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SUMMARY

Recently, social concerns and the importance of ‘green growth’ and ‘renewed energy
technology’ have increased, which resulted from the increase in the cost of fossil
fuels and climate change. One of the critical technologies for accomplishing ‘green
growth’ is the recycle of waste products generated through manufacturing processes.
And the globally increasing concern of environment and the more strict regulation
about the environment such as forest reservation resulted in the shortage of natural
resource, especially wood. But the increasing use of the natural materials such as
paper and paper grade increase greatly the demand of alternative to wood pulp, for
example non-woody biomass.

In Korea, one of the largest agricultural residue is rice husks, which are generated
from the production of rice. Rice is cultivated in more than 75 countries in the world
and the worldwide annual rice production amounts to approx. 422 million metric tons,
of which about 20% is rice husk. The significant amount of rice hull are continuously
come out from many RPCs(Rice Processing Complexes) in KOREA and various
applications of the rice hull have been studied and suggested. But, the proper and
high value added utilization way of rice hull is still very urgent topic. Since rice hull
has very low bulk density, high ash content, abrasive character and poor nutritive
value, the use of rice hull has been limited such as chicken litter or animal roughage.
If the rice hull is not properly utilized, the treatment of rice hull could make another
problem in terms of environment.

In this project, we developed a refinery process for the integrated usage of rice
husks. Rice husk fiber and silica were successfully separated by the biorefinery
process based on the alkaline treatments. For increasing the efficiency of the rice
husk biorefinery process, various conditions were applied and the products after the
process were deeply examined. These experiment provided the optimal process
conditions such as 25% NaOH solution, 170 T for 2 hours with Anthraquinone.

As the pretreatment for the rice husk biorefinery, the effects of autohydrolysis
treatment on the properties of rice hull were investigated. Two temperature condition
such as 160 T and 180 T and thee treatment time such as 15 min, 30 min and 45
min were applied for autohydrolysis treatment. The pH of extract after autohydrolysis
treatment decreased as the temperature and the treatment time of autohydrolysis were
increased. The ash content and lignin content were not decreased by the

autohydrolysis treatment. The structure of rice hull after autohydrolysis treatment



became more weak, the better efficiency of the fiberization with PFI-Mill was showen
for the authohydrolysis treated rice hull with the higher temperature and the longer
treatment time.

Two typical alkaline digesting m,ethods, such as soda digestion and Kraft digestion
were applied with various conditions to find optimal condition of rice husk biorefinery.
The higher effective alkali and higher pulping temperature resulted in the higher
efficiency in removal of lignin and ash, which leaded to the higher strength properties
of handsheets made of rice husk fiber, but the lower yield of rice husk fiber. The
better efficiency in production of rice husk fiber and the stronger handsheets were
obtained by the Kraft digeting method.

Purified cellulose was prepared from rice husk to increase the value of rice husk
fiber. The wvarious bleaching processes such as ozone bleaching, ClO» bleaching and
H202 bleaching were applied to remove residual lignin and impurities. In order to
increase the contents of a-cellulose contents, the effects of acid and alkali treatments
were evaluated. Although the multi stages of the bleaching processes resulted in less
than 0.5 % residual lignin contents. the application of ozone leaded to the decrease in
DP(degree in Polymerization) and a-cellulose contents. The alkali treatment after
bleaching processes resulted in pure cellulose which showed more than 98% of a
—cellulose contents.

The liquor solution obtained by the refinery process of the rice husk included large
amounts of silica, which is a commonly used industrial material. The process
conditions were optimized to obtain silica with high purity and porosity from the liquor
solution. The silica powders were reduced by a magnesiothermic reduction process.
The morphology of the reduced silicon was almost identical to that of the rice
husk—-derived silica. The specific area and pore volume of silicon powders were
176.16m2/g and 0.77 cm3/g and the purity measured by inductively coupled plasma
(ICP) analysis was 99.98% which were commonly more 3 nine purity. It is expected
that the loose mesoporous structure of the silicon can accommodate the large volume

changes that occur in the lithiation/dilithiation process
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Use of rice husk (%)
Province Price !Ea‘rnings Compost Other
(won/tonne) | (million won)
(Bedding) use
Kyonggi 14,200 1427.1 100 0
Kangwon 13,700 416.5 100 0
Chungbuk 12,300 602.7 95 5
Chungnam 14,500 1932.9 100 ]
Chonbuk 21,100 2863.3 95 5
Chonnam 44,700 7098.4 90 10
Kyongbuk 10,800 1184.8 90 10
Kyongnam 24,300 22453 100 0
Mean 19,450 221796 | 9571 3.7
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Weight %
Element Rice hull ash 600 Duter_ Surface of Irmar_!url’:cn of Surface of Rice
T Rice hull Rice hull hull fiber
Si 284 29.7 0.3 -
0 45.9 53.0 44.8 29.4
K 1.5 0.6 0.3 -
Ca 1.6 - 0.3 1.9
Mn 0.5 - - -
Mg 0.2 - - .
C 21.8 16.6 53.0 68.7
Totals 100 100 100 100




2 2 > (cellulose),

=8 ZAY A3 (glycosidic bond)Z o] Fo] 3

GAE TS A2 2 wrlEd F1e(@E, ash2 4s 5 d=d F7
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group)’t 284 Fujd oz Rt & HA & FROE o]FojA ¢
gl AdubA ek AL ® 3 oA YEFS
¥ 3. 9AY dutg A BN ES

Rice husk analysis
Proximate Analysis
Moisture 6%
Ash 16.92%
Volatile 51.98%
Fixed carbon 25.1%
Ultimate Analysis
Carbon 37.6%
Hydrogen 4.888%
Sulphur 0.094%
Nitrogen 1.888%
Oxygen 32.61%
Ash 16.92%
Gross Calorific Value 13.4 MJ/kg
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E 4. AA HA EHE FFIAY (EHE, 2011

(291:8)

b e HITHE SolarCell8 F2 A o= sa-T8
2005 23 800 16,100 39 900 32,000 =7.,900
2006E 25,200 20,100 45,300 35,600 -9 ,700
2007E 26,700 25 100 51,800 41 500 —10,300
2008E 28 300 31,400 59 700 55 200 -4 500
2009E 30,000 49 200 69, 300 63,700 =5,600
2010E 31,800 49 100 80,900 72 800 —-83.,100

AE_FFA 25

Eu ....................................................................................

7 2007 2003 2009F 2010F 2011F 2012F
Dernand (G ) =S==Sunply (GW)
2007 2008 2009F 2010F 2011F 2012F CAGR
Demand (GW) 3.4 54 7.8 11.0 16.2 24.9| 49%
Supply (GW) 23| 48 79| 150| 187 22.2| 58%
Supply (K metric tons) 20.7| 40.2 61.5| 1083 1287 144.9| 47%

Fig. 8. H¢dA& EAIZ F33% (AP LR, 2009
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converted rice hulls by liquid-liquid separation
3 Al 1980 1980-115684 |Production of SiC whiskers C01B
4 Al 1980 1980-115690 |Production of SiC from rice hulls and silica CO01B
5 Al 1984 1984-686780 |Continuous silicon carbide whisker production C01B
6 Al 1988 1988-159978 |Rice hull ash concrete admixture CO8K
Oxides extracted from vegetal matter and
7 Al 2001 2001-468220 CO1B
process therefor
Organic  plant  derived precipitated silica
8 Al 2002 2002-283561 |aggregates, elastomers reinforced therewith and| CO8K
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9 Al 2004 2004-578774 |Silica Aerogels C01B
10 B2 2004 2004-822924 |Silicon-containing products Co1B
Composition and method for making
11 Al 2005 2005-248368 BO1J
silicon-containing products
12 B2 2005 2005-248368 |High purity silicon-containing products C01B
OXIDES EXTRACTED FROM VEGETAL MATTER
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Modified Biogenic Silica and Method for
14 Al 2008 2008-206162 BO1J
Purifying a Liquid
15 B2 2009 2009-556754 |Method for making silicon-containing products BO1J
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17 Al 2010 2010-862925 Cco1B
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E. 13, A7 7R A @& Al &7 lignin FF W3}

Temperature (°C) Time (min) lignin(%)
15 74.05
30 68.56
160
45 39.72
15 35.80
30 39.27
170
45 41.55
15 40.59
30 42.48
180
45 44.89

(3) A7ZI7hrEaol o FAS Iy SR
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Fig. 16. A717FFE8 A3 4A SEM o|u A (x50)
(a) A717vE38 A8 160C/16min  (b) A7) 7tFE8] 28 1607C/45min
(c) A717F=23] A2 180C/15min (d) A7) 7F4=®3] A2 180°C/45min
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¥. 14. PFI-mill A8 % nvl3)a £ (flake), 4 A F(fiber) L v A& (fines)d 7 %

&
Temperature (°C) Time (min) Flake (%06) Fiber (%6) Fines (%6)
160 45 39.41 2.65 57.94
180 45 38.34 10.57 51.09

Fig. 17. PFI-mill A2 % 4A HAfF< SEM °]v A (x200)
(a) R717v=838 A7 160°C/45min (b) A7) 75238 28 180/45min
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= T O
F& Hrh A 59 BAgze] #xsle] sbg wel FEHT Qe WEHQ dze
Zad <) Soda BE I Kraft BE s Agate 1 JFe waB e

o wEspel ge J% B}

FAe AFL AIALE LI HE ARt AAHASH, ojnf AHE{LH XU
Table 1o YWesiv. 23

3] AlFskal 40 mesh®t 200 meshs 4
7ttt om, S8 ARES 47193 =2 A-HF9 Kappa No.(TAPPI Standard

