A i
m* bé mat (m binh phdn éng)(h) ! thé tich réng
= [1L45x 10-% m3he tich rong C mol A

(m3bé mapch) L thE tich réng

Cdc hiing 36 van t8c cha —r) va —r4 c6 cling thd nguyén; nhung
khdc ¥ nghia thé tich dua trén d6 van téc phén dng dinh nghia do 46
cdn ghi ré thé tich khi dinh nghia van td¢ cho cdc phan dng di thé.

Vi du 1.5: Mét dfng ¢¢ héa tién d6t chdy nhién lidu (hidrogen léng)
v4i oxigen (oxigen 16ng). Buéng ddt ¢6 dang hinh try dudng kinh
680cm, dai 76em va qué trinh chdy thay ra 108kg/s khi thai. Néu
phén dng chdy xdy ra hoan toan, tim tt‘)’c ds phan tng clia hidrogen
va oxigen.

Giai: Thé tich budng 46t (hay thé tich hén hop phan ung) trong dé
xﬁy ra phdn uUng chay (dong thé): :

V;, =V: —(0 6mY(0,75m) =0, 2121m

Phﬁn ang chéy xaiy ra theo phuang trmh

Nhu vAy, suft lugng mol nudce sinh ra sau phén ing la:
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Hm‘"l) 6 kmolls

(108 kgrs H

Theo phuong trinh lugng héa hoe trén, suft lugng mol cia Hg
va O, tham gia phén ing chdy l4n hugt 1a 6 kmol/s va 3 kmol/s.

Viy tée d6 phén ung cfia hidrogen va oxigen la:

1 dNy, 1 kmol

—ry = : = —{ Y(—6kmol/s)= 28,29
By dt 0,2121m* m°.s
kEmol

dN :
17 0, ——(——1—3)(—3kmolls)=14,15' -
m .5

—

—F e
%7V dt  0,2121m
E Vi du 1.6: M6t ngudi cin niing 60kg gid sif tiéu thu mdi ngay lugng
thuc phdm ¢é nang lugng 14 480047 thye phdm hoan toan la glucose
va xdy ra phuong trinh chuyén héa téng quat nhu sau:
6H1206 + 602 i 6002 + 6H20 - AHT = 2816 k-J
Tim tdc d6 chuyén hoa chat cfia con ngudi theo mol oxigen tidu thy/m
con ngudi trong mot gidy (hay kg thé trong).
Giai: T6c d6 chuyén héa chat theo the tich con ngudi:
1 dNp,
dt

_rml =
= Vngtaﬁ

Theo kinh nghigm, khoi lugng riéng cia con npudi 14 p=100 kg/m
nén thé tich caa con ngudi edn nang 60kg 12 V.4 =0, 06m>. Theo
phuong trinh chuyén héa ta cé:

dN, alNg, _ 4800k Ingdy Y 6 mol oxr,gen) 10,23
dit 2816 kJ/mal glucose 1 mol glucose

=)-10,23mol Oylngdy) =170 ,5molOy/nr’ .ngdy

mol O,
ngay

- __rnn . (
Oz 0, 06m®
= 0,00197 molCO, I m> ngay

T&e d6 chuyén héa chat theo thé trong:

1 dN02 1
15 =— = — -10,23 ;
. 5 W (60' (10,23 mol Oyingiy)

= (,1705mol Oy/kg.ngay = 1,97 %1078 mol O,lkg.s
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1.5 PHAN LOA! THIET B] PHAN UNG

“Tic chat &
¥4 sin phdm

Gia nhiét
@;Iém ngud

Canh khudy [ o 1am ngusi

Clfa théo ligu-
lign e hodce
gidn doan

Téac chit B

Hinh 1.2: Thiét bi phdn ung ddng thé hoat déng gidn dogn

Clta nap lidy
lién tyc hodic @
gian dogn

N&i véi bd phan B
gia nhigt hoac
lam ngudi

Cénh khudy

Cifa thdo lidu
lign e hodc
gidn doan

Hinh 1.3 Hinh 1.4
Thiét bi phdn ing bdn lién tyc  Thiét bj phén ing dang éng

Khi thij

San phdm

Mt Ong chuia chat Téi sinh _
e tAc rdn = Thiét b]

phan ung

Naphtha va
khi hoén luu

R TN S
paiom Wy

Chat xue tde
Khf nén

Hinh 1.5: Thiét b; phdn ting Hinh 1.6: Thiét bi phdn ing
xile tde tdng cf dinh xtie tdc tdng ity héa

L& g5t
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Nhap ligu

Nhap lidu Nhép lidu

Nhap ligu

it

S&n phim

Vo do d& gia nhidt
hodc iam ngudi
Hinh 1.7: Binh phidn ing khudy trén mde néi tiép

Thiét bi phan dng c¢6 nhiéu kidu, mdi kidu c6 diéu kién hoat
dong khac nhau. C6 thé phén loai nhu sau:

1- Phén st;ai theo phuong phdp hoat dong

- Binh phén tUng hoat déng gidn doan, duge dic trung bing su
bién df1 eia mdc 4o phdn ung, va tinh chat ctia hén hgp phdn vng
theo thoi gian. '

- Binh phén tng hoat dong lién tue, dugc dac trung boi muc do
phéan dng, cé thé thay déi theo vi trf nhung khéng doi theo thdi gian.

2- Phén logi theo hinh dang ctia binh phdn ing .

- Binh khudy trén 1y tudng duge dic trung béi tinh chat cta hén
hop phén ¢ng dong nhat tai moi vi tri trong thiét bi.

- Thiét bi phén ung dang 6ng ly tudng, duge dic frung bdi cdc
phan t§ cia luu chat déc 14p véi nhau, mbi phédn td ¢ ndng 46, nhiét
do... khac nhau., Céc tinh chét nay thay d6i theo chiéu dai cda thiét bi.

3. Phan logi theo s6 pha cia hén hop phdn ing

- Thiét bi phén (ng ddéng thé: trong 46 hén hop phan dng &
trong mét pha (1éng hode khi)

- Thiét bi phan dng di thé: trong d6 hon hgp phén ng hién dién
& t61 thidu trong hai pha _

Gia ban chdt vt 1¢ cfia hdn hop phén ing va loai thiét bi phan
dng sit dung c6 mét méi lién hé téng quét 1a: phin dng dong thé pha
khi thudng duge thyc hién trong thiét bi dang 6ng hon 1a dang khuay
trén, lién tue hodic gidn doan; véi phén dng di thé pha 1éng hodc pha
16ng - rédn, cé thé sit dung cd hai loai éng hosc khudy trén.
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Cac chuong sau day sé lan lugt trinh bay:
- Chuong 2—5: trinh bay cdc viAn dé vé thiét ké cho phan dng
déng theé. |
Chuong 6; trinh bay déng chiy thuc trong cac thiét bi phan dng
¥ tuéng.
Chuong 7 — 10: trinh bay phdn dng di thé.

BAl TAP GCHUGNG 1

1.1. Co ch& phén dng kh{ etanol ra butadien trong pha hoi gbm ba
giai doan: (a) khif nude clia etanol; (b} khif hydrogen cioa etanol;
{c) trung ngung etylen va acetaldehyd & (a) va (b) cho butadien,
C,H;. AF° & 400°C cho ba giai doan nhu sau: '
(a) AF° = -10850 eallgmol
(b) AF*® = =3610 callgmol
(c) AF° = —1380 callgmol _
X4c dinh d6 chuyén hda cta etanol thanh butadien & 400°C, dp
sudt téng céng lat.
1.2. Gi4 sif riing gid tri cla K, cho phin ing tong hgp methanol 13
9,28x107° & 1gf va 300°C . Tim gi4 tri cha cic dai higng sau &.300°C.
a)K & P, =lat;  b) K, & P, = 10at
¢) K, 8§ F, =50at; d)K & 4p suat tong cong 10at va 50at
e) K, & 4p suflt tdng céng 1, 10 va 50at

1.3. Newton, Dodge va Von Wettberg da do thanh phén cia hén hop
can bing gém CO, Hp va CH;OH trong phin dng t8ng hop
methanol. Tinh gia tri ctia K va AF° & 309°C &l cdc s8 liéu
thuc nghiém sau: ¢ = 309°C; F, = 170at
Thanh phédn hén hop cin bing, % mol, la:

hydrogen = 60,9; carbon monoxit = 13,5; methanol = 21,3

1.4. K&t quad thuc nghiém trong bai 1.3 nhu sau:

1000/T, K™ 1,66 1,73 1,72 1,75 1,82 1,81 1,82 1,82
log K 4,15 | -375 3 368 | -330 | 3,10 | <820 | 300 | 2,9
1000/T, K~ 1.83 1,88 1,91 1.91 1,82 2,05 2,05 205
log K -295 | 260 | 270 | -300 | 230 | 230 | 215 | 2,35

Tir s6 lidu trén xde dinh méi quan hé gita K va T theo dang:
InK=A.>+B
T
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Bang 1.2: Ndng lupng cdu tao vi dét chay ¢ diéu kién chudn cho
sén phdm phdn ung la HoO (1) va COg (k) ¢ 25°C, calimal

Chat Cong thic T{::lg AHY 208K —AHZ 208K

Methane CHaq K -17.889 212.800
Etan CoHg k -20.236 372.820
FPropan C3Ha k —-24.820 530.600
n - butan GaH1o k -30.150 |  687.640
n — penlan EsHqp k -35.000 B845.160
n = hexan CaH1a K -39.960 | 1.002.570
Tang méi nguyén ti C trén Cg k —4.925 157.440
Etylen CaHa K 12.496 337.230
Propylene CsHa k 4,879 491.990
7 — buten CaHg k =30 649.450
1 — penten CsHio k -5.000 806.850
f — hexen CgHq2 k ~9.980 964.280
Tang mdi nguyeén 17 C trén Cg k —4925 157.440
Acetaidehyd CsHaO k -39.760

Acetic acid CoHa 0o | -116.400

Acatylen CoHs k 54.184 310.820
Benzene CaHa k 19820 |  789.080
Benzong CgH3 | 11.720 780,980
1,3 — Butadien CaHs K 26.330 807.490
Cyclohexan CeH 12 k - —29.430 944,790
Etanal GoHgO k -56240

Etano! CoHgO I ~656.356

Etyi benzene GaHio k 7.420 | 1.401.120
Etylen glycol CaHgOo t -108.580

Etyfon oxide CaH4O k —12.180

Methanel CH4O k ~48.100

Maethano! CH40 | —57.038

Metylcycichexan GrHia K -36.990 | 1.099.590
Metylcyclohexan CoHya I —435.450 1.091.130
Styren ' CaHs k 35,220 | 1.080.200
Toluen CsHs k 11950 |  943.580
Toluen CoHe | 2870 | 934500
Ampniac NH3 k =11.040
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Chat Cng thiic T:: :,:;g AHPogp | —AMZ 295K
Calci carburet CaCs r —15.000
Calci carbonat GaCOs r —288.450
Calci clorur CacCl, ¥ - 190.000
Calei clorur CaCly.6Hz0 r -~ 623.150
Calei irydroxit Ca(OH)z r - 235.800
Calei oxide Ca0 r - 151.900
Carbon G graphit 94 052
Carbon dioxir GO k - 94.052
Carbon monoxide CO i - 26416 67.636
Clorhydric acid HCI k —22.063
Hydrogen Ha k ' 68.317
Hydrogen suffur HoS k - 4815
Oxit sdt FeQ r — 64.300
Oxit sdt FegQy r - 267.000
Oxit st Fes0q r - 196.500
Sulfur sdt F&S, r - 42 520
Lithium elorur LiCH r - 97.700
Lithium clorur LiCLH0O r -170.310
Lithium elorur LiCI.2H,0 r - 242100
Lithium clorur LICL3HO r - 313,500
Nitric acid HNG, ] - 41,404
Nitrogen oxide NO k 21.600
NO;, k 8041
NoO k 19.480
HoOy ke 2.309
Sodium carbonat NaoCOq r - 270,300
Sedium carbonat NagC04.10H,0 r - 975.800
Sodium clorur NaCl r -98.232
Sodium hydroxit NaQOH r -101.880
Sulfur dioxide SO, k - 70.960
Sultue trioxide SO k — 84 450
Suffur trioxide S04 I = 104.800¢
Sulfuric acid HaSO | ~193.910
Nudc H,0 i ~57.798
Nidc HaO I - 68317
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Bang 1.3: Ndng luong tu do cdu tgo ¢ 25°C

Chat Cong thic Trang thai AFy 2g8K
Methane GHg K -12.140
Etan CaHg k - 7.660
Fropan CaHg k -5614
n - Butan CaHig k ~ 4,100
n — Pentan CsHiz k -2.000
n ~ Hexan CgHia k -70
n — Heplan C7H1s k 1.920
n — Octan CaHis k - 3.920
Tang mdi nguyén tir C ¥rén Cg 2010
Elylen CoHg k 16.282
FPropyfene CaHa k 14.990
1 - Bulen GqHs k 17.090
1 — Penten CsHip k 1B..960
i = Hexen CeHio k 20.940
Tang méi nguyén 1 C trén Ceg 2.010
Acetaldehyd CoH4O k —31.960
Acetic acid GCoH40o i —93.800
Acelylen CzHo k 50.000
Banzens CgHa k 30.989
Benzene CgHg 1 29.756
1,3 — Butadien CaHg L1 36.010
Cyclohexan CgHiz ¢ 7.590
Cyclohaxan CgHi2 I 6.370
Etano! CoHgQ k —40.300
Elano! CoHg0 1 —41.770
Eiyl banzane CaM1p K 31.208
Etylen givco! CaHg ) —-77.120
Elylen oxide C4H4O K - 2780
Mathanol GH4O k —38.700
Methanoi CH40 I - 39,750
Melyicylohexan C/Hi4 k 6.520
Melyicycichexan G7H14 I 4.860
Styren CaHs 51.100
Toiuen CrHg k 29.228
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Chiat ~ Cdng thiic Trang thai 5F:.293K
Toluen CHg | 27.282
Anioniac NHx K - 3.976
Amoniae NH3 dd —-8.370
Calei carbur Cal; r —18.200
| Calci carbonat Cacos r _269.780
| Calci clorur cacl, ' r T475.300
Calci cicrur CaCl, ' dd - 194 880
Calei hydroxid Ca(OH), : ~214.330
Calei hydroxid - Ca(OH), dd - 207.370
Cailci oxide GaQ r — 144 400
Carbon dioxid CO, K - 94260
Carbon monoxid CO X - 32,808
Glorhydric acid HCI % -227869
Hydrogen sulfur HoS k - 7.892
Oxit sat FeqgOy r e 242,400
Oxide s4t E FegOs r ~177.100
Sutfur sét FeS, r - 39.840
Nitric acid HNO3 I - 19100
| Mitric acid HNO; dd - 26.410
Nitrogen axide NO k 20.719
NOo k 12.380
N2O Kk 24.760
NoO, K 23494
Sodium carbonat NazCOs F - 250.400
Sodium clarur NaCl 4 - 91.785
Sodium ciorur : NaCl dd - 93,939
Sodjurn hydroxid NaQOH r ' - 90,600
Sodfum hydroxid NaOH dd —100.184
Sulfur dioxid ' S0 k - - 71.780
Sulfur trioxid SOs ' k ~ 88,520
Sulfuric acid . H2S0, dd ~ 177.340
Nude ' HgO k - 54.635
Nude HeO 1 - 56.890




Chuong 2
XU LY pii KIEN DONG HOC

Phuong trinh vén téc dic trung cho véin téc phdn dng. Dang cla
phuong trinh vin toe c6 thé duge xde dinh tir khdo sdt 1y thuyét mét
mé hinh cho trudc, hay suy ra tit khao sat thue nghidm. Xde dinh ‘
phuong trinh vin téc thudng gom hai giai doan:

- - Su phu thude ndng 46 & nhiét do khong d6i

- Sy phu thudc nhiét dd cia hdng s8 van tdc.

Thiét bi phdn ung dé thue hién thi nghidém c¢6 thé hoat déng
gidn doan ho#e lién tuc. Binh phédn iing gidn doan thudng duge sl
dung, va theo doi muc 45 phdn Ung thay d8i theo thoi gian bing mét
trong nhing cidch sau:

1- Néng d6 cla mét cfu ti

2- Tinh chét vat 1y cia hén hop (tinh dan dién, chi s§ khie xa..).

3- Ap sudt téng cia hé ding tich

4- Thé tich cGa hé déng 4p.

Binh phén ing gidn doan thi don gidn va thich hop cho nhing
thi nghiém qui mé nhd trong phong thi nghiém. Thiét bi phin dng
lién tuc chi yéu ding dé nghién cifu cdc phdn ung di thé, cac phin
dng khé theo d6i, cdc phan Gng c6 ding hoc phdc tap cho nhiéu loai
san ph&m khdc nhau, phin Ung xdy ra nhanh va cde phén Ung & pha
khi.

C6 hai phiong phdp dé x& 1y s6 liéu dong hoc: phuong phdp tich
phan va phuong phép vi phén. |

Phuong phdp tich phén, dé s dung trong trutng hop co ché
tuong d6i don gidn hay s8 liéu thye nghiém phén tdn khong sit dung
duge phuong phép vi phan, tuy nhién cdn gid thigt truéc co ché.
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Phuong phdp vi phdn, thich hop trong trudng hop phic tap
nhung ¢dn nhidu 86 lidu chinh xde va t4p trung. |

N6i chung, phuong phap tich phan duge thir trude néu khong dat
s& dung dén phuong phdp vi phan.

2.1 THIET Bl PHAN UNG GIAN BOAN €O THE TiCH KHONG 90!

Thé tich ¢ ddy la thé tich hdn hop phéan dng thuc su cha trong
thi&t bi phdn ung. Vdi thé tich khéng ddi, phuong trinh vén tde 1a:
1dN, 1d(CV) 1CdV+VdC, dC,

= = = 2.1
£ Vd V dt Vv dt dt =l
. 1 dp;
- r - > : - ___; 2.2
vdi khi 1y tuéng r BT s (2:2)

Trong thuc t€, hon hop phin dng ¢ pha khi thudng duoc theo déi
bing 4p sudt téng, do 46 ta sé xdc dinh méi twong quan gilta 4p sudt
t6ng v4i 4p sudt riéng phan (hodc néng dd) cla mbi cdu td.

Trong cac phén dng dang nhist pha khi, 56 mol cla vat chat
thay d0i theo qua trinh phéan dng do d6 theo ddi 4p sudt téng cong P
cia hé 1a cdch dé nh4t dé x4c dinh tién trinh phdn dng. Luu ¥ 14 néu
khéng biét phuong trinh lugng héa hoce thi khong ding duge phuong
phdp nay.

Xét phan dng c6é phuong trinh lugng héa hoe t6ng quit nhu sau:

aA + bB +.. = rBR + 88 4.

tai thoi difm¢=0: N, N Ng Ng N

tr
stNSO —sx N

tr

Téng s6 mol ban ddu N, =N, +Np +.. Np +Ng +..+ N,
tai thoi diém ¢ N=N,+xlr+s+.—a-b-.)=N, +xAn
véi: An=r+s+.-a-b-..

Gid st 4p dung dinh luat khi 1y tuéng, véi tdc chat A trong hé ¢6
thé tich V. | |

P, _NA_Nﬂa_ax _ NA:)

_Va _a N-N
RT vV VvV An Vv

o

CA=
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hay: p, =R =p, —fnm(P—Po) 2.8

Phuong trinh (2.3) cho ta néng d¢ hay 4p svit riéng phdn cia
tac chat A 1a ham s& theo 4p sudt téng P tai thai diém ¢, 4p suét
riéng phén han dau cha A, p4 va dp suit tong ldc ban ddu elia hé, P,.

Tuong tif ta c6 thé vi€t cho sén pham R:

pp =CRrRT =pp ﬁf P -P) (2.4)
< n

2.1.1 Phuong phdp tich phan dé xt 1y s6 liéu
Phudng phap tich phan dé xd ly s6 liéu gém cdc bude sau:
1- (i4 thiét co ché va phuong trinh van tée tuong ing;

dC,
i, =t = ARC 2.5
TA 7 flkC) (2.5)
hay ¢ didu kién nhiét d§ khong déi: |

_,.A =__d§rA = KIC) (2.6)

néu phuong trinh 4 dang (2.6) phuong phdp dé thyc hién hon
2- Sédp x€&p lai {2.6) chor
dc,
TflCy) |
Ham s6 #C) lidn hé d&€n néng do cha cic chat duge bign 45i ra
theo f(C,). Ldy tich phan:

CA' dCA _ ' _ ¢ _
_.J'C'A., F(C) By = k'[odt ~h

= kdt -

3- Tir cac gid tri thuc nghiém
cha néng do cde chat, xdce dinh gia.
tri ham s6 F(C,) tai nhing thé
diém khde nhau.

4- Ve F(C,) theo ¢ xem co
duge ding dudng thing khéng.
N&u ding thi co ché da chon phll  Hinhk 2.1: Tim phuong trinh vén
hop véi s6 ligu thye nghiém. tdc bing phuong phdp tich phdn
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5- Néu s0 liéu cho khéng vé duge dudng thing, gid thidt co c¢hd
khdc cho dén khi thich hop. L _ .

__[Ca dC,
F(C,) = jCAD o

1- Phén @ing khéng thudn nghich béc 1 logi mét phan fiy

Xét phan ing A —» san phim
Phuong trinh van tdc phdn ting bac 1 c6 dang

—dC, -
=kC 2. ;
= 5 2.7) i
phén tdch va 1ay tich phan:
. $C
—J A 86y =kfdt; hay —JnC—A =kt {2.8)

Dinh nghia 4% chuyén héa, X,la phan tdc chdt da chuyén hoéa
thanh sdn phdm.

Ny=N, (1-X,) (2.9)
_ NA 3 NAO(]'_XA)
CA— V = V = CAG(I_XA) (210)
VA —dCA ZCAOdXA

Phuogng trinh (2.7) tré thanh:

dXA Xs dX
S =k1-X,); 4
dt A -[ 1-X

—kj' dt; -In(l-X,)=kt (211

Vé -In(1~X,) hay ln(CA/CAﬂ) theo ¢ s& duge dung thidng nhu
hinh 2.2.

. \ 14
Chd y 1a phuong trinh: Clol
_'__dcﬂ - 0,6 0.4 ?-':"- o
dt = i

; _ x Pt (2.8

dugc xem 13 phidn dng bdc 1 nhung f hoa(c c;.n)
X \ T

khéng dung duge phuong phdp nay. Do T S He 85 goe k

46 khong phéi t4t cd cdc phan dng béc % T
1 déu xi* ljr duge bing phuong phdp nay.  Hing 2,9: Phén ung bdc 1
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2- Phan iing khong thuan nghich bic 2 logi hai phén &
Xét phan dng A + B — sin phim
Vdi phuong trinh van téc tuong dng la:
dC, _-dCs
dt i
Pé ¥ réng luong A vA B mat &i tai thél diém bat ki la béng
nhau Cy X4 = C’BaXB do d6 ta cé thé viét (2.12) theo X, :

—I'A CAD dj = k(CAO _CAGXA) (C‘Ba ﬁCA\.JXA)

dat M =Cp /C, la ti 56 mol ban ddu cia hai tdc chat:
aXa 2

phén t4ch bién s6 va la‘i'y tich phén:

t
J - XA)(M X kc“‘ojodt

1-Xp _ . M- -X; ]nCBCAD - 1,.Cr
1-X,  M1-X,) Cy Ca MC,

= CAO (M— l)kt = (CBQ “Cﬂo)kt’ Mil (213)

In

Hinh 2.3 cho thdy hinh v& In(Cz/C,)) theo t, 14 dudng théng c6
hé s§ gée k(Cp —Cj ) cho cho phén ting bac 2 loai hai phan ti.

| I P
)
Sl C%:I &
e oo
=
-
-]
= ]
-—E a
=
. pd Pt(213
Ha s6 gb¢ k(Ca,~Ca ) I (2.13)
E - .
)i H& 86 gée k(Cg —C, )}
0 e ' 0 o
0 t 0 t

Hinh 2.3: Phdn ung bdc 2 loai hai phdn ti
Néu Cp »C, thi Cg gan nhu khong d6i trong suét qud trinh
phdn ung, (2.13) s& tré thanh (2.8) hodc (2.11). Phdn iing bic 2 khi
dé goi 1a gia béc 1.



36 _ CHUONG 2

Luu y:
a) Truong hop ddc biét, tac chdt duge ding theo ti 1é lugng héa
hoe, biu thic tich phan van tée trd nén khéng xde dinh. Trudng hop
ndy duge xem giong nhu loai phén ung sau:
2A — sin phim
phuong trinh vi phén bée 2 ¢6 dang:
—-dC,
dt

=kCE =kCh (1-X,) (2.14a)
tich phén ¢6 dang:

R S SR S S (2.14b)
FCh Cy Gy -4,

Vé 1/C, theo t ta dugc dudng thdng c6 hé sd géc 1a &, tung do
goc la 1/C, .

- Trong thyc t€.ta chon ti 18 ndng 46 ban ddu eda t4c chét hodc 12
bing hodc I khac xa v6i ti 1é lugng héa hge.

b) Truong hop phdn iing

3 A « 2B — san phim (2.15a)
l1a bdc 1 theo A va béc 1 theo B, bac téng quat 14 2:
“ifﬂ = kCoCp =kC3, (1-X,) (M-2X,,) (2.15h)

dang tich phén la:

C,C -
5Ca, _ | M-2X,

In N [ ol
C'BOCA,1 MQ1-X,)

= Cy (M=-Dht, M#2 (2150

ti 18 néng 486 ban d4u cda tdc chét bing ti 18 luong héa hoc:
1 1 1 X,
Cyh C 4, Ca 1-X4

=2kt, M=2 (2.15d)

3- Phan iing khéng thu@n nghich bée 3 logi ba phén ti
- V61 phan dng A + B + D —» sdn phim
Phugng trinh van tfc 1a:

dC

—y = _d_tA = kCACBCD (216)
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biéu dién theo X ,:
: C C
Cy, dXtA =kCY (1-X,) (G2 -X,) (P -X,)
Phuong trinh tich phén la:
' C C
: In Ay + L n B +
C
1 e 5 b

n
(Cﬂn _GA,,)(CD‘, - CB,,) CD'

(2.17)

Néu Cp, » €4, Cy phuong trinh trd vé bae 2, (2.17) trd thanh (2.13).

T4t ca cac phan dng bae 3 thudng 6 dang (2.18) va (2.19):

A + 2B —» sin phim

. dC
phuong trinh vén toc: #-E;i = kC,C3
hay: dj;‘i =kCE (1- X (M -2X,)"

vdi M = Cp /C, tich phin cho:

(20, =Ca XCjy ~Cg} C,C ‘
An Br) B:.I B + ln AG B = (cho _CB )2 kt
Cg Cp Cp,Ca 4
. 1 1 -
vii M #2; hay: —-—— = 8kt, v61 M = 2
Ca Ca,
- V§1 phan ung: A + B —» sdn phim
; dC
phuong trinh van te;  -—2= kCCh

dt
tich phéan cho:
~0y UCu ~Cg) £y &
Cy,-Ch Cp Ch
: 1 1 .
- vdi M#1, hay: -C—‘zw——-—g— =2kt v6iIM =1
A

Ay

= (C, —-Cq Vht

(2.18a)

(2.18b)

(2.18¢c)

(2.18d)

{2.18e)

(2.19a)

(2.19b)

(2.19¢)
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4. Phuong trinh van téc thuc nghiém co bge n

Khi co ché phan img khong biét, ta ¢6 thd thid s§ liéu thue
nghiém v6i phuong trinh vin tdc ¢d dang:

—dC,
-_— = — kcn (220)
Fa i A
14y tich phan: Cit-Ch"=(n-Dkt, n 21 (2.21)
hay theo d6 chuyén héa X, :
e [-X, 0" -1]= (n-Dikt (2.22)

Bac n khong thé duoe xde dinh trye tiép ti (2.21) hodc (2.22) ma
phéi biing phuong phép do ddm. Ta chon gid tri cia n va tinh k. Gia
tri ndo cGa n lam bién 48i it nhdt gid tri cla & thi 46 la gid tri can
tim cha n.

5- Phan ung bdc 0

Phan éing béc 0 khi van tdc phan ing déc 1ap véi ndng do ciia tac chat:

—ry = =k (2.23)

Biéu thue tich phén:

cho thdy dé chuyén hoa ti 1& v6i thoi gian.

Phan tng bac 0 thutng duge thdy trong déng hoc xic tde di thé
va b4o hidu la mét phan tng phic tap dang x4y ra lién hé dén mot
s§ giai doan x3y ra ndi tiép. Giai doan quyé&t dinh vén toc la gial
doan phén tng phu thude vao b& m#t xdc tdc, xdy ra tuong déi cham
va dac 1ap véi ndng do tic chat, do d6 la bac 0. Tuy nhién néu néng
dé tdc chat da thép thi giai doan phu thude nong d¢ cing chdm cho
dén mét di€m ma tai dé cac giai doan nay chém hon giai doan ¢an
bing chiing tréd thanh giai doan kidm sodt v& bdc phdn tng bat dau
tang lén tir 0.

8- Bdc téng qudt ciia phan ing khéng thudn nghich theo
thoi gian ban sinh ;.

V@i m6t phan ing khéng thuin nghich théng thutmg:
oA + BB + ... —» san phdm
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—ry =t = RCRC
A di AYB
Néu cac tdc chat hisn dién theo ti 18 Jugng héa hoc, chiing s& giid
ti 18 d6 trong suét qud trinh phén ing. Nhu vay vdi tdc chdt A va B
tai thoi diém bat ky Cg/Cy = Bre, do dd: -

drA:_ddC;A — kca (ECA)b"*— k(B’)b Ca+b+
hay: — j:j"‘ = XC} (2.25)

L4y tich phan vdi n =1 duge:
Cym-Ci" = R'n-1t

Pinh nghia thoi gian bén sinh 2,12 thoi gian can thiét d€ ndng
d6 tdc chdt gidm con mot nua néng d6 ban dau, ta dugce:

| | £ _ 2!!—1 - 1-n

W2 kn-1)

Phuong trinh {2.26) cho thay ndu vé logt,, theo logC, ta dugc
dirng th&ng c6 hé s6 géc biing 1-n.

Phuong phdp thoi gian bdn sinh cAn thuc hién mdt loat thi
nghiém, méi thi nghiém ung vdi néng d6 ban ddu khdc nhau cho
th4y ring 48 chuyén héa trong mot khodng thoi gian cho trude ting
theo ndng 46 voi bc phén dng 16n hon mot, giam theo nong do vdi
bae phan ung nhé hon mét va de lap vdi néng @9 dau cho phén tng
bac 1.

7- Phan wng song song Ehong thudn nghich

(2.26)

L3

Xét trusng hop don gian nhét:
| AR A M, g

Phuong trinh vén tée bién doi cua ba cau t:

- = ‘% - b Cy+Ca = (hy +8)C4 (2.27)
rg = igtﬁ = Oy | (2.28)
L 9G

kyCa (2.29)
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Trong nhing phaning loai nay, theo ddi ndéng dd ctia mot cdu tii
khéng xdc dinh duge phuong trinh van téc ma phai theo dsi néng do
cua hai chdt, ndéng d9 cia chdt thu ba suy ra tit bidu thie can bing
vat chat Cy +Cp +C5 = const tai moi thoi didm.

Phuong trinh (2.27) cho:

L AR (2.30)
Ca,
Ve-In{C,/C, )theo t xac dinh duge &, + &, chia (2.28) véi (2.29) duge:

TR dCp Ry ‘
g - dCS kg
Cp-C

tich phan duge: bl i g B (2.31)
Cs—Cs, Mo

Két qué nay duge trinh bay trén hinh 2.4. Hé s6 géc dudng bidu
diénCp theoCy cho ta ky/k,. Bist k/k, v b +k, ta xdc dinh duoe
ky, ky . Budng biéu difn ndéng dé - thoi gian cho ba chdt trong binh
phan dng gidn doan khi Cp =Cg =0 va & >k, (xem H.2.5).

b -InC /G, &
P1{2.31) P.t{2.30)
Hé& sd gde k., /k, Hé 58 gde k+ k,
1
L

Hinh 24: Phdn ing song seng

e
:cj

0

o)

Hinh 2.5: Buong biéu dién néng d¢ ~ thoi gian cho phén wing
' ' song song
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8- Phdn wng xiic tdc dong thé
S i N = o i K 2 : S ar b= ¥
(na su cho rdng van toc phdn dng xtc tdc déng thé 13 tong van

téc phdn tng xUc tde va khong xiic tde:

A '--}f-l-n-R; A+C P2 R+

véi phuong trinh van tée tuong dng:
dC dC
_'(‘TEA")]_ = leA; —‘(—d;i)g = k‘ZCACC

Diéu nay ¢6 nghia 14 phén dng cling ti€n hanh ngay cid khi
khéng b xize tde va vin tée phin dng xic tdc ti 1& véi néng do chat
xic tdc. V4n tdc phdn ing tdng qudt cla A la:

_9Ca

4 = kG +hCaCo = U +hCo)Cy (2.32)
Lay tich ph4n v6i ndng d6 chat xic ta¢ khong 46i:
411% = n(l-X,) = (b +kC)t = kyt  (2.33)
A,

Thue hién mét loat thi nghiém vé6i cdc néng 49 ehat xie tde khde
nhau cho ta xdc dinh duge % va k, bing cdch vé %, theo néng do

" chdt wie tdc.
Lo | 8

Kew = ki + K:Co, tl (2.33)
0 Ee

Hinh 2.6: Hing sé vdn téc cho phdn itng xic tde déng thé
9- Phan iing ty xic tac
Phan tng tu xdc tdc 1a loai phdn ing trong d6 sdn phdm cia
phén tng tdc déng nhu 14 chit xdc tée. Dang don gidn nhit 1A A + R
—= R + R, véi phuong trinh van t6c la:

dC,
= kC,C
dt A“YR

Téng s¢ mol cla A v& R khong d6i khi phan ung tién hanh. Tai
thoi diém bat ky ta ¢d thé viét: C,=C, +Cp = Ca +Cp_=const
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42
Nhu vay phuong trinh vin tdc trd thanh:
|

—rAzjﬁiszA(Co—CA) (2.34)
dCy - dCy, dCs .
c.C,-C,) C, C, C,—-C,
ldy tich phén dugc:
(2.35)

€, {C.—~Cy) €, 6
In Ay 0 . = In s b = Cokf = (CAU +CR )kﬁ
. CuLC, -CAO) CyCr e
Biéu dién theo ti 18 néng d6 tdc chat ban ddu M =Cp /C, va db

chuyén héa cha A ta dugc:
M+ XA
n— —2_ =C, (M+ Dkt =(C, +Cp Ikt
M1-X,y % Ao TR
Phén itng thudng bdt ddu v6i mét luong nhé R, va tang dén véi
sy tang R. Mt khédc ndng do A gidm nén van téc sé bién thién theo

dang dudng parabol nhu hinh 2.7,

1 (2.36)

—ra w?hiéu ti€n trinh
* phan dng

fo
1

|

I
3
1
k
r
E

i
!
i

|

|

|

L ——
1 104G

e U
T 0 Ca=Cp

5" 1
Hinh 2.7: Dudng biéu dién X, theo t vad vdn tée — nong dé
, cho phdn ing ti xiic tde :
bé xdc dinh xem phan dng eé thuse loai ty xue tde, vé dudng
- CaCr . . M-X ‘
bidu difin cda In—2-% hay In—> “A_ theo ¢ ndu 13 duimg thin
CnCs | MO-X,) = URTE Sene

(qua g8t toa d8) thi diing va c6 hé s8 géc 1a &C,.
10- Phan ting ndi tiép khong thudn nghich
Xét phan ¢ng néi tiép bac 1 loai mét phan t A i—- R 2w 8
Phuong trinh vén tdc bién d6i cda ba cdu tor lan gt 1a:

-



XU LY DU KIEN PONG HOC 43

dC,

—_— = C 2.r7
aCh kC, —k,Cp (2.38)
dt :

dCq

Y8 e %.39
a2 kyChp 4 )

gid sif ban ddu khéng ¢6 R va S, ndng d4 ddu cia A 1a C,, 1y tich
phén (2.37) duge:

A =kt hay Cy=Cye™ (2.40)
CAO
thay (2.40) vao (2.38) duge:
dC -
df +hyCr = BCy ™ (2.41)

ddy 1a phuong trinh vi phan tuyén tinh bac 1 ¢ dang: >

dy

_+P =

R Q

nhan vdi thifa s6 tich phan e/ 7, 1oi gidi 1a:

ejpdx JQe'Pd* dx + const

Ap dung vao (2.41) véi thira s6 tich phén la et Hing sé tich
phan xdc dinh dugc 1a -k Cy (ky—ky) tif diéy kién bién 14 Cp =0

tai t = 0 va biéu thite tinh nong dd R la

“-klﬂ e—kgf
Ca= bCy (E"5) (2.42)

ky — Ry
Can b3ng vat chdt tai mét thei diém bat ky la:
CAa = CA * CR +C_g

thay (2.40) va (2.41) vao ta duge:

Cs = C%(l—hﬂkfkle"klhrﬁe'k?) > 4’ i

Né‘.ll k2 »kl: CS = CAO(l“e_klt)
hiing 86 van tdc k; hay giai doan 1 guyét dinh van téc:
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Néu bk »hky  Cg= C'An(l—e_kit)
héng s8 van téc k&, hay giai doan 2 quy&t dinh van tédc.

