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Abstract—A study was conducted to make activated carbon adsorbents using local rice hull ashes. As
the carbonization temperature of the rice hull was increased, the specific surface area of the char increased
steadily. The specific surface area of the char was enhanced either by boiling water washing, or by silica
leaching using sodium hydroxide. When sodium hydroxide was used to leach out silica from the char, the
specific surface area and the amount of silica removed increased most when the sodium hydroxide leaching
was conducted in several stages. Activated carbon was also prepared from the rice hull by chemical activation
method using phosphoric acid. The adsorption characteristics of phenol onto the activated carbons prepared
were measured in a batch reactor. These results showed that as the specific surface areas of the activated
carbons increased, better adsorptivities to phenol were obtained. The relationship between the amount of
phenol adsorbed and equilibrium concentration was found to be well represented by the Freundlich isotherm.
The adsorption capacity of the activated carbon prepared through chemical activation method was slightly
better than that of the commercial product of Calgon F300.

707




708

o
oo
>
2
Py

1. M £

A AX G 715 o Bz uepd o 13-
29wt%e] F& ¥ P Ao Yrom 7
AEe] 9led, 3lEe F1 A7tz o]Fol A gir}{1].
g7l gHrEle] Sl Alslste YAE ez

< 7 AL, WA e] Yo &AW 2| carbon AJE-}
A HEsln Qo= SiCl2] % SiNJ[3,4]19 ¢
Aol AHERE Abe 7Y Qlon, 4t Aellate F2 8
Al gepo|EF FAAUS5] 59 FAA[6])R 214
g up olek. @ IR EH AL AT 20l A& 19800 F-E)
1982x3712] $4A, W 5-& W23 FA 97 E2RE
7t A AAAE Aabste] vierR 9 Advbae] Qg
AR I EE A Aske dFE £ v sl 7]

AT o843 AW Azol ot AT, Sasaki
5818 4AE gslold S0 500T oA TA 3}
A GAderS Azste] wlAle) Qg | ERSS S
sl 1, Jain 9] Qi FAJSAA gAebS
Al zstg ol gbell Ul |2 Fabelvt SR H 7 E 54
L8 2 slo] AL Axg ATFRTE Bri10-14].
FHToA A 3EL ABAVIE AEE] FE
7}=lo] Proctor §{15]& 4AE Kiksta 4oz 2
AsAA F715 /5 luteinz} fa] 2 bate] F34)
Aol o]&3sloj o], KISTHME 4AZ o243 A
g Aze| g A3-5 FHFe|)

& d7edde FuedA vhd w4 FARE o
AEEE 4AE FE3 Aoz g8stua, d4w
AzE FHHo2 3o, $4E &33to] 2 charg
B B2 AAN s Sl s A-rtE
S2dbe uhy o dARS BASAIR AbSEle] FEE
dipfez FARE Azde AYS st A
2z o g waAAH FA5E SAs
ok =g HEs FAEAR AA Az A
go] i F2EFAAUYE Aste] FA FAZNE A
23 ZAe o875 e HEH BuA st

2-1. Alg 3 2R

B A AHR 4AE FHFTE o ARG
F 10T 2 249" Az 2ol A 10217 Az23 A&
gl Al Aol Eloll BFHsle] AM-E-shodct

A 9] =k3lA] char A9 AL B AYALS
otel . 7] 9}3] TG/DTA(Rigaku, PTC-10A) & A}-8-3}¢]
AR A 25T E 10, 15, 20C /mine2 ¥
214 1000C 7HA] GFaEA 2 AlAA AL 5]

32t2%) M31A HMeE 19934 128

93 t}. Scanning Electron Microscope (Hitachi, X-650) &
AHg-ste] 94A e s RFsi o, $A o5
Si §ter2 g9l alr) ¢sled EDS(Kevex, Micro-X 7000)
B dhedel vlE A e 232 Micromeritics Flow
Sorb 23008 A3l o™, A|&F 300T o4 FE3]
gz 2] gt o AN ALLT(—195C )ollA AAi-d
F(30: 70 mole%) 9} EF7IAE FUAIA AL ¥
SeAdezNE v EAHE FEdch