22 ZA45te] Bk

3
0
3
>
o
=
©
L
il

HEQFze] AxE 98 Bol] HEHe drie] € T A< AvE 33} Kraft 23
o] EA¥NE 98 77 "d3s AAsgen 7 HFy r

Folshe oFFe] &g AT AA vﬁ%%ﬂ 13%<] =4
16.8%, Kraft 33 Al NaOH 13.8%, NaxS 58% & FH3tA L, FadZde 15%2] 4+ At
Yo A= NaOH 20%, Kraft EF Ao NaOH 16.5%, Na.S 6.9%=E Tt Fadz
17% x=A A= A E Al NaOH 21.9%, Kraft 33 Al NaOH 18.1%, NasS 7.5% = oFl&
A8t A& =3 gladde] WS FHsH] fdte] BRE oA FuiAR

o
Anthraquinone 0.1%%& F7bste] Hg&dvh. T e F dade A F2& %7 98]
sh

E.21. $AY FASAE B7HE A% F3H7] A=A
Elﬁ{(e;ih;)e TEMP Material qﬁ?ﬁtﬁe Time Liquor
(as Nay0) (’C) (0.D) (%) (min) ratio
13 170 500 0.1 120 51
155 170 500 01 120 51
17 170 500 0.1 120 51
155 150 500 0.1 120 5:1
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¥. 22. Effective alkali ¥3}o] W& FAMS EIF&

TEMP Effective Total yield(%) Screen yield(%5) Rejects(%6)
(C) alkali (26) Soda Kraft Soda Kraft Soda  Kraft
170 13 345 33.0 27.2 329 7.3 0.1
170 155 319 30.3 31.9 30.3 0.1 0.0
170 17 30.1 27.0 30.1 27.0 0.0 0.0

36
34 -
. 32 A
& 30 -
E 28
f—:: 26 - ~+=Soda
E 24 - -
2 Kraft
20 T T 1
13 155 17

Effective alkali (%)

Fig. 24. Effective alkali ©3}d] W& YAZd9 58 H3
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Fig. 25. Effective alkali B3] W& SAHHFF&AF
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E.24. 25 HEd e 4A FHAHF 54

Kappa No. Remdu(e(l)})ngmn Ash (%)
TEMP Effective ©
(C) alkali (%)
Soda Kraft Soda Kraft Soda Kraft
170 155 43.1 32.7 7.83 5.85 1.21 1.03
150 155 51.7 44.0 9.25 7.96 1.46 1.17
60 -
50 -
. o
40 - Soda(170°C)
9
< 30 ¥ Soda(150°C)
T
> 20 |
10 -
0 i
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e
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Jm
oX
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Fig. 31. 2% W3] W& Soda ¥ ¥ 4A F3
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A9 T3 o e o FAAFY FolAxE FEEHAS HUke] Slstel 74 %
A= Azxd GAHLFE AHE A% =1 sl TAPPI standard
T205 om-889 2 AstY] F2AE Az 1 EAWIE nuiEA a9, +x ] ¥ 2
8 g/mPo® urEo] Az
(UBKP:Unbleached Kraft pulp)& ¥+ HAZEZ=2 83199tk UBKPE Valley beaterg ©]-&
sto] 20 & @i, 30 ® wa Aelste] CSF 6389 A& Alxsa, o7 $AF=ZE 7+
7 7:3 (UBKP : gAEZ)zA02 93t =33 th

P SelzAoA Alze 9742 DisintegratorE A&3te] 5% 05 %ollA F#3] g
3 & QoA Ful®E UKP Exel 7 :3 ¢ HER 3359 ‘7‘33}‘33}. Az
TAPPI standard Methods(TAPPI Standard T402 sp03)o] we} &%23+1TC, A% 50+2%

FA8 g % o et FEFAE AHS AZ(TAPPI Standard T220 sp0l)ste] <1747
% (TAPPI Standard T494 omOl)E ZAst L, Fx2A9 #3t4 54 #HFS 9 WAL
(TAPPI Standard T 452 om02), &% =(TAPPI Standard T 425 omO1), 72 &%= (TAPPI
Standard T538 om0D)E ZAstAth th&9 £ 5= Z44e] FalzddA Axd 249 &
de Aelste] Yl Ao

o
o

¥. 25. Effective alkali ¥ 3lo] W& 4A FolEAWSF]

Tensile IND Density Bulk
(Nm/g) (g/cm) (cni/g)
UKP 100% 84.06 0.604 1.655
. Tensile IND Density Bulk
Effect / /
TEMP BHECUVE - (Nm/g) (g/cr) (cni/g)
(C)  alkali (%)
Soda Kraft Soda Kraft Soda Kraft
170 13 44.05 46.78 0.426 0.414 2.350 2.418
170 15.5 46.85 47.65 0.449 0.438 2.226 2.282
170 17 48.25 50.70 0.458 0.457 2.184 2.188
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5% FUHE 98 392A 94
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79 wolestolie AL Aelvhsh elmdel gaE sl 2w =7
AsHE old @ 2zl FaAzANA M 2l
JoAoR AR SHYH Soda 71N FaY 3
o Wete] WE HHRUSE 5 BASRYG RE 92 209 F3 o FolE AF

3

3Fal 40-200mesh® A< vl s8] & (Flake) S ¥t AT 28 €& A3

#. 29. NaOH 7t g @& SAHF Z2+&

Yield(%)
NaOH (%)
Total Screen Reject
15 43.58 15.75 27.83
20 27.40 24.63 2.77
25 33.64 32.63 1.02
30 35.23 35.23 0.00

47 Fa A2 A NaOH #7F#Fo] 15 %olA 30 %= NaOH #7F#Fo] F7184== Screen
vielde F7Fetal Rejectst #aste A3dS UeElA AA 25 % o] &gl A

Aloll= mlsfel ol Ao HAEA = As T = AN

£.30. Au) W] e FAMS BAFE

Yield(%)
=
Total Screen Reject
5:1 27.4 24.63 2.77
10:1 43.63 12.73 30.9
15:1 47.47 6.3 41.17
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7] Soda pulping(NaOH 20 %,

Zuj ¢l Anthraquinone®] # & o}

Ml 5:1, A

F = A st otEDF = AL wE F3

E.32 QEFAE &0 280 BE FAMS 254

.. Kappa

addition in Fiber

(%) Total Screen Rejects No. (%)

0.3 34.61 33.97 0.64 215 0.670

0 27.40 24.63 2.77 495 0.937

Sd F dHe 482 Soda pulpingAl AQ 0.3 %E FH7Fe o] HuleA e 24

uth ek oF W FHew Mo FHHE AL A T & AAD A4
et Y fgaste AS ¢ 7 AT T & A9 Kappa No. ¢ 5 Ashdt
2S5 =43 A3y} Anthraquinone 0.3 % A7} Falzdol A & Kappa No. ¢ Ash &%
S UEhE AoR Hol GFEZGFE FHuf AE o3 SGAHR FE sl MAEE A
& AT+ A

obx 4233k e o8] Fal Alo]l Anthraquinone # &0 W& A AFEgET L
Aaas &9l 5‘}"’ Anthraquinone 7} (%)o] 93 FEHEAH S AR5ty Y3 B o=
o} 7S PulpingZd o2 StEgtH =9 HI7IEHS =24 3o AdskA ).

£. 33 dEHAx F9 A F wE FAHF 2HUSA
Yield(%)
A.Q(%)
Total Screen Rejects
0.3 31.01 30.88 0.13
0.03 35.53 3345 2.08
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3. 34. Morphological properties of rice hull fiber.
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Aol EAEA e AL & S dArt

oy st GAMF 55 e FTo] B9 I} 5 Y 7sAHS YEE £ S

CK 71.57 77.32
oK 27.58 22.37
SiK 0.26 0.12
CakK 0.60 0.19
Totals 100.00

20um Elactron Image 1

Fig. 41. $Ad#9 FUE <% SEM-EDS A &&£4 23}
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27 2717 AL mAA R Sadd 5 EAE A 53] 200 meshE
[e]
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A e S s wE s ol m} ol g Mo FgLe Frkatr] 913

ut

A0 Asl= 9% Uz A AHoA AFANE pEE HAHS 2
2 FEolA FA NAH sEE AAEAY A F ALE Bz Fele] AHEHE Y
(kneader) 2 A &3sto] LA =71"el = A
disintergratorg %83} oﬁﬂ gl Ay T oo
Flake) 4

™
oo,
)
o
Ho

Qe oHle) o £e whow GAS AR ANSAEA 44 Apsl A
2473 A sl Ak, 7 AAALNA FAAY &

®.35. FA9 &g A% &2 JAAY R JAFH HHxA

Stock
. Consistency .. .
Alkali . for NaOH Soaking Kneading Disintegrating
Test  Postsoaking Mechanical (%) Time (min) (pass)
(10% NaOH) . ° P (min)
Pulping
(%)
1 - 13 5 30 3 20
2 - 10 10 60 8 20
3 - 20 10 60 8 10
4 24hr 20 10 60 6 10

olgd AYE Tl Aol IAHF £IS HAAst] 4 £IE Fes veo #

g sk
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E.36. FAMAF AHZAA OE FAHNFEY &8 & ds
Test No. Fiber (%) Flake (%) Fine (%)

1 15.45 55.59 28.96

2 14.61 61.37 24.02

3 5.44 83.72 10.84

4 12.94 75.67 11.39

4
FARE BHe Fgel A UEE e O 5 b, AAoR §ANFe] BIFgo)
FobAE A% MARY BAYE BolAE AL FAF + Ak AH A F AL Uy
A AF el ARG PAURA AN 2 GTE WAA BE A8 Y £ 3
o e 2 v