Ngoal ra gid tri cia k; va ky cdn quyét dinh thoi diém va gid tri
nong do R khi dat cyc dai. Lay vi phén (2.42) va cho bang khong.
Xac dinh duge thoi gian td ldc bdt ddu phan ung d&n khi R dat cuc
dat la:

1 Indk, /%)
. = (2.44)
e klogtb kﬁ Fkl

va gid trl cuc dai cia R lA:

CRmn,\‘ o (El_)kQ #kg - k) (245)
C, k2
'Y
Cig 1
CS
E i
: Cr
&= |
o !
' Ca
0 T 3
UI tmaa > t

Hinh 2.8: Pruong biéu dién nong do théi gian
cho phdn tng ndi tiép bic 1

Sau day la nhitng huéng din d€ khdo s4t dong hoc cia phin dng
noi tiép trong d6 béc cta timg phan vng chua biét,

1- TruGe tién xét xem phan ng ¢é 14 khéng thuin nghich khéng
béng cdch xem mét tac chat bat ky hoade chat trung gian hién dién
trong hon hop sau mét khodng th¥i gian dai:

2- Néu phén @ng 14 khéng thudn nghich, xét dudng cong néng 46
— thoi gian cho ede tac chét, tir d6 suy ra bﬁc phan dng va hing sé
vén tdc cho giai doan 1.
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3- Tim xem nong d6 cuc dai cda chat trung gian bién déi nhar thé
nao theo néng d¢ téc chat. Vi dy, néu giai doan 1 ¢6 bac 1 va Cp _dbc

lap véi C, thi giai doan 2 ciing cé6 bac 1. Tuy nhién néu Can/CAG
giam khi C, tang (sy tidu thy R nhanh hon sy thanh l4p) nhy vy giai
doan 2 2 ¢6 béc 16n hon giai doan 1. Tuong tu, néu Cp_ [C, téng khi
C,, tang, giai doan 2 c¢6 béc thdp hon giai doan 1.
Viée phén tich g2 khé hon nédu phdn dng xdy ra thuin nghich va
¢6 béce 16n hon 1
Vi nhifng phan ({ng ndi tiép gém nhiéu giai doan hon.
A—— R—4 8~ T — U
viéc khdo sat cang tuong tu tuy nhidn rutrm r3 hon.
Bl

o

Bifm cyc dai Cg

Y

Hinh 2.9: Puong biéu dién néng dé - thai gian
cho phdn ting néi tiép bdc 1

11- Phan dng thudn nghich bée I

Mic du khéng ¢6 phén dng naoe xay ra hoan toan, nhung ta ¢6
th€ xem d6 12 phdn tng khéng thuin nghich vi hiing s c4n bing c6
gid tri 16n. D6 12 nhiing phdn dng ta da xét. Biy gi¥ ta xét nhing
phan dng x4y ra khang hoan toan, dAu tign la trudmg hop don gian nhat:

Ay
A T. R K. = K = hdng s8 cdn bdng
Bit dau v6i €4 va Cp. phuong tlrinh van toe 1a:
dCp  —dCy dX 4
— C e e k C — C
y 2t A g 104 —#Cp

kl (C‘d"n —CAOXA)"kg(CRO +CAUXA} (24:6)

Il
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Khi cin bing dC,ldt= 0. Tl (2.46) ta xdc dinh duge dé chuyén
héa cia A khi dat can bing: '
K, —Cy ICy

K, +1

(2.47)

XAe:

C C +C, X
véi: K =—Fe ZRTEacA B

K&t hop cdc phuong trinh (2.46), (2.47) va (2.48) A8 kha Cp, va

{2.48)

Cp, ta duge phuong trinh vén toc theo dd chuyén héa can bing:

dX,
df
Véi d6 chuyén héa duge xde dinh theo X 4, » ta ¢ thé xem day la

= (b +hy) (X -X,) (2.49)

phan tng gia bic 1 va phuong trinh tich phan cho:

Ch-C4
Y S e Y T k1(1+—)t = (b +k)2  (2.50)
X, Cy, -Cy

Ve duong bidu dién -In(1- X, /X 4,) theo t ta dugc dubng théng
c¢6 hé s6 géc by (1+UK,).

Phéan d¢ng thuidn nghich c6 thé xem la khong thuin nghich néu
néng d6 duva trén C4, —Ca, hay dé chuyén héa dua trén 46 chuyén
héa cén b#ng. N6i cich khédc, phin tng khéng thuén Iifghich la
trudng hop dédc biét clia phdén dng thuin nghich khi €y =0 hay
XAe=1 hay K, 5.

12- Phan @ng thugn nghich bge 2

V6i phédn ung thudn nghich bac 2 loat hai phén tit ta c6 giéi han
trong trudng hop Cy, = Cp, va Cr, =Cg,, dang tich phin cia phuong
trinh van tdc duoc gidi bing dd thi véi mét trong hai loai phdn ng:

ky : ' &

F

dang tich phan phuong trinh fﬁn_tﬁ’c la:
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X, —(2X, DX
T A 4

X, -X, JK. . 4o
Véi phdn (ng ¢6 dang: 2A ? R+8 (2.53)
dang tich phén la: i
X, -2X, -1)X
A AT L Mo s gk (DG, (254)
va vdi phan dng c¢é dang: A+B Ikz: 2R
dang tich phén la:
X, -@2x, -1X
In A TITA TR 4B e, paakl -1, ¢ (2.55)
Xa —X,4 JE, Xy |

X, ~(2X, -DX,
Xy - X4

Trong tdt cd cdc trudng hop vé In theo ¢ ta

duge dudng thing.
2.1.2 Phuong phdp vi phan d& xiy 1y s6 liéu

Phuong phdp vi phén dé xit Iy s8 liéu gém nhitng buée sau:

1- Gid thiét co ché va tir d6 viet duge phuong trinh vin téc &
nhiét 48 khéng déi.

= ~SEA RO

2- T dudng cong thuc nghiém ndéng 46 — th¥i gian ta xde dinh —
(dC,/dt) tai nhiing thoi diém khéc nhau.

3- Tai nhitng thei diém da ehon l4p bdng gi4 tri néng 45 cha tae
chdt va sdn ph&m khdc nhau,-(dC,/dt), tit d6 xdc dinh gi4 tri cda
ham s8 f{C).

4- Veé-(dC,/dt) theo f{C), néu dugc dudng thidng thi phuong
trinh vén t6c ban ddu phu hgp vdi thuc nghiém,

5- Néu khong duge dudng thing qua gdc toa d9, gid thist lai co
ché khae.
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2 2 BINH PHAN ONG GIAN DOAN CO THE TicH THAY DI

Dang t6ng quit cia phuong trinh van toc bién d8i cia cdu tif
khi thé tich bign d6i hoac khang bién déi 1a:
1 AN, 1dCYV)  VdC +CdV
Vd V d&  Vdt
dC, Ci AV

h S — 257
E " a TV oar (2.57)

V6i trudmg hop thé tich V khong déi, s hang thy hai bisn ma,
vét trudng hop thé tich V thay d8i, ta gidi han vao trudng hgp thé
tich cda hén hop phén dng thay doi tuyén tinh theo d6 chuyén héa.

V =V, (L+eg,X,) ' (2.58)
vdi £412 phan thé€ tich bién d8i tit khi chua chuyén héa d&n khi
chuyén héa hoan toan. Nhu viy:

(2.56)

r. =
I

g4 =—2= = (2.59)

Vi du vdi phdn dng pha khi ddng nhiét: A —= 4R
hén hygp ban dau 13 tdc chit A nguyén chat:
L _4-1
S
nhung néu hon hgp ban dau cé6 50% khi tro, nhar vay hai thé tich hén
hgp ban d4u khi phdn ¢tng hoan toan s& dude 5 thé tich, vay:
5-92

EA="“£—=1,5

Do d6 ta cha ¥ 12 ¢ 4 bao gém hé s0 lugng héa hoc va sy hién dién
cua khi tra. ‘

Vi Ny=N, (1-X,)

=3

K&t hgp véi (2.58): -

:NA= NAo(luXA) c _I;XA

C = A
ATy V, Q+ey X,) folve,X,

{2.60)

Phuong trinh (2.60) 12 bidu thie trinh bay mai lién ha néng d6 —
do chuyén héa cho hé c6 thé tich thay d8i (khai lvgng riéng thay
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d6i). Piéu nay pha hgp vdi cde didu kign thuc té cho cdc hé ding 4p,
dang nhigt trong d6 khong xdy ra phan Gng nd1 tiép va cho nhidu ha
khéng dang nhiét,
Nhu vay (2.57) duge viét cho tdc chdt A la:
_— 1dN, 1 N, d1-X,) ). )
ATV dt V.(1+e,X,) dt T 1tesX, dt
Khi g, =0, (2.61) trd thanh (2.1).

(2.61)

Phin dng duge theo doi mdt cach tién loi bing c¢ach xdc dinh
lién tuc su bién ddi thé tich cha hé theo thdi gian. Sy bién d6i thé
tich AV duoe d6i thanh d6 chuyén héa theo (2.58) dé 4p dung vao
(2.61). Céc biéu thic nay ap dung vao t4t cA thanh phédn cida cdc chat
¢ hodc khéng ¢é sy hién dién caa khi tro.

1- Phuong phap vi phan

Phuong phdp vi phdn trong truéng hgp nady gidng nhu truing

CAD dXA_
1+EAXA dt

hop thé tich khong d6i nhumg thay -flf“" bing

2- Phuong phap tich phén |

a) Phdn téng bdc 0

Trong phan tmg bac 0 vin tdc phan dng doc lap véi nong dd tac chat.
_1dN, G4 dX,

- =k (2.62
V @t 1te,.X, &t J
dang tich phén'la:
X4 dX, Ca, Co .V
= In(l+e,X,) = — In— =kt 2.63

Ve In(1+e,X,) hay In(V/V,) theo ¢ ta dugc dudng thing cé ha
s6 g6c key/C, . Ty thube e, duong hay 4m ma dudng bifu din nim
trén hay duéi trye hoanh.

b) Phadn ung bde 1

Phuong trinh v4n téc phan dng bac 1 loal mdt phén ti 1a:

-1dlN,
V dt
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Ch dX, FRC,QO-X,)

- (2.65)
1+E‘AXA dt 1+EAXA
Dang tich phan la:
An(1-X,) =kt (2.66)
hay biéu dién theo thé tich téng cdng cta hé:
_in(1 =AY - g , (2.67)
EAVo

So sanh (2.68) v6i (2.11) ta thdy trong cd hai trudng hop db
chuyén héa 1A gidng nhau, tuy nhién néng d§ cla cdc chidt 14 khde
nhau. Binh phin dng & 4p sudt khong ddi c6 ndng do cla tdc chat
thdp hon trong binh phan tng c¢é thé tich khéng ddi néu ¢, >0 va
ngugc lai cao hon néu €4 <0. Ngoai ra tng v6i cing mdt diéu kién
nhép lidu § dp sudt bat ky sy bién thidn cda d8 chuyén héa theo 4p
sufit ¢ binh ding tich va sy bién thién cla @6 chuydn héa theo thé
tich & binh dang 4p 1a ludn ludn gidng nhau cho phan Ung béc 1.

¢) Phédn ting bdc 2: véi phan dng bace 2 ¢6 dang:

2A —» sin pham

A + B — sdnpham, C, =Cp

Phucng trinh vén t6c phan ing 1a:

C
4__ 09X, = kC% (i)2 (2.68)
l+e, X, dt Ao 1+e,X 4 ’
Dang tich phén lé.:
XA 1+£AXA (1.+8A)XA
= InQ(1-X,)= kC,t (2.69
k L, =gy o l-Tpke ¥0at (@60
d) Phan ing bie n: vl phin éng béc n, phuong trinh van téc ¢ dang:
1dN, 1-X
- = RCR=RC, (——4 ) 70
vV dt 4 & (1+EAXA) @20
dang tich phan la:
| Xa (1'5- EAXA)R_I
= C4 Ykt 2.71
b 5% 4, e
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2.3 NHIET B0 VA VAN TOC PHAN UNG

Ta dd khao sdt anh hudng cia néng do cla tdc chat trén van téc
phén Ung tai mét nhiét d§ cho trudc va bay gis ta s& xét dén vai trd
ciia nhiét d6 trong van t6c phan (ng théng qua hiing sd vdn tdc phén
¥ng v&i ham s6 f/C) thudng khéng 461 theo nhigt dé.

Véi phdn dng so ddng 1y thuyét tién dodn ring hing sd van téc
thy thudc nhiét d§ theo nhitng cdch sau:

1- Theo dinh ludt Arrhénius:

Loe BT

2- Theo Iy thuyét va cham ho#e trang théi chuyén tigp:
b TmeERT |
Vi ¢ ZBT hign déi nhidu hon 7" theo nhiét dé6 nén su bién déi

cia hang sd van tdc theo nhiét d6 thudng duoc xdc dinh theo phudng
trinh Arrhénius,

k= ke PR (2.72)
bing cdch v& InK theo U/T. |

Vi dg 2.1: Xdc dinh bac phdn tmg cho phén dng phdn hiy pha khi

di-tert-butyl peroxide.
O

1l
(CH;); COOC(CH,)y —= C,H, +2CH; -C-CHg
' A — R+28

Phén tng duge thye hién trong binh kin gidn doan ding nhiét
va ghi nhan 4p sudt tdng theo théi gian ¢ bang 2.1 vé Di-tert-butyl
peroxide nguyén chét.

Bang 2.1
Thal gian, ph 0,0 2,5 50 10,0 15,0 20,0
Ap suat téng, mmhg 75 10,5 12,5 15,8 17.9 19,4

Gidi: S lidu ap sudt téng duoc bi€n déi thanh 48 chuyén héa va
phan tich s liéu 46 chuyén héa — thdi gian hoac bién 461 phuong
trinh v4n t6c theo bién sé do duge.



52 ; : CHUONG 2

s dC n
Tong qué,t-: —-—d'I—A‘ = —PA = kCA

véi binh phéan dng gisa doan thé tich khong dsi:
| | Cp=C,s (1-X,)
* pa, (P ~F,)n)]

hay €, = VO An=2 va p, =P,
ay C, RT Ba,
3P, -P
C, =—=
A7 9RT
suy ra phuong trinh vin téc theo &p sudt téng:
1 _dP _ 3R -P),
2RT dt 2RT
1-rt 2~ dP L] n
dat k'=k@ERTY ™", ném o = k3P, - P) - (a)
= ¢l o dP ,
1.4y logarit hai vé: InE = nln(3P, - P) +Ink (b)

s Gia tri dP/dt dugc tinh béing cdch tinh va vé AP/A¢ 13 ham s
theo thdi gian ¢ Dau tién tinh ti s6 AP/AZ tir cot 1 va 2 cha bang 2.2.
K&t qui duge trinh bay trong cot 8. V& s§ lidu d cot 3 theo s8 1idu cot
1 trén hinh 2.11. Dung vi phdn dién tich bing nhau (equal - area
differentiation} xdc dinh dP/dt trén d6 thi, két qua cho & cot 4.

VE trén 48 thi hinh 2.11 log-log% theo (3P, - P) ta xde dinh

dugen =1, -
Bang 2.2
¢, ph P.ommHg | S mmHgiph o (3P, ~P} ,mmFig
0,0 7,5 36 1,44 15,0
25 10,5 1,20 0,95 12,0
507 - 12,5 0,80 0,74 10,0
10,0 15.8 0,66 0,53 67
c150 | 179 0.42 0,34 4,6
20 | 184 | o030 . . 025 31
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va: k'=k2RT) ™" =k
Tit 46 thi suy ra: k=0,08ph
dCy

Vay phuong trinh vin tée la: == s (0, OSph"l}CA.

Vi da 2.2: Ding phuong phép tich phéan dé xdc dinh phuong trinh van
toc cho phan tng & vi du 2.1.

Giai: V6i binh phdn tng gidn doan c6 thé tich khing déi:

dP
= =K (3P -P) a
ot ° (a)
L] a n o P
Gia su ta thuvdin = O %-t— =k’ (b)
Biéu thifc tich phan: P=P +k't (e)
2,0
1.5 T
1,0
§ 08 e
% 0,6 AL
E 05 | &Y.
] E 04 TAX
_ &l 03 @/
54 0,2
o — , 0,1
- T i Ie iy 1 5 3 4 5878010 1520
£, ph {apo _P)1 mmHg
Hinh 2.10 Hinh 2.11

N&u béc 0 1a dung thi vé P theo ¢ 88 duge dubng thing. 56 liéu
cho & bai 2.1 d& v& P theo £ (H.2.10). Két qua cho P khong tuyén tinh
theo ¢. Vdy bac phdn tng khong bing khong.

Gia st ta thu vé¢in =2

@B k3P, - Py
di
Biéu thde tich phén la:
I 5
L =k (d)

SPO - P 2Po
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. . . " 0.4 .
Néu bde phdn dng bing 2, ta vé ® }L

1 ” E 03
——— theo t sé& duge duong thdng. E J,/
3P, -P & 02 g

|
Tt hinh 2.12, ta thay dubng biéu dién E_ D-t}?‘

i \ \ o : :
——— theo ¢ khoéng la dudng thin 5 10 15 20
3P, -P 8 & f.-ph
nén phdan ¥ng khong phai bie 2. Hinh 2.12

Bang 2.3
1
t, ph P, mmHg 3P, - P, mmHg 3P, -P'
: mmHg™!
0.0 75 15,0 0.0667
25 10,5 $2,0 0.0833
5,0 12,5 10,0 0,1000
10,0 15,8 8,7 0,1493
15,0 17,9 4,6 0.2174
200 19.4 3,1 03226 |
Cudi ciing, gid stin =1
dP
—=Fk(3P, -P)
dt =
Biu thie tich phén cho:
2P
ln o e k’t L)
3P,-P
Bang 24
' 2P
t, ph P. mmHg a—p:f];
| 0.0 - 7.5 1,00
25 105 1,25
5,0 12,5 1.50
10,0 . . 158 2,24
15,0 _ 17,9 3,26
20,0 19,4 484

K&t qua duge cho trén d8 thi hinh 2.13.

@t
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288

10 ~
9 Fs

. -
7 -

//
6 7
f
g y.
o, 4
a
alls 35 /
Gt }r’
o 3
25 //
) 23 1

2 / k= s5pp = 008 P

1,5 /
1d

5 10 15 20 25 a0
t. ph
Hink 2.13

Vi du 2.3: Qud trinh hoa tan dolomit, carbonat magnesium calei,
trong acid clorhydric 14 mét phan dng cb tim quan trong dic bisdt
trong khai thac ddu quang dolemit. Dau duge chida trong 16 x8p vat
liéu carbonat phai chdy qua cdc 16 x6p nhé. HCI duge bom vao giéng
dé hoa tan vat liéu carbonat nhim mé ring 16 x8p, ddu va khi ¢ thé
chdy ra nhanh hon do d¢ tang san lugag giéng ddu. Phén ng hoa
tan nhu sau:

4HCI + CaMg{CQ,), — Mg®" +Ca®" +4C1™ +2CO0, + 2H,0

Néng d6 HCI tai nhimg thai diém khde nhau duge xde dinh bing
quang phd h&p thu nguyén t cdc ion calei vA magnesium. '
Xdc dinh t6c dé phan dng theo HCI tir s8 lidu trén hinh 2.14 cho
phan ung gidn dean, Gid s phdn ¢ng chi phu thuje vao néng 46 HCI
va c6 béc n.
Giai: Phuong trinh van tdc e6 dang (v6i A = HCD |
~dC
)y, = WEG | (a)

_c;fﬂ)r—]nk%—n]n(?,;_ (b}

14y logarit hai v&:  In(



o6 CHUONG 2

4.00000\ T— 11,0000
'\\( _‘\\(
3,9980 0.9990 )\"\g
k\
N
Chct n Chei 09980 E(3
3,0080
4N HCI J\ 1N HCI
b
3,0070 \tp 0.9970
23,0060 0.9960
¢ 2 4 6 8 0 2 4 6 8
1, ph t. ph
a) Thi nghiém 1 b) Thinghism 2
Hinh 2.1¢

Vi phén tai théi diém ¢ = 0 duge xsdic dinh tir hé s6 goc cia dudng
bi€u dién néng d6 theo thoi gian tai ¢ = 0. Hinh 2.14ab cho:

dung dich HCl 4N dung dich HCl IN
_,  __39982-4,0000 .~ 0,9987-1,0000
A0 5 — 0 A0 — 6 . 0
= 3,6x107* mol/l.ph = 2,2x10™ mol/l.ph

D61 vén tde ra theo don vi dién tich va gidy (cho bigt 1 )it dung
dich (dd) tde dung v6i 30cm® chat rdn). Két qua ldn lugt la:

dd HCL4N -1, ; = 2,010 moliem®.s
dd HCL IN -7, 5 =1.2x107" molicm®s

Néu ti8p tuc thue hién theo cdch nay ta dugc cde két qud sau:

Cs.0: {molcrr) 1.0 4,0 2.0 04 05
~fa.0. (Moferf spA07 1,2 2.0 .13 0.36 0.74
Két qué duge vE trén hinh 2.15 e

cho két qué bée phén ing bing 0,44
Tung d6 g6c bang 1,2x1077 .

gmat
Sl

om s
[#; ]

*

o
- ~ A s x, = ﬂ:i\{-EU—-—.satD¢4

Vay phuong trinh vén téc la: % x5 =0
06 . 068 v
g mol"” . em"™ |

—ry ={1,2x1077 ol
8
1 5 10

Hinh 2.15
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2.1.

2.2,

2.3.

2.4.

Cho phan ung phdn hdy pha khi ding thé bac 0: A — 2,7R,
duge thye hién trong mét binh phan

ting c¢6 thé tich khéng dfi véi hdn [ Theigian, h o[ 1
hop ban dau gém 80% A va 20% khi | Apsuitténg.at | 1 | 15

tro ta cd két qua & bang bén.
a) N&u hén hgp ban diu cé 4p suat téng 1a 10at gdm A nguyén
chdt khong c6 khi tro, xdc dinh 4p suit téng sau 1A,

b) N&u ban dau A c¢6 4p suat viéng phan la lat, khi tro ¢é 4p
suat riéng phan ban ddu 1a 9a¢. Xdc dinh 4p sudt téng sau 1h.

Phan ung pha long A —= R + 8 xdy ra nhu sau;

Thdl gian, ph 0 36 85 100 160 oo

C, . moki 0,1823 C,1453 0.1218 0,1025 0,0795 0,0494

voi €y = 0,1823 molfl; Cp =0; Cs = 55 mol/l. Tim phuong
trinh van téc cho phan dng nay.
Tim bac tdng quédt ca phan ung khong thudn nghlch

91, + 2NO —= N, +2H,0
tir s6 liéu thi nghiém trong mét binh phéan tng c6 thé tich
khéng déi dung luong ddng mol H,O va NO

Ap suit tdng, mmHg 200 240 280 320 380

285 186 115 104 67

tyz. s

Van toe phén ing este héa clia acetic acid va rugu vdi chat xdc tae
la HCI & 100°C nhu sau.
- =;Cyxy.Cpy, mol/l.ph

B =4,76x10™ I/mol.ph

ry = kaCg.Cpy,mol/l.ph

k, =1,63x107* lfmol.ph

Phédn tGing thuan:

vGi

Phdn (ng nghich:

w1

trong d6: Cy - nong dé cua acetic acid; Cpy - néng dé clia rugu
Cy - ndng d6 cla ester; Cp - ndng d§ cta nudec.

Hén hgp ban dau gom hai khéi lugng bang nhau: dung dich
90% khé lugng acid véi nude va dung dich 95% khéi lugng rugu
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2.5.

2.6.

2.7.

vdi nude. Vol hén hgp phan ing c6 thé tich xem nhu khéng dsi,

tinh d6 chuyén héa cia acid thanh ester tal nhimg thél diém

khéac nhau: Gid sit hda tan hoan toan, tinh d6 chuyén hda cin

béng

D.F Smith da nghién ettu phan ing phan hiy pha khi cda clorur

sulfuryl, SO,Cl, thanh khi clor va khi 80, tai 279,2°C:
$0,Cl, — Cl, +80,

(3 didu kién thé tich efa hén hgp khéng déi, theo doi dp sudt

téng céng theo thoi gian phdn ing duge két qui sau:
t, gh 3.4 157 281 41,1 | s4,5 68,3 824 86,3

P,. mmHyg 325 335 3435 355 365 375 385 395

X4c dinh phuong trinh van t6c? D3 chuyén héa 100% & thoi
diém v6 aufc.
Phén dng phin hay nhiét oxide nitrous (N,0) trong pha khi &

1030K trong mét binh phén dng cé thé tich khong déi vdi cde
dp suat ban ddu khédce nhau ciia N,O, 86 136u thoi gian bdn sinh
nhén duge nhu sau:

(Py,0), - MMHG 52,5 139 290 360

1408 860 470 255 212

X4c dinh phuong trinh vén tdc phi hop véi s6 lidu thuc nghiém trén.
Dung dich diazobenzene phén hiiy theo phan (ng khéng thuan

nghich sau:

CeHgNyClgy —» CGHscltl) + Nogs

Phan dng xay ra theo bédc 1. Trong mét thi nghiém & 50°C
nong d§ déu cha C;H.N,Cl 13 10g/ va ligng N, duoc phéng
thich nhu sau:

Thifi glzn phidn dng. ph B g 12 14 1% 20 23 24 bl an
Ny fuge phang thich,
oo’ ¢ 5(°C, Tat

193 | %60 | 326 | 36.0 | 413 | 433 | 450 [ 465 | 484 | 503

Sy phén hiy hoan toAn mudi diazo phéng thich 58,3cm® khi
nitrogen. Tinh chinh x4c gid tri hing s6 van t6c phén dng.




Chufdng 3

PHUONG TRINH THIET KE

Trong chuong 3 ta 8 tim hifu hai vdn dé chinh:

I- Céac khia canh tdng qudt clia phuong trinh thist ké cdc loai
binh phan ung.

2- Can bang vat chat va nang lugng cho hai loai binh phan dng
1y tudng.

Thiét k& thiét bi phén ¢ng 13, xdc dinh kich thudc ciia thist bi
dé dat dugc mét lugng san phdm mong mudn, déng thdi xdc dinh
nhiét dd, 4p sudt va thanh phan cia hén hgp phan ing (didu kién
diéu hanh) tai cde phin khdc nhau cda thigt bi. Csc & lidu cdn thist
bao gém didu kién ban d4u (dong nhédp liéu) vé nhiét d6; Ap suét;
thanh phén tdc chdt va phuong phdp didu hanh thiét bi: gidn doan
hay lién tuc, ding nhi&t, doan nhiét... Nhiing didu kién nhu viy,
cling vdi sudt lugng nhép liéu va sdn phdm goi 13 didu kién thiét k&
Thudng thi ¢6 nhiéu sy két hgp gida kich thude thidt bi phan u'ng va
diédu klen diéu hanh d€ théa man cde didu kién thist ké&.

Thiét ké t6i wu dua trén nguyén lidu, chi phi ban ddu va chi phi
diéu hanh va gid tri thuong mai cda sdn phAm cudi cing. Vin dé
ki€m soat thiét bl phén dng 12 xde dinh phuong 4n thay déi didu
kién didu hanh dé thiét bi phén dng trd vé didu kién t6 uvu cang
nhanh cang t&t khi diéu kién ban d4u bi thay d6i (sudt lwong, néng
d6...). Do d6 ta phai chon cdc diéu kién diéu hanh nao 1am cdce yéu t&
kiém scdt va phuong dn thay d6i chiing dé dap img cdc dao dong sao
cho ¢6 Ioi nhat.
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3.1 CAN BANG VAT CHAT VA NANG LUONG TONG QUAT

1- Can biing vét chdt

Céan blng vat ch4t cho mot tdc chat duge viét 6 dang téng qudt
dé c6 thé 4p dung cho mét dang thiét bi phan dng bt ky. Trong mot
phédn td thé tich AV va phén t6 thoi gian A¢, dang téng qudt 1a:

Lugng tae chél| |Lugng téc ehdt) |Luong tée chdt Ligng tde chdt
nhdp vae phan :—{réi hRoi phan ' phdn tUng trong »=tich tu trong (3.1)
Lo the tich (6 the tich phan &6 Lhé tich| | phén t6 thd tich

‘Hai s6 hang d4u biéu dién khoi lugng (mol) clia tdc chdt vao va
ra khoi phén t6 thé tich trong khoang thoi gian Az,

56 hang tht ba tuy thude viae vén tde phdn dng trong phan té
thé tich AV c6 dang larAV. AL,

Sd hang thd tu bidu dién sy bién d6i sau cling cla lugng téc chat
trong khodng thdi gian A# g8y nén bdi ba s8 hang trén.

Cha ¥, 12 r 12 phuong trinh v4n téc phan tng héa hoc khi khong
c6 trd lue vat 1y (gradient nhiét d§ hay nong d6) trong phan t& thé
tich AV, véi (3.1) ta c6 thé thay khéi lugng biing mol.

2- Cén bang ndng luong

Cén bing nang lugng nhiim muc dich xdc dinh nhiét @6 tai mdi
vi tri trong thiét bi phdn dng (hay tai méi théi di€m néu thist bi
hoat déng gidn doan) dé xadc dinh ding van tdc tai difm dé.

V6i mot phan t6 thé tich AV va th¥i gian vi eApAf, phudng trinh
bdo toan ning lugng cho:;

cde déng vao
phdn td the ilch

cde ddng ra khoi

Nang lwgng trong] {Nﬂng lupng trong

Nang Litong trao Sy tich ty
di vdi mdi ={ndng luong trong} (3.2)

phan i6 thé tich trudng bén ngodt| | phan t6 tha tich

Sy khée biét gita s6 hang thi nhat va s6 hang tht hai phan 4nh
sy khdc biét nhiét d§ va thanh phén cia cdc ddng vao va dong ra
{vi du: nhiét phin dng).

5¢ hang thit ba phan dnh sy trao ddi n#ing luong véi méi trudng
ngoai thong qua dién tich bé mat trao d8i nhiét.

L&i gidi (3.2) sé cho nhiét d6 14 ham s6 theo vi tri va/hay thoi
gian trong thiét bi phan dng.
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Dang cta (3.1) va (3.2} phu thuée vao loai thiét bi phdn dng va
phuong phdap van hanh. Trong da s6 trudng hop, mét hay nhidu s8
hang ctia hai phuong trinh trén sé bing khéng. Quan trong hon la
kha niang gidi cdc phuong trinh tdy thudc trén cdc gia si vé cdc diéu
kién khu&y trén hay khuéch tdn trong thiét bi phan ung. Diéu nay
gidi thich ¥ nghia cda viéc phdn loai thiét bi phdn ng gém dang
khudy va dang ong.

3.2 THIET Bl PHAN UNG KHUAY TRON LY TUGNG

Thi&t bi phédn (ing khudy tron 1y tudng c6 ba cdch van hanh la:
van hanh lién tuc (6n dinh), gidn doan va bdn lién tuc.

Pac trung cia loai nay 14 qud trinh khudy tron hoan toan. Do
d6, hén hop phén tng déng nhit trong t4t cd cdc phén cla thift bi
va gifng véi dong ra (sdn phdm). Diéu nay cé § nghia 13, phén t& thé
tich trong cdc phuong trinh cdn bing c¢6 th€ duge 14y 1a thé tich V
cia toan thiét bj phan tng. Ngoai ra thanh phdn v nhiét do tai do |
phin tng xay ra béing v6i thanh phén va nhiét 49 cda dong ra.

e = Ry —— iR e ——

- -T-cb - -lmeo T -

— - - - = = = = = g
a) h) c)

Hinh 3.1: Thidt bi phdn ing khudy trén Iy tubng
@) Lién tuc; b) Gidn doan; c) Bdn lién tuc

I- Hogt dong 6n dinh |

Xét trugng hop don gidn chi c6 mét dong nhép liéu va mét dong
sdn phdm, tinh chat cda cde dong nay khdng doi theo thoi gian, nhu
vay hai s6 hang ddu cha (3.1) la khéng d6i. Vi hén hop phan ing
trong binh c6 nhiét d¢ va thanh phin déng nhét, vin t8c phin (ng
khéng 481 duge x4e dinh tai nhiét dd va thanh phdn cia dong sén
phdm. Ngoai ra vi diu kién hoat dong lién tuc on dinh nén khéng ¢6
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tich tu nén 86 hang thi tu bing khong. Vay phuong trinh (3.1) viét
cho trong khoang thi gian A la:

v VvV _“XAf'_
FA«; UCAO (“':”A)f

hay: (3.8)

vdi:XA&,XA‘, - A9 chuyén héa trudc khi vao thiét bi va sau khi ra khéi
thiét b eda ddng nhdp lidu; v - luue luong cha dong nhéap ligu.
Néu dong nhdp liéu chia cdu tif A chua ¢6 chuyén héa, X, =0
thi {3.3) thu gon con:
14 XA,

= (3.4)
FAﬂ (—rA)f

bé x4c dinh nhiét 46 céa dong sdn phdm nhim tinh van tdc
phdn (ng, ta viét phuong trinh can bing ning lugng cho todn thé
tich hén hgp phén dng V. 86 hang thi tu trong (3.2) bing khéng. Chon
trang théi chufin (nhiét @9, thanh phén, 4p sust) d€ tinh enthalpy.

Gid st enthalpy (cho mét don vi khéi lugng kJ/kg) so véi trang
thai chudn cia nhap ligu 1a H, va cta dong sdn phdm 12 H,. Néu

goi m, la sudt lugng tong ¢dng cia dong nhip lidu (ke/s), s§ hang thd
nhat va thi hai cia (3.2) 14 m,H At va m,H; At, phuong trinh cin
bing ning lugng la:
m,(H, — H)At + KS(T, - T, )At = 0

hay: m(H,-H;) + KT, -T;) =0 {3.5}

Sy trao ddi nhiét véi méi trudng ngozi duge bifu didn: Theo
nhiét d0 moi trudng ngoai T nhiét d§ cia hdn hgp phéan ving Tp
hé sb truyén nhiét téng qudt X; dién tich bé mat truyén nhist S.

- Nhiét phdn dng AF, va van téc phdn ung (—rA)f khong xuét

hién tryc ti€p trong (3.5).

