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Influence of preparation method on the structure of NiCo/MgO catalyst
and its performance in the reforming of CH, with CO,
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Ministry of Education and Shanxi Province,. Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: To enhance the performance of nickel-based catalysts in the reforming of CH, with CO, and alleviate
the coke deposition, a series of NiCo/MgO catalysts were prepared by different methods, viz., deposition-
precipitation ( DP ), co-precipitation method (CP) and co-impregnation ( CI); the influence of preparation
method on the structure and performance of NiCo/MgO catalyst was then investigated. The results show that
during the deposition-precipitation process, CO(NH, ), as the precipitant could created an alkaline atmosphere
for the complete hydrolysis of Ni** and Co”" ions, leading to a relatively fast nucleation and growth of active
species; however, oversaturation may occur during the co-precipitation process with NaOH and Na,CO, as the
precipitants. In comparison with the catalysts prepared by CP and CI, the NiCo/MgO-DP catalyst is provided
with superior reduction capacity, smaller particle size (9.7 nm) , higher Ni/Co dispersion (10.4% ) and larger
specific surface area (68.1 m°/g) and then exhibits better resistance to coke deposition. Over the DP catalyst,
the conversions of CH, and CO, at 800 C reach 88% and 92% , respectively, much higher than those over the
CP and CI catalysts; moreover, the DP catalyst also gives much higher yield of H, and CO as well as better
stability for methane reforming with CO,.

Key words: methane reforming with CO,; preparation method; Ni; Co; MgO; deposition-precipitation; co-

precipitation method; co-impregnation
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i FH T o & o 4 15T 4 U i 6 3R A9 TR DT E
202 ) 4% NiCo/MgO L)

AWFFCR FHUORRDTIE B LU0 AR 5k,
FEAH R T R Be ik SR 45, 48 T Ni, Co Jit
YN 10% (1 NiCo/MgO AL F] ( Ho Ni £ 2%
=} 8% ,Co fi#E N 2% ,i# i ICP-MS . XRD . H,-
TPR .BET . TG 45 #LAR AR 43 A1 FAiF 4 A X £k 7
SERHERT ALY, 25 B AL R TE MDA 5250, 54
T 7 % NiCo/MgO A Ak 751 25 ¥ B o H g —
ST 3 S N PERE I R

1 SEERdRsy
1.1 EAFIEH &
1.1.1 AR % # & NiCo/MgO 4L 5l

FREL 0. 79 g Ni (NO,), - 6H,0 1 0. 19 g
Co(NO,),-6H,0 % fit T 20 mL £ & T /K, 54
THER R 519 B A% 0. 82 g¢ CO(NH,), i
60 mL & & FoKh P 5 515 21 B ; i
W A TiNA 2 ¢ MgO( Aldrich, AR) | #3441 5145 31|
VW C5 B B AW C b 81779 7 im s 32 £
WER G R R T pH (E4EFFAE 10 2247, ot B )
TR AR RAE 90 T FAkLEHEFE 2 hy A5 2 1y =
VISR 2B TR hIE Ve v, BB R i ik, 28
S H A TR T 120 CHAATHE 24 b, B8
TRl R 600 THEBE 6 h, BIFHREE , icf% DP,
1.1.2  #HiTiEi%EH % NiCo/Mg0 L7

Fk BL 0.79g Ni ( NO,), - 6H,0, 0.19¢
Co(NO,), -6H,0F112.82 g Mg(NO, ), -6H,0 ¥ it
100 mL £ & F/K B b s 5 15 2R 53
W H 5. 51 g Na,CO, ¥ f# T 200 mL 2% & 7K
T FE 60 COKIE & s LRI A Eh W W2 i A

Na,CO, ¥, i A2 2 mol/L NaOH 7K
JA5 pH A, 38 32 45 T 0 2 E M pH (H 4E R 7R
10 24, ROV WR)E , ReehifE 1 h, SRIE RS2
DLVEYITE 60 C &AL 18 h, 2R H 2 B T /K g eIt
TEY, RIBRE T L, RIEH IR YA T
FEFI T 120 CHET I8 24 h, A HG T D
600 THE 6 h, BIFEE , ic i CP,

1.1.3 HZBZHEH & NiCo/MgO L7

FREL 0. 79 g Ni (NO,), - 6H,0 1 0. 19 ¢
Co(NO,),-6H,0% ft T 6 mL L& F/KH, 78504
PEE M A 2 ¢ MgO(Aldrich, AR) , 7%
WEBFEE T AR5 KIS W A T4
120 C #1424 h B HE T 5 600 CRibe
6 h, BIAEAE 10 CL,

