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Synthesis of Ni modified Cu-Fe based catalyst and its catalytic performance

in production of low-carbon alcohols through CO hydrogenation
DUAN Yu-mei, ZHENG Chang-zheng* , LI Ya-fei, DING Yu-jia, ZHANG Xing
(School of Environmental and Chemical Engineering, Xi’an Polytechnic University, Xi’an 710048, China)

Abstract: A series of CuFeCrNi/ZnO catalysts with different Cu/Ni molar ratios (7/0.5,7/1.0,7/1.5,7/2.0)
are prepared by stepwise precipitation method and their structures are characterized by nitrogen adsorption and XRD, etc.
The catalytic performances of CuFeCrNi/ZnO catalysts in CO hydrogenation to make low-carbon alcohols are evaluated
and the effects of reaction temperature and pressure on the catalytic properties of the catalysts are investigated by means
of a continuous flow fixed bed micro-reactor.The results indicate that the addition of small amount of Ni auxiliary can help
catalysts to expand BET surface area,facilitate the dispersion degree of oxide copper,promote the growth of carbon chain
and increase the selectivity of C,, OH. Under a Cu/Ni ratio of 7/1.0, the prepared catalyst exhibits the highest BET
surface area (85.09 m>+g™') , a higher selectivity of alcohols , the highest mass ratio of C,, OH to MeOH (0. 67) and the
maximum content of C,, OH in the liquid products.The conditions that are beneficial to the formation of C,, OH, especially

propanol ,in the synthesis of low-carbon alcohols over Cu,FeNi, ,/ZnO catalyst are as follows :reaction temperature is at
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340°C , reaction pressure is 6 MPa, GHSV=5 000 h™" and V(H,)/V(CO)= 2.
Key words: CuFeNi/ZnO catalyst; Cu/Ni ratio; syngas; low-carbon alcohols; reaction condition
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Cu,FeNiy s/Zn0 28.66 19.69 33.85 46.46 62.13 0.6l
Cu,;FeNij o/Zn0 36.59 19.89 34.23 45.88 59.87  0.67
Cu,FeNij s/Zn0 37.11 22.87 37.49 39.64 65.75  0.52
Cu,FeNi, o/Zn0 39.98 26.13 39.12 34.75 71.34  0.40

S 41 T=420°C, p=4 MPa, GHSV=5 000 h™', V(H,)/
V(CO)=2,

2.4 RMNIBREREHNI Cu,FeNi, ,/ZnO f& 7
B BREREZ ) 2
4 Cu,FeNi,/ZnO AT Cu/Ni BE/R LR 7/

2.4.1 R AT Cu,FeNi, o/Zn0O 1AL 7] A R AK
B% B3 0 %5

SN BE X CO A Ak o3 A1 o 436 11453 Wi )
Bl 2 fror, HE 2 AT LUE B SO i B Y T
CO F k%N 30. 28% 34 fin 2| 41. 19% , IR 7 2 ffy
FE A3, e i BN T AR Al B v 45 2 I g
FEUO AHSZBREE AR A R, X BRI FE 320 ~ 440°C
T FE S RN, SO ask A v 8 0 A 5 i R T A ) 2 4
il PRI e O B g R IG N, CO F Ak Fe i W]
S R T, HSR I EE AN 340°C | T 440°C B, A
BRI REME N 50. 01% % 2 39. 33% , Ui A I 57 it J3E
RIS R HE T F=T & BRI K S AL 25 )
FNE 3 B A R BR R RE AR

