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Phenomena In A Multiphases System



wE Ak ril

FH—Y SHEENRRXLITFE IR

Multiphases Catalytic Reaction Processes
FH—F RAESRKNIHINRTE D TEETE TE#

Mass&Heat Transfer Between Fluid&catalyst Pellet Surface
FH= MG S AR IR LLHY FE T4

Effects Of External Diffusion On Multiphase Catalytic Reactions
FWY SRR PIT ARE XL

Diffusion And Reaction In A porous Catalyst Particle
FAY SHAENRKRXAZIEPIT RZyma)FI R
FIRXV FRARTILTIOSTBR



) AiE24i)7 w®a g

Wuhan Institute of Technology

Y s RAPHRERLSHRIR
Chemical Peactions&Transport Phenomena In A
Multiphases System

T2 RN REE, S NPIR = Y4E A P R ] 1)
fe i SRS IR N R TERE. AEATEN T,
& i SRS se 2 3 A
ATE T HGS S S HEAY S SRR AR S AL )
A, B AR VML R S ARG I NI RE R R . AT 5%
%%%%U$m%m#ﬂ@ﬁ,ﬁfﬁﬁmiﬁ~mﬂ
AT [ A AL 7 P R IS EA T e AN B S . O T
BERMNIEFEER . 3 AR T RG] )2
PN 5 55 In) il R AE AN B Tl 1] 0

llmll




.,'a'ff"i.é‘;b_: J Y, R4
B~ SHEBIKRILITFE IR
Multiphases Catalytic Reaction Processes

e NAEREACHIZR T _EBEAT, BT A N 50 R
AR HCRIMEACAIZR T, RN 58 ML e, AR
P AR TR BB 2 AR B L. PrPIAS
its B L& RN 12N ER, I FEAR IR L RE R 52




Wuhan Institute of Technology

S AH AL TR

o A SN PEE AR, AT [ A .
» ENATIZE RN, AHAE SO R AN FE
AT E I AT PASSAR S WY

© WEACHIRTIIN, ANBEAE SN T o A L]
PRI EE A [R] ey 5032 1 30 J o T

—

Eﬂf

L\ L\ L\

E%



B k262 %  wh LR

Wuhan Institute of Technology

o (AT AR ST AL S BG4 M B
B IS

o FIREMSNY e RonoH
EAFMELT ~——CH,
PIVEH FRIEL  co+HA—E P smxpay
A AN R ) P R 59 CH,OHCH,OH
B R mkAER

o UIRAEMEINF Uﬁﬁ\ﬁ%ﬂfﬂﬂ V.24 )3 m) RS N
J )55 A ) fd



B AitzirE kg hxd

Wuhan Institute of Technology

[ 42 e ) ) 2 U 46 Ay e P e

Macrostructure&Properties Of Solid Catalysts

@O LG BRI RS HVFVF 2 2 TR A N B
M LA TERR T JURTEAR 2R B 48 2544

@ SR R TS A, ALK MELE A%
fii, AU R AR E LI KN . FLAFIV &R (en?/g)
S, [{1HLA Hym? /g




FeYe

™Y <l Pi v, Qﬁ'
B ANE2H 7
-

ﬁ_

Tl

Wuhan Institute of Technology

wE Ak ril

<,;>:lj‘y€,;dy
7 Jo

R EA LA A 2,

~15) FLA2

i LA [

A

T,

(6-1)

/i/ji

A S SR TR T

SEHCRE | AR AL, T

e <>,
Z



Xib2 2% wH L gl

Wuhan Institute of Technology

Vg:n(n</;l>22) Sg:n(Zn</;l >2)
(FAHERF)
<7,>=2,/S,
OFLBAER . How SCH

o LR
ok 42114ZIK$/\( (EES 4ZIK$/\) + FLERAARFA

gp:Vgpp




(i | o’ li v o7
%l}ﬁ}'ﬁ”
\%ﬁo"w‘.,,,n‘ /’

Wuhan Institute of Technology

A

W AZYE 2 X )

3:

Y

H % Ko

i

/|

Py

wE e L

X T[RRI, AW~ =P R E X,
K .

