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Chemical Activation and Hydrogen Storage Properties of Mesoporous
Carbon CMK-3
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Abstract: Activation of mesoporous carbon CMK-3 with KOH, NaOH, H;PO, was studied. Huge structure and
texture changes emerge for the activated CMK-3 based on the characterization by using XRD, low temperature
nitrogen adsorption-desorption. The ordered mesoporous structure of CMK-3 gradually became disorder, specic
surface area and mesoporous (2 nm)were enhanced remarkably. The effect on activation results was studied of
mass ratio for CMK-3 to KOH, activation temperature, chemical used. Hydrogen sorption measurement shows that
the activation leads to an obvious increase in the H, sorption capacity of CMK-3. The H, uptake of 2.32wt% at 77
K and 100 kPa was obtained.

Key words: mesoporous carbon; chemical activation; hydrogen storage properties

0 5| B W B BB AT RIS A D ik A M 2 — . i
P BRAUKAS B9 K 28 4 55 bR I B 2 M RE L 46

N TR H BRI SR, B A TR (HECRAEAN KRB, TSR BAL
KOATERAE VY mAEE AR TRER MR 0 0.7 nm ZE A7 L) i SR AR LR
JEOGTEN, SREM RS BB A RO RO RS AR R R S B R I tAT — S A AT fE
R R ) RO HE  BAT LR A RALZY e 0, Ll U N R AR 2 LA bR 4

ks A1 .2011-01-19, W el B 97.2011-05-12,
% A KB 5L 4 (U0734005, No.21031001) 7 o @ B HE A B 55 9% L 00 %8 4 (No.21610102) Fl )™ A 48 & 55 2 A B BB s i H
(No.cxzd 1014) VE B H

SEIREE R A L E-mail ; tliuyl@jnu.edu.cn ; 23 51 & 1045 :S060017521P




2396 Jx Hl fk

- %27 %

¥ B As SRR A e 2 R A
A7 A B B AL (A Oy R Ak 2 IS 4k (dn
KOH \NaOH ,H;P0,)*", A ¥/ fLik CMK-3 HA Ak
WEUE A A FLALE, [ i A — 5 i S L0,
R R A AL F D co, X H kAT T I AR 5T | 9F
W T ff &R fE ,77 K100 kPa B ff & i ik
2.27wt% , A& CO, WX s R gk | 6 1k
T EE R ISR R RBAER , AT A B IE] BN AR
FE AL 2A 10 Ak ok BRAR Y S

A TAEA S TH P Lk CMK-3, FIH KOH .
NaOH H,PO, X} F it 47 T % b | 2t X G54t i %
ek 280 L o — 8 R 45 X R i R4 T T R AE, 1H8 T KOH
L R 9 A N IR f 0 DR A3 '€ 5= 1 P
TG AT SR A S R

1 SLIEES

1.1 FERXFESER

A B R AW Ppos(Sigma-Aldrich, V- ¥ 4 F &
95800, 73§30 EOxPOEOQy); WAL (Jit & 774k
98%), ) MNALZFI N T JERE TN T O
RERR ST, R R A 2= a0 ) SR (T & 4
$40%), ) MALA R KO, Kt Kk Ak 7k
FI s NaOH , KRBT KA1 0)  HaPO,, KEETT
KA 2G0 T BT R0 3 S 43 p a5, B K
hSEE A TK,
1.2 CMK-3 ZEiEL

CMK-3 Wil 8 S5 SCk iR GE J7 7k 4% — 2 i
i AR ICH il CMK-3 ik 20517 4 ¢ K 2 ¢ &
BE SIS R 60 CHET B AE P N, IR
T3 Ceomin™ TRl EIE LR EEE 1 h, ARBH
ZER, RV KEZE pH=7, 108,120 CHET,
AN C-X-Y1Y2-Z, Hrph X ARG Y1Y2 18
F CMK-3 AG AL py it th 7 AR TG AR EE,
C-KOH-21-800, %/~ CMK-3 5 KOH Jitf& [t Ky 2:1,
£ 800 CiFfk 1 h,
1.3 HmHRE

