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Abstract

This research is to study the process for preparation of high porosity of carbon gels: 1) the
preparation of carbon cryogels by HCI solution treatment and 2) the preparation of carbon cryogels by
hydrothermal process and 3) the synthesis of carbon xerogels dried by vacuum drying. Carbon cryogels
and carbon xerogels are analyzed by nitrogen adsorption apparatus and scanning electron microscope.
The results show that the HCI solution can be improve the porosity of carbon cryogels for the more
uniform pore size distribution, but not change the average mesopore size. When the hydrothermal process
is applied, the mesopore volumes of carbon xerogels can increase significantly under the use of
appropriate time. The synthesis of carbon xerogels dried by vacuum drying can be prepared by the high

mesopore volume. The mesopore volume of carbon xerogel is up to 1.5 cms/g.

Keyword: Mesopore; HCI treatment; Adsorption; Vacuum drying; Hydrothermal
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' o [ . ! (% o
U531 181598 (Aerogel) MIMIAURULVLBIA (Freeze drying) wah lanasmsinld
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waslulasead e uonnniiduaionlungin ligunss Tasmswssunisuounaisuan
3 Y v W 1 aaa &£ 9 qgj ) 1
MIRaNaIsazaIeasaunuausagnset ez la lalaswa vintiuii ldiunszuaums
o a o J { wa A
M lduds uazawaroms Inls lagasgnaadueymamsveulunga aroqmauianil
A (A 4 J = o o 79 9
anunguntazlsuesuuunIsnes msusumasurzdvsumsdszgndlaay
Y ' Y I @ o qszl A =
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o 1A A a . a 3 A Ia o A J
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(Condensation reactionﬂﬂﬂmiﬁﬁuﬂﬁﬂﬂwﬂuﬂluﬂigu AreNuszINNaauUIAL (Methylene

Y
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AaaAan a dgl ] 1 a' a 3 9 1 a 4 a
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1. Addition Reaction.

OH . oY
N Il L cuou
a —_— e
(Ol L (F) 42 ©
oH .
H H CH,OH

2. Condensation Reaction

0H OH OH OH
~CHOH ' CH.OH C CH,0H
AN H' A ACH, P @-" Hy \@.—-’
+ — '
OH N\ oH =" OH OH on’
CH,OH CH; CHaOH LHAM ICIIHJ
L, v
O, X iy
“OH N OH ~CH;OH
. CH; CHz O
H A - | | 1 OH
I;_'f CHOH
f’L Ol @ ) )
_J
\)M CH 1"1
CH;0H 0
CHyOH

517 2.1 na'lnmsinalnseveua [2]

i 2.2 m3auInvessyessuoanesian laauousmas [2]
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1
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4
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9
HaanuduTuYe a1 AIAUGT
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-anmnie Iddhvesmsueoudlsnane

4
[

= Yy 9 v 1 aaa
UU ‘]Jﬂ’JnJLGUZJGUUGU'E—Nﬁ’Jﬁ\T]JJ‘]ﬂiﬂ'I

0o q ¥ a g 2
- V]WGLWﬂWﬂﬂﬂmﬁﬁ'J"’Uu
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24.2 ﬂ1‘i!!ﬁﬂ!ﬂaﬂu€l”3ﬁ1ﬁ$ﬁ1ﬂ
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ﬂ'l'illﬁﬂl‘l]ﬂﬂ‘hlﬁ?]ﬂ?ﬁ%ﬂ'lﬂ L‘]_J‘L!"UHGIEJ‘L!WUQWﬁWﬂiy"UENﬂTiﬁQLﬂﬁT%WLNI“KW@ﬁﬁ
4 d‘ ) 1 o Yy Y ng; ] a dd‘Q d?
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9
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{ o o @ 4 1 I~ 4 )
1% lumsuanlasudiiiazais uaasenstan 2.3 o1 lsnaulumsuanlasudai

a A A o Y a = Y
azmﬂﬁlzmmﬁwmm’maﬂ!,‘ﬂaﬂuwﬁmﬁm/lﬂmﬂﬂmi!,ﬂameLﬂmGU’e)ﬂmﬂﬁiNﬂJmma
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2.4.3 AFTVIUMIMIHAUR (Drying Process)
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R/F R/C R/W Drying
Sample ; Solvent