65
601

2
45t
40t
sk 1
30t

320 340 360 380 400 420 440
BE/C

CORE4LHR /%
EEEE R/ %
<R

1—CO AL ;2 — BB PE AR
W2 R JE X CO #1b & Fn
BB R

SN 2544 . p=6.0 MPa,GHSV=5 000 h™' ,V(H,)/V(CO)=2,

SN i X P A3 A s A 3 BT R . AR 3
ATDLVE H, F B 3 A P ), 32 A A T e
— 25 RN B AT A i, C5 P B 34 1 s N, ik i
A A B TR XE, 7R — T BE VS L (320 ~
440°C ) , W s ot it o B 28 0k — A 85 B sl /N it R I
SR AR LA L IE RN, BT A K
Wit T T o I Sl K, T T 0 B TR
FhE e 10 5 8, 78 T = 340°C I, oG & 43 B Ko
59.23% . M1 03B ARG ik 45 s B e 2B LA
R, vem T B A ) A B R R T e
—EREEE L AR HE CO YA B I, A A i B 4
Ko, B, R 320°C T #] 340°C ), C i
SPEEIN B 340°C LU, #A 7 2E g o 3 R b
C Bt a7 B /b | Y B & T o i 0 0 AN TR
FERSEIN . BT LASON 2 i 22 07 T R0, 25 A
SR, 24 SR 340°C I, C ) R BE PR B



- 142 - FAX AL L

Cu,FeNi, o, ZnO LTI IE PERAT
65
60f
55¢

§ 501 1

oast,

i%40- W
35t

30} /\\\\3‘

25350 340 360 380 400 420 440
HREE/C

[—MeOH ;2—F10H ;3—C}OH

B3 RORL IR A B A B

R M :p=6.0 MPa, GHSV=5 000 h™" , V(H,)/V(CO)=2,

2.4.2 R JEH A Cu,FeNi, ,/ZnO HEAL 7] & m A%
BB v

JSEE IR CO e A3 R 0k 45 14 A e o &
SRRy B 4 B 5 R, RIE 4 W LLE
th, CO b 238 B B B B 1 13 Bt 2 1 1 ) 1) 38
K, B4 K J1 KT 5.5 MPa B 388 i g B 2
= UL R T T AR S BE R B R O R R A
JSARCRR TR A5 T Ay A Bl /N 1) 7, 88 8 1R T A Bl
A2 3P 1) 1E B 5 B8 Bl B LA R T CO 1B
e S A i, L5 ] DLE Y, KA 3 MPa
EFE 6.5 MPa At AR, FHBE ST i 40 4 39. 1%

48

S
S
T T T
—

COF4 L3 /1%
SR %
- IS

w
e

3.0 3.5 4.0 45 5.0 5.5 6.0 6.5
JE1/MPa

1—CO FEALAR 2 — p B
K4 RENEDGI CO
REEEENEH

SN 254 . T=340°C ,GHSV=5 000 h™' ,V(H,)/V(CO)=2,

601

50r
< 40_.—1/"_/,_,.———0/'
@30' 4
T 200 2

10

‘_’_,_é_,.—&\‘,_,.———ﬁ\
0- 1 1 1 1 1 1 1 1
3.0 3.5 40 45 5.0 55 6.0 6.5
JEJ1/MPa

1—MeOH ;2—EtOH ; 3—n—PrOH ;4—i-PrOH

WS B xt 8 4-A &

UM . T=340°C ,GHSV=5 000 h™" ,V(H,)/V(CO)=2,

E38HBFESH

BTN 46. 87% ., LWL i A B 25 R B KBk
ORISR R AE R VR JIh 3 MPa B, Z BT
TN 13.34% , TE RN R J1R 6.5 MPa B, %
Bt S ECh 21. 68%

3 it

(1) Ni B3Rl 0% i g 98 A 242 %5 Cu, FeNi /
ZnO ALY LR T AR, 24 Cu/Ni BEJR LR 7/1.0
B, AEAR TR LU R T BGA B B, K 85. 09 m°/g, 4k
SEHEIN Ni 19 B8 R 4350051 2 (A Ak 590 1) b 2 1 AR
/N

(2) Ni 7 ar Lh4e i fieAe R v CuO 19 23 BREE
PR EE B B M WA WD CF BER R
4 Cu,FeNi /ZnO #EALF H Cu/Ni BEJR LR 7/1.0
I, BE R LE R R R, CF B TERAR ™ ) v 4 Jo o 70
B o

(3)FEZEH M 5 000 h™' [V(H,)/V(CO)=2 4%
1T, Cu, FeNi, o/ZnO fEALFI G AR IR BE L FE Y,
N BE R 340°C, RNV E 1R 6 MPa B, A F T C;
B A B, U SN BE R B

S Sk

(1] I B, TR, 45 A iU AR e B B AR A o [ 1
FEHE R AR 1] AL T ,2013,33(12) :21-25.