_ ER
ORI 7
4 I

O R R IR (SR A AR

P 4

[ R i
K= 1A




<

wE Ak ril

78 S, = AR AL AR A R ] 44 S
2, HEMNETERTEAR . =M

NG EaSE

pi>pp>pb

——

H

VFAI LB & p AN,

e RRLER I &

L R0

K& B

o RIS e - TRMEAILER

ARLETH




/__:‘“;‘ 1 .‘ﬂ
B ABzHI)F wk L il
x‘:ﬁ"_‘.'_‘-f--.f.a_‘_.‘.‘.-/; Wuhan Institute of Technology

® BB R 5BAR
A, WiH40~60 Hif 1, SRJGHCFIIE. ROk
R B2 5 R0k AE S I sRE AR s . TSR AT A =

X

(1 . PR BUAH SR ERA T A2

(2) . 5RURLA MR T RR AT 55 R A

(3) . 55 URL LR T BT &5 (0 URL 4%
TEARARE: H v R, ERRAATRAN
[l R ERAAR ) 0K TR a5 BORL IR S 3 T FRa, 2 L, B

p=ala @=<I1



B AitzirE kg hxd

Wuhan Institute of Technology

fLiesr A (FLARFR 9D

it 2 ALY, LR SR A
[11o ARIFIHEACTH LN 3 A AN o
o« HHARKT NI T LA AR o
o MRETTER: H ARV E WA
o LR FLAR AT T 2



P P PE w® L drdl

Wuhan Institute of Technology

e

1B A






B AikzHr% Wk LR

Wuhan Institute of Technology

o [EAMEACHIIRFIRET MY, TR S Y. T AR AEAL ]
ISR I HEAT
o MEALTIAR IIFALE K2 HE WAR TR

O

2% 2

7 N

_.7_

O ARTF .uﬁﬁﬁ;&m ALF

@ saT @) mwsmsnT




S5
v <l Pi 7 R4
P AIB2HI)F
::’r,,, o f‘_‘fvf.l.

Wuhan Institute of Technology

V—
=

1. [ W4
2. W4
3. RV
2 B 3 P2 O PR e RV
2% T
SEITE
IFA=TE

1.

7)1
70 HH AL 77 7 3R 1
DA AR AR TG 1 A O TR

wE Ak ril

BRI SR, 31 iIiE:
RS eI E ST

IR N 2

It fi 1
) i1
)

=

=%

D.
0.
7.

(S S .

N

<)

AT (2 R

L AP A
ICELIPASJIE
IR I AR




¥ wdngrdt

o 1, THANT O R

o 2, 6 A

e 3,4, 5B )

o BEOTREEARNIL, AN R e R A
Hor AT AR A FR B, s TR AT (o 2
Yot T M/ B S R




By Aik252¥  wd bk

Wuhan Institute of Technology

BT RIS ESNNERmE TS T #L
Mass&Heat Transfer Between Fluid&catalyst Pellet Surface

1. AR TTHE:

N = ke, (Ci6— Cys) g=(R A)(_A-Hr)

qg=hea, (I —7;) g=N, (AH,)



B Aikz42% whLm b

Wuhan Institute of Technology

2. flidh REK
. _kgp % H
_ §$Y3 8 =
JD G ( C) c PD
L by Y CHH
= P 3 P =
JH GCP( r) r )
X T PR
. 0.357 oL 0.395
€ Jp= Re3% JH R0.36
3<R, <1000 0.6 < 2 <3000
0.6<8,.<54 30< R, <10°

Jp=Ju



By Aik252¥  wd bk

Wuhan Institute of Technology

BEEF MRS SHARKX LY R TE
Effects Of External Diffusion On Multiphase Catalytic Reactions

L. A B AT nylIRE 3

Lo AN RO I UKL S T A ) SRS
Y N BT RS N R A 2 T A 1) S T R

o o

EI] n, = Ky Cls _ Cus
H X a - a
Ky € C 40

k@, (C 15— Cu5) = hyCrgm=2Cas = €, 1+ D)

ﬂ FESE3ERE: D = £ Ik )
— R a =1, hy=77"—




B AitzirE kg hxd

Wuhan Institute of Technology

SRR PYOEIRE D, = k,C9) (ka,)
L SN B RO T 52 X

]
a=2, _ (1+4Dd—1)2
" 4002‘/
/ y%

1 . :_2+D§ 4
2 T2 \ (2“75)2)

y 2 \
[1+1-42, ]

