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Influences of Different Active Carbons on the Catalytic Performance of
Ni/C Catalysts for Vapor-Phase Carbonylation of Ethanol
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Abstract: Different active carbons, i.e. bamboo charcoal, cylindrical coal, fruit carbon, wood charcoal, and coconut charcoal, were used to
prepare Ni/C catalysts for vapor-phase carbonylation of ethanol. The results revealed that the Ni/CC catalyst showed the highest catalytic
activity for ethanol carbonylation with 96.1% of ethanol conversion and 93.2% of propionic acid selectivity, but the Ni/BC catalyst showed
the lowest activity with 63.0% of ethanol conversion and 32.7% of propionic acid selectivity. The Ni/C catalysts were characterized by CO
adsorption and temperature-programmed reduction. Meanwhile, N, physical adsorption, X-ray photoelectron spectroscopy, and tempera-
ture-programmed desorption were used to investigate the structural properties, the species and quantities of surface oxygen functional groups
of active carbons. It was found that the catalytic performance of the Ni/C catalysts depended on the nature of active carbons greatly.
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1.1 ELFIHE

M S Pl RS S T o A Bk, 43 i 2 A Kk (bam-
boo charcoal, fii % BC)« F R4 5 % (cylindrical coal,
AR CYC). F7Em (fruit carbon, A #% FC). A
(wood charcoal, & # WC) I 5% % (coconut charcoal,
fRIAR CC). B3 11 e 2 M4 FH 28 1 7K Bt 4%, 76 110 °C Jt
12 h. PR SR FH A5 AR R v o 2%, 8 FOR s 1k IR
I3 R T8 WL B BE PR B M 24 h, T 110°C
T 12 h, 145340 BV Ni/C HE 4651, 430 #5324 Ni/BC,
Ni/CYC, Ni/FC, Ni/WC FI Ni/CC, £ 1 % & ¥ 4 5%.
1.2 SEMERM RN R

N, Wy #W% B 52 56 F 56 B Micromeritics 23 ]
TRISTAR 3000 %Y [ 29y LW A b BEAT, #F i T 56
FE120°C FE WA 3h, LU (=196 °C) AW B 5,
DA FF i 7R N R B - Ot B 4530 2%, 7938 i R #fE BET
Ji v L LR AN, H Barret-Johner-Halenda (BJH)
P AL A A

& MR 2 1 70 2 20 B 48 22 [H PHI A ] Quantum
2000 2 X IpF Ze H F MR B L BE T A (XPS) B HEAT,
PL ALK, I (1486.3 eV) J R AFUR, UL C 1s K457 fig
(284.6eV) h N Fx.

T PR 2T AR RE 10 A 26 [ Micro-
meritics 2% 71l AutoChem 2910 % [ 5l i 1k 71 L AE &R
gt BT, B 100 mg 3 PR FE S E T U B A 98
AL RSN THEE 110°C Hikb# 1 h, f% % 50°C
J& , LA 4l He 2 #< (Y 2 30 m/min), LA 5 °C/min T}
7R 850 °C HEAT WL FH . [F] B H 95 [ HIDEN 2 ]
QIC-20 24 J5T i SO0k ¥ 2 o 2 1l Wit Bt 1) CO, AT CO 2
AT R0 BRER 43 HT .

45 & WU 1 7 Micromeritics ASAP 2010
PR B ASC ) R OS5 Ui 4 925 58 B A A A it T S
7 5%H,/Ar B 5 T 450 °C NIk JR 1 h, 76 %

AT 1 h, B E RN CO AT, WIAS CO M
I E. de b2 B L CONI =1 kit 84 R B

FE P A JR (Ho-TPR) SEBGAF H 412 TPREEE:
HEAT, #5100 mg AL FRIFE G E T U B A2 d, H
5%Hy/Ar A TIEAE i, YA 20 ml/min, R 5451
F&J5, LL10°C/min FHE 2 650°C, TCD Kl H, 5 48 k.
1.3 EEFNEN

