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for the refining process of edible oils and the

development of new deacidifying process
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SUMMARY

I. Title

Study on the development of high functional adsorbents for the refining

process of edible oils and the development of new deacidifying process

O. Objectives and Significance of Research

Objectives and significance of this study are to develope high functional
adsorbents for the refining process of edible oils from grain’s outer shells,
agricultural by-products and to develope new deacidifying process, which
leads to the increase of farmer’s income and the development of domestic

food industry.

. Scope and Contents of Research

o Optimization of the production of adsorbents
- Ash analysis for the selection of appropriate grain’s outer shell
- Heating temperature and time
- Acid treatment of ash
- Extraction of silica gel from ash
o Adsorptive characteristics of adsorbents
- Crystalline structure, surface structure, pH, composition and pore size
distribution
- Adsorption efficiency

- Comparison with other adsorbents



O

Production of adsorbent products

- powder, pallet, column, film type

o

Application of adsorbents to the deacidifying process of edible oils
- Application to the degummed oil

- Application to the oil-hexane micella

O

Application of adsorbents to the bleaching process of edible oils
- At the condition of room temperature and atmospheric pressure

- At the condition of high temperature and reduced pressure

o

Application of adsorbents to the frying oil
- Refining of waste frying oil
- Application to the frying process

- Evaluation of the quality of frying oil

(@)

Economic analysis

IV. Results and Recommendation

1. Optimization of the production of adsorbents

Rice hull was selected as raw material for the production of high
functional adsorbents, because of the highest ash content, large production
amount and low price. Considering the surface structure, crystalinity, porosity
and adsorption ability of rice hull ashes (RHAs) produced at various heating
temperature, the production condition of RHA was optimized as temperature
of 500C and time of 10 h. In addition, manufacturing processes were
established for acid ash (RHAacid) by treating acid to RHA and for rice hull

silica gel (RHS) by extracting silica from RHA with alkali.

2. Adsorptive characteristics of adsorbents

Rice hull ash was analyzed in surface structure by SEM, in crystalinity



by XRD, in pore distribution by BET method. Adsorption effects of RHA and
RHS against free fatty acids were compared in organic solvent as well as in
edible oils. Whereas RHAS00 produced by heating at 500C showed effective
adsorption against free fatty acids in degummed oil, RHS500 produced by
extracting silica from RHAS00 showed effective adsorption in oil-hexane
micella. Acid ash was similar to RHAS500. Although RHAS500 and RHS500
showed similar adsorption effect against free fatty acids, RHS500 had a large
surface area and was mainly composed of mesopores, however, RHA500 was

a small surface area and was mainly composed of macropores.

3. Production of adsorbent products

Adsorbent products of pallet type made using a binder of high molecular
materials and of film type showed lower adsorption effect, because their pores
were blocked during manufacturing p7fcess. Although products of column
type were effective in adsorption, it was not adequate to the treatment of
industrial scale. Products of powder type which were removed by filtration

after treatment were economic as well as effective in adsorption.

4. Application of adsorbents to the deacidifying process of edible oils

Free fatty acid content of degummed oil decreased as the concentration of
adsorbents treatment increased. The adsorption effect was the highest in
RHAS00 and RHS500, moderate in RHA300, and the lowest in commercial
silica gel. It is possible for oil-refining company to improve the deacidifying
effect and yield of oil by applying adsorbents to oil-hexane micella at the

stage of oil extraction by hexane.

5. Application of adsorbents to the bleaching process of edible oils

Rice hull based adsorbents showed much more improved decolorizing effect



than any other adsorbents by using a high-temperature reduced-pressure
device. Even though RHA was effective only in deacidifying process, RHS

was effective in bleaching process as well as in deacidifying process.

6. Application of adsorbents to the frying oil

Applying adsorbent to the frying oil during frying process depressed the
increase of free fatty acid value, dielectric constant, polar compound content
of o1l and prevented the decrease of sensory quality of oil such as off-flavor
and color. Therefore, quality indices of adsorbent-treated frying oil heated for
72 h were very similar to those of adsorbent—untreated frying oil heated for

16~24 h.

7. Economic analysis

Production cost of adsorbent was 1,200 won/kg for RHA500 and 32,000
won/kg for RHS500. Although the production cost of RHS500 was high, it
amounts 1/10 to 1/3 price of adsorbents of analytical grade. At present,
RHAS00 with low production cost has high potentialities to utilize for the
deacidifying process of edible oil and the increase of lifespan of frying oil. If
the production cost of RHS600 lowered by applying industrial scale, RHS500
can be used for the increase of lifespan of frying oil as well as for the

deacidifying and decolorizing process.

_10_
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HMH2d = 7lsHe &

Ofor

A1A FUY BHEIEY A3 FAF

Agfrie] gabyd S gal @Al 2 sodium hydroxide WAl sodium
silicate &5 st A7t @43 pilot plant FEolA A Ut
Sodium silicate &% FH RS FEAEAS FEATIA K A E o A

gk sRoll A FE S FEA7IEA FoE A A
oz o} decanting o2 A HFES AAT 5 AUA F=d o)E o
A (filter refining)2} ek, A= L@ A A w3 Fx &2 A

Hyeleh 4 BAE A 5 Qor, duHor vl wA Mie Azw

= sodium hydroxide®} ®]<:

AL L2oA 3sAA [F7=de S8 AAME gt FEHoR w@she
ANE ‘raw ash’'gk FH3ska 500Co]delA 1041 &+ 714

‘alkaline ash® (pH 8.7)2 # sttt Alkaline ash 40g-& 20C <] 20%(v/v) 348 Y
1L E§ate] 5A17F WA § SHRFE AL 100CAA 447 S Axe 2
S ’acid ash'® A 3}H(pH 6.6).

RHA® ZAATZ+E= opal mineral®] ZATZ$ W3 opald] AZA ==
opal C, opal CT, opal A 2% 43ttt Raw ashd 4% FAAAEQ
cristobalite¢} tridymiteZ} & A Al 2o Q&= vy dd Fxoy FFHE
H= opal CTY ZAFZE Y AY =944 w3tz s ¥ sadiol
ol 7] wiite] AAZ FFaas vl$ Huh Alkaline ash® 7% cristobalite
o} tridymite’} Wl FEAHASHA 9 EH(ABCABC pattern®. 2 %] % a cubic
closed packed silica®] cristobalite®} ABABAB= *%#¢]Z a hexagonal closed
packed silicon oxide®] tridymite) opal Co] ZAFxXE zt=t}. webA alkaline

ash®] €AY 227} S7MdFs AAAAT A2 S8k

11101'
&

Z 7bs
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Aol Fasmz FHHo] AGHY. o RHA 444 HA et
500Col® 700 ol4te] Femel A o8y FAol AstHdth: Akl