2-2. Hyury

2-2-1. 47 char2%¥ silicad) &%

A E 500-800C &) &% &2 1417} &3}% charg 7}
) $-Ag o] 83le] thE-9 ofe] uh o g A2 3le
char2 %] A2)7}5 4-&417] F 2e)s}x] 22 chars}
Ae|gt th-g doj3l chare] viEHA 2 455 Azt
ke SAsAc) o] o Adest S5 AAR 3t
Al ob g 2o

2NaOH + Si0;—Na,;Si0; + H,0

2-2-1-1 H=dby 1
7173 char A|& 10g$& 2417 £<F 1 N NaOH&- o

1 litertol} 4] &l t}& SNEg char2¥HE Egsiz
=g FRTE oduid AAAE HES F 24417
%ot 110C, 718 Axgch

2-2-1-2. A=y 2

733 char A1 & 10 g5 1417} 591 0.5 N NaOH4-4
1 litertfell A 324l o} o)L charZ2%H ¥’ %
charg 12|17t &t 754 Y. SHFT25E
charg %28 ¥ 2447} Fa 110C, F7] 2 BujollA]
A zxgich

2-2-1-3. 2=y 3

-3 AbEE A 9Elae Aeiuky 29 2o zbr 2
Hel g2748 Fagct. WA 05N NaOHE 0.6
litertjol] 4] 3687} 433 ¥, t}A] 05N NaOHEL-
0.4 litereoll A 248 Z9F &3}

2-2-1-4. A=9dy 4

3 g Alstne Ay 29 #)h 05N

NaOH%"-‘! 0.2 literZ o] &3}e] 128 Fab 59 &3
HA-& uhE Syl

2-2-2. %‘““44 Az

A Az 45 =rh]e 93 FU|E Add
Azl2lell A 350C, 1417 &k3kA1A Qe charg H
A A o)Ejel] Ritsle] S A xzg wPER AP}
gt &33 A8 AAYAZIIE B 9L o
71el & 3HAq) QA4S ®F313E charel] di¥ 3wl
7}8to] AR ) o] FA sl A PEHEHS EAS



=4 RAE o] B Az Y F354 709

I Raw Rice Hull < Distillated water
|

[ ]
l

[ Drying ]——— 110C , 10h

400C , 1h
l ( in inert gas atmosphere )

| imoregnaton |

|
l-GOO*'SOOC , 1~2h

| Activation
Washing with boiling water

|—110C , 24h

<

I Recovery of chemicals

l Activated carbon I

Fig. 1. Schematic diagram for the preparation of activated
carbon from rice hull using chemical activation
method.
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Table 1. Analysis of rice hull, wt%

Ultimate analysis Proximate analysis
Carbon 47.13 Moisture 9.04
Hydrogen 6.21 Volatile matter 65.50
Oxygen 45.82 Fixed carbon 12.52
Nitrogen 0.83 Ash 12.94
Sulfur 0.01
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Fig. 2. TGA and DTA curves of rice hull in N; atmos-
phere.

Astol e} FHz) Lole 2ok A2 ahed UV-VIS
spectrophotometer(Shimadzu, UV-1201) & A}-&-3}e]
F594 270 nmel ) AR Seot AQY
W72 AL Pt FREETHL Pt A
gl gt Ao F34], F2A 2 25T o)l o, 9
9] 27155 % 40-100 mg/i 2] W9l A W3kA]A 300
ml AZEka o 27k 250 ml 3 oS HHE
g4 02 g& Ar1slaL 2447 Bt AEb oA 2=
A7 F ofzt Felshel e Fug A} AR
¥E FA45L4E Fahach

3. 4o} 9l &

3-1. gHe MEEYN

A 8] AR A 25 Table 1o} el ). 947 2)
¥ 2 65.5%2 vk A$-(50%) Bl gom g
Metich P8 wmE 7lAasiy) Sold Ao g 39
[7]. &9 &9 et Fape 1252%0) 2 383
FL 1294%015 20 bl mlo]emael EAq
43 2 SRS JEhg o

