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INTRODUCTION & AIM SYNTHESIS & CHARACTERIZATION

Purpose: Develop a catalyst that improves catalyst long-term

e PDMS mixed with curing Q Hydrated Nickel acetate [Ni(CH3CO.).- 4

stability for the DRM reaction agent at recommended ratio H.O] mixed in until evenly dispersed
Background
Main reaction: Side reactions: ) ) -
2C0 & C(s) + CO, 2) Membrane cured for 2.5 hours in varying conditions
CHy + CO; ‘—12 CO + 2 sz (1) CH,< C(s)+2H, (3) .
Y €O, + H, & CO + H,0 (4) \ a—— o — o
Syngas H, + CO < H,0 + C(s) (5) A0 ' - B Ly T

Issue Ni-PDMS membrane, anaerobically vacuum cured 2 Ni-PDMS membranes, aerobically oven cured
Boudouard (2), methane decomposition (3), and other reactions contribute to ) ec _ o
coking and sintering of catalyst, causing rapid deactivation. 1-3mm pieces of hamber purged in Argon Pyrolyzed PDMS

_ membrane placed in at 150°C overnight, then membrane crushed through
Hypothesis ceramic boat loaded in | | pyrolyzed at 750 °C for 2 | | sieve to produce particles <
Pyrolyzed nickel (Ni)-containing polydimethylsiloxane (PDMS) will result in metal tubing chamber hours, cooled 0.23 mm diameter

a high surface area, thermally-stable and coke-resistant catalyst for the DRM
reaction. Ni will experience stable dispersion into nano-sized particles on the
resulting Si-O-C support.

SEM Images of 4Ni-PDMS, 5000X Magnification.

Yellow = Si; Magenta = O; Orange = Ni; Blue =C —

» 7T
. . » x
0 .
..:“ o . . -
o B,
‘e ."-:" .
. vy A 4
N SRR .
o 02 S
P A Mol o .
) ! § v A
K A
¢ 1' v -,: J\‘
! Ay
Y4 3 L
r s ¥ P
. o &
. A e
3
»

Objectives

1) Investigate the effects of Ni on the physical and chemical characteristics of
pyrolyzed polydimethylsiloxane (PDMS)

2) Determine the effect of Ni loading, reactant molar ratio, and reaction
temperature on the performance of pyrolyzed Ni-containing PDMS in the

; " 2
DRM reactlon._ | | | Catalyst I\_Ic_)mlnal TG_A calculated EDS mass
Performance is defined in this study as: 1D Initial mass| Ni/Total mass |\ /e o
a) Catalytic activity (TOF, % conversion of CH,, H>/CO ratio) _ NI/Si ratio ratio
b) Degradation in activity (activity loss) over 11 hours of continuous runtime ONI-PDMS 0 0 0
Why Nickel? 2Ni-PDMS | 0.054 0.046 0.147 |
« Economical active metal [2,5] gNNIIEDDI\I\/fssl ggég 81;'2 828?
. . i- . . .
Why pyrolyzed polydimethylsiloxane (PDMS)? |
+ Provides microporous and mesoporous support that provides stability to the Surface |Pore (Micropore) Average Pore| . curing, eag o
: Catalyst . Ni Crystal| © gloanon
active metal. [2,3] Area Volume (Micropore) |... Nt the POMIS prior©
i : ] ] . ] . 1D 2 3 : A S|Z€3 (nm) p;rlonlysies Samplgglg:a;not
« Smaller Ni particle size and higher dispersion, reported to result in catalyst (m2/g) (cm¥q) Width (A) ave beon representative o

stability and coke-resistance [1,2,4] ONi-PDMS | 520 | 0.222(0.198) | 17.2(16.2) 0  The calculed Nifroal

2 The calculated Ni/Total mass

« Active metal stability prevents sintering of catalyst over reaction period. [4] | 2Ni-PDMS | 409 | 0.195(0.153) | 19.3 (16.6) 33.4 | semtonotnolomsof i

ANi-PDMS | 337 | 0.168(0.123) | 20.2(16.6) | 36.2 | drmoprobeis
RESULTS & DISCUSSION

3 Calculated using the Scherrer

6NI-PDMS!| 417 0.231 (0.172) 22.8 (17.8) 30.6 =quation and XRO profiles

VT 4 80% 80% 80% 1
Catalyst ID [REf] CH. : ACtIVIty CH. T?F 70% 70% 70% g§ 6Ni-PDMS 2:1 CH«:CO:
Conversion| loss (sec?) 60% I o ~ 60% S—
2NI-PDMS 1390 48.6% 0.148 g 50% | ONFPDMS 2 50% w 7 50% | ONi-PDMS 750°C 5 gz [ 6Ni-PDMS 1:1 CH-COs
= . . ) ) —_— 0" — ) — .
i 2 40% | 4NI-PDMS Z40% | 6Ni-PDMS 1:1 CH.:CO: Z 40% > 05
4N I_PDMS 34% 18-2% 0-315 (§ 30% \’\ C-§30(%} \ (§ 30% | 6Ni-PDMS 700°C “E 0.4 | 6Ni-PDMS 1:2 CH4+:CO:
6Ni-PDMS 46% | 9.7% | 0.252 | &2 |2 Do, |NHFDMS 21 CELCO: Saos | —— 0>
Ni-SiO > 5804 506 334 X 10% m = 10% $10% | 6Ni-PDMS 650°C 0.1
- 9 . 0% - I — | % 0% 0
Ni/SBA-15-EG [3]| 32% | 18.3% | 00635 | ° = ‘' ° & w0 o2 oo o % Wm0 2 468202 46 &0 n
/S O 3 20 8 . OO 9 Reaction time (hours) Reaction time (hours) Reaction time (hours) Reaction time (hours)
Ni/SBA-15-H,0 [3 % 18.7% 057 . _ :
NIAI-C 2 = 2% Y 148 All reactions in this study are run with total flow of 60 ccpm, with results measured by gas chromatography.
Zall ] 0 0 : Parameters are 750°C, 1:1:1 CH4:CO2:N2 unless otherwise stated

4 TOF: Turnover Frequency
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