S
e

RHA+= AbAefel ola] F&=o] F7hHo] luteino] dis &/gulEst n
F#9E 2k Acid ash®] F2ee] F7hske= A alkaline asholl &3k
alkali oxide7} Akell oJsl] #| A= WA alkali oxidedl H# =A™ binding site=©l
=97 g Aem AAZY. FFE F7hE 5% acidl A 7HE 9
Al YRS ow T1oo]4ke] AbA Elel A= &t A4 &skew, FEE lutein®

5 ~¥ERe YRS A48 49 WHEdoy RHAZ FAAR A&w

h=13
L%o

-

Ag-el= WErb gldvkal vk Alkaline ash$t acid ashell F2F€ luteing &3}
A17171 $18l A isopropanol/hexane &gH-& o2 A SlS wl acid ashellAd © 2
G259l =1 isopropanol®] FE7F 2% 2 wj7bx] &g S4& TUHAE
T R gt F7FE vk o

T8/ wlol A AElol A 1% RHAYE FaA¥at AlA&x7E 9oy
lutein F23= w2 AF @A stol] oaf FaHo] A FA LAt A
e v FAA FRoA FFE 5ol & Freundlich isotherm? wEt}, 300C
NA FEHoR 3|5tE raw ashE 20% FAro = A3t A} 24 3314
A ato2 A g acid ashel W8] carotene FFaIrF AW AEsE
bleaching clay (Filtrol 105) Rt wokthar stk RHASE 719 F2AIQ 4
%39 bleaching clay‘} silica hydrogel®] &F2#ES Ak x4 F3 & WAk

st Eo] dial] mlaalE A3 RHAE AAAS Al9stae FFaad7E fldA

HIAA F715° E01dE T8 MAEZAQ] luteine A AolE F&A <
) AARC Adelste] Fad el A Alak(silicic acid) g F7]E-3AF nlo] A
el Al FRAR AFESAA S-S MUY gvE ATE A9 S48t

A A A FHA lutein® B AT ZHA luteine] T2E ATSS Lt 22



whol o] 2 %] ek

p

Fraea dosiom QhAsty] wiitel] A= o] ut
A7t isopropanol< A& o] Z11 polyol FENQ propandiols 27} JAket 4
Fato] luteine F2S 48] wafdet. et ZheEsizl doju Sl Aletol
= 52 SgAlEol EAdE FAlolA RHA®
A7t pH 10 olstol A vhad 179
xerogel® &3+ sk 3%
E AFE3StY 92 sodium silicate® §532(AE7F F% 0.04~012 g/cm-3)
pHE Z43}¢](9.0, 10.0, 105, 11.0) A& FA3 ths 7UFRAA silica xerogel
blocke 4& F Atk FTIR #4147 AL Z&f v AdHo| AT =& pHollA 3
% siloxan 285 zZv S¥E o 2& 2ARZA 2 FagAug

e pHol A A4 ® AL silica gele] 725 z2t3 £ © gaioly 744 7%

FPN

=

oX
4,
i)
rlo
X

M SAS ol Gate] HAF A AGA A (whisker) S A Ak}
o mm £%e1 Qe oF AETPE FAAZ AHgasdE Tt 3
9. dFel 9uE A He T Ree Al Fead §722L
FAAATGE A7dnE wand v gloy &% Wold: thE Trlagn
Aol gk FuldlAE FAAE f70 SaFHl FUAHOR o] g

[e3]
BA

o

rr

Folvdt Aelgh A¥ol g deEel dedw BTl
P ABAA ARG a2 Qe o] £HA EF RS Mg Ao e H3
7 Ego] 60% AR B7] wEolgr. TR
ol HER, ZF, B3 So] AsE Fuw g =40 1 58S #a
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715 AAskE AR HidFe 248 AT 7 e T2 WRen. ZHoy

of gt
15 5 mm o9 2% HAyrES AATGezZHN FHARY FYoly #2S
A 7 A strh FAE AS o] 8= depth filtration> A& 1mm ©] 312

J_f_
27|44 AAD F glenz o3 F s T 7Fe] 2ol =
}_

2=

depth filtratione F3l¥ = of AAL & oz 759 E3

& HLE g Ak 2y #E5F o3 depth filtrationS A &4

FAAEES AAT F gl S 2o vk 7 BRgHow Aol #HAS

3 = WHol 54 o] F(active filtration)d It ey dSHE o3

HEZ 2o nAAZ Feje] & FAl(adsorbents)S AF&3lo] 7] S0y} AEe] E
=

%}
= A8 TdtEes AATH.

A

ik

F o] wWol AlgFHE SFAAEZE  a-cellulose, silica gel, alumina,
magnesium = silicate, calcium silicate, aluminum oxide, magnesium oxXide,
activated carbon 5°] Ut} T3 B3 ANE=Z2 thFAe FAkAlE o] Folzl
<3 o] Frypowdergts FFH oz fFE¥i Avk 554 oo o3| H
7, Aal AxEAN T Rre] tgE AWHEAA T deH o2 A AEY FIHA
9 AT zZglolo] FWHolY} fry basketo] FZHA R AE7tA JAEL)
ey A SR et HATY wde] dEHE A gdeth dE
£9°], magnesium oxide powdert} aluminum oxide EZ = Ag3 HAFZS A
g u 2 =7F F AL HAEEE 7} benzidine value, TBA value, M
% (234 nmoll A9 F#%x) T o] AT, 3} silica gels A# st A

$= 82 Bk ek EE ol FAAE

ES
T FAEES F2 %Y. dE 59, neutral alumina®t silica= A ¥4
, B EAE saturated-unsaturated-carbonyl compoundsES T2 S2slo] A
A}, ofulm o] FAAd ] Aol A FERAY FERAEAA AAE Ao

FHRaE o g xd FRYS Faol o9 1

*
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AM3E ATHES

A 1A dFEsdy e

FoUORR v S ANl we 94, melgdd, Magds 44

ZHGA] BAE R AAEE gFAES 20039 7o FYEte] Ao AFEES
A=

s

Aol A shgh FFA kY] v A S flE 7]1Eo] AFE Y FEA
ol aluminum silicate (natural, Junsei), acid clay (Yakuri pure chemicals, Ltd.),
zeolite (20 mesh, Wako), aluminum oxide 90 (active neutral, 70-230 mesh,
Merck), silica gel 60 (70-230 mesh, Merck), activated carbon(8-32 mesh,
Yakuri pure chemicals, Ltd)S Z}Z} F438to] AL&3}A

