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Imidazole and Nickel (I1) Modified SAPO-34 and Its Catalytic
Activity in CO, Hydrogenation to Ethylene

TANG Xiao-Hua, LI Hui, YANG Ai-Mei, ZHA Fei, CHANG Yue

(College of Chemistry & Chemical Engineering, Northwest Normal University, Lanzhou 730070, China)

Abstract: Imidazole and nickel (II) modified SAPO-34 was synthesized according to the mass ratio of aluminum
isopropoxide: phosphoric acid: silica sol: tetracthylammonium hydroxide : water : modified agents = 1.0 : 0.8 : 0.6 :
2 :52:0.01. Specified amount of aluminum isopropoxide was mixed with distilled water and phosphoric acid was
added to present the white homogenous gel. Tetracthylammonium hydroxide was Also mixed with specified amount
of silica sol to form homogenous solution. The homogenous solution was added to the white homogenous gel. After
stirring at 30°C for 4 h, specified amount of imidazole and nickel nitrate (mole ratio = 1 : 1) was added in and kept
at 60°C with a constant stirring speed for 8 h to result in a semi-transparent homogenous white gel. The white gel
was transferred into a high-pressure stainless steel autoclave and maintained at 200°C  for 24 h without stirring. As
precipitate was recovered from the autoclave, it was dried at 120°C for 12 h and calcined at 550°C for 6 h to ac-
quire imidazole and nickel modified SAPO-34. It was characterized by means of N, adsorption/desorption, X-ray
powder diffraction (XRD), scanning electronic microscopy (SEM), and energy dispersive spectroscopy (EDS). The
modified SAPO-34 was mechanically mixed with CuO-ZnO-Al,O; prepared by co-precipitation process to form
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composited catalyst (CZA/SAPO-34,). The activity of CZA/SAPO-34, for CO, hydrogenation to light olefins was

investigated in a differential fixed reactor. Under reaction pressure of 3.0 Mpa, temperature of 400°C, space veloc-

ity (SV) of 1800 mL/(g.,h), volume ratio of CO, to H, of 1 : 3, and composited catalyst mass of 1.0 g, the one-way

conversion of CO, and selectivity of ethylene are 73.8% and 67.7%, respectively. Compared with SAPO-34, imida-

zole and nickel (II) modified SAPO-34 keeps high catalytic activity when reaction temperature rises to 450°C, show-

ing the high temperature resistance.

Key words. SAPO-34; composited catalyst; CO, hydrogenation; ethylene; modification

H AR Fth S ARG R B T A VUL &P
Be 4 A IR R A Y ) R S, H AR T
ok B HE T BUR = SR, A ERAR R X NS A
WRR AR T R EM . AR 2B
WAL E, AP ER Lewis BTk, AI{ENEH
s, R Lewis B, IAE NEZAF 0, FFH
CO, B A FFIRME, fe 3 AE 16 A4 77 2 T 7 AR IR BF
DR, AR T DU A S8 AR ) S Hy R AR SO
HIlE. —HE. R R,

AR A A AR N SR & T R A R AL
AT — A F BT W, B2 =R
TR AR R A AR o N B AR AR A TR A A
FF I 7 B /K 2 ol — R R IR e 2, T AT B
AR AR DN AR RSP, B A AR Y R AL
ST S T A A i ) 6 A R 045 2 1 A e 71
P g B A 7 S B =S [T A 2 [
SAPO-34 - Fif A WEM & B RSN, 2
P IS K A1) 6 A T 04 e 1 ot A i A )70 L PR
I ) % e e 4D e I U PR A v, T e P R i A
A2 51 TR AR, BF 70N N AR R B
FH T FF I A S 0 v ik TR AR 6 A AT At J () (] B A
FAR R, AT AT PERRAR, Qo] i ¥k SAPO-34 731
5 R ) 80 A PR S 7K o) 6 R B M 8 £ A 77 PRI FF
E}ﬁ[m-ll]o

N T AR IR B D B A A K
AL s, AMIX SAPO-34 4> T k4T T &
o W SET ER TSNS T, OEES K
51N &8 B 7 A% A ) SAPO-34 431 i3t
BT AR IR AR B A A T
[ e S NGl s N L 41 7 M o
WE, FRA RS, Eik, A#F
FUAE ) % 70 F 07 G R A In N DR e RO RS FR AR, 1l 4%
BRI AR (D E A M) SAPO-34 2 i, ¥k
P JEH SAPO-34 4 Fiifi5 CuO-ZnO-AlLOs HLIRIE
&, WFRE A AL CO, InE ] AR B 42 1 1
T RE o

1 SE7E

11 RFISMEE

THEREE . RSIREE . MHIRES . MHFRERCRE H ik
THRAT), AR . Rk (E 25 £ X570 E
FRARD, BERR(8Swt%, JbrldbibrEanil % A R 5
7], UZIEA AN (TEAOH, 25wt%, B4
RIANA ), EEHERGOW%, R AR A R A
A)), RSB AT, SR KB R T K.

