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A SCE R BE T T NVAC L7, Rt
WFE NIVAC AT 7E £ Wi B Ak S v aod 7 Hh 1 5k
E MBS, 385 RS RALIEN], NiVAC A7 7E
LB FAL S i R AR NT LSS L Ni AR A 2R
B UL R AR . A5 AR B PR RE AR 5% DR 3R R4 T Sl
Je B, Ni R R AR P A 52 W0 AN B ks S i
FIHATERL e VE T, Ni K 0RE H P-4 LY
MR, CBEHALRA BT, RO 5 1 Ni Y h 5
ST PRI P P o A R AR L) 1Y) £ e f R itk
W AT 5 N EE A R 0 X i AL R B CO I BT AE
JIAT W B A P, DT BN R S N TR £ TG 4
BEFRPEAWIFEAR. IR, AL Ni By i SR A A
PRI T AR AR E PR AR

1 SEIGERS

1.1 EEFIH&E

NI/AC AL R R BOA Hl 4. Bk 471 g
Ni(CH;COO), 4H,0([E 24 8 B Ak # il A FR A 7, 2
H>98%) HfRAE 30.0 mL EE /K, ¥ 10.00 g iH1E
KERAK (0.425~0.850 mm, Norit Co. Ltd, Netherlands)
A Z IR, S0 T H A 30 min [SHFE 12 h,
TELLAMT TR 30 min, SRE7E 120 C HE4H
TR, B e fEaE 2 N, S5 450 °C 4BEBE 3 h,
FFEH L) Ni/AC f#E4LF, it Ni/AC-Fresh, H:h
Ni fyERIS Ak (B 5340  10.00%.
1.2 ELFIRAE

TEALTARE 5 I P AH 2544 R A Smartlab-SE 1 £
IRk X-HHEAT S (XRD) 4T RAE, HESHE N Cu
Ka 148 (4 = 0.154 18 nm), 114475 Bl A 10°~85°. i
AR B Ni 2 il i Agilent 725-ES instrument
R AR A 55 B TR R S5 (ICP-OES) I,
DR, B 25 mg HEALTIRE S & T D3k h, FHE
750 °C PRFF 3 bk TG R R BRI RE IR 25, T 1Y)
BT A R 5¢ 4 VA A, T2 N7 S B A 50 Dk 2 AR e i
JE L Ni &R

P Ak 0 FE S N W R - B A U 4R E
Quantachrome Autosorb 1Q, 74y # W BFH A 11 &
(—196 °C). M, F 5 7E 200 C FEZE B 12 h
8 Ak 59 B i 0y e 3% i A SR A Brunauer-Emmett-
Teller(BET) J5 B34 71158, flfL Lb R I FURNFLAA AR
K t-plot J7A53], FLAE R A i 13 T
VG R sR A ARLRBREL . B IEFLAERIEFL AR A FL
AU, SR FHIRV B A% 17 pREES (QSDFT) ks

S3HT. Ni K BRI R S FI43 A 75 TECNAT G F20 Y
B BB (TEM) _EEfT, TAERHER 200 kV.
A AR it FRU e it A S R AR 28 RO,
NETZSCH STA 449F3 R 44 F -22 75 1 3 i 40 B
% (TG-DSC) {75

ML RE S AE He R R 3 T ek It B - ot
i (TPD-MS) fil CO #2 /3 F+ i i fff (CO-TPD) 7£
ChemBET Pulsar TPR/TPD 43 #1 {1 (Quantachrome
Instruments U.S.) [ #£47. TPD-MS i A, #E1L )
FES (100 mg) 7E 120 °C He 5% (30 mL-min ') kb
H 1 h, BHIZE 40 C, {445 30 min. K5 LL 10 °C-min'
B FHEE R T 2 450 °C 4T TPD-MS 332, [FlfR
JH LCD200M #I7EZE i AL #4745 1. CO-TPD il
IR AR SO JE B AR AR S (100 mg) 7E He
4R (40 mL-min ) THE ZE 200 C, FHEEZFE N 10
Comin |, {45 1 h, SRIFRHIZE 40 °C, BRI
ZE CO U4, (40 mL-min ") MR 1 h, W B4 #1576
He 4% (40 mL-min ') X3 30 min, 7E He 4% (20
mL-min ) LA 15 °C-min ' #4 F} i3 & TFZE 400 C
#17 CO-TPD iz, % TCD # .
1.3 ELFIER