Fol vl R BB FA AR BEAS
1 of ANAH A& Agstel wAAT AR ge ve
Borge) ol vl wa A ek dolu GAMS Bl AXE s A v AR

wolgol mebd ZA4 wynths Fas g sstd wiol AR 239 WS

O

2. FAATY HEAH T AT AR AZE e

7t FAATE 29 AR dFRTL

a

2
rI_—uVL o,

AT A4S FEFATI7 AT NEAY Vs eI Slstel Ao tix
oA MEAAQ s E AAste] A Ao 294 HEA % 54 BEES
, Effective alkali 15.5, anthraquinone 0.1 %, 170 C, +

A 23k 40 - 200 mesh® EF3 AFE AEA 9
ARSI T B8 A MEAE Q] E] 272 PFI mill& ARE3ske] 2500, 5000, 10000, 15000,
20000, 25000, 30000 PFI mill revolutions©- % *{2]3}4] revolutions® < 7Fo W& 47479
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T EALS A H
¥. 37. Refining energydl W& 94A A+ CSF¢ WRV
PFI mill
) 0 2500 5000 10000 15000 20000 25000 30000 35000
revolutions
CSF 649 570 542 484 441 411 401 485 522
WRV 1.66 1.75 1.89 1.98 2.02 2.10 2.13 2.11 2.10

700 -

650 -

600 -

550 -

500

CSF

—*=CSF

450 -

400

350 A

300
0 2500 5000 10000 15000 20000 25000

PFI mill revolutions

Fig. 42. Refining energyol @& &4 A H9 CSF

24 4

WRY

16 -
* WRV

14 -

1.2

0 10000 20000 30000 40000
PFI mill revolutions

Fig. 43. Refining energy°l @& %A A H9 WRV

_58_



AN A o] g & CSFE Aoy 187t 2o we} CSF7F 7 ashe
74&S YEREZF 25000 Revolutions©] Aol A= Finesdt &2 H43 S712 CSF7F tA] 571
sk A2 Hol 25000 revolutions©]d2] PFI mill 2Ll mlAlEe] S7F2 859 &4 %
HetA 2& &9 5 A}k s oAYAZE Frhstel] weEt Ao dBdsirt 19 101
WRVE S7betal CSFe #ashs 43S Wekdith PFI mill s go] we 4A A9

e 54 Gow 2o

rr

Jm

3

¥. 38. PFI mill 2&jo] & 4ANG Fe=

PFI mill
0 2500 5000 10000 15000 20000 25000 30000 35000

revolutions

Average length

weighted in
413 411 413 409 403 827 926 819 821

length (um)

Fines

%Length/Fines
34.9 39.8 425 439 452 675 69.7 73.4 70.2

%Longueur

AT B4 MAAe gt Fed 5SS BF3s7] Y8l Morfi Analyzer= 77}
o MAAYS FALFE SAHA Y. Morfi AnalyzerE &3+ o] wE 4ALF He4
A3+ PFI mill revolutions®] 041 150008.% Z7}stel whel Af4dol7F &

r

oN o
N

N

ol

)

rr

)

o

S Holx vk Revolutions 20000 °]e] ZAoME AFHo
chebdlEh ol ko) CSF@ah bR vARe] FAR Skl % AU & F Ak

(2) E94 MNEAY SALAFY FolEABF
PFI mill revolutions¥= =24 /HdAgs LSAARFE Fol54s #HA#Hstrels) HZF
Rg/m?*oz 7 e uaAg FALF: UKPE 379 HE&ERE F2AE A xste] Fo]E5A
< #HEsS

_59_



¥. 39. PFI mill 18|24 $AF|EA

Tensile Breaking L  Elongation Density Bulk
IND (km) (mm) (g/lcm3) (cm3/g)
(Nm/g)

UKP 100% 77.14 7.87 2.91 0.610 1.640
Tensile IND Breaking L  Elongation Density Bulk
(Nm/g) (km) (mm) (g/cm3) (cm3/g)

Blank 47.06 4.8 2.22 0.444 2.253
2500 54.04 5.51 2.41 0.451 2.220
5000 56.45 5.76 2.39 0.460 2.176
10000 56.69 5.78 2.7 0.465 2.151
15000 56.13 5.72 2.73 0.473 2.114
20000 56.24 5.73 2.49 0.469 2.132
25000 57.58 5.87 2.8 0.469 2.132
30000 57.01 5.81 2.78 0.465 2.151
35000 59.58 6.08 2.8 0.476 2.101

60 -

50 -

Tensile IND (Nm/qg)

45 -

40 T T T 1
1.5 1.7 19 2.1 2.3

WRV
Fig. 44. 13 A 28 AL TS WRVS SAFo 9 AZA=

UKPol| $ALFE st FxAE AxstH FEdE5EAAY] FAE 239 PFI mill

=
Beld AAAGE AN GANRE DAAG 0 Hael FAH S vnAne F
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7= Q&) A F Aol Fkste] Fol Bulke] & A gflo] HEASA o] s shA]

=
FAAF wFFolol Hlal MAdE= As BT

&2
rlo

FAAFE A MEAAd mE Fol5de WtE wEer] S BHow 4 T3
A -(Soda pulping, EA 15. 5%<Na207|+>, 9H] 51, Anthraquinone 0.1 %, 170 C, 120
mim %71)Z PFI mill revolutions 500022 18] &3+ CSF 4982 S4AHRFZ AF&3F T}
SA AfE UKP(2010d & Aokt v]E7|obedel, sfe] 20+, aLsf30i #2lgk CSF 630)9F
23 x99y FE2AE HY 0g/meiE UKP nsAgl s 3hx &S 24y sl A

g| z

17t 5,10 15 % A0 Arlete] & Szsle] drhde] 27 we Zw

%, 40. 23 FANF A7) HE Fo|54

TE\?SIIG Burst  E-Modulus gl?InFSF TSI Density Bulk
(Nm/e) (kPa) (Gpa) kN/m)  KNm/2) (g/an) (cri/g)
UKP 100% 71.45  473.34 4.251 599.3 7.14 0.596 1.679

o TS\?Sﬂe Burst E~Modul grl?lrl;F TS] Density Bulk
H7HeH(%) KPD) (G (kNm/g)  (g/er) (/)
(Nm/g) (Gpa) (kN/m)

Refining X O X O X O X 0 X 0 X @) X @)

5 68.770.2 451 460 3.813.97 571 584 6.83 7.01 0.5570.567 1.7941.765
10 59.361.9 406 416 3.153.72 505 581 6.08 6.95 0.5190.535 1.9281.868

15 05.359.2 367 382 2.843.21 483 530 5.81 6.35 0.4890.505 2.0431.978
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50

2.1

1.9
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1.7

16

15

—*=Unrefining

i ~#-Refining

5 10 15
Addition amount of rice hull fiber (%)

o

Fig. 45. 332 g FAHF H71Fol9 AR =

—*=Unrefining

~#=Refining

0 5 10 15
Addition amount of rice hull fiber (%)

Fig. 46. 1sjA 2] SALF H7tFole E2
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8 FARRI FANF Wk Wi AFHe] FhE FEA
|y [e)

o] S7F=2 Bulk? 5740 wsAeE sHA & dAFolol HlHl

U FAAT 35y AAAE dFRL

(1) $A AFe s9s48F
AR g MEAAY 93 aHE AHRI o) HLste] GA HFo nFIIFA
g8S 93t Z2Hox PA FalHd(Soda pulping, EA 155 %<Na207]F>, 9H] 51,

Anthraquinone 0.1%, 170C, 120mim Z=71)& A}&ste] Hitsipiel QExWS 742F AAs

2
o oEY Fole £83 ARGE FAs] §ARLY o) e S5 BB

%4l $AARY BEHEA

Q%&1h Q&2h W42.5% 1H10%
Yield % 75.7 45.3 81.7 59.1
Kappa No. 9.87 0.43 42.06 36.6
Brightness% 1SO 52.51 72.98 21.82 24.39

2l U g 3o
T Hxo] FMEA %& 947 FlakeZ} th#F ZEFER oS AAZhH WMAEE= oL 7fA
Hold Aoz HlT)

(2) L&A FAAFY A7l BE FToI5AH H7}
stebe] REA G FAAFE FolHI BEAS AR AT 548 GAHF LAY
Aol e GAZe] 549 WIE #EsdY. SAMFE L& Agste] UKP(2010d 2
Joptt I E7|obgbEl UKPARE, alg] 20+, L3l 30% A2 3 CSF 630)¢ & x5t Fo
AE HEEAT FAMAFY A 208 Ao ® 20, 40, 60 A st FAA T
Aol e 545 dFsNey Ay gEIt 2



Ozone time (min) Yield(%) S =R A =(g/h) Kappa No.
0 100 0 474
20 88.6 2.404 27.4
40 78.9 4.807 17.2
60 771 7.211 8.7

ot &
= W& 80g/m ez UKPol Azt eEA SAMFE 47 10% 2oz H7bste] &3

Fastel BEH 540 WaE HASA.

