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NGHIEN CU'U VA MO HINH HOA QUA TRINH VAN TAI CHAT
TRONG MOI TRUONG XOP KHI CO MQT HE PHAN (NG
HOA HOC PHUC TAP

MAI XUAN KY, TA HONG BUC, PHAM NGOC ANH
1. PAT VAN PE

Ngiy nay c6 dén trén 90% céc phan {mg hoa hoc duge thyc ti&n hoa trong cong nghiép la
nhitng phan @ng s dung xic tac [1], trong d6 cac phan ung xac tac trong hé dong the thit ra
khong nhiéu ma chu yeu 1a nhitng phan g xic tic dj the, trong d6 chat xic tac 14 nhiing chat
rén x6p va chét phan img thudng la chét khi hay chit long.

Céc qua trinh van tai chét va phan (ng ho4 hoc xay ra ddng thai trén bé mit va trong ndi bd

cac phin tir xic tic rin x3p dy 1a rét phirc tap va tir liu d3 tré thanh d6i tugng nghién ciru cia
cac nha cong nghé hoa hoc.

Qua trinh van tai bén ngoai xay ra qua 16p bién thuy luc trén bé mit ngoai phan tir chét rén,
c6 thé chi phéi dugc thong qua van toc cia moi trucmg Ilen tuc, thi qua trinh van tat bén trong
khong gian mao quén cia cdc vt thé xbp phu thudc vao ciu triac cia hé mao quan, cic thong s6

cong nghg, tinh chit cia cac ciu tir tham gia qua trinh vén tai va dic biét bj chi phéi nhiéu bai
tinh phirc tap ctia hé (hé hai hay nhiéu cdu t0r).

* Vin tc ciia qu4 trinh hod hoc dj thé khi sir dyng céc: chit xtc tac x0p, cé bé& mit bén trong
phaét trién ching nhitg phu thude vao vén the clia phan g hoa hoc ma cén phy thuge (théim chi
co6 khi hoan toan duge quyet dinh) bdi van tbc cla céc qué trinh van tai chat va vén tai ning
lwgng bén trong khong gian mao quan cia cac vén thé xdp {2, 3).

Anh hydng clia qua trinh vén tai bén trong vét thé x8p 18n hiéu qua cta phan ing héa hoc
di thé 14n dau tién dwoc Damkoehler [1] nghién ciru dinh lugng vao nhitng nam 30 cha thé ky
trude. Sau d6, qua trinh dgc nhidu nhi khoa hoc nghién ciru va phat trién, trong do dic biét
phai ké dén Frank-Kamenesky [2], Thiele, Zeldovitsh v Aris [3].

Bai bao nay trinh bay mét nghién ciru vé qua trinh vén tai trong khong gian mao quén cua
mot phiin tir x0c tac x8p, khi trong d6 xay ra mot hé phan img hod hoc phirc tap

ZV A4, =0 1=1,2,3,..M (N

[

v&i v; 11 hé s6 ti lugng clia chu tir A; trong phan img thi i.

Khi hé la phire tap qué trinh khuéch tan khong thé mo ta bing dinh [uat Fick I nita ma khi
do mét d¢ dong khuéch tan cia mot cau tr khong pha| chi phu thuoc vao gradient nong d6 cia
cdu tr 46 ma phy thugc ca vao gradient ndng d6 va ndng dé ciia tit ¢a cac cdu tr trong hé.

