2001 4 2 A
EIBE2H

thE TR

Engineering Science

Feb.2001
Vol.3 No.2

CO A1 Bk 1 5 AR UL R 52

IR, BHFE, FHhiL, FHRE"
(REA¥AIT¥K —HAIERXREALKRE, X#& 300072)

(=]

COSHMBBKHERNE L KM R LK. EFEHBEEMNRERFRMGEM L, FIAEMNT

B, AR IRFRARREEN COMAKRSRER 2/ TR BT THE, Mk THREKRMAEE
R UG B R R R R o 7E R BB 1 AR N S EOBUR A AT B B, 28K 1000 MBS, BIRT
RERNMMEREZ L IENQERICE, FRLTFHEER LZAE; FHH 0 ELREHT CO MBI Tk

BAKIR, AIWAFRHEET KR OIAFTERE.
CO; fBEK; FRR; BLBMA; AR TE

(X&)

1 3]

L%

CORWE/E, AT MERRARSRHM,
AT ST KU G S HEw B R
SRER. B4 CORFHw(O)H57%, HILF
FCORHBMANSTRLEYR “C LT” BRAF
RPBAEESFRBOBELE L —. COHMILMEB
HEREHA COARENSEALEYHNIEZ
— BMTHEM. EME. Z-BARREYEEE
WA EN, KBAFEALIHELE,. B
z. AL EBRNUREFBEE, Z A RA
FA A . 700 B8 B0 0 2 W A
TR ERME = T RRS, BEER, FRFA
ARG, MFEEEL, EHit “CO SHEBH

0
CO fB Bk & Jif :2CO+ 2RONO — 2NO + (COOR),

I

EREE, BKBHERSUNEH 8" B8 EAE
C, TR R B, A k004 SR R M %
R, FMEN, FRFAAER, e,
FES, BAESRETTE, RARFLTEHERN
HRF A, ZFRBMHSBEHE . REREDGREH
COMEMMEE (RONO) ZHMUMW T Z AR EE
KB AR, HEAES P BEE MBS Rk
#, RESHKBR_FEREBRIF RN, FEFR
BRMKYE, REURYMKBA¥REZ—. A
COBMBKEMERTEEYERFEFN T EML
RASFMAT COAFHMBBEMATEN B HAT
ERMEFEFHENTRREIZ,

COMBEK I M F E iy LA T JLANME 2 = 4 AR,
Heb g (1) MR (2) X8, vFERES
B, FE#T:

(1)

ﬁéﬁﬂﬂmm+bmx+ﬁ©»nmmnﬁp (2)

(B8]
[BE&mA]
[fEEMAT]
* BRBERA

2000-08-15; EH# 2000-10-15

EXRARPEEEEBITNE (No29070300); EHXRIHZE “AR” BEHEMA (No. 96-539-01)
E/RME (1971-), B, FEEATA, XRBXEAT¥EELE



80 FEIBHF

®3%

R (1) 1 (2) AHBETERERLR
MBI (3)
CO %l ® M ®§: 2CO + 2ROH + 1,20, —~

(COOR), + H,O (3)
BR K & A - (COOR), (FEE) + 2H,0—
(COOH), +2FROH (4)

BRMA (2). (4) HNE COBEFIEREY
SRMAER (5)
CO 18 B % B 8. 2CO + 1220, + H,0 —~

{ COOH), (5)
BN & /R : (COOR), + 4H,—~ (CH,OH), +
2ROH (6)
BREK (3) 1 (6) A3, WBESZ K
BRI RR (7)
2CO+1/20, + H,—~ (CH,0H), (7)
HIFWRAIPE, ZEANTERFIINERER -
HlE. ZEEMTHEE (BRBREBRFERRER (1), (2) #

REIAEMEL, 772 RONO & &k, &=L
A, REZHEBANARE). f ERRBEATH,
X—dBEMA CORTFLFHNELTRIFRT
FAS

HERFEATUEL, REMAEEHXE
ETFHE (1), 2) HERMNERMERE, #dR
FH NO. RONO, ROH A3 iFAHEERH, #2
BRA, RANEHER. Li5RN 8B AR N
ARG, SEAXLEESKNOHRE, BAAERGFT
2