FE I XS AT 5543 1 (XRD) R Bruker D8
X HF LA AN, R M FLEASFITE Micromeritics 2y
A [ Tristar 3000 73 20 A0 B -1 B 53 B4 i 47
DL R W B 5T, 76 U B (77 K) I | i 7 i
e BITE 300 CFEEBA 6 h L E, FEGHEN
0.10~0.15 g, &} BET (Brunauer-Emmet-Teller) Jy ¥
ARG RID, BT Kelvin 7, A BJH

(Barett-Joyner-Halenda) 772 U B 43 315 LAE o
A3 5 FLA N plpe=0.972 B 45 3 19 £ 4l ; FF o (1 W/
AR RETE 36 [E BB (AR A Wl 1Y Autosorb-1 4 H 3l L
M AFLAR I AT 3 A, DL S0 W BB, 7 4
JE(77 K) N IZE I E ke S B 7E 300 CF B AR
6 h Lh b RS RS 0.10~0.15 g,

2 HRSUE

2.1 B# CMK-3 &

Kl 1 5% CMK-3 KON [A] KOH 36 46 J5 FF i i1
ik XRD B, WE h Al LA Y CMK-3 A 1 N EER
S ZU AT S AR 2 AN BH SR AT S0 e ST Ak e
J& Ry 4k T S5 1(100)  (110)F1(200) 477 5 e (23 [1]
#E Pomm), FWHEA X ait, fLEIEFA
f?m]o

900009 o
S
80 000
~ 70 000 C-KOH-10-800
n a
% 60 000 MK
=

-KOH-41-800

C-KOH-21-800
C-KOH-11-800
C-KOH-14-800

20 000
10 000
0 —
1 2 3 4

20/ (°)

1 CMK-3 AR KOH H i b Ja 4 il 1 41K
i XRD &

Fig.1 Low angle XRD patterns for the as-prepared
CMK-3 and those activated with KOH
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Fig.2 N,adsorption-desorption isotherms (a) and pore

size distributions (b) for the as-prepared CMK-3
and those activated with KOH
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Table 1 Pore properties for the as-prepared CMK-3 and those activated

Sample Sper / (m?+g™) Suien 1 (m*+g™) Simeo 1 (m*+ g™ Vil (em®g™) Dy / nm
CMK-3 1282 265 1017 1.20 3.88
C-KOH-10-800 1281 253 1028 1.20 3.95
C-KOH-41-800 1680 360 1320 1.30 3.70
C-KOH-21-800 1950 137 1813 1.39 3.53
C-KOH-11-800 1660 117 1543 1.18 3.52
C-KOH-12-800 1243 545 698 0.75 433
C-KOH-14-800 1134 575 559 0.68 4.45
C-KOH-21-750 1307 311 996 0.97 3.72
C-KOH-21-850 1103 294 809 0.80 3.61
C-H3P04-21-800 1106 180 926 1.03 3.94
C-NaOH-21-800 1530 154 1376 1.19 3.58
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Fig.3 XRD patterns for CMK-3 samples activated with
KOH at different temperatures
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Fig.4 N,adsorption-desorption isotherms (a) and pore
size distributions (b) for samples activated with

KOH at different temperatures
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Fig.5 XRD patterns for CMK-3 and samples activated

with different chemicals
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Table 2 Pore properties and H, sorption for samples

Sample Sper / (m*-g™) Ve / (cm®+g™") Viiew I Vi1 % H, Sorption / wi%
CMK-3 1282 0.12 10 1.86
C-KOH-21-800 1950 0.09 6 2.32
ACH 1585 0.59 41 1.3
AC-KOH-13-750" 2009 0.82 82 2.2
AC-KOH-15-750" 3190 1.09 64 2.5

& it
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