2. BFA Azxz7Ae A

TR o998 ARR Agste] FEFEL 106T AIAA

)
2R R 32 300, 500, 700, 900C= 72t AAE 3|slRoA 2 H 3 s}
=]
H

=y T ANE BAA, AEFEFS adste]l A" S 554

A&7 st A7IZo A &3kAIZ1 3 300, 500, 700, 900C 3] 3} 2 A 7}

o



7} 3]8kA1 21 RHA300, RHAS00, RHA700, RHA900S “4tetsiom A4 3]st

th 3 kAol AbA
500ClA 10417 &<t 8&Az1 &4A 384 (RHA500) 40 goll 20% 34t 1

LS Y3l magnetic stirrer2 5A17F ok AojFATh A4S pHF 2 wrkA] =
F2 AMolA Whatman No. 41 o #A & o373k T 100CoNA 447F Bk A
ZAA AEA 2 AN (RHAS00acid) 2 AFH§-gith.

gt A F=

Ash 9 227t 48E& Hou7] 98] RHAS00 (& RHAS00acid) 10 g&
250 mL A7ZtZel~=e] 9ol IN NaOH (& IN KOH) 60 mLE 7}atal 7
=& oS stirring 3FWAl 1 h §9F £t} Silica AE°] ol Yo} sodium

silicate (%= potassium silicate) &< JEH]Z ™ Whatman No. 41 ashless

o

filter paper® AZiL oA £ 2] carbon residues #E SHTE Ao FAH.

ol S A Aeow Ak Silicate &S A EN O FIAIA silica gel

1) pH 4.0014 AHe7t2 FA
AP EH (15 M oxalic acid == 3 M citric acid = 6 M hydrochloric
acid)< pH 157} 2 w7b#] 100 mL S/ 5t Silicate €4 (pH 11.8)
S 25 mL AR & o] a7 Ao]FHA Fo] pH 4.00] ¥ 10~12 A[7F A
ate] silica gelo]l FAHEE ik FAH silica gel& WA Ulel A F-Fo]
100 mL Z5FF0] B2A121 5 9000 rpmoll Al 2087 A Eelste] A=9] 7hg
4 4 AAFAG FRS
A9

7 =3 silica gel&

AHGEAE 29 o wHEE 5 80TelA 24 h AxA

_33_



Hydrochloric acid or citric acid or oxalic acid (pH 1.5)

J
Add sodium silicate
J
To pH 4.0
l
Allow silica to precipitate (12 h)
J
Crush and wash silica gel
J
Centrifuge and discard the supernatant
l
Repeat the washing step
J
Dry at 80C for 24 h
J
Silica gel

Fig. 1. Flow diagram of the procedure used to produce silica gel from sodium

silicate at pH 4.0.

2) pH 70014 d=27h2 97
pH 7.00] € wj7}#] 50 mL sodium silicate & o] 1 M oxalic acid (=& 2
M hydrochloric acid %% 1 M citric acid)E& AolFHA A4 3] 7}3lt}. Silica
gelo] GAEHEE 10~12 h &<t W3 & FAH silica gelS YA oA F
F° 100 mL Sl EAEAIZL = 9000 rpmoll A 2043F YA e sl A5
7HEAR 2E AASEA Y. SR AHGAE 2 o §rES 5 80Tl 24 h A
ol

ZAA =3 silica gelS A (Fig. 2).
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Sodium silicate solution (pH 11.8)

!
Add acid (2 M hydrochloric acid or 1 M citric acid or 1 M oxalic acid)

l
To pH 7.0

l

Allow silica to precipitate (12 h)

l

Crush and wash silica gel

l

Centrifuge and discard the supernatant

l

Repeat the washing step

!
Dry at 80C for 24 h

l

Silica gel
Fig. 2. Flow diagram of the procedure used to produce silica gel from sodium

silicate at pH 7.0.

3. FHA FH5Y

7F. &2 A 9] AA A (X-ray diffraction)

Zy 3|24 AAkE RHA300, RHA500, RHA700, RHA9003}
RHA500acid ¥ RHS500= # A 4= 23t Philips X'pert MPD
diffractometer (Philips Electrical Co., Almelo, The Netherlands)& ©]-&3}o] 40
kV 71% A<ty 30 mamp AHFE Cu KoE FAMeATh 34 Z4xE 4-40° 2d

2 24 deg/min £ 2 ZAFSFS T

th F2Ale] #d 2 (SEM)
7z} 33l wolA  AJak®El RHA300, RHA500, RHA700, RHA9003}
RHA500acid 2 RHS500¢] 3#We] wAl4-%E SEM(Hitachi Model S-2380N,

Tokyo, Japan)< ©]-&3to] ZAbstIth. 25 kV 7FE5A4 90° YA =E AHE
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shol 300w % 10008} W& sojAA sseme Axelst s L Hel)
As FRTRe] VAL 9FS BAFA

o F244 e pH
RHA300, RHA500, RHA700, RHA900 ¥ RHA500acidE Zt7} 2 g

ol\

15 mLel| #4FA|A magnetic stirrer® 158 5<¢F A o]& & Whatman No. 4
B2 oHste] 2 g e] pHE pH meters ©]-&3te] A3}

5
1 o]

SRR ERCLES:
Rice hull ashollA %3t silica gel® mineral %S AAL 7tie &
inductively—coupled plasma (ICP) emission spectrometer (Spectro Analytical

Instruments, Fitchburg, MA)E A}-&3}lo] =439t}

b FEA Y AT EE

FaRAe vaEHAd 2 AFTFERE AT F A (Micrometrics ASAP2020
volumetric system, Norcross, GA)E AF&3te] 77Kl Al Ny 7b FARAAE 25
B T3ttt H) W28 Brunauer-Emmet-Teller (BET) '3 3 Langmuir %3
o2 Fekslar, " AAlE (micropore)®] H3 H AFEE(pore size distribution)
+ Horvath-Kawazoe(HK) 2 ol 9] 3l A4tellir, F kA3 (mesopore) 2t At Al

)
=

%3 Barrett, Joyner 3 Hallenda (BJH) ¥4

A

T (macropore) ] 3

Alks i

L

uh FHAS FHES P

D 718 ol =<1 AgAkel] of t

o
ook
i
off

linoleic acid (Cig2), linolenic acid (Cigz)s A FF/e AWAte ¢ 2 £z}

ZFS 13839 10 mMo] HEZE isooctaneo] 22t o] stock solutione THESA
. FFAE RHAS00, RHAS00S.Z%E NaOHZ A7} s FE3
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RHS500 ¥ commercial silica gel2 0.1, 0.2, 0.3, 04, 0.5 g® AH&3] Ha| 2}z
S 50 mL =gt~ =d ¥ A4 stock solution 20 mLA S Hdloz
3 Ztzbe] AZrEEtaFe] YA AlgEE Ye AAEaAaE 32+1To A 30%

