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A Study on the Development of Activated Carbon from Rice-Hull
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(Manuscript received 21 June, 1999)

Every year, 1.1 million tons of rice-hull are produced in South Korea by the by-product in pounding rice. But
they has mainly been utilized as a fuel, agricultural compost and moisture proofs. So, it’s very valuable to use
waste rice-hull for activated carbon manufacture.

510z content was the highest among inorganics in rice-hull. Therefore, the SiO» extraction experiments were
carried out under the various conditions of pH 9 to 14, reaction time from 2 to 24 hrs and various temperature of
20 to 100TC.

The results showed that increase in pH and temperature enhanced SiO; extraction from the carbonized
rice-hull. The surface area of the carbonized rice-hull indicating activated carbon adsorption capacity was very
small as 178~191 mz/g at first. However, it was increased to 610~675 mz/g when extracted in alkali solution at
100C. When the mixing rate of carbonized rice-hull and NaOH was 1:1.5, iodine No. and surface area of
activated rice-hull during 10 min at 700C were 1650 mg/g and 1837 m%g, respectively. Subsequently, an
activated carbon with specific surface area of 1,300~1,900m2/g was manufactured in a short contact time of 10~
30 min with a mixing rate of 1:1.5 in carbonized rice-hull and NaOH, and iodine No. and specific surface area
increased as the amount of SiO; removal increased.
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Fig. 1. Experimental apparatus for activated carbon
manufacture from rice-hulls.
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. 2. The outer surface of raw rice—hull observed. by
scanning electron microscope(x 300).

Fig. 3. The inner surface of raw rice- hull observed by
scanning electron microscope(x 300).
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Table 1. Chemical composition of rice-hull

Raw rice-hull Rice-hull after ignition at

600C
Composition Wt(%) Composition Wt(%6)
SiO, 24.78 Si0, 939
Ca0 0.08 AlOs 0.13
MgO 0.07 Fex0s 0.07
AlOy - Ca0 1.24
FexO3 0.10 MgO 0.25
K0 0.11 K0 0.74
Nax0O 0.06 Na:0O 0.10
H:0 + Organic 748 TiOz 0.006
materials MnO 033
POs 0.13
Total 100% ignition loss 293
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Table 2. The effect of carbonation temperature on
rice-hull recovery

Carbonation temp 400C 500C 600C 700C 800T

Initial weight(g) 5 5 5 5 5

Weight after
carbonization(g)

188 172 162 14 127

38 34 32 29 25

time to raise the temperature, 50 min ;
isothermal time, 40 min.

Recovery ratio(%)
* Operation :
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Fig. 4. The effect of temperature and pH on SiO:
extraction from carbonized rice-hull.
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Fig. 5. The effect of pH on SiOz recovery in boiling
condition.
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Table 3. The effect of pH on SiO:; extraction of
carbonized rice-hull at 600C

Si0z conc.(mg/ ¢)

pH
1.5g/200mf  15g/400md 15g/1000¢  1.5g/2000md

Ist extr. 50 20.0 96 -
pH 9

2nd extr. N 234 165 -

Ist extr. 120 315 196 -
pH 10

2nd extr. 190 %0 2.1 -

1st extr. 320 120 259 215
pH 11

2nd extr. 360 230 & 133

Ist extr. 1140 530 620 25
pH 12

2nd extr. 1230 57 180 D

1st extr. 13 0.6 04 0.5
pH 13

2nd extr. 04 0.3 04 04

35 SAgTY Ax

7t E2HE GAE BslA F gAY FHF L BET
surface area analyzer® A% A3} 400°C, 600C, 80
0CAM ZZ 178m’/g, 185.4m%g, 1905m>/gelqict. &
32 E7 F7keel wEl EH e g4 Fvlegoy 4
Ador ABsE FAE(1,00mYgol T Hms =
W 2 ogtol wi$ vt

FSAZFEY SiO; €£%0] pHY F71 £ 9257}
zolFo] wel 718 ) Si0.9 erAaARo) kA7 F
ZE5 &2 YU SAFEHL SOt £5Fd wi g
REAE gAY Aoz AL kA Fig. 69149
2ol g3l AsHUY BHEHAE 600CoH A &
shat AlE e} SiOw7t 74 gol £EHUE 40T gakA
55 pH 12 2 139 <A §99 EFe|A oF 14
8B F AHI L A 5U3 ARlez: BA F A4
A Azt AL urEste) FAGHEL AP