Tuy nhién, dnh huéng ciia cdc dai lugng ndy duge phan 4nh
trong su sai biét enthalpy cda dong nhap lidu, va dong sin phdm do

cdc dong nay cé nhiét dd va thanh phdn khac nhau. D& tinh
enthalpy H, cda dong sén phfm ta can phai biét AH. va (-ry)r. DE
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tién lgi thay: (H, -H;) theo T; (-ry)p, AH, . Xét sy bi€n d61 enthalpy
khi nhap liéu t&f nhiét dé 7, bién dfi d&n nhiét 46 T; va sau d¢
phén (ng tao thanh sdan phdm dugc biéu didn 14n lugt nhu sau:

o
ColTr=T,) va (X, -X, )AH,—;
1

; F
nhuvay: Hy-H,=C,(T; ~T,)+ (X, - X, IAH, — kdikg (3.6)
m
trong do: AH, - nhiét phdn dng cho moi mol tdc chit gi6i han A
Fy_ - sudt lugng mol (kmol/s) chia A di vao binh.
K&t hop (3.5) va (3.6) duve:
my(T, ~T7)C, — (X o~ X, YAH-Fy +KS(T, -T;)=0 (3.7)

(3.7) 6 thé duge bién dién theo van tdc phén dng thay vi 46 chuyén
héa bang cdch thay (3.3) vao (3.7):
mc(’l'; _Tf)CP = (—‘TA)f.V.AHF +KS(TH _Tf) =0 (38)
Cdc phuong trinh (3.5), (3.7), (3.8} 14 cdc dang tuong duong véi
nhau rit ich lgi cho‘viée thidt k& thiét bi phan ing déng thé.
Vi du 3.1: Xét phéan u'n%' pha 16ng so ddng 2.8 mol Ak
1

A+B =% R+S8

T 1.6 mof Allit
vdi by = T lit/mol ph va ky= 38 lit/mol.ph,
duce thuc hién trong binh phin dng Do chuyén
khudy trén hoat déng én dinh c¢é thé tich hoa ctin B

120 lit. Hai dong nhdp liéu: mét dong
chita 2.8 mol A/lit, mét dong chia 1,8
mol B/lit, duge dua vao binh v6i luu lugng thé tich bing nhau dé dat
dé chuyén hoéa cla tdc chat giéi han 1a 75%. Gid st khéi lugng riéng
cia hdn hop phan tng khong déi, xdc dinh luwu higng eda méi dong.

Hinh 3.2: Vidy 3.1

Giai: Nong d6 clia cdc cdu t trong dong nhap léu chung la:
Cy, = 1,4 molfl CBO= 0.8 molfl; CRa = C’S0 =0

V6i d6 chuyén héa cia B dat 75%, thanh phén cia hén hgp phén
ting trong binh hay trong dong ra la:



84 CHUONG 3

Cy=Cy ~Cg Xg=1,4-0,8x0,75=0,8 molll vi Cy X, =Cp X
CB = CB "‘CB XB = 0,8—0,8)( 0}75 =0.2 molil
Cp=Cq4 =CBOXB = 0,8x0,75=0,6 mol/l
- Phuong trinh vén t&c trong diéu kién nay la:
(—TA) =(_rB)=kICACB_kQCRCS

= (7 l/mol.ph)(0,8 mol/1)0,2 molfl) — (3 U/imol.ph)(0,6 molf.l)z

= (1,12 - 1,08) mol/l.ph = 0,04 mol/l.ph
Vi khoi tuong riéng khéng d6i nén £, =0, theo (3.3):

K _ CBO XB
(*"T’B )f
Vilrg)p  (1200(0,04 molil ph)
: = = : : - 8 l!l{ .h
B A ©,6 molll) #

nhu vay luu lugng méi dong 1a 4 i/ph.

Vi du 3.2: Tir 56 lidu thue nghiém sau day tim phuong trinh vén tac
phi hop cho phén tng phén hiy pha khi: A —= R + 8, xdy ra ding
nhiét trong binh khudy trén hoat déng 6n-dinh

$6 thi nghiém 1 2 3 4 &
T = Viv, ph 0,423 510 13,5 44,0 192
X (V1 Cp = 0,002 mol) 0,22 063 075 0,88 0,96
vdi 1 duge goi 12 thdi gian thé tich.
. | c, X
Giai: Tt (3.3) suy ra vén t8c phdn tng: (-ry)= 2

k&t qua dugc trinh bay & badng 3.1 dugi d4y. Ngodi ra ta thi véi
phuong trinh vin téc¢ ¢é dang téng quat:  {~r,) =kC%

Vi qua trinh duge thyc hién & didu kign déng 4p véi ¢, = 1,ta cé:
1-X, 1-X
— LAy 2 pC 4
1+e,X 4 Aﬂ( +X,

XA
1+X,

(-r)) = RCj ( )

14y log hai v&: In(~74) = 1n(C} Y+n In(
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Bing 3.1
Thi nghiém LV 1-Xa Ca, Xa
58 e Xa T+ X, —==(a)
0.002%0.22 &
L e 104 X1
1 0,423 0,22 0,639 T 104x10
0.002x0,63 -
2 510 - 0,63 0,227 #ﬂ%?xwﬁ
3 13,5 075 0,143 O.002XD.75 _ 44 1x10°8
135 s
4 44,0 0,88 0.064 9&9%:942&:4“0{
5 192 0,95 0,021 0.002x0.96 _, 1o
192
1—X;

Tit 88 lidu trong bang 3.1 ta vé In(r,)theo In(

) duge dudng

1+ X,
thing, bdc phan ing la n = 1,4.
Hing s6 van téc duge xdc dinh tUf tung d gbe:
kC} = k(0,002 molll)* = 2x1073 mol/l.ph

[ 1
h=12(—04 —
mol ph

Phudng trinh van tdc ddy 44 la:
(=ry) = D204 ph 1 Y(C, ol
mol

suy ra:

-2

10 3 1 T 1
5 . -
' van tdc ban ddu
<1 (~1a) =KC}
107 "
5_ =
_ (‘r,.u\} He s0 qde
o n=1,4 |
1{]-‘ y
5t 1
2L _
107° = I ! .
012 5§ 01 2 5 10 -
1-%p
1+ X,

Hinh 8.3: D6 thi log-log cho vi dy 3.2
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2- Hoat ding gian dogn
Trorig qud trinh hoat dong gidn doan khéng c6 dbng vao va dong
ra. Lugng téc chdt bién ddi trong khodng thoi gian At 1a (- )V .At.
Goi AN, la 56 mol A bién d61 trong khodng thi gian Af trong hén
hop phén ung. Theo (3.1) ta ¢é:
—(—ry )V At = AN, (3.9)

Cac tinh chét cua hdn hop phéan dng sé thay d6i theo thai gian.
Ta chia ¢é hai v& cho At va 14y gidi han khi At > 0:

. %&

R X S

1V = N % (3.10)
sdp x&p lai va ldy tich phén ta duge:

t= N, [ Ha (3.11)

o (__rA )V

D4y 1a phuong trinh téng qudt cho th&y, thoi gian cin thist 48
dat d§ chuyén hoéa cia tac chdt 14 X, trong qud trinh ding nhiét
hodc khéng déng nhiét. Thé tich cha hdn hgp phan tng va vén t6C

phén tng vdn ndm trong ddu tich phén bdi vi t8ng quat ci hai dai
lugng nay thay doi theo thdi gian phdn Ung.

XaadX Ca dC
I = C A T -._..L
AR = oy Cry) )

Véi tat ca cdc phdn dng trong @6 hén hop phan ing thay ddi thé
tich ti 1& v6i 46 chuy&n héa, (3.10) tré thanh;
Xa dX ' X dX
 d=N. 4 = 4 &

(3.13)

' Cde phuong trinh (3.10), (3.11), (8,12) c¢6 thé 4p dung cho ca
trudng hop ddng nhiét va khéng d3ng nhist. Trong trubmg hop
khong déng nhiét, su bign d8i chia phuong trinh van tdc theo nhiét
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dé va nhiét 49 theo d¢ chuyén hda dudge xdc dinh véi phuong trinh
can bang ning luong.

Né&u thiét bi phdn Gng hoat déng khéng déng nhiés, ta phai thiét
lap phuong trinh cén bing ning lwgng. Trong truéng hep nay hai s6
hang dau ciia (3.2) biing khéng. S6 hang ning lugng bién ddi duge
biéu dién 12 sy bién d6i nang lugng theo thai gian do sy bién déi
thanh phén va nhiét 46 cia hdn hgp. Nang lugng bign ddi do sy bién
d5i thanh phéan va nhiét phan dng va duge bidu didn 1a (AH X—r V. A¢,
néng lugng bién di do sy bién d6i nhiét d6 AT (trong khodng thai
gian Af) 1a myc,AT . Phueng trinh (3.2) duge viét 1a:

KS(T, - T,)At = (AH, ) )V At + myc AT
véi: m, - khél Iugng cla hén hgp phén ting
¢, - nhiét dung riéng cia hin hgp phén ing.

Chia tat cd cho Af va l&y gi¢i han khi At — 0, ta dugc:

%5:- = ~(AH, ) )V + KS(T, - T.) (3.14)

mc,

Phuong trinh (3.14) lién hé nhiét dé v6i cdc bién s8 ciia phan
dng v& két hgp vdéi (3.10) thi&t 14p nén mbi quan hé gitta 46 chuyén
héa, nhigt df, thdi gian cho qu4 trinh phan dng khéng ding nhist.

Vi du 3.3: C.E. Leyes va D.F. Othmer da nghién ¢u phan ung thanh
lap acetat butil trong mdt binh phin ting hoat déng gisn doan &
100°C, vdi chédt xudc tdc 14 sulfuric acid. Nhép liéu ban ddu chira 4,97
mol butanoilmol acetic acid vA néng dd chét xdc tdc 14 0,032 %k.1.
sulfuric acid. Phuong trinh vén t8c & diéu kién trén duge xde dinh 1a:

| (—r,)=RC5
véi: C,- ndng 44 cda acetic acid, mol/im!
(~r4) - vén t&e phan dng, mol/ml.ph.
Hing .sﬁ' vén tdc ¢ diéu kién trén 13 2 = 17,4 mi/mol.ph.
Khdi lugng riéng cla méi cdu ti ¢ 100°C la:
Acetic acid = 0,958 gfmZ:' butanol = 0,742 g/mi; acetal butyl = 0,796 gimi

Mac di khéi lugng riéng cia hén hop phin img thay di theo d¢
chuyén héa nhung do si dung lugng thita butanol nén lam gidm su -
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thay d&i nay. Do dé gid s khdi lugng riéng khong d6i va 18y bang
0,75 g/ml. '

a) Tinh thoi gian cin thiét dé dat do chuyén héa cla tdc chat
gidl han 13 50%.

b) Xéc dinh thé tich binh phén dng va khoi lugng hén hop tdc
chat ban diu cho vao binh dé sdn xuat mét sudt lugng trung binh cla
ester 12 100 kg/h. Thoi gian gidn doan gida hai mé 1a 30 phit va hon
hop duge xem 1a khudy trén déu.

Giai: Phan t& lugng cha: ester = 116; butanol = 74; acetic acid = 60

a) Phuong trinh vdn t6c phén tng la:

(-ry) =kCE =kC3 1-X, )

Ap dung phuong trinh thlét k& (3.11) v6i thé tich hén hap phén

ting khong déi:

dX 1 Xa=050 dX,
t=Cy, ,[ ( )2 EC j 2
RCE (1-X, A (1-X,}
L&y tich phan duge:
1 1 1 o i 1
t = — = 2—1 = ’
Ndng 46 ban diu cia acetic acid 1a:
' 1 mol
C, = =
4 = T anra) + e0) ~ 00178 motlm!
0,75 giml
thay vaeo bigu thdc tinh t, ta dugc:
1 =32,8 ph=055h

" (17.4 miimol.ph)0,00175 moliml)

b) Goi m, 1a khoi lugng acetic acid cho véo binh trong méi ms,
ta c6 phuong trinh can bing sau:
(1,4/60)(0,50)(116)

0,656+0,50
m, = 108,6 kg acetic acidimé

100 = k sterih

Kh61 ltgng nhép lidu téng edng cho mdi mé:

m, =108,6+ (—1&)(4 97)(74) = 774,4 kgimé
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Vay thé tich hgn hop phan ung chita trong binh la:
774,4 kg

= ~1032,51
0,75 kg/l

Vi du 3.4: Cho phan ing thanh lap etylen glycol
CH, - OH
rN + H,0 ﬂ .
H,C-CH, CH, -OH

Thi nghiém §¢ bé cho thdy & nhiét 46 cao e6 sy thanh 14p san
phdm phu dédng ké& nhung nhigt 46 dudi 40°C, t6c d6 phin Ung khong
d4ng k&; do d6 chon nhiét do dé tién hanh phan tng 14 55°C. Vi nude
_duge cho v6i lugng thita nén ham long nude cb thé duge xem nhu
khong thay déi déng ké trong subt qua trinh phdn dng. Phdn (ing
duge xem 1a bac 1 thee etylen oxide. ‘

Trong mdt binh phan dng thi nghiém, trén 500 m! dung djch 2M
(2 mol/l) etylen oxide trong nuéc véi 500 ml nudc chia 0,9% khi
luong H,S0, . Nhiét 46 duge duy tri khong ddi 6 55°C. Xéac dinh hing s
van toc phan (ng tir 8 Liéu ndng 45 etylen glycol theo thdi gian nhy saw:

1, ph ¢o| 05 | 1.0 | 15§ 20 | 30 | 40 | 80 | 100
Nang 80 elylen glyeol, mot | 0 | 0,145 | 0,270 | 0.376 | 0467 | 0,690 | 0,715 | 0,848 | 0957

0,02 -

0,01 IR SO T W T T T N N S
0 2 4 6 | t0 2 14
t, ph

Hinh 3.4: Vi du 3.4
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Giai: Phan vng bieu diéen la A+B— R
Vi phan dng la bac 1 theo A, biéu thife tich phan la:

C
In—. = bt
CA

Néng d6 cia etylen glycol tai thoi didm bat ky 1a:
Cp=CaXs=Cps ~Cp=Cy (1-e™)

.

p C, -C
Sap xép lan: TR TR _ gt
CA&
) .. C, - O =0
Lay logarit hal vé in—2e_ "% _ _pr Vo In—" "® theo ¢ ta s8
Cy, Ca,

duge dudng thing c6 hé s6 gée bing k.

t, ph 0 0.5 10 | 15 | 20 30 | 40 | 60 10,0

Cr » Mokl 0 0,145 | 0,270 | 0,376 | 0467 | 0,61C | 0,715 | 0,848 0,957

Ca,~Cr
Ca,

1,01 0855 | 0,730 | 0,624 | 0,533 | 0,390 | 0,285 | 0,152 0,043

Két qud duge £ = 0,311p4~". Vay phuong trinh van tae 1a:
(-ry)=(0,311pa™)C, , mol/lph
3- Hogt dong ban lién tuc

Trong qua trinh hoat déng bdn lién tuc, sudt lugng cia cdc dong
vao va ra 1a khoéng bing nhau (H.3.1¢c). Vi dy, benzen dugc clor héa
trong mét binh khudy béng cdch cho benzen va chat xite tdc vao
binh, sau d6 cho lién tyc khi clor vao binh cho dén khi dat duge ti lé
mong mudn giita clor va benzen. Qu4 trinh 1a hoat ddng gidn doan vi
hdn hgp phdn dng ¢6 ndng d8 cdc chat thay ddi theo thei gian, tuy
nhién lai 1a lién tuc d8i vai khi clor. Piém thudn loi cda qua trinh
nay la ludn duy tri mét tdc chat & ndng d6 nhé (khi clor) khi ta mudn
khong c¢hé mét phin ing trong hon hop xdy ra nhidu phin tng ciing
lic. Trong trudng hop nay, néu duy tri néng d6 khi clor 16n s& tao
thudn 1¢i cho su thanh ldp di — va triclorobenzen trong khi san pham
mong mudén 14 menoclorobenzen.

Qué trinh bdn lién tuc cdn thugn 1gi trong trudng hop, phin ting
¢6 nhi¢t phan dng ldn, cé thé gy nén sy bign ddi nhist do qua ldn,



PHUOING TARINH THIET KE 71

néu thue hién theo qud trinh gidn doan binh thudng. Vi dy, phin ing
giita amoniac va formaldehid d€ tao thanh hexametilen tetramine.
Néu phdn dng duge thye hién trong pha 1éng bing cdch tron hai
dung dich hydroxide ammonium va formalin ngay lap tie, phan Ung
xdy ra sé tao nén sy phdt nhiét khd 16n lam téng cao nhigt d¢. Sy
gia tang nhidt 46 ¢ thé duge gidm bdt va kiém sodt béng cdch thém
dung dich hydroxide ammonium lién tuc véi tdc d6 xde dinh vao dung
dich formalin da chua sdn trong binh phan tng. Phdn dng xay ra tuc
thoi, do d6 vén toc tao thanh sdn phdm phu thudc vao luu lugng
amoniac duge dua vao binh ché khéng phai van téc phan ing.

Qua hai vi dy trén eho thay dé la cdc trudng hgp dée biét, trong
dé khong cdn dbn\g ra va khong c6 sy bién déi suat lugng nhap liéu.
Téng quat qud trinh bdn lién tue bao gém cic sy bién doi theo thai
gian cha suat lugng, trang thai cia cdc dong vao va ra khoi thiét bi.
TAat ¢a cdc s0 hang trong (3.1), (3.2) déu c6 thé hién dign, tuy nhién
dang chinh xac phu thude vio timg trudng hop cy thé. Sau day ta xét
hai truttng hgp dé minh hoa.

Véi qua trinh ban lién tge, d§ chuyén hda cia tdc chat khong
ding duge vi téng s6 mol ban ddu cha téc chat khong xdc dinh duge
(lugng téc chat ban ddu trong thiét bi, trong ddng nhidp lidu, dong
san pham bi thay d&i). Thay vao d6 ta st dung phén mol cia tdc chat
(hay phan kh&i lugng). Pat F, 1a suat lugng (mol hay khéoi lugng)
nhép lidu, F, 1a suat lugng (mol hay khoi lugng) dong sdn phim x,
v& x, ldn lugt 12 phan mol (hay phan khéi lugng) cda tdc chat trong
dong uhép liéu va san phdm, can bang vét chédt cho téc chat 1a:
dVe,)

T dt
véi Oy 12 néng dd mol cha tde chit trong hon hop phin dng.

Fox, - Fix, —(-ry) (3.15)

Néu bigt duge cde didu kign eda dong nhdp lidu, trang thdi ban
d4u cta hon hop phan dng, c6 thé 1dy tich phan (3.15) bing phuong
phdp s6. Bé ldy tich phan biing phuong phép gidi tich, ta phai biét
sudt luong cha ddng vie va ra, thanh phdn nhap liéu, khéi lugng
riéng 1a khong d8i, va phan dng 1a bdc 1. Ngoai ra, néu khoi lugng
riéng va lwu lugng khéng d6i thi thé tich cia hén hgp phdn dng V
khéng déi. Trong didu kién gidi han nay (3.15) ¢6 thé dugce viét la:



70 CHUONG 3

o dc
dc, |
hay . Cy —CA —(-ry)t= T_d'f._l (3.16)

Né&u phan tng 12 béc 1 va nhiét d6 khong dé, (3.16) 1a phu’cmg
trinh vi phén tuyén tinh hodn toan cé thé gidi duge:

C - .
15 (~ + k)CA . (3.17)
- .

Vi du 8.5: Acetic alhydride duge thuy gidi ¢ 40°C trong mét binh
khudy trén hoat d6ng ban lién tuc nhu sau: Binh ban déu chita 10 lit
dung dich c6 ndng 46 0,50x10™ mol alhydride/cm® duge gia nhiét lén
dén 40°C, tai thoi diém nay mot dong nhap lidu ¢6 néng 46 3,0%x10™
mol alhydride/em® duge thém vao lién tue véi lugng 2 {/ph. Dong
sén phdm duge 16y ra v6i cung lun hrcmg Khéi luong r1éng gid s
khéng d4i va phugng trinh vin téc 1a:

(—rA):kCA moliem®.ph; véi: k = 0,380 ph™"

Xdc dinh néng 46 cha dung dich roi khéi binh phan dng la ham
s6 theo thoi’gian

Giai: Ap dung (3.16) véi C, /7 18 hing s4:

101 C %107 molfem®
-;:K IHE =5ph; Lt .—.E’OXIO ’_nﬂl"c_m = 6x10 molicm? ph

7 Zl!ph T dph

:E-+k =%+ 0,380 = 0,580 ph-".

Lai gidi cho (3.16) la:

CAG- ) (1” ])'+ 7 +I.e—(11’t+k)t
T

Hing s& tich phén I nhan duge b’.!m.g céch thay t = 0 va G4 =0.5x107
vao phuong trinh trén:

CAI =

C ' ' -4
I =_[},5:~<1lr)‘4i e 1l = 0,5x107* —3)(10

. - 0
T Wo+k 5%0,58 Mool

Bidu thic néng d¢ cia alhydride trong dbng sdn phdm theo thai
gian la:
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-4
= 26XA0T ) saax1074 08
10,580 |

Bing 3.2 trinh bay k&t qué tinh toan C, theo thei gian. Cdc ket

qua cho thdy sau 5 ph binh phan dng hoat déng rdt gin vdi didu kidn-
6n dinh. Nhy vy ndng d8 tai thdi di€m nay ¢ th€ duge tinh truc
ti8p tir (3.3).

Bang 3.2 : Fao
t, ph Cp, %107, moticrr D2
0 5,0
1 735 PNPNPN PN
2 8.67 o0
8
3 9,40 N4
5 10,0 Hinh 3.5: Qud bdn lién tyc v6i dong
- 103 nhdp lidu, Ehéng co dong sdn phdm

Hinh 3.5 cho thiy mét trudng hop dic biét cla qud trinh hoat
- ddng bdn lién tuc trong d6 ¢6 ddng nhdp liéu lién tue, mét lugng céu
t& A e6 sén tir ddu trong binh va khong cé dong sdn phdm 14y ra. Ap
dung (3.15) vao trudng hop nay véi V thay doi, khong cé dong ra:
d(VCy)
-t
Trong trudng hop nay c6 thé bidu didn theo dé§ chuyén héa X,
thay vi néng d6. Pg chuyén hoa X, tai thei didm bat ky 1a ti s6 giita
higng tac chat A da bién d&i véi lugng tdc chat A da thém vao dén
thdi diém d6. Nhu vay néng d6 cda A trong binh phan dng la:
[N, +Fxtli-X,)
AL v
va d(CAI V)=[N, + Fox t)dAy +(1- X 4 0 F,x, )dt

Foxo ﬁ("rA)V.: (3.18)

(3.19)

thay bié’u thuc trén vao (3.18) ta dugc:
(Fx )X pdt+(Ny, + Fox t)dX , =(-ry)Vdt {3.20)

Pay 1a phuong trinh cén bing védt chat cho phép tinh 5 chuyén

héa tai thoi diém bat ky. Néu khong cé tdc chdt trong dong nhip

‘liéu (8.20) tré vé dang hoat dong gidn doan. Néu khéng c6 A ban diu
sin trong binh phan dng, (3.20) ird thanh:
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Fox (X, dt+idX )} =-ry)Vdi (3.21)
N6i chung thé tich thay ddi theo su bign d6i coa khoi hrgng va
khéi lugng riéng cia hén hgp phan tng. Tuy nhién trong da s6 céc
trudng hop, khoi lugng ridng bién déi khong nhibu, khi d6 ta cé:
V=V, +%t =V, +ut (3.22)
vd1l m, la suit luong tinh theo khéi lugng.
Ngoaira (-ry) phéi bidu dién theo X, va ¢ moi gidi duge (3.20).
Trinh tu chung dé thiét k& binh phan ing trong trudng hop nay la:
1- Cén bing vat chat dude viét & dang sai phan '
(Ny + Fox X, = [(-r )V -Fx, X, At (3.23)

gid tri AX, duge tinh cho trong khoang A¢ dinh trudce. Gid tri trung
binh eda (-ry)V va X, cho khodng At ddu tién duge 14y bing gid tri
tai ¢t = 0 cho l4dn tinh déu tién.

2- Thé tich hén hop phan dung tai At duge tinh theo (3.22)

3- V6i A6 chuyén héa tinh duge ¢ buée 1 va thé tich hén hgp
phan dng & bude 2, ndng 4o tai cudi thyi didm A¢ ddu tign duge xde dinh
tif cde pbuong trinh ching han (3.19),

4- Van toc phan dng tai cudi thoi difm Ar dau tién duge xdc dinh
t cdc gid tri ndng 46 tinh duge & bude 3.

5- Ldn tinh tha hai gid tri trung binh cta (-7)V duoe xdc dinh tif
cdc trl 56 da bist tai luc ddu va cudi clia khodng At trudce

6- Ap dung (3.23) d8 tink AX tha hai

7- Tién trinh nay duge tiép tuc cho dén khi cdc tri s6 trung binh
cia rV khong déi. Tuy nhién 14n tinh thi hai 13 4d.

8- Khodng Af ké ti€p duge chon, l4p lai bude 1 dén 7

Tién trinh nay 14 gifng nhau cho 151 gidi tirng bidc cha phuong
trinh thigt k& cho binh phan tng gidn doan va bén lién tyc. Trong
mdi trudng hop cde dai lugng trong phuong trinh vi phan cén bling
vdt chat 12 ham s8 cta hai bi&n s8, 46 chuyén héa va thé tich hén

hgp phdn Ung khi ¢6 dong vao ra lién tue khéi binh hode d§ chuyén
héa va thdi gian cho trudng hgp gidan doan.
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Vi du 3.6: Phan ung ester héa acetic acid va rugu etylic duge thyc
hién trong mot binh phan tng khudy tron hoat dong ban lién tuc &
nhiét doé khong d6i 100°C. Binh dugc nhép trudc 200 kg rugu etylic
nguyén chat, Dung dich acid duoc thém vao vdi sudt lugng 1,96 kg/ph
trong 120 ph. Dung dich c6 ndéng dd 42,6% khéi lugng acid. Gid sd
khai luong riéng khéng d6i va biing cia nudc.
Phén dng 14 thudn nghich v#i phueng trinh védn toc:
h

ky = 4,16% 107 lmol ph = 4,76%x 107 Ukmol.ph
ky = 1,68x107* limol.ph = 1,63x107" l/kmol.ph

Tinh 46 chuyén héa cia acetic acid thanh ester 1a ham s6 theo
thoi gian tir £ = 0 dén khi lugng acid cudi cling thém vao (120 ph).

Giai: Po chuyén héa dya trén acetic acid va ban d4u khong cé acid
trong binh nén phuong trinh thigt k& trong trudng hop nay la (3.20).
Vi hing s& van téc theo don vi mol nén cde néng 49 cing biéu dién
theo mol.

Dt C,, Cog. Cr, Cy 14n lugt 12 néng 40 cla acid, rugu, ester va
nuéc theo don vi mol/l. Phuong trinh tuong tuf (3.19) cho méi ciu ti la:

m X t(1-X,)
ATTM,  V

véi my,- sudt lugng acid, kg/ph;  %,- phdn khdi lugng cda acid.
_ (mOHjMOH)_(moEoﬁMA )XA
- v
v6i myy 1a khéi lugng rugu ¢ trong binh phén dng lac dau,
_Im Q- F )My +Cm X tIM )X
vV
Co = (m, X M )X
£ v
Thay céc biéu thife trén vao phuong trinh-vén téc, ta dugc:
moiof(l - XA)[(mOHfMOH = (mDEOﬂMA )Xﬂ}
M, V2

Con

Cn

(*rA)=k1‘
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b, mxtX o {lm,(1-%, ):/Mg, T+ (mx tiM )X, }
M,V
véi m, =196 kglph; X,= 0426, My =200 kg; M4 = 60; Moy =46, My = 18,
Thay cac gia tr1 trén véo (A) ta duge {-ry) theo molil.ph
1 1,96%0,426:(1 - X, )[(4,35)— (0,0148)X , ]
- 60V2

1 0,835:X , (0,0625¢ +0,014¢X )
e

(A)

(-ry) =4,76x10

Y —1,63%x10°

=L [0,066x107 41— X, )(4,35-0,0141X )~
VZ

-0,023x107*X , (0,0625+0,014 X , )] (B)
Vi kheél lugng riéng gia sit khong d6i, 4p dung (3.22):

200 +1,96¢

V= = 200+1,96¢,1 | (C)

Phuéng trinh (3.21}):
Fox tdX 4 = (~r,)Vdt - F x X ;dt
(1,96x0,426/600dX , = (~ry )Vdt (1,96 x0,426/60) X , dt
0,014¢dX , =(-r,)Vd¢-0,014X . dt
tdX , =71,43(-r, )Vdt ~ X . dt
biBu didn theo dang sai phan; AX at) =71,43(—r, YV AL (D)

Cdc phuang trinh (B), (C). (D) bay g duge ding dé tinh. Vi bidu
thife tinh néng 35 da duoc k&t hgp treng bidu thie tinh van toe (B)
nén ¢ the bo gqua giai doan 3. Phép tinh duve bat dau véi a¢ ddu tién.
Bude 1: Chmi khudng A: "ddu tién 1a 5 pa Thé tich V = 200 it (1av
khé1 lugng riéng cia nuée 14 1 kg/l). VAn toc tinh theo (B) bing 0 tai
t = 0. Gid tri (-r,} dure tinh tai ¢ = 2,5 ph.

(-r,) :ﬁ[a,oesna* x2,5(1-0)(4,35-0)-0] = 1,8x10 ®&molil.ph

(-4 )V = 1,8x 107 x200 = 3,6 x10* kmoliph
T (D) A(X,#)=71,43(3,6x1074)(5) = 0,1285
Xt ~0=0,1285 = X, =0,0257
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Bude 2: Thé tich hdn hop phdn dng tai thoi diem cudi Af, duge tinh
theo (B)

V =200+ 1,96¢ = 200 + 1,96x5 = 2098
Bude 3: Van toc phan tng tai tha diém cudi At, duge tinh theo (B)
véi X, =0.0257 t=5ph va V, =209,8L

(—ry) =~%9L82[0,066x10'1 x 5{(1—0,0257)(4,35-0,014x 5% 0,0257)

~0,023x 107! %52 x0,0257(0,0625 + 0,014 x0,0257)]
=2.27x1075(0,14 - 9,3x107°) = 0,32x107° kmol/l ph

Bude 4: Tai thoi didm cui Af, (~r, )V =0,32x1075 x209,8 = 67,136x10™
kmollph. Tai thai diém ddu Az, (-r,)V = 0. Nhu vy tri sd udc tinh
lan hai ¢da (-r,)V la:

-5
67,136x10° " +0 _ 33 568x 105 kmoliph

("rA )V =

Bude 5: Gid tri ude tinh 1an hai cia AX, theo (D} ]a:

AX ,8) =T71,43%33,568x10°x5 = 0,12
Bude 6 Tinh lzi tri 86 (-r,)V két quad khong khde nhiéu vdi tri s6
33,568x1075. Nhur vdy tai thei difm cudi A4, ta c6:

T =9';—2= 0,024; V. =209,8]

(=ry); =0,32.10  kmolll.ph; [(-ry)V] =67,136x107°
Lap lai cde bubc trén véi A, = 5 ph:

1
209,82

—0,023x 107! x10% x 0,059(0,0625 + 0,014 % 0,024)] =0,63x10°°kmolil ph
(1), V, = 0,63x107%%209,8 = 1,33x 10" kmoliph.

(—ry)y = [0,066x 107" x10{1 - 0,024)(4,35-0,014x10x0,024)

A(X 4 1) =71,43%1,33x107¥ x5 = 0,474
X, by - Xt =0,474 =Xt —0,12= X, =0,059
V, =200+1,96.10 = 219,6 it |
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L [0,066%107 x10(1 - 0,050)(4,35 ~ 0,014 x10x0,059)

(_?'A )2 = 62

!

~0,023x 107 x 10 x 0,059(0,0625 + 0,014 0,059) = 0,56x1075 kmol/l. ph
(~ry )V, =0,56x107° %219,6 = 1,22 10> kmol/ph
Tri 86 (-ry)V, trung binh cho doan At, 1a:

(67,136 +122)107° 94,6
2 107°

kmoliph

Bang 3.3: Phdn ung ester hida gidla acefic acid va rigu etylic
duge thuc hién bdn lién tuc

t, ph v, ! D#§ chuyén héa cha acid ~t3 107", kmoi acid phan ing jphl
1] 200 ] 0

5 209.8 0,026 0,32
10 2194 0,044 0,58
20 239,2 0,081 091
40 278,3 0,138 1,23
60 316,8 0,178 '_ 1,28
80 3558 0.205 1,21
" 100 3946 0,224 1,11
120 433,5 0,237 1,00

3.3 THIET B| PHAN UNG DANG ONG

Trong thiét bi phén «ng dang 6ng, nhap lidu duge dua vao mét
dau cfia dng hinh try, con sdn phdm ra & ddu kia cda éng. Thiét bi
dang ndy thutng hoat déng & trang th4i dn dinh, do d6 tinh ch4t ciia
hén hop tai mgt vi tri trong thi€t bi khong d8i theo thai gian. Do
khong e6 sy khudy tron theo phuong doc truc nén tinh chat cha dong
chay thay d8i tit diém nay ddn diém khsc chi do qué trinh phén tng.
Gid thigt cdc diém trén cing mét tist dién cé eung tinh chdt, cdc gid
thiét nay lam cho thiét bj mang tinh ly tutmg, gis tri cia ching thy thube
vao hinh dang ciia thi&t bi phin tng va cdc didu kién cda ddng chiy.

Phuong trinh (3.1) va (3.2) trong truong hgp nay c6 thé duoc viét
cho mét phin t§ thé tich AV: S¢ hang thi nhét trong (3.1) 1a
F,,(1-X, —AX,)At; N&u d9 chuyén héa roi khéi phan 8 thé tich 1
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X, +AX,, thi s6 hang thif hai la FA;{]L" X, -AX,)A¢; S6 hang thu
ba ia (-r,)AVAf. Vi qua trinh § trang thdi 6n dinh nén s¢ hang thu
tu béang 0.
Phuong trinh (3.1) ¢é dang:
Fy (1-X )08 F, (1-X, -AX,)At— (-1, JAV.AL=0
hay FADAXA—(—rA JAV =0

Chia hai v& cho AV v3 1dy gidi han khi AV > 0:
dXA - (—rA )
av F A,

Vi Fy khéng ddi, tich phén phuong trinh e¢é dang:
1% J'XAZ X,

(3.24)

(3.25)

E‘: xAl (—’rﬁ)
Thi&t bi phén ing dang éng ¢6 thé duge dung cho cde nghién cdu
déng hoe
dv
B

Fao \ Fa FatdF, X Fu
SVE= X X, —g %l
F&E 2 A\ s
:

2

B = e
S

-~

Hinh 3.6: Binh phdn ung dang ong

Vi du 8.7: Phan ing phan hiy pha khi ddng thé 8 850°C
4PHyyy — Fygy +6Hag

14 bac 1 v6i phuong trinh van 8¢ 12 (—rpy, )= (10A™1)Cpyy,
Tim thé tich binh phén ¢ng éng hoat dong & 650°C va 4,6 at dé

dat d6 chuy€n héa 80% nhap lidu c6 sudt luong 2 kmol/h phosphin
tinh chat.
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Giai: bat. A = PH,; R=P.8=H,, phan ing biéu dién la 4A—R + 68
va (-ry)=Cor™NC,
Thé tich binh phan tng dng duge xac dinh theo (3.25):

kCA

: e aa 1-X,
O 4p sudt khong déi: Ca=C, m

_ F. .08
Vay: V= A" j 1+EAXAdX
T

Fy

Ldy tich phén ta duge: V=—=-|(+g, )0
| | kCAﬂ

Vi céc gid tri: - F, =2kmolih; k=10 A1

C 4 6at
4 ~ (0,082l at/mol. E) (650 + 2731{)

1
“X, 'HEAXA“

= 0,08 mol/l

0,75; X, =0,80

_ 2000 mol/h
(10 A7 )0,08 moli])

[(1+0,75) In—=— —0,75x0,8] = 7388 lit
1-0,8

) &
Vi du 3.8: Xét phdn (ng pha khi s¢ ddng A + B..—L R x3y ra ding
nhiét trong thiét bi phan dng dang 6ng. k2

a) Thiét 14p phuong trinh thigt k& cho nhap lidu gém A, B, R va
khi tro.

b} Thiét ldp phuong trinh thi&t k& trong trudng hep nhép lidu
gébm lugng ddng mol A va B.