Pé md ta qué trinh khuéch tin trong hé nhiéu cdu tv, sir dung phuong trinh Maxwell —
Stefan [4]:

Koy ik
Cvxj-__Z_J_J:F_JA @)

J=i i
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trong dé: C: ndng dé chung ciia hdn hgp (mol/m®); x;: phin mol clia clu tir Aj; j;: mat do dong
clia céu tir A; (mol/m>.s); Dy: He s& khuéch tan trong hé 2 ciu tir i # j (m%/s).
Phuong trinh Maxwell — Stefan dwge Gunn R.D va King C.1 [4] viét dudi dang ma tran:

() = (H;) " (g) (22)
N
ey ik
if m= n g
1 Vi=j
s {0 Vi j (2¢)
(g)= C.Vx. (2d)

Tir (2a) vl (2b) 16 rang “hé sé khuéch tan ” ciia mét cau tir ndo do trong hé nhiéu ciu tir 12
mdt ham s cla thanh phan va hé sb khuech tan phan tir cha tit ca cac céu tir trong hé — viéc tinh
toan mat d6 dong khuéch tan cia céc cdu tir trong hé do d6 1a hét stc phire tap.

Trong mdt 56 trudmg hop, chang han khi c6 mdt cu tir ndo d6 rit du so vé&i cac clu tir
khuéch tan hodc khi cac cdu tr tham gia khuéch tan cé dic trung twong tr nhau, cé thé mé ta,
tinh todn qua trinh théng qua dinh luat Fick [3].

Sau déy trinh bay két qua thiét 1ap va giai mot s& mo hinh khuéch tan bén trong vat thé x6p
khi st dung céac phep don gian hoa da néu trén nham xac dinh mét cach djnh luvgng anh hudng
cla qua trinh khuéch tan bén trong 1én qua trinh téng thé.

IL THIET LAP MO HINH KHUECH TAN BEN TRONG KHI CO MQT HE
PHAN UNG HOA HQC PHUC TAP

1. Ti lwgng hoa hoc h¢ phan img hoa hgc phire tap
Khi trong khéng gian xét cin bing xdy ra hé phan (mg:

Zv 4,=0 i=1,2,3,.M 3)

[

Ma tran hé s6 ti lugng tung ng s& Ja:

Vi Yz e Vim
1% Vi e v
21 2 M
(v ji )= . (4)
Vi Vg e Vi

Hang clia ma trdn nay ching han la S. Nhu vay trong hé¢ s€cd S clu tir chia khoa va S phan
ng ddc lap tuyén tinh. Ma trin (Vip) 12 ma tran hé s6 ti lugng trong img voi cac cAu tir chia
khoa va cac phan ung doc lap tuyen tinh.

k: 12 chi s6 ciia cac céu tir chia khéa k=1,2,..5; p: 1a chi 56 cia cac phan ung da chuyen
d6i theo sb luong cac phan ung doc 1ap tuyen tmh p=1,2,... 8 1: 1a chi s6 Ung vai cac cau tr
khong chia khod conlail=S+1,8+2, ., N.

Dé bai toan don gian ta chdp nhén gié thiét: “céc phan (g thanh phén trong h¢ déu 1 phéin
~-img bac 17, nhu vay via toc cha cac phan mg thanh phan la:
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) =)py) i=1.2,.,M (5)
trong do (p;) 1 ap suat riéng phén (ndng do) ciia cac cdu tur. $6 lugng phén img thanh phén ciing.
nhy s& lwong cac chu tir trong mdt h¢ phic tap cé the Ia rAt nhidy, trong cac phép tinh toan can
béng chi can Iap va giai c4n bing chét cho (S) cac ciu tir chia khod trén co s& (S) cac phan tng
dée 13p tuyén tinh,

Ta tinh va xé4c Iap tuong quan giita vén téc cac phan img dge 1p tuyén tinh (r,) va cac phan
trng thanh phan co s& (r;).
~ Tir (3) ta c6 vén t6c bién ddi chat ciia mot cdu tir A; bat ki la:

(Ry) = (vi)(i) = (vip)(rp) (6)
va van tdc bién dbi chét cna cic ciu tir chia khoa s& 13 .
(Ri) = (via)ri) = (vip)(1p). (7)