7F 320 rpm 22 shaking $F F 30%3F AXAIHAG. A 5 mLs Iz FH

o
o)
5
@
5
o,
s
5
—+
=5
a.
5
oo
2
o
)
>,
2
o
u

3 neutralized 1-propanol 20 mL¥} 49

AbEsle] xAgsket 25 mM NaOH=ZE & A 53l v

2) B3 UG =9 xukalte] tfdk &2
g3 UF1 20 g2 500 mL AZdZEaad Wi o 7] oleic acidE =<

HEFFE7F 10 mMeo] H=Z st £33 A WA (capric acid, palmitic acid,

J?i

stearic acid, oleic acid, linoleic acid, linolenic acid)& o] ZA$+= zZ+z+e] A
AR R Al A H el wEo]l H:7t 15x101 Mo] HEE 8
o AHAES el 23 Y52 shaking incubatore] %ol 32TCelA 240 rpm&
=

3N Fob wukslgth 62 F 9 &4 (RHAS00, RHAS00 2 28 NaOH=

32

F =3 silica gel, RHAS00.. 258 KOHZ F=73+ silica gel, acid ashZ4-F

NaOH=Z FZ3F silica gel, acid ashZ%E KOH=Z FZ3b silica gel

e

commercial silica gel)Z 0.2, 04, 0.6, 0.8, 1.0 g¥ A3 FHal Zz+S A WALS
= AU FRek £t ARE e AAEFHAAE 32+1TolA 30&1E
320 rpme. 2 shaking ¢ ¥ 307t AXAIATE AETA 10 g& A FH
isopropanol:toluene(1:1, v/v) &84 125 mL¥} 42 % ijopropanolol] =<l 1%
phenolphthalein & 2 mLE A A|¢ko =2 Alg3sle] TAs 0.1 N KOH €990
2 AAstd

3) A7 B e A A7)

A9 27 2 fFEAAHE AOCS Cd 3a-63 Moz SAE At A=
10.0 £ 0.05 g& A&3] sl isopropanolitoluene(l:1l, v/v) E-8&H 125 mL¥}
& Z jopropanolel] ¢l 1% phenolphthalein & 2 mLE XA efo g2 A}L&-3&}

of £48ke 0.1 N KOH §o102 Agstgich thg Ao met W7bsh fo43
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Ve ARtk A

Acid value (mg KOH/g oil) = —B

Free fatty acid value (oleic acid %) = W 1.99
S Age A 4HE KOH
B: iz ddeA sul¥ KOH
N : KOH ¢ %A
W Alge] 3, g

4) Lutein &=

1

lutein %2 Proctor (1987)9] HIH S
2 0.7 + 0005 g& A3 F 3l
W 5 mL¥} # &3 T UV-visible

O{N

il

fr

fr

Fel

il

i)

=

s

o ¥
tlo

g

fr

4%

rlo

oto Ho

spectrophotometer® 445 nmel A &3 =S =Asgth A3 s EE standard

curves ©|-&3to] AL o2 kgt

) BAF3FE 7} (peroxide value)
4 50 + 005 g& FHato] oM EMND FRELIES

3
Al ¢hds] gefAl AT E3t 2 =3t AFEEY 05 mLE ¥l

A 30 mLE ¥ 1
B B89 & 3 5754 30 mLE o] F .01 N NaS:03 &0z =g

Aol ojd wjzAA AAerrt 05% 7HEE AR &9 05 mLE ¥ AlA &

EWA HAe] glojd w7hA] AAsE AOCS Cd 8-53 W oz witstErts

2adde FAE AHEd & AHE B b3 gy A gr]delAle
£ EZA  (aluminum silicate, acid clay, zeolite,

aluminum oxide 90, silica gel 60, charcoal activated)®] &4t % 24 3= 2
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Aol TN

B\

Ao} v ZAe ).

oot

4. A AF A=

7}, pallet e A=
vl 2 Eo] Al8F = =84 128 A2 PVP(polyvinylpyrrolidone), CMC
(carboxy methyl cellulose), =%, PVA(polyvinyl alcohol), PVDF (polyvinylidene
~fluoride) & FH7Fete] d2olA AIAE AxstAdvt. F2A skl 20
wt%e = ALtE AREAEEE Eo fAAA BE FHAA HbetEA FE
C olste] Xz 7tdstHA mwytato] gy Jagk oFhe]
& 7zt 9% d moldg o]&3le] 750 atme] ¢HOoZ Tt -
h ol AstAZt o] T dF= AFA S npdr el

oA 300C7F# 1T/min®

oX,
>
a
o
b
oX,
ofr
o
ofN
N
N
>
N
N
o
ofr
ol
Q2
r %0

8 Z"(30 mm id. x 300 mm)ell glass wool, sea sand (20-30 mesh), 10
g &&A (RHA300, RHA500, RHS500), anhydrous sodium sulfate® &A=
A T A (50 mL)o R BEsES Mo FQ).

AgAlolE HEL& Kalapaty et al(2000)¢] S HE st Ago] o] &3
o A AelE IES wEY] 93 RHAS00 10 g& AZZg2=39 Yo IN
KOH( =+ IN NaOH) 60 mLE 7}stal 745 @2 thys stirring WA 1 h
Fot #th. I t}So] Whatman No. 41 ashless filter paper® A2 o 1%
919l carbon residuet #<Q FTHF 100 mLE Aol FUAL AdE FH 4

7}sle)l 50 mLE F=A7 Ao A Hsle] isopropyl alcohol, methyl

o

oleateE 717} 0.6 mL® 7hstAth. 1 89S homogenizer(IKA WorKs, INC.,
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YAk ARE ¥ AztEZ8tA~3E 32T shaking incubatorol Al 240 rpmC. =
307 wRkek & 3021 XA AT o A (Whatman No. 41)E F3AIA 5

2AlE AAT NEe dAF0 5 -T0ColA Bastur A AH&atint

RHAS500, RHS500)2 27z} 1, 2, 3, 4, 5%% A&3] I3t A58 ¥4e Zgx
AE 1z 1~23] wwstdA 0.7~09 mmHg® Zrdskel 302 <t F2A14
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o HATH T FHA H8AE

AN ZHO, 8, 16, 24, 32, 40, 48, 56, 64, T2A MR EHA S HelshA ¢
£ 7 f(untreated) @} RHS500 & 2HA] 5%E A2l 3t EH 7 f(treated) S A &3}
o EAle o] 835t

1) F2A Bl A g (untreated) % 4

%4717} 329 ¥ 7 7] (Princess royal deep fryer, Korea)oll %+ 3
S 93 190ToA YA (E) 300 g& 3% 30% &<t HA F =7 1A
190Cel =dabd thr] g W 28 Ft H7l= B8-S s 8AIRE &<k 307 1t

o Faslth 8%k HYE Aol BY & 10T A WA HAGE

) S&A A2 (treated) F 7
7l g2 F2FA vAg T A sdsta A HIIE Pl Ed

rl
0%
1o
o
S~

A5k I FRE BEd FAed o] FAHES 99 Bk 4HS s}
o BHAES AyetA @S A7, 24, 40, 564 7H el = vl A w2 e Wy B
A 783 A Tt
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FYARAIE 100 £ 005 g& 43 F4F F 0.1 N KOH §1& AL