Giai: a) Nhdp liéu gdm A, B, R va khi tro. V6i phén (ing s¢ ding
phuong trinh van tdc la: .

N
(“"A)=k1CACB—kQCR =k 8.2 szR
| & 4p sust khong d6i, dua trén phén thé tich bién ddi theo cdu tir A:
NAO(].—XA) NBD_—NAQXA NRU +NA0XA

(=ry) = . -
4 kl‘{,(1+eAXA) V.(l+e, X ) V.Q+e,X,)
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CQ (1 XA )'(M XA
(1 + EAXA )2
- Nhu vy phuong trinh thiét k& cho thi& bi phan ing dang 6ng la:

Y o ijdXA _JX,; (A+E4X 42X 4
v o (=T4) kcho(].—XA)(M—XA)—kz(M'-i“XA)(].-!-EAXA}

M+X,
1+e4X,

(-ryd)=ky - &Gy,

{a)

=

trong hidu thuc trén sy hién dién cla khi trd dnh hudng dén g, .
b) Nhép ligu gbm lugng ddng mol A va B: véi Cy =Cp; Cp =0

va khéng ¢6 khi trota cé6 M = 1; M" = 0; g4 =—0,5. Viy phuang trinh

thi&t k& ti (a) thu gon con:

! =-[XA (1-0,5X,dX,

(b)
hCy (1-X ) kX 4 (1-0,6X )

Né&u enthalpy ctia hén hgp phdn ing duge tinh cho méi don vi
khéi lugng so vdi trang thdi chudn tai ddu vade i3 H va tai diu ra
khéi phan t& thé tich 14 H +AH , cin bing ning hugng cho:

m H A —m,(H + AHDAE + KAS(T, - T)At =0
hay: - - —mAH + KAS(T, -T)=0 | (3.26)
v6i m, 1a sudt hiong téng cng caa dong.

Su bién ddi enthalpy AH trong phdn td thé€ tich s& tay thude
trén nhiét phén ¢ng va vin tsc phan Ung.

Trién khai nhy phuong trinh (8.6), sy bi€n ddi enthalp}' do sy
bign i nhigt d§ C,AT va do nhiét phdn Ung AH, .AX,. Nhur vay:

Fa,
AH = C,AT + AH, .AX - (3.27)
_ t 7
thay vao (3.26):
—mC, AT ~AH, AX 5. Fp + KAST, -T)=0  (3.28)
chia tit ci cho AV va 14y gi6i han khi AV — 0:
m €, 5= KT, D F (- (3.29)
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Ké&t qud trén cé thé viét theo phuong trinh vén téc thay vi 46
chuyén héa bang cdch thay dX,/dV bing (-ry)iF, ti (3.24).
as d(rxD.L) 4

e _ .2 3.30
BONTE O T JmD4L) D 530

v@i L 1a chiéu dai cda thigt bi phan dng.

Phugng trinh (3.29) 14 biéu thic tinh nhidt 48 tai mét phén td
thé tich b4t ky trong thiét bi phdn dng. P& giai cdc bai todn khéng
ding nhiét, két hop (3.29) vai (3.24).

Vi du 8.9: Phan ing nhiét phin acetaldehyd (khong xic tdc):

duge nghién cdu trong m§t thidt bi phan ing dang éng ¢ 4p sudt téng
~ cdng khéng déi P.at. Gid st nhap liéu 12 hoi acetaldehyd nguyén
chadt di vae thiét bi ¢ nhiét d6 7,°K véi sudt lugng F, , mol/s. Nhigt
phén (ng va nhiét dung riéng ctia hén hop phan dng gia st khéng ddi
bang AH, , calfmol vi C,, callmol’C. Van t&c phan (ng 14 bée 2 c6 dang:

_ (-ry) =k, (e BB p2 molfs.cm® (A)
v6i: E - nang luong kich déng, cal/mol _
p4 - dp sudt riéng phén coa acetaldehyd, at.

Néu thiét bi hoat déng doan nhiét, bidu dién phuong trinh van
toc theo do chuyén héa.

Giai: Can bang ning lygng cho ta sy lién hé gidta nhiét 46 va 46
chuyén héa dimg 48 khit T trong phudng trinh van tdc. Trong (3.29)
88 hang th( hai 12 bing 0, do d6:

aT
Pav

-AH |
5 L dX, (B)

r

vi hé s6 cla dX, 1a khong d6i nén cs thé 14y tich phan phuong trinh

(B) d€ duge bidu thitc T theo X, :

-AH g ;

: C"XA, vii X, =0tai T =T, (C)
b

R NOC AL

hay dT ="

P-T, -
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Ap sudt ritng phdn cia acetaldehyd lién hé véi d6 chuyén hda
qua phuong trinh lugng héa hoc clia phan 1ing. Néu ldy cdn bédn la
1mol acetaldehyd, khi d6 chuyén héa la X,, téng s6 mol clia cdc cdu
tl trong hon hi_)‘p la:

Acetaldehyd 1- X,

'Methane Xa
Oxide carbon X4
Téng s0 1+ X,
Nhu vay phan mol va 4p sudt riéng phdn cia acetaldehyd la:
1-X, ' 1-X,
= ; = P D
S, PATTix, (D)
Thay (C) va (D) vdo (A) ta duge phuong trinh vén tdc theo X, :
B 1 1-X
\(=r,) = b, expl-Z( : sy pe E)
(?'A OeXp R T_AHrXA_ 1+XA i {
e C

p

Bidu thic (B) duge dung dé thay vao phuong trinh cln bang vat
chAt (3.24) va 14y tich phan (P, khéng d6i) dé nhdn duge dé chuyén
héa trong ddng ra theo thé tich thi&t bi phén ing. 0 ddy chi c6 mot
phuong trinh lién hé gitta X, va V vi qud trinh 12 doan nhiét. Néu
khéng doan nhiét thé tich V hién dién trong phuong trinh can bang
ning lugng va phai gidi cung lic (3.24) va (3.29),
Vi du 3.10: Phan tng dong thé giita hoi lutu huynh (S) vd methane
dugc nghién ciiu trong thigt bi phdn dng thi nghiém dang éng ¢6 the
tich 14 85,2 ml. Trong mét thi nghiém ¢ 600°C, 1 a¢ lugng disulfur
carbon thu duge trong 10 ph 12 0,10 g. Sudt luqng 6n dinh cda hoi luu
huynh 12 0,238 mol/h.

a) Tim vAn téc phan ting thee molCSy/h.mi.

b) Van tfc phan tng ¢ 600°C c6 the duge biéu didn theo phuong
trinh bée 2. '

- ery)=hpep, ps,

v6i p 1a 4p sudt riéng phén, at.
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Dang gid tri tinh duge & (a) va dang phuong trinh van téc trén
dé tinh £ theo molfmlh.ct’. Suat luong methane 1a 0,119 mol/h, nhip
lidu ban d4u khéng ¢é Hs8 va CSs,.

¢) Tinh lai gid tri # ma khong gid st (-r,) khong d6i, ¢6 thé
dung cde gid tri trung binh eda 4p suit riéng phan nghia 1a xét thiét
bt 14 dang toan bé thay vi sai phédn. So sdnh két qud va nhén xét
tinh thich hop cia thiét bi khi duge xét & dang sai phén.

Gigi: Xét phan ting CH, + 28; — CS; + 2H,S

a) Lugng CS; taoﬂ thanh, mol/h

= 97-169(@) 0,0079 mol/h

Van toc phan dng la:
N 0 0079

- em,) = res, =35 =0

b) Gi& s& & 600°C, 1 at cde chu bt 1a khi 1¥ tudng, 4p sudt riéng
phéan dugc bidu dién:

=2 2x10™* molth.ml

Peu, = Biyen, = L.yen,
vdi ygg, 12 phin mol cia methane.
Thanh phan trung binh trong thit bj phﬁn Gng tuong ung vdi
gis tr} trung binh chia sust luong CS, 1a: (0 + 0,0079Y2 = 0,0040 mol/h.
Tai thoi di€m nay sudt lugng mol cia cde cfu i khéc la:
| Sy = 0,238 — 2 (0,0040) = 0,230 mol/h
CH, = 0,119 — 0,0040 = 0,1150 mol/h
H,S = 2x0,0040 = 0,0080 mol/]
Téng efng = CSy+ Sy+ CH,+ H,S= 0,357 mol/!
: 0,115

Ap sust riéng phén sé 1a; Pcn, =-6—§5—? = 0,322 at

- 0,230
Pg, —-—-——-0 357 0,645 at

T phuong trinh vin téc, vﬁi,giétxima (=r,) tinh dugc & ciu (a) ta cb:

Cpo ) 2.2x107
pCH‘.pSg 0,322x 0,645

=1,06x107% mol/ml.k.at®
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¢) N&u xét dén sy bién ddi cia van tdc phan Ung trong sudt thiét

bi, ta dang phuong trinh (3.25):
Vv _JXAE dX 4
FAo XAI (—FA )

= (A)
v6i 46 chuyén hoa duya trén methane va F, 12 suft kigng cua methane.

Tai mdt vi tri trong thi€t bi phan dng tai d6 46 chuyén hoa cia
methane 13 X, , suat lugng mol cia mbi cdu taf s& la:

CH,=0,11901-X,)
S, =0,23801-X,)
H,S=0,238X 4
CS, =0,119X ,
Téng cong = 0,357 mol/h.
Thay cde gid tri trén vao phuong trinh van téc:

2
0,119)(0,238{1 - XA) e k.0,22(l— XA)‘Z (B)
0,357

thay vao (A) va 14y tich phan dugc:
| _V__JXA 45 dX, 45 X,

F, 0 & Q=X k 1-X,

(_rA) = ky(}fh 'ySQ =it

4,5 0,0664
35,2/0,119 1-0,0664

P6 chuyén héa clia methane tai ddu ra cha thi€t bi phan dng
theo 8 mol methane da phan (ng trén s& mol methane trong nhap héu [

' 0,0079
= — =(0,0664
Xa= 5119

T

Giai theo &: k= }=1,08x10 2 moliml h.at®

. Nhir vy hing s6 van téc phdn ung la:

po_ A5 (0066, 08x107 mol/mi.h.ai?
35.2/0.119 1- 0,0664

K&t qud coi nhu phit hgp véi cau (a).

Qua vi dy trén ta thdy sy bién ddi thanh phdn 1a nhé da dé
dimg ndng &6 trung binh tinh védn tdc phan dng. Hay néi cdch khéc,
thiét bi phéan tng trong trudng hop nay duge coi nhu mdt phan to thé
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tich eia binh 6ng la théa ddng. Néu dé chuyén héa lén hon gid tr
0,0664 nhiéu, diéu trén sé khéng ding.
Vi du 8.11: Xdc dinh thé tich binh phin dng 6ng dé sdn zuat 30.000
tdin/ndm etylen tir qud trinh nhiét phan etan nguyén chat. Phan (ng
la bac 1, khéng thuidn nghich, so ding. D6 chuyén héa dat duge 80%,
phéan ung hoat d6ng ding nhiét & 1100°K va 6 at.

Cho biét & 1000K, hing sd van toc £ = 0,072s™" va ning lugng kich
déng la 82 keallgmol
Giai: Phén dng: C,Hg—C,H,+H,; A— R+ S

Suat hm'ng mol ctia etylen

lndm | 1ngay 1kmol
Fp =(30.000 tén/nam) X X
R = e S 6bngay 24k 3600 (o oom)( Bk

= 0,084kmolls = 3dmolis
FR = FAEXA = FAU- :':'MOL’;}HE 2.42,57}‘101-’8
Phueng trinh thiét k& cho binh ong:
XadX
V=F A
A.*J -[) {“rA )

Qud trinh ding nhiét va d6 gidm 4p khﬁrig ddng ké, xem nhur P
khéng dbi:

_C 1-X,)
A
(L1+e,X,)
Thay vao phuong trinh thist keé:

dX XA (1+e, X, )dX
V=F 4 A4 A
Aﬂjﬂ kCAﬂ(l‘*XA)i(l'F_EAXA AD" kcﬂﬂ(l XA)

J‘XA (1 +EAXA)dXA
H1-X,)

Vi qué trinh 12 dang nhiét nén:

4, 1
= _EAX ]
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bas

C, = = 0.0673molll
A, T (0.0820atimol K£)A100K) o ome
E.T-T
(T, = k(T ———)I k{T. 2ol
b ) = R l)expER T T { l)e\{le T, 2__1)]
~(0.0725 ) expl (82000calimol){1100 - 1000K) | =3.07¢"

(1,987calimol K Y(1100K ){1000K )

_ (42, 5mol/s)
(3,075 X0,08Tmol/l)

1+ 1)in L --1x0.8] = 500 lit

Do chuyén héa

0,004
10,0035 - 6,7
0,003 — 0.6
3
0,0025 Hyarogen, Cg J0.5 _E
G- Etylen, Cp L]
e 2
o 0,002 -0.4 _g
5 ]
= o
00015 —H0.3 @
0,001 - 0.2
0,0005 Etan, C, 0.1
i | | 1 l t ] | i 0

)]
0 5 10 15 20 25 30 35 40 45 50
Khedng cdch doc theo chidu dai binh phan ang L

Hinh 3.7: Vidy 3.11

BAI TAP CHUONG 3

3.1.

Phan tmng pha khi déng thé A — 3R x4y ra theo bdc 2. Vi luu
lugng nhap lidu 1a 1000 I/ A nguyén chdt ¢ Sat va 350°C thiét
bi phén dng thi nghiém la ong ¢6 dudng kinh 25 mm, dai 1800 mm
cho d6 chuyén héa 60%. Thigt bi phén dng trong sén xudt dé
phin dng 80 m*/A hdn hgp nhap lidu gém 50%A va 50% khi tro
& 25 at va 350°C dat d6 chuyén héa 80%.

a) Can si dung bao nhiéu 6ng dubng kinh 25 mm, dai 1800 mm?
b) Cac 8ng nay duge méc song song hay néi tiép?

G4 sif 1a loai &ng ly tudng, khong c6 d§ giam 4p, khi 1y tudng.
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3.2. Phan ing pha long A — 2R duge nghién aiu trong binh phdn
dng thi nghiém cé thé tich 1a 5 lit hoat d6éng lién tuc. Nong 46
ddu cia tdc chat A trong nhap lidu la 1 mol/l. K& qui thi
nghiém duge trinh bay trong bang 3.4. Xde dinh phuong trinh

van toe?
Bang 3.4
Thinghlém | Luulugng nhip liéu | MNhigt 4, M&ng dd R trong dong ra,
s8 cmls °G mol F/i
1 2 13 1.8
2 15 13 1.5
3 15 84 18

3.3. Phan (ng pha khi déng thé A — R duge thuc hién & 100°C, 4p
suft khéng d6i 1 af trong mot binh phan Ung hoat dong gidn
doan. S§ liéu thi nghiém cho & bdng 3.5 duge thuc hién vé
nhép liéu 12 A nguyén chat. Tim thé tich binh phdn dng éng
hoat déng & 100°C, 10 af dé phdn itng hén hgp nhép lidu ¢6
suat luong tdng cong 150 moilk trong dé chida 40% khi tro, d6
chuyén héa dat 90% téc chit A.

Bing 3.5

Thai
gian,
o

10 1 12 13 14

Vi,

11120 | 1,39

148 | 138 | 166 | 172

178 | 182

1.86

1,88 1.1 1.92 134 185

3.4. S50 lidu & bang 3.6 nhan duge cho phan Ung phan hiy pha khi
cua tde chdt A trong binh phén ng cé thé tich khéng d8i &

100°C
Bing 3.6

t s Py, . at t s Pa. 2t

0 1,00 140 0,31

40 0,80 200 0,17

40 0.68 260 0,09

60 0.58 330 0,04

80 0.49 420 0,01
100 0.42
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3.5.

3.6.

3 I7V

Phuong trinh ldgng hda hoc cha phén dng 1a 2A ~» R + 5

Tim thé tich binh phan Ung éng hoat dong & 100°C, 1 ot d8 phén
ing 100 mosl A/h trong dong nhdp liéu c6 20% khi trd va dat dd
chuyén hoa clia A 1a 95%?

Phan tng tao thanh etilen glicol nhu sauw:

CH,OH CH,0H

| + NatHCO; =——s L '+ NaCl + CO,
CH,CI CHZOH

gtilen bicarbonat etilen

clorhydrin  sodium glicol

Day 12 phan g so ding v&i hing s8 van t8c phan dng k = 5,2 Umol.h
& 82°C. Trén co sé s6 lidu nay ta xdy dyng mot thiét bi sdn
xudt thit d€ xde dinh tinh kh4 thi cGa viée sdn xudt etilen glicol
tif hai dong nhap liéu ¢6 sén nhu sau: dung dich 15% khéi lugng
bicarbonat sodium trong nudc va dung dich 30% khdi lugng
etilen clorhidrin trong nuée
a) Tim thé tich binh phan (ng 6ng dé sdn xuat 50 kg/h etilen
glicol khi dong hén hop nhéap lidu didng mol dat d9 chuyén héa
95%7 .
b) Tim thé tich binh phdn ¢ng khudy trén hoat déng én dinh
dé phén tng ¢ cdc diéu kién nhu cau a?
(i3 st khoi luong riéng cia hén hop phdn dng la khéng d6i va
bing 1020 kg/m®.
Oxide nitrous phan hdy theo phuong trinh van tdc phan g béac 2
2N O —— 2N2 + Oy

véi B = 977 em’fmol.s @ 895°C. Tinh 46 chuyén héa tai cdc thé
diém 1g, 10s va 10ph trong binh phan ng c6 thé tich khéng
d8i hoat déng gidn doan. Vén toe phan 1ng nghich khéng ddng
k& va dp sudt ban ddu la 1 at (N20 tinh khi&t).
Phén ung phan hdy phosphin la phan dng bac nhdt khong
thuén nghich & 650°C,

4PHg) — Pw + 6Hom

hiing s6 van téc (s™) duge tinh theo bigu thie sau:

18x963 | o10e 7 + 12,130

loghk =-
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3.8.

3.8.

véi T 1a do K. Trong binh phdn (ng kin ¢é thé tich khéng déi
ban ddu chua phosphin & dp suat lat, tim 4p suadt ¢ cdce thoi
diém 50, 100 va 500s. Nhiét do duy tri khéng déi & 650°C.
S& lidu d6 chuyén héa thye nghidm nhin duge tir binh phan ing
ong nhigt phan acetol & thé khi tai nhidt dp 520°C, ap suft 1 at.
Phan ing la:

CH,COCH, — CH,=C=0+CH,

Suit Iugng, g/h 130,0 50,0 21,0 10.8

0,05 0,13 0,24 0,35

D6 chuyén hda cha acetol

Binh phdn 1ing c6 duong kinh trong 3,3 em, dai 80 em-
Tim phuong trinh van tée cho phéin tng trén.
Phan (mg acid hda mudi propionat sodium d€ tao thinh acid propionic
nhu sau:
C,H,COONa + HCl —» C,H;COOH + NaCl

Van t8¢ phin (ng 14 thuén nghich bic 2. 56 liéu thi nghiém thu
duge bing cdch 14y 100ml hdén hgp phdn ng tai nhitng thoi
diém khde nhau va trung hda acid HCl chua phan (ng bing
dung dich NaOH 0,515N. Lugng acid ban diau dude xem nhu tai
thoi di€m O. Nhist ds 14 50°C vA s6 mol ban dau cda HCl va
C,H.COONa la bang nhau. S& liéu thu duge nhu sau:

t. ph 0 10 20 a0 50 o2

Lugng NaOH, mv 52.5 32,1 23.5 18.9 144 10,5

Xde dinh thé tich binh khudy hoat déng gidn doan d€ sdn xuit
acid propionic véi sufit lwgng trung binh 500 kg/h. Thoi gian
nhap lidu va gia nhiét d&€n 50°C la 20 ph, 1Am ngudi va thdo
lidu 13 10 ph. D chuyén héa clia propionat sodium 1a 75%.
Nhép liéu vao binh phédn dng ¢6 0,314 kg C,H,COONa va 0,12
kg HCI trong mbi lit. Gid s khéi lugng riéng 1A khéng di va
bing 1,215 Ag/l.
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AP DUNG PHUONG TRINH THIET KE

b€ thuc hiér mét phdn tng theo nhing didu kién cho trude, cé
thé dung nhidu hé binh phén iing khdc nhau, bao gbm: binh khudy
tron hoat dong gidn doan, lién tyc, bdn lién tuc, thi&t bi phdn tng
dang 6ng hodc hé nhidu binh phén dng mic néi tiép hodc song song.
Ngoai ra ta ¢6 thé thay d8i ti 18 néng d0 téc chét trong nhép liéu,
dun néng hodc 1am ngubi, hoan luu va nhidu kha ning khée.

Céc yéu t& anh hudng dén viée lua chon mdt phuong 4n thiét ké
1a: loai phén iing, sin phdm chinh v van tSc thanh l4p sén phém
chinh, chi phi thift bi va dung cu do, tinh én dinh khi hoat ding,
tufi tho ctia thiét bi, tinh linh déng cGa thiét bi khi thay déi diéu
kién hoat déng. Tuy nhién két qua thiét ké cudi cing hoan toan dua
trén tinh kinh té& cha toan bé qud trinh.

Hai thong 6 trong viée thiét k€ dnh hiéng dé&n tinh kinh t& cia
quéd trinh 13 thé tich coa thiét bi phan dng va sy phin phdi san
phém cha phan tng. Véi mot thiét bj phdn ng c6 thé tich thich hop
sé cho ning sudt cla sin phdm chinh cyc dai déng thdi lugng san
ph&m phu la cuc tiéu.

Trong chuong nay ta s& so sdnh cde phuong 4n thiét ké thiét bi
phan ng cho phén (ng don va sau d6 s& khio sat cho phén ing da hop.

4.4 SO SANH KiCH THUGC THIET Bl PHAN UNG DGN

1- Thiét bi phan ting khudy trén hogt djng 6n dinh va thiét
bi phdn ting dang 6ng: Phadn dng bc I va bée 2

T% s6 thé tich cha hai leai thigt bi phan dng phy thude vao muc
d6 phan dng, loai phin dng va vén td¢c phin ung Téng yuat ta so
sanh (3.4) va (3.25) 38 duge ti s thé tich cla hai thist bi d€ dat climg
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dé chuyén héa cho trude. Tuy nhién, mot 56 gian do thiét ké dusce
trinh baly s& giGp ta so sanh nhanh cho cac loai phan ing bic 1 va bac 2.

Dang phucng trinh védn t6e tong quéat:

(~rp)=—— 2" A = pCn

v6i n bifn 81 bat ky tit 0 d6n 3. Vi cde phan dng loai ndy su so
sanh d9 chuyén hda trong hai thiét bi phan dng 12 ham so theo suat
lugng nhdp lidu, thanh phin nhap lidu, bac phan Gng vA phin bién
d6i thé tich.

Véi thiét bi phan ing khudy trén hoat déng 6én dinh:

rk=(cA°V)k=CA"XA _ 1 X (e, X )
Fy (-ry) RCLT (=X,
véi thiét bi phan (ng dang ong:

CuV dx, ] 2 (L+e, X, )V dX,
t{ﬂ'_( F ) CAO .[ _kcn—l J

A, (_rA (1- X4 )"
chia hai phueng trinh dugce:

¢ A Q+e, X 0"
(_f‘u_) [, t€adal
(TCADI).Q FAE, k=i A (1_,XA)”' ]
CL s (Cﬁp")ﬁ ‘T (1+e,X,)"

Fa, . Q=X
Néu khéi lugng riéng khéng d8i, £, ta duge:

X,
Ci [(1-;*514)"]"z

(C%” ])D ([Fa_aXa
- I Q-Xr°
. [ Xa
CLh  a-x,0"

(4.1)

dX 4l

Ldy tich phan:

Ty e , v n#l
(’l:(:'ﬁ_ﬂ )5 T%[(l_xﬂ)lun —1],5

XA
(TCS;I),[: _ (l_XA )k

hay =

voin =1 (4.2)
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100 R T 1T
N AN S
Y J Béacba(n=3}
\L \\.\‘ \
R
IR Béc hai

N (n=2)

b
2 >
3 =
1k . .
—_ ‘? - \\ ) f/
I.L.c? l-'-L-.. ™ \\. . \\ \\<
5> S N o \“1{(
D=°? S " N ALY \“»
T 10 % %o A ~
= — . CEAY, WA
[ Béc Mt IS N TR
| o [~ (n=1). s Lo ] TR N
f:' }g | Ex = 2 ‘-»‘_‘,.)\" W R
= | g=1-7 N o
T:‘(Pég. L =DF \—N\‘ »"':‘\
O g \ AN ~
o '\s\\\
Pruy, - ‘\
H o,
‘ b"-._‘ "'...%
n=—'&,5 \
\I\ \
n=0)25 N 1
. v
, | S5V
0.01 01 . 1,0

| =X,
Hinh 4.1: So sdnh su hogt déng ciia binh khudy hoat déng 6n dinh
vis thiét bi phdn ing dang 6ng cho phdn dng bde n. Tryc tung cho ti
s6 VIV, vdi cang diéu kign nhdp ligu
Phuong trinh (4.1) va (4.2) duge biéu dién bing 4 thi trén hinh 4.1.
Véi ching néng df déu Cy va suft lugng nhdp lidu F, tung dd clia
gian 6 s6 cho tryc tigp ti s8 thé tich cha hai loal thiét bi phén dng.
2. Sy bién déi i 1@ néng dp ban ddu cia idc chat trong
phdn ing bie 2
Véi phan ing loai A + B — sén phém, phuong trinh vin tée la:
("“T'A) = (—rB) = kCACB
Hinh 4.1 cho $a so sénh thé tich cia hai leai thiét bi khi nong
46 ban ddu cia hai tdc chit bang nhau. Tuy nhién trong thic té

thudng st dung ndng d§ ban d4u cta hai tde chdt trong nhép 1iéu la
khong bing nhau. T{ 18 t6i uu tuy thube trén mdt 56 yéu td nht: chi
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phi phén tdch sdn phdm ra khdi tdc chdt chua phén ing, chi phi
hoan luu tde chét ...

Véi M =Cp fC4, > 1, thigt bi phdn \ing dang dng cé:

Cy V 1 M-X,
IM 1 —-( )Mutl 1 M?ﬁ 1 (43&1)
TR, M TR, D N H-K,)
C v 1 X, -
TM =1 —(_"—)M 1'- ' 4 : M =) (4-3}3)

Hinh 4.2 cho ta so sdnh sy hoat déng cda thiét bi phein ung dang
dng d cde tri s6 khde nhau cda Co, Fa, Mva X, v6icg, =0.

- B
KC,T = 50 .20 ° 10 5 2 1 0502]
110 .} A # i i ! f
'UQ' L — [ % ]
"' _:‘-_ 1] l' .}‘ T
6 F' ” -'"'":-7 /‘__ jf [ i
f__? A 0 > \_‘:\_‘{,.ﬁ' '; /:f" / .--'":! 1]1]]
/;/ W L A T
/ |~ 5 - , 7 fl
e L/ 5*|/"‘4 44{ f/'/; Al
AT LA A =" ’ 4
,’ ’ 2] 31 //’ L7 / (tC% M1
!l ‘;'/ f{ ] A '._f JJ (tcﬂn}M=1
p 2 :’# rd 2 V.ﬁ‘
o / Pd P ar P (CR, VIFs, M= 1
7 ,,-% 71 P ,-4’/’ (CE VIF, M=1
' / \}:// // r ¥ ] 4 f, 2 %
0,1 7 L "‘ i * .
7 L4 7 A 7 P [
P T AR, 7 P Fa
., (D ) ’ -l
A% N R AN NP 7 >
. s 4 '5/ )
> B 7T y
R4 ’ / K ‘_"\% ,f
: [T T
. oy ol I, PP 4
J/ ;/ {} f.l'/ l" i,
I
2% d 7 J Khudly gian doan
4 2 ,.’, 7 binh 8ng
0.01 L/ f L P ] | | I | !
0.01 0,1 1,0

1=Xa =Cy/Cp_

Hinh 4.2: Binh khudy hogt déng gidn doan hode binh 6ng chiu dnh
hudng bsi tl s6 M = CB /CA,, trong nhép liéu cho phdn ung bde 2,
A+ B —»sdn phdm (-ry) =kC,Cy, £, =0. Vi cung Fy va C, truc

tung cho ta Vi Vi . hay TaraTar g
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Véi thiét bi phén dng khudy trén hoat déng én dinh:
CAOV 2

Tl =':F—AO")M=1 = kCAafl—XA)(M~XA)’ M#1. (4.4a)
S
TM'EI =( A|p )M=L = XA 5 M == I (4.4]3)

Hinh 4.3 cho ta so sidnh sy hoat déng cda thiét bi phdn ung
khudy tron hoat dong &n dinh ¢ cde tri 86 khde nhau cha CAG,F A, M

Vél XA fol E’A =0.
Véi eing diéu kién F, va C, tung 4¢ eda hai hinh 4.2 va 4.3

cho ta ti =6 cia hai loai thiét bi.

05 0,1

kC,,T =20001000506 200 500 50 20 10 5 2 1\0.2
[

F 1 T8 7 ﬁ-—&
" T T Fa I

i
1T 4 ARl W sl W P = s
! "t g Vet T {

# . L]
J’_ 0.?’#’;_1 -Lffl_ f Lol Y/ P afr
AN ), K ’., ? i .‘J;ﬁ[{
r
/J:r 7] J, /
4

by
Bl Y

- 3
o !"7;
A S T F 5
A 0% ’ / y
:f,,’ﬂ),i Ny /"Jl
f;'
¢
J
'
[

A3

f
) |. A i ] A
[TCA )Mi‘1 ] 4 & 7 Fd A ; F
o e ! -§‘\ 7 :,‘/f( 4

¢l
F
F)
(CR, VI, M=1 0.1: A 1//’/: 1
i T o
/ =1 i P LAY P
(C%ViFs, M A
4 1' £ P £ /4 .* T

'k._;
\-..

et Binh khusy hoat
A1 dt‘}r'[g 6[n dlinl'iu.

0.1 1,0
1_XA =CHJ!CA0

Hinh 4.3; Binh khudy hogt déng 6n dinh chiu dnh hudng bdi ti s6
M=Cp IC, trong nhdp liéu cho phdn ting bic 2, A + B ~—» sin phdm
(-rA ) = kCACB’ EA ={. Vd'!» c&ngFAo va CAD truc tung ChD VM#IIVM=1

hﬂy IM¢111M=1'
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1 & /
(fa) T
;.-r‘. -' - .-‘;_ [
: el -1"‘ v v
Fa .

Py _'a:_‘-. " b Tk’lcﬂc‘
;." _. .
LT S a
L R AR
: A o

i iy TG‘FCAa

J—
Xpo Xy X

Hinh 4.4: Biéu dién sy so sdnh hoat djng
ciia hat logi thigt bi phdn ung
Hinh 4.4 cho ta sy so sdnh hoat déng cda hai loai thiét bi phan
ing véi mit phdn dng bdt ky.
Vi du 4.1: Phédn {ng pha léng A + B —= san phdm véi phuong trinh
vén t6c la:
(—?'A) = (500“”10!:})&)0‘1 ‘CB
duge thyc hién trong thist bi phéan Ung dang dng thi nghiém trong
cac didu kidn sau:
Thé tich thit bi V=0,11,
Luu lugng nhép liéu v=0,05l/ph .
Nong d$ tdc chat trong nhip lidu: Cy, =Cp, =0,01 gmoifl.

a) Xdc dinh 45 c:huyé'n héa cia tdc ch4t?

b) V6i cing néng sudt v d6 chuyén héa, tim thé tich thiét bi |
phén ing khudy trén hoat dgng én dinh?

¢) V6i cing néng sufit, 4 chuyén héa dat duge trong thiét b1
phén ing khudy trén c6 cing thé tich vdi thist bi dang @ng?

Véi nhép liéu 6 CBO = 0,015 gmolil va Cﬁo = 0,010 gmol/l.

d} Vg1 ciing Itu lugng nhdp lidu, tim d6 chuyén héa cia tde chat
gidi han A trong thi€t bi phén Ung dang 6ng ban dédu?

e) V6i cing dé chuyén héa ban d4u, tim ti 16 gia ting nang sudt
ing vdi dong nhép lidu méi?

£} Tim luu lugng nhép ligu st dung cho thiét bi phén ting khudy
tron hoat d9ng dn dinh ¢6 V = 100!, @ chuy&n héa ciia tdc chat gidt
han dat 959%?
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Giai: a) P§ chuyén héa trong thigt bi phan tng dang dng:
V 0,1 lit

v 0,05 litiph
do dé kC, 1 = (5001 gmol. ph}0,01 gmol/1)(2ph) = 10

Tit hinh 4.2, giao diém cha dutmg kCp t va dutng M = 1 (n&m
ngang trén) cho ta X, =Xz =0,91.

b) Thé tich binh khufy trén hoat dong & cung diéu kién

V6i cing didu kisn C, va F , tung 6 (H.4.1) cho ta ti s& thé
tich cia hai binh V,/V,. Véicung X,: V,/V,=11

Vay V, =11V, =11x0,1{ =1,11

¢) P4 chuyén héa trong binh khudy trén ¢é cung thé tich.

V6i ciing thé tich binh thi AC, t=10. Giao diém gitia dudmg
RC, =10 va dutng M = 1 (n¥m ngang trén) trén hinh 4.3 cho
1-X, =0,27. Do d6 X, =0,73.

d) Po chuyén héa trong thiét bi phén ing dang dng ¢6 M = 1,5.
Véi cing v, V,Cy , nhém s6 kC, 1 git khong d8i cho cd hai dong

nh4p liéu. Trén hinh 4.2 tif giao diém hai dudng kC,y =10 va M = 1
di ¢chuyén theo dutng kC, t=10 dén dudng M = 1,5 {ngoai suy). Suy
ra X, =0,994. .
e) Luu lugng nhap liéu khi M = 1,5 véi: X, =091 1-X, =0,09.
Giao diém dudmg M = 1,6 vA 1-X,4 = 0,09 cho tung d¢:
(WCx Iyap (VCAOIU) M=15
(Cy Vygap (VCa fdarap

=0,30

Nhing C, .V 1a gi6ng nhau trong cd hai trudng hop do 46 luu

lugng dong nhép lidu mdi la:

5
by s = Wpgr )€ 01303 - “(;03 =017 ph

nhu vy nang suit ting thém 240%.
f) Nang sudt cia thigt bi phdn dng khufly trén:
Hinh 4.3 v6i X, =0,09; 1-X, =0,01: M = 1,5 suy ra:
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kCAa'l:— kC, A, _190

u

kC, V
do d6: =t :(500la’g‘mo[.ph)(o,Olmolﬂ)(lﬂoZ) _ 263 liph

190 190

Vi du 4.2: 100 gmolR/k duge sdn xudt tit ddng nhap lidu 14 dung dich
bdo hoa A(Cﬁa =0,1gmol/l) . Phdn (ing la: A —» R, vdi phuong trinh

van toe 1a rp ={0,2h71)C,
Chi phi tdc chat & néng do Cy 12 5A = 500° lgmolA

Chi phi cho thiét bi phan (ng bao gém: thiét bi, phu ting, nhan

cong, khdu hao ... 1a *=10%/AJ. Tim thé tich binh phén dng khudy
trén hoat ddng n dinh, suat lugng nhip 1iéu, do chuyén hoa & didu
kidn t8i uu? Gi4 thanh don vi clia R & didu kién nay? A khéng phan
ing duge thai bé.
Gidi: Day la bai tedn t6i uu gita d6 chuyén héa cao (chi phi tdc chat
thdp) trong binh phén tng lén (chi phi thiét bi cao) véi @6 chuyén
hda thip (chi phi tde chat can) trong binh phan sing nhé (chi phi
thiét bj thap). Loi gidi 1a tim bifu thie tinh téng chi phi va 1am t6i
thi€u gi4 tri nay. Trén can bén 14 hoat dong, téng chi phi ia:

st_[Thé‘ tich binh][ chi phi ]_I_[Sud’t Iu‘gng) [ Gid don vi J

phdn ing R.thé tich binh tée chdt ) eda tde chdt

St= V3b+F, *A
Fy X,
kCy 1-X,)
Ning sudt sdn xudt R 14 Fy = F, X4 =100 gmol/h. Thay céc gid

tri vao bléu thige tinh ¥ .