2 KBS

2.1 EAFTFERMEMTER

Xt CO S8 Bk S L ) AL R #E 4T T BT il % 3
o EARKGTERT SMEMLFIERE, BFHRE
BE— & 75 Y4 2 T BEAL R B9 15 4L 18 BE T He S i 4
T TS, AL B RS L IR N 350 T 5
L B Py B TR AN B3R L FL A A AR S R e
BAEHNERRR, MHERE, KRAEMLRE
RERAFY; e F AR AT RN £ CO B
BRRMEEN - EREE, RONO (LMK ZER)
EREK, BRNSEFNN_MHZEEL. 22
REH/PAFRAEAHNREELRER, RET

—FRERNS R AR, Tt F
RN o

AT EM E#H PR T COELR
W& REARERER_ZERMN3 1 #F5E, BB
e 45 4 A 4k )X [ B9 Langmuir-Hinshelwood 1 % 1
Rideal 82!, W\ AR R YLEBE H K, RS
4 FARIKB H2EEE, BLERBINEESFR
KRF, WREBHERFETHE ., FEs, 5§
BCORMMILMBBRHBMER —_ZBRM3I 1% F
o Hep CO TR M o 1B Bk B RL B R =W P ],
PP EA COOR AN REHAERER
ZZHE, RMARERE “LELEH" s
7o HAMER M ERRERR .

12
P(coor), " PnNo

r= k+Pco—k_k1 (1+

ProNo

12
P(coor), "~ PNo

12
1 + kaprono t k3P (coor),

ProNo
k4P (coor), * kspnot ke Pron)

A CO RERAEL S RIARIL AL, R I # [E i 4%
W B RLARFEAT T B4 RN 3 ¥ 5R, WE
T WM BB AE RN R B 2 s, Rkt
TRMERTEMEBEEEHRESH, RUTE
REKFER 99% ) — R REBEE WS ¥ EFE T
B ra=kpnoo HSBRNMFESHTRERERY
NO AR TR ZERAN — RN ER N, KNS E
FENRBEREHS, RMERBEAET,

IWAMIFFE T R BR ER K A B SN B 1 2 i E R
RIEIB AR, FFR M T KB R EH %
EREmER Z _mEMNS hEER0 £ R
MRMEME, AR (1), 2) WEREANRMTE
BERXE, s (1), (2) PER_ZERA
RGEHT THRUMEATT
2.2 BEREFENERE

AR RER L, UTWA=ZGRIE R,
N A ELR R 4k P BB 3 3 ASPEN 1 PRO/ 1T #2
X a BER — ZERP RGNS BT &
RS-0, ERRNSREK LN 1.5m, HRD
H 32 mm WEXEEKRRIIAS, L/D K 55.6, A
A EER B2 R FHE R R4, *H R A
TR, HERMARE (1), AREGEXEEE
#HFTAF, FAPK Runge — Kuta K&,



%2 3 FRHE: COSHBEH EMBBIR AR 81
ron Ed? B RN SRR, wS R A
%§=§%%2f jx) e i S EEREY NO B4 REASMZEN N —%
e 4 ” RER R, RAEEEENBESREHS, #
ﬂl_u4d71§1+§T%rw¢H%£ HEREREZHRIER B UL ERASE
13z = TFe, \ror o Fuo, HRTFEMER, RSO0 SRR B4 KR
B.C.z=0,T=Ty,z=0 H/PTHE, HERHOAFE (2) Fin.
ox aT G dYp = (= rp)Adh
r=0,—=0,—=0 9
or { G(Ya— Ya) = 2L (Cgp — Cauy) ©)
;= R, %%_mu@gT %m%%I,ﬂ 75 X8 B I o7 580 A IR T S MO A B
g b HENWEMGES0LE, 8581 RTH
BERBENT .
——fn:w HAS B [ | MBREAS R

Lﬂ——*ﬁ#37 F66

48B3 P2 4o Ba| P4 BABBS
produ*:t vent éas alcohﬁl bz
wEEB <5 | mARNHE B ——]FS

*water

ERIRBEYUPERTRESG: BERE
BHEORE. FHSHAE. BHESKR, RN E
MRE. RaEHEOBRE, RMESN, ZEKE,
FEnE, FREAR, AXREENRMEROY
W, FHEBRESH.