3-2. gH9 d&Y

AL AR 2L A B3] A
2 A7 AR Yt AR 7lHM #7

HWAHAK KONGHAK Vol. 31, No. 6, December, 1993



710

(@
Fig. 3. SEM micrograph (a), Si mapping (b) and EDS spectra (c) of outer epidermis of rice hull.
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Fig. 4. Variation of specific surface areas of char samples
with carbonization temperature.
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Table 2. Properties of char samples leached according to
treatments 2 to 4

Surface area Extent of SiO;

Treatment (m%/g) dissolution(%)
2 442 87
3 547 90
4 556 92

NaOH& & olg3tel 5344 W3 5% o
FRRbehe 70& @ 4 aleh Benke S18]9] A7 2ol
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odck. E3 ANFAF o) Fe pHEYE de pH
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Table 3. Properties of activated carbon prepared
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Preparation conditions of activated carbon

Characteristic values

Activation L Specific lodine M.B. decolor-
Amount of temterature Actnvatl'o n surface adsorptivity izing power
HyPO, (wt%) (c) time(min) area(m?/g) (mg/g-A.C.) (mg/g-AC.)
100 600 60 545 665 142
90 553 683 146
120 612 734 184
700 60 560 689 150
90 591 714 172
120 649 759 205
800 60 622 742 188
90 690 795 214
120 748 838 223
200 600 60 735 817 219
90 761 865 225
120 889 992 240
700 60 768 870 224
90 779 881 228
120 796 907 233
800 60 818 916 234
90 762 865 224
120 673 778 206
300 600 60 1031 1147 252
90 1247 1328 314
120 1392 1452 342
700 60 1221 1289 310
90 1228 1297 317
120 1036 1150 256
800 60 1249 1328 314
90 992 1093 245
120 643 752 203
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Table 4. Physical properties of activated carbons

Surface Average pore Pore  Micro pore
Carbon .
¢ area diameter volume volume
YPE (mi/g) o) (cc/g) (cc/g)
BLC 467 4843 0.18 0.10
NLC 796 45.97 0.39 0.19
HAC 1392 45.14 041 0.37
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Table 5. Specific surface areas and iodine adsorption ca-
pacities of activated carbons

Method of Specific Adsorptivity

Carbon type . surface (mg-I/
preparation area(m?/g) g-AC)
Untreated Carbonization 334 403
char (800T, 1h)
BLC Boiling water, 2h 467 548
NLC 1N NaOH, 2h 796 887
HAC H,PO,(300 wt%, 1392 1452
600T, 2h)
Calgon F300  Steam 1050 1400

Residual concentration, C (mg/g)

Q 1 1 1 A A 1
4] 4 ] 12 3 0 24

Contact time, t (hrs)

Fig. 5. Adsorption kinetic curves of phenol at 600 rpm
(initial concentration : 100 mg/l, PAC:1 g/I).
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Fig. 6. Linerarized Freundlich isotherms for the adsorp-
tion of phenol at 25°C.

Table 6. Parameters and correlation factors of Freundlich

isotherms
Freundlich isotherm
Carbon type k n -
BLC 17 0.32 0.95
NLC 31 028 0.96
HAC 69 0.26 0.98
Calgon F300 67 0.25 0.98
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k : Freundlich parameter, intercept of adsorption
1sotherm
1/n  :Freundlich parameter, slope of adsorption iso-
therm
T, : correlation factor of Freundlich isotherms

PAC :powdered activated carbon

BLC : prepared activated carbon from rice hull char
by boiling water washing

NLC : prepared activated carbon from rice hull char
by silica leaching using sodium hydroxide so-
lution

HAC : prepared activated carbon from rice hull by
chemical activation method using phosphoric
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CAL

acid
: commercial activated carbon of Calgon Filtra-
sorb-300, manufactured by Toyo Calgon Co.
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