Vi Fp S Fr S 100 104 100 500 < 50000 50000

TECh (-K4) | Xa 0.2x01(1-X4)  Xa 1-Xa X

V61 phan (ng bac 1, (3.4) cho: V=

BE tim difu kidn 5t 18 thidu, lﬁ'y vi phén biéu thie trén va cho
bang khéng, ta duge:

d) _,__50000 50000
dXA (1 = XA )2 Xi

5 hay X.A. = 0,50
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Nhu vay diéu kién hoat dong t61 wu la:
b6 chuyén héa X, =0,50

Suat luong nhap liéu:

A, =fﬁ—:@:200momm
X, 05

Thé tich binh phan tng:
Fy Xy 100

Vim = =10.000
kCAn(l—XA) 0,2x0,1x0,5
Gig thanh san pham:
5 V%+F, ’A -
t_ 4,0 ¢ 10000%10 +200x500 2000° jgmolR

Fp Fy 100

Vi dy 4.3: Gia sd ring t4t cd A khéng phédn ing trong ddng sdn phim.
ca vi du 4.2 duge tach ra va dua dén nong do dau C,, =0,1gmolAll
cha dong nhép lidu véi chi phi & ®r=125%gmolA hoan htu. Trong
didu kién lam viéc mdi, xde dinh d§ chuyén héa t6i uwu va gid thanh
cia B & didu kién nay.

Dong san phdm
T00gmol A7
Fa

B, |1 ¥

Thist bi
L (1~X +F
= st-%+7n | phan tach

Dong hoan luu Fy [1-X,) . |

. Hinh 4.5: Vidy 4.3

Giai: Lol giai 12 tim didu kién t6i wu gida binh phdn dng nhd va chi
phi hoan lwu cao v6i binh phan Wng l6n c6 chi phi hoan luu thédp.
Theo sa 8, ta ¢6 can biing vat chat cho 1A hoat déng.

Fp=F, X, =F, =100 gmolih
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Chi phi tong céng cho 1k hoat déng la:
The tich [ ehi phi ] Sudt luong \( Gid do’n] Sudt [ugng \( Gid don ]
+

S%t=| binh h.th& dong A vi edia A
phan ung || tich binh

|+ nhdp lidu Li ede
A tdc chat hoin luu hoan fue

t=V.%+F, PA+F, (1-X,)%r

Fy X,

V§i suat igng A vao binh phan dng F,: V=
1 sudt higng A vao binh phan ing F kCAO(l_XA)

Khit F, bing phuong trinh cdn béing vat chdt rbi thay vao biu
thie tinh %2, |

F ‘ F .

5 4 s a4 $
t= b+F, %A 1-X,).

kC, (1-X,) ~ % +XA( AT

100 1-X
= 10+ 100x500+ 100 A
02x0,10 %, 10 +100x500+ 100~

_ 50000 1-X,,

0125

+50000+12500(
A A

- L&y vi phén va cho bing khong:
d®) _ 050000 12500
dX, (1-X, )2 X i
Nhy vay didu kién lam viée t8i wu 1a:
b§ chuyén héa X, =0,33

Thé tich binh phan Gng;

, suyra: X, =033

B 100
0,2%0,1x(1-0,33)

Suit lugng nhép liéu vio binh phén dng:

=Tb00C ¢t

= 3000 {/h

IA,, Fy 300
F, =—2 =300 gmold/h, h = e
4 Xa S0 B C, 0,1

'Suat lugng dong hoan luu Fy —F, =200 gmolAlh
Gia thanh don vi sdn phdm R:

¥ _ B0000/(1 —0,33) + 50000 +12500(0,67/0,33)
Fg 100

=1500%/gmolR
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4.2 HE NHIEU BINH PHAN UNG

I- Thiét bi phén fing dang Sng mdc nii tiép hay mdc song song

X&t 7 thigt bi phan dng dang éng méc noi tiép va dit X, X, X
12 d6 chuyén héa ciia tdc chat A khi rdi thiét bi phdn dng 1, 2,..., .
Cén bing vat chat dua trén sudt lugng cia A vao thiét bi phin dng
dAu tién, ta xde dinh duge cho thiét bi phan dng tha i tir (3.25).

X4,

YT %
FAO X ('-F'A)

Ay

Nhu vAy vdi j thist bi mie néi ti€p:
Xa Xa Xa; Xa,
; =V1+V2+'-'+ij , dX 4, fz aXa, ', j’ dXa _ .[J dX 4

V. )J: V;
FAO i=1 FAQ Fﬂg X-AQ ;.Dr_rA) i (-ra) x!"'-j_l (-ra) 0 {(—ra)

Nhu vay j thist bi phdn ng éng méc ndi tiép cé téng thé tich V
56 cho d6 chuyén héa bing 46 chuyén héa trong mot thiét bi phan
ing éng co thé tich V.

Vi ede thist bi phan ung dang 6ng méce song song, sy phan phé:
nhép liéu nhu thé ndo d¢ thanh phén tai mbi nhanh 14 gibng nhau
nghia 12 V/F hay © cho mbi nhanh 1a béing nhau.

2. Thiét bi phan ting khudy trén bing nhaw mdc néi tiép

Xét j binh phan ¢ng khudy trén bang nhau mie ndi ti€p. Néng
d6 cha dong s& bisn dBi ti binh no sang binh kia. Néu s8 binh tang
v6 cyc, th€ tich ciia mdi binh gidm sao cho tdng thé tich cla hé la
khong ddi khi dé hé dat t61 gidi han la thi€t bi phdn ung dang 6ng.
Sau day ta s& khdo sat dinh lugng tinh chét dic trung cha hé j binh
khudy tron bing nhau mic néi ti€p vdi gid s& £, =0.

Ce K Crati Xt

G , C1| X1T CZr xz \ T Ci' XI T
F.. 1 t 1
&= o o | -
@ o @ o ® Cpne X, v
Vg 1, Vit V. Ty

Hinh 4.6: H¢ j bink khudy trén mde néi tiép



102 CHUONG 4

a) Phan ving bic 1
Theo (3.3) ¢dn béng vat chat quanh binh th i cho cdu ti7 A -

= "C?AU_H = Ef_ £ CATJ (XAJ _.XAE—I )

F, v (—ry)
CA- CA-
Cy [A-=S52) (1221
hay. d T, = A” CAO CA!J ) CAE-.I B CAI
. kC, kC,,
Cy
két qué 1a: C"H =1+kt, (4.5)

A

)

V@i thoi gian thé tich 1 (hay thoi gian luu trung binh) 1a gicng
nhau cho tat ca j binh khusy 6 thé tich bing nhau V,. Do d:

C &, € (& .
B e e T, =1 +kt, ) (4.6a)
C}-'lj L~ XA j CAI CAg CA 7 .
Sdp xép lai, ta duge eho ca ha:
o '
. = g1 = L[ P _q 4.6b)

Vdi thiét bj phin tng dang éng;

T —1111 CA“’
“TRTC,

V&1 (4.6b) va (4.7) ta e6 thé so sdanh su hoat déng cha § binh
phan tng mdc ndi tigp véi mét thist bi dang ong hoac mét binh
khudy riéng 16. Két qud duge trinh bay trén hinh 4.7 cho phan ting
bdc 1 va khéi lugng riéng bién ddi khéng ddng ké.

Vi binh khufy hoat déng lién tuc, khang c6 sy bién d8i thé tich
va phan (g ]a bic 1.

(4.7)

C, -C C S
T =*--A“—A-; hay: €, = al ' 3 XA e |
kCA .].“f‘k'[' CAo

Két hop hai phuong trinh trén ta duoce:
_ 1k
ATl
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Tich s6 1% thudng dusc goi 1a s& Damkohler (Da) cho phan ung
va duge dung d€ ubc tinh dé chuyén héa ¢ thé dat duge trong binh
phan ting hoat dong lién tuc. Vo1 phan ng bac 2, Da=1kC, . (i tri cua
Da = 0,1 hodc thap hon sé cho dd chuyén hoéa nhé hon 10% va Da = 10
hose 16n hon s& cho dg chuyén héa 1dn hon 90%.

a0 T T
Phan dng
_bacmat

g

1€ 10

=l &

2%

= :>g

“ald

& 0

]
H_ln-l_ 5
.:i o ,x\\
" o
: 2 "
\ \ ‘.’f
&
'--..*__-. A
_—
1,0 Eldn ;" =
0.1 : 1
Sla
Ca

Hinh 4.7: So sdnh sic hogt déng ctia binh 6ng véi j binh khudy trén
bdng nhaw mdc noi tiép cho phan ing bdc 1, A — R; €4 =0. Vot

cing didu kién nhgp liéu, tung dp cho V,/V;

2. Phan ng bac 2 |
Véi phan dng bae 2 loai hai phan ti (M = 1), chiing minh tuong
ty nhu trén cho j binh khudy tron mac ndi tiép.

J
1 Al J=L '
CA}- =%(—1+J:1...+2Jj1+2 1+4CA0kTi ) {4 Ba)

C _
v6i dang éng: ~§“~ =1+C, kt (4.8b)
A

K&t qué dugc trinh bay trén hinh 4.8.
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100 ! I
\ 3 .
N Phan ung
N 7 béc hai
L -,
z
&
\Q_O"‘
7
/ \ @Q
-‘f "1\
-~ ’ ra 8
Be | 7] 471 N
£-S ’ ’ A N
= 2 ’ s . S
0 | b o P yi 2
i 10
_‘__I_I_-‘ >c i A o
e 2 £ 2
g2 Al Z / A\,
3 N A 7N
! o z £ \'15"
o F 4
Q 7V 1”7
Bz \’IN.__-E‘H Ol W s
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Hinh 2.8: So sdnh si hogt déng ciia binh Sng vdi j binh khudy trén
bing rnhau mdc néi tiép cho phdn iing béc 2, 94 —» RA+B—R
vdi Cy =Cp . Vii cling diéu kién nhap liéu, tung d6 cho ViV

Vi du 4.4: Mdt binh pi_u'm ing dang khudy trén chuydn héa 90% tac
chit A thanh sdn phdm theo phan dng bac 2. Ta du dinh thay binh
nay bing hai binh cé téng thé tich bing binh trude,

a) V6i ciing 46 chuy&n héa 90%, nang sudt sé tang bao nhigu?
b} Néu ning sudt nhu truong hgp mét binh, d6 chuyén héa sé
tdng bao nhiéu? '

Gid s ta méc n6i tiép vdi _binh thit nhat mot binh thi hai ¢b
curg thé tich. | '
¢) V6t cling 48 chuyén hea 90%, ndng sudt sé ting bao nhisu?

d) V6i ciing nang sudt, dé chuyén héa sé tang bzo nhiéu?
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Gidi: Su dung (H.4.8)
a) V4i ciing téng thé tich, dé chuyén héa X, =0,90 1-X, =010
ta di chuyén tit j=1 dén j=2 duge:

T 3 TJ=2

Sl 10 wa =3
T Ts
4o db = :(CAOV/FAD)J=1 =E=333
' 1:_,!"=2 (CAoV/FAg)J=2 3
(Fy ).
voi cing C,  va V nhy vay: S A= 333
Fp )ja

Nhu vy ning sudt ting thém 2,33 lan

b) V&i nang sudt khong ddi cho cing thé tich binh nén k1
khong d6i. Di chuyén theo dudng nay tirj = 1 dén j = 2 xdc dinh duge
1-X, =0,046 do d6 X, =0,954.

Tic
¢) Nhu trong céu a ta da xdc dinh dugc: —i=l =333
T
j=2

(F
v6i V.5 =2V,, nén (—Aﬂ;—z_ 2(3,33) = 6,66.
Aﬂ j=1
Do 46 nang sudt ting tham 5,66 lan.
d) V&i mét binh dat @6 chuyén héa 0,90 ta c6 i hinh 4.8 1a
kC, ©=90.V6i hai binh phan dng ¢¢ thoi gian luu gdp d6i do dd
kC, 1=180. Putmg nay cit dutmg j= 2 chol-X,4 =0.026 suy raX, =0974.

3. He bat k¥ cbe thiét bi phdn dng

Véi cde hé b&t ky gbm nhidu binh Khudy trgn c6 thé tich khdc
nhau méc ndi tidp, binh khufy mdc néi ti€p vdi thiet bi dang éng
hosic vita song song - ndi tiép cde binh khudy va thiét bi dang 6ng,
bai toin duge gidi biing cdch gidi l4n lugt cdc phuong trinh thist ké

thich hgp.
4- Gidi bdng db thi hé nhiéu binh khuay iron miéle néi tiep
 Dé& gidi biing do thi ta vé dutng bifu didn (—r4) theo C4- vi du
X6t triutng hep cb ba binh khﬁy trén khéng biing nhau méc ndi tiép |
nhu hinh 4.9.
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Hinh 4.9: Hé nhiéu binh khudy khéng bdng nhan mde ndi tiép
Tl 3.3, ta viét cho cau tit A trong binh thit nhat:
C, ~C wd _
%y :E-:——Ml—; hay: —-1~:~——(—£—A‘—)l—— (4.9)
i (‘“T'A}I 1 CAl _CA
tuong ty cho binh phan ung th i:
b S VR (4.10)
T Ca —Cy
Trén hinh 4.10 vé duding cong (-r,) theo C,. D& tim cdc didu
kién cho binh thd nhadt dé ¥ rang:
a) Nong do dong vao Cy bi€t trude (di€m L)
b} Ca, va (-rp)y tuong tng voi diém M trén dudng cong
c) Hé 86 g6c cha doan LM = MNINL =(ry W(Cy, -Cy ) =-1/7;.
Nhu vay td L vé doan thing ¢6 hé s§ géc -1/1; cho dén khi cdt
dudng cong tai diém M cho ta C A Tuong tif tix N ta vé dudng thing
cé ha si géc -1/t, ct dudng cong tai P cho ta néng dg C Ao

(a2 M (ra h M (En dinb)

/

il M" (khang 8n dinh)

e e e o N

M' (8 dinh)
i
5 L : L
- 1 - g
G.ﬂg Gﬂnz CA., Cﬁu CA Cll\‘ G:*' Gﬁﬂ C.n,

Hinh 4£.10: Gidi bdng db thi hé Hinh 4.11: Dang duong cong
nhiéu binh khudy mde néi tiép (-ry} theo C, bat thuong
Véi phén dng cé dudng bi€u dién (-r,) theo C, c6 dang nhu

hinh 4.11 thi dudng LM cé thé cdt tai ba diém M’, M”, M” tuong dng
v6i ba gid tri nong dd c6 thé ¢6 M’ va M tuong ng vdi didu kién
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hoat dong 6n dinh. M la diéu kién khong én dinh vdi ¥ nghia la mét
su bién ddi ndéng d¢ nhdé (cac hon hodc thap hon) sé lam c¢ho hé
chuyén dén diém M’ hay M.

5. Cae binh phéan wng khac logi mdc ndi tiép

Xx=0
P ¥ %,
C.Fm

L

A1

Gig
Hinh 4.12: Bink phdn ung khdc logi mde néi ticp
Néu cdc binh phan g khéc loai méc néi tiép c6 dang nhu hinh
4.12, ta cé thé viét cho ba binh phan dng la:

Xy

vy =X"’-1_Xﬂa- Ve _ J Xy, . v, :Xﬁ;f“X%
FAU ('—-."'A )1 FAD X&l (“TA)z FAD (-—."AJB

Cdc bidu thife trén duge biéu dién bang dd thi trén hinh 4.12 cho
phép ta tién doan dé chuyén hoéa chung cha cd hé thdéng hay 46
chuyén héa trung gian giffa cdc binh. Piédu nay can thist cho viéc
tinh to4n cdc qud trinh trac d8i nhiét trung gian.

4 3 THIET KE CHO PHAN GNG DA HQP

3 day ta s& xét dén hai loai phén vng thudng gip:

- Phan ting song song

- Phan ung néi tiép.

Hai yau cdu cAn dap dng:

- Thé tich binh phdn ung nho

. San phém chinh dat néng sudt cyc dai.

Yau cAu ndo can duge wu tién thi ta phai xét dén khia canh kinh

t&. N6i chung viéc phén phéi san phdm s& kiém sodt khi:
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a) Phén ting khéng qué chim

b) Chi phi nguyén liéu 16n hon chi phi thiét bi tinh trén cung
mot ¢dn badn thei gian

¢) Chi phi tinh ch€, hoan hiu nguy8n liéu 1¢n hon chi phi cla
binh phén ing.

Dudi day ta xét dén su phan phé&i sdn phdm 14 yéu t& kiém sodt
trong truding hop €, gid s bdng 0. Néu thé tich binh la yéu t& kiém
sodt, thi viée xem xét vé cu ban 1a gidng nhu cho trudng hgp phan
ing don.

1- Phan dng song song

Khio sit dinh tinh su phén phéi san phim

Xét phédn ung phédn hiy A:

A %4 R (chinh) | (4.11a)
A 2. 8 (phu) (4.11b)
vdi phueng trinh vdn tfe tuong dng:
dCp . -
=R _p % ;

=k =hC; (4.122)

dC
rs =dTS = kOS2 (4.12b)

Chia hai phuong trinh cho nhau ta duge bidu thdc van tdc thanh
lap tuong d6i cia R va S.

rg dCs Ry a-a
T8 - 2 ayey 4.13
re dCp Kk * W)
Tang hodc gidm v& phai cla (4.13) 56 lam t&ng hoic giam tuong
ung ti s6 Cg/Cp. Ta thdy ¢ v& phai chi c6 C, 1a c6 thé lam thay ddi
gia tri cua v& phai vi &, ky, a;,a, 12 h¥ng s5 véi phan ing vA nhiét
dd cho truge. , |
C, duge gir ¢ gis tri thap trong subt qué trinh phan Gng bing
nhing cach sau: _ :
1- Dung binh phan ding khudy trén hoat ddng 8n dinh trong dé

ndng 44 téc chat gidm ngay dén néng do dong ra ¢6 gid tri thap
nhit. |
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2. Dung dong hoan luu dé pha loang dong nhap higu nhu vy ha
thap néng 46 tdc chat trong binh phin ing.

3- Gidm 4p suat hay tang lugng khi tro trong phan ung pha khi.

Ngude lai, €, duge gitr & gid tri cao bing nhing cédch sauw:

1- Ding binh phan dng khudy trdn hoat ddng gidn doan hoic
thi&t bi phan tng dang dng trong d6 ning dé C, bdt ddu & gia tri
cao sau d6 giam dan.

2- Khéng ding dong hoan luu.

3- Tang 4p sudt hay gidm ligng khi tro trong phén Uing pha khi.

« Néu .al < a,, phin tng chinh ¢6 béc nhd hon phan tmg phu, 48
tao thudn lgi cho phédn dng chinh can duy tri tdc chdt & néng 40 thap
trong binh phan ing 16n. Trong trudng hgp nay thiet k& t61 uu 1a can
bing tinh kinh t€ giita chi phi phén téch gdn phdm phu S va chi phi
thi&t bi, diéu hanh ¢ho binh phén dng Idn hon. .

A c6 tif dau

4) Gy, Cg. Cpo b) C,, Cg thdp c} G, cao, Cg thép

Hinh 4.18: M3 hinh cho thdy néng dé cua cdc idc chdt la cao hay
thdp cho qud trink gidn doan hodc bdn lién tuc

Ca Cpg ca0 G,. Cg thdp C, cao, Cg thép

B

s —Fower)— « — )

A

U A ) mgmsT

Hinkh 4.14: Mé hinh cho thdy néng d¢ eda cdc tdc chét cao hay thdp
cho qud trinh 6n dinh
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» N&u @, >a, bic phan ung chinh ién hon béc cua phan ung phu
va a,—a, 4m. Do do ti s§ C4/Cx nhé khi C4 16n nén sir dung binh
phan dng khudy tron hoat déng gidn doan hofc thiét bi phdn ing
dang ng.

«Néu g, = ay, hai phan itng ¢6 cing b4c nén:

5 _0Cs _ &
n dCH kl

Nhu vdy su phdn phéi san phdm chi phy thude vao &, & khong

= const

phu thudec vao loai thiét bi phan ung.

Ngoai viée kiém sodl C,, ta cé thé kiém soat su phan phéi sén
phdm bing edch thay d6i Ay /k,. DPiéu nay 6 thé duge thue hién bing
mdt trong hai cdch sau: :

1- Thay d6i nhiét 46 phan tng.

2- Sit dung chat xic tdc thich hep d€ gia t6c hodc kim ham mét
phan dng xdc dink.

Vdéi nhimg phan dng song song cé dang:

A+ B s R (chinh) | (4.148)
A+ B -2+ 8 (phu) (4.14b)
vai-cde phuong trinh van tée:
_de
—E=megc ch (4.152)
dc ;
re = "d_f' =k,CRCE - - (4.15b)
Chia hai phuong trinh (4.15a) va (4.15b) ta duge:
75 _ACs Ry oy byt
T ek (4.16)

pé 2Cs
R A
ta phdi xét riéng: a,—a;; b, — b, 13 duong hay &m.

t6i thidu ta phdi lam tGi thidu -kic;rﬂl CZ™ . Nhu vay
e ;

Vi du 4.5: Gia sif c6 phén Ung pha léng.
A+B—-—-R+T(ch1nh)
A+B&»S+U(phu)
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v6i phuong trinh vén téc thanh l4p sdn phdm nhu sau:

dCp dCp os
e B i A
dt  dt #Cp =)
R dCgy  dCy 0.5 1.8

¥ ——Re I ee——— T . " B
va 8- T = 0 (B)

Chi phi tdc chdt tuong déi cao, tuy nhién chi phi phén tdch tdce
chit ra khdi san phdm la thap. Ngoai ra kim hdm sy thanh lap 5, U
14 quan trong hon 1a c6 binh phén dng nhé vi chi phi phan tach S, U
cao va chi phi tdc chat 1én. P& nghi md hinh hé théng d8 san xudt R, T,

Giai: Chia phugng trinh (B) cho (A):

dCg 4 (0520 (18-03 _ ko .C_éiﬁ. (C)

iCq by * 4 b C3°

Pé dCy/dCp dat ce tiép thi C, phai lén va Cgy nhé. Ngoai ra
anh huéng cia Cg 16n hon C4 do s6 mi 16n hon. So dé phi hop vdi
hai didu kién trén 12 binh phén ung khudy tron hoat déng &n dinh
v6i lugng thita A. Chi phi phén téch A ré va gié A d4t nén A sé dugc
hoan . So d8 duge trinh bay & hinh ve.

AvaB . R, 7118 U
] l’ =
Thi&t
R TS, U bi
- =} phan
A chua phan ing téch
‘
A chua phan (ng hoan hiu -~

Theo phuong trinh (C) ha thdp Cp s& cho sy phdn phéi sén
phém thuan lgi, nhu véy vdi nang suit cho trude, binh phan dng sé
16n. Can bing kinh t& gitta chi phi phén tdch tae chdt, sdn phdm, chi
phi tdc chét A, chi phi diéu hanh binh phén tng 16n vdi chi phi do su
hién dién v6i lugng 16n T, U s8 xdc dinh kich thude 61 uu cia binh
phan ing.
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Khao sit dinh lugng sy phén phéi san phdm va kich thuée binh
phan ding

Xét phén dng (4.11), dinh nghia ¢, la phén tde chat A phén (ng
tai thoi diém bat ky dé tac thanh R, duge goi 1a hifu sudt tidce thoi
tao thanh E. Nhu viy:

r dCp dCp ;
") e, T 17
Y (-ry) -dC, dCgp+dCqg (4.17)
o |
Tir (4.12): P RCy . 1

BCo + B2 1+ Ryl )O2™
Téng quét thi C, thay ddi nén ¢ thay ddi theo. Pinh nghia @,

la phan cla tdt cA A da phén tng tao thanh R, duge goi 14 hiéu sudt
téng quét tao thanh R. Nhy vay:

¢
AN 2 (4.18)
CAO_CAf CR+CS

D=

Cﬁ.f 12 néng d6 clia R tai dong ra khdi binh phédn vng duge x4c
dinh béi (4.17):

Cy, = j dCp =— j odC, (4.19)
i) CAD

Qua cdc phuong trinh trén hidu su&t tac thanh R duge dinh
nghia chi trén mdt tdc chat A. Téng quét hiéu sudt nay c6 thé dua
trén mdt tdc chdt, t4t ed tdc chit hose t4t ca sdrpph&m tao thanh.

Ta xét phén tdc chit bién déi thanh R cho ting loai binh phan
dng khdc nhau. T (4.18) va (4.19) cho thiét bi phan (ng dang 6ng:

b, = L - ¢dC,, (4.20)
Cy,—Ca, Ca, -cﬁlf J
Gia st 4p dung (4.12):
1 4
O, = j A (4.21)

8 Cﬁo _CAF G, 1+ (ky / By YOD™
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V61 binh khudy tron heat dong 5171 dinh, higu sudt nhat thoi la
hing s6 nén: ®, =0 (4.22)
3 1

1+ (ky [ BCE™

o

Ap dung {4.12): @,

V6i j binh khudy trén mdc néi ti€p trong dé néng dd tde chit A
ra khoi méi binh 1a €y ,Cy, ..., Cy, , hiGu sudt tdng quét s& 1a:

(Pl(CAﬂ “CA1)+(P2(CA1 “CAZ }+ .”+@j (CAj—l *CAj )= q)k(CAo **CAJ_)

F
Z ¢;AC;

tir dé [ (4.23)

T

i=1
Ap dung (4.12):

~AC1 i ._‘QCE b+ _&C‘;
1+ (kg )C27 14 (/R IC2™ 7 1+ Uyl JCGE™™
O, = 1 3 - 2 (4.24)
k Cyp—C
A, Aj

Vi du 4.6: Cho phén dng pha léng:
A + B 2> R (chinh)
A + B —2+ S (phy)
v6i phuong trinh vén tdc 1a:
%
di
Tim ti 1& chdt khong mong muén S trong san phdm trong nhimg
diéu kién sau.
a) Nhap liéu d&ng mol, thié’f bi dang éng, d6 chuyén héa 90%.
b) Nhap liéu ding mol, binh khudy én dinh, dé chuyén héa 90%.
¢) St dung lugng thita A d€ kim hém phan (ng phy, hodn luu A
chua phdn ¢ng néu 13 tée chat d4t tién. Tim ti 18 S trong sdn phdm
néu nhép lidu chita 99% mol A, 1% mol B, 4% chuyén héa cla téc chat
gidi han dat 90%. :
d) Véi didu kién cia cdc cdu a, b, ¢, tim thé tich binh phdn Gng
dé phdn dng 100 molB/ph. -

dCg

=1,0C,C5* mol/l.pk; : =1,0C5°CE® . molil.ph
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Khél lugng riéng cia A, B tinh khiét la 20 mol/i.

Giai: Hidu sudt nhat thdi cda R duge cho bdi (4.17):

_dCp N o _ 1

CdCRr+dCs  RC,CEH +RCHCE 14C°Ch°

a) Nhép lidu ddng mol A va B tinh khiét, 46 chuyén héa 90%.
Ta cé: Cn=Cp,C,s =Cp =10 molll

Ca, =CB', =1 molfl

¢

Hiéu suat téng qudt eia R trong thist bi dang éng duge cho béi:
Ca

P 1
-1 -1 dCy 1 10
Q= C, = ==In(1+C,), =019
® Ca -Ca, G;L{pd A 10—11-[31+CA 9 all

Do d6 ti 18 S trong sdn phim 1a 81%.
b) Vé6i binh khudy trdn hoat dong n dinh, diéu kién nhu clu a), ta ¢b:
1 1

D, =qp= —
I Y Y

=05

Do 46 ti 1¢ S trong sdn phdm 1a 50%

e) Véi ti 1é A : B trong nhép liéu 12 99 : 1, d6 chuydn héa cia B

CAD =20%0,99=19,8 molil; CAf =19,8-0,2x0,9 = 19,62 mol/l
CBB =20x0,01= 0,2 mol/l; CB,, =0,2-0,2x0,9=0,02 mol/l

Nhu vay hiéu sudt tong qudt tao thanh R trong binh khudy trin
hoat déng &n dinh la:

1 1
1+C05CE 1+(19,62)°5 x(0,02)1°
Do dé ti 18 S trong s&n phdm la 0,064%.

d} The tich thiét bi phén tng dang 6ng dé phan ng 100 mol Alph
& diéu kién cdu a.

= (,999361

XA.-"
vl dX,

F, ,molAiph ) E[ (-rq), molAfl.ph
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dC dCp dC 3 8
nhung: (-ry) =~ th = d:f + dts =1,00,02% +1,003°C
v ¥ dx dC
. A . A
nén S . vl dX 4 =~
a, J CP 05 e,
Gy
R 10
suy ra: V - CAG I ladCAza i 100 J‘ ladCA
A Gy Cl+0C5% 10 2 C°(1+Ga)
; N By o4 106, -
Tich phén bing dé thi cho: V =Té~(0,477) =4,771
Thé tich binh khudy tron hoat déng én dinh véi diéu kién cu b:
v Xy-X 10600
Foy (e mCaCpl +RCYOCE
F, (1-C,./1C, ) =
o Fa-Ca/Cs) 1000-1710)

CLB + CZ,E - 1+1

Thé tich binh khudy trén hoat déng én dinh véi didu kién cau c:

X X
Y O hay L =P (vi B la tdc chit gidi han)
FAD (_rA)f FBO (_FB)f
P (-CglCg) 160(1-1/10)
}Cy, C + keCyICE, (19,62)(0,02)°2 +(19,62)°%(0,02)"°
_ 100x0,9 ~148]
6,08 +0,00385
Tém tit k&t qua phan ¥ng 100 mol B/ph, 43 chuyén héa 90%
Loai thiét bi TisoA.B Ti & S trong ThéE tich. thi€t bi
phan ting trong nhap ligu | san phim, % phan @ng. It
I6ng - 1:1 81 48
Khuay 1:1 50 45
Khudy 99:1 0,064 14,8
2- Phan tng néi tiép ' ' _ P

Phan Wng ndi tiépbéecl ; . _ _
Xét phan ing: A s, R Bes ' (4.25)
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duge xdc tac bang 4nh sang. Vi cuong do anh sang cho trudc, phuong
trinh van t6c duge viét nhu sau:

dCA —4 - _pC, (4.26)
dC'
—-—‘"kIC'A ksCr (4.27)
9& —kCp (4.28)
Bd chuyén hda
A 4 Al —5 gén nhu (Sng
A Z i - hoan todn thily tinh
£ £ \A )
> 2 M
S = 4
£ g
s 2
s g/ R
< T - J e
Thdi gian ti2 luc chidu séng Thdai gian e 1ic chidu sang

Hinh 4.15: Puong biéu dién néng  Hinh 4.16: Puong biéu didn néng
dé - thei gian cho hon hop phdn  d6 - thai gian khi hén hop phdn
ung duge chidu sing cung liic  #ng duoc chifu sdng mét phdn

1- Khdo sdt dinh tinh ¥ phén ph6i sdn phdm

Tuy theo cdch chidu sang hdén hgp phan dng ta cb thé c6 hai
dang phén phdi sdn phfm nhu hinh 4.15 va hinh 4.16.

Hai phuong phédp thyc hién phdn dng nay cho ta hai su phan
phéi sdn phdm khdc nhau: mgt cho néng d6 R qua diém cuc dai; mét
hdu nhu cho néng d6 B khong déng k&,

T d6 ta c6 nguyén tée 13: v6i 46 chuyén héa ela tdc chdt cho
trudc lugng chit trung gian dat eue dai khi hfn hop 12 déng nhat
hay khéng xéy ra sy khufly tron vét 1iéu c6 6 chuyén héa & cac giai
doan khdc nhau. Céc cdch khdc s& cho ndng dd chét trung gian thip
hon. Gida hai trudng hgp nay khéng ¢6 trudng hop trung gian.

Chét trung gian R thudng 12 sidn phdm mong mudh, nguyén tde
ndy sé chi phdi viée lya chon thidt bi phdn tng, Vi du, thiét bi phin
ing dang éng va binh khufy hoat d6ng gidn doan s& cho hisu suat R
cie dai béi vi trong hai hé nay khéng ¢6 su khufy trén eda hai luu
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chét ¢6 thanh phan khic nhau. Mat khéc binh khudy trén hoat déng
én dinh =8 khong cho hiéu suat R cao vi luén luén c6 dong A nguyén
chat trén vao véi hdn hgp dang phan ting & trong binh.

2. Khéo sdt dink Ligng: thiét bi dang dng hofic binh khudy hoat

déng gidn doan
1

1 | 1 C[
k k
AlwRSE  Cy

Binh khudy

L Xo=1-CifCrs L

k,t
a) b)
Hink 4.17: Duong bidu dién néng dé - thoi gian luu cho thiét bi phdn
ing dang 6ng vdi phdn ing loat: A B W L I

1 " 1

1 | i
Cﬂ - -
e -
0,8 A\ Cso < -
- 0.1
7/
. 08F o . &
-é-;u ."Ik Budng CFl.max Cho
0.4 - -
/
F el
o2H /-
”'(2."(1 =10 i
0 l I ol
) 2 3 4 5
k.t |
Hinh 4.18: Nong do tuong d6i eila cdc cdu i trong phdn ung ndi tiép
A He R Bes

Trong Chuong 2 ta dd xAc dinh cée phuong trinh lién hé gitta
néng do cdic chat theo thoi gian. Néu £ 1a thdi gian luu ta co:
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gj = (2.40)

gjo ) kj—lk] (ehf —e™); (g =Cy, —Cy = Cy (2.42)

Cg_:ax - (% Jhaltha ) .45

" o™ %—%} (2.44)

Day cting 14 th&i diém ma van tdc thanh lap S t&ng nhanh nhat.
Hinh 4.17 cho ta dudng bifu dién Cjp theo ¢ theo cdc ti s6 ky/k, khdc

nhau.
3. Khdo sdt dinh lugng: binh kRhudy trén hoat déng on dinh

G trang thai én dinh can bing vat chat cho cdu tif bat k¥ theo
(3.1) khi khéng ¢6 58 hang tich ldy.