F. 43 LEAHY I FAAFY AANSAH @5

Tensile B . Tens. )

R m i mpobe S Tt ney

(Nm/g) ’ " P /) me) el cn/g
E)I(;; 77.59 419 791 4.65 632.4 8 0.582 1.719

i Tens.
Ozone Yield Kappa Tensile Burst Breaking E-Modul qTipR TSI Density Bulk

time o IND ; ;
(min) (%) No. (Nm/g) (kPa) L (km) us (Gpa) (kN/m) (KNm/g) (g/cm)  (en/g)

0 100 474 63.89 358 6.02 3.5650 05776 7.22 0.494 2.025
20 88.6 274 68.03 368 6.94  3.642 579.1 7.22 0.505 1.98

40 78.9 172 69.95 382 7.13  3.723 5809 7.26 0.513 1.95

60 77.1 8.7 70.50 388 7.19  3.893 595.6 7.46 0.522 1.917
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Tensile IND (Nm/qg)

Bulk {tn’/g)

72 -

70
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66 -

64 -

62 -

—*+Tensile IND

60 | | |
0 20 40

Ozone time of rice hull fiber (%)

Fig. 47. 974449 9&x8 Azd ge

60

5

ol ARBE

21 -
2 -
19 -
—Bulk
18 T
0 20 40 60
Ozone time of rice hull fiber (%)
Fig. 48. SAA RS L&A At mE Folg H=a
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(1) A717keE28) AATRe] H87ted H71

AR A E AAsel HEHRES 4o §EAVD S 29 AAE
AAlste] FAL Aot dertel Be a8 AHEdn AlHI &A AIRE 160T e 180T
F M SRR 15R, 45ie) T A AEhen AVEREE AAE 2He] AP
3 YAE 20% NaOH-E Ao Hn] 20:1% 6037 A Hgste] FAe] mHZFd HsH A
she} oo BEHolols Afel RS BRI
17 -
16
3
5 15 -
E ~=160°C
14 +180°C
<
13 -
12 ; |
15 45
Time (min)
6 .
- 5 - /
8
& 4 -
°
53 - “+-160°C
g +-180°C
52
g
81
0
15 45
Time (min)
Fig. 49. A7|17t5 286 93 25 2 FF & s=ws
Fig. 49% A717h448) Az Aol Ag) £msl Azke] s/dss g9 FE%] $714)
of AZI7bFdl FEH F=7F SUbekH dudom gAd dE U= dEel St
e S BT 5 vk oA AFATATNA A kRS Ael A delgt 155
of iel AEF v YA Ewe 23 wo] AR Aels A Fole &gl Hv
A7) 7V A ol FA FUlE dEe 784 EHY 852 AUHoR Frtske A
o mol Fylo]l £4 Hol® Y719 Fr1E Fye wshe Aol oA g AS Fldt
Atk olE HtEo® ArTleEs Az AspAzl SAS Adfek £USTe skl elE
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o

1 A AL E e 2

=
A Aelste] Ahsh destel BB FAHA An)

20 % NaOH Soaking 20 % NaOH Soaking

after Auto—hydrolysis 160C, 15min after Auto-hydrolysis 160C, 45min

20%NaOH Soaking 20%NaOH Soaking
after Auto-hydrolysis 180°C, 15min after Auto-hydrolysis 180C, 45min

Fig. 50. Change in surface of rice hull after NaOH soaking following
auto-hydrolysis

&9 AAAe g9 Fe) HHL Fig. 50914 molE A
2 A3 U3l $elsk st ol &7le) 4717
Fal AAel A Feaesl Aok WS Row nalth & 479 AR



A Aol AAzA stellA w2 29 1 A A GAVE dgE] Aol o7 £
g0 =2 o #FHATG

(2) AA % AL T3 A AZas #F

N

79 Zal B4 B oA B8 koly] 98 ANAFREG DA AADE AA
shelth. Zztel AAe Fol $AE AHSA 71Ee WHEA UYL Fa) AL Effective
alkali 155, &% 170C H

A AREHE Flet98 Lo AN ATS QR 60RO
Zafo] AN AAY A Age WE A9 Fa SHL wm sdor 1 Ans

Table.1°] 723} T},

3. 44. The yield, residual lignin contents and ash after various pretreatment

processes.
A B C D E F G H
Yield (%) - 86.3 85.1 39.9 40.0 39.8 40.7 40.6

Residual Lignin
(%)

38.4 39.9 33.2 12.1 16.2 6.4 17.2 8.5

Residual Ash
(%)
* A Rice hull
B Autohydrolysis treatment of Rice hull (170°C, 30min)
C Alkali soaking treatment of Rice hull(5%NaOH, 60min)
D Standard cooking condition fiber (Effective alkali 15.5, 170°C, Liquor ratio 1: 5, 120min)

14.6 156 12.5 1.2 14 2.2 1.6 2.9

E cooking time 90min treatment fiber after Autohydrolysis pretreatment
F cooking time 90min treatment fiber after Alkali soaking pretreatment
G cooking time 60min treatment fiber after Autohydrolysis pretreatment

H cooking time 60min treatment fiber after Alkali soaking pretreatment
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v 37 -
- Autohydrolysi
5 34 B Autohydrolysis
% M Soaking
> 31 Standard
@
2
28
25 T T 1

120 90 60

Pulping Time (min)

Fig. 51. Fiber yield of rice hull depending on the pretreatment processes

FAE 170ToNA 30 A717besl dAeE A 23 14%7F ol 59 oF
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= : P AAA skele a2 A= 15%7)
Fol FEH 8% T e 7 AMey VAR GASE AHste] S A2 sklvh
AAe A4e dAlsta Abe @58te] 4A9 FllE A & Ay dAe eAe 48T

vl 7hA] 21 B
eI o= A AdwEE sl T Ad del dAE s FUrEoRM 7]E
S8l Ag ARbE Faske] FE oy A Aol freld Eub olyel AiE SHdAR
SET =2 AF TS 22 7 A0
20
= 15 -
E:
Q
= H Autohydrolysis
« 10 - .
o H Soaking
E Standard
R=y
— 5 -
0 T

120 90 60

Pulping Time (min)

Fig. 52. Residual lignin depending on the pretreatment.
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4. GAGH AEZo A 38 34T AEZ QA 24 AXV|EMT

o2 3040 w.t.% 7FFAA] St AERZ AT Folo du=E di
282 vk oyt oF& aA B AYGE A=A ZEA AMEEO gtk HE 5o A4
Adom I AAA 7HA7F Al wel g8 vk &8 9% JFTAR
ANl /el ¥ )t (Samir, et.al., 2005)

WERosd A AARAY fEe F AAE ATros A g4 W

o,
a1
D)

(Dissolving Pulp) B+ vlolz=E AAA AEZ Q2~(MCC: Micro-Crystalline Cellulose)E&
QR o]FogxEr o] ueE AERZOoAE HrdE F2 dy AEZTR Qo] dh
=& 7k AR 55 9EE AxHAY 2y W AEATE 4 H A V| FRstE
2 FH 2 Y ge o s ddd SA4BTE len Bew
AA 5 T3 ek AE2eAZ Axda Jduk (Henriksson, et. al., 2005, Christov,
et.al., 1998)
24 olele] GeFa @A

o
ey

O

22O Hlo|QufAE VHEo R o] R AEROAE
[e)

=
Azst7] 9k AFNEEE AHEHo 2 FdHojgk=H, He 52 UUFE A835to] AEZ
Q2 olAHOEE WEY] 93t S Hzo] Axe HEE AAAg ] o3 AMERQ A
EAWEE A 73e] B3t (He, etal, 2008) T3 Montanéa 52 F7|Z4 #Axg © &

Ze] 7Nk gelad gy S5 A8t "oy SejdEz Ax B Az T Yy

= glad # FuAER o sl 8o digt AFANE Ras vk Jth(Montanea, et.al,

= A= FAE VIR aRUPEA aek AFRe s Alx Jheds B7hshed
Hokth 53] &ze] A9 F Ao GAFZRRY Ao R =wEs AAG] 9lskd
Al Al o g el gy Ak on de ol gH i 9l Clo; WY

GANM AERZL2E FHsty] 93 WHom AAE Fa7IE ol&sto] NaOHE %83t

o fFadZe(EA: Effective Alkali) 155 %< = S} =

CTellA 120 &3+ FalE AAlstlen ol gad e FrjAl=

0.1 %5 H7tstdoth. S8l A = A%l GAHZE 40-200 meshs AFE3te] wls)e]l &2 7
=

§_M
ARS BAF F ASAGE el B 99 FH2AL A
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3. 45. Pulping Condition for Rice hull Pulp

Conditions
Effective Alkali (EA) (%) 15.5
Temperature (C) 170
Cooking Time (min) 120
Liquor ratio 5:1
Anthraguinone (AQ) (%) 0.1

gA9 FHAUE B Aeskek A Jadg AAF F ouew AFRO A Az
7] skl ®ul/AAAEE St ThEol Fig. 662 97445 AAAY FA4e v
Aoz tpehl Aotk
Soda
pulping(SP)
. 4
Ozone Cl0= Dleaching
bleaching (Z1) (D)
| |
Ozone H202 Dlgaching
bleaching (Z2) (P)
— ——
[ |
Acid treatment Acid treatment H202 Digaching Alkali treatment
(H2S04 45%) (H2S04 45%) (P) (NaOH 12%)
Fig. 66. $AA R AAANAAY ZH =
AT =X A SEXW A x| pH 2o wek Afe veAd 9 oER
o) sbsbelo] DabAy] ujio] ol EAS o] &3te] pHE 30 PEo] 747t TS A E

_84_



sl

z4

22 0.5 LPM/min®.

o

M
i

o

12H(Z1) A 2ol A

—Z
LE

7] Sl o& 29 AgE s o

71 4l

tel & A=A

)

il

ol
K

o

Ton

o)

N
o

ox
fite)

