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Preparation of Ni-Ru/TiO,-Attapulgite Composite and Its CO, Methanation Properties
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Abstract: Noting the extensive application of minerals in catalysts and the urgent solution to address the global greenhouse problem
caused by the too fast release of CO,, TiO,-attapulgite (ATP) was prepared by using a sol-gel method, on which Ni-Ru catalyst was
loaded through impregnation for CO, methanation. Performances of the samples with different contents of Ru and Ni were compared,
while the influence of CO, intake rate was especially studied and the reaction mechanism was explored by using in-situ IR
spectroscopy. It was found that the bimetallic catalyst had excellent low temperature activities, whereas the effect of Ru was more
pronounced. Among the catalysts prepared, SNi-1Ru-TiO,-ATP has the best catalytic effect, with the CO, conversion rate reaching
47.9% at 350 ‘C and the highest (59.6%) at 400 ‘C. Compared with the catalyst without Ru prepared under the same conditions, the
conversion rate at 350 C was increased by 31.8%, and at 400 C by 26.5%. Excessive intake rate leads to insufficient gas-solid
contact and poor catalytic effect. The composite catalyst followed a reaction path with CO* radicals as the intermediate.

Keywords: mineral-based supports; carbon dioxide methanation; nickel-ruthenium catalyst; titanium dioxide; attapulgite
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BB E A B A4 N TiO,-ATP.
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x1 FEHRAEENRIRENESHANERE m/g

Table 1 Dosage of precursor and composite carrier of the

corresponding sample mlg
Sample NO. Ni(NO;3),-6H,0  RuCl3-3H,0 TiO,-ATP
5Ni-0.2Ru-TiO,-ATP 0.173 5 0.002 9 0.663 6
5Ni-0.5Ru-TiO,-ATP 0.173 5 0.007 2 0.661 5
5Ni-1Ru-TiO,-ATP 0.173 5 0.014 4 0.658 0
10Ni-0.5Ru-TiO,-ATP 0.3470 0.007 2 0.626 5
10Ni-1Ru-TiO,-ATP 0.3470 0.014 4 0.623 0

1.3 EHFIAHEREMIK
CO, HE I RE IR 7E Y e LA AT

Frit 50 mg HALFIRE SR NAE RN 6 mm 1A 28
o, BEFPFHEEE N: LA 10 C/min (FERH =R
T2 450 °C, R 4h, SLEFEHEANE 10% Hy/N,
TR A AN BE S AT TOE JE AL B, SR TR R N
100 mL/min, HAAHEREMKT 200 CEREF T
T, HFRIR S 515 200.250.300.350 “C A1 400 C,
IR L 2.5 mL/min A1 100 mL/min )35 3 7]}
A CO, SAEA 10%H,+90%N, JB&<, FHES
N Thermo Scientific Trace 1300 [ 46 | %4> 5
FEF VSR R R R . R AR B K
FEMEBHRARIE T 5 CO, Fe b2 M CHy 1B 1, 15
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B 1E 37 2 3 S B A (TEM) SR ML 82 . 5 IR 38 R
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[ 38 M Finesorb 3010H 7 4= [ S FEAL AW B o
FEIL 5N AR 2 1, S6AE 300 CIBAE IR LR
IKZEASRIAR I BT, R R A =G, A
10%H,/Ny A5, HE RS2 800 C, FifiHE
F A 10 C/min, H TCD &ML JHEE 5.

ER G
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Fig. 1 CO, conversion and CH, selectivity of the catalyst with
different metal loads in different temperature
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Fig. 2 CO, conversion and CHy4 selectivity of 5Ni-1Ru-TiO,-
ATP catalyst in different gas-intake ratios.
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Fig. 3 XRD patterns of the catalysts
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Fig. 4 H,-TPR spectra profiles of the catalysts

R2 HmMRESH
Table 2 Texture properties of the catalysts

SgeT/ Pore volume/  Pore diameter /

Sample 5 3

(m™g ) (m™g™) nm
5Ni-0.2Ru-TiO,-ATP 135.9 0.33 1.04
5Ni-0.5Ru-TiO,-ATP 136.7 0.31 1.04
5Ni-1Ru-TiO,-ATP 134.8 0.33 1.04
10Ni-0.5Ru-TiO,-ATP 122.6 0.29 3.80
10Ni-1Ru-TiO,-ATP 120.8 0.29 3.80

Kl 5 5 ATP. TiO,-ATP Al 5Ni-1Ru-TiO,-ATP
FEMT) SEM MEF . ATP OIS 4T 4E i R R
M. Ek T &BEWs, LG 2| ATP £
AR DL RCR A S8, 45 AL Tio,
FNIO FURL R Be/ HoAr By, X2 HA ATP
X} 4 A A R W B AE FE 7, R T AR
TE i 1 A2 P BRI A SR KK, ([ R = A 5
U 43 i

6 A 5Ni-1Ru-TiO,-ATP AL FFIFE 5 i) TEM
RIAELER . HE 6 TTLUEH, 40k ATP L5
[ 93 A1 35 R 22 ki, N HADDF #6131 () AS [8] 76 &
MR RE, XL NERE IS 2 A1
TiO>+ NiO 1 RuO, —&H I, HRARE N AR
#* Ru m &/ B RARADRES I, X
BN Ru gk EH5/b, Wit Ru S 473k
TEHMA F

(b) TiO,-ATP

(¢) 5Ni-1Ru- TiO,-ATP

5 PRSI SEM M
Fig. 5 SEM images of the samples
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Ta FRFEMm U IR J5, BEE N CO, I [a] 138 n, #
pits 2 T B D P R AR A 0 o DA 58 B TIA 38 e i
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FH G (1) V& 528 52 B it B2 v A AR 55, 10 BA R B R 4
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WE7E 300 CHFFEAE S, Uil CO*E N ia4aZ
5T RPL

Bl 6 5Ni-1Ru-TiO,-ATP Ff i f¥] TEM K & JC 5K 734l EDS
Fig. 6 TEM and EDS images of the SNi-1Ru-TiO2-ATP sample
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Fig. 7 Operando DRIFT spectra under different conditions
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Fig. 8 Partial enlarged spectra of operando DRIFT spectra
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