Ni/AC AT 2,15 22 LA S 7E [ 72 TR
RiA (WA 12 mm, KN 300 mm) A PEAT.
¥ 2.0 g BrEEAEIL IR i S T A DS R N THIR B, I
RERTHEALFIZE Hy/N, = 1/4 F9IR-AUR (40 mL-min )
T 400 °C £ 3 h, it~ Ni/AC-Reduced. 15 L [
2220 °C, ¥ LW (EtOH) ARl 2 B¢ (Etl) HIR A1
WO S R TS AL 0.5 mL-g h ! B AR R E
1154k, BRI CO (40 mL-min ') 8 A, Z8754k01IR
A Ja ik AR N g EAT RN, R B R E A (2 h),
B 2 h SRRSO 35 5047 Et/EtOH = 1/10 J
N x h 5 AL A5 4% NI/AC-xh (P x =2, 6,
10, 30), ¥f H A AS 7] Et/EtOH HL ] (0, 1/15 5 1/5)
S 10 h J5 AR 4 45 NIJAC-0. Ni/AC-1/15
F1-Ni/AC-1/5.
1.4 =850

LR IEAL SO 1 = ) EE R (PA) FITA
i £ (EP), BIF=47=4) 22k LM VA KAl 14 2,
Bk FN 2 HE, K5 PR . TR R T LA R oA I ) B A
WL B H G BT, ML i, R
Fi £ UL A I 5 (TCD, {434} : Porapak-Q) HY,
FHETEE (CZEEMR T890A) Xif 7 W) Al A B i 1) Ji Ak
PEAT T 20 #r. PA R EP AUBEREIE | 7= SR AR 55 7= 3
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(STY). EtOH I Etl #{bRHE T

n in~1 ou
Conv (EtOH) = —2 FORM . 100% (1)
NEOH,in
NE,in =Tt ouf
Conv (Etl) = —2 2% 100% (2)
PEtin
Sel (PA) = il x 100%
(MEomin — MEon.ou) T (MEdin — MEd.out)
(3)
2ngp
Sel (EP) = x 100%
(NEomin — MEomoeu) + (MEwin — MEdou)
(4)
+
STY (PA + EP) = ZPA™"lEr (5)
Mg ¥t

T my FEAEAT A B (2), ¢ ARRAEALIR B S i
I TE] ().

2 ZHRMTTL

2.1 EUBREN

21 8 NVAC fiE A7) & B S Ak M BB VA 25
B RN 2 h B, ZEEEEAGR N 71.8%, TN IR 1L
TN 15.3%, NI G TR h 43.0%. KV 2
10 h B, ZEEFEAL RN 2 88.7%, G PR ZE 56.3%
(30 h), T PN R FI TN R £, B e B4 20 B BRI 2 5.9%
1 25.8%; N R S N R £, Tig 1 B 25 R AE IR 4 h
HFASIR A, b 2.4 mmol-g h ™, MiZE R % 30 h A,
&A% ZE 0.9 mmol-g -h ', Uh A AL S 3 A2 o
ST TR B O IR IR AL DRI, XS TR S BB (2.
6. 10 1 30 h) MfEALFISEATRAE, 2 Hr H A G HLEE
FELA.

R 1 NVAC AL FEAR ) o Rz B i) Y fEE 4L 1 E
Table 1 Catalytic performance of Ni/AC catalyst at different reaction time

Catalyst Conv(EtOH)%  Conv(EtD)/%  Sel(PA)%  Sel(EP)%  STY(PA+EP)(mmol-g'h )
Ni/AC-2h 718 913 153 43.0 22
Ni/AC-6h 87.6 87.6 177 31.0 24
Ni/AC-10h 88.7 91.0 143 24.0 1.9
Ni/AC-30h 56.3 88.1 59 25.8 0.9

Reaction condition: 7= 220 °C, GHSV(CO) = 1200 L-kg '-h~', LHSV = 0.5 L-kg "-h "', molar ratio (EtI/EtOH) = 1/10.