+

o
ﬁo

il

ERRRERS
37

9 (Z2) A€

29 %

[P A e L = R R e B

5|

A
B

N
of

3

]

o

ClO2(D)<} H202(P)

5=

]
S|

oA o=

o]
=

o

]_

fite)

‘?4

el
ol

2=
o)

B
gl

Hr

AN o &

H0: & 5 %

,.__wo

ofy

olo

®r

Ho

s

b ool Abg

MEE

S

=

W2 A& Table 29 YERY

H
=

it

ofy

s
B

¥. 46. $AAAFY Chlorine dioxide A # 2 ¥ Hydrogen peroxide A A=A
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Concentration

ClOs2: 5 % 70 90

Chlorine dioxide: D

70 90
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Hydrogen peroxide: P
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E.47. FAXNEY A/EZF A =4

Chemical Time (min) Temperature (TC)
Acid treatment H.SO4 45 % 90 70
Alkali treatment NaOH 12 % 120 18

2 AEAE SAET R AEReA AR 545 2497 st L3 A 2
Z o g ads S48 TAPPI Well we} Klason lignin (TAPPI Standard Method
T222 om-98)& #-&3te] ZA3k3a, KS M ISO 3025 #-83t9 Kappa No.& ZA st
T3 7F Ao 9 dojxl Alme dAERe A FFL KS M 70440] oAzt FA 5N

o= A & Ao MAE =AS 93] Spectrophotometer (Model CM-600d, Konica
Minolta, Japan)E ©]-&3}e] ISO 2470 o 2] Asle] AP o, WMAE =49 93te] x 9
ANBES F#F 200 g/m’ez A& F ZAsg

2 Ay S ogr AEZe A0 A WEtE HUlslr] flste] 7 1w % A &
H AR AERes e FAS AU olnf sto] CED €945 o83 %= 74
A

A AR Y. CED(Cupriethylene diamine) &8 ©]83 H%= =742 CANNON viscometer<

o
op

&to] TAPPI Test Method 230 2 KS M ISO 53519 ¢ A3l A3t =43 A5
AAFA 025 g& 200 ml Azt Zekx=o] Yu S o] &dte] F/FF 25 mE FA
i, AR7E FR8 2e A sk oW e FHhe 7] 9

5 How fyTL FAMY CED §9S 73S o] 8ste] 25 ml %7}0} SR 1141 &
ﬁ%% Hagow 7|9 Ny 7t=E FY3st
b5 gEES AREEe] Y E I Ny vhes
g oo 7A] oF 15-20 A% 4ol AE AR&ste] & Fh &E AEE Q2= Cannond =7
Size 1505 ©]-&3to] 25+0.1 T 2% 3stollA A=Al BAR FHAolo] falAHS S8}
o] A% Vgks ot Aol tidste] A 3HAtHLee, etal, 2010)

V = Ctd
V 1 25T 3selAe] AERQ 2 &9 HE (cPs)

C: uAgd 93] T3z A=AHF

P AER QA0 F3FAIZE

-+
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o H= (25 CTolde w54k &9 e 086 g/mel™, aAol os) szl A
+ 0.0329 )

b o
S
ox

—1> )

2v7 24 ¥ CED H%E#S Mark-Houwink 2} dd3te] T3 %= (Degree of Polymerization)

Mark-Houwink Equation @ [n] = 0.98 * 10°DP%’

(2) FAXF BAA 3%}
49 A FANRKE LF 192D BNL ol&stel Awd Aed AE E o ue

Atk FAMF MAEE EHAZ Sk weh FsEn 4 e FE 2 g
= o

)
Ae FAd 5 A0 dAAem Frhets Ao yEsten 53 pH 39 1o

E.48. LERN(Zyol 47 FAAFY FA= H JAF{ ad & w3

Ozone bleaching (Z1)

Control pH 3
60 min 90 min 120 min 60 min 90 min 120 min
Brightness (%) 34.36 37.67 37.72 31.19 36.95 44.43
Residual lignin
(%) 2.393 2.194 1.561 3.98 1.78 1.62
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¥, 49. & 29k B (Z1-Z) Q3 AT 2 AF Fad & A

Multi stage Ozone bleaching (Z1-Z»)

Control pH 3
1 st 2 nd
Treatment Treatment 1 st Treatment 2 nd Treatment
Brightness (%) 37.72 86.04 4443 83.84
Residual lignin (%) 1.56 0.35 1.62 0.43

dzte] B3 F FARE(SP)IZ CIOD) ¢ HOP)E o &ake] et ®ulS A8t

AT oA wi wie} o] ¢z WA F PARZSP)O] ARGE

el e 6 %ol OIRAT  CIOND) 18 e AAG A(SP-D) R 1del ool

15 %% F48 7ade A2 & 5 A 58, CODIE N o]ojA] H0xP)] 2
7}

o] A (SP-D-P)oll A& #Fegade dtefo] 03 % mwte® 7FAstar WA == 8) 9% oAt

r
b

¥.50. R o3 HAE g JRIad & A

Bleaching Sequence Brightness (%) Residual lignin content(%6)
SP 23.84 6.34
SP-D 47.86 1.535
SP-D-P 81.23 0.29
SP-D-P-P 84.62 0.25

(xSP : Soda Pulping *D: ClO, bleaching *P: H>O» bleaching)
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(3) FAAFY AER22 B4 W

ot gA Aegre s ZAaE MIE CED S44s 4835

2 o
SgoRa FHEE FAdel sl denIse

e WHF CIOAD) EMES ANE FHSPD) ABRoro AEE AFHAW o F
F7149 HOoP) A 34A SWESP-D-P) @y o) gart 27 dojuAw 4EEe
ol BAFE 24 A A% ¢ 5 QAT 53, 1Tl LOP)Y ALE vse 4§

FuAZE e~ 5o A )
WE2o e BAgel Fant AL FAST ww A
AR ko] wpEdlEo] faj= TAFAT AER oA AR ZAFF7] widd A F AF
A AgRos BARe 27 4t AL ;01% F g,
ClOo(D)¢} H0:(P)9] A2l Al Htlh 5243k

gt ol eF:el Fw Astel o3 A

.51l GAAT HAAG g YAAEZ 229 T E(DP;degree of
polymerization) ¥ 3}
Sample Viscosity DP
(cPs)
SP 19.23 3279.9
SP-D 25.13 4286.6
SP-D-P 15.30 1734.5
SP-D-P-P 14.26 2432.7
SP-D-P-H2504 45% 4.71 303.0
SP-D-P-NaOH 12% 28.76 4906.6
SP-Z1 (pH 3, 120 min) 5.42 924.1
SP-71-72 (pH 3, 120 min) 291 496.0
SP-7Z1-72- HxSO4 45% 2.63 448.7
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(*SP: Soda Pulping, *D :@ CIlO, bleaching, *P . H-O- bleaching, *Z1 : ozone bleaching
(pH 3, 120 min treatment), *Z2 :@ ozone bleaching (pH 3, 120min treatment))
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AT B Aty EgE S &
7he gada 3 &ajEt ol d %
stz FT-IR & ol &% AE&&4 s AAlssdt

Z3 A (liquor solution)®] FT-IRA#E 1000 cm 'olA FF peakES 2
lignocellulosic materialS YWEFH 32 T} bio-refinery processi= HFo] 22 EZ o] g

dtel 718 she oz Faolel pHE 12 422 tehdh

= L
Adelztet 9 Sol gaE FAe 5Y2 7

a0

Transmittance

T T T T T T
1000 2000 3000 4000
Wavenumber (cm’)

Fig. 68. FR-IR spectrum of liquor solution
Ao E0j9lE FH B4 E(major impurity) o] FF 2 1 %S XA
znt WEED7]  (Inductively Coupled Plasma Atomic Emission
Spectrometer)& AR&3sto] A% Ay o 2o 78 BErE2 K, Na, Case €24
v&EolH BY 4A-F 093ppmel™, P+ HEHA Fdth o3t A= A AEA o]

o] e A=A, HA A 22 BAE AubAQl e el ofs A A=A
$= B, P o @Fo] AA w2 Aow vt i Iy 553 22 55 o2 A

o =

e
2] & A (acid-leaching process)ell ol&f A A 7}s3tc. ot

3
E
2
1=

Z= Agrts AL =
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o] ICP Z3E debiar 3l

¥. 52. Amount of metallic ingredients in liquor solution analyzed by using ICP-MS

Al B Ba Ca Co Cr K La Li Mn
1.63 0.31 0.27 3.48 N.D. N.D 1648.00 | N.D. | N.D. 0.35
Na Ni P Sr Ti \% 7n /r Mg

7179.00 | N.D. 37.78 N.D. N.D. N.D. 1.56 N.D. 0.62

J{m
ok,

b FA A9t FE

lel7he pH 28-S Eate] dojov,

34 ¥ veln FEonyy 4

‘1

# 38 E2H(sulfuric acid)
AE7E 47] 9% 3AS e o Qi

Aoz e e 25

b o

ol pH =4

FAe F4 8919 pH = 7ol £2F W 74X A

Neutralizati
Black E} entrat a,"" Contriface I:> “"""““g I:> Dried at I:> Dried
solution (Sulfuric acid, g 100°C powders
13ml, pH 7) waler)

T_ Stimes _I

Fig. 69. The process for obtaining RHS(Rice Husk Silica)
g Abgstol ARsGom, AL S AL§ 3]
o} #+o] Al# A]7H(o]3} washing time 2Fal $})o]

oo mHE walo]l Alglglyl RHage o 4 9)
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Fig. 70. 53} ¥4 (Neutralization)S F3 %3] 94 (liquor solution).ZH ¢ I d <A