Nhu véy khi ¢6 md ta dong hoc va xac dinh dwge vén tdc clia phan tng thanh phan, tir (7)
ta tinh dugc vén toc cia céc phan Gng dc l4p tuyén tinh:
() = (Vi) ' (Vi(ri). (8)
Sir dung dai lugng vén toc cha cac phan Ung djc 14p tuyén tinh, tinh duge vin toe bién doi
chit cia cac cau tir chia khoa (R,) voi (k= 1, 2, ..8):

(Ri) = (Vip)(rp) (%)
Vin tdc bién dbi chét cua cac (1) cAu tir (khdng chia khod) con lai: tir (3) dé c6:
(R} = (vipXry). (10)
Tt (9) ta co:
. (R) = (vip)(Vie) ' (Re) an
(Rp = (oup)(Ry) (11a)

voil=s+1,s+2,. . N k,p=1,2,..585.
2. M6 hinh khuéch tan trong vit thé xdp khi xdy ra mét hé phan \ng hod' hoc phirc tap

Xét mot vt thé rén xbp, ching han 1a mot phén tir xic tic ma trong khéng gian x8p cia n6
xay ra hé phan Wng phirc tap (1)

N -
Z]V,].Aj =0 i=1,2,3,.M.
p=

Pé mé ta va hiéu biét vé hé, 6 rang phai dinh lugng duge tit ca cac cay tir trong hé théng
qua viéc thiét 1ap va giai cac phuong trinh can bang chat cia céc cau tir trong ¥ng.
Di c6 phuong trinh cén béng chat téng quat cho mdt cdu tir A; [5]

oC, ~ M
b —div(C,@)+ div(D ; gradC ) + Zvﬁr, (12)

trong do: ZV -, lavan tc bién dbi chét coa cu tir A la: R, Zv

i=l

Khi chip nhan gia thiét:

L =0.
ot
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- Trong khéng gian x8p khéng 6 dong déi luu: div(C .65 }=0.
Vachay ring Deg.gradC; = j; (mat do dong cia chu tir A;). Ta co phuong trinh cén bing

chét cho cdu tir A; s€ la:
dy. F
R, _[Ez'(h)"'—(h)jl:o (13)

Z
& day: z 12 toa d6 khong gian; F 13 hé s6 hinh dang cia phin tir:

0 tAm phing
F= 1 hinh try
2 hinh ciu

Trong phuong trinh cén bang chét (13) mat dé dong khudch tén cia cdu tr A; trong hé
nhiéu cdu tr phﬁl duge tinh bing phuong trinh Maxwell-Stefan (2), (2a). Mit khac, de md ta va
dinh lrong céc cau tir trong hé chi céan thiét lap va giai phuong trinh cén bang chit ung voi cac
cau ur chia khoa, ta c6 phuong trinh cén bang chét cho cdu tir A, trong mét phan tir xac tic xdp
hinh ciu:

d .\ 2.
k‘liﬁ(,’k)"’}(h):l:o (13a)
k=1,2,3,.5 (S:hangcvamatrinvy);p=12,3,.8
d ) 2
(R)-| 01,) (e, )+ 201, Y, )| -0 )

trong d6 phén tir cia ma trén H,, theo (2a) 14:
A
X, X, 1
H, :{—"——— _S_ .5,4,}—

véi 12 hé s6 thAm cia vt thé xbp [6].

Trudng hop qua trinh khuéch tan trong mién chuyén tiép (giita khuéch tan phan tir va
khuéch tan Knudsen) theo Bosanquet [7] ta cé:

H,= {ka [KP+Z } }W (14b)

R& rang dé giai phuong trinh (14) nhim tim duoc phén bb néng do cac cau tir trong khong
gian xp la khéng dcn gian, dic biét trong viéc tinh ma trdn nghich dao (H,J) cling nhy (Hpk)
Vi hé chira trén 03 cdu tir, bai toan da rét phire tap.