[2] B4 A USRS BE Cu—TFe HE AR T (1 ) 45 2 i M AL i F 52
[D]. i A4 T K% ,2017.

[3] Jie S,Qiu X C,Yan W et al.Promotional effects of cesium promoter
on higher alcohol synthesis from syngas over cesium-promoted Cu/
Zn0/Al, 0, catalysts[ J].ACS Catal ,2016,6:5771-5785.

[4] Kararin M Walter, Martin Schubert, Wolfgang, et al. Effect of the
addition of ethanol to synthesis gas on the production of higher alco-
hols over Cs and Ru modified Cu/ZnO catalysts[ J].Ind Eng Chem
Res,2015,54:1452-1463.

[5] sk, SR, o 7550 & RSB R BR TR A B HR 1 BF 5T
[T].BR AL T, 2007 ,27 :494-496.

[6] Shi L M, Chu W, Deng S Y J.Studies on higher alcohols from
syngas over the La promoted CuCo catalysts [ J]. Fuel Chem
Technol ,2012,40 :436-440.

[7] &%, ¥, TIEZR, 4. Ce—Cu—Co/CNTs HEALFIMEAL A S
Rk X CBEROBTSEL )] BB 22240, 2014, 30 (1) : 2127~
2133.

[8] Guo H J,Zhang H R, Peng F et al.Effects of Cu/Fe ratio on struc-
ture and performance of attapulgite supported CuFeCo-based
catalyst for mixed alcohols synthesis from syngas[ J].Applied Catal-
ysis A General ,2015,503:51-61.

(T#% 144 W)



. 144 - LA AL T

SEFRARE, X S T A AR X AT L 0 A &, 5 L
TG PEA B4R L 59 Ah, AR AR SE R B Bi,S,
TS SnO, ZFLI IR B AR , ZEREEL A B
SR, T AAE3] 0.9 mA/em® BYYGHL %5 B, 2 R A
1Ri 3 4%, [RIA A 24 40 T 5 45 1 Bi, S,
I Ti0, 7E%H A2 7 1w g R U Zumeta -
Dube''> F Bi,S, &t F 4 fk Tio, -P25 fE At
e, AT LIRS 0. 849% I L FE bR |

2 L T L R A B E— 4R F TiO,
YK AR D) I R 1 7 55— )2 0 Bi,S, BF AN,
153 —Fh T TSI Bi, S,/ Ti0, 54 WG AR
BE IR G S et RE A L fb A M AR
e,

1 SLI§

1.1 SKNEESiEH

ISR BB s BE TP 5 2y R SO 28 5 BXL
A B

A BRR T MR Wk ERIR (BT 4r R 36% ~
38%) BACBREREN K& IHRR B , ¥ 4Bl
1.2 TiO, #HXKERES| B &

3 5IEL 15 mL 258 F7K R 15 mL W ER R ( T &
SR 36%) T T e, 7E & IR # ) Bk
10 min, RG22 18 0. 4 mL KR DY T BT FIRTR
BV RS 10 min HHIR G H5) . BHEK
HUETE R34 5% 1 Sno, B W S L BE IS (FTO)
(2 emx3 cm) , FH A FMECA 50 mL FH 2 DU R
LRGN FS A AN S B By 48 T, B S 4t b R S T A3
N BB E RN 2T 150°C (8 X B4 P4 T
5h, RN, RN HRRHZEEHE, BUb7E

(L#% 142 W)

(9] SRIMM:, BARR, TR, 55 A IF ZMA R 1208 Cu-Fe HEALH CO
IS BT PERE RS 0E [ )] AR 2 47, 2012, 40 (9) £ 1103~
1109.