OC=—1, T]X:




o7
<t wEa kil
2. AN BN B & I VIR RS2 TN

o SPAT B A5 7, =kC

A—>D 7, =k,

SR W BRI IEFENE MR R B R R

g = 1 §=_"8 _
i _ i g
1+ =2 b= "5/ [ +=2ch

1 A’I




B Aik242F  whh ki

Wuhan Institute of Technology

o EH RN J—Hh s p B D

SMTRUCCE W BRRIE SRR ANTRUA R B R R

S: (klcﬁG _kZCBG) — 1 _é@ S: 1 _ kchG(l +Dg1)
16 £ Cio 1+D, kec,;(1+D,)




¥ wdLtxrdl

AN B R M B (1 1 I 3

X
A,de(cAG_CAS): A€ s G (hic 45— FrCpg)
kqa, (CBS — CBG) =k g — Ky Cpg kkchS
C
kya, (CDS — CDG) = A, Cpy =125
A Cys
_ Cyuc
“T 04 D,)
oo Dl s PNy B S e R
P +0)1+D,) (1+D,)
p2 2 1 B ke (1+ D))
1 2 I

D, = , D, = 1+D, ke, 1+D)



m%&i:ﬁ

e (DR FBREBIKEEZEAZEERE Z, NNIT, = 450K,
ﬂuﬁ{%k1=0.3106m3/(g-s),/62=O.13Ocm3/(g-s)

D, =0.310/40 = 7.75><1()_3,Da2 =0.130/40=3.25x10"
S = ! _ kUt D) =0.786
1+Da2 ke,.+ D)
=N EERAY B m,
S'=1-fk,c,. /| k¢ =0.790

174G

(Z)HHT%F"% i ST A N 1N R S - R S B R - =
T. =460K,4, =0.494mol//(g -s5),k, = 0.184mol /(g -s)
D, =0.01235,0,,=0.0046,% N (1) ks, 1§,
S =0.8077

()47 K% I8 X oMok BE =, AN FH B K E E
S"=1-0.184%x0.5/0.494=0.8138

B LL b g R TT AN M T =T L AR 4 BCEL A1 B W
FS P NS P - VAN 1TVl = i O A



By Kbzt Wk h

fole. 4 fF: L AMUKBEY, BRUERA

(1) KD 7V, =¢,/p,
(/;):28p/5gpp:31.7><10_86m

1D, =9.7x107 7/ M (D), =822x10" cm® | s
QREEY H R
P4 = 1/(Dk)141+1/0143
B)RKAT Y TR
DgA:DAgp/Tm:9.29><10_4cm2/5

=6.97x10 " cm’ | s



) Aik2 k7 w%a gl

Wuhan Institute of Technology

FOV SR PHT RSKXL
Diffusion And Reaction In A porous Catalyst Particle

o NI B 93 AT

[

i 0



S
P, P Y, sy o
¢ gﬂ.}ﬁ%?

Wuhan Institute of Technology

o i AL

SR
O (i AL S 5
O (LIRS A5, 2[R

© 7 A AT K]S, B
Js W90 A MURSE 1 2 THI [i) Y 2K THT
(I HCAT 42— 43 /i i) il AL BE

wE Ak ril

2. UKL S NI EE o3 A 7 RE R HE

A : A

c -dc C

A( :A p A
s




,:“‘;‘ N i , &

Wuhan Institute of Technology

dc dc !
Ded(d—;)z+d2 o Ded(d—ZA z :A’pcdddZA :
6172 CA A’p :
=——cC, )
az* D, a: PEHEM i
P 4o k: Beflfptr | Ca g6
¢ * i
C A £ :
s=—L, (=", 9= ;
C4s L D, |

wE Ak ril

2T @

BT I TR HOEANAR - ALY a9 R AR =BT I 18] e B (AR



A2 HEF i A2 xil

Wuhan Institute of Technology

3. NP BCA AT

B I B A R AL R R e ()

T Ny SO SR B AR R 7

(r ):lf/f ¢ ,dZ 7 = §°E | WL
Xt R az?
T3 R \ []

r==rK,c v 4

p-AS c, cos/h( é)
C 4 - cosﬁ((ﬁ)
tan/(Q)
T] =

¢



B Aikz242F whL R

Wuhan Institute of Technology

'.“\.F;'?