JXF-8-200 HY¥AH I B8 (IR & A4 T &
FRA ), Neofuge 15R UV B Ol (g g L2
I IR AT, TM-0914S B 1 b (b 58 5 22 550
BHEAERABRAFD).
12 fELFIeYHI=

U SAPO-34 3 FitISI & 1% MR R I REEE
BEIR : FEVE IR - DU R ALk : 7K = 1.0:0.8:
0.6 : 2.0 : 52 [ i & LU ARHUEURY, 50K 55 7 e 0 0 g
B TIK, FMAEEE RFIN A AL 1R &
W, 75 30°CHEHE 4 h JE A — & i & 1 it 7 (nk
M, AHEREL), THEZ 60°CIEIRE#E B FE 8 h LAY
LI, IR AL 24 he RJEEBEE NS
FEAFE K IE B M2, 200°C T anfl 24 h, &
MG, Pk, £ 120C T4 12 h, LA 2°C/min £
PR A 550°C, JRAE S R R e 6 h, RIS i
SAPO-34 731 SAPO-34x . il FR 45 2 M 1Y SAPO-34
Frit N SAPO-34y, WKME MR SAPO-34 Fric N
SAPO-34y,, WRME: HEREE =2:1.1:1.1:2,1:3
(BRI, FR)M YR SAPO-34 4 il bxid A
SAPO-345. SAPO-34p. SAPO-341 fil SAPO-34g.

CuO-ZnO-Al,0; BYHIE KM Lyt 77 ik
il & CuO-ZnO-ALO; AL FREL— & it & I IR
BB THEREE . WEMRAF(AL: Zn: Cu=1:3:6, FE/KEL)
IINE] 50 mL EBF/KH, ZRBHE 30 min, FHiE
BRI E NS S L BUPE 50 mL 1.0 mol/L (R &
W, 78 70°CIEIEE B FE R 6 h, 7£ 80°C NE



11 W

JE/NE, S R/ (IT) 0 SAPO-34 f I 4 & HA 1k CO, I 4% L0 1211

b2 h, . AR EFKEER, 7E 120°C T8
10 h, 7E 350°C Al 500°C 7 k54 4 h 1 1 h, 1533
CuO- ZnO-Al,05 (CZA).

SEEAFTINHE Kot SAPO-34 5 CuO-
Zn0-ALO; ¥R 1: 1 HIWIR S, 538 Sk
FI(CZA/SAPO-34,),

1.3 fELFIBYFRIE

K H A 20 7] D/Max-2400 X 5 2R ATHHX
(XRD) 43 A IV AE S i AH (A = 0.1542 nm, Cu
O EN 40 kV, A 60 mA, TN 5o~
50°); HIfEE %" ULTRA plus #7K& SR E
T B U (SEM) UL S A AL 7 A T 30 S O 45 4, T8
T o [ 2R AR 1S A F) Aztec-X-80 B g B (0 B X S 2%
RETE A (EDS)IE Je 2= P28 5 & & Jdid 55 [ FE 34X
8~ A Autosorb-1 4= H 2l LU SR 1 A1 FLAZ 5347 7 AT
A0 B A L R T A FLE LR AR (PP =
0.99, 5 ERTT 20°C RS i S AL FE o
14 fEferEgEm

TEANEEAN 15 A0 53 ] 7 PR OS2 H dE AT A 1
BEVEAHPY, i H A B HAF GC 2010A B Mt
AR 2R I e R OB PR, SR R A A
CB-PLOT Q(30 m»0.53 mmx20 wm)X J5 AR A1 74753
1T A, RALIRE N 140°C, MR N 90°C, v
Kyl &(TCD)IRE N 130°C, TAEHL 60 mA. CO,
{1 A 2 (X) FH 7= 4 PR3 8 1k () e R T AR A — vk
frit i,

2 HR5WR

2.1 ZEWMFRIE
211 X 44781 (XRD)

B 1 AN [R5 14D K el R i 5 2 1 1) SAPO-
34 Zr i XRD B . AN [5] E A7) o 10K Rat R 1R B 4
1) SAPO-34 4 7 i) XRD &Itk JE A [F], HI7E
26=9.5°. 16°. 21°. 26°F1 31°[iT ¥ T SAPO-34
Iy FIRRFIEAT S &, 5 SAPO-34 43 T i I — 24,
WA I A 0
212 HEBBESEM)MTESEEDY)TH

2 SEBKPEATER (D) SAPO-34 73T 1)
SEM &, MEIH AT LLE i, M mi ) SAPO-34 73
TR ARSI NS T4, Btk 5 B 43— iR A% B X sk
N, bR B ) SAPO-34(SAPO-34y)RifE fie /D,
Fph RS ER A% SAPO-34 B (SAPO-340) 171
i A SR N . 2 KPR S R B AR B 10 1