A7t

olgd A F&¥ F$AXE I washing timed] W& EA4WIE HIFSH] flste] FT-IRS

f3lo] B3ttt 59 washing & lignocellulosic materialell & 93} peak”’} AMehd <
A 3 g olE Il A ATl EAlsteE FUER T s AFS oFa 9
Edo] EAsHA ¥ AR FyHo EAlste Aoz FA & &

5]
()
=
8
=
g
72}
=
<
St
[
—— 8 time
— S5 time
—— 1 time
Si-0 —— 0 time
I ' I ' I '
1000 2000 3000 4000

Wavenumber (cm")

Fig. 71. FT-IR spectra of RHS(¥A 48 7}) as a function of washing time
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4. 228 974 Ad7HRES)Y 54

g2 89 Al A (washing) A S AA 100 CollA Axd 44 AE7t=A, ¢4
2

Ao B
Alg]7tell EZ & ¥ carbonel S 2.6 wt.%°] T}

533 219l white brown colorE 7}A il o,

(o]3} carbongltal stth)E §

flo

Fig. 72. Photographs of RHS(%A 42 7}) obtained from rice husk

_E

Aakith. SEM 9 TEMS & #4142

)
S

Qoizl %7 Fa Asel 94 wW EHL ¥

=
FEHoRRE HAHAH 4A Ag7tE 10~30 nme L Y AH(o)t primary particleg}ar 3k
thoE FAE 9k 1 um9 secondary particleS o] glom w9 W HZAHAS 747 ¢
2o A broad peakE 7MA = w24 d T+

A% e AoR 38+

Fig. 73. SEM and TEM images of dried RHS(&A A8 37})
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20

Fig. 74. XRD spectra of RHS(}A A& 7})

FE29 947 ATt EA48= F carbong A A 7] 913 &= HYAE AT ] Y5l
TGA #4& AAg A3 550 C o] XA o oo ¥ FHa(weight loss)7} EAY
A ¥ AE gAT F AJT TGARA A FA a4 F3h2 A 2 3%l A A
stlom, A T7F2 ~150 °CAbololl A At om of 28 wt.%o A A7 dojuton,
ol A Aegvtel F2E = A9 Z%}(evali)oration)i At Ao=w A F WA T
7He 200~550 “CAFolol Al gl om A 7FA%S 963 %olH, ol A Aggtd xEH
residual organic compounds (¢: 3| v] A Z & @ ~(hemicellulose), =& 2 *(cellulose), &1
(lignin)¢] #3all(decomposition)® <13+ Aoz Aot & 4= gty Huy dHlo] w=w,
hemicellulose®} cellulose®] #3l= 175~350 °CAFolol A A SHY ) lignin®] - 380~550 °C
Atolol A EaH = Aow Z dHA U
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1004 \28%

] 1-9.63%
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TG/ %

-12.43%

80

70 S

60 L) I L I L I L I
200 400 600 800

Temperature / °C

Fig. 75. TGA curve of RHS(}A A&7}

FE2E 4A A7t £=2E detry] fd FEAGEEt=Ev HEEdY

Coupled Plasma Atomic Emission Spectrometer)E& AF-&3lo] A3 A3 =8 B2

K, Na, Zn, MgelH g7l =& 96.35% 5 YEFT. 538 (Liquor solution)oll A A&
Ly

HA g2 EoEse] HAEE A2 AAS A AHEI 3

A
= i
Wol FHUAS Aow AZF F vk b wok 94 deste] #EE G717 94

4
At neEe F4e AHEsE el Basitu YA,

¥. 53. Amount of metallic ingredients in precipitated RHS

Al B Ba Ca Co Cr K La Li

116 0.93 N.D. | 91255 | N.D. 1046 | 11178.71 | N.D. N.D.

64.45

Na Ni P Sr Ti Vv Zn /r Mg

23868.82 | N.D. N.D. N.D. N.D. N.D. 63.69 N.D. | 22529
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3. $AAYINY &= F

o>

s g

ol

FE9 97 AYIHRHS)Y neLsts 5
Yt AFE ST Aystes AgHor A
A

A7z 484 Brbshdh A 7]y

RN

ftlo

sty A ¥ALGS JAE

-

oX,

of F3 545 7HA7] wiel k= ol &

rob

5

AF 719E A A A 2] Acid-leaching) & 10 wt.% HCl &< 10
wt.%o 47 Ae7tE Thete] AAEEAaL, o 7|A AEH HCI2 37 wt.% §%5 7HA+= HCI
solutione A3t tS2 ¥ =  acid-leaching processE =24F oz Yehjar 9l
Acid-leaching time 5 A7t 4283, 95 °C9] acid-leaching temperatureo]A] 2 A]% T},
HE2-S H57] 98l 250 rpmol A stirring Al A oW, FHFE-S vacuum assisted filtrationg A&
sle] ¥ ¥, acid-leached rice husk silica (LRSH):= de-ionized waterE AF-&3le] 3xkd] Al
2 & 110 °CellAl dzshsith

Swt.%solidin 10wt % HCI (37%)

Leaching
Temperature: 95°C
Time: Shr

0

Lh

rpm: 2

Vacuum assisted filtration

Washing with de-ionized water

Dried at 110°C

¥

Leached FHS powder (LESH)

Fig. 76. Scheme of Acid-leaching experimental
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S S 94A HYIHRHS) #HRete EoEY S A Y84 =
StZetznl WEE37] (Inductively Coupled Plasma Atomic Emission Spectrometer)E A}
st Th ths E+ acid-leached® €A A7l Hel EAlstE &= S Uedglen, &
EE 9994% % AA FEEE g T AT

Acid-leaching <

oo

¥. 54. Amount of metallic ingredients in acid-leached RHS

Al B Ba Ca Co Cr K La Li Mn
110.03 0.71 N.D. 186.96 | N.D. N.D 47.71 N.D. N.D. N.D
Na Ni P Sr Ti \Y% /n Zr Mg
1334 N.D. N.D. N.D. N.D. N.D. 34.08 N.D. 61.34

4. ¥ALY} S4MEe AT EAY7IeAE

Acid-leaching #4 & FallA TE7F ol ¢4 A 7HRHS)E= 2 (reduction)d 4 2] 7}
of gf¥e e FHF A(0]3} residual carbongtil IHSE A A YA dHEE A
AlstAch 2o w2 Axke] Fe Wl WA 2 residual carbon S FAMSH7] $1380A]
300~900 °CAFel o] Lo A 150 °CiFA S 2 3 A3 &2t A8 & AAsdon, o &
Tl A ARESk=  reduction processi=  HlaLH  AZGHAM  Fdq Thedd 5
(metallothermic reduction process)ZA] &&= YA A7y WA wpet &S Ho
7] wite] 2719 9 ARFHRHS)S A dFS T4 ZoWA residual carbong

AAG + Qe exe 4437 A8 492 A5

bl
H
H

S

o

_

U2 acid-leachings AAISHA] &8 944 AE7te dAg %o @& SEM % XRD #
HE Yepgith. SEMEA An dAg 2%7F S7bgel mEk 9JAHE 9] morphology 7t A7
gty S #3904 9on, 750 °Colide] molA A A gte] 27| gFA FHIE A
W 3H A primary particle®] &3 o] WASH =S (melting)o] HAst= Aoz #zHSY o]
= alkali-digestion? 4ol Al Al NaOHZ Na' o] 250] SiOf 9 tetrahedral chaing 33 A]
71 = =% (melting point) & 57| Wit o2 FAdd Sigt O7F 7HA 2 Jd& T2 (LA}
Aol dze] oo FFoto] A S ofsrI= Aom AtRHW, ARHo R HE=F o]

27 vtebAE AR g o dddd
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300°C 600°C

750°C

Fig. 77. SEM images of RHS annealed at various temperatures

10 20 30 40 50 60
20

Fig. 78. XRD patterns of RHSannealed at various temperatures.

_99_



o}#l+= acid-leached 947 Azl7le] &
Acid-leached 97 A2l7}= 900 T €A 2rdA® A4 F+x9 Wgrt YA ¢9
oul, kel AV|E AA WA o & 5 Uitk ol @71 Aegh WiRel impurity 2
ZAete OzhE ZESo] e BA o aRAoE AA B Aoz Hud 5 9}

T3 600 T o)l A dxeld e 4$ TGARM A FA 4o gl Aoz e
o, o] 7H residual carbono] HF AAHASTS & F dvh vy A
7] s dAE &Xko wE BET®A A3 300 TellA 900 T7HA dA e«
5o #HAGe] EF H4 FHEjel hysteresis loopE 7FA 3L dow P/Py7b 050730 A
hysteresis’} YElYE Aoz Hol A7} =% F oA primary particleE°] - WA &
Aoz ForEch (XHALS IF 97| A 150

&

e A2 7], & inter-particle pore® <913k =
°Col A degassing= AZ %S AHE3le] BETE 53 £48 2A%