HEAL TR PR BE PO 11 ] 5 IR 2 i Bl T 28 s Y. 3
(M4 22 mm, K 50 cm) TP REAT. fiE1L A2 N 4.0 g,
SNERTAE Ny T 450 °C K588 2 h, FHE Hy SRR
R 4h 5 B3 ) NI, O (BEtOH) Rt £ 45¢ (EtT)
T VR Tk RURT: ZEHE R N AR, 5 CO A
WG JEREN N A%, N & A 2 RLEEZK LE n(CO):
n(EtOH):n(Etl) = 20:10:1, i A 270 °C, J& /7 0.1 MPa,
A H 24000 ROV AR GC-950 BT (1
AR P THEL 2 AT, FID A0 2%, HP-Plot/Q B 41 &
WEFE (B K 30m, 4% 0.53 mm). LL 4 EEEAL R A
P 36 R A A TR P BE VRN FR A

2 ZR54E
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AT UL, 5 i 1 e FR) e 26 W A AN [ 42 JRE R A 45
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Fig. 1. Nitrogen adsorption-desorption isotherms of the active carbons.

(1) Bamboo charcoal (BC); (2) Cylindrical coal (CYC); (3) Fruit car-
bon (FC); (4) Wood charcoal (WC); (5) Coconut charcoal (CC).
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Table 1 Structural properties of the active carbons
) 5 . Pore distribution (%)
Sample BET surface area (m’/g) Pore volume (cm’/g) Average pore diameter (nm)
<2nm 2-50 nm > 50 nm

BC 2015.4 1.63 245 85.1 13.7 1.2
CYC 1105.3 0.79 2.12 79.6 18.1 2.3
FC 862.7 0.36 1.97 68.2 25.7 6.1
WC 909.1 0.31 2.16 61.3 334 53
CcC 936.2 0.29 2.03 59.6 355 4.9

e P 2 A s DX AN Jit s R 388, i A s R X b
SRS I, H N, (0 B 5 358K, 2 B I P A PR R
& LT B LA L. FC WL B SR 2k 8 T, 45 vp iy
T DRI ity 28 5T 4, 95 5 R /N, L N (R B 3 2
/N, W e e LLAHAL R 3, R I B AT 2D 1 vh AL R
KAL. WC I CC W b 28 i £ 0, Jg 11 2, (R 2% B A5
R0 T B, L N R R o e R B X P A R
B2 H L.

T ARG R WS E. R I, R
)R G i 1 LR T AR AL 2 802 AR K. BC 11
LR AL LA FFLAR 5K, HALAE /N T 2nm AL
EE 1 B i, o AL ALY 85.1%; HLkJE CYC, b &
A K 1105.3m?/g, 54 79.6% HIAFLAT 18.1% f
fL; WCHI CC 1y bl 2 1H AR 22 5l AN K, 2 B A L
51 13 £, 23590k 33.4% Fl1 35.5%; FC ) LL 22 1 AR A
PR B, (AL KT S0nm (1 KL B 2 LBk,
EFT 6.1%.
2.2 GEMERMBIRRELEMER

MR R I — R AR AL REE. Wl
L R R T AR I o ) 5 5 SRS T ) W AT
AR PRI AL R R 2 2 F1H T 5 P 1tk 2 1 2 1T G
ZoE. MFEAIL, BCH CYC £ 4 & BB, 1L
4 6.0% 1 5.9%. FC Al WC 3K [HI 5 & 2= 503G 1, 20 5
9 10.3% 1 14.1%, H FC R HIE 5 1.1% A, 1

®2 FREERMREATESE

Table 2 Atomic concentration of the elements on active carbons

Atomic concentration (%)