Chinh vi vAy ma nhiéu téc gia d3 tim cich don gidn hod phuong trinh Maxwell-Stefan (2),
(2a) ciing c6 nghia la don gian hoa phuong trinh (14) dé bai toan cé thé giai duge dé rang hon.

Céc nghién cifu dé don gian hoa phuong trinh Maxwell-Stefan (2), (2a) ciing nhu
phuong trinh (14) déu tap trung vao hai vén dé:

- Mot 1a xem hé sé khuéch tan cia moi cAu tr trong hé nhiéu cdu tir 13 hing s6 (khéng
phai 13 ham s8) ¢ sir dung dugc dinh luat Fick trong tinh toan.

- Hai la tim phuong phap tinh todn hé s6 khuéch tan d6 sao cho dat do chinh xéc cao, sai
) 'so pham phai 1 chap nhén dugec.
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Frairbanks D.F., Wilke L.R. [7] gia thiét hé sb khuéch tan clia mdt cu tir trong hé nhiéu
céu tir bing hé s6 khuéch tan cia né trong hé hai clu tir véi Z J, =0, vatinh hé s6 khuéch tan .
clia cu tir A, trong hé nhiéu cdu tir nhur sau:

(15)

_,Mz
b »

D,

Jr — X m

P. Schneider [6] cho ring ma tran (Hy,) co thé 1a ma tran duong chéo néu nhur thod mian
didu kién:

male |

il ] <O KFP)

Ong ciing da cho ring, khi trong hé c6 mdt cdu tir A,, ndo d6 rit dur so véi cac cu tir khac,
co thé xem hé s khuéch tan cla timg cau tir trong hé nhiéu cau tir nhur 13 hé s6 khuéch tan giira
cau tir d6 voi cau tir A,, nghia la:

Dir=Din (16}
Vian dung céc gia thiét trén co thé don gian hoa phuong trinh (2a):

Jji = - De gradCy a7

va phuong trinh (14)
d’c, 2dC
R)Y-D At hated. 3 ¢ (18)
(%) “"[ dR* R dR}
tI':QIlg do Dei = \|!D|'T. (19)

V6i Dir 1a hg sb khuéch tan ciia cdu tir A; trong hé nhiéu cu ti tinh theo Iy thuyét (15),
(16) va khi qua trinh khuéch tan xay ra trong mién chuyén tiep thi:

D, = 1 [_1_ + LJ . ' (20)
w\Dy Dy

Trong cac biéu thirc thfrg trén: y: 1 hé s6 thim cha ph?m tlr xdc tac, 1a mot hﬁm‘s‘(”) clia do xép va
thudng dugc xac dinh bang thye nghiém [6]; x;: 1a phan mol cia cau tir A;; C: 1a nong d¢ chung
cla hé, mol/l.

Cac sb liéu dé giai bai toan duoc liy trén co s& phan vng Refonn_ing_dﬁu mo trén xic tac
Pt/ALO,, tai T =767 K.

3. Hé phan ing Reforming ddu mé ‘?

Hé phan img Reforming ddu mo 1a m6t hé phirc tap gdm nhiéu phan img hea hoc va nhidu
chu tir tir C1 — C10. San phim ciia Reforming I xing chét lugng cao v6i ham lwong cac hydro
cacbon thom va Naphtene cao. Dé bai toan don glan hon HENNINGSON — BUNGARD -
NIELSON/8/ d& gOp céc cau tir thanh céc gia cdu tie véi mot s6 cac bon trung binh nhét dinh va
do d6 c6 thé md ta hé phan ing Reforming nhu sau:

< NA™> AR

e o
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Nhur vy trong hé ¢6 7 phan (g va 6 céu tir, bao gdm:
NA n. Parafin AR  Aromate
IP Isoparafin C  Céc sén phim phan huy C =3
NA  Naphtene H, Hydro
Céc phan (ng dugc xem la bac 1, nghia la:
= ki.p
va d3 tinh dugc: HE c6 4 phan ung doc lap: p=1, 2, ...S, vachon4 cAu tir chia khod: k=1, 2,...
S (NP, IP, NA, AR).