3= AOCS Cd 3a-63 Wiloz 24331

2) #ZAkstE 7}
A& 50 *£005g & FAsle ofAELY FEREXES

g 3
I A s] gAY ¥3 Qo= AEFRN 05 mLE ¥

A 30 mLE 4 71
B 250 & & ZFF 30 mLE €9l A 0.IN NaxS:03 g o2 kA

0
o glold wi7AA HAsrt 05% 7F84 HdE &9 05 mLE ¥ AA EE

HA Aol glojd w7kl A sk= AOCS Cd-8-53 W o= ditstarts &

3) £2=7}
AlE 025 + 005 g& AE3| FHstel 10 mL CClis #H7tste] &3iA1z7l $ 25
mL Wijs§ 12 7Fstn §olo] FHsA™ & TE T gaolA 3023 ¥4

Atk 3080l Ay 10% KI &9 25 mLS H7Feta vrSAAE 9)& 100 mL
o] FRFE Y H 0N NazSe03 £H0 7 w=ealo] glojd w7t A Asict
7} 05% 7HgA AR g9 05 mLE ¥ AA E5WA FAo] glojd uw 71

HAs= AOCSH Cd 1-25 HHo® Qo =7tE =464

4) P AR 7}
AR 05 £ 005 g& FBkaLl o]&SE 25 mL& A3k 350 nmell A F4=
& FAsH Bl o] &9 5 mLol ofyAd Aok 1 mLE& FH7bete] 102&

350 nmel A FHEE SASE AOCS Cd 18-90 HHo =z =43}

T
oo
Z
—§°l
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5) & o]l F A7 conjugated dienoic acid, CDA)
CDAE H A F9t o]2SEe %2 04 g/10 mL 3 5 233 nmoll A F3=
E =43+ AOCS Ti la-64 ¥l o2 =3},

o

S48 E2 AOCS 98227 S Wl Sep-Pak Silica Cartridgeg ©]
st EA AT HARF 20 + 005 g
of gttt Sep-Pak Silica CartridgeE &38&v 50 mLE washingdtil &

At dHZ 9l (VR ERE 8

ftlo

Hl gk A5 2 mLE loading?dt ¢ &£3-&v] 200 mLS E&F9A vHFA43TES
=5l 1 Fo WERE 100 mLe ¥ THUA SR ES &9 &

=
=9 HFA], FA3}EES evaporatorE AFE3te] 40TAA &E 48 FAE

wade Nw 30 g& Ashel WUz stdstn FEA e drsh e

£EE F3E AOCS Ce 99-48 Wol o8 =43tgith

AlEE  Autometic refractometer (GPR 06-89, Index instrument Ltd.,

England) 2 2% REESIe] St}

9) 43 (dielectric constant)

A EE Foodoil Sensor (Northern Tech. Int. Cor.)E AF&3l test oil 0.0
7|Fo 2 3slo] 29 HkE-sle] =A )]

10) A %A
WAl 242 AOCS Ce-a—62 Wl #3 A& 03 + 0.05 g& methyl
ester2 WEST olF 04 pLE ZIxa2ZvfEad e FYEA=d, oy



oven, detector, injection®] =%EZ Zt7z} 220, 250, 250C = 3} al split ratio=

100:1 carrier gas © FFHFLEZ 1 mL/minS & 3t A3 A

1) A=

A& 07 £ 005 g& FHst F22EXEY WSS 31 vVVE 42 &9 5
mLE  ¥eol  &asinh. & AlRE 1/2848te]  UV-visible
spectrophotometer®  200-800 nmolA FTFE=E Z4H3to] color analysis
software(Sung Jin Instrument & Technology, Korea)Z ©]€3}o] color analysis

= Wgsto] L, a, baks S48k

7h A= FH E Al

ZFEA T FH AR My abHE AT g adEddA ZF EATE
et 27IA S0 h), vkA2 Al5(72 hE 87 AASAT A1+ 15 mL Test
tubedll 10 mLe FAE H3l 50C=Z FEate] 3/ ol Al A2 FAF=

codingdle] A A = AT}

2 stel = Aol dakch. olE olu
g 1Moy 158 AHEWS olgstel AR A WAAE TG 5
g e 108e AwsA RE ddo] Nf BASHe 4o R 54 3
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AT g ve} ¥ AgAEo] AFG oF 7308 BEo® I F 20% AEE A
e FAMEQl 4= oF 1467HE AR dAlE = Aow FAAC SAA A

Table 1. = B2 Ayi-d 3t

(&9:=)
=54 ‘98 ‘9 2000 2001 2002
74 39,827 51,742 37,332 50,230 48,838
b (13,401ha) (11,592ha) (11,046ha) (13,624ha) (12,433ha)
103,436 158,082 102,895 221,596 138,930
R

(34,118ha) (34,091ha) (28411ha) (48,006) (36,340ha)

113,261 120,815 86,345 110,988 110,957
(34,443ha) (29,368ha) (28,048ha) (29,011ha) (30,323ha)

256,524 330,639 221072 382,814 298,775
(82,032ha) (75,051ha) (67,505ha) (90,641ha) (79,096ha)

% AR SAFEAAR, GEEA AAECEER)

y il
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o F599 2 dges, seA g A
300Cel A 3 stH A(RHA300) = <€ Aol £xH B ou 500CAA 3
st¥l A(RHAS00) = WA Uj=] 3| as wof daako] ezt COE w7t
Aoz YeREth 700CelA 38k A (RHA700)=
RHA500 Hth °zF e 3|iAs =9 800Te 900CelA  3lsted A
(RHA8003 RHA900)= RHA300 2th o g deMg =i glon 3)Esha
% RHAO| Bl&) =& Aoz Hol (Fig. 5) 297 =3k do] gHatdr 53
Aol dojup WiFFx7F ALaiAa AAA ] FeE A F71Eo] COE A
U7k Bata 22 Yo e Ao w FAE o] RHA909 SEMe ¢
3 AUFRAA EIAE FH7F 88 AAY B Il gaFon
X-A g Hze A= RHAS00 % RHA9009] AAE=7F F7Fe Az A g}, o]

go) Atz FRFFl M wm AT L A SAM B4l Yk

rlo
_IIOi'

noRs)ge] Fr EAsE

A7 Aorw 33&EE 500C= o 33} 500C el A 3] 3}A] gE
of e IEFTHFY W= Fig 6914 E F Aol 38 10 h 74A= 3]
ko] M3 AT 1 olE = We W
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Fig. 3.  Water content of grain hulls.
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—e— Rice hull

—O— Soybean hull
—— Barley hull

6 ¢ —— Buckwheat hull

Ash content(%)
<o)

0 T T
300 500 700 900
Temperature(C)

Fig. 4. Ash content of grain hulls (at dry basis).
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Fig. 5. The color of rice hull ashes; RHA300, RHA500, RHA700, RHA800 and
RHA900.