1.2 fEAFIFRE

SR FH VUG & 45 B IR & 5O (ICP-MS) il
FEMATIEE S P& T RN S &, HE AT R I AE
TR C R DUV i T AR AL S R AT B
0.05 gt Al e T 58 VU3 £ 9 T M b, ml A i rh
IAHARE (1 mL i 7340 40% HF + 1 mL 30%
H,0,+ 4 mL 14. 4 mol/L HNO, ) , % if-JH fif e It
T I A A AR T IR AR . T RS B AN
AFE KA BB B AR . A H ICP-MS )
FEFFNAER 48 B F NIt Co™ Mg 1Y & &,
FRRE S AR =P AT 5250

HEALTR AR 25 A8 R H A% Rigaku D/Max -
3B Y X B2k AT 91X ( X-ray Diffraction, XRD) #17
ST, Hop, BB IR N Cu B Ko P4 (A =
0. 154 nm) , % HL K4 40 kV, & HL M 100 mA, 1
FHRJy 8(°) /min,35°— 90°F M, S i 1k 7
1£ 800 C ', 50 mL/min 10% H,/Ar({&F1L)
RAEH 1 h,

HEALFI A0 A Autochem 112920 1427 W [
(3 [E Micromeritics 2~ A ) i o & ARE ¥ THIER
iR J7 (H, Temperature Program Reduction, H,-TPR)
FRHATIGE . BRI FRUR K 0. 02 g fikfk
FIE A U B4 7€ 50 mL/min Ar U F T
JELZE 200 T, fHIRALFE 30 min J5 % 25 C, fF L
FRE A DI 50 mL/min 10% H,/Ar (/KR
F) TRA, BL 10 °C/min THEZE 900 €,

Ak 0 2R T 35 VE 43 8 1Y 43 BXORE AE Autochem
112920 fb. W B A3 ( 35 & Micromeritics 23 /) | id
ARy FHE 6 )R (H, Temperature Program
Reduction, H,-TPR) 8255 , HARERVE S FRUNT .
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Schematic diagram of the catalytic evaluation apparatus
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Table 1 Element composition of the NiCo/MgO catalysts
synthesized by different methods
Composition determined by ICP-MS w/%

Sample - N .
Ni Co Mg total Ni+Co Ni/Co
DP 8.04 1.98 53.39 63.41 10.02 4.06
CpP 8.02 1.97 53.41 63.40 9.99 4.07
CI 8.03 1.99 53.37 63.39 10.02 4.04

2.2 AREHIEHEEETINREEN

AN TR i & 5 vk 4R ) #E 800 € T, SR H
50 mL/min 10% H,/Ar({&FH) IRASAR)R 1 h 5
#47 XRD Mk, ¥ 2 id ) J5 NiCo/MgO 4k
) XRD &, HE 2 Al 74.6° .78, 5° 4k B AR
T 7R NiO |, CoO 5 MgO T 1l T a4, [
B e] LA B, R 0B T B ik A0 0 e v A
NiCo/MgO #EAL ] H BL T Ni, Co 4 J& ¥ 1Y 117 5
W (LA FH 322 9 1 il & A AL ) T 2 2 8 N
Co 4B BT AT S 06, 33K 5 A 700 Ay I 25 D) A
K, AT RE SR FH TR 15 VA ) 5 1 e Ak R0 T B A S
[ Ni, Co K>, KT XRD A& FBR, K
Scherrer A 1T Ni/Co 4 J& ok ki 42, DI DLTE
VAN 2 1 £ 59 NiCo/MgO AL 57 h 45 )& 5t
BRI 6.1 F1 11, 6 nm, T = Fifi 4k 5
(DP.CP,CI) " Ni, Co X4 J& I 7 2 F A AH 7]
(R 1), PCRRDTTE A Tl %5 (1) DP i 4k 7] PR B0k
Kife N BEAR LS Z a5t , A A TR
PERHRE R,
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Figure 2 XRD patterns of the reduced NiCo/MgO
catalysts synthesized by different methods
a. deposition-precipitation method;
b: co-precipitation method; c: co-impregnation method