Tir ma tran hé so ti lugng (v;) tu'O'ng dwong img v&i hé phan dmg (21), ma trén h¢ s ti
lugng (g VO’I cac cdu tir chia khoa va céc phan ng doc 1ap tuyén tinh la:

11 0 -1

( 0O 1 0 0
Vip)= 1 0 -1 o0
0 01 0

0 0 1 1
o1 o o
i)' = 0 0 0 1
11 -1 -1

theo (8) va (9) ta ¢
(=k, —k, —k,)p, +k,p, +ksp,
( k) k,p, ~ (ks —k;)p,
k,p, -(k; +ks)p;
kz-Ps
Tai T=767K, P =4,67 MPa
2,405.107°
8,1542.107
0,2715
ki = | 4,440.10™* |, {kmol/m®s.MPa).
8,5860.107° '
2,1010.107
1,1740.1072

Tir phwong trinh (13) m6 hinh khuéch tan va phan img ho hoc cho mdt cdu tir chia khoa
trong phan tir xic téc x6p hinh cu, véi hé Reforming nhur sau:
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2
D, d C;'f + 25 +R, =0,
dR* R dR

Véi céac didu kién bién:
C=C f tai R =R® (tgi mar ngoai phdn tir xic tdc).
dc,

T 0 tai R =0 (tai tdm phan tir xiic tdc).

II. PHUONG PHAP GIAI MO HINH VA THAO LUAN KET QUA

Néu nhu xem phin tir rin x6p 12 déng nhiét, d& x4c dinh phan bd ndng dd cac cAu tir trong
khéng gian x8p, chi cAn giai cac phwong trinh can bang chat:

2
ek[d C, , 2dC,

dR* R dR

Theo (15) va (16) di tinh duoc hé s khuéch tan cua cic ciu tir trong khdng gian mao quan
nhu ghi & bang sau:

]+Rk=0. ‘

Bang 1. Hé sb khuéch tan cia c4c cAu tir trong khdng gian mao quan

' v 1-x, =D,,.10“’m2/5
4 Céu tir yE WDup = D 10°, ms
D,
NP 0,3422 1,2280
P 0,3730 1,320
NA 0,3733 1,2870
AR 0,3733 1,3540

Khi xem qué trinh khuéch tin xdy ra trong mién chuyén tiép, da tinh duoc hé sb khuéch tén
trong mién chuyén tiép cia cic cu tir nhur bang 2.

. . 4 £ PSR S A LY
Bang 2. Hg s0 khuech tan ctia cic cau tir trong mien chuyén ticpy

Céu tir T 2 RRET;
D. = 1 1 10°,m*s | p _[ 1 _1_] 10°, m*/s
e =+ ’ ok = +
th'zeﬂ' D kkeff DNi’Eﬁ' Dkkcﬂ'
NP 0,5041 0,2444
1P 0,5048 0,2597
NA 0,5163 - 0,2605
AR 0,5338 (,2533
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M6 hinh du'orc giai trén co s¢ khai thac phin mém MATLAB 7.0.4 va di thu duge cac
nghi¢m bang sb ve phédn bo ndng d6 cac chu tir chia khoa trong khong gian mao quan cta mot
phén tir xiic tic x6p hinh ciu dudng kinh twong duong D = 3,8mm dugce trinh bay trén hinh 1, 2,
3,4

