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Abstract — High surface area and high pore volume activated carbon was prepared by KOH activation of rice hull and a
series of monolithic forms of the activated carbon were prepared to increase packing density and energy density of adsorbed
methane gas per volume for natural gas storage. The effect of process variables such as heat-treatment condition, binder con-
tent, and binder type on the pore structure, packing density and methane adsorption was investigated. The surface areas of the
monolithic forms prepared with the mixture of phenol and a water-soluble polymer increasdd &&m5 mi/ml to 451-678
m?ml by the heat treatment. In the case of monolithic forms prepared with the mixture of water-soluble polymers, the surface
areas were about twice of those with the mixture of phenol and a water-soluble polymer, while their packing density was in the
similar range. The monolithic forms with the mixture of PVP/PVA have high packing density of 0.47 g/ml and high surface
area of 2,150 Rig(1,011 n3/ml), resulting in high energy density of adsorbed methane gas per volume of 124 v/v.
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Table 1. The effect of heat-treatment procedure on surface area, pore volume and packing density of monolithic forms binding withwt% PVP and
40 wt% phenol

Heat reatment Packing density Packing density after Specific surface area  Volumetric surface area
(g/ml) heat-treatment(g/ml) (mPlg) (m?ml)
No heat treatment - 818 496
~500°C: 10°C/min, 500-70CC: 1°C/min 0.42 1481 622
~700°C: 2°C/min 0.5 0.4 1331 532
~500°C: 10°C/min, 500-80CC: 1°C/min 0.38 1358 516
~800°C: 2°C/min 0.37 1408 521
g FAA FHAzFA 7t RS ete] AJA 7 FAAE 28 BAE] 3-2. HiE M7iZo| MEde SM0 n|Xe Y&
Aot =g 4A0wowll, 2 7] 784 LEA F 7FE 22 ) EE FANEE VR FAA A digke] GRAT FaEe] 2
EHAS HYE PVP 10 wt%E H718te] Alzg ARAAE G489 How SAEEE SISt Az St Al 7 84
ok 52 £25 W3A7IEA 700°CSF 800°CHIA 1hr &<t E4¢ AEAE] SR wet Az JGA Y S0, vEEE Ul F
g A A< H]ﬁtﬂ 2 gl Alz-8-24] WstE Table Vet & S Table 2, 3 4of] VERARITE 784 LA A7l St
Aol e ©9) A vl EHAS 81814 1,400 g FEoE A Hof e} BEHALE HAE7] o] BR Ahgo)x ARPASE Axst
Al(F 70%) Z718lAou), A lo] et A EAs £ WEE <l 7] gt 7 84 dEAE=E FHA 3991 PVP 10 wt%, CMC 1 wt%
Blo] SRUEI) oF 20 AL Fadte] T AY v EHH-L 4-25% 9 starch 10 wi% 718192, #l=9] S48 30-50 wides] $lollA ¥
7 ekt dA e el mE w9l g BlEH A2 1,330-1,480 st AT EAE e SelA 7 =2 SAR T HEHAS B
m?ige] H9)elA EBid ko] gigloy, 2AMEE £LAw ) Wi 500°C7FA]& 10°C/min, 500-700CE 1°C/ming 541712 HE-S
dleks 43S Kol 1°C/ming] 73971 2°C/minkt} 28k, A8 2% e st
% 700°CH.t} 800°CoIA €A 2fstig w7t o B A AR & A= AR o] dg % TR BYe] ARAY FHE 7§
Aol dzro] Zadle A3 VeI b 2d2o14 500°C7t o] Alakslsisd), wlEe) g wel 0.39-0.57 g/n] WS o
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3 @dE AR N w2 SALES} HEFH 0l AlFe] A EHHA 2 Az AN doixivh. @A 2] ST vEHA B A
1= 944 H1ﬁtﬂﬁ°ﬂ ola) B2 g v EH A 0] 622 nfimlo.2 T8A2 ARIH Y T whet ZRaskglal, FEe] SR 40 wi%
7P =A olFr. o] dox] Teet AFAE AZRE F AATE CMC 1wy} H=E A

Table 2. Effect of phenol content on surface area, pore volume and packing density of monolithic forms binding with 10 wt% PVidax wt% phenol

Phenol content®acking density Packing density afterolumetric surfaceVolumetric surface area aftélicropore volume Meso & macro Methane capacity

(Wt%) (g/ml) heat treatment(g/ml)  area(m¥/ml) heat-treatment(Aml) (ml/g) pore volume(ml/g)  (ml/ml)
30 0.47 0.40 575 678 0.7168 0.4119 83
35 0.47 0.41 536 617 0.6587 0.3943 80
40 0.5 0.42 442 622 0.6439 0.3660 79
45 0.53 0.43 360 583 0.5656 0.3153 80
50 0.57 0.48 258 575 0.4994 0.3038 77

Table 3. Effect of phenol contents on surface area, pore volume and packing density of monolithic forms binding with 1 wt% CM@dax wt% phenol

Phenol contentBacking density Packing density afteiolumetric surface Volumetric surface areavlicropore volume Meso & macro Methane capacity

(Wt%) (g/ml) heat treatment(g/ml)  area(m/ml)  after heat treatment&ml) (ml/g) pore volume(ml/g)  (ml/ml)
30 0.39 0.33 507 524 0.6689 0.3594 68
35 0.4 0.34 397 498 0.6477 0.3494 65
40 0.43 0.37 322 512 0.6085 0.3185 69
45 0.47 0.39 311 472 0.5182 0.3044 62
50 0.50 0.41 258 413 0.4323 0.2341 59