2.3 AEHEHFEELFERE
P 3 oy ASTR) il & T I AR Y H,-TPR 15

H &l 3 A] g, = F 4 4k 57 AE 200 - 400 C | 400 -
600 C .600-900 C 4 i JF I , {H 34 JF I {37 & A K
ANASTR], U B[R] i) £ 7 v 25 5 BUREAR TR 1 3 Sk
HAWBZES, 78 200-400 C W25 DP CP 11k
FREAG W 5 A 30 0 | 3R W L3RR MgO 3% I A7 7F
A B 5 A9 NiO 8 CoO'™! ; 7 400-600 °C ,DP
CP Fll CI Ak 7510 35 5 AT B 5 () 3 Ji0eg | 32 B = Atk
AL 1H A7 AE NiO 5] CoO, H 5 #i{k MgO A — &
AAAEAE FH 1 5 #E 600-900 T, DP,CP fi# L 57 B A
& T NiO/CoO-MgO [& ¥ 14 H1 NiO 1 CoO il
JirigE | 2 B HL 5 2R BT B 1 4 Jm -2 A M AR
2838 i J5 AT 45 31 01 £2E 1Y Ni L Co ¥ Fh, AT A
BT 1E 15 AL 5 Ni Co BYBESS , A 32 w1
ke >,

1 H,-TPR JEEEA] %1, ZEAH AR R 55140 T, i
W T AR NS PR IR A g S i E . KL 3 ik
AI 1, DP A5 7R 600-900 °C 38 J5 I fié A Xk g £
T 200-600 C i Jist s i AH X 1T FH ; CP 4R 757 200
—600 T i it 0 1) AH 6 T AR S KT 600-900 C if
Jir U () REDXH TRIRR T C A A7) 1) D 0 3 2 4 v e
400-600 C , AR i A4/, e = Rk 50 ]
PL&EE, DP 4k 5] HF NiO/CoO-MgO [H & 44 i1 i
Jir A X T AR L 91 B K, 36 W i s Rl 45 3 T 2 42
FE TR AP TS R4 5 Ni Fl Co,, RIS, AR 48 2 {38
JerU Fy T AR R/ N ] 45 31 = Rl Ak 70 () 38 B HE R
CP>DP>CI,

TCD signal /(a.u.)
%

2IOO 460 660 8(I)0
Temperature ¢/C
K3 Al AR H,-TPR 112
Figure 3 H,-TPR profiles of the NiCo/MgO catalysts
synthesized by different methods
a. deposition-precipitation method;
b: co-precipitation method; c; co-impregnation method
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MgO bR 45 J@ 43 BB AR R AR 25 R WK 2, RAREKR (12.8 nm) o 3X2k Hy Tl s i 2 rp AR T
& 2 n] %0, DP ML 09 16 M & 8t R m A JERM IR UTIE R, A AR 0 T
(7.0 m*/g) JFralfE(10.4% )BT CP Al CLAE  IAFIREMKMEIREE , R R B WA 5
163, H DP AL Pl e 4 @b i /N(9. 7 nm) . BYZKARBE OH ™, Ni** [ Co™* i 58 4 /K iR DT T de it
SRR Ry, R il A5 1 CT R )8 I AR 22 TR PREE LT A R AR K R AR, ANAF
SEREHNEESERER D, HEERE B fEUE kR A NaOH #1 Na, CO, 15 AT 78
#(3.7% ) W& ERAA K (26.9 nm) , BAREH  ZWE NS A R A B, R, DT
ILPLTEE N 55 1) CP AR JFE R FUCR e DU HI4 59 DP L b Ni**  Co™ RENS 1Y 51 Y
Hl 4 DP AL, Hab JF TG tE 4 R B ok 0 DURRUTIEAE 2K MgO I , 7= 2R 88/ N 1 4 J ke
CP LA G B8 B L REBUNT G55 T IR EE T 2R,

DP #EALF, H 48 s U8 2 (7. 9% ) , &)@ BikE

*k2 AEHEFEEUFNEESBESTRNE
Table 2 Metal dispersion and particle size of the NiCo/MgO catalysts synthesized by different methods

H, uptake Metal surface Metal dispersion Metal particle Metal particle
Sample /(10”? mmol-g™') area A/(m’-g™") /% size d/nm* size d/nm®
DP 8.7 7.0 10.4 9.7 6.1
Cp 6.7 5.3 7.9 12.8 11.6
CI 3.2 2.5 3.7 26.9 -

*. calculated from H,-chemisorption; °

2.5 AEHEHEEXFBLRERIFLEN fEALH R TIRUR/ (42,9 m?/g) o R TR

AN TTIE A R A AL S R s b W PR E s 1A RO B A AL
W3, W3 Al dl s O A XHEA R R R ARV FLIE , S EUR [ 5 07 ik B A AR ek
N ALRR e n LALLM TR R B MR AR, % T IETTTE kil 4 19 CP fiEf
MgO K LHLRTAL(70. 2 m*/g) AR AR TEES  #, flsd b im e & 75 Mg™ —R IR, 1
JEJG , LRI AR B e s o SRTIRYOE  IRER N 61.2 m*/g, [AIW AT LA 3], 25 A 1L 5
L £ 1) DP AT LU R (68. 1 m*/g) , A BIRATJLALAE 9-15 nm, J& T LAY, R WIA[H
AT Ni Co eI B3 HL TR BUE G &0 CU Ik BTl s B RIE 0 FLA R,

x3 AREGEHFEEAFPLRERIILEN
Table 3 BET specific surface area and pore structure of the NiCo/MgO catalysts synthesized by different methods