o ERILHELL T

ar ar

l

) L)
a ). . ar ), dr\ dr

D, [47r (r+ary I@j — 06{470”2 (@j } — 4 ark c,
r+dr —_— r




/IH;‘ N i , &
i._a g__:' % ! 2 -'?" ﬁ% -ﬁ"

Wuhan Institute of Technology

¢ = Va kp
a, D,

PLAL: A AL A

i
=7 |-£
¢ )

wE Ak ril

B, JRZARSdr2m, 13,

d2014+2dcl4:4’p
@t rdr D

e

Cy

= Rﬁ’ CA — CAS

o 4/ _
7=0, A,cz’//_o\
cy_ RpSlhﬁbgb/‘/ ]Ep)

C g r-sz’nﬁ(3¢)

1 11
1= ¢ fd/m(3¢) 3¢



\ 3

%1% 2 4} ¥ wE e L

Wuhan Institute of Technology

o FEE AL p="r %
a, \ D,
dzi‘ N “r c, r=~R, c 4=cys
ar rodr D, 0 de 0
)=
’ ar
Ca _ [0(2¢"//Rp) [1(2¢)
s hl2o) T )]
R $<<04, n=1
¢>3.0, = 1

¢



B Aikzi2% Wk b p

Wuhan Institute of Technology

516.5 fi#:0.1013Mpa F S AK 2 T IF % B B FAEE R0 em,

L=10.4 >10

2r,

AL oE, A AE A R N R T 8 AR TR
D, =9.7x10°rNT /M =1.70x102cm? /s
D, =V,p,D,/t,=238x10"p cm”/s

25 NV K E ke BLEE AL R i dE O A
i A BN ORURL A Rl E

k, =4,p,=092p s

R //fp_
*%/J\@%é&qs—% 06—7.86

NP BLH % Fn=tanh(¢)/¢ =0.127




By Aik252¥  wd bk

Wuhan Institute of Technology

. YR o
SRR A B r, =/ke,—koy

l R
Cp=Cy0—Cy

e, 2 ch f+k

.- - += c —C
ri=(h+ e —key @P ra D T
Wﬁ‘@ﬁi(/%/?)c,@—/?cAFOI l

V, \k+# 1 1 1
ry=k+h)(cs—cy) ¢= ,,\/ ) ”T{mﬁ@qﬁ)_w}



wE Ak ril

fif: —RATREE TN 1, = ke, — ey

Fico AT ANHIEIRIE, Wey =,y -, LRGN, = (h+ h)e, — ke,
Voo, UL ACVHIIREE, RV, 1 = 0,#0f (k+k) c,, —4c 0 =0
ry=(k+k)c,—c,)

JKFE G Al N R oy — R IR TT e SR N B A 1

RS VAN SN =

d’c, +%a’cA _ i+ k
ar o dr D

e

(c,—¢C4)

-—

i

\ R, F+
Wu=c,—c, M¢= ;( D )2
b =A%

du 2du 99

ot ——=—>u
ar-  rdr Rp



B Jikzdirt kG h i

Wuhan Institute of Technology

ZiE RN ISV I S S S T
r=R,,u=u,=c,—c
r=0,duldr =20

u c,—-c,,  R,sinhB¢r/ R ,))

Ae

u C,o— Cy, 7sinh(3¢)
B L
T=% | tanh(3¢) 3¢




B Fikz2#42F  wB L%l
\amee’  Wuhan Institute of Technology

BIB. 7 R MR e i

WIS IR E Kcy — (=)= (Che—C o)+,
Sle)=ce) =e,[(ep=ci)+e,]” =c,(038+¢,)"

T A9 B g T DL 2G4 R Dy 10% ), B UK
Crs =0.1=0.1x0.1= 0.094mol | n’