mME1TH, CORBERIEBERBEHER, CO
HIBE R ¥z (CO) 7E 25% ~30% Z 8], = L#
REEARAMMM, GE2 A, MFERE/ND,
RMFHER. B3XE, RERMNMKRELN
BA, R HEREHER, BIESRI0LA™
wEN. B4x9, #FOSERERE 343 K~353
KHEAE. BS, BeYAHABEFIRPNK
DERMBLBIGE SR, BBt T AENRESR., Bl

450

440 -
430 -
420 [

TK

410
400
39

380 F
370

1 n 1 n 1 1 " 1 1 1 1 1 I

0 20 40 60 80 100 120 140 160
reactor length, L/cm

M1 MERKES#HDCORENESH

Fig. 1 Sensitivity of CO concentration

alcohol klvater

ZREXBPEUBYE ., BEHRRERRAK
BT MR EEEFEEN 95%.

410 ® reactor t-profile (M)

= cool t-profile
400 _ :mﬁfpt{f&"fh G
390 [
¥ 3

370

360

350 ) ) . . . ) ) el

0 20 40 60 80 100 120 140 160

reactor length,L/cm

B2 RFIERRKEKKWE
Fig. 2 Influence of cool flow direction
2.3 fEARIRFRDY

VI BRI R, #T T AR
K 2 FRAE AL 7R Tl B P B 2R o

B 7 AR S R R B R, X
R, B8 A mMERRBEHRME N KR
(STY) WX %K, HE 7 M8 vl i, Hl&AEANK
FHREEWEN, BRTBKBAL, HEIBRBRKK
BR, FIRMETREAERBRKEROFE (LR
. Lo, HE. 5% RERESL, K
REW N



82 FEIRME B3
390 =
400 T .
[ ] X, —— Coupling temp.
380 o/ L —@— Cooler temp.
] 390 |- N
370 u
- N
v 380 .
¥ 360 ¥ I " .
& N ~m_
350 370 [ .
340 360 -_ o—eo 1
o—0— 007%™
330 P S 1 1 1 1 1 B _e— [ ]
0 20 40 60 8 100 120 140 160 350 L . i L
0 50 100 150
reactor length,L/cm
reactor length,L/cm
B3 REZRERHREY
. el . g 0] & &
Fig. 3 Sensitivity of wall temperature B 6 IR g8 R S A B
Fig. 6 Reactor temperature profile along axial
A% § Vs, :/-\- —a —a— 353K 80 T T T T T T 7T 100
385 T - — —e— 347K .
286 | / \ B N 345K —@— Selectivity —o— Conversion
—v— 342K 8 19
375 e —e— 340K
LT T g ©
SIEGA RN ~——, g 76} {88
365 - NN —e—e—s g , g
L '\‘\ g /\
360 |- g é
S ul 4
ass | 74 973
0 ]

0 20 40 60 8 100 120 140 160

reactor length,L/cm

B4 SGEHEOBEHREYE

Fig. 4 Sensitivity of gas inlet temperature

mole fraction

Fig. 5 Component concentration profile in reactor

F 1 RROK A B AR AL b 2 T I K SRR A

0.30
L —&— CO
025 &—MNo
i l_ —a&— CH;ONO
N[00, | oo—1
0.20 K ‘ [ Toas
NG N /./
0.15 Nu
A .X.
r >A \|
—a
010 - @ ~Na —~e_ g
L / ™~ - ’v——.‘—’"<1
/ —V -
005 L v \A\‘\“‘
0.00 I 1 1 1 1
0 50 100 150

reactor length,L/cm

Bs REMBMEASRESH

nr 196
70 T T T T T M T 95
60 80 100 120 140 160 180 200

Magnification times

7 HEBXEHNEALENEEEXRE

Fig. 7 Amplified times vs.

conversion and

selectivity

6] 244 T RLBE 200 /DS RT IR HL B . IR 1 ATLLE
HERMAEHREILFRAZA, RMATEHKRE
MR ET 3%, XRABARETLE=FAR
£ B Y 2 4k T B R R o

F1 REWNEHERANTLAR
Table 1 The variation of the specific surface area

reaction before from reaction after

%S %5 RER REJE HREEAE/%
CF60  HI&BK 60/  8.902 9.206 3.41
CF80  HI&BK 80  6.558 6.656 1.49
CF100 #I&MK 1004 6.911 7.025 1.65
CF200* &Kk 200 7.457 7.591 1.80




523

ERMHEE: COSARMBKEERBRBUB AR 83

520

510

STY/g-L' 1"