Fy =Fy+(-r))V; hay vCy =00y + BC,V; v6i: t=t=Viv
Cp __ 1
Cy, ltht
V6i cdu ti R cAn bing vat chat cho:
vCqp =vCr+(rR)V; hay: 0=0Cp+(-BC, + 2 Cp)V

ta co: (4.29)

Thay (4.29) vao ta duoe:

Cp _ kt
Cy, (1+klt)(1+k.2t)

Cg duge x4de dinh theo biéu thue:

(4.30)

CA +CR +Cs- = CAG = const

| Cs _ by kst
oy  Cy U+ kBA+kD)

(4.31)
Thoi didm va gid tri cye dai ca R duge xde dinh bing cdch lay
dCy/dT =0. Vay:

dCp _,_ CabUtmDA+ kD) -Cy kTl L+ BpT)+ 1 +_lk1m11
a A+ ) (L4 Ryt P
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don gian cho: Vo = . {4.32)
' Jklkz
Thay (4.32) vao (4.30) dugc:
Copssis 1
miax s (4-33)
Ch  [lrylRy)2+11 %
Vi du 4.7: Phan ing song song phan hiy A
A —» R (mong mudn) (1)
A — 8 (Ehéng mong mudn) (2)
A — U (khdng mong muon) (3)
véi céc phuong trinh van te lén lugt la:
- 1 1
' = (".'F'A)l = {0,0012 etp[26000(§65—F)]}CA {A)
1 1y s
re =(-ry)y = {o,omaexp[zsmu(ﬁﬁ?l} Ci (B)
1 1
n, =1y )y = {0,00452 exp[5000(3—06—-f)]! i (C)

Chon didu kién thyc hién phan dng (binh phan Ung, &p suat,
nhidt 45 ...) dé téi thiéu boa lugng san pham khéng mong mudn.

Giak Vi nang lugng kich dong cua phén ing (1) va (2) 16n hon nhiéu
nang lugng kich déng coa phan dng (3) nén védn t&c thanh lap U sé
khéng ddng ké so v6i van tdc thanh lap R va S.

r al I
IR — rdt lén

u
Bay gid ta chi xét vén toc tuong d6i thanh 14p R va S:
rp 1 1 05
TR _ 0,66expl500(——~)1C3" D
e expl500( 55~ 7 1Ca D)

Theo (D) d€ t5i thifu héa lugng sin phfm khong mong mudn S
ta thyc hién phan ng ¢ ndng d¢ thdp. Do d6 dé tao thudn lgi cho
phan dng chinh (1) ta cho binh phén Ung hoat dong & nhiét dé cao
(d8 gidm thiéu lugng U tao thanh) vA ndng 46 A thdp (gidm thiéu
lugng 8 tao thanh) bing cach thém khi tro, 4p suit thdp (pha khi) va
diing binh phén dng khudy tron hoat dong én dinh ho#ic thiét bi
phan tng ¢ hoan Iutu.
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Vi du 4.8: Cho phédn ing song song A + B —» R (mong mudn)
A+ B—» U (Rhéng mong muﬁ'n).
Khao sat cac phuong 4n thye hién phin (ing d& eyc dai héa
lugng sdn phdm chinh.
Giai:
Truong hop I a; > ay; b > by; do d6 (¢, -ag) >0 va (b -5,)>0
TR _ ﬁczl “ay Cgrbz
Ty Ry
B¢ cue dai hoa ti 86 rpity duy tri ndng d6 A va B cang cao cang
t6t biing cach:
- Ding thiét bi phdn (ng dng.
- Dong thiét bi khudy trén hoat déng gidn doan.
- Duy tri dp sut cao (néu pha khi).
Truong hop 2: @) > a,; b <by; do d6 (@ ~ay)>0 va (b -b,) <0
Bé cyc dai héa rrif; phéi duy tri ndng d6 A cao va néng dé B
thdp bing cach:
- Dung binh bén lién tuc trong d6 8 duge dua chdm vao lugng
thira A.
- Ding binh éng véi dong B dua vao doc theo binh.

- Ding nhidu binh khudy bing nhau mic ndi ti€p trong dé A dua
vao binh ddu tién va B duge dua vio méj binh.

Truong hop 3: ay <ay; b, <by;dodd (a;—ay) <0 va (b —5,) <0

BE€ cuc dai héa gt phai duy tn ndng d6 cd A va B {éy thip
bing c4ch;

- Dung binh khudy trén hoat dong on dinh.

- Ding binh 6ng v4i ti 1é hodn luu Idn.

- Diing cdu ti trg,

- Diing 4p sudt thap (ndu pha khi).-

Trudng hop 4: a; < ay; by > by ; do d6 (o ~ay) <0 va (5 -8,) >0

Dé cyc dai héa rply, phai duy trl néng dé B cao va néng dé A
thap bing céich:
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- Ding binh ban li8n tuc trong d6é A duge dua chim vao luong
thua B.

- Dung binh 8ng véi dong A dua vac doc theo binh.
- Dung nhidu binh khudy biing nhau mic néi tiép trong 46 B dua
vao binh dau tién va A duge dua vao méi binh.

Vi du 4.9: Cue dai hoa lugng sdn phdm trung gian.

Oxide hoa etanol d€ tao thanh acetaldehyd duoe thue hién véi
chdt xde tde 4% khoi lugng Cu-2% khéi higng Cr trén Al,O,. Tuy
nhién acetaldehyd cGng bi oxide héa trén chat xic tdc nay 4€ tao
thanh dioxide carbon. Phdn Gng duge thue hién vdi luong thira oxigen
ba lan va ndng d6 lodng (0,1% etanol, 1% Oy; 98,9% Nj) do dé c¢é thé
b6 qua sy bién doi thé tich. Xdc dinh néng d6 acetaldehyd 14 ham s
theo thoi gian thé tich.

%02 * %0‘2
-HsO =2H0

Phén ing khong thuin nghich va béc 1 theo etanol va acetaldehyd.

Gidi: Vi O, hién dién vdi lugng thita nén 6 thé viét:

A T
() (2)

2 ] [ = w ~ 1 kl

_ O diéu kién t6i wu trong binh éng: 1, =——In-1

kl —kE k‘z

c, -C boone
va X = e TR 1o o] —exp[-In(Slynithihat] gl (ﬁ)kl”kl—ky
Ca, ky Ay

Hiéu suat phan dng trong trudng hop nay dude biéu dién la:
mol aldehid trong déng ra |
mol.etanol trong nhdp liéu

E=

Vi du 4.10: Meta Xylen phén ¢ng trén chat xdc tdec ZMS.5 theo céc
phdan dng song song sau:

!

m—Xylen —= benzen + metan (1)
m— Xvlen —i- p. Xylen (2)

Tinh thdi gian thé tich d€ dat 46 chuyén héa 90% m—Xylen. Cho
bidt kb, =0,2257%5 ky = 0,71s™7 & 673°C . Luu luong nhap lidu 1a 2000 liph
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gém 75% m—Xylen va 25% khi tro, néng do téng cing 0,25 moifl.
Bo qua phén ing nghich va phdn ing dong phan héa thanh O-Xulen
F .
ASLeR+sS (1) A —2p T (2)

_ 80 mol A phédn iing theo phdn ung

Giai: Pat B, =X, =2 , . (1)
1at e . 17 58 mol A dua vae binh phin dng

X - g6 mol A phdn ung theo phén ing 2)
A 42 7 56 mol A dua vao binh phin dng

Phuong trinh van tée ¢6 thé bidu didn theo suat lugng mol
dF,

-C—fff—:-(rR)::(_rA)l =k;|_CA 3
dF
ET]T'=(PT)=(_?'A)2 =kzc,q (4)

V6i qud trinh ding nhist va khong c6 dd gidm &p:
_ P.'A _ CAG(E.‘—‘XAL _XA2}

Ca v _1+e1XA1+r52 Xa,
Cau tr Nhap ligu Bignh ddi Ra
A Fa, Fa, (Xa, +Xa,) Fa =Fa, (1-Xa, ~Xa,)
R i Fa, Xa, Fr = Fa, Xa,
8 D Fa,Xa, Fg =Fa,Xa,
T 0 Fa, Xa, Fr =Fa,Xa,
trgt Fie 0 Fy
Fr =Fy +Fa X4, +Fa,

dX,  B(-X, ~X,)

Vai 1=V/,: = ho cau ti 5

i1=Viy, Gt " Tre; Xpte; Xa cho cdu ti R (8)
dX Rol-X, -X, )

2 et A % cho cAu td T (6)

di l+e, Xa te2 Xy,
Lap ti 56 gitia (5) va (6) d€ xdc dinh X, theo X, :

dX,  k
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A ; Jkl
- Tich phén cho: X, ==X,
Véi g, =0,70 va g9 =0 nén:
dX 1-X, -X
A (A Ty 1)
dT 1+ El XAI
dX,  ll-C+kyk)X, | )
d1 l+e; X,
Lay tich phin (8)
T+e, )+ ko i R €y X
1=}_{( €, )+ ks 21111 1 I St ] (9)
b (L+kylhy) LU+ kyli)X,  L+kylky
k2303 k,=0,22 5" £ =075
ky :
r=1,27(ln—1——)—~0,81XA (10}
1-4,28X, L

Thai gian thé tich a8 dat 6 chuyén hda t6ng cong 90% cia A:
X +Xa, =090

X pq (L+hyiky) = 0,90

x, =22 _021 v X, =090-021=0,69
+ T 4,23 2

»c=1,271n0—1i-0,31(o,2'1)=2,75s

»

Thé tich binh phédn ting éng:

20001/ph
Vopt=(P) 9955 =917
60 s/ph
Vao Ra
m-Xylen F, =10.79%0.05 maoidi 2000 ifph) Fa =Fa (1-Xa, ~Xa,)
= 75 moliph =75(1-0.9) =7.5 mol/ph

Benzene Fr =Fa Xa, =75%0,21= 15.8 mal/ph
Methane Fg =Fa, Xa, =15.8moliph

p Xylen Fr =Fg_Xa, =75x0,69 = 51,8 moliph
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Vi du 4.11: Phan ung hon hop — Phan ting clor héa benzene

Benzene dugc clor héa trong binh phan dng khudy trén hoat
dong bdn lién tue. Benzene 1éng duge cho vao binh phan dng sau dé
khi clor dugc suc vao pha léng va khudy trén déu. Binh phan ting
duge trang bi thi€t bi ngung tu hoan lwu d€ ngung tu hoan luu hoi
benzene va cac sdn pham clor héa nhing van @& khi HCI duge 14y ra
ngoai. Gid sif rang khi clor duge thém vio dd va cham d& (1) néng d8
khi clor v& HCI trong pha 16ng !4 khong ddng ké, (2) tdt ca clor phan
ung.

0 didu kien nhist d6 khong d&i 55°C ¢6 ba phén dng chi y&u
xay ra la:

1) CeHg  + O, — CLH.Cl + HCI
2) CeHiCl +Cl, —s C,H,Cl, + HCI
Mc Mullin d& x4c dinh duge ti s8 cha cac hiing s6 van tic & 55°C 1a:
& . ko
—=8 va -<=30
kg ks

Xdc dinh hiléu suft thanh 14p mbi sdn ph&m 1a ham sé theo 8
mol clor thém vao cho m8i mol benzene ¢8 trong binh phan ting. Thoi
gian luu trong thist bi ngung tu hoan luu 1a khéng ddng ké,

Giai: Vo1 nhiing gid sd & ddu bai, binh phén tng trong bai todn cé
thé xem nhu 12 binh phén tng khudy trén hoat déng gidan doan c6”
khoi lugng riéng khéng d8i, tf d6 xem nhu thé tich binh phén tng
khéng d6i. Gia sif réing cdc phan tng 1a so déng, khéng thuan nghich
béc 2, phuong trinh vin téc bién ddi eda cac chat lAn luot 1a:

dC

__dzB =~k Cp.Cyy, (1)

dC
'”Ef"{' = kchCCIz = kQCMCCIQ (2}

—— - = kyCyyCey, —kCpCey, (3)

dC
‘d—:“ = kyCpCyy, (4)
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vii Cg,Cpyp,, Cy, Cp, Cr lan lugt la nong dé coa benzene, cior; mono-,
di-,va triclorobenzene.

Dé tim hidu suit thanh lap céc sdn phdm (theo lugng benzene
phén dng) ta s& khi bién s thoi gian gita bén phuong trinh vén tée
trén va phuong trinh cén bing vét chat. Cdc bifu thic nay khéng thé
gidi d€ cho truc tifp thanh phan clha cic chat theo thoi gian vi khong
biét gid tri eda cdc hiding s6 van tc. Mac du cdc phuong trinh vén tdc
12 bac 2, nhung néng d6 cha clor ¢ thd khi di biing céch chia cdc
phuong trinh cho nhau.

Chia (2) cho (1) duoe:

Py _ 1452 Cn (5)
@Cp k Cp

Phuong trinh (5) tuong ty v6i (2.41) cé dang la phuong trinh vi
phan tuyé&n tinh bac 1, vdi cdc didu kién ban d4u xde dinh, ¢6 141 gidi
gidi tich nhu sau: '

Cut . 1 Cp oy <CB ] ©
—M - )
Cg Ik-k Cg, Cg,
hay iy = lciBu[(gj By L -1] vdi o= kylk )]

Tugng tu, phuong trinh (3) chia cho phuong trinh (1);

dCp . CM Cp
-t + gi kgl
ac, - ¢, Ps- c, B =kylky

thay (7) vao (8) dé khit C,,, ta dugc phuong trmh vi phén tuyén tinh
bdc 1 ciia Cp theo Cp. Lbi gidi cho phuong trinh véi CDO =0 khi

C.B‘ =CBo 1&.

——— -

Cp l-o1-Bp a-Bp (a-P-p

Néng d6 cla triclorobenzene dugc xdc dinh tif phuong trinh can
bing vat chit.

Cp_ « (Cs Ch,y, oCh 6

Ch, =Cp+Cy +Cp+Crp (10)

C4c phuong trinh (6), (9), (10) cho ta ndng d6 Cy, Cp.Cp theo

Cp. Lugng khi clor tuong dng thém vao duge xdc dinh #f phuong
trinh c&n béng vat chat cho khi clor vA cic phuong trinh lugng héa hoc.



126 CHUONG 4

C,
b - ¢y +20, +3Cs (11)
€5,

Ap dung bing s6 vao cac phuong trinh vita xac dinh duge. Véi 88 mol
ban ddu la 1 mol benzene, Cp =1molil. Gia sl tai thti diém Cg =0,5,

ta sé xde dinh duge ndng d9 cde chit trén co s6 ¢ 1 mol benzene ban déu.

w=topizs p=t3-fm_ 1100417
8 b Ry & 308

Phuong trinh (7) cho:

0.5 ¥

Cop =—1——[(0 51251 _1]1=0,447

M~ 1_0,125

Phuong trinh (9) cho:
0,125 05  05%% e
D1 0125 1-0,00417 0,125-0,00417
Q00417

. 0,125(0,50) i
(0,125-0,00417) (1-0,00417)

Phuong trinh (10) cho: ;
Cr =1-0,50-0,477-0,022 = 0,001

Phuong trinh (11) cho:
Ce, =0,477+2%0,022+3%0,001 = 0,524

Lip lai c4c phép tinh trén vdi néng d6 benzene cdn lai khdc
nhau ta duge bang sau:

Lugng benzene con |2l trén cd & 1 mol benzene ban d&u

—_—

Cau ti

MonoclorobenZene 0 Q0,477 0,745 0.632 0,482 | 0,362 | 0,064 0,004
Diclorobenzene 0 0,022 | 0,152 | 0,353 | (509 | 9,625 | 0877 | 0,882
0

Triclorgbenzene 0,001 | 0,003 | 0,005 | 0,008 { 0,013 | 0,055 | 0,144

Téng cong 1 1,000 | 1000 | 1,000 ;| 1,000 ¢ 1,000 | 1,000 | $.000

Mol clor phdn dng

V&t mol benzene 0 (.524 1,06 1,35 1,52 1.65 1.69 214
ban ddu
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BAI TAP CHUGNG 4

4.1.

4.2.

4.3.

4.4.

Phan dng khong thudn nghich béic 1 sau ddy duge thie hién g
didu kién khéi lugng riéng khéng 461
AMe R g voi k =015ph™Y by, =0,05ph"

Phan ung duge thuc hién lién tuc bing mot trong cdc binh phan
‘ng sau véi luu luong 150 Uph nhép lidu ¢6 néng do ban dau
Cs ,Cq, =Cs, =0.

a) Binh khudy trén hoat dong lién tuc ¢6 V = 300 [

b) Hai binh khufy trén hoat dong lién tyc méc ndi ti€p moi
binh ¢6 V = 160 ]

¢) Hai binh khudy hoat déng lién tuc mic song song, mdi binh
c6 V = 150 I va luu lugng nhap liéu vas mbi binh bang nhau.

d) Thiét bi phan Ung dang éng ly tudng ¢6 V = 300 ;

Binh nao cho néng suit R cuc dai?

Acetic alhydride bi thiy giai trong ba binh khufy tron méc noi
ti&p Iu luong nhap lidu vao binh thi nhit (V, =11) 14 400 em®iph .
ThE tich binh 2 va binh 3 l4n lugt 1 2 1 va 1,5 I. Nhiét d¢
95°C v& phan (ng 1a khong thudn nghich bac 1 ¢6 héng 86 vdn
t&c phéan dng la 0,158 ph~l. Ding phuong phédp gidn 46 4€ tinh
a6 chuyén héa cha acetic alhydride trong dong ra khéi binh thi
ba.

Gié sit trong bai t4p 4.2 binh thd nhit hoat déng ¢ 15°C binh
the hai & 40°C va hinh thi ba § 25°C Héng s6 vén téc § 15°C
13 0,0567ph~'d 40°C 12 0,380ph™" . Xac dinh dé chuyén héa cia
acetic alhydride trong dong sén pham ra khéi binh thit ba?

Cho phén ung néi tiép A 1» R 2 § la bac 1. Phén ng duge
thye hién trong cde binh khudy trgn mic néi tiép hoat dong ¢
cing mot nhiét d6 va cé khéi lugng riéng khéng d6i. Tim bidu
thite 1ién hé giita s§ binh khudy c6 trong hé dé cho néng do R
dat cuc dai theo tdng thdi gian luu va cdc hang s6 vén toc. Dong
nhép lidu khong chita R va 8. V6i by =0,05ht va ky =0,5h7 téng
thei gian luu trong hé 1& 1,5 2. Tim s6 binh khudy ca hé.
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4.5. Dong nhap liéu ¢é nang suat 1la 50 kmol Ak dudt dang dung

4.6.

dich ¢6 néng dg 0,16 gmol/i. Dong nay duge cho phan tng vdi A
dé cho R va S. Phén (ng xdy ra trong pha 1ong nhu sau:
A+B-LoR+8 vdi k=30lUgmolh

Nang sudt R ¢dn dat 12 47,5 kmolR/h. Trong qud trinh tach R
ra khéi hon hop chua phdn dng, A vA B bi phdn hiy do d6
khong ¢é dong hodn luu A va B chira phdn dng. Tinh thé tich
binh phén ung, loai binh va thinh phdn nhidp liéu & didu kién
&1 vu d€ thue hidn phin ing trén.

Cho biét: B gia 12.500%/kmol & dang tinh thé€ va rat d& hoa tan
trong dung dich véi ndéng d6 16n. Chi phi diéu hanh, khau hac
cho binh &ng 1a 2,5%/A., cho binh khuiy trén hoat déng lién
tuc 12 0,66%/R1.

Mot nha mdy sdn xudt 20 kmolR/R bang phan dng thiy gidi
thuc hién trong binh phan ¢ng khudy trén hoat djng én dinh
véi dong nhap léu ¢ nong d6 0,7 gmolA/l. Do s dung luong
thiia nude nén phan dng A—=2R duge xem nhu phan dng béc 1.
Dong ra khdi binh phén dng duge dua t6i thist bi trich ly dé
tich K. Lugng A khéng phén dng trong thiét bi 1a 2%. Chi phi
diéu hanh va khiu hao 13 10.000%/% | gis mua téc chét 14 2000% /2mol
va R duge bin véi gid 12 1320%/kmol . Ngudi ta nghi ngd nha
mdy khong hoat dong ¢ diéu kién t6i uu, do d6 c4n tim hidu qué
trinh hoat dong nhidm muc dich t8i vu né.

a) Loi nhuéan hién tai cho méi gi¢r hoat dong?

b) Qud trinh nén hoat déng nhu thé nao (sudt lugng A, 46
chuyén héa eda A, nang sudt cia R) d€ t6i da héa lgi nhudn cho
méi den vi R? S6 lgi nhudn nay?

c) Qud trinh hoat ddng nhu thé n2o d€ tdi da héa lgi nhuan
trén co sd 1A hoat dong? S& loi nhudn nay?

Chii y: Tét ¢4 R sdn xuit duge ban hét thiét bi trich ly thich
nghi duge véi mét khodng ning sudt lon.
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4.7, Mot binh phén éng khusy trén hoat déng lién tuc c6 thé tich

4.8.

560 & dugc dung 4é thue hién phdn ing:
A—R rg=hC,=0r1")C,
A—8 rg=hkC,=(UrNC,
Tim suat lugng va d6 chuyén héa cia’tac chit &€ dat lgi nhuén
t6i da. Gi4 tri lgi nhudn d6 trén cin bén 1k hoat dng?
Cho biét: nhap lidu A 6 ndng dd 16 mold gid 2000%/gmol , sin
phém R bén v6i gid 10.000%/gmel va S khéng c6 gid tri. Tong
chi phi didu hanh thist bi phan tng 12 25.000°/4 va chi phi
phan téch sdn pham la 95008 /gmolA xt ly. A khong phdn dng
khéng duge hoan luu. :
Héa ch&t A va B phin ing nhu sau: : )
A+B—»R ry=kCyCp=(688lgmol.h)C,Cp
9B —» 8 15 =hCh = (34,4¥gmol B)CE
Trong phan tng nay 100 gomlR duge sdn xuét v6i chi phi t& thidu
trong binh khufy tron hoat dgng dn dinh. Tim sudt lugng clia A
va B va thé tich cdn thiét cia binh phan dng. S8 lidu: Téc chat

dugc cho vao binh bing hai dong riéng biét c6 nong 46
C4 =Cy, =0,1gmolll v cd hai c6 gid 1a 500%/gmol. Chi phi cho

binh phén tng 12 10%/k4.
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D& xdc dinh diéu kién t61 uu cho viéé thue hién mdt phén dng ta
da xét dén sy Anh hudng cia loai thigt bi va thé tich thiét bi 1én da
chuyén héa va su phan phdi sadn pham. Sau diy ta s& xét dén &nh
hudng cda nhiét 46 phdn dng lén qud trinh phan dng va thé tich
thiét bi phan ing.

Piu tién ta cdn bist nhist d6 4nh hudng nhu thé nio lén hidu
sudt cAn bling, vAn tdc phdn Ung, su phan phdi sdn phdm. Pidu nay
giip ta xdac dinh khodng bién thién nhidt d6 t6i vu: theo thdi gian
cho binh phan Jdng hoat déng gidn doan, theo chiéu dai cho thi&t bi
phén ‘ing dang Ong, hay tir binh phdn dng nay sang binh phén iing
khéde treng hé théng cdc binh khudy méc ndi tiép. Nhing k&t qua
nay sé gidp cho viée thiét k& ding d4n qua trinh trao d6i nhiét.

5.1 KHAI NIEM VE HIEU UNG NHIET BQ

Téc dd phén ung
T&e dd phin iing

D& chuyén hoa ' 0 ;‘2 X1 D¢ chuyén héa 1,00
a) Thu nhiét . b) Phit nhist
Hinh 5.1: Vin tdc phdn tng theo d¢ chuyén héa
‘trong binh phén iing doan nhiét
Trong phdn dng thu nhiét, nhiét 46 gidm khi 46 chuyén héa
tdng trif khi ta cdp cho hé thdng luong nhiét lIén hon lugng nhist do
phén tng hdp thu. Do vige gidm ndng - do tdc chat khi d8 chuyén héa
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tAng va giam nhiét 46 lam cho v4n t6c phdn tng gidm (H.5.1a). Nhu
viy d9 chuyén héa trong thiét bi phan ing hoat déng khéng ding
nhiét 38 nhé hon khi hoat déng déng nhiét. Khi thém ning lugng
vao s& han ché sy gidm nhiét 46 va do d6 han ché sy gidm d§ chuyén
héa. N&u phdn (ng 1a thudn nghich, viéec thém nidng lugng vao hé
théng sé lam ting d6 chuyén héa cén béng. Nhu viy trong trudng
hgp nay, thist k& thigt bi phén dng phdi di kém vdi b phin cung
cap nhiét cho hé théng.

Trong phén ¢ng phdt nhiét, nhiét dd tang khi d6 chuyén héa
 ting. Khi dé chuyén héa con thdp, su ting van toc phan 'ng do tang
nhiét do 1én hon sy gidm vén t8c phdn d(ng do giam ndng d§ tde
chdt. Théng thuémg @6 chuyén héa s& 16n hon cho qud trinh dang
nhigt. Tuy nhién phan ¢ng phu va cdc yéu t8 khdc s& gidl han nhiét
d6 cho phép. Trong truong hgp nay qud trinh hoat dong hitu hiéu phu
thuéc vao qud trinh truyén nhiét ra méi trudng ngoai dé tranh su
qud nhiét cue bb.

Sy tang van tc trong qud trinh phin tUng phét nhiét bi han ché
do gi6i han cia dé chuyén héa. Giéi han cta do chuyén héa cia phan
tng khéng thuin nghich la 100%. Do d6 khi gidi han nay dat dugc,
néng A6 téc chat va vén tdc sé bing khong bdt chap nhiét 4. Nhu
vay dudmg biéu didn van téc theo dd chuyén hoéa cho phan ing phat
nhiét hoat déng doan nhiét ¢6 diém cuc dai nhu hinh 5.1b.

5 2 BINH KHUAY TRON LY TUGNG HOAT DONG ON BINH

Binh khudy trén ly tudng hoat dong én dinh, nén nhiét 49
khéng d6i, va van tdc phin dng la hing s8. Do d6, phuong trinh cén
bng nhiét ding d€ x4c dinh nhigt d¢ khohg ddi khi nhigt phan ung
1a di (hay su trao d6i nhiét gida thi€t bi phdn dng v6i moéi trudng
ngoai khéng du) 4& tao nén s khac biét gitta nhiét 49 nhép liéu va
nhigt ds hdn hop phan ing. K& hdp gidi ba phuong trinh vin tée
phin @ng, cin bing vat chdt (3.4) va can bing ning lugng (3.7) &é
xdc dinh nhiét 40 va thanh phan cda hén hop phin tng roi binh
phan ting. Néu thé tich binh phdn dng bi&t trugc thi viée xdc dinh
nhiét d§ va thanh phin cia dong ra cdn phdi gidi dong thdi bing
phuong phdp thi - sai ba phuong trinh trén. Nguge lai néu cln xdc
dinh thé tich binh phan dng dap ring cde diéu kién cho truge vé 4o
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chuyén héa thi ta gidi doe lap (3.7) trude d€ xdc dinh nhiét 46, sau
d6 xdc dinh van tdc phdn dng rédi ding (3.4) dé tinh thé tich binh
phan ung. |

Vi du 5.1: 86 lidu nghién ofu déng hoc phdn wng tao thanh clorur
allyl nhu sau: [H.PA. Groll vA G.Hearne (1939); A. W. Fairbairn va
A. J. Cherniavsky (1947)].

Cé 3 phan ng chinh:
1. Clp + CgH; — CHs = CH - CH2Cl + HCI

2. Clg + CgHg —» CHyCl = CHCL - CH,

1.2 - dicloropropan '

3. Clg + CHg = CH - CH3Cl —— CHCI = CH — CH»Cl + HCl
1,3 dicloropropylene
D€ don gidn ta chi xét hai phdn dng song song diu tién. Nhiét
phén dng, caligmol, duge cho trong béng 5.1. Nhu;t dung riéng gia su
khéng d8i duge cho trong bang 5.2.

Béng 5.1 Bang 5.2
aH,, caligmol 273K 355K Cau i C,, callgmol K
Phan ung 1 —26.800 —26.700 ' Propylene (k) 25,3
Phan iing 2 —44.100 -44.000 Slor (k) 8.6
Clorur hydrogen (k) 72
Gloruar aliy} (k) 28,0
1,2 dlcloroprupan (k) 30,7

Phan ting 2 xdy ra & nhiét do thep khodng 100°C trong khi phan
ting 1 ¢6 vén tdc ddng k& khodng du6i 200°C, Khi nhiét dé tdng trén
200°C, vén tdc phén dng 1 s& tang nhanh, d&n khodng 500°C van t&c
phén tng 1 gdp vai 14n v4n téc phdn dng 2. T dit liéu trén va cdc s6
lidu thue nghiém khéc, phuong trinh van t8c phén dng duge dé nghi la:

e = 3,33x10%¢ 0T g D,

(“rA )2 = 1909—-3303-"RT.E}03H5 'pClz

vdi {=ry)y va (1), c6 don vi 12 gmolCly phdn wngih.l, T theo °K, 4p
sudt riéng phén theo af va R = 1,98 callgmol. K
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Thigt k& bink phan tng khudy trén hoat démg 6n dinh dé sidn
xudt clorua allyl tif propylene. Nhap lidu ¢é suét lugng mol tong cong
i4 0,85 kmol/h, nhiét 9 200°C, dp sudt tuyét 46l 2 at, t1 s0 mol gilta
propylene vdi clor bing 4. Qud trinh 1a doan nhiét. Gid si hén hgp
pha khi trong binh 1a déng nhdt 4p sudt, nhiét dé va thanh phdn.
Xac dinh d6 chuyén héa cla clor thanh elorur allyl theo mgt s& tri s0
thé tich binh phdn dng.

Giai: Van toc cia méi phan iing s& khéng d61 va duge xdc dinh tai
nhidt dé va thanh phdn cGa dong roi thiét bi phdn tng. Nhiét do
‘duge xdc dinh theo (8.7). Véi qud trinh doan nhiét, 4o chuyén héa
trong dong nhap lidu bing khang, (3.7) dugc viét lai theo suat lugng mol:

F,C,(T,—T;)- F[(X,), aH, +(X,;),AH, 1=0 (A)
chi s8 A chi clor |

Véi (X,); v& (X,), 12 d0 chuyén hoa clia clor thanh sdn phdm

theo phén (mg 1 va phin lng 2 dya trén téng s8 mol nhép liéu,
(khéng phai sd mol clor)

Phuong trinh (3.4) trong trudng hop nay la:
1%

1 F, {B)

(XA)I = ("‘F'A)

(XA)B = (—TA}g K (C)
E .

Phugng trinh van t.ﬁ'c- dugc bién d6i theo dé chuyén héa thay vi
4p sudt riéng phén. V6i 4 mol propyleneimol clor di vao thiét bi phan
tng, khi 46 chuyén héa cia clor 1a (X,); vd (X,);, s6 mol ctia méi

cAu tir trong hén hap la:

Propylene C =4 = B{X ) + (X))
Clorur allyl =5(X )
Dicloropropan = 5{X,),

Clorur hydrogen = 5(X4);

Téng s mol = 5[1-(X4),]
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Gia su edc cdu ti nay déu la khi 1¥ twdng 6 2 at nén:
4-5 [(X) +(X,),] _ 2‘0,3-()114)1 -(X,),

Poyp, = 2 8l1-(X,),] o 1-(X,),
_ 1_5[(‘XA)1 +(XA)2] - 2012—(XA)1 _(XA).‘J
pCfg = 5[1‘-'(XA)2] B 1-“(XAJ2

Thay vao phuong trinh van téc:

(), = 18,32x105¢ 0257 _10.8-(X4), “(XA)E][OBE‘(XA h=Xs) 0y
Il—(XA)g] ’

A [1-(X,), |
Bai todn 13 di tim 1&i gidi cho cdc phuong trinh tir (A) dén (E)

Vi nam 4n s6 13 (X,),: (X0 T (or, )yil=ry)y v6i cde gid tri khéc
nhau eia V. C4c buSc tinh todn nhu sau: chon mét gid tri Ty, tinh
ﬁ.LIQc gla tl'i (XA)II(XA)E tll:f (BJ Va (C) tht'&ﬁ Cé.c glé tr] (“f'A )1 Vi‘l {-rﬂ)z ’
tir (D) va (E). Thay ti s§ nay vao (A) ta tinh dugc mdt trong hai gid

tri d¢ chuyén héa, sau d6 suy ra gia tr1 d§ chuyén héa con lai tir ti 56
(X 4,/(X ), . Cuéi ciing thé tich binh phan iing duge tinh tir (B) hoic

(C). Cée phép tinh sau duve tinh véi nhiét do dong ra 1a 450°C hay 723°K. ‘

(X, h _ (-:‘};J] 13,32.105 0" 7626/723
(XA)z (_PA)Q 750‘8—1923#223

Dung ti s nay thay vio (A) ta duoc:

{E)

= 6,77

[9§5~x5,6+0,85x§—x25,3]x(473—723)—
~18,77(X 1), (~26700) +(X ), (~44000)]0,85 = 0
Suy ra: - (X,), =0,024; (X, ) = 0,024 x8,77 = 0,163

Thé tich binh phén tng & dat cdc d6 chuyén héa nay 13, theo (B)

0,163 = 1(13,32>< 108 £~7625/723) (0,8 -1,163-0,024)x (0,2-0,163 - 0,024)
850 (1~0,024)

Ve (3,163 x 8500
2,658

Ta ¢6 bdng k&t quai sau (bdng 5.3) cho ede gig tri tuong dng cia
d6 chuyén héa va thé tich tai nhing nhiét d6 khdc nhau.

=52 It
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Bang 5.3: PO chuyén hoa theo thé tich cho binh khudy trén
hoat dong 6n dinh, dogn nhidt sdn xudt clorur ally!

P56 chuyén hdatrén | DG chuy8n héa cda Thé tich binh
Nhigt *’-'E' C‘?'f’“g ra, | m&tmol nhdpliéu | clor trong nhap ligu phan dng

(Xa ks (Xplz Xat X2 v, i
260 0,010 0,024 0,050 0,120 7.4
300 0,023 0,032 0,140 0,160 9.3
350 0,066 0,034 0,330 0,170 i1,
400 0,114 | 0,030 0.570 0,150 14,8
425 0,138 0027 0,690 0,135 21
450 0,164 0,024 ¢,820 0,120 52

Diéu kién hoat dong én dinh cho binh phan 1ing khudy trn
Gia sif ta %6t mot phidn ng khéng thudn nghich phat nhiét bic
1 duge thé hién trong mét binh khudy tron doan nhiét. Nhiét 46 va
d6 chuydn hoa én dinh cé thé duge xdc dinh tif phuong trinh cén
bing vAt chdi va ning luong. Néu khoi luong riéng khong d6i, tot
(3.4) ta chiing minh dugc la:
kt

= (5.1
AT 14kt )
véi T = V/v 13 thoi gian thé tich hay thoi gian luu trung binh.
Biéu dién theo nhidt d8, (5.1) ¢6 dang:
Tk ~-E{RT
AT o ZEIRT (5.2)
1+ 1k e

véi E 1a nang luong kich dong va k, la thifa s& tdn sd. Vi didu kién
cho trude, t c& dinh, (5.2) biéu dién dnh hudng cung hic clia nhiét d§
vd néng do tdc chat lén '
vin téc phan Ung nhu
hinh 5.1b. Khi dé chuyén
héa con thdp, d6 chuyén
héa ting gin theo ham sb
mi theo nhiét do vi sb
hang s6 ma ¢ méu s I
khéng ddng ké so v6i 1. grinh 5.2: D6 chuyén hda - nhiét d6 cho
Khi nhiét do cao, nong 40  phdn ing thudn nghich bde 1 trong

tdc chdt va van téc ti€n binh khudy hoat ddng dogn nhiét

i
) l-- k=1

e

T

_L__,.!f.-q‘l
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tdi khéng va do chuyén héa tién tdi gia tri khéng d6i. Véi phin tng
khong thuén nghich (5.2) cho thy gid tri nay bing mét. Do d6 dutng
cong dang S bi€u dién méi quan hé 7-X, duge trinh bay & hinh 5.2,
Can bing nang lugng (3.7) cho qua trinh doan nhigt va do chuyé
héa trong nhép liéu biing khong.
x —O:m‘(Tf -T)e, _ ey,
A Fy, (-AH) ~ F, (-AH,)

(T, -7,) (5.3

Thudng thi nhiét phdn ng thay d8i it theo nhiét dé nén (5.3)
cho thdy méi quan hé tuyén tinh gita X a4 va T, =T, va duge bidu

dién trén hinh 5.3.