_55_



24

20

12 r

Ash content (%)

O T T T T
2 6 10 14 18
Time (h)

Fig. 6. Ash content of rice hull at 500C (at dry basis).
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gt Az i 4A 33k 9] pH

33 wm7t /e E 3849 alkalinity7b S7Fekh (Fig. 7). RHA3009]
pHE 95301913 RHAS000 41 9.67, RHA7009141 9.75 RHA9009] 7% pH7F
9982 F7tatdtt. ol Ale waFHol FEIE Fa9 Aart I 9
3 Ed5=d 53], A 8712 COx0 &40 7dsts Aew oAZI, bt

Holl 3]}k Aol] FikS A2 g RHAS00acid®] pHES H =2 wi-¢- sttt
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Fig. 7.  pH of rice hull ashes.
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o Alx 230 wE 4 B 2
7b g2l Arkd B E el RHA F3HAES 244l Aeste] &
2 A 7HFig. 8)¢F FHIA(Fig. 9 &35S EAa At g3Fo fFaAual
7he FsA Ae wRrF g gassled 5% AdsodA 72t RHAS
Hlastd RHAS009] 25 el 7H¢ 2131 RHA300> RHA600>RHA400, RHA700
To® 7HAadtgler RHAS00 ¥ RHA9002 #eA4at &2axwrt A9 1
g sk= RHA 500014 ofzF Ble o
RHAso| A= Ao vepA] ek
Zb gste oA Astd BddEe] RHA S3AE 2df-34 whold
(20:80)01 Az skl frel AP HFig. 1009 FH(Fig. 1) §&5& 2459
th wloj Aol FEl X HAZLE tREe] RHAMA Y vx7F 71842 24
stolE vl RHAS00S W& RHA300, RHA400, RHA600] 2] 244t &2 &7
7} Z131 RHA700, RHA800, 9RHA00 =0 & vtoltl mpol Al Aejo] Aol Fg|

gbo] e Q)

ool

oy

A FHaNE g A9 A9 g2 dF RHAOMAW FFads B
9l+=d RHA300, RHA4000 A & 37} =LA YeERY 2 RHAS00S 57 Axol¢l

o1 RHA600, RHA700, RHAS00, RHA900¢] & ¥+ wju] gt}
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—e— RHA300 —o— RHA400

0.2 | —m— RHA500 —1— RHAB00
—e— RHA700 —o— RHA800
—a— RHA900
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Free fatty acid (% oleic acid )
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Adsorbent (g/100 g oil)

Fig. 8 The effect of RHA treatment on the free fatty acid of degummed
soybean oil according to the concentration of RHAs (A) and at 5% treatment

level (B).
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S
E
§ 004 | _g RHA300 —o— RHA400 —m— RHAS500
=}
|
—O— RHAB00 —e— RHA700 —o— RHAB00
0.02 |
—a— RHA900
0
0 1 2 3 4 5
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(B)
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= 0.06 | .—/.\./.\.—.—.
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>
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RHA300 RHA400 RHA500 RHA600 RHA700 RHA800 RHA900
Adsorbent (g/100 g oil)

Fig. 9. The effect of RHA treatment on the Ilutein content of degummed

soybean oil according to the concentration of RHAs (A) and at 5% treatment

level (B).
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£ 04 |
S —e— RHA500
S
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> 02 [
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Fig. 10. The effect of RHA treatment on the free fatty acid of 20%
degummed soybean oil-hexane micella according to the concentration of

RHAs (A) and at 5% treatment level (B).
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Fig. 11. The effect of RHA treatment on the lutein content of 20% degummed
soybean oil-hexane micella according to the concentration of RHAs (A) and

at 5% treatment level (B).
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?lal ashs &z &4l silicate HHZ =
Y7t A S AR FAZE W I
sto] pHE dZeolA FHom AAs wtFolrts Wy widz 4F &
silicate &H& A48 H7bste] pHE T4 o2 Ho7te F T/ #HS
ARgsEth @Ze AE9 silicate &Hell AFS Zhebd pH 100 o] 24wzt
silica gelo] W=7 dg5 o] pH 7] S vj-% @kt gelo] P+ (Fig. 12)
silica gel®] #3287} F¥o W E A FAHALE pHE =97l W
M silica gele] & PJAAHA vt wEbA B AFoAs AEIAS FAA
7171 918 &z FeEle] silicate &ol A& 7hstel pH 7.0014 gels @A A

959

=

2 o
0%

7=

ol
e
o
2

o

=g,

1‘
AC)

LR

Lo

2352 gy dte] F&3 silica gele] FEES Fig. 139 AA
3l th. Sodium hydroxide® F%3%+ silica gel?l +5%5-2 RHAS000 A 63%,
RHASB00acidol A 75% ©]91al, potassium hydroxide® FZ3F silica gel® 5
E-2 RHAB009 A 58%, RHAS00acidoll 4] 52% o] Ath. =, ashell Al silica S
F=57] H8 AFgEHE d#E] 89 F sodium  hydroxide”}  potassium
hydroxide®l] H]3| silica A+S © & IouUo] FHF silica geld F5ES =9

At

Hir
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EHH (AHA)

o Sillcate (AHA)
Silicate (AHA) -l mesh

Fig. 12. Photograph of rice hull (top left), RHA500 (top right), silica
gel(RHS500) extracted from RHAS00 (bottom left), and powdered RHS500

(bottom right).
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Silica gel (g/100g ash)

500-ash (NaOH) 500-ash (KOH) Acid ash (NaOH) Acid ash (KOH)

Fig. 13. Yield of silica gel extracted from RHA500 and RHA500acid using
NaOH and KOH.
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A Az z20 wE A AYstAe F3%

olg] Lol 33AA 4 RHAsZHE dzelz FE35o] A%3 rice
hull silica gel(RHSs)®] F& 882 s Fig. 149 2t RHA300S A€k o
F29] RHAsOIA silica gele] FZ%Ath L F RHA500914 5% RHS500
o] &o] 7F4 Z i RHS400, RHA600, RHA700, RHA800, RHA900 o=
23kt
7} 3)sh o A AAkE RHAsol A F&8 22 e 9] RHSsE &4l A

FEl A A7 H(Fig. 15)9F FHSN(Fig. 16) $&%5S 4389 o w &

o] Hlm# £ RHS400, RHS500, RHS600, RHS7003 Ah-&3&t¢lt). &
AWat7bE RHS AHE w27t $7HE5 st 5% Agsmeda 7

o
o,
LR
ol
3R

|3 RHS5009] &F2Hso] 7F4 . RHA400, RHA600, RHA700-=-

=
o
%)
Ll

jus)

Hl gk Ao AE BAvh 947 AeshAe FeEl F2aE s RHS 500004
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Fig. 14. Yield of rice hull silica gels (RHSs) extracted from various rice hull

ashes (RHAs) which were made by ashing at temperatures from 300T to 90
0C.
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Fig. 15. The effect of RHS treatment on the free fatty acid of degummed
soybean oil according to the concentration of RHSs (A) and at 5% treatment
level (B).