490 -

480 A 1 A 1 A 1 n 1 " 1 i 1 A
60 80 100 120 140 160 180 200

Amplified times

H8 HBEMAEHMIKEEXRE
Fig. 8 Amplified times vs STY

* CF200 i 3B [ 2 1500 ho
R 2 ABKHIF LR EREEHERRET R
%2 BAHEEENEERETLR

Table 2 The variance of strength for the
preparative magnification catalysts at before

reaction and after reaction

A REAMBERERE, RERAEERE,

w5 MEBRKENR N7& N/7&

CF60 60 97.1 97.2
CF80 80 98.0 98.0
CF100 100 98.5 98.6
CF200* 200 97.5 97.8

* CF200 XK P 8] 2 1500 h,

L 200 /BB JE BT LGSR, R UK B R R AL AE
AR HREARZ R M, 2 1500 /s $ # CF200
SHARRERMAM, WETIVNANBREE
Ko
2.4 HEBARR
BERBANBEERREEMTZREOBRIT.
FEMRERE LRFRER L HTH, 2RBR
FHESRBER, SN ERAHL, EXMK,
WYL E ML R BB EREAR . KA ATHHB
FRARERNE R AR CF200, FEMEMLNEE
MBEWH AR TN AERMEME, ATLEREN
K (B®m. K. K. €. 84wk & H
1000 h, ZEREREKE PR T COBKMBEL
RELERSEIBRHOFMR; T FEHMSABERIHS
B. Hib; CO MBKAEfL & Bt 2 B A RN 2
—ZBEANBEUEER; BERNBEAYERER
BRI E RN —RER LR, DREER
NEBREBMARESAKHLE. FLMRERF,
COMBHLREIR 100%, B _ZEHEESE
KF 96%, 2B, STY>500 g-L~1-h 1121,
BZERSYH NOKITE,
FRIZHREBMNSHECREIM 10, HE
10 (A) REH: E—ENITELRESHBEEGT,
RERGENXBALS UHRZBESHIRS, H
REE—BSRERRA, RELFEERER
A=, PEBRRNMMBELERNERIILAR, B 10 (B)
IERERPER MR EERR SRS
MAELIER . B 10 (B) &1, FRER_ZEE

. =
4 5 6 7 |
, P
3 —: \
CO Ple
8
Hy REZEHE

Fig. 9 Sketch map of flowsheet
1. ¥LB5C; 2. MRS AEE; 3. =R SERN; 4. BAERMS; 5. MKAME;
6. PRI 7. KM 8. R



84

PEIERE

B3E

100

%0

x (Cs Hio04 )%

60 L

%/(N*O°HYD) X

1 1 1
0 100 200 300 400

1
500

1 1 1
600 700 800 900 10000

I, th

10 BARSPERRZEREN"RPER_ZENREMERMNBEETLXR

Fig. 10 Concentration of C,Hs in cyclical gases and concentration of

diethyl oxalate in products versus time

EEABEP, HERIB—ERRFE 3% ~98%
ZHE, R EBEEE 96% U L, @it BIAEL
LM RAKAB KT ZEH#. AlfT",

BHENER_ZERMERSEHN 99.94% ~
99.98%, RAMABSNENETERERN TR
R, BRETE—. N BXEEMNEAKER
RER, AKBERBTTHRARRE T ER, KEH
BHER"FHHAEBLAINERMA T REFR
W, ERIERDEN 99.99% ", HEJIFEELH
Tk, fEik—HEHE,

3 ##

CO SARMBBR A A Hl M — Z B W 2 R L 1%
WS, MR T EBRR R A A RN % T AL
KEEA, EREABRALBHFEFLTRE., 28
HREZRKMEHEREB/AUTEIL:

1. #E RN 3 Ay 2 7R RL 2 BOUR 4 07 i
o 3, B INA:E |35 4 ¥ 5 &1 B2 vp U
A ]