750°C 900°C

Fig. 79. SEM images of acid-leached RHS(} A4 42 7}) annealed at various

temperatures
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——900°C

Intensity

10 20 30 40 50 60
20

Fig. 80. XRD patterns of acid-leached RHS annealed at various temperatures

Annealing temperature®] w2 residual carbon $r#3 FW Ao WIS HAs)
of Vet F38) A (liquor solution) ©ZH-E] 3} 3} 4 (neutralization) S =3l
Ag7h EEe] A4S 963 wt.2%e FA AAE BHAow, dAP 2%7F F7FET S residual
carbon®| e FHAdteE Ao UERETh E3 600 Col el XA A A7l A
e o] ol MASHA] 2= Ao R Hol residual carbono] &3] AADES & =
o dAe 2o ueh vEAA e Wt A dojuA| ¥sken, SEM 4 Ao vERd
] 900 °C7HA dAe] 225 WstAZS W 4Ae] morphology W3k7F dojubA] ekttt

u
ftlo
°
+
X2
o

=5

N

ERAL 600 'CF VMo tha SUbsT gashs AabE dEled, ol AL eelA

HAE EWol residual carbon® EAZ Qg Folw, 600 °Colde] 2ZddA= YAHES

meltingo] 457 JAPFEHA7] WjEow A4S 5 vt weps 2 Aol A g9 3 (reduction
[e)

process)oll &7 AYItE HLs7] A YA HHo EA3= residual carbong A A A 7] 7]
93t HA 5= gAte] vl gwHA o] M = OoWA residual carbong AAT 4 E 600 °C

2 4gsar o] £EE J12E sto] Al 24dE ATRE HelE BUFYL FASHA,
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Quartity adsorbed | em™ig)

Quartity adsorbed | em™ig)
Quartity adsorbed | em™ig)

. —— .
.13 0z o o LH 10
Relativa Pressurs (PiPo)

Relativa Pressurs (PiPo)

-

1204

g
i

=
1

o
|

Quart ity adsorbed [em™g)

Relative Prassurs [PiPo} Relative Prassurs [PiPo}

Fig. 81. Nitrogen adsorption-desorption isotherms of RH-originated silica

post—treated at different temperature
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ojx el A9 g we uEha vk Adgvkel 559 2R (metallothermic reduction)
S FYg o mtavlsg S AFEskE ol R E AAE F Atk Bl S v 2o A]
T, ety Tdwrgor My £EVF w2 vtadlegs ASHer ¥FE]
Fedt SHol vk e whdlgre A9 1 1b Abel oF 8-11 kwh ¢ 7|7k a3 nf &
Y3 S4S 7HAa ok
E. 55 A7t A8 55 FAAY vrE QA E9EdF #E& YEHUHE =
T (°C) AH (650°C) AG® (650°C) Adiabatic
kJ kJ Temp.
8i0; + 2Ca = Si+ 2Ca0
650 -363 -333 2348
8i0; + 2Mg= Si+ 2Mg0
650 -312 -261 1906
Si0, + 4/3A1 = 8i + 2/3AL,0,
650 -210 -180 1477
8i0, + Ti = Si + TiO;
650 -34 -33 407
U2 vl o8] Sdagol =a8E 4A fll Aol diste], 5% Eew AAE
gk AAHHCD B mvkgE dggt AAE A EHHE)S A o X 3P (XRD) &
A A3E v 9l
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5SS o] 83 49 39U (magnesiothermic reduction)S E3dlo] E4E0]

=
AL & Q& S AANS

el
ol FEAFEZg2v (ICP-OES)d <3

T AUAgT ob

A A s,

E.56. %A il HdEE = 24 23

Element Dried RHS Purified RHS  Reduced silicon
(ng/g)
Al 4.89 10.03 N.D.
B 0.93 0.37 N.D.
Ba 0.81 N.D. N.D.
Ca 10.44 9.56 N.D.
Co N.D. N.D. N.D.
Cr N.D. N.D. N.D.
K 4944 47.71 11.24
La N.D. N.D. N.D.
Li N.D. N.D. N.D.
Mn 1.05 N.D. N.D.
Na 21537 133.4 33.35
Ni N.D. N.D. N.D.
P N.D. N.D. N.D.
Sr N.D. N.D. N.D.
Ti N.D. N.D. N.D.
v N.D. N.D. N.D.
Zn 4.68 34.08 N.D.
Zr N.D. N.D. N.D.
Mg 1.86 N.D. 120.8
Sum 26505 235.15 165.39
purity(%e) 97.4 99.97 99.98
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A7k FA el FHE ehn gor, oled FxE (o o TEM
Ahgov], 47 fe At AT Qe DR FRE gL RED
z, gl o@ 35 $9 Hge] dojyel gl

9oz S @abe] dolw 5 wgo] coju Aew odd & 9l
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& Zh(nitrogen adsorption—desorption) 23 taA =ZdS YEUWE S4H
(hysteresis loop)E How, vy e 5]

Ao gAAe T AA TWA 6228 m/g, 71E F3 022 ai/g, 7]¥
E 7HAA 3l= Ao® YEH

300 Reduced silicon ARHS powders
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Hed dFMTaPdoM =TT sielat

rﬁ

S S FuFe Z¥o| 93 Rice Hull Ash(RHA)S] TN AS 7]Hko
Al 22 H]%:@‘_IL]—Z‘}?_ G4 S ATFste] 9ol A 10mg/g Atol ] 25 e EAaA
g3l AxE A HGanvir, et, al,, 2011). 3 Zains S HZA|IHE EZAZH ALE3}7] ¢ 3
47 Ashs A Jé}ﬂ%’éﬁ ALY H 1o WE 4A Asho F4& XRD® SEMS AH&-38te] ¥

iz

-

|

[0

7hatom A& WZAAZE, FAH H OAIZEe] $AAshe] FAO & JEFS vt A
BE AJAvH(Zain, et, al., 2011). Memons& A H3 B89 A7|EHZAYE(SCC)o M-S
Aaf) A7 E=H ZAYES] HEWEAEZN F7Ashe o] &S Hrlete] A A HI HR Y

SCC 7/ME& 913 7FeAS dSstd e (Memon, et, al, 2011) Safiuddins < EEZEFZ9]
SEAS 97}slgd tH(Safiuddin, et, al., 2011). Zerbinos< 2 59 F7FA <l e glo] 4A
AshE AES7]918 A5 3l Xﬂ‘ﬂ% z7 stol A GAE ARATIE g mg E=2
3 713194 tH(Zerbino, et,

Kl
i
Y,
o
2
2
)
o
s
ro
ol
k=l
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ofo
3l
u
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i)
ofo
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4 54ol Y A7E STk FAA
of 97re] AA s ojy] B BE 54L& TA, SEM, clemental
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Fig.. 85. DTG(a) and TG(b) curves of rice husk: 1) raw RH in nitrogen medium; 2)
raw RH in air; 3) treated with 9N NaOH for 3h in nitrogen medium; 4) treated with
9N NaOH for 3h in air.(Markovska, et, al., 2010)

Chens<& Y4ARYKE 7]F9 activated carbon¥ H]1Ldlo] Zh#t

al
Aol o3k A gFof7} thdl activated carbonS A ZdFaL AL FolE A VTS H

7}kl o} (Chen, et, al., 2011)
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Preparation

- g Application

>

Fig. 86. Schematic illustration of the preparation and application that activated
carbon derived from ricehusk. (A) carbonization (B) activation (C) gas adsorption
(D) catalytic supports (E) wastewater treatment (F) hydrogen storage (G) battery

electrodes or capacitors.(Chen, et, al., 2011)

and Drying Activated
- | carbon
Sodium silicalg Tica and Drying >
S SE

solid + Hy0

- Heat
Rice h::-k ash

Sodium carbonate —_— Concentration
e C i
; A Carbon dioxide| ———— D - Cresullization E::r:;im
e iy
—=(Filtration|——————— = powdsr

Fig.. 87. Schematic representation of the synthetic procedure(Chen, et, al., 2011)

- 123 -



2. 73 39 A5 F=
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25(2): 973-978(2011)
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1. 39 AHdAT 29

Abbass+ Cellulosic biomassql HARFH olehs s A% 7tsAds Hr7beslon
(Abbas, et, al, 2010) Lopezs < 9479 38tx4 3} fermentable sugarg® FAFsE T A3}
ot AxgAe] AL GFES 592%(w/w), AERZQ AL 366%% FE oFH HiE
8.7%, Ash 19.6%, 2]1to] 1565%= 453tk 160-210T 2] =kollM F&at7bge A
2]3lo] fermentable sugarE #7715t xylose®9] W32 190°Ce] Hjlex=z =3 urt
A 3] S oW (67.7%) o] 2k s @ankgol 9§ furfural¥k HME7F A3/ &
of dr&s i ]ZJDP:— A3Es AR Lopez, et, al., 2010).

Megawati‘s RS Sl GatEmE ARE S A Thedsle] SRR #3 dAE A
gotlom AiE o] ERE AREE Rl o duEE WEE F UASS s
(Megawati, et, al., 2011). ®3F Cunha-Pereiras = M Z% &4 Spathaspora arborariaes =
HA o7 wjdst Ay Saccharomyces cerevisiae®t &4 wjU%dte] FAZHE ES YiS

st gavbrRd e 7heAd & 9 7EsES th(Cunha-Pereira, et, al., 2011).