[10] BRAS, REVE 59U 2 04 IR X CO Il #5 IR B BE Cu-Fe—Co
SEREAN RS2 [ )], A A LA 24 4R, 2012,26(5) : 823~
828.

[11] Shi Xuemin, Yang Xuzhuang, Bai Fenghua, et al.Progress in addi-
tives of molybdenum based catalysts for higher alcohol synthesis
from syngas[ J].Chemical Industry and Engineering Process,2010,
29(12) :2291-2297.

[12] Tang X B,Tsubaki N,Xie H J,et al.Effect of modifiers on the per-
formance of Cu-ZnO-based catalysts for low-temperature methanol

synthesis[ J ]. Journal of Fuel Chemistry & Technology, 2014, 42

E38HBFESH

FE TR, A 7E 450°C F RS 60 min, iX
FERBE 4 oy W LI =2 1) Y 1 4%

1.3 Bi,S, EFAHL TiO, 40K # 5L PR
&

WK LR BiLS, BT AR Tio, 9k
FESDERIRE " e AR 15 mL A9 1 mmol/L
Bi(NO,), «5H,0 /K¥ W A1 15 mL /Y 1.5 mmol/L
Na,S, 0, , 285 F LR R &, 9 Hl o #g ) i
30 min, RS EWR Y Bi* 5 S,07 BRI N 2:3,
e W LIRS W AE] 50 mL H R DU M
AECPRAT 08 AN 55 A0 2 0 4 v, AT e 0 48 1 JEL 5 FE R
60% , [F] i K- il £ B 45 20 60 Ti0, A b IO S g 48
i, W BB TE 100°C T AT 24 b, 21045
G HARB AN R EIR OB K K CEER A v
VEAS 2 Bi,S,/TiO, 5 45 4K B M5 &2 A T, SR
JGTE 450°CHBEBE 60 min, 7E 100°C 7K i FE H Bi**
58,07 KA Bi, S, , B AT .

35,03 + Bi** + 3H,0 — Bi,S, | + 6H" + 3803
1.4 WMFE

I FH A% [ A 50 DA X S ATEH L (XRD) 43
BT it B AH 235 48], 451 45 390 L2 20 ~ 80°, & HL R
40 kV, B HL N 40 mA, A X BF4 4 CuKa (A =
0.154 nm) . #E 5 IIE SR 73 B>k H H A HL -+ ISM -
S610LV LB, FE 5 10 E et RE T B AR 3
UV-2700 $£50-1] WA 6 BETHRIE,, 1-V 2l
R HRAEA T chi660e HLAL2: TAES, . B4R
FROG R AT AL 5T 8 32 OB 20 F) SS150 AL AAA 4% 51
150 W K FHOGELES, BCA 1 4> 500 W B9 GUcT Al
AML. 5 W . SR =Wk R, TAE M X
HLB 2 LR 53 301 A 1l 45 I I 80 L Ag/ AgCl,

(6) :704-709.

[13] Li D B,Qi H J,Li,et al.Surficial structure and charge effects of Ni
promoted K, CO;/MoS, catalysts for higher alcohols synthesis[ J].
Acta Physico-Chimica Sinica,2006,22(9) :1132-1136.

[14] Li D B,Yang C,Zhao N,et al.The performances of higher alcohol
synthesis over nickel modified K, CO;/MOS, catalyst[ J].Fuel Pro-
cessing Technology ,2007,88(2) :125-127.

[15] Hu W, Li W, Shen R.CTAB-promoted MnCuFe/ZnO catalyst for
the hydrogenation reaction of CO to low carbon alcohols[ J].Energy
Technology,2016,5(4) :557-567.

[16] EJEBL.CO ME G BARBRAERIH L D] Abnt: FrE Al
(dLxT) ,2013.

[17] 29,4 E3F HIE.CO+H, A IREHAR M2 Pl 2 [ 1] K%
RAMT, 1999, (2) :27-32. 1