Tir két qua hinh 1, 2, 3, 4 cho thiy ring bing céc céch tinh h¢ 56 khuéch tan ciia hé nhiéu
chu tir theo cc coché khac nhau ta thu duge hinh anh phéan b cta ching trong khéng gian mao
quan 1a khac nhau.Cac két qua thu duge déu cho thz?iy ring cdu tir AR (c4c hop chit thom) va ciu
tir NA (cac hydrocacbon no mach vong) la nhitng san pham chinh ciia phan ing bi kim ham rét
manh do hién tu'cmg khuech tan bén trong Chinh vi vay ma trong nhirng thip ky cudi cua thé ki
truge, cac nha san xuét va cung cap xuc tac trén thé giGi mong mudn ché tao xuc tic Reforming
c6 chu trirc xop v&i mao quan ddng déu, ciu hinh phan tir hop ly, dam bao qud trinh vin tai san
phém ra khéi viing phan &ng mot canh nhanh chéng nhat c6 thé,

!
f

O I b doen: A o
T - T v T T + T

3 2 04 o L1} “i [F) lll [T) " « “ o " “‘ N " " "
Hinh 1, y_x, - m‘.mzls Hinh 2. yDypp = Dy 105, m¥s ¥
L 4 X, =g,
Dl:‘

et ] Do 5 0 e

-1 -1
Hish3. p {1 o 1 | 10%m¥s Hinhd.p, =| o 1 | 10%m¥s
Dkﬁ,efj DKkeﬂ' DNkeﬁ

Phén bo néng d ciia cac cAu tir trong phén tir xuc tac hinh ciu khi sit dyng cac mo hinh he
58 khuéch tan khac nhau trong khong gian mao quan va trong mién chuyén tiép
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IV.KET LUAN

Bang bai toan ti luong ho4 hoc don voi mdt hé phirc tap da thlet lap qua h¢ glua vén tbe céc.
phan tmg thanh phin clia hé va van toc cac phan (mg doc 13p tuyén tinh (mg v6i cac cau tir chia
khoa.

Da vén dung phuong trinh Maxwell-Stefan md rfng (co ké dén khuéch tan Knudsen trong
mién chuyén tiép) cho mét hé phan dng phirc tap xay ra trong xic tic xop Bai toan la phue tap
va dé& xac dinh phén b ndng d6 cac chu tir trong hé bing bai toan cdn bing chét, cin nhiéu thoi
gian tinh toan.

Déd don gian hoa phwrang trinh Maxwell-Stefan bz"mg cach xem hé sb lghuéch tan cia moi
cau tir trong hé nhiéu cau tr [a hang s6. Mat d§ dong khuech tan cia tirng cau tir tinh theo dinh
luat Fick v&i cac phuong phap tinh hé sb khuéch tan khac nhau.

Mb hinh di dugc giai bing phuong phép Runge-Kutta trén co s¢ khai thac phin mém
MATLAB 7.0.4 va két qua thu dugc cho thiy rang céc ciu tir AR (céc hgp chit thom) va
NA(céc hydrocicbon no mach vong) 14 céc san phédm chinh cia qué trinh, bj kim hdm manh béi
qua trinh khuéch tan bén trong,

Vlec xem hé s& khuéch tan cta cdu tir trong hé nhiéu cau tir nhu 14 hé sé khuéch tan trong
hé 2 cau tir.

Véi mot cdu tir du thira, ¢6 |& 12 pham sai 56 16m, vi cach tinh nay 1am cho qué trinh khuéch
tan c6 1€ Ia nhanh, cdc dudng cong phin bd ndng d6 AR, NA trén hinh 2 va hinh 3 thoai hon
nhiéu so cac dudng cong phén bb ndng dd cia chiing & cac cach tinh khac nhau (hinh 1 va 4).

L&i cdm on. Cong trinh do Chwong trinh Khoa hoc co ban Nha nwoc tai tro.
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SUMMARY

RESEARCHING AND MODELLING MASS TRANFER PROCESS HAVING A COMPLEX
SYSTEM OF CHEMICAL IN POROUS MEDIUM-

Mass transfer in porous media is closely related to heteromogeneous catalysis reactions. In
a multi-component system, the first Fick’s law becomes unsuitable to model mass transfer.

109