Fig. 6ol A ¢t 22 AgAAANA Loi SAGA e
WY 243747 Fig. 7% 2tk 600C @ g8 3
S WAL pH 1294%E 610m%g, pH 13¢1A4=
675m’/ge 2 pH7l ¥¢42 EHAL Frhaiaed,
400C BN RS A= 7+ pHE R 324mYg, RlmYg
£ YeEhY e g3eErt 544 F EUye
FHEE ¢ 5 AR

a8y ¥ E g4EEe Z7EdY seEs AwE
= 4Ry 34 HEdxdel AQnd, 1 YA
boiling HA T2 Si0, £&S A HA|W ©@slstA <
BB E ARSAI 7R 23 A0 R ALRFO] BA
2o A AF F48A 7= Wk Ads

Fig. 8914} Zo)] 600Ce) @34 13g& FHato
pH 12~13 Alole) &) EdoA Si0F F&5}o
st g4zl 3 ehalg Aol NaOH9He] Ed2A
&S 27} 1015 1:07, 10382 t2A 3t gA3
A8E ZASH oY, o] u g8 479 NaOHY H|£o]
1:1591 Z$-ol= 10N NaOH omtE €3tgAo) F9)3)
Ao, 1:079 A$9E 5N NaOH 5meE, 1:0.32 7%
ol 25N NaOH 5mE FU3td &3tk Ad NaOH7}
53 F4 AHHEE g

| Carbonized rice-hull 15g
!

Extraction with solution of pH 12~13
(1L, 100C for 1 hr)

1
Solid-liquid separation

— Si0; ext.
Recycle | Residue
| Washing with solution of pH 12~13 ]
!
| Solid-liquid separation | _, ¢ ot
| Residue
| Washing with d-1,0 |
!

| Drying(110C for 24 hr) ]
1)
L Activated carbon ]

Fig. 6. The flow chart of activated carbon manufacture
and Si0O; recovery at alkaline solution at 100TC.

800
el ﬁ
e |
E 5w .
[ A 0
[} o
5 400 /
3 30 T
by
A 200 —— 400 C Carb. —— 800 C Carb.
100 + —4— 400 C Recarb. —>— 600 'C Recarb.
0

11.8 12 122 124 126 128 13 13.2
Extraction pH

Fig. 7. Effect of extraction pH on surface area of
rice-hull.

ool X} o] zAE A8 AEE R 50T,
600T, 700C, 800TS Z4 &2 10%, 0%, 608 %
o2 @43t ARbe gE2A o weAglen, uhEol



22 20

223 A8E NaOHE 337 3o S/FE A,
Azsld AESL etk 800CAHA #HaAZ FA
Nad gHAAE 9 22 AXE ue) FYst

Carbonized rice-hull 1.3g
(600, 800C)

l

Si0; extraction with solution of pH 12~13
(1L, 100°C for 30 min)

l

Solid-liquid separation

Recycle ~> Si0; ext.

l Residue

Submerged with alkali solution for 30min
» Inject 10N NaOH 5ml.(1:1.5)
= Inject 5N NaOH 5mL(1:0.7)
= Inject 25N NaOH 5mL(1:0.3)

l

Activation
* 10min, 30min, 60min
= 400C, 500, 700C, 800C

NaOH recovery l

Washing with d-Hx0O I

l

Drying
(110°C for 24 hr)

l

’ Activated carbon l

Fig. 8. The flow chart of activated carbon of rice-hull
by NaOH solution.

36. #AEE 7

x| 7]-

Fig. 9~ 11L 600°C ol H 23lr7 4AE Fig 8 o) A ¢}
72 A¥8Az e wal gard AEY f0.= FHEH
“]s&:“";‘% 238 oz AL 74 a%i ~5
3 MY GARAES 7z 2P¥E 2~33 AT A

#E gotale] yebyl Aojuh g8 gA e} NaOHY ﬂ]%
103914 1412 &A3A 7 A$ g8 % 500C, 70
0T, 800CAAY 2= 2 wEdagL 242 800mg/g
ol3l, 900m¥g ©)5t2 R AtHFig. 9). E432% 600T
gaAE gorzt @ nEHAL 983mg/g? 950mYg o
24 AdAow ARdHe S {A GE B
100Ce] 89 Ao Az Art F'ow
A5 7= Heto] FAF Y AF7 A4 Ve

& + U

%

=3 @3gA9 NaOHH v && 1072 stz
NaOH®] #H7h&g gole Wil &3 H3AzEE 10
o 3e W 225 WA ] g #EE
B7atm 243 2571 600T ol el M= 1015me/g ©l

2ol thFig. 9). °] @< A#EE= FYEFH FAEA

86

4.z %
g e golges, ERHE 80T HY% Lxe
A% Yo AUAT BIEN AT e 2

o &3l A % NaOHQH H &< 1152 F7MA7|1
SALE 10F0R S¥e W 432 E 600T woﬂ
o) RoEge 1374~1904 mg/g o1, HIEHAL
1453 1837 mYgeldth. Wty AQFeg Audde
Aer 13~1999 4% F45 2 384 A+ E
L}E‘r\%%i&“i 3} A 9 NaOHSH e 80| &S =495

E F&590) $4% gAYl Axde ¢+ AN
2600 2600
——1, N(1:03)
—O—SA(1:03)
—a—1. N(1:0.7} 1:15 =
B 180 —X—SA(1:07) 1800 &~
2 -1 N1 ) £
S —8—SA(1:1.5) o
=z @
g g
38 1000 1000 5
12
200 200
40 500 600 700 a0 900

Activation temp.(C)

Fig. 9. Efficiency of activated carbon on carbonated
rice hull/NaOH ratio(carbonization at 6007C).