_69_



A)

0.1
0.08
S 0.06
(o]
>
E
c
2 0.04 —e— RHS400
- —m— RHS500
0.02 —o— RHSB00
—A—RHS700
0
0 1 2 3 4 5
Adsorbent (g/100 g oil)
(B)
0.1
0.08 |
S 0.06 |
()]
S
3
< 004 |
5
-
0.02 |
0

RHS400 RHS500 RHS600 RHS700
Adsorbent (g/100 g oil)

Fig. 16. The effect of RHS treatment on the lutein content of degummed

soybean oil according to the concentration of RHSs (A) and at 5% treatment
level (B).
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Fig. 17. The effect of RHS treatment on the free fatty acid of 20%
degummed soybean oil-hexane micella according to the concentration of

RHAs (A) and at 5% treatment level (B).
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Fig. 18. The effect of RHS treatment on the lutein of 20% degummed

soybean oil-hexane micella according to the concentration of RHAs (A) and

at 5% treatment level (B).
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Fig. 19. X-ray diffraction patterns of rice hull ashes; RHA300 (A), RHA500
(B), RHA700 (C), RHA800 (D) and RHA900 (E).
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Fig. 20. SEM micrographs of RHA300 (A), RHA500 (B), RHA700 (C) and
RHA900 (D), magnification (a) x300, and (b) x1000.
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(A) (B)

Fig. 21. SEM micrographs of RHAS500acid; magnification (A) %300, and (B)
x1000.

_77_



ok 3 stAjel A FE3 HejvbAe] xuEd 4 28 %

3134 RHAS00 % RHAS00S &4te = A2 gk RHAS00acidoll &-re A
dZg] Ao g wo] FE3 F ator FIAA A silica geld
commercial silica gel® W ZE Fig. 220] Y2 th. Commercial silica gel
& AMPEYE 3000C 229 F|stReA Lz Fojuyo] LG Zle]th 60
i 2 g gt silica gel> WOl wjiigda Zho] 3 ks Hgom FF M9
source?} F#eA AY e FUTZERE Holxz 9t} (Fig. 2291 RHAS00%
EFH). 100081 2 St ARl o) A =
o] &4 slow s wWol= ®WelxE 1~2
f A= AS & 4 Avk RHAS00014 F&¥ A7 23 commercial A 2742

o W EE A9 o RHAS0acidol Al F=H Ag7hAE& ¥4 =

e
o

7 4

L= 1=

53|
(L
Lo
i

K
o

Hata @A PR 2745

N

5ol 719 flar iz mwe] FERE ol Holth
slslA| ol A FE3 A7 Ae X-4d 3 HE(Fig. 23)& RHAS009] Ay} vz
sHAl 22° 28941 W& peakE R WAAFH FxE HHE ¥ F UdTh A

g7ae FEshed A8 FBY§AY FR FF A ashE® WA s
So AYAAE FEH AesiAe ARmolt A3 P FA e oz

UERsh

_78_



B(b)

Fig. 22. SEM micrographs of silica gel extracted from RHABS00 (A),

RHA500acid (B) and commercial silica gel (C); magnification (a) x60, and (b)
x1000.
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Fig. 23. X-ray diffraction patterns of silica gels (RHSs); (A) extracted from

RHA500 with NaOH, (B) extracted from RHAS500 with KOH, (C) extracted

from RHA500acid with NaOH, (D) extracted from RHAS00acid with KOH,

and (D) commercial.
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Table 4. Mineral content of rice hull silica gels and commercial silica gel

(ppm)
Silica gel
Element Extracted by Extracted by Extracted by Extracted by
NaOH from KOH from NaOH from KOH from Commercial
RHAS500 RHA500 RHA500acid RHA500acid
Na  7893.045+0.159  249.520+0.093 8583.130+0.247  70.973+0.02 383.216+0.006
Fe 20.687+0.001 4.849+0.001 29.187+0.002 11.227+0.001 11.997+0.001
Mn <5 <5 27.228+0.001 24.103+0.002 <5
Mg <5 <5 25.262+0.001 16.099+0.001 135.863+0.003
Ca 89.187+0.005 254.626+0.004  243.497+0.004  184.407+0.008  915.948+0.019
K 382.943+0.017 11752.882+0.152 463.102+0.033  16942.015+0.52  26.462+0.005

* Values are means*standard deviations of triplicate analyses.
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B2 o™ mesopore?] HEHA(S) micropore volume(Vy) 2 total pore

volume(Vi) = A3 A o2 953 Zith Table 504 3 71%] Eo]3 AL total
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Table 5. Surface area and pore volumes calculated by the BET equation and

the t—plot

Specific surface aréa t-plot Vi Vo/Vi

Sample BET Langmuir She Vi 3 o
) ) ) 5 (cm”/g) (%)

(m“/g) (m“/g) (m“/g) (cm’/g)
RHA300 88.2 1229 106.6 0.04 0.14 28.6
RHAS00 15.7 21.9 16.3 0.008 0.07 114
RHA700 2.4 35 1.3 0.001 0.003 33.3
RHA900 1.1 1.6 0.1 0.0005 0.002 25.0
RHS500  344.8 4481 482.2 0.17 0.87 19.5

Table 5. (continued)
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Pore size (A)

Sample

Average Mesopore Micropore
RHA300 63.7 62.5 11.2
RHA500 188.8 3775 9.6
RHA700 42.7 286.1 124
RHA900 36.1 66.2 13.0
RHS500 101.4 73.7 10.6

€ 9] Table 5% micropore (<20A) % mesopore (20~500A) <ol A

of
1%

o 4

BEXE BA3 Zolal o]E macropore (>500A)G G7tA] &Aste] &
I}+= Fig. 24 2 Table 63 2t © Fig. 24914 RHS500(Fig (E)< v& &%
AR 1/202 scales o] AT Macropore 992 EA oA+ micrpore
2 mesopore G99 43 22 RHAS009 total pore volume®] RHA300 .t}
2 Aoz ygyth E3k RHA3000 Y RHS5002 52 mesoporeZ  ©] £
9l=d Blal RHAS00S total pore volumed 78% X7} macropore® ©] o] A
J&5 & & Uk o] RHAS009] pore sizeZ} RHS500¢] v} RHA300E v} =t}
= Table 59 A= L3}, dhdo] RHA7002 RHA9002 total pore

volumeo] wj-¢- 2t7] wjEoll e ebA] gkt
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Fig. 24. Pore size distribution of rice hull based adsorbents; RHA300 (A),