2.2 EAFIESEESNRES T
2.2.1 bR AR

Kl 1(a) A Ni/AC fEALFIAE & ) XRD &L &
T]Hl, Ni/AC-Reduced FEFHFE 20=44.5°, 51.8°F176.3°
FETE 42T Ni (RHIEAGT S, 43508 T (111). (200)
AT (220) Fhidr, I H 20 76 23.0°40 HBL T 72 A6

AT, Ni/AC-2h 4L XRD & H Ni 95E
TIE AT S g 5 155 B S BRI, L it o s I sf ) 2 4, N
PFIEAT ST %, IX AT RESE Ni IR A 8T
",
2.2.2 f#E4EFIAY Ni 5581 TEM

it —23E 5 ICP-OES RAEXF AL Ni 197

(a) €C ANi

_A-Lx;
A
A

(b) Nil,

13ds,

Ni/AC-30h

-~ Ni/AC-Reduced -~
3 2
s =t &8
e £ _‘Aﬂm—wh

g g
= Ni/AC-6h =

Ni/AC-6h

Ni/AC-10h
A NVAC-2h
1 1 1 1 NVAC%;O]‘ 1 1 1
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Pl 1 AALTRIRE S (a) XRD Al (b) 13ds, 19 XPS [
Fig.1 (a) XRD patterns and (b) I 3d;, XPS spectra of the catalyst samples
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i (FEE) 7500, W3k 2 FiR. Ni/AC-Reduced
FEMRAY Ni &R 10.69%, 5 BRE 1 38 A — 2,
R 7 JE AR TR N 2 A 1 1(b) A i
FEFRIRE AL T ICE ) XPS 15K, 455 HE7E 619.0 eV
B3 A I I8 T NiL, 455 RETE 620.5 eV I IHE
TR R A7) 2 T A R 2 Y, B SOk,
TERLP B AIVE R, Au, I, Rh 25900 K Wik 25 & AE
FRAYHL, T AwAC #EACTRIFEBLRR GEVE R R, 430
SR (Aul)” 5 (Ausl)  /NATRE K,
TEML S BEAE TR Ni KRB0k 258 1 NiL, 1% 4
FhRF %, nJRE T2 Ni Y325, Ni/AC-6h K5
2 BUFERMNISE

Table 2 Ni content of the catalyst samples

Sample N cont.ent Ni loss/%
(mass fraction)/%

Ni/AC-Reduced 10.69 -

Ni/AC-2h 10.27 4.01
Ni/AC-6h 9.45 11.64
Ni/AC-10h 9.41 12.03
Ni/AC-30h 9.34 12.64
Ni/AC-0 10.48 1.98
Ni/AC-1/15 9.84 8.02
Ni/AC-1/5 9.50 11.17

K 2 HLFIEE Y TEM Al mapping {4

Ni £ 9 9.45% (i 4380, KB4 Ni (SR 71,
FIELAL Ni 32k A S 5 80 Ni R AR 06 31 2Kk A9 T A
Ni/AC-10h £ 1 Ni & S FEALE 9.41%, 12K H il
IRF] 12.03%. R Ni YUK 2338 B AT A T 1
HLLIBD, FEC AR, X 57 1 P 2h
£ 10 h FEFAL R BT R 2 A —E20. )W 10 h
2 30 h, Ni Jitk LI T 0.61%, i L Bk AL
HIEART 32.4%, UL, Ni Jii5 A 2 NIVAC fiAL 5]
PRCINEN I E$