Sample

C O Si N
BC 933 6.0 0.5 0.2
CYC 93.4 59 0.3 0.4
FC 88.1 10.3 0.5 1.1
WC 85.6 14.1 0.1 0.2
CC 76.3 21.2 14 1.1

CC R M4 2 & 05 e, 18 31 21.2%, v WK & A8
EZ ik 17l

HH 0 T e R HD 5 AR e A AT B 5 R R 23
figf it JE DX ], BRI S S5 P i ik kM RLREAT T R T
T B (TPD) 5256, LA 52 JL 3R 175 40 | BE 141 11 4>
A, &5 R 2. A 2(a) BT, 36 1 R E CO, JI B 0
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Fig. 2. TPD spectra of active carbons. (a) CO, evolution; (b) CO
evolution. (1) BC; (2) CYC; (3) FC; (4) WC; (5) CC.
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Fig 1) 1 700~800°C GREREF!™) 3 AN X [A]. 5 Flih
PER RT3 LR | PA TR 5 R 12 T ) B e, HL
JI5E B 110 22 FiE 06 1T FH 4% CY C<FC<BC<WC<CC Jiii [y &
T N T A R B S L g R T AR R
BC<CYC<FC<WC<CC Jii ]3> ¥ 34 X, v W, CC 3 [fil
THRZ R WEREERRRE, 11 BC 2 [
) P T RS 0 2 R I e /0. it B 2(b) T 0L, CO Tt B
T AT 43 2k 600~700 °C (B 23101 700~750°C (i
FELO1TN 1 750~850 °C (B FE19) 3 ANX ). BC Al
CYC R [0 347 H I M 2 ik R0 114 g B 0ee, 4L 7 355 119
TXP A it B e T AR TR, 3R B BC SR I b A A
BRIE A 2. FC HUAE 800 °C B i th I B — flid
By U, W] FC & & A Bk A& i WC Al CC 1&
700~850 °C U]t 3L P AN AH 3 (1) Ve, T U JeE T Tk i A
P L BB, HL CC ORI P AN JBE B 0ég i AR T WC
K, R CCRIMSMEFEMBPI BB L. /I,
CCRIFAEMMMER BRI KR Z, XHHE
T R A — B
2.3 FEMRFEIX NI/CHELT NI EUE MR
R 3 M AN R e ) 4 ) N/C AR 7 E N
I3 HORE S AL THAR. eh 2R s v DU Y, Ni 2 R 2
TR 52 A W) A8 03 P e ) 56 W K. 5 R e 4 7] |
Ni [ 93 0¥ 4% Ni/CC>Ni/WC>Ni/FC>Ni/CYC>Ni/

BC Y 32 3T ARG, N F8 T A A1 SR A1 ] Fr) A2 A LA

i 1k 5 NYBC 19 Ni 43 #5088 F T B e A%, 20 0 ok
19.1% A1 128.6 m*/g, iX & tH T BC FLAT ¢ £ 5 B 1 ik
FL AR i (1) W8 B B g, A A 0% PR A 4y e L AL A 1

W PR S SRR, O R T HERR RN, 3 BN 73 AN B 2]

fi 4L 7 Ni/CYC 1 Ni/FC _E Ni ) 5B ¥4 B 8 .
1+ WC R CC 38 B A 5 2 Hoit 1) b L5, A v
Y1 43 E JLER T RE 70 25 W B AN 350 50 43 180, AH Y. AHE 4k 5]
b N 43 HOE R 4 TR B Sk 348 o, G Ni/CC

3 TREIEMR S & N/CHELT LB NI S BERER
Table 3 The dispersion and metal surface of Ni over the catalysts

supported on different active carbons

Catalyst Ni dispersion (%) Metal area (m*/g)
Ni/BC 19.1 128.6
Ni/CYC 24.7 164.9
Ni/FC 25.8 1723
Ni/WC 332 221.9
Ni/CC 37.1 247.0