RHAS500 (B), RHA700 (C), RHA900 (D) and RHS500 (E).
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Table 6. Total pore volume, micropore volume, mesopore volume and
macropore volume of rice hull based adsorbents -calculated by the BET

equation and t-plot

Total pore Pores by size distribution (cm®/g)
Sample volume :
(em® /) Micropore Mesopore Macropore
(% of total) (% of total) (% of total)
0.00726 0.09804 0.00945
RHA300 0.11475
(6.3) (85.5) (8.2)
0.00055 0.05924 0.08288
RHA5S00 0.14212
(0.4) (41.5) (58.1)
0.00045 0.00161 0.00718
RHA700 0.00924
(4.9) (17.4) (77.7)
0.00029 0.00020 0
RHA900 0.00049
(59.2) (40.8) 0)
0.02049 0.82332 0.00819
RHS500 0.85200
(2.4) (96.6) (1.0

1) #7800l 5 Aakel glF F21%

671812 isooctaned] =<1 JE A

ths RHAS500, RHS500

commercial silica gel® &2ts#& dolHdt} (Fig. 25). A capric acid,

palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acids X &

Abgstanh 24 A F

w7 2hagE Wb s

ZA Fol A commercial silica gel®] &2HFo] 7} wbeka RHS5009] &%

RHA5009] &% ®Ht} & Aoz vebyoh 28v F34
of Wl ETE xo]S Holx &gkttt (Fig. 26).
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Fig. 25. The effect of adsorbents treatment on the acid value (expressed as

ml of NaOH consumed to neutralize fatty acid) of isooctane in which 10 mM

fatty acid

commercial silica gel(—Hl—).

is dissolved. Adsorbents;
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Fig. 26. The effect of adsorbents treatment on the acid value (expressed as
ml of NaOH consumed to neutralize fatty acid) of isooctane in which 10 mM

fatty acid is dissolved. Adsorbents; RHS500 (A), RHA500 (B), commercial

silica gel(C).
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Fig. 27. The effect of adsorbents treatment on the acid value of deodorized

soybean oil in which 10 mM oleic acid is dissolved.
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Fig. 28. The effect of adsorbents treatment on acid value of deodorized

soybean oil in which 15 mM mixed fatty acids are dissolved.
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Fig. 29. The effect of adsorbents treatment on acid value of deodorized

soybean oil in which 15 mM mixed fatty acids are dissolved.
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Fig. 30. Free fatty acid of refined oil by treating various adsorbents against

commercially degummed soybean oil.
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Fig. 31. Free fatty acid of refined oil by treating various adsorbents against

commercially degummed soybean oil.
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Fig. 32. Lutein content of refined oil by treating various adsorbents against

commercially degummed soybean oil.
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Fig. 33. Lutein content of refined oil by treating various adsorbents against

commercially degummed soybean oil.
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Fig. 34. Free fatty acid of refined oil by treating powdered rice hull ash

(RHA) against commercially degummed soybean oil.
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Fig. 35. Free fatty acid of refined oil by treating powdered barley hull ash

(BHA) against commercially degummed soybean oil.
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Fig. 36. Free fatty acid of refined oil by treating powdered soy hull ash

(SHA) against commercially degummed soybean oil.
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Fig. 37. Free fatty acid of refined oil by treating powdered Buckwheat hull

ash (BwHA) against commercially degummed soybean oil.
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Fig. 38. Monolithic forms of adsorbents binding with water-soluble high

molecular materials.
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Fig. 39. Silicate film extracted by KOH (A) or by NaOH (B) from RHA500.
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Fig. 40. Yield of silicate film extracted by KOH or by NaOH from RHAB00.
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Fig. 41. Free fatty acid of refined oil by treating monolithic forms of rice hull

ash adsorbents against commercially degummed soybean oil.
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Table 7. Specific surface area of adsorbents by BET method

Sample Specific surface area
RHA 300 88.2
Powder
RHA 500 15.7
RHA 300-CMC 42.8
Pallet RHA 500-PVDF 104
RHA 500-PVDF(heating) 22.9
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Table 8. Yield of deacidified soybean oil after treatment of adsorbents in
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Yield (%)
Adsorbent
1st treatment 2nd treatment 3rd treatment
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95.3+1.6 93.1+1.2 91.8+0.9

RHAS500
99.7+0.2 98.6+0.8 95.3+1.1
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) . 97.3+1.9 95.5+1.7 94.6+1.4
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98.1+0.7 96.4+1.1 949+1.3
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Fig. 42. Free fatty acid of refined oil by treating adsorbents in column

against commercially degummed soybean oil.
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Fig. 43. Free fatty acid of refined oil by treating powdered adsorbents against

commercially degummed

soybean oil

temperature and normal pressure.
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Fig. 44. Free fatty acid of refined oil by treating powdered adsorbents against
commercially degummed soybean oil at the condition of high

temperature and reduced pressure.
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Fig. 45. Free fatty acid of refined oil by treating powdered adsorbents against

commercially deacidified soybean oil

temperature and normal pressure.
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Fig. 46. Free fatty acid of refined oil by treating powdered adsorbents against
commercially deacidified soybean oil at the condition of high

temperature and reduced pressure.
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Fig. 47. Free fatty acid of refined oil by treating powdered adsorbents against
20% degummed soybean oil-hexane micella at the condition of room

temperature and normal pressure.
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Fig. 48. Free fatty acid of refined oil by treating silicate film against

commercially degummed soybean oil.
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Fig. 50. Lutein content of refined oil by treating adsorbents in column against

commercially degummed soybean oil.
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Fig. 51. Lutein content of refined oil by treating powdered adsorbents against
commercially degummed soybean oil at the condition of room

temperature and normal pressure.
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Fig. 52. Peroxide value of refined oil by treating powdered adsorbents against
commercially degummed soybean oil at the condition of room

temperature and normal pressure.
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Fig. 53. Lutein content of refined oil by treating powdered adsorbents against
commercially deacidifieded soybean oil at the condition of room

temperature and normal pressure.
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Fig. 54. Peroxide value of refined oil by treating powdered adsorbents against
commercially deacidified soybean oil at the condition of room

temperature and normal pressure.
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Fig. 55. Lutein content of refined oil by treating powdered adsorbents against

commercially degummed soybean oil

temperature and reduced pressure.
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Fig. 56. Peroxide value of refined oil by treating powdered adsorbents against
commercially degummed soybean oil at the condition of high

temperature and reduced pressure.
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Fig. 57. Lutein content of refined oil by treating powdered adsorbents against
degummed soybean oil-hexane micella at the condition of room

temperature and normal pressure.
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Fig. 58. Lutein of refined oil by treating silicate film against commercially

degummed soybean oil.
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Fig. 59. Yield of waste frying oil after adsorbents treatment. Adsorbents; 1
(RHA300), 2 (RHA500), