Palladium-doped Carbon Porous Materials as Adsorbents for Hydrogen Storage
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Abstract

Hydrogen has been recognized as an ideal energy carrier
because it is clean and easy to produce from renewable
energy sources. In the past several decades, efficient
hydrogen storage and transport devices have been the
major concerns in hydrogen-energy technology. H,
storage schemes in terms of compressed or liquefied gas
are undesirable due to low storage density and high cost.
Recently, carbon porous materials (CPMs) with
well-defined pore structures offered great potential as
adsorbents for H, storage. Several existing literature
reports  revealed that, when doped with
transitional-metals (such as Pt, Pd, Ni etc),
carbon-based adsorbents exhibit enhanced H, uptake
due to spillover effect. This study aims to compare the
effects of doping palladium (Pd) on H, storage
properties of various carbon materials, including
ordered mesoporous carbons such as FDU-15, CMK-3,
and CMK-5, as well as activated carbon (AC) and
activated carbon fiber (ACF). Two metal doping routes,
namely post-synthesis impregnation and one-pot
synthesis methods were implemented and compared.
Typically, carbon adsorbents so synthesized with varied
Pd loadings were first subject to evacuation treatment
prior to H, uptake measurement (pressure: 7 bar; RT).
Our preliminary results show that Pd/C materials
prepared by either methods exhibit higher H, storage
capacity compared to their pristine counterparts, which

have BET surface area following the order: ACF (1546
m?/g) > CMK-5 (1341) > CMK-3 (1024) > AC (1038) >
FDA-15 (794). Compared to Pd/C prepared by one-pot
synthesis method with a similar Pd loading of 8 wt%,
those fabricated by post-synthesis impregnation appear
to be more effective in terms of their H, storage
capacities, which obey the trend: Pd/CMK-5 (0.57 wit%)
> Pd/ACF (0.50) > Pd/AC (0.46) > Pd/CMK-3 (0.41) >
Pd/FDU-15 (0.30). Among them, Pd/CMK-5 prepared
by post-synthesis impregnation method showed the best
H, uptake capacity of 0.57 wt%. This is attributed to the
better dispersed Pd metal particles in Pd/C adsorbents
prepared by post-synthesis impregnation method than
direct synthesis route, as verified by results obtained
from TEM measurements. The effect of Pd loading on
H, uptake phenomena will also be discussed.
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2  General Instructions

AT IR G AT R E R L REE - H L
i Pl A 0 7R ¢ 350MK-5 ~ FDU-15 ~ @
BE 2 sz v - & 2P G CMK-5 %
FDU-152. vv # o CMK-58_02 & 303 % & & eaSBA-15§ 17
A #4 > Furfuryl alcohol f= Trimethyl benzene
§ BB AR AT 2 B (3 L o FDU-150 7 pE
2FR R 2 - B BRF B SR
AT AN - R IR AcBl] o S B
+ €_rPalladium acelylacetonates & Hik o

Chy

U = uo+cn CH, och,cnochch 0+—H

ethanol solution

$6%% %

polymerizatic heating rbonizatio

'n nitrogen I in nitrogen

Figure 1. Schematic representation of the procedure used to prepare mesoporous polymers and carbon frameworks.
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3 Results and discussion
- 5 LS 2BETR % > B O
FoailHs -

“ St (m2/e) Pore volume (cm/e)

LR EI5T B o6

CMK-5 1341
FDU-15 794 0.9 4.6
AC 1038 1.0 0.2
CF 1546 1.0 0.2
Pd/CMK-5-0 1301 1.0 29
Pd/FDU-15-0 724 0.4 3.6
Pd/CMK-5-1 1288 13 2.8
Pd/FDU-15-| 692 0.4 ke
Pd/AC-I e 0.6 0.2
Pd/CF-I 1438 0.8 0.2
% -
TEM3 % % 7 7 %% 8 & eCMK-54-FDU-154% &> 5% -
By Rt £ B A0 £HRS < 9ET-8n
P B3 - H LR R FEER {é‘_&a»m
it gk RE AR 0] 9520 nn

& A4 BB LPEPAdY A
MR DR LL:' ’i% "l‘i—"l /&Eﬁé‘l m%}\‘g‘m?‘ ﬁf’l‘f

e

2

PR

Lo APEmL LS e
s




¥l3

(1. Pd/CMK-5-1Imp, 2. Pd/FDU-15-Imp, 3. Pd/AC-Imp, 4. P
d/CF-Imp)

2899 fitf)
B

#®4(Pd/CMK-5-One Pot)

Full Scale 166 cts Cursor: 8179 (7 cts) kev|

& SRR R SR FliE10Bar B k5135 CMK-H

HE - AR A PRG AFE R hdoa L E
ek Bk F 0 2 A E A ST o Aot RIS o

0.30
1 [+ PdiCMK5-0
0251 | o Pd/FDU-15-0

0.204

0.154
0.10 4

0.05 4

H2 adsorbedamount (wt %)

0.00 —

Pressure (Bar)

035, |—=— Pd/ICMK-5-I
{ |—+— Pd/FDU-15-|

0.309 |—a— Pd/AC-I

—v— Pd/CF-|

Ho adsorbedamount (wt %)

0 2 4 6 8 10

Pressure (Bar)

4 Conclusion
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