B CRE AN 6 T AR R K, 43 i 37.1% A 247.0
m’/g.
2.4 SEMERFEIXE Ni/C L FE R % R B9 2 M

3 R AN R VE TR R A B ONY/C i Ak 7
H,-TPR i k. tH & W] WL, ff 1k ) Ni/CYC, Ni/FC,
Ni/WC HI Ni/CC ¥ th 3L AN 38 i g, J3 ) ) B T~ 3%
AH NIO FIAAH NiO & J5, 111 Ni/BC A A4 77 43 H 3
— /NG J e, AT A JE TR AH NiO B R, B 5 A 1L
I R I8 J5 0 R S 4% Ni/CC<Ni/FC=Ni/WC<
Ni/CYC<Ni/BC & #i Ft 1. NiO F38 Ji i 52 T 5 2
A TR AH LA F R s i, A B AE BRSS9 Flolk ) 4
I JE M1 Ni/BC G i 34 J I3 22 L8 Ni/CC (#1755 99 °C,
U NI/CC LW Rh 5 B A B, 70 5,
DRT T A UG A 5 gl o R 4 4 B2 T, 1T Ni/BC
B 5 BC 2 8] R AH TAE R0, 6 BAIGHR FE T HfE
DL IR JiL. Ni/CYC, Ni/FC I Ni/WC _F 3 Y Fi IR 8
Ji W (3L S AR A AN K, R G I i W U TR AT A K 22
SESSE RN YT
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Fig. 3. H,-TPR profiles of Ni/C catalysts supported on different active
carbons. (1) Ni/BC; (2) Ni/CYC; (3) NVFC; (4) Ni/WC; (5) Ni/CC.

2.5 EMERMRIX NVCHELTI ZEEHR KRR RN

4 Sy AN [R5 1 1 2% 1) Ni/C AR 7 | S RE S
FHERAL SO PEfE. HH AT L, Ni/BC IR 35 M S AIG, £
Ak 3 R TR 38 1 43 0 A 63.0% AT 32.7%, 1T EA
CC Ay 2 hl #% B HEAL R Ni/CC S PE i i, LI
A 56 R R 32 B 1 433 4 96.1% F1 93.2%. 5 B4k
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Fig. 4. The catalytic performance of Ni/C catalysts supported on

different active carbons for vapor phase carbonylation of ethanol.

31 f4) 7% 1 ¥ Ni/BC<Ni/CY C<Ni/FC<Ni/WC<Ni/CC
BTG .

BT 2.2 715 4 42 21, A A4 77 7 g 452 1 1) Ni/CC
JIT R R B A 2 T P T R R IR I BB A, ¥
A Ty R 1 ME B4 22 1 Ni/BC T Ni/CYC A H 1
TR O 2 R SRR D I R IE . R
BF BB . ph b AT DL, & PR R R T AT C=0 ¥ Y B
BE L BRIR I Bl LA R T4 v T Rk B, By FR AL
—OH % A R IR A2 AN A, 1T |H TR & W] B 75 7 C=0
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B 6 07, AN T3 R 2 43 A LR T 2 ORI SR, A
73 Ni/BC A6 751 (10 335 PR, (5] IEBAS R 3 7= ) T
1 4 1 1R T B, G 3B 9% M AH B 3R A Y C R FC AL
SER S v DR TS 1 2L 0 A8 2R TV 2 HOIR DA
TS, L R 1) R A EAE AT BT sk 59, 1R T
Ni PyRad i, A6 45 4 Ak 70036 P 7 B 4 . il WC Al
CC E A7 Ak iy LRI A3 (1 e SR i AR, A i A7 A1 1
T P 20 23 e LR T34 5 43 BORTE i, TR B A R T
PRI - 100 I B, D1 T e 1 7003 P AR V262
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BT~ 5 R 1 e AR P L 5 ) R % T A 2 P o
EAE W] 25 5, 9 850 Y Ni/C Ak 70 20 T <A %
Ak B 22 RO A Rk BAT T AL ORI R
AR S 3 /0 B Th Y R SE « R RRIEF Bll i 3 46 7 C=0
B BE A, T 4 0 4 A 751 Ni/BC HP N2 B 8 22, AN
T L I, L SR A0 3 T T Rk B VE 3 IR AR, o
il 2k 63.0% A1 32.7%:; i B 7 i BAT KA 1 L &
F . A IE R LR AR SR 2 R T N BRI R I
U SE B C=0 B RE M, BT 6l % B 4 57 Ni/CC
Ni 75 #5082 o e, 8 o I I, e T e A 23 R A T 12 5%
PES8 5 =, 20 5 oh 96.1% F1193.2%.
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