EHsl g A 9} NaOHQM H &2 1152 fA5ta 24

3 W AIZe 10202 S9e W 4ud 24U 2
ey ¥ tﬂguaxﬂ,e 60T ol4e] SEolAT AT
F4% % WA ATE deisie, 53 7000

A3 2= _3_9_1‘_:3_;_(}‘_1
1,837m2/g% vt 1ch(Fig. 10).

1,650mg/g, Bl A
wak MRS A 3of

a2 o

2 AzstgL uw, 500T o4y v meAE Al
51 % %HE} 15~19ue] 843 F35 % WxH
A4 A5 Jedond 848 ngAte] 458 3
%Qﬂ 3 FAee] AxESE ¢ F UA

2000 2000
1800 1600 B
B &
=} €
E =
S 1200 —e— 1. N(10min)| { 1200 &
% —m—S.A(10 min) g
2 a0 —a—1.N{@Omin)| | 800 @

—5—$.A(30 min)
400 400

500 600 700

Activation temp.(C)

800

Fig. 10. Efficiency of activated carbon on carbonated
rice hull and NaOH weight ratio with 1:1.5
(carbonization at 6007TC).

800TAM ©8te 2735k NaOHeHe) W&& 1072
1 BAE 020 AHUS A LoEge 730



FAE o1& B Aol #F A1)

~1079mg/g, HIEEHE 710~945m%g 22X 600T
gal A A9 FAEAY EdchFig. 1. & F
800C er3tA9 NaOH9He Hl&o} 1:15 TASAIZE
108 6M e 80=32He 052~1428 mg/(, HEHALS
801~1277Tm/g e 2A ABHE S483 F2% 2y
E93 AFE FAEY 600C Bt ARG E 2 ol
E3ic=s

olAte] Aol N FAZRE FAY AxA W=
E 60T AHoln, B3 B399 NaOHS} &
A HEe 107 £ L1152 st A8 AR
S 108% A5 4ddez AdsEE gdgRr
3 @ A guyg A7t 13~19 L 255 84
g Azst sbsEde AdE ¢ F 9

d 4 AT

1600

1600

1200 1200

- Gl
o o
g £
=t 3
2 800 800 £
] ®
c [%]
5 g
8 5
400 400 @
—o— 1. N(1:0.7) —&—S.A(1:0.7)
—A—1 N(1:1.5) ~»—S A(1:1.5)
0 Q

500 600 700

Activation temp.{'C)
Fig. 11. Efficiency of activated carbon on carbonized
rice-hull and NaOH weight ratio(activation
for 10 min, carbonization at 800C).

800

37. %A gA4d3 dAdE
Fig. 12€ 98 244 A4S 14

7 B AR 9
aste] @

L

AL carbon-free ashe] XA 31d EAZ3=2A
500Ce 600CoAA 33tg A ashd] SiOe FAHIS
YeEhLh 700T ojAel e AAs =S HA ARE B
oF 3 it} o2 g AguEe] FARAZA 600TAA
315 479 300TC v©3tg Ao EFxAE FY3A
Heste] S AFHYE E9 80T FdgARG
600C €34 77r 9 o= Faey 9 uygH3 AL
7V #A JEinTh oje} 22 AME SiOE HA AN
A& ¥ NaOHZF F4E SO X e 4A ©8shu
ARY Aol e ¥galr] @7 wie 600T &3t
FARTE 800THA dalAzl A9 43 E7 RA
el datell 79lgE Aoz AgEY, 449 w3l
H2TE 600CUE T W FAE 5= AT

Fig. 132 700TCoA &3z $AA), &3t F 10
0C gZeF8d994 Si0E &A1 FA(B), 700T
o &3tz T £&3d 2 AFst NaOH &3st
of FA3AZ] FAC) Pz 700THA s3Az &
Si0E 4% NaOHSF &§sted 48471 $AD)
5 Age gor FASS 2AE OE 74 AEE /0
0CoANA 1242F AN F ashd Si0; FHFL ZALE
ZAitolt)y, &3t A Si0, FHL oF 34%, 22 =FF
L 178 mg/ ¢ HeH, &3 4 Si0, #5390 Sio, &