[l 2 S Ni/AC fEALFIRE S 9 TEM EIZ. thIE 2
AT, Ni/AC-Reduced FEALFRIRE A o Ni K UKL
IR 29.5 nm, J 2 h i, Ni Q4K 0K AL ]
W, HAEYRSEIE/INA 22.9 nm. 2B 10 h 5 f#
AT Ni GRIUREBEATH 2%, O ELH B T AL 5%
B0 Ni PFh, BEWIAE SR ik B v, Al Ni 4ok
WUk &t T ML X B Pang 450 (OBIFSEIIESE, 1E
R A R, 36 A 2 £ 280 Ni AR Ni 4
KIURL 23 e A P43 0= — 2. R, SO % 10 h
B, ERAEAL T T NI IRk Le Bl s, (R AER 2 45¢
AIFET B E R, HEAL TR 282 1Y Ni TP h.Oa2 40
{14, DATIT 5 ZUCHE AL 7R 1) £ B2 AL 3R AE 10 h ik i,
X5 1A RARRE. AH LT RO 10 h B9REAL R, 2
I 30 h e A A AR 700 R NG g Al it B AR B 8 i {E

Ni 5 R AT FEAIR, PR, Ni 9 i) 3R 46 2 5 B

Fig.2 TEM and mapping images of catalyst samples
(a;, a,) Ni/AC-Reduced; (b;, b,) Ni/AC-2h; (c,, ¢,) Ni/AC-6h; (d;, d,) Ni/AC-10h; (e;, e,)Ni/AC-30h
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A0 75035 1 B ARG A 32 2 i 1AL {H Ni/AC-30h [ XRD
T A Ni YRR 0 RRAE 0, S R A2 A Ni P Fp
Al RE = LATC R B TE A7 AE.
2.3 EUAFIRRSHT
2.3.1 fALFI Y Fe e I RURIFLAS #4)

Pl 3 SRy D RIS N S AR R S N, TR B -
PR AETRLZR AFLAR S AR L AR TUPAC M SRR 2R
Or2E, AL F BN 1T R SRR, FE pip, IRE, P
AL FIRES, N, U B RE 7135 ORI K, Ui IIAETE
W B AL G5 4, T TE plp, BEES I, B T 825 1)

Tas Ni/AC-10h
E
) '*'f
] Ni/AC-6h 4
=
2
g r Ni/AC-2h
@D
E
% Ni/AC-Reduced
>
()7.

1 1 1
0 0.2 0.4 0.6 0.8 1.0
Relative pressure (p/p,)

i Je 2, BB AL TR S LB 25/ AT 32, A7
A FL. NE 3(b) ] LLE 3, [ 5 A7)
FE S AEA LI FE P FLAR 53 A To A S AR Ak, T o3 1
FLALARIE R, H s ud B SO S A AL 30 o f LB B 2
FE. R 3BT NVACHEALFI AL S8R5 B
Ni/AC-Reduced Ff i 1 LR T AN 798 m™g ', LIk
P 0.43 e’ g . Bl BB TE] AR 0, AL 0] e 2
TR FIAL AT TR, 30 h 52 B 355 m™g !
1023 em’ g ', X 0] e T BRI AL B 1 5
A TR, S T AR FLaE Y,

(b) I

Ni/AC-10h

-
=

(dV/dD)/(cm*-g"*nm™)

Ni/AC-2h
Py .

S

N

1 1 1 1
0.5 1 2 5 20 50
Pore width/nm

Bl 3 (a) N, IR BRI ZR A (b) FLAR S
Fig.3 (a) N, adsorption-desorption isotherm and (b) pore-size distribution of the catalysts

R 3 EUFREER
Table 3 Textural properties of catalysts

St See . Vew Vo
SRS gy Aeeg) Aem'g!) fem®g)
Ni/AC-Reduced 798 682 0.43 0.28
Ni/AC-2h 459 372 0.27 0.15
Ni/AC-6h 416 317 0.27 0.13
Ni/AC-10h 378 285 0.24 0.12
Ni/AC-30h 355 274 0.23 0.11
Ni/AC-0 784 657 0.42 0.27
Ni/AC-1/15 390 302 0.24 0.13
Ni/AC-1/5 363 284 0.23 0.12

2.3.2 LRI R R i

K H TG-DSC X i fif F1 5 i J5 1 Ni/AC {4k
FIHEAT B R AT, Q01 4 Fr s . B e A Ak 770 A AE
500~700 °C T F B H B 1Y 2k HE 0 (76.2%), Rt i