1.0 c
T Can bing
* vat chat
o
G
Z B Can bing
g nang lugng
T, % =0 x, T 5
Q D: @ - .E ,
a A
2 N
K1 A =
1
1

| T, T, Nh@t do T
Hinh 5.3: D6 chuyén héa - nhist dd thay 461 theo nhiét phdn ung
trong binh khudy frén hogt déng doan nhiét

V61 mdt thist bi phan Ung va phdn tng cho trude, nhiét 46 lam
viée va d% chuyén héa trong dong ra duge xdc dinh bang cdch gidi
d6ng thdi (5.2) va (5.3). Lai gidi c6 thé cho ciing ldc ba giao difm A,
B, C nhu trén hinh 5.3. Pidy kién lam viée én dinh khéng thé c6 6
céic nhigt d¢ khdc nhau. Gid s¢ nhiét 49 d4u thap hon nhiat dd tai A,
T, ching han, D) chuyén héa theo (5.2) duge xdc dinh 1a X 4, Ndng

'll.rgmg phat ra tai X 4, € lam ting nhiét @5 dén T, theo (5.3). b6
chuyén héa tuong img vdi T, s6la X A, theo (5.2). Qud trinh dun
néng hén hop phan dng nay xdy ra cho d6n khi dat téi diém A.
Nhigt dé ban ddu gioa didm A va B, vén tdc phdn ing qud nhé dé
dat dén diéu kign 8n dinh do d6 Lén hop phdn dng sé ngusi vé didm
A. Nhiét 46 ban ddu gitta B va C qud trinh s5 didn tién gidng nhu
trudng hgp nhist dé ddu thap hon difm A dé hén hgp dat dén diém
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C. Nhiét do ban dau 16n hon difm C hén hgp sé bi lam ngudi dg trd
vé diém C.

Nhu vay ta thay diém B khde vdi ede diém A va C. Mét sai léch
nhé ra khéi B, hé théng sé& khéng tré vé B. Trong khi 46 sy sai léch
nhé ra khdi A va C hé théng s ty didu chinh trd vé hai diém d6. Do
dé didu kién tai A, C 13 didu kién hoat déng &n dinh bén, diéu kién
tai B la diéu kién hoat déng khéng bén.

Vi tri tuong d6i coa dudng cong cin bing vat chit va dudng cén
bing ndng lugng trén hinh 5.8 phy thude vaoe tinh chdt héa hoc (ko
E va AH_), tinh ch&t vat 1y clia hé théng (p,C,) va diéu kién 1am
vigc (tva Cy ) theo (5.2) va (5.3). Céc tinh chat va diéu kign nay xdc

dinh ¢6 diéu kién lam viéc 6n dinh hay khéng va ¢6 thé cé bao nhidu
didu kién lam viée 6n dinh.

Vi du 5.2: Mét phan ung pha 18ng déng thé€ bac 1 dugc thyc hién
trong mét binh phén dng khudy trén 1y tudng. Nong d cda tde chét
trong nhap liéu 12 3,0 gmol/l, luu hrgng 14 60 cm®ls. Khéi lugng riéng
" va nhiét dung riéng cia hdn hep phan (ng 14 khong ddi va lan luot
bing 1 g/em® va 1 calig®C. Thé tich binh phan ung 12 18 {. Nhap ligu
ban ddu khéng ¢6 san phdm va binh hoat dgng doan nhiét. Nhigt
phan ng va van téc phan ¥ng l4n lugt 1a:
AH . = —50.000 caligmol

(—ry) = 4,48x10% x e 1300VET 0, | gmollem® s
v6i C, la néng 46 tAc chét, gmol/em® va T 12 °K. Néu nhép ligu ban
diu ¢ 25°C, tim d6 chuyfn héa va nhiét do cia dong sdn pham & diéu
kién on dinh.
" Gidi: Pifu kién lam viée én dinh tuong dng véi 161 giai cho (5.2) va
(5.3). Trong (5.2) vdi © = 18000/60 = 300s, ta cé:

_ 300x4,48% 108 x g 16000RT
A 1+300x4,48% 108 o~15000/ET

1.34310% x ¢ 16000RT
AT 11 1.84%10° ¢ B000KT

Quan hé X, theo T duge v& thanh dubng cong S trén hinh 5.4.
Vi c4c gid tri da biét, (56.3) la:

(A)
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_ BOxKT-T,)x1
A4 7 0,060x3(50000)

Cén bing ning luong ¢6 dang dubng thing dugc trinh bay & hinh 5.4,

1,0 = j_

= 6,67x107°(T - 208) (B)

e C
7
/ //
// ) T-T,| X%
Xa

pigmA| 3 35

B-..
%
A pigm ¢| 146 | 980
i g -

0 40 71-71_,°C 80 120 160

Hinh 5.4: D5 chuyén héa - nhiét ds cho vi du 5.2
Céc giac di€m cla hai duting biéu didn trén hinh 5.4 cho ta d6
chuyén héa va nhiét d6 lam vide c6 thé c6. Pidm B cé nhiét d6 1a T =
298 + 48 = 346°K (73°C) 12 diém lam viéc khong bén. Néu phan ing
bét ddu bing cdch dua nhap lisu & 25°C vao, didm A s& 1a didu kién
1am viéc 8n dinh & nhiét 49 25 + 3 = 28°C, dd chuyén héa chi cé 1,5%.
D& dat duge do chuyén héa cao, nhist d6 ban ddu cia nhdp liéu phai
trén 73°C (diém B). Nhiét d6 phdn ng sé tang dén 25 + 146 = 171°C

(di€m C) vA 46 chuyén hoa sé 1a 98%,

5.3 BINH KHUAY TRON LY TUGNG HOAT DONG GIAN DOAN

Dé gidi bai todn trong trudng hop nay két hgp cic phuong trinh
cin bang vét chat (3.11) va cén bing nang lugng (3.14) cho binh
khudy trén hoat déng gisn doan.

Phuong trinh ean bing nang heong c6 thé bidu dién theo dd chuyén
héa thay vi v4n téc phan ving bing cdch thay (3.9) vao (3.14):

dT dX
ey g = ~AH N, =44 KS(T, - T)) (5.4)

£ dt

Dang phuong trinh (5.4) tién Ioi cho qua trinh doan nhiét vi khi
dé (5.4) trd thanh:

myc,dT = (~AH,)N, dX,, | (5.5)
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Cde dai lugng déu khong doi (ngoai trd ¢,

qud trinh phdn dng. Né&u su bién dé:i clha ¢, va AH,_ 13 nhé cé thé

xem 1a khong d8i thi ta 14y tich phan d€ duge bidu thie lién hé giva
nhiét do va d6 chuyén héa:

v AH ) trong subt

(~AH,)N

e,

T-T, = (X,-X,) (58

5.4 BINH KHUAY TRON LY TUGNG HOAT BONG BAN LIEN TYC

Ta dd khdo s4t hoat déng cta binh phan (ng khudy trdn hoat
déng ban lidn tue trong diéu kién ding nhiét & phdn 3.2.3. Khi nhiét
d5 bién d8i, can bing ning luong phai duge giai déng thoi véi cén
bing vat chat. N6i chung, edn bing ning lugng cho qud trinh bdn
lién tuc s& bao gdm céac 56 hang ena (3.2) duge viét trong mdét phén td
th¥i gian Az,

m,H At - m H a8+ ES(T, - TDAL = (AH )=y WAt + me AT (5.7)

v6i: m,, my - sudt lugng dong vao va ra, [khdT lugnglthoi gian]

m; - khoi lugng ¢ta hdn hgp phdn dng trong binh, (251 lugng)

H,, H, - enthalpy cta dong vao, ra, [ndng lugng/khoi lugngl.

Sd hang tich liy bidu dién sy bién ddi nang lugng do su bién ddi
ctia thanh phdn va nhiét do cia hdén hop phan #ng. Pidu nay lién hé
dén nhiét phdn tng AH, va nhiét dung riéng c,. Tuong tu enthalpy

H, va H, ciing tdy thufc trén nhiét d5 va thanh phdn. Chon nhiét d§
chudn 1a 7, va nhap liéu cé do chuyén héa cia tac chat bing khong.

Taeé: H, = ep(T,-T)+(AH,).0.F; = cp (T,-T)) (5.8)
. P
H, =cp (T - T)+{(AH,) X, Fy fmy = (8H,)X, n‘: (5.9)
i
Thay vao (5.7) va 18y gidi han khi Az - 0:
dT

m.c, (T, T -(AH )X\ Fy, +KS(T, ~T}) =(AH, X~ry )'V+m,cp—d}- (5.10)

Phuong trinh (5.10) cing véi phuong trinh cdn bang vat chét
(3.14) va phuong trinh van téc duge gidi d€ xdc dinh nhiét d¢ va do
chuyén héa trong binh (hay dong san ph&m) 14 ham sb theo thdi gian.
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Cé nhidu dang khdc nhau cia gud trinh bdn lién tuc, viéc dp
dung phuoag trinh (5.10) thy vao ting trudng hop cu thé, vi du sust
lugng tinh theo kh6i lugng cda cdc ddng 1a khéng dfi. Mét trudng
hop thudng gap eda qua trinh khéng ding nhiét 12 trudng hop trong
dé, khéng c6 dong sdn phém, mét tac chét cé sdn trong binh, nhiét
do hén hop duge kiém sodt bing dong nhdp liéu chida tdc chat thd
hai. Hinh 3.4 di cho thdy trudng hop nay va vi du 3.5 d4 trinh bay
tinh todn cho trudng hop ding nhiét. Can biing ning luong trong
trudng hop khéng déng nhiét la:

dr

mee, (T, -T)+KS(T,-T,) = (ﬂH Her W +mye, (5.11)

Trong trudng hop phan dng xdy ra nhanh thi ede théng s6 quyét
dinh vige thigt k& la t6c d¢ trao d6i nhist véi médi trudng chung
quanh, nhiét dé va sudt lugng nhap liéu. Trong trudng hop nay chi
can phuong trinh can biing ning lugng. Phan dng gid s@ & trang théi
cin bing nhiét déng luc hoe nén khéng si dung dén phuong trinh
vén tdc v phuong trinh cin bing vat ehdt. V4n téc phin ung bing
véi van tde tde chdt thém vao trong dong nhap lLiéu. Pai lugng (-r)V
bing véi (m x,/M}, (5.11) tré thanh:

T
m,cp%: mye, (T, ~T)+ KS(T, ~T)) - (AH,

(5.12)

Lui gidi cho thdy su bign d8i ﬁhiét d§ theo thoi gian véi téc 4o
truyén nhigt, nhiét dé va sudt lugng nhap lidu. Pé chuyén héa nhan

duge trong diéu kién néy luén bing gid tri cAn bing dng véi nhiét do
cudi eta qud trinh,

Vi dy 5.3: Hexamethylenetetramine (HMT) duge sdn xudt trong mot
binh khudy trdn hoat ddng b4n lién tuc bing cdch thém dung dich
amoniac (¢6 néng dé 25% khsi lugng NHg) véi luwu lugng 8 Uph vao
hén hop ban d4u 6 thé tich 950 [ (& 25°C) dung dich formalin 42%
khoi lugng formaldehid. Nhiét d9 ban ddu cda dung dich formalin
duge nang lén 50°C dé bit diu phan dng. Nhiét d9 cia dung dich
NH; la 25°C. Nhigt phan dng trong pha 16ng c6 thé gid s doc lap
v6i nong df va nhist d6 va 15y bing —74600 calfmol HMT. N&u binh
phan dng ¢6 thé hoat déng & 100°C, vin t&e phan ing 1dt nhanh so
v6l vén tbc truyén nhiét ra méi trudng ngoai. Nhiét d4 cao hon
200°C s& 1am b8e hoi va tang ap sudt.
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Bd phén lam ngudi la dng xoin dat trong binh cho nudc chay
trong ong xodn. Hé sé truyén nhiét tong qudt 1a 485 W/mt°C. Nude
chdy nhanh qua &ng xoin d€ nhiét d thay doi rat it va ldy nhidt dé
trung binh cGa nude la 25°C. Tinh chidu dai 6ng xodn c6 dudng kinh
9% mm. Cho bi€t khisi luong rifng cta dung dich amoniac 12 0,91 glem?®,
cha formalin (42%) & 25°C la 1,10 glem®, nhiét dung cia hén hop
phin tng gid si khong d6i 14 1 callg’C, cua dung dich 25% khoi
lugng NH; 1a 1 callgC. '

Vin t6¢ phan ung nghich khong ddng ké.

Giai: Vi 12 phan g khéng thuin nghich x4y ra rdt nhanh, nén
amoniac trong dong nhdp lidu sé& phan Ung ngay v6i formalin dé€ tao
thanh HMT trong binh phan ung theo phdn ing sau:

4ANH, + 6HCHO — N, (CH,); + SH,0.

Vi cdn 4 mol NH; 48 phén Ung voi- 8 mol formalin nén khéi
lugng téng ¢ong NH, phdi thém vao dé phén iing v6i lugng formalin
¢ trong binh la:

(9500){1,10kg/)(0,42) 4
NH,), = ’ =2l Z(UTkglkmol NH,) =165,8 k
0HL Y, (80kg/kmol formalin) 6 . : S

Dbng nhép lidu NH; ¢6 hu lugng la & I/jph nén thdi gian phén
Ung téng céng 1a: ' - -

. 165,8 kg _
t ™ (81/ph){0,91kg/1)X0,25)

~ Dién tich bé mét truydn nhigt phai dii € nhiét d6 khong duge
tdng qué 100°C. Nhuy vay tai 100°C, dT/dt trong (5.12) 12 bing khéng
tai nhist d6 duéi 100°C, dong lyc T;-T, da dé truyén nhiét ra moi
trudng ngoai gid cho nhiét do khong ddi. Nhu vy tai loe bat dau
thém NH; vao, s6 hang cufi cang cda (5.12) s@ duong cho phdn (ng
phat nhist va ¢6 gid tri 16n hon tfng gia tri hai s6 hang ddu cfia v€
phdi va nhist 46 hén h¢p phdn ung sé tang lén. T nhén dinh nay ta
thdy giai doan gia nhibt sé gidm dén mue t31 thidu biang cdch cho
déng nudc lam lanh chay that nhanh qua dén khi nhidt 35 dat 100°C.

P& xdc dinh dién tich bé mét truyén nhiét cdn thiét, dung 5.12
khi nhigt d6 dat 100°C va dT/dt = 0. Vay: |

91 ph
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. x

KS(T-7)= ("'AHI.)(_‘QM"G“)-F?TIDE

1 a

s (T, —T) (A)

o 1mol HMT.
i: = (74600 x4, ) = ~TTORT Jimol NH.
VoL AM =T WELIS T LmolNE, L .

il

~T1x957x10% J/kmol NH,

m%, _ (8lph) (0,91kgiD0.25
Myy, (80siph)(17 kglkmol NH,)

= 6,408 kmolNH/h
thay cdc gia tri da biét vao (A), ta dugc:

(+77957x10%)(1,78 % 10‘3)+(sto'gl){4180)(25—100)

e 0 = 2,77 m?
485(100 - 25)

Chiéu dai 6ng xodn truyén nhiét ¢6 dueng kinh 25 mm la:
L= ﬂ =05,3m
) r 0,025

Use tinh thé tich binh phan dng trén co s tfng khsi luong cia |

hén hop tai thoi didm cudi eta phan dng: |
(950 &t formalin) (1,10kg/l) + (8 Uph)91ph)(0,91kg/l) = 1707,5 kg

Gid su khoi lugng riéng clia dung dich HMT 12 1160 kg/m® thi
thé tich t61 thidu cia binh phdn ing 1a 1,5 m®. Chon thé tich binh du i
30% ta 14y dudmg kinh binh 1,25 m, chiéu cao 1,6 m. Ong xo0dn duge
quén thanh vong ¢6 dudng kinh 1,15 m thi cdn khodng 17 vong.

Khodng théi gian cdn thist dé nang nhiét dg hén hgp tir nhiét
dd dau 25°C+100°C ¢6 duge bing cdch l&y tich phan (5.12). Véi sust
lugng nuée khong chdy qua 6ng xodn s6 hang KS(T,-T)) khéng d4ng
k€&, phuong trinh tré thanh:

- |

=1,78%10"° kmol NH,/s

a7 =J" dT
oy, (T, ~ )+ (CAH )%y +mgtle,

0 Py
v m, duge thay bﬁng m + m.t, trong 46 m la khéi lugng ban diu cia
formalin trong binh. _
Néu AH, va C, khong d6i theo nhiét 48, phuong trinh duge 18y
tich phan la: |
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o AHL
1 { Mo, +mye, (T, - Tl) 1 . (memd

- In — In 2 (B)
moCp, (i};%—)me [T, - (T)] - mee, m

Phuong trinh (B) biéu dién nhiét d6 12 ham s6 theo thdi gian
~ trong giai doan gia nhiét. Thay cac gid tri vao (B) ta dugc thdi gian
tinh theo h 48 dua nhiét d8 7, tir 50°C lén 100°C.

117 % 10%(6,408) + (436, 8)(4180)25 -100) s 1045 + 436, 8¢
l .
(117>< 10%)(6,408) + (436,8)(4180)(25 - 100) 1045

thu gon ta duge: 1+ 0,418:=1,15 = ¢t=0,36 h =22 ph

Tém lai nhiét d¢ cda hén hgp phén tng s& téng t 50°C lén
100°C trong 22 ph sau khi thém dung dich NH; vao. Sau 22 pi nude
duge cho chay qua dé duy tri nhiét 49 hoén hgp phan ting khdng d46i &
100°C. Sau thoi gian tdng cdng 91ph (trong d6 cé 22 ph gia nhiét §
trén) cung cAp di lugng amoniac, phédn dng tao thanh HMT hoan t4t.

5.5 THIET B] PHAN UNG DANG ONG

Phuong trinh cdn bing ning lugng cho thiét bi phédn \ng dang
§ng, (3.29) cé gid tri cho didu kién lam viée dn dinh, khéng cb
gradient nhiét 46 theo phudng ban kinh va su khuéch tdn nhiét theo
phuong truc véi qud trinh doan nhiét, (3.29) thu gon con:

m,CdT = Fy (~aH,)dX (5.13)
Néu (AH), ca C, khing ddi (5.13) duge lay tich phéan tuong ty

_—

nhy binh khuay hoat déng gidn doan.
—(AH,}F,
T (X,

nm,.Cp

5.6 KHOANG NHIET 8§ 161 UU

Khodag nhiét 46 t3i uvu duge st dung vdi § nghia td1 da héa ning
sudt trong mot thidt bi phén dng cho trude. Nhiét do t6i uu nay cd
thé 13 ding nhiét hoac thay ddi theo: th¥i gian cho binh khudy hoat
dong gidn doan, theo chiéu dai cho thiét bi phdn dng dang éng, hay
tif binh nay sang binh khdc cho hé nhiéu binh khudy mdc néi tiép.

"XA.:.) (5.14)

(]
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V@i cdc phan dng khong thuan nghich, d6 chuyén héa t6i da c6
thé dat duge khong chiu dnh hudng béi nhiét d6, trong khi dé van
tdc phan dng ting theo nhiét d9. Nhu vay ning sudt t6i da dat duge
tai nhiét d6 cao nhdt c6 thé duge. Nhiét d6 nay bi gidi han béi vat
_ liéu ché& tao thiét bj va cdc phan dng phu néu cé.

V6i phdn 1fng thuin nghich thu nhiét su ting nhist 45 8 lam.
tdng d6 chuyén héa can bang va van tdc. Nhv vdy ciing nhu phén
ung khong thudn nghich nhiét dé sit dung cao nh4t e6 thé duge.

Vdi phdn dng thuin nghich phdt nhigt x4y ra trong thist bi
phdn ung dang dng. Tang nhidt 46 s& lam ting vén tbc phin Ung
thudn nhung nguge lai né 1am gidm d¢ chuyén héa téi da c6 thé dat
duge. Nhu vy tai nhitng di€m gan ddu vao & d6 tdc chdt con & xa do
chuyén héa cin bing s& thudn loi 48 ding nhist 36 cao. Tai nhiing
di€m gln d4u ra, didu kién can bing gin dat d&n nén si dung nhiét
dé thdp dé cho d) chuyén héa cao hon. Do d6 trong truimg hop nay
qud trinh duge thue hién véi nhiét ds thay d§i tir ddu vao d&n dau ra.

l

VN tde cye dai
|

g

(—ra)

1.0

Hinh 5.5: Vdn téc phdn ung la Hink 5.6: Dudng biéu dién vdin
ham s6 theo dé chuyén héa va téc theo do chuyén héa va nhibt

nhiét A6 cho phdn ing thudn cho phén ing thudn nghich
nghich phat nhiét phdt nhist

P& xde dinh sy bién d8i nhist dd t6i wu tir 46 cho ning sudt cuc
dai ta phdi bi&t thanh phdn cha nhap lisy va vin tdc phan dng la
ham s6 theo nhigt do. T nhing s8 lidu ndy vin tdc phin tng theo ci
nhiét 46 va d6 chuyén héa dugc tinh va v& trén hinh 5.5 va hinh 5.6.
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Pudng gach dit doan trén hinh cho ta bae hinh la dudng véan toe
phan dng cyc dai tai méi d¢ chuyén héa va nhiét d6. Bang cdch ding
van t6c phan Ung nay tuong dng véi mdéi df chuyén héa va 14y tich
phan bing d6 thi cho binh khufy trén hoat déng gidn doan hodc
thigt bi phan ing dang éng hodc j binh khudy méc ndi tiép ta s& xdc
dinh dugc nang sudt cuc dai cho phdn dng thudn nghich phat nhiét.

Vi du 5.4: Cho phén (ng A ¥ R 1& thuén nghich bac nhat,

a) Tir 0°C + 100°C x4c dinh db chuyén hoa cén bing ciia A cho phén
‘Gng pha Idng trén v6i AFjygy =-1744 caligmol; AH| s9ag =-1800 callgmoi .
Trinh bay k&t qua dudi dang d6 thi do chuyén héa edn bing theo
nhiét dg.

b) Phan dng trén duge thye hién trong thiét bi phdn ng dang
6ng. SuAt lugng nhéap lLiéu, néng 46 tac chadt va thé tich binh sao cho
1t = 10 ph. Xdc dinh d¢ chuyén héa cia A néu thiét bi phén (ing hoat
déng ding nhiét 14n lugt § 25°C, 65°C va & nhiét 46 61 wu. Nhap liéu
ban ddu khéng chda £,

Thi nghiém déng hoc trong binh phan dng hoat ddng gidn doan
bt dAu véi nhap lidu khong chia & cho do chuyén héa 79,3% sau 19 ph
§ 25°C; 69,1% sau 8 ph & 35°C.

¢) Lap lai cAu b véi binh phin dng khuﬁy trén hoat dong &n
dinh.

4} Dimg khodng nhiét dé t6i wu cho thigt bi phan dng dang ong
v6i C, =1molll, tinh 1 d& dat dé chuyén héa 76% va xde dinh ti 1&
gia ting nang sudt so voi hoal ddng ding nhiét. Nhiét d¢ lam viéc
t6i da cho phép 1a 65°C.

@) Ding nhiét dé t6i uu cho hé hai binh khudy béng nhau mic
ngi tiép v6i €, =1moifl dé€ tinh thdi gian thé€ tich d€ dat do chuyén
héa 60%, ti 18 gia ting ning sudt so v4i binh hoat dong ding nhiét
va cho bigt nhiét do va d§ chuyén héa dat duge trong mdi binh.

Giai: 2) Gid st nhiét Idung ridng ciia cdc chét 12 gifng nhau nén nhiét
phén Ung dﬁc lap v4i nhiét 43. ;
AH, = H, goex =~18000 callgmol | (A)
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Tir nhiét ddng e hoe hiing s¢ ¢an bing & 25°C cho bdi:
_ AP g RT) _ 1744 callgmol _
Rug=e P 98callgmol K)(298K)
Vi nhiét phan dng khéng d6i theo nhiét d4, nén hing s6 can
bing K tai nhiét d6 bat ky T duge xde dinh theo phuong trinh:
K -AH, 1 1
n = (—~-—>)
Kpsx R T 208
K _18000,1 1

19 (B)

1

tit a (B): — = -~
WAiva (B Ini5 = Tos T 8
suy ra InK :@47,46 (C)

-

Theo nhiét dﬁﬁg e hoe ta cé:
C C, - X
K- R _taCa A,

Cy, Ca 1-X,
Nhu viy 49 chuyén héa can bing cho bdi;
Xy, = - K (D)
+XK
Béng 5.4: Bdng két qud cdu (a) vi du 5.4
o SR = InK tinh 1 (C) K Xa, tinh theo (D)

5 278 5,14 170,5 0,9945
15 - 288 40 54,6 0,982
28 298 2,04 18,92 0,950
35 ans | - 1,94 6,96 0,875
45 318 1,03 2,80 0,737
55 azg 0,15 1,16 0,538
65 338 0,66 3,52 0,341
75 | 348 4 0,24 0,192
g5 | 358 215 0,12 0,04
95 368 -2,85 0,06 0,055
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1,00

L. D% chuyén hoa can bing
binh &ng 181 LU

0.80 Vd

Binh khudy 16 yu
X 0,80

Nhigt do tdi da ]

0,38 cho phép
Binh §ng E
0,20 1=10ph 5
Binh knuly N
10 ph ; \
. :
0 20 20 80 80 7000 ©

Hinh 5 7: Duong biéu dién X, theo T

Ké&t qud dugc trmh bay trén bang 5.4 cho mdi khodng téing nhiét
d4 1a 10°C va hinh 5.7 ¢ho thdy sy bién doi cia dd chuyén héa cén
bing 12 ham sd theo nhiét 44 tir 0+ 100°C.

b) Phuong trinh thigt k& cho thiét bi phan dng dang ong v6i
phan img thudn nghich béc 1.

X

dX 1°¢ dX
1=0C = 4 o AL
“J( o wI5e, icy kll X,
| A,

L&y tich phén ta dugc:
K K+1 X
. Bty = -X, In-ZA
k3 rals Inf1 = ) = 4, 1n(1 XAE)
hay = Ka=Xa(l-e ) (E)

Tinh hing 36 v4n tdc phén dng thuén:
Ti thi nghiém déng hoc § 25°C, 4o chuyén héa dat 0,793, 46
chuyén hoéa cén biing theo bang 5.4 1a 0,95 nén theo (E) suy ra:

0, 793 -1
= 0,09 ph
0’95 kwgsx P

 k19ph) = —0,951n(1-
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tuong tu véi thi nghiém déng hoc ¢ 35°C ta c6 két qua:
Fysosx = 0,17 Ph_i_
Dang t8ng qudt cda hiing s6 v4n téc 1a k= ke BT Tt hai gid
tri % & hai nhiét d3 khdc nhau ta xde dinh duge:
E = 11600 callgmol; k= 3x107 ph™t
- Do d6 phuong trinh tinh % theo nhiét d4 la:
k.l i (BX].O? )e—(l_IBOOCaUngI}fRT . (F)
Gidi phuong trinh (E) va (F) & cde nhist 46 khde nhau ta duge 45

3 chuygn héa theo nhist d¢ dng Vi T = 10 ph. Két qua dugc trinh bay
trén bang 5.5 va hinh 5.7.

 Béng5.5 Bang 5.8
Két qud cho céu (b) vi dy 5.4 . Két qud edu (c) vi du 5.4
Nhigt 86 Xa, ki | o a, | X, | Nhiét a8 .

oc % (F) [ (E) o oK

5 278 | 09945 | 0022 | 0800 | 0109 5 278 0,181
15 | 288 | 0082 | 0046 | 0628 10365 15 | 288 | 0313
25 | 208 | 0950 | o000 | o388 | os82 25 298 |- 0,482
a5 308 | 0675 | 0171 | 0,142 0,750 a5 | 308 0,579
15 318 | 0737 | 0311 | 0015 | 0726 45 318 0,596
55 328 | 0,538 | 0,544 | 000004 | 0,538 55 328 0,330
65 338 | 0,341 | 0826 - 0,340

T hinh 5.7 & 25°C 49 chuyén héa dat 0,58. O déy cho thay dsng
hoc phén dng 14 yéu 6 quan trong va ting (s& tang dé chuyén hdéa.

3 65°C chuyén héa dat 0,34 cho thiy ds chuyén héa thap tai
nhigt dé t&i da cho phép. Tai @4y vi didu kién cdn bing kigm so4t

nén d§ chuyén héa khéng thé ting bling cach thay déi sudt lugng
hofic thé tich thiét bi phan ing.

Td hinh 5.7 nhiét 4§ t6i vu va dg chuyén héa tuong (ng la:

| T = 89°C; X, =076 |
¢) Phuong trinh thigt k& cho binh khufy tron hoat ddng 6n dinh 13
| _Co Xy x, |

ey - (X 4%, )
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sdp x&p lai: Xy=mpt— ()

Diing céc gia tri caa bang (5.4) thay vao (G} ta tinh duge cac ket
gua trinh bay trong bdng 5.6 va hinh 5.8.

\

0.8

65°C, nhiat db
t8i da cho phép
|

0.6

Van t6c cyc
dai theo
néng dé

0.4

0,2 ]

; L N -~ O

0 0.2 04 08 0.8 1,0

Hinh 5.8: Van téc theo df chuyén héa & nhing nhiét d§ khdc nhau
Ti hinh 5.8, ¢ 25°C, d¢ chuyén héa 0,46 |
. & 65°C, d6 chuyén héa la 0,33,
Nhiét do 51 uu v do chuyén hoa tuong dng 1a: T'= 42°C, X , = 0,60
d) Vi phan (ng 12 bac 1, thun nghich hay khoéng thuin nghich,
nén dudng biéu dién (-r,) theo X, la duong thdng.
Phuong trinh van téc la:

X
(—T'A) = kcho (1'—};&':)

khiiv X, =0; (r)=kCs =k Hy (n)=20 (D

Pudng biéu dién {(-ry) theo X, ¢ nhing nhiét @ khdc nhau
duge trinh bay trén hinh 5.9. Pudng nhiét do6 t8i uu tuong dng véi
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dutng ddm nét (la bao hinh cla cdc dutng —r, theo X 4 ). Ly tich

phan phuong trinh thiét keé:
0,76

" |
35 |
.

1 Dién tich = Oj E'Ff&ﬂ,?

=Y \
,5 A
EDC\E
o ETN &\ \\\\ X,

0 0,2 0,4 0.6 08 1,0
Hink 5.9: Tich phon bing dé thi cdu (d) vf du 5.4

Hinh 5.9 cho két qua tich phan bing 46 thi t = 7,71 ph
Vay ti 50 n&ng suit cho hai trudng hegp 1a:
T (VCAOIF A, )té'z'u:u _ (f':q,_., ).?,nﬁiéf 7,71
Tannist VCp By Yy 0 Do A0
10-7,71
7,71

=0,771

~ hay mdc ting ning sust 1a: =0,297 hay 29,7%
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) Bang phuong phap do didm; tuong ty nhu hinh 4.7 ta xdc dinh
dugc trén hinh 5.10 hé 88 gée cia cac dudng biéu dién hoat déng cia
hai binh phan ing:

(-ry); _0134
Xo —Xs 04

=10,335 gmolil.ph (J)

Phuong trinh thiét k€ cho binh khudy hoat ddng on dinh:
G (X Ko )
T= Ay Al Ay (K}
(‘"rA)g
K&t hop (J) va (K) v6i C, = 1 molll, ta duge © = 3 ph. Day 1a thoi
gian thé tich cho mgt binh khudy.

V4i hé hai binh khudy bing nhau mic néi tiép:

o _Ca,ViFa)is _Fa)ia 10

Tj:2 (CAa V’FAO. }}'=2 (FAQ)JEI 6
Do &6 ti 1& gia tAng nang sudt 13:

10-6

= 0,667 hay 66,7%

Tit hinh 5.10 cho ta d chuyén héa trong méi binh, tf hinh 5.8
a@ cho nhiét dd tuong dng:

X, =040  T,=49°C

X 4, =0,60 T, =42°C

0.2
Brudng nhiét do
16i wu {5.11)

(=74)
Binh 1 Cao _ (Zfa)18
G.‘I T xra . x\fﬁﬂ
Binh 2 |
0 23
0 0.2 0.4 0,6 0.a 1.0

_ 5
Hinh 5.10: Vén t6¢ theo d6 chuyén hda cho cdu (e) vi dy 5.4
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Vi du 5.5: Lap biéu thic tinh thé tich binh phin dng éng d€ dat da
chuyén héa 70% cho phdn ing so ddng pha 1éng khéng thusn nghich.

A—R

Binh phdn ting hoat déng doan nhiét va phdn ung phat nhiét
nén nhiét dé tiéng theo d6 chuyén héa doc theo chidu chuyen dong
ctia hén hop trong binh.

Xa
Giai: Phuong trinh thiét k& cho binh éng V = Fa, J (d XA)

__rA
0

Phuong trinh vén toe ¢6 dang  (—ry) = kC, = RCy (1-X,)
Pha long nén v=u,, do d6 bign déi phuong trinh thidt k& thanh dang

j R1-X,) XA R1-X,)
Theo phuong trinh Arrhénius:
3 E,1 1
= hexp[R(Tl T)}

Nhu vay, % 13 ham s8 theo T va T lai 12 ham s6 theo X, doc

theo chiéu dai binh nén % khéng thé dua ra ngoai tich phan. Do 4o,
phuong trinh thidt ké la:
X4
v - ‘glj dXA
1% (l—XA)exp[ (————)]

Vi dy 5.6: Tiz:h nhiét phdn dng cho phédn dng tdng hop amoniac tif
hydrogen va nitrogen ¢ 150°C theo: a) kcallimol N; phan ung

b) kJ/mol N; phéan tng.
Gidi: Phdn ing téng hop la: - Ny + 8H; —= 2NH,

Truée hét tinh nhiét phan iing tai nhiét d8 chudn
Tr =25°C =298K tir nhiét cdu tao cta céc chat trong phan ing (s6 1idu

tra trong bang 1.2).
AHR(Ty) = 2HRy, (Tx)-3HE, (Tp)— HY (Ty,) (A)
Nhiét cau tao cha cde nguyén to {H,, N,) bing khéng & 25°C
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AHH(Tp) = 2H 3y, (Tp)-30)-0 = 2Hzy,
A% (Tp) = 2(-1140) = —22080 cal/mol N, phdn ing
hay AH%(208K) = -22,08 calimol N, phdn ting =-99,29 kJimol N, phdn ung
D4u trit cho thay 14 phdn ¢ng phét nhiét.
Phuong phip 1: Biéf nhiét dung ri.éng trung binh

N&u bist nhidt dung riéng trung binh trong khodng nhiét db
25+ 150°C, x4c dinh AH, tai 150°C tuong ddi don gién.

Cp, = 8,992 callmolHy K
Coy, = 6,984 calimoIN, K
Cony, = 8,92 calimolNH3 K
ACp = 2Cpyy, — 3Cpy, - Coy, = 28,92)-(6.992)- 6,984
= =10,12 caligmolN, phdring K
Viay: AH ,(423K) = -22048 +(-10,12)(423 - 208) = -23850 cal/mol N,
= -97603.J/mol N
AH R (T) = AHS(TR)+ACH(T -T)

Phuong phip 2: Nhiét dung riéng biéu dién theo hdm bdc 2 cia
nhiét do

Nhiét dung riéng clia cdc chat nhu sau:

(B)

Cpp = 6,946-0,196x10°T + 0,476x107° 7

2

Cpy, = 6,457+1,39x 10T —0,069x107°T?
2

C. =592+8963x10"7T~1,764x107°T?
3

PNH.