2. 4R MK R A R BiE T2 L AT
S, RN MEE RN EEEAR 3, B
BARIE NO T HR

3. FEBOK 200 FEH R ERMBFRALRT
&M, BT 1000 h ELEH, #ARNREHE
RAF, Bl 69 fE L RE R T CO EK &2 L Tk FF
Ko

HEiRm

c, BESKFHHE /K- ke
d, BARABKERE m

k., KEERSHRER J/m’-sK
AH RM# kJ/mol

W BHAAME mol/s

G, EHSEEERE kg/m’:h
ya HAOSEERGE

Cpun HOBEKRKE
A, BERMNBEEHR n’
c, WHNEHBE ]J/K-kg
d, KMEHEZE m

Feo SHHE mol/s

P, KERZmMBERINE

s BUAAKEEE ke/m’
ya  HEOSEREERSH

L, BARERRE ke

Cp, HAWEKE®RE mol/m’®
h BAERMNBRHE m

mol/m3

&4 X W
Agull A, Alder ] S, Freemcm D N, et al. Focus on
C; Chemistry. C; Chemistry [J], 1983, 62 (3):
57~65
Genhui Xu, Xinbin Ma, Fei He, HongFang Chen.

(1]

[2]
Characterics of catalyst for carbon monoxide coupling
reaction [J]. Ind. Eng. Chem. Res., 1995, 34:
2379~2382

R, ¥ . SHECOBBKBABAHER_Z
B, FERBEH ZL: 96109811.2,

(3]

« ERAE, FEBER. —AARTHELBRRHEIRE,
EMAHERREE S, 1998



F2H ERHEF: CO A MBEK Kl BB BUBKBT R 85

[4] S¥FE, FRE, BREX, Kty .CO ML Chemical Engineering Conference [ C]. Beijing,
BERAEBRER M3 ¥, I ¥H [J], 1997, Vol. 1, 258~261
1995, 46 (1): 50~56 (9] EHKHH, ¥R, B2, ¥ .COBKEERM
[5] BR#SC, WRE, FRIE, Ry . —SILmEEB SR (Al KTTZHREH#HRE [C]. RN
BAERMS) A% [J], HT¥M, 1993, 44 (1): 1998, 389~392
66~71 [10] Wang Baowei, Ma Xinbin, Xu Genhui, et al. Opti-
[6] HBR, DK, FRE . ER_ZBER/K® H%¥E mization of cyclical process for CO coupling regenera-
[Al. kT TZB5R#ER [C]. RiX: 1998, 326 tion reactions [J]. Computers Chem. Engng, 2000,
~329 24 (7): 341~345
[7] XuGen-hui, Li Yan-chuen, Li Zhen-hua, et al. Ki- [11] FHRE COBMBHER —ZBeEln TEFR
netics of the Hydrogenation of Diethyl Oxalate to (D] . X#t: RER%¥EMAT ¥R, 1998
Ethylene Glycol [ J]. Ind. Eng. Chem. Res., (12] FFfHF, SFHE, FRE . — AL EEK & R
1995, 34 (7): 2371~2376 R TR [J] . ¥ TS5 TE, 1998, 15
[ 8] Mao Lanfang, Xu Genhui, Ma Xinbin, et al. Simu- (3): 10~14
lation of cyclical process for CO Coupling-Regeneration (13] ZEM, FHRE, FRE .  BAEEHEUECERS &
[A]. Proceedings Second Joint China/U. S. A AR [J]. {23, 2000, 51 (2): 274~277

Simulation on Scaling-up for Coupling to Oxalic
Acid in Gaseous Phase

Wang Baowei, Ma Xinbin, Li Zhenhua, Xu Genhui
(Key Lab of C, Chemical Technology, Tianjin University, Tianjing 300072, China)

[Abstract]  The synthesis of oxalic acid by CO coupling reaction in gaseous phase is a circulating system with
multi-step reactions. The best catalyst was prepared and the reaction mechanism was proposed in the past
work. It was found that the key problem for scaling-up this process is to match the CO coupling reaction rate
with the regeneration rate. In this thesis, these two reactions were simulated by analyzing the sensitivity of op-
erating parameters based on the acquired reaction kinetics. It was proposed that the match of these two reactions
is a complex non-linear process. The key technique was investigated during the scale-up experiments of catalyst
preparation and CO coupling reaction. By analyzing the simulation and experimental results, the key problem
for the match of CO coupling with regeneration reaction was resolved. The scale-up circulating system for oxalic
production was continuously run for 1000 hours and no intermediates was vented. It was proved that the match
of these two reactions was achieved and an environmentally benign process for oxalic acid production has been
set-up after a series of study. It provides a new technology for industrial production of oxalic acid.

[Key words]  CO coupling; oxalic acid; scale-up experiment; catalytic engineering
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