=]

87

T2 104%, 22 =%%% 610 mg/¢ 123 NaOHZE
G437 BT B S0, HFE 159%, LOEF
A58 1649 mg/g olAth wekd AU S0, B
of We4E SoEFASL AN FHRE ¢ 5
Ager, YA BANEHE YA ARAE

Si0p7t &#H o8 A7 sojol doha AR HAT

1000°C

Relative intensity

1 1 ! 1 L
25

| 1
(20) 35 30
2 Theta(degree)

Fig. 12. XRD result on carbonation temperature of

rice-hull.
A0 1800
— 1500
30 _
1200 2
o
2 £
S 2 900 ¢
® 2
800 3
10 -
300
./
0 1 0
A 8 C 0
Sample
[ ==sioz%) —m—lodine No.
A : Carbonized rice hull(700C)
B : Carbonized rice hull+SiOz extraction
C : Carbonized rice hull+NaOIl activation
D : Carbonized rice hull+SiO: extraction+NaOH activation
Fig. 13. Interrelation between SiQ: content of car-

bonized rice-hull and iodine No.



QERREID RN

4.7 £
MEHA BADE $AF oY BAVS Az
detel 99 Betn ST v 2 FAHYRL =
Ad 2 AR ged 2e A2 Ay
ZARAAN B Y A

g A4
3 gANE 746 A M ggen HiaE
o) W BohE osld AFHe Hol XX = QAT

2) 9E9A9 38 PAZANA FaA o}
BXB%Aom, AEYAE 600CoHA < 1A Tt 33}
ANA 2AT GG AY BEAAN FA7F UBEA FA
o B8 F FAHARL FAYS ¢ F AUk

3) B gAZRE SIOE 357 A8 2= 2 pH
2 dgAA 858 A549 SiOEEE AT A,
Lu7t A5+ w£¥ pHrt 37HESE Si07) Bol
£Z 5%l

4) B3t A 9] HIEWEAHL 178~191 mY/go® @ste
o, g3lex o Wald wet  2o)lE HFA AT
a3 100C GZafE4 A A SIS £ AL We
HEEAE 400C 8 A Bl M= 324~381 mYg, 600C
B3lA g M E 610~675 m/g 2 FIHEE T

5) 600C €379 NaOHSHY &gu) &g 1:15, 6
SAE 10202 39S u, AL 600T ol gl
Aol 29 Ege 1374~1904 mg/g, PIEA AL 1453~
1837 m/ge @ L 3% 2 g% A5 v
o},

6) 600C ¥3}37A9 NaOHste] BAW &S 115
taL 700Ce 2xolA] 1087 A S i 82
A% 2 ugdEEe 247 1650 mg/g 2 1,837 mYg
[2aaniel=3

7) SAZRE A AxA FH dIdLEE 60
0T e, gA8A eslg 79t NaOHSF E3HFA vl &
S 107 £ 11152 31 #A43 dgAE 108T F
Aeol e Fas 2 uEHy 57 AgsHE 4R

mlo |0

o 13~19W 2 $A8dge] Axde & F AU

i A

1) Pramod, K. B. and M. S. Rao, 1978, Synthesis of
modernite type zeolite, American Chemical Society,
1217.

2) olAA, 1975, FAFAZRE silicon carbide A=,
FdR 7| edTY ARSI TA.

3) HYF, 1981, 15 FAA) B AF, F=3ed
T4,

4) Andrew, D. E., 1995, Standard Methods for the
Examination of Water and Wastewater, 19th
Edition. American Public Health Association.

5 ¥FITALEEF, 1985, 2LEAE Aghd, 1~7.
6) Il %, 1994, 7t=E A8 GAEAERY Azt A
gl #ak a7, AYAYA, 30, 13, 1222~1226.
7) American Water Works Association, 1978, AWWA
Standard for Powdered Activated Carbon, ANSI/

AWWA, 1~17.
8 FFAENEATY, 1994, A5 Aolg Ht
3k A+, 50~53
9) 71 A8, 1996, Frdet fly ashE2 %€ zeolite TA, &
Zogn AAE=E, 16.
10) Shin, B. S., 1995, Preparation of zeolite adsorbents
from waste coal fly ash, Korean ]J. of Chem. Eng.,
12, 3, 352~357.

11) 9%, 1989, Zeolite YY @A A4 A+, 4
Shit A E,

12) B8, 1999, AGA W12 BBz A

g0l B 712 A7, NEAYURD HAFAEE,

13) A%, 1993, 7|2 71348, A-golatels], 150,

14) o]¥3, 1993, F7138§94%, s371<, 323~334.

pil