Table 4. Effect of phenol content on surface area, pore volume and packing density of monolithic forms binding with 10 wt% starehd x wt%

phenol
Phenol contentsPacking density Packing density aftevolumetric surface Volumetric surface areaMicropore volume Meso & macro Methane capacity
(Wt%) (g/ml) heat treatment(g/ml) area(rd/ml)  after heat treatmentfiml) (ml/g) pore volume(ml/g)  (ml/ml)
30 0.41 0.34 468 533 0.6696 0.3774 70
35 0.45 0.35 418 519 0.6300 0.3582 67
40 0.48 0.37 389 493 0.5428 0.3082 69
45 0.5 0.39 286 481 0.5535 0.2793 63
50 0.54 0.41 173 475 0.4988 0.2722 65
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Table 5. Effect of binder mixture on surface area and packing density
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Fig. 1. Methane adsorption isotherm of monolithic forms with various
binders.

Binder contents Packing density

Specific surface area

Binder contents Packing density Specific surface area

(Wt%) (g/ml) (m?g) (Wt%) (g/ml) (mPlg)
CMC 5 wt% 0.43 2093 CMC/PVA 10% 0.47 1820
PVDF 5 wt% 0.54 1891 CMC/PVDF 10% 0.57 1762
PVP 10 wt% 0.36 2148 PVP/PVA 10% 0.47 2150
PVA 10 wt% 0.46 1979 PVP/PVDF 10% 0.49 1474
PBA 10 wt% 0.49 1970 PBA/PVDF 10% 0.47 1890

Table 6. Effect of various binders on surface area, pore volume and packing density

Binder contents Packing density

Specific surface area

Micropore volume Meso & macro pore Methane capacity

(5+5 wt%) (g/ml) (m?g) (mlig) volume(ml/g) (ml/ml)
AC Powder 0.23 2449 1.035 0.5421 61
PVP/PVA 0.47 2150 0.9152 0.4171 124
CMC/PVA 0.47 1820 0.8621 0.3277 101
PBA 0.49 1970 0.8473 0.3745 121
CMC/PVDF 057 1762 0.7486 0.3759 101
PVP/PVDF 0.49 1474 0.6262 0.3396 56
PBA/PVDF 0.48 1890 0.8067 0.3935 78
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Table 7. Effect of carbon precursors on surface area, pore volume and packing density of monolithic forms binding with PVP(24)tPVA(5 wt%)

Surface area of activate®lurface area of monolithicMicropore volume Meso & macro pore Packing density Methane capacity

Precursor carbon(ni/g) form(m?/g) (ml/g) volume(ml/g) (g/mi) (mi/ml)
Rice hull 2450 2150 0.9152 0.4171 0.47 124
Phenol resin(BP-20) 1929 1257 0.6142 0.0262 0.61 101
Coconut shell(YP-17) 1566 1325 0.5685 0.1445 0.59 92
Charcoal(COM) 1043 887 0.3996 0.3842 0.48 55
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g Fig. 1| v|Z3tdrh. A 4% B FEert Zof
ARG wEtae] FAEo] nje- ol i, PVP(10 wi%HlEE
= ARIE Y] o] 4844 AR Azs P vl
3) Y5 ol S Es vEsaxw nAAlE &3] Ao wgrt
22 FARFo| A B zhe- BT PVP(5 wi%)/PVA(S Wtk A8k A
A= Table 61 Vel AAH, PVR] A7l SAUeE 22 718
H2l PVDR B8] thar VA9, Atid ez Fge] 20 AclEgl w4
Alg g20] gl U9AXT /M e werk: S Ve
oh We FARRE 20 atwiR = WEA SUVsITF 9 o] molAsE
AR Frpre] $ElR) s AT Rolod), Wertrt nAlAge] 5
2 EAHe 202 AW ¢ UAUTH20]. PVP(10 wivopl == A=
3 AR 7} CMC(5 wit%)/PVDF(5 Wt%E A %3 &4 »r} 10 atm
T B FEAEE e, B2 SECME B SAEE
B9t} o]2L& Table 2} 69 Vel A3} Zro] PVP(10 wido)] 2]
727 CMC(5 Wt%)/PVDF(5 wt%)R.t}h & w|AlAlE |42 2k=x)4l,
HAAE F dE R Z2 2uAlAlge] dEg ZloR e
UL
E2P=go] 9451a] A7) o527 A)E] (electric double layer capacitor)
9] B2 AFA o] BT AM-HA 1= coconut shell) & A
(YP-17, Kuraray Chemical, Japan), phehai-g 24 €H(BP-20, Kuraray
Chemical, Japan}! charcoaf] ¥& &2 ¥(COM, Showa Chemical,
Japartl] 71 S-pgh Wgke] F2E20-2 BE PVP(5 wid)/PVA(S Wi%)
I & ARl 28 27108 ARPAS Alxst] 97 S| A
-9} 542 vt v BHA, Ae, FAds 9 vee] F2)
@2 Table 7, vigke] F2524-2 Fig. 2 vehlith A g4

150
Rics hull
« Prenal resin
S.CQEEI'II.:t
120 Lhar coa
3 —
= ® -
E -
E -
ﬂ L]
E a0
L
=]
i
z ¥
E 1]
1] 0 k] E b & Wl

Prossuna [atm]

Fig. 2. Methane adsorption isotherm of monolithic forms prepared
from various carbon precursors binding with PVP/PVA.
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Fig. 3. Micropore size distribution of various monolithic forms by HK
method.
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