Lopez5< 9AE H22F 71E8 A7 Fo NaOH® N-methylmorpholine- N-oxide
(NMMO)2 &2l 2d3} x2]dte] cellulaseZ 7FEEatd. 71 =& 549 WIS
(84.6%) NMMOA 2lef o]sf dojd 4= glglovt A=Al NMMO A= axe g7 7h
TR MAEHr HeEURA Eevdes Z2IdE I oM (Lopez, et, al, 2011) Yangs <
xylooligosaccharide2] AAFS- 93k Wt 7| A2 ALEEH = SA 2S79 A& & Fgkd
s AFste] 223 Aol 98] hemicelluloseT™E&-2 1.48] S7FskH 80Tl A 300W/28kHz
2 2EaAbAY 3 B Aol 24A 3ol A 15410 R A Fask e a2 ARA g
gt &7+ CMCase, B-glucosidase, xylanase®| &4</d9] AP 5o Tr7I= 23
=2 ddr}.(Yang, et, al, 2012)
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(¢) USRH-R (d) USRH

Fig. 88. FESEM pictures of rice hull with different pretreatment. (a) Untreated rice
hull (RH); (b) rice hull treated with ultrasound + 12% NaOH (USARH); (c) upper
precipitation of rice hull treated with ultrasound + RO water (USRH-R); (d) bottom
precipitation of rice hull treated with ultrasound + RO water (USRH).(Yang, et, al.,
2012)

Lynam%s < o] 24 ol A 1-ethyl-3-methylimidazolium acetate (EMIM Ac),
1-hexyl-3-methylimidazolium chloride(HMIM CD), 1-allyl-3—-methylimidazolium
chloride(AMIM Ch= At&3to] g7 Sai54d& w2dste] 10Tl 843kl EMIM Acs
A8 A ALY glade] ¢Hds] AAHE= AHE A Lynam, et, al., 2012).
Shichengs < 7 sk ol QAo Falsta e ol gl HA ARl Xylan WH-AIE
ARFEFE, GA, STEFY 55 95E xylangs FEISIE ATE st dZYEE 12%, 9|
10:1, 100Coll A 2A13Fe] H A o ozl 319 AdE A3AH(Shicheng, et, al., 2011).
Zhangs < $AEFE D-xylose?t "4 Ag71E A7) 93 A+E sl o D-xyloseE 4
7] 918 Hy SO4 &% 4%(wt.%), 130T, FA(g)et Hy SO, (mDe] Hl& 1:4, 2A]Fe] A 9]
G9A  TbrEdEdaes EESden 96.22%(wt2%)e i EslEe  AdE AU

o
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71.63%(wt.%)2] AA F&2 122 (985%, wt.%) D-xyloseZ AF 7} o) 4S5
ARom FA FA EAsE FEHAEES Hy, SO, o <& AALRT Hy SO, o A
gk FE2 7B0TA A 1583 ARAIA &% 9987%(wt.2%)] HeE7tE d& & dom Z
74 30 - 200nm¢e}t BIEW A 287.86m'/ge] "Ml A7t 8 Anket 2FuA e o] dojA=
A3E AQlt).(Zhang, et. al., 2010)

@ . (B) 100
50 - n—»>0
B0 4
- /' " = ./
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2 0 / 5
= -]
E K 40
20- &
L s
£ 1w 3 5 /
| - - | |
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50r'laﬂ"l;ﬂ"lh“;ﬂ"llﬂr'l;ﬂl‘l;ﬂ"l':"ﬂ“h I1) ) ‘i ) E ) 5 ) ; ) é
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| e
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Fig. 89. Effects of (a) temperature; (b) H, SO, concentration; (c) time; and (d)
ratio on the yields of D-xylose.(Zhang, et. al., 2010)

LisS 9AE xylose, 4%, H7t29 FFHA &&o @8 Asidtt. SA=ZFH
xylose?] A2FS $3%F xylane  3.6%(wt.2%)e H, SO, %, 100C, &4A(g)¢t H, SO4 (ml)
o] Hl-&2 15 HESAIZF 3A17Fe] M Ralz o s AP HAT. xylan] 7FEEs &2 95.6%
o gdlon FFELS 1763m/ge] BET W4 S 7HA & @A oz A&5 . Add &4
&2 xylose &5 AsA7= FFsEHS Ut e FF3 @4 w2 30nme A2tE
Z3k7] 918 AAAIITHL, et, al, 2011). Mas = €A 7teaiel dAgE S 2ol
AHEQl FF 39~ A7) crystalline sodium sulfate(Na, SO, -10H, 0)¢] =34 &
of #3t AFE HPstAtt. HAHY Tt 212 50TAA 72%(wt.%)H, SO, & H, SO
» (mL)SF FA@E 10:19] Hnj= 583 A sl 45.6%(wt.%)8 S FiL 29 F8& 43U
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o SEM¥ XRDE ©]€3te] 50nm ©]dte] A8]7F 399} crystalline sodium sulfateE 3
Zsl At (Ma, et, al., 2011)

Fig. 90. SEM images of SiO, from (a) acid, (b) alkaline hydrolysis residua and (c)

neutralization product.(Ma, et, al., 2011)

Johars <2 &7 =HE cellulose fibre®} cellulose nanocrystalS A3}

71918 AE stol A
e @A (NaOH) et 4 A2l& 7AA Aakskslen A4

e B s

Ao =
o] Nanocrystals A4tet9ith. SEM, TEM, FTIR, XRD, TGAZ A}-&3}o] cellulose fibre$}

cellulose nanocrystal®] 54S #z3s%th
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Fig. 91. Transmission electron micrograph from diluted suspension of cellulose

nanocrystals extracted from ricehusk fibres.(Johar, et, al., 2012)

Adel's 2 rice hull(RH)Z bean hull(BH)2. = microcrystalline cellulose(MCC)E Al Z38ko] 1

545 BT daka gatow Mg sx s Jheds] gto AlxE MCCO Aol E7d
£ 54& SEM, FTIR, TGA, XRDZ ©|-§3ke] commercial MCCS} Ml i ahs A&

3t A tH(Adel, et, al., 2011).

Rosas & AEZQ29 FH3 #HS 93 JsF A<

cellulose whisker®] #2]el #af A3}

7t o hemicellulose <} 21

Aol A 52 HUrsr19lsl ATR-
3 AZZ QA2 Fay)
= Yell= 43 TEMY AFMC

FTIR, SEM, TGA, MDSC, XRD
el AEste] @& whiskers duFA QL 1 o ¥

#2393t (Rosa, et, al,, 2012)

¥
o
S
ofo
ol
)
At
oX

o o

R T
N
- o
p‘L
2
)
H

HU

- 129 -



Fig. 92. AFM image of RH cellulose whiskers obtained after 60min of acid
hydrolysis.(Rosa, et,al., 2012)

2. 73 &9 AR 5F

© Abbas, A., Ansumali, S., Global Potential of Rice Husk as a Renewable Feedstock for
Ethanol Biofuel Production, BioEnergy Research 3(4): 328-334(2010)

© Lopez, Y., Garcia, A., Karimi, K., Taherzadeh, M.]., Martin C., Chemical characterisation
and dilute—acid hydrolysis of rice hulls from an artisan mill, BioResources 5(4):

2268-2277(2010)

© Megawati., Sediawan, W.B., Sulistyo, H., Hidayat, M., Kinetics of sequential reaction of
hydrolysis and sugar degradation of rice husk in ethanol production: Effect of catalyst

concentration, Bioresource Technology 102(2): 2062-2067(2011)

© Cunha-Pereira, F.da., Hickert, L.R., Sehnem, N.T. Souza-Cruz, PB.de., Rosa, C.A.,
Ayub, M.A.Z., Conversion of sugars present in ricehull hydrolysates into ethanol by

Spathaspora arborariae, Saccharomyces cerevisiae, and their co-fermentations, Bioresource
Technology 102(5): 4218-4225(2011)

O Lopez, Y., Karimi, K., Taherzadeh, M.]., Martin, C., Processing of Artisan rice hulls by

combining diluce-acid hydrolysis, alkaline delignification, NMMO treatment and enzymatic
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hydrolysis, Science &  Technology of Biomasses: Advances and Challenges,
5(8):373-376(2011)
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under ultrasonic pretreatment, Ultrasonics Sonochemistry 19(3): 687-691(2012)
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© Zhang, H., Zhao, X., Ding, X., Lei, H.,, Chen, X., An, D., Li, Y., Wang, Z., A study on
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O Adel, Am. El-Wahab, ZH.A. Ibrahim, A.A. Al-Shemy, M.T., Characterization of
microcrystalline cellulose prepared from lignocellulosic materials. Part II: Physicochemical
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A 3Hd FALE B 7EET

Lim5e @ Ao 2429 9% wae] A47ks oux Agozme ggel hatel A
>=
[}

T 5S AL AT A9E HEE A (Lim, et, al, 2012)

¥. 57. Production quantity of paddy, rice straw and rice husk(Lim, et, al., 2012)

Regions Harvested quantity (million tons) Estimated rice straw? (million tons) Estimated rice husk® (million tons)
Africa 2451 2451 4.90
Americas 38.10 38.10 7.62
Asia 618.24 618.24 123.65

China 196.68

India 133.70

Indonesia 64.40

Bangladesh 47.72

Vietnam 38.90
Europe 4,10 4.10 0.82
Oceania 0.29 0.29 0.06
World 685.24 685.24 137.05

2 With residue ratio of 1.
© With residue ratio of 0.20.

Chunxias < HATZRHP)S 9 AR} Alo]=e] wE EIAE9] tensile strength,
fracturing elongation ratio, flexural strength, flexural elastic modulusE 3 7}t t}. 245um<]
RHPE =3 EFAE7 713 5 7144 58S Yedden tensile strength$}
fracturing elongation< RHP9| $5Fo] F71845 4 st= A5 YEM At (Chunxia, et,

al.,, 2011)
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A3tE A ekddvh b RHMHEE o] &oto] ERd &= 473.37C, 7S 100C/min, ¢
AHAFol = 0.6mm, +AIAIZE Imin®] A o] HA xS = on 4810%9 AArH
Hlo] 2 o F& ¥ Hlawste] T AFAA 4830 - 47.80%<] HiolL U] F&E I A
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Fig. 93. TGA and DTG for ricehusk. (Isa, et, al., 2011)
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Fig. 94. An optimisation of bio-oil. (Isa, et, al., 2011)
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217-218: 347-352(2011)
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