(mol/mol) (mol/mol) (g/cm’) method

CCl1 0.5 200 0.25 TBA Freeze

cC2 0.5 500 0.25 TBA Freeze
CX1 0.5 200 0.25 TBA Vacuum
CX2 0.5 500 0.25 TBA Vacuum
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d' % 1 Aq Y o d A [ 4 4
139N 3.2 E]@]i"lﬁ?l°L!ﬂi“]fcluﬂ"lﬁﬁ\ilﬂi"l%’;ﬁllﬂ%ﬁ“b’@ﬂﬁ]Gluﬂﬁﬂ'\il,ﬂi"lgﬁﬂ"liﬂ’é]ublﬂi
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R/F R/C R/W  HCl concentration Time  Temperature
Sample ; , .
(mol/mol) (mol/mol) (g/cm’) (mol/dm’) (day) (O
AOl 0.5 500 0.5 0 1 25
ACl1
A02 ________________ s - - 1 1 ”
AC2
AO3 | 0.5 500 0.5 1 1 90
AC3
BO1 0.5 200 0.25 0 1 25
BC1
_________________ B02 v - - 1 1 ”
BC2
_________________ BO3 s - o 1 1 "
BC3
CO1 0.5 200 0.5 0 1 25
CCl1
lllllllllllllllll COZ 0.5 200 0.5 1 1 25
CC2
_________________ CO3 s - ~ 1 1 ”
CC3

AQO, BO, CO = symbol representing the organic cryogel prepared by different synthesis condition
AC, BC, CC = symbol representing the carbon cryogel prepared by different synthesis condition

1, 2, 3 = symbol representing the no treatment or the HCI treatment condition
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R/F R/C R/W Time Type of  Temperature
Sample 5 .

(mol/mol) (mol/mol)  (g/cm’) (day) media (O

CB 0.5 200 0.25 0 - 25
CW1 0.5 200 0.25 7 w 90
CW2 0.5 200 0.25 14 W 90
CAl 0.5 200 0.25 7 HCl 90
CA2 0.5 200 0.25 14 HCl 90

CB = carbon cryogel without treatment as blank sample

CW1 and CW2 = carbon cryogel treated hydrothermal treatment for 7 days and 14 days, respectively
CA1 and CA2 = carbon cryogel treatment acid treatment (HC1) for 7 days and 14 days, respectively
W = distill water

HCl = 1 mol/dm’ of hydrochloric acid solution
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lalasnanin
Sger S_ .. V. o V. .. Lok papp P, V. .. Burn-off
Sample ) 5 ) ; , X 5
(m7/g) (m’/g) (cm’/g) (ecm’/g) (nm) (g/em’) (g/em’) (cm'/g)  (Wt%)

AOl1 480 120 0.76 0.13 52 054 nm nm -
ACI1 680 460 0.78 0.21 46 0.65 2.06 0.06 55.4
AQO2 450 80 0.67 0.11 5.5 0.55 nm nm -
AC2 720 510 0.85 0.23 5 0.7 2.06 nil 53.7
AO3 460 80 0.66 0.11 5.5 0.56 nm nm -
AC3 700 510 0.84 0.22 5 0.71 2.06 nil 53.8
BO1 590 120 1.14 0.13 6.6 0.35 nm nm -
BC1 770 340 1.11 0.25 46 0.51 2.06 0.12 52.4
BO2 610 150 0.83 0.15 5.5 0.39 nm nm -
BC2 710 360 1.28 0.25 5.5 0.51 2.06 nil 52.7
BO3 580 90 0.95 0.13 6.2 0.4 nm nm -
BC3 750 380 1.25 0.23 5 0.53 2.06 nil 52.5
COl 590 40 1.2 0.15 42 0.55 nm nm -
CC1 720 400 0.67 0.23 3.0 0.76 2.06 nil 54.5
CO2 630 60 1.25 0.15 46 0.54 nm nm -
CcC2 730 360 0.65 0.23 2.8 0.78 2.06 nil 53.7
CO3 600 70 1.19 0.14 42  0.56 nm nm -
CC3 710 410 0.63 0.22 2.8 0.78 2.06 nil 53.2

nm = not measured

% burn off is the mass loss since pyrolysis
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