. calculated from XRD results

BET specific surface Total pore volume Most probable aperture
Sample area A/(m’>-g™") v/ (cm’-g™") d /nm
DP 68.1 0.273 9.3
Cp 61.2 0.247 10.0
CI 42.9 0.233 14.4
MgO 70.2 0.296 9.0
2.6 TREIHI &7 £ AL 0 R ME R4 CL. JZI 8 h 14, DP fiEfil ) CH, Al CO, H L%

7£ 800 C,0. 1 MPa, %5 # 36 000 mL/(g-h) 4 +F7E 88% F192% , %k 800 C My 4 F-fir e fb %
T % 5 =Rl & T AL CH,-CO, ) (CH,H 90% .CO, } 95% ) ,iX F 22 Jy % HTT
MPERE, K4 8 5 AR O kR cH, BRI BE ¥ ) & 19 DP A Ak F 4 R 4 B 4
1 CO, B4k H, Al CO MR R T AR fE (10.4% ) 36 Pk 4 J8 1038 J5 B v, 3 BE TE (i Ak 7 36
k. [T RR R AN i AN = IR Bl = I YA AR oA

HE 4 &S T %0, DP AR B3 M MES E M (9.7 nm) (L F B0 55 19 16 ;5 L [F] Bs), DP
B4 T CP Al CTAALR], HA AL 154 . DP>CP> AL H Ni/Co 5 MgO 2 [b] B A5 4 5% (%) A1 B4
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J(FR2) ATH, 78 R VWA B B, CP i £k 751 2 7%
(35 1 4 8 H R E BN T DP iR, 48 43 i
2(7.9%) , 4B PARAL K (12. 8 nm) , S H W)

i CH, Al CO, #54bFAI%F DP L7, BEE KN 1)
HEFT A7) H, A1 CO MIPERTT , CP AR5 i o
A A JFE S Sk 110 305 4 T AN T 1 38 D R ol L
PEARTE M TR R L TR LR L 45 1 CT 4
PR, i T HBAR A A b, B R R TR LR 3R
Tl O TG P i 3 /0 | ELAE = AL ), CT i1k )
4 JB R A2 5 K (26,9 nm) |, T T 4 & 43 1k R A
F(3.7% ) , iX 26 A 2 3k W] 30 CI AL 1) 0 1R
CH, il CO, ¥4t %533 45% F1 59% . [m) i 7]
VLA 2], DP 4L H, R CP CT L) 7 5]
=29 10% F143% ,CO YLt CP CI A5 5351l =
25 13% F142% , HRGEVET 4T,
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Figure 4 CH, conversion and H, yield versus time on
stream for CH,-CO, reaction at 800 C over
the NiCo/MgO catalysts synthesized by different methods
a. deposition-precipitation method;
b: co-precipitation method; c; co-impregnation method
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PR SN J5 0 R i i (1. 2% , [ s 43 450) B /)N

TFH A P A 7 2 (CP ik 7] 2. 2% , CI i 4k 7
2.8% ). 4t H, Bkl B s 2R (3R 2) W LU &
PR, BB T T 4R BURRLAE A /N, = A kR A AR
s AR/
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K5 RIFDr i & A5 CH,-CO,
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Figure 5 CO, conversion and CO yield versus time on stream
for CH,-CO, reaction at 800 C over the NiCo/MgO
catalysts synthesized by different methods
a: deposition-precipitation method;
b: co-precipitation method; c: co-impregnation method
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Figure 6 TGA curves of the spent NiCo/MgO catalysts
synthesized by different methods
a. deposition-precipitation method;
b: co-precipitation method; c: co-impregnation method
il 6 Al i1, DP 4L 5I7E 350-500 CHBL T —
AN A3 T kg2 T DA T0UE 12 il 45 19 DP
AL BRI BN T PR 4 B e 2 P A o e
FR o H ST, B ™ A 2 10 4 J ORRE A
KT CH,-CO, 8 S o Fir s 2 1) 4 o ORDRLAS , 78
/NG Bk AR 9 4 T URE b | BRI A 1 1 3 23 I
REAR O, SRATUURRUTUE v il 4% 1% DP i AL 77 B
B2 e R P R 0 BRE PG B A A 50 3 T Y
WAL R 2, HOWE M A R OB R AR 8D
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