I
3 "l Y . SAPO-34
S 7 I
2| s S0
g i
2 | g
g | IA B S P s_éP,O341:~ —
’;l M~ SAPO-34
el A SAPO-34
10 20 30 40 50

20/ (%)

1 BRME/ARAD S ME SAPO-34 23 T ) XRD &
Fig. 1 XRD patterns of modified SAPO-34

2 A M (SAPO-34p), UG SAPO-34 Fifz/,
KN —, S BUERAF . Bk RIAR ()& A B
SAPO-34 EDS Je & (K 3) Ml A1, KA K#E Rk
PO I SR R I N B TR, RSl T
W mRGRERNL, BRGNP AR N,
58 D A AR S 4SS — o 4 g e e ) S
2.1.3 Brunauer-Emmett-Teller (BET) 74

4 WK I FIRY B R 4% PR /K L 1 2 1 2 SAPO-
34 (SAPO-34p)[H] Ny Wt it B A1 FL A 73 A1 il 2 (AN 5] EE
51 T A T P B 5 P SAPO-34 1 N W B AT L
oA M 2T ARFEAR MR . et SAPO-34 7311
(1T VRE B - B S5 2R B TV AR 2R, I HLAk
LRI A FUA R RRAE, R AT ET
AEARHRISE, 7 0.4~1.0 KI5 KX 8 A B
SR B S PR AEAE B gk 1 AT, BEAE K
SR, Stk SAPO-34 431 i b e d AR A AL
PRRUE W O, (W 2615 1) BIH FLARIE T
/N T B R B R 3G N, SAPO-34 LR IZ
FEK, 1X ] RE SRR IEN A T R ALIE SRR T
BESCHEER, TR T BORHIFLAR .
2.2 fELFIEMITN
221 BRMFITHERIR R =X SAPO-34 fE{LIERER
A

FEILEEN 400°C, BRALURFIELY A 13, Rk
N 3.0 MPa, N 1800 mL/(ge-h), CZA Fl
SAPO-34, st N 1:1, EAMAFFHEN 1.0 ¢
AT, W T 2 A HAAFIXT CO,p Ml & Kk
IR MR . B3 2 ATLLE W, BERSEN
N, A 0 A 2R R B J (1 3 9 e 3 1
WK, AR FEA R AR B s R, 2 DK i R
B BEJREL A 10 1 I, A IR 3 Ak S R B0
FRI GRS . X AT BB BT KPR (1 B[R4



¥32%

1212 T HLM OB R
?L'un EHT = 500 kV WD = 13.0 mm Mag= 10.00 KX Signal A = SE2 EHT = 5.00 kV WD =128 mm Mag= 10.00KX Signal A = SE2
K2 SAPO-34[f) SEM & v
Fig.2 SEM images of SAPO-34x
190 —
014 ~ SAPO-34,
= 012 @
béb 0.10 :\El
< 180} ey
= 3
8 0.04 T
& 002 2
o n . . \ 0.00
.§ 0 200 ];wos_ 6(/)0 800 1000
o 170_ 'ore Size / nm
g
o
>
m - a - ) 160 L . L " L
2 EHT = 5.00 WD =129 mm Mag= 10.00KX Signal A = SE2 n _0.2 0 0'2 0'4 0‘6 0.8 1'0
2000 = Relative pressure (P / P,)
BB B4 SAPO-34p I N, WRJBt B AIFLAR 437 1 £
~ 1500t Fig. 4 N, adsorption/desorption and pore diameter distribu-
;; tion curves of SAPO-34p
«g' 1000 +
g ®1 TR SR AHELIRBUE SAPO-34, Y
2 ol Al beERER, LARILE
cll s [ist Pau Tablel Surfacearea, porevolume and pore
5 _/\J diameter of SAPO-34y
) ) Specific surface/ Pore volume/ Pore diameter/
2 4 6 Catalyst (mz. ,1) (cm3- ,1) am
Energy / keV g g
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Fig. 3 SEM image and EDS analysis of SAPO-34r SAPO-34p 5202 031 0.26
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Table2 Catalytic performance of CZA/SAPO-34y
Catalyst CO, conversion/% Selectivity/V

CH, C,H, C,Hg CsHg C,4Hg CO
CZA/SAPO-34 52.6 13.2 52.8 1.00 10.5 0.07 22.4
CZA/SAPO-34y 53.4 12.2 53.5 0.12 9.6 0.08 24.5
CZA/SAPO-344 69.0 12.7 58.2 0.10 9.2 0.10 19.9
CZA/SAPO-34p 73.8 8.1 67.7 0.06 6.3 0.10 17.8
CZA/SAPO-34+ 72.7 9.2 66.4 0.30 6.6 0.10 17.5
CZA/SAPO-34y 71.8 9.8 65.2 0.50 6.8 0.10 17.6
CZA/SAPO-34y 71.1 9.9 64.3 0.90 7.0 0.16 17.6
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