DSC £k b iy, = il il 8k 2 <
HRBE s il T2 ROV HEAERI Y TG-DSC i
PIAEAE IS B (2 1 2 T e PR BE A, 5 — B
140~360 °C IH )& T BUx ) Fh i A B2, 28 — i Bt
360~600 °C & Tl PE s Ak o ™. 2l
1, RORE 2, 6. 10 F1 30 h Ak ) A0 FR 40 R
16.0%. 19.7%. 23.5% £ 28.6%, 1WA 5l % 52 i [1]
B, Ak R e e AN TR o, 2 TR 2 £ )
T FLIE, 52O 2 AR LR BUR W/, 3
55Ny W2 -t B S 5 485 SR — 3
2.3.3 LR F 1w nT IR A R R R

Shy i — 25 B 5 A Ak R0 2 1T B 4 B e e,
X I IREAR IR T T He U T Y TPD-MS £
HE, AnIE S B, KR AORE B s M =27, 28,
29 F1 57, X 5N R FI TN R £ T8 0 e F g AH AR, i B
TEALT B PR Th A AE RN = N IR L TRRR T8
S SN ISR SN H A (C,HSCO-Ni-I). Tl
PR 2 1 BT B o T, S S5 ERET =0
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Fig.4 TG-DSC curves of catalysts
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Fig.5 TPD-MS profiles (a—e) of catalyst samples and MS spectra (f—g) of EP and PA

f) PR R AR EC A P, DR A A7) 2 R A PR
(I, INP= N R BN TR 2L IR 4%, v AR,
2.4 EAFIKRFENHITIE

ZATWFTEZREA, AR ROni st R P i CO Mt
BE 1 X PR TR R TN IR 2 TG 6 B M AT W) S Ay 3 o>,
I, XA [6] s Iz s T B A A6 7 2847 T CO-TPD 43

Br, WA 6 Frs. 23154, Ni/AC-2h £ 5h Y CO W ff
H 159.5 pmol-g . Fifi % K (9 64T, A Ak 5 1)
CO MRt RE 1 AR, Ni/AC-30h £ 51 CO W fFHF%
fIKZ 111.9 pmol-g . A&l 6(b) F7R, fEALFITEAR]
BB R S CO WRIRHRE ) Z [ A7 A b 3 1 B A
K (FHFE R B r = —0.982), X 1 B FR 5 it 4] 1 4
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Performance Evolution of Ethanol Carbonylation
on Ni/Activated Carbon Catalyst

YANG Wen-bing'"’, ZHAO Hua-hua'", SONG Huan-ling', YANG Jian', ZHAO Jun',
YAN Liang', CHOU Ling-jun"
(1. State Key Laboratory of Low Carbon Catalysis and Carbon Dioxide Utilization, State Key Laboratory for Oxo
Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou
730000, Gansu, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ni-based catalysts supported by activated carbon (Ni/AC) have been observed to display good activity
for the heterogeneous ethanol carbonylation reaction. However, it has also been demonstrated that Ni/AC catalysts
are susceptible to deactivation during the reaction process. Therefore, it is crucial to gain insight into the
deactivation mechanism and the rationale during the reaction process, with an aim to enhance the catalyst's
stability. In this study, the Ni/AC catalyst was prepared using an impregnation method, and the catalysts with
varying reaction times were characterized and analyzed. The findings demonstrated that the re-dispersion of Ni
nanoparticles in the presence of co-catalyst ethane iodide led to an enhancement in the initial ethanol conversion.
Conversely, the aggregation of Ni species resulted in a notable reduction in the ethanol conversion over the 10 to
30 h period. The amount of carbon species deposited on the catalyst rises in conjunction with the duration of the
reaction, which consequently results in a reduction in the specific surface area and pore volume of the catalyst. It
was further determined that the carbon deposited species may contain propionic acid, ethyl propionate, or
intermediates containing propionyl. The deposition of carbon significantly impeded the CO adsorption of the
catalyst, resulting in a reduction in the selectivity of propionic acid and ethyl propionate. Subsequent investigation
revealed that a reduction in the proportion of ethyl iodide led to a notable decline in catalyst activity, accompanied
by an enhancement in catalytic stability.

Key words: ethanol; carbonylation; Ni/activated carbon; deactivation
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