Nhu vay: Ao = 2(5,92) - 3(6,946) - (6,457) =-15,46

Ap = [2(8,963) - 3(-0,196)-1,39]110° = 17,12x 107
ay = [2(-1,764)~3(0,476)—(-0,069)]x107° = —4,89x10°
Thay vao biéu thic tinh AH,

AHR (T) = gH;(TRJMa{T—TRH%—B(Tz-T§)+%(T3—T§)

17,12x1072

~ —99080-15,46(423~ 298)+ (4232 ~298%)-

__4’59 < 10°5(423% ~208%) = —23.320 calimolN, = 97477 J/mol N,
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Nhiét phan vng dua trén mol Hz phan 1ng to phuong phap 1
1 gmolN,
3 gmolH, _
Vi du 5.7: Sdn xudt propylene glycol trong mét thi€t b1 phan dng
khudy trgn hoat dong 6n dinh doan nhiét.

AH p{423K) = (-97,603 kJ/mol Ny)=-32,53 kJimol H, tqi 423K
-y

Propylen glycol duge sdn xudt tir phan dng thuy gidl propylen

oxide d nhist A6 thudng 20°C véi xic tde 14 sulfuric acid:
H,50
H,C-CH--CH, +H,0 2~ CH,-CH-CH,

Nhép 1idu ¢6 sudt lugng 1250 kg/h (21,52 &mol/i) propylen oxid
duge dua vao binh phdn tng thanh hai dong: (1) mot dong ¢é luu
lugng bing nhau 1260 /& propylen oxid va 1260 /A methanol va (2)
6294 /A nude chita 0,1% H,SO, theo khéi lugng. Luu lugng mol

tuong (ng cla methanol v nudc 14n lugt 14 1a 35,94 va 401,4 kmol/h.
Hén hop ba cdu t trén bi gidm 3% thé tich khi khudy trén, tuy
. nhién bd qua sy gidm thé tich nay trong tinh todn. Nhiét d9 cd hai
dong nhip lidu 12 15°C trude khi khuay trén, khi khudy trén do nhiét
khudy trén, nhiét 49 h8n hop t&ng 1én khodng 9°C. Do d6 chon nhiét
d3 vao cha dong nhip lidu hén hop ta 24°C,

Furosawa cho réing & cdc diéu kign nhu trén, phan dng 13 béc 1
theo propylen oxid va ¢6 hing s§ van téc phan ung bing:

k = 16,96x1012(o 17984/RTy  p-1

2

Vi propylen oxid s6i & nhiét 6 thip nén nhiét d6 phdn dng
khong vugt qua 51,7°C. Véi thé tich binh 14 1083 lit, ta ¢é thé si
dung cho phdn ¥ng mé t4 & tren?

S6lidu: A+ B— R

- - F e 0 _ D
vii: A - propylen oxid; B - nudc a0 1T,=15C T,=15C

FMD—] FB-‘.: NUdGc
R - propylen glycol.
Bang 5.7
Ciutd M, o/mol p, e’ Cp callmofC

A 58,08 0,859 as ; =2

B 18,02 0,994 18 %Hm - o

R 78,11 1,036 46

Methanol 32.04 0,791 19,5

Hinh 5.11: Vi dy 5.7
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Giai: Giai ddng thoi hai phuong trinh cdn bing vt chdt va ning
lugng d& xdce dinh X, T cho binh phdn tng khudy trén hout dong on
dinh dAng nhist.

Phuong trinh can bang vt chadt tinh X, theo T

kRt the BT

X, = = A
fve 14kt 1ethe AT b
Phuong trinh cdn bang nang luong tinh X4 theo T
x _ 2MC _m-(T -T.)
AN T _[AH, g+ AC (T - T,))
Tinh nhiét phdn (ng tai nhiét dé T
MM, = AH, ¢ +AC(T-T,)
Tinh tir s6 lidu nhiét dat chay:
;,2008 = —-37000calimol,; H;,ggﬂc = —68.300¢cuzimol; HOR,ED"C =-125.000 cal/mol
AH, s0:¢ =-125000~(-37000) —{~68300) = —18700~alimol propylenoxid
AH, 7 =-19700-(TXT - 293 (B)

Ly lugng ede dong di vao binh phédn dng la:
v, =Va TUp +Ux, = 1260 +1260 + 6294 =8G141/h

vV 1083!
e ! == =0,13h
V=1083L 1 SRTITYT

C =FAU :2152m0h‘h
4 " p T 88l4ln

Ty 16 néng 46 ban dau cua céc chat

= 2,44 molll

Fy 3594 molmethanol
v, i . = L p— _.’_- =d, 2
di methanol: My, FAﬂ" 21,52 mol propylen oxid
Fp 4014 molnude
Tt -‘_c: — L -_ ""_.‘“_ . l s i
Va1 nue Mg FAD 21,52 mol propylen oxid

Can biug ning Iugng d8 chuyén nhigt dung riéng cia hén hgp ra
theo mé&t 4on vi moi A
EMCH = CPA. +.MBCPB +I!4-MCPM
=35 +{18,65)(18) + (1,67X(19,5) = 403,3cai/mol.°C
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T, = To+ ATyp = 14,4°C+10°C =4,4°C = 297K

Xay = - EMCp(T-T,) ;T =20°C=293K
L AH, 7 +AC(T-T,) '

(403,8callmal’C)(T-297) 403,3(T -297)

Lam = 1-19700-7(T-293)]  ~ 19700+ 7(T - 293) ¥l
(16,96 x 102 27)(0,13A) exp (-17984/1,987T)
AVe ] (16,96 102 30,13 hexp (- 17984/1,987T) .
_ (2,205x10'%)exp(-9050,8/T)
 1+(2,205%10'2) exp (-9050 8/T)
Bang 5.8: Bdang két qud tinh
T, °K Xy, 1 {C) Xy, W (D) T, °K Xa, t(C) Xy, W7 (D)
293 0,020 0,125 - 328 0.627 0,696
aoe 0,224 0,278 338 0.826 0,838
318 0,426 0,490 348 ~1 0,918

Giao diém hai dudng tai X, =85% va T = 34°K

=67°C

Vi du 5.8: Binh phan ¢ng trong vi du 5.7 dugc gdn thém 6ng xofin dé
lam ngufi, dién tich xung quanh cia &ng xodn 1a 3,70 m? va luu
luong nuée dd 16n d€ nhiét 45 nude 1am ngusi dude duy tri khéng déi
d 30°C. Hé sd truyén nhiét tdng qudt béng 136 calfs.m?®.C. Binh phén
ung nay cé dat duge yéu cu nhiét 46 t6i da 52°C7

Giai: Gid sif 6ng xedn dua vao khéng lam thay déi déng k& thé tich
binh phan (ng. Phuong trinh c4n biing vat chAt khéng déi véi vi du 5.7:

(2,205%10'%) exp (~9050,8/T)
1+4(2,205%10'%) exp(-9050,8/T)
Phuong trinh c4n bing néng luong:
ZMCP;(T T)+[KS(T-T Ly |

‘“[AHRT +ﬂC (T TR)]

KS

Aye =

XA NL T

(A)

e (136 calls.m® *C)B3600s/h)3, 70m> (2152 mollh) = 841,8¢calimol°C
A,

Nhiét 46 nude 1am nguéi khong d6i T, =30°C = 303K
_408,3(7"~-297) + 841,8(T ~303)

X4 NL

19700+ 7(T -293)

(B}
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Giai déng thai hai phuong trinh (A) va (B), ta duge bang két qua sau: |
Bang 5.9: Két quad tinh cdn bang vdt chdt - nang higng cho vi du

T °K ) A A
208 : 0,020 0,193
303 | 0,190 0,122
308 _ 0,224 0,436
313 : 0,379 0.750
318 0,426 ' -1

Vi du 5.9: Trong qud trinh san xuat acetic alhydride, Jeffrey cho ring
mit trong nhiing giai doan then chét 14 cracking aceton thanh cetene

va methane
' CH,COCHy — CH,CO + CH,

Phén g 1a bdc 1 theo aceton va hing 8§ van tde la:
34222
| T
trong d6 k{s) va T(K). Sit dung thiét bj phdn Ung dang dng vdi sult
lugng nhép lidu 13 8000 kg aceton/h. Néu thiét bi hoat déng doan
nhiét, nhap liéu 1a aceton nguyén chat & 1035K va 4p sult 1,6 at,
tinh thé tich binh d& dat 86 chuyén héa cia aceton la 20%?

Ink = 34,34 -

' Giai: Phan tng ¢6 thé vidt lailaA —=R + 8
Phuong trinh thit ké la:

dX
=F A B
Vo [ )
. 1-X,)T
' 5 A

VA €y =£i_'—1 —1. Thay vao phuong trinh thiét ké:

1+X,

XAT
- = [—=t4 gX C
v v"v([Ta[k(l— A)} A (C)

Ap dung phuong trinh cén bing ning ligng tinh X, theo T
trong didu kién doan nhiét, khong cd khi tra:
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ZC, T - 1)

X —
A _AHL -+ 8C,(T-T.)

trong dé: Ac= dR rog —0,; AP=Br+Bs—Ba; AY=7R 4‘7’5 ~¥4.
L4y tich phan duge:
o (T, T+ BA/2HTE —T2) 4 (y,/3NT2 - T3)
A AHZ p + AT - T,) +(AB2X(TE —T2) + (A 3)(T® - T7)

v6i T, 12 nhiét 46 chudn dé tinh AH,

/
Tinh cdc théng s6 FA@ = %‘% =137,9kmol/h = 38,3molls
Pa 1,6at

= 0,0188 mol/l = 18,8 molim®

Ca, = RT  (0,082].at/mol K)(1035K)

_Fy  38,3molis
£ A, 18,8mol/m?®

=2 037 m®/s

a

Tinh cac thong s8 cén bing nhiét qung.

Tinh nhiét phan ¥ng & 298K, nhiét cdu tao chudn 1a:
H(Tp)a =— 216,67 kJ/mol
H(Tg g = — 61,09 kJ/mol

H(TR)s = ~ 74,81 kJimol
AH (Tg) ={-61,09)+(-74,81)-(216,67) = 80,77k /mol
Nhiét dung riéng cia cdc chdt 1an lugt 1a:
Cps = 26,63+0,1837 ~45,86%x10°T2  Jimol K
Cpp = 20,04+0,0945T:30,,95x10‘6T2 Jimol K
Cpg = 13,39+0,077T-18,71.10°7%  JimolK
Ao =0t + g -0y =20,04+13,39-26,63 = 6,8 J/mol K2
AB=PBg +Bg ~Ba = 0,077 +0,0945 0,183 = ~0,0115 Jimol K>
AY=1Yp +¥s~Ya =(-18,71x107%)+(-30,95%107%) — (-45,86 x1075)

 =-8,8x107%J mol K3

ﬁ?ﬂ =-5,75%x1073; -‘931 ==1,27x1078
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__ 26,63(1085-7) +0,0015(1085% - T2)-15,29.10%(1035% - T%)
A7 80,770 + 6,8(T — 208) - 5,75x 1073(T? — 208%) - 1,27 x1078(T® - 298%)

D& giai bai todn trén, chon T va tinh X, ta 6 thé vé két qud
tinh. T cdc 6 lidu nay ta cé thé xdc dinh nhigt do tai mot diém
‘chuyén héa bat ky.

X r. 1+X 34209
V=u J(—)———ALdX . va k=82x10"exp(— ), s}
I R -x ) A a
ﬁ 2]
Béang 5.10 Bang 5.11
T, X X T K X _ (TR )1+ X )
A A xﬂ. T, K X T!TD ka)_.x )k
1035 0 950 0,174 A
1025 0021 | 925 0,224 o0 1035|358 100 | 0279=f
1000 0,073 900 0,271 005 [ 5010 1,67 | 098 | 0690=f
975 0.124 650 0,365 a0 | 985 | 068 | 095 | 1,708=t
015 | 960 | 0,27 | 093 | 4860=1;
020 | 937 | 011 ] 000 | 12,274=1s

Xd._Xo

Ta c6 cong thitc tich phén véi 5 difm: h= 3

Xy 5 .
| FRIIK =2 (f, +4F,+ 2 +4fy +2f,)
%

Vay: V:uo-g—(fo+4f1+2f2+4f3+f4)

= (2,037m3/s)(%§-)(0,279 +276+3,416+18,64 +12,274)

0,05
=

Néu giai bing chuong trinh tinh ta duge k&t qua chinh xdc hon.

Pé y ring, v6i phan (g thu nhiét dogn nhiet, phin dng s8 tidt
sau thé tich 1,25 m® do nhiét 1050 | g
dé gidm nhanh va 44 chuyén oo N e s
héa tang khong dang k€ sau 1(K) "
didm nay. Mét cdch d§ tdng 950 0,1
d6 chuyén hoéa la pha lodng 900
t4e chai bing cach thém Np

- (2.03722)(37,368) = 1,27m*

05 1 1.6 2 25 3 35 4
Hinh 5.12: Vi du
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vao dé 14y nhiét cuia N; cung c4p cho phan ung thu nhiét. Tuy nhién
néu qua nhidu N; thi ndng d va van téc sé thap. Nhu vay bai toan
ti€p theo 13 thém vio bao nhiéu N, 1a phi hop.

Vi du 5.10: Xét phan ung phin hiy pha khi aceton nhu trong vi du 5.9,

Thiét bi phan ung duge boe vé 1050} {8

do dé dong khi ¢6 nhiét dd cao cap 10451 51
: ) . 1040 :
nhigt cho phdn udng thu nhiét. 1035 5%
Aceton nguyén chat di vao thiét bi . iI)wsm 4
~ - el L o] @ Y 1025 3
phin Ung & nhidt d6 1035°K va . 4650 =
1

nhigt A6 dong khi bén ngoai gii 1015
khong d6i 6 1150°K. Thi&t bi phan = 1010
ung 12 &ng c6 dudng kinh 26,6 mm. — Vx10® {dm)

Hé s§ truyén nhiét tdng qudt Hinh 5.13: Vi dy 5.10

K = 110 W/m“K. Xdc dinh sy bién thién cda nhist a5 theo chidu dai
thiét bi phdn 1ing. Cho biét v, = 0,002 m¥s, CAO =18,8 moltm>.

Gidi: Phuong trinh cén bﬁng vit chat cho mdt phin t6 thé tich:

dV  F, @

Véi phuong trinh van tse: (-ry)=kC,

Pha khi c6 bi&n d8i thé tich: v=0,(1+£, X, NT/T,)

_Ca0-X,) T 1-X, T,
l+e X, 7

1+X, T
Thay vao phuong trinh vén tée:
RC, (1-X,) s
(—Y‘AJ = 2 .A 'E (B)
1+X, T
Phueng trinh cin bing nh1et lugng bifu didn sy bign ddi nhiét
d$ theo thé tich:

) EA-H-]. nén CA CA

A~

dT _ KS(T, - T) +(-r, )AH (T)]
dV = F, (C, +X,AC,)

(C)

vOiCy_ =188 molim? ' Fa = Cy v, =(18,8molim®)0,002m5%%) = 0,0376 molls

Theo két qud trong vi dy 5.9 ta cé:
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AT = 3,589@[34222(%—3)] (D)
Cac thong 86 cho c4n bing nhiét lugng

AC, = 6,8-115x10°T-8,81x107°T" Jimol.K (E)

C,, = 26,6 +0,183T -459x10°T* (F)

AH,p = B0T70+6,8(T-298)-5,75x1073(1? - 288%)-1,27x1075(T% - 208%) ()

Dién tich b mat truyén nhiét cho mdt don vi thé tich sng
__ Tk 4. 4
T @D¥U4)L D 0,0266m

va: | KS = (110 Wim® K)(150 m™) = 16500 Wim® K

=150mt

Vi du 5.11: Xdc dinh nhiét 43 cdn bang doan nhiét cho phan tng so
déng pha 1éng: AT=R
Vé dudng bifu difn d§ chuyén hoéa cin bang 12 ham s8 theo
nhiét d6. Xde dinh nhiét d6 cdn bing doan nhiét v& d6 chuyén héa
khi nhép liéu la A nguyén chat d 300°K.
 Cho bift: HY pyer = —40000 calimol;  HYnesx =-60000 callmol

CPA = CPH = 50 ral/mol K, K, =100.000 ¢ 298K
Gidi: Phuong trinh vin toc giad bédc 1;

(_TA} = k(CA (};R) : (A)

Vdi phédn tng pha léng €, =0

Gy X
Ca= Cp (=X, ) =2

Ke.T'
1+KE‘T

sSuy ra: XA:@ = ; ACP =CPR '"Cm = calimol K

vdi AC, =0, hing s6 cidn bing thay déi theo nhiét dd theo biéu thue:

AHC
K,p = K,pexpl 7 (—,1;1-——)] {C)

AH? = HY - H§ =-20000 calimol
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1,987 208 T

. = 1000006Xp[—83,78(T_298)]

e

K,; = 100000expl

i

Suyra X, theo T:
100000expf-33 78(T - 298)/T]

= (E)
4 7 1+100000exp!-33,78(T - 298)/T1]
Két qua tinh cho ¢ bdng 5.12:
' Bing 5.12
T Ke Xo T Ke Xq
258 100000,00 1.00 450 1,11 0,53
350 861,60 1,00 475 0,34 0.25
400 18147 | 095 500 6,12 0,11
425 4,14 0.80 .
Can bAng niing lvgng cho phan dng dean nhist
Cp, (T~T))  50(T -300)
X =_"A ° = =92 5x1073(T-300)
eNL -AH 20000 (
K&t qua cho: 1,09 . - Ke(T)
ogl ho T+ Ka(T}
T, K Xeo nL !
300 -0 087
' 0,41 Cp, (T-To)
400 0,25 ' =
500 0,50 a2r
0 g .
80 075 300 400 _ 500 600

Hinh 5.14: Vi dy 5.11

" V6i nhiét df nhép lidu 12 300°K, nhiét d6 cAn bing doan nhiét
1& 465°K va d6 chuyén héa c4n biing doan nhiét tuong ing 1a 0,41.

BAl TAP CHUGNG 5

5.1. Cho phﬁfx ing nhu trong vi du 5.4 xdc dinh lugng nhiét trao d6i
vOi méi trimg ngodi mbi gid tai didu kién lAm vide t6i wu ela
(a) mgt binh khudy hoat dong dn dinh, (b) hai binh khufy bing
nhau mie néi ti€p ¢& phin dng 1000 gmol A/ Nhép lidu vao d
diéu kién saw: C, =25 gmol All; C,, =250 calimol.K: T, =15°C.

Trong ca hai trudng hop d6 chuyén héa edn dat duge 13 0,860.
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8.2,

9.4,

5.5.

Khi hoat dgng & didu kién dang nhiat tai nhiét do t61 wu thist
bi phéan ing dang éng & vi du 5.4 dat 48 chuyén héa A thanh R
la 76%.

a) Pb chuyén héa dat duge néu khoang nhiét do t&i vu duge duy
tri doc theo chiéu dai thigt bi phan dng.

b) V& dutng bidu dién nhiét ds tai mdi khodng 10% chidu dai
thiét bi phén 1ing.

Nhiét do t61 da cho phép 1a 65°C va (duy tri khéng d6i 1a 10ph.
Ba binh khudy trén bing nhau duge mde ndi tiép dé thue hién
phén tmg trong vi du 5.4, |

a) Né&u thoi gian thé tich cho hé 1a 10ph, tinh nhiét dé duy tri
¢ méi binh d€ cue dai hda dé chuyén héa A thanh R. Tim 435
chuyén héa nay.

b) Né&u =6 binh khudy ting 1én vo cuc, (vin giit 1a 10ph. Tim do
chuy&n héa dat duge. _
Phén itng pha 18ng khéng thudn nghich bédc 1 dugc thuc hién
trong binh khudy trén hoat déng 8n dinh. Khéi lugng riéng 1
1,2 g/em?, nhiét dung riéng 12 0,9 cal/g.’C. Luu lugng nhap lidu
13 200 ¢cm®/s va thé tich binh phan dng 1a 10 Ifz. Hing s6 van
t6c phan dng 1a: & =1,8x10%¢ 12000ET -1

v6i T 1a @ K, néu nhiét phin Ung 1a  AH, = -4600 caljgmol va
nhiét d6 nhép liéu 1a 20°C nbéng 36 ban ddu la C, =5 molfl.

Tim nhidt d6 va do6 chuyén héa treng dong sdn phdm & diéu
kién doan nhiét én dinh. |
Phén tng thiy gidi dung dich lodng acetic althydride 14 béc 2 va
khéng thudn nghich nhu sau:

 (CH,LC0),0 + H,0 — 2CH,COOH
Binh phén ¢ng khudy trén hoat déng gidn doan duge nhap lisu
han d4du 13 200/ dung dich alhydride & 15°C e¢6 ndng dé 1a
2,16x107* gmoliem® . Nhiét dung riéng va khéi lugng riéng cta
dung dich gia sit khong ddi va 14n huot biing 0,9 callg.°C va 1,05 glem’.
Nhiét phan dng gid sit khong ddi va bing —50000 cal/gmol. Van
t6c phdn (ng § nhing nhidt d4 khdc nhau nhy sau:
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1, °C 10 15 25 40
(=ry), gma."l'cm3 ph 0, 056?CA O,UBUBCA. 0.1 SBOCA 0, 3BDCA

véi C, 1a ndng dé cia acetic alhydride, gmoliem?®.
a) Giii thich tai sao van tc lai viét nhu trén khi phan @ng 12
bac 2,
b) Néu qué trinh duge 1am ngudi dé nhist do khong 46 & 15°C. Tim
thoi gian cdn thist d€ dat do chuyén héa 70% cia alhydride.
¢) Xde dinh bi€u thie gidi tich eda van téc theo nhiét A9 va do
chuyén héa?
d) Thoi gian cin thigt dé dat 46 chuyén héa 70% néu binh
phéan dng hoat déng doan nhiét?
Trong viée nghién citu sdn xudt ddu khé biing qud trinh phan
hiy ddu thiu diu di acetyl héa. Grummit va Fleming (1945) da
thu nhap duge 6 lidu trén co sé phdn (ng phan hiy bae 1 nhur sau:

Ddu thGu déu acetylhéa (1) —= CHZCOOH, + déu thé(l)
vO1 rp = kCq, g acidaceticiml.ph
Cr 12 nong d6 eda acetic acid, g/ml tuong ding vdi ddu thau ddu.
S6 ligu thu duge trong khodng nhiét ds tir 20,5+ 340°C cho thdy
nang lugng kich dong 1la 44500 cal/emol phi hgp véi biéu thuc
tinh hing s& van tde £ nhu sau:

16l = —445(0

+352 viiTladoK

N&u binh khudy heat dong gidn doan ban déu chira 250 kg ddu
¢ 340°C (t§ trong daw la 0,90} va hoat déng doan nhiét, vé
dudng cong d6 chuyén héa (phdn d4u bi phin hily) va nhiét dé

+ theo théi gian, Phédn ung thu nhiét 12 15000 cal/gmol hoi acetic

acid. Déu d4 acetyl héa chita duong luong 0,156 g acetic acid/g
ddu nghia 12 phan hily hoan toan 1g ddu s thu duge 0,156g
acetic acid. Gid s nhiét dung ridng cha hén hgp khoéng d6i
bing 0,6 cal/g°C, hoi acetic acid tao thanh véi binh phan dng &
nhiét d§ bang nhiét d§ cla hdn hdp phan ing.
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3.7.

5.8.

Cho phan (ng pha léng hitu c¢ s¢ d&dng khéng thuin nghich:

A + B — R, dugc thuc hién trong binh phdn dng khudy tron

hoat déng lién tuc. Nhap liéu ddng mol A va B vao binh § 27°C

v6i luu lugng la 2 litls. |

a) Tinh thé tich binh éng va binh khudy dé dat do chuyén héa

85% néu phan tng xay ra & diéu kién doan nhiét, _

b) Nhiét d6 t6i da cia nhap liéu d8 dong ra ¢6 nhigt 46 khéng

qud 550K ngay cd khi phén (ing hoan toan. '

c) V& dudng biu didn 46 chuyén héa va nhiét d6 doc theo thé

tich binh 6ng

Cho bigt: HE(278K) = -20 kealimols  H3(273K) = -15 kcallmol
H3(2T3K) = -41 kealimol ;€ =0,1 kmolim®

C‘M :CPH =18 callmol K; C - 30 calimolK

g

kE =001 lit/mols 8 300K; E = 10.000 cal/mol
Phan tng pha khi so ding khong thudn nghich: A — R + S,
duge thyc hién doan nhiét trong binh dng. A nguyén chidt di
vao thiét bi phan tng véi luu lgng 20 Lit/s, ap suat 10 af va
nhiét dé 450K,
V& duding bidu dién d6 chuyén hda va nhiét do theo chidu dai
binh phén tng d€ dat d6 chuyén héa 80%
Cho biét: G 273K, HS =-10 kdimol; Hj =50 kdimol ;

HE =-40 kdimol; C,, =40 Jlmol.K 3 Cp, =25 Jimol IC;

ey | 1 1 : :
CpS=15J!ma_I.K; k =0,1339Xp%(zg-ﬂ-—?); v61 E = 31,4 kJ/mol .
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Trong Chuong 3 ta da thiét ldp cdc phuong trinh d8 tinh 45
chuyén héa cho hai mé hinh thiét bi 1y tudng:

- Binh khudy 1y tudng tuong img véi qua trinh khudy tron hoan toan.

- Thiét bi dang éng ly tudng tuong dng véi sy déng nhat van téc
theo phuong ddng chdy va khéng ¢6 su khudy tron theo phuong truc.

Mac do cée thiét bi phdn (ng thye t& niy khéng hoan todn tudn
theo ding edc mé hinh dong chdy, nhung mét s6 l6n trudng hgp van
dugc xem 14 1y tudng vdi sai s6 khong dang ké. Trong edc trudng hop
khéc, thi dit duge xem 12 1y tudng nhung van c6 sai s6 ddng ké.

Nhitng sai s8' nay c6 thé gdy nén do: dong chdy tdt cia luu chat;
su tudn hoan ctia luu chat va do tao nén cde ving ti trong thist bi
(H.6.1). Trong cde loai thiét bi thue hién qué trinh nay nhu: Thiét bi
trao dsi nhiét, edt chém, thidt bi phan tng... néu cd cde dovng chady
trén sé lam gidm kha ning hoat déng cia thigt bi.

\GHisY
e
o\ (%]

N
%%‘%T[ Déng chay tit
ITN hT
. s

Hink 6.1: Cdc logi dong chdy khéng ly tudng
6 thé hién dién trong thiét bj
Muyc dich cla chuong nay 1a dénh gia dinh higng dnh hudng cia

cac sai 58 1én 9 chuyén héa. V4n téc va dd chuyén héa trong thigt bi
thutng rdt khé xdc dinh do d6 cdc s6 lidu thudng duge 18y & dong
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nhap liéu va dong san phdm. S6 liéu ddp Ung nhd vdy thudng duge
xiac dinh bang cdch do mét hidu ing quan sdt duge trong dong ra khi
ta thay doi néng dé cdu ti tro trong nhap liéu. Trong chudng nay, ta
s& khao sat gidi han & phén tng don duge thyc hién trong binh phan
dng déng thé tAng luu héa hoat dong & didu kidn ding nhiét.

6.1 KHAI NIEM VE KHUAY TRON VA MO HiNH

C6 ba phuong phdp ude tinh cde sai s6 so v6i dang 1y tudng:

1- Xdc dinh su phan phéi thii gian luu thye t& tir s6 liéu thi
nghiém d4p tmg va tinh 45 chuyén héa bing cdch xem dong chay
hoan toan khéng khudy ¢ron. M6 hinh nay thich hop cho thiét bi
dang éng véi ché d6 chay dong va phin dng bie 1.

9- M5 hinh phéan tdn theo phuong truc, xem nhu trong thiét bi
phan tng dang 6ng cd su khudch tdn theo phugng truc, khi d6 su
phén phdi thai gian luu thyc t& trong thiét bi duge diing dé tinh hé
<§ khuéch tdn theo phuong truc, va sau dé dung gid tri nay dé tién
dodn d6 chuyén héa. Mb hinh nay thich hgp cho thiét bi phén ing c6
ché ds chdy réi.

3. M6 hinh hé nhiéu binh khudy 1§ tudng bing nhau mic ndi
tisp. S& lidu thi nghiém ddp dng duge dung dé xdc dinh s8 binh
khusy trong hé, tir 6 tinh duge ¢ chuyén héa.

Mst mo hinh khéc 12 thiét bi phan dng dang ong c¢é dong hoan
luu (H.6.2). Ban than thiét bi
12 dang o6ng ly tudng, su
Khudy tron duge tao nén do
dong hoan luu. Khi luu lugng
dong hoan luu 4t 16n thiét bi Chét ¢
theo mé hinh khuay 1y tugng XecteW g
va khi dong hoan luu bang
. khéng thiét bi theo dang dng

1y tdng. Luu chét |
% 5 hinh 20 _g:
PE tim hidu cdc md hinh Bem hoan luu

XA:O }
trén trudc hél ta tim hiéu cac o
. .. Hinh 6.2;: Thiét bi phén vung d
ham ph&n b6 thi gian lw * SOOI g, BRug

af # d\_ h % i m
ctia luw chdt trong binh. ong co dong hoan Lt

I__. Luu chét ra
v, X
> Am
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5.2 SU PHAN BO THO!I GIAN LUU COA LUU CHAT TRONG BINH

Xét dong chdy én dinh, khéng ¢ phan dng va sy bisn doi khéi
lugng riéng cia phdn td luu chat qua thist bi. Thoi gian thu gon 13
mot bidn s& khong thi nguyén duge dinh nghia nhy sau:

' Pt vt : :
Oz = =__ ; (61)
; t v V¥V -
véi: ¢ - thdi gian phan t& luu chat di qua thist bi.
f - théi gian luu trung binh; 1 - th&i gian thé tich.
_1- Ham phén b6 thoi gian luu ehdt & trong binh

Nhing phdn t& hw
~ chdt khédc nhau s& di theo
nhilng dudng khdc nhay E
vd mat nhimg khodng
thdi gian khdc nhau. Xét T8ng dign tich = 1
ta1 mGt thoi diém bat ky, o 0,
sy phén b thoi gian lyu  Hink 6.3: Ham phdn b6 théi gian len
chit & trong binh duge cua luu chdt trong binh

xde dinh #ir lic bdt ddu vao binh duge trinh bay trén hinh 6.3, Ky
higu  duge dung d€ chi d6 da su phan bé thei gian luu ena lua chAt
trong binh va dugc dinh nghia nhu sau: Ide 1a phéan luu chat ed thai
gian luu trong binh tir 6+(6+d6). Vi téng t4t cd cdc phén luu chat
bing mot nén téng nay bing tdng dién tich bén dudi dudng cong I
theo 8. :

Budéng cong E,
phan bé thai gian hvu

Phan dang ra
<0 thdi gian uu
i6n hon 9,

-

Viy: deS =1
0
Phén lwu chdt ¢6 thei gian luue & trong binh nhd hon 8, 14 phan
dién tich gach chéo trén hinh 6.3 12 _[ Ide=1.
0

Phén luu chét b thai gian luu & trong binh 16n hen 6, 1a:

_[Ide - 1-?1&’.9
8 .0
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2- Ham phdn b8 théi gian luw trong binhk ciia lua chdit
trong dong ra

bat E 1a d6 do su phén ba thai gian luu trung binh cua tdt cad cde
phén t6 cda dong luu chdt roi khéi binh. E cing chinh 1a 49 do su
phan bd thai gian luu cla luu ch4t trong binh.

£ duge dinh nghia nhu sau: Ed0 la phdn luw chdt trang dong ra
¢d thot gian luu trong binh it 0+(0+d0). h

Dién tich bén dudi dudng cong £ theo 8 Ia:

JEHB:l
Phén luu ehét trong dong ra <6 thoi gian lub trong binh nhd hon 8, L
| . |
| B8
Phan luu chat ¢ thoi gian luvu trong binh 16n hon 0, 1&:

TEdB=l—TEdB

6.3 CAC PHUONG PHAP THUC NGHIEM

T hidu vao Tin hiéu ra
{kich thuac)_ﬁ:\ e ;}‘;rh TN ‘\I'i..{dap ng)
Tin higu vao bat iy _ ' o Tin higw tudn hodn vao
%r & i . -. " = %
b Ra . : . Ha
=
= : : : -
o
pal
n .
= i
-Q N -
=z Tin hi¢u bde -
In higu xung

Thalgian o Thdi gian

Hinh 6.4: Cde dang tin hig¢u kich thich - ddp tng thuong ding
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D¢ khdo sdt khd nang hoat dong clia mét thiét bi phdn ung thue
té& bing hai him phdn bé trén ta phai biét cdch xde dinh hai ham sé
nay. Phuong phap thyc nghiém thutng ding trong trudng hop nay [
phudng phdp kich thich - dap tng. Cdc dang tin hiéu kich thich diu
véo va ddp Ung tai ddu ra duge trinh bay trén hinh 6.4, Vi tién lgi
trong sit dung va su dong dang cia tin hidu ddp dng tai diu ra véi
ham phin bé nén thudng ding tin hiéu kich thich cé dang bac hoic
dang xung. :

1- Duong cong F

Tin hiéu bac tai ddu vao
' (/

1

Tin hiéu ra hay
dugng cong F

Hinh 6.5: Budng cong F bidu dién ddp ting tai dong ra
cho tin hiéu bdc tai ddu vio
Gid s ban dau khong c6 chdt chi thi trong ddng luw chit vao
binh, sau dé tdc déng tin hiéu bac vao béing cdch cho chdt chi thi cé
nong d¢ C, vao dong luu chit. Pudng bidu didn néng d cda chat chi

thi trong dong ra theo thoi gian thu gon duge goi 14 dudng cong F.
(H.6.5).

2- Puong cong C
} ATIn higu xung

J Dién tich = 1

Tin hidu ra
Budng cong C

e e

e T . ————— e

._.i [Rap—

0
Hinh 6.6: Buing cong C biéu dién ddp ing tqi dong ra
cho tn hiéu xung tai ddu vao
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Pudng cong bitu dién ndng dé theo thoi gian thu gon cua chat
chi thi trong dong ra vng voi tin higu kich thich dang xung tai dau
vao duge goi 1a dudng cong C. Nong d6 ban ddu cia chat chi thi la
C,. V&1 dién tich bén dudi duémg cong bing 1 ta cé:

}Cd'& =f§de =1, hay C, =T(J'dﬁ . -,l;fc(zr
G o« 0 3

3- Quan hé giva cac duong cong F, C, I va E

Xét dong chdy 6n dinh qua binh va mét tin hiéu bac etia chat chi
thi duge dua vao dong nhdp lidu. Gid st ring tin higy duge dua vao
tai thoi diém ¢ = O thi tai thoi diém ¢ bat ky (8>0) ecan bing vt
chdt cho binh la:

{ Luu luong chci'r} _ {Lu‘u Litong chidt chi} . { Luu lugng ehat chi Jh;}

chi thi vio bink thi ra khoi binh tHeh Iy trong binh

8
hay v=uvF + ‘—f-[VJIdE}] , s (6.2)
dit 4

chia hai v& cho v va d€ ¥ réng Viv =7 va dt/f =d9, ta c6:
l=F+I (6.3)
va tai thoi didm 6 '
{Phrin chdt chi thgﬁ} _ {P}u‘in L chet trong dong ra ¢é }
trong dong ra thot gian luw trong binh nhé hon 8

]
ta c6 F= j Ed# (6.4)
0
Tuong tu vé tin hiéu xung ta cd;
C=E (6.5)
Tém lai ta cé moi lién hé gida F, C, I, £ tai thdi didm bat ky o
F+f=1;, C=F
- ¢ dF  dI
F=1¢I=;|‘Ed6::[0dﬁ; C=B===-T (6.6)

Cdc mdéi gquan hé trén cho thﬁy cdc thi nghiém kich thich - d4p
ing, véi tin hidu béc va tin hién xung, cho ta sy phin b thai gian _
It eda luu eh4t trong binh va trong dong ra.