A AR 733k Al BL A Ak R A1 B gy

[i9c,(0.38+¢,)" dec, =0.686x107

AN A R EE

d
2D, i
Y JE fe) S sende,

T/z — 0.4624



B Fik2Hrt wdh g

Wuhan Institute of Technology

4. WHNTTRCER A R TR A A

_ RSN B s BN R
=y o 2Lt ) VA

(_ RA) = /dem(Cl{/G_ C’AS) =Nk, 15 =NAWCuc

Cus = CZG (R ,)=nk,c5= 1 A’A,CAG
1+—"-n I+—"—n
A’de A’G’dm




PR ey
« oL Pi J .,\,\9
() % 1% 2 % } <g

Wuhan Institute of Technology

"= Zcmé(q%

D

a

Mo

i

w

A’de

wE Ak ril

Zcmé(qﬁ )

q{ﬂ/{ ~

i

G

@

tan/(¢ )}

Lk,
D

€

EL A EST K
FACREL 7 BRI AR RS K7

fdﬂﬁ((b)

Bim =

1o~ ( ¢fd/¢/¢(¢)_|
L Bim J



(ELESCL RN 38 EX

Wuhan Institute of Technology

BART SHERRKREIEPIREYEaFIE
L AN G B E

A

FET cpon THAR
(P25 B ARG

HG=G,,
A UG R M)

. ol O

e 8 7 ) I /4



A2 H2F wh KR

Wuhan Institute of Technology

o R  h A%

Hrpm=rpm, , SN ETC I

ﬁj&[ﬁ@}g r.p.m,



B Fik2Hrt wdh g

Wuhan Institute of Technology

o Tk e g%

R4Z _ 015 I
IR 4 (-AH,)_ 0 15 KRG i




NELEY P ok

*“.‘7‘;’? Wuhan Institute of Technology

2. WY HGE W ) A 2

i MR <R, WH B
X, i Al

i

i

R. "



B Fik24r% Wk bR

Wuhan Institute of Technology

R/

— < < 1]
D¢

o —IRANATIY i 0

* F—FUN | ¢y = szzf(cw) << 1
2DeL;G/(CA)dCA




X242 w® i bl

Wuhan Institute of Technology

BRY T RTFTILTHODOFRER

Zﬂ(—RA)

R,<R,<R,

(1/T)X 103



B AikzHr% Wk LR

Wuhan Institute of Technology

1SN BT U R IR 2
(_ RA) = A’G”m(CAG - 5245) =14,C4s

KGa,C 46
Nk+4qa,

Cus =




B AitzirE kg hxd

Wuhan Institute of Technology

2. NI RCTI0 F RIS ES

o WK o M EALfE
1 Ed
o :OC-I-a 1526/77’] Ed:E+ acnn
“ 2 g’(/fl¢ 2 d’gl/l¢

ARBAHIHE T FWITALREM I T



B Aik2H42%F  wk LR

Wuhan Institute of Technology

3

AR ETEE T S A e

e e I e v S —
En/R
—LNZR
70,2 —
-\
N __E/R
Zﬂ(—R ) Y
A "\
n~1
1T
CAG C AG Cas I CaG Cag I CAG CAs | €ac
cas /{‘| I | I
( | | ! ] l
| I ' I
il 1l | 1 : |
O R O K 9] KR O R O R



‘llgﬁﬁﬁiluﬁkkég WwE L p il

Wuhan Institute of Technology

R )HE
éﬂR; =lmn +lnk,+olnc,; (A
dlnR o dlnm B)
dlnc ;. dlnc ;.
SN, A ; o
A S Ry =k ©

R, =nk,+olnc,. (C’)

o, RMBEL AR
kot ML R AL

=« D)

dinc .



X244 2% w6 xd#il

Wuhan Institute of Technology

(4
o =a+ il
B. DFRBL, 15 dnc,,
dnm  dlno
. =+ E
i1k dnd dinc,. (E)
Lk ’
o 2 el ding o1
2D€LM /(CA )ch dinc,. 2
45 (04 _1 déﬂ
= o =0 + d

! 2 no




B Fik2Hrt wdh g

Wuhan Institute of Technology

2N I B =Y

> [T R AT S A E X, X BARRIURL I
:ﬁ?f

> SR AT N URALEZ FLor U BT ROUNUBORLAT 2
%?ﬁmﬁﬁ

> LA T O SO Rl R (R # Sl 0h 2R
B e XA O A IS, —RANAT I

A KN e S R R
o UEIMEAL S N AT RIS i P e R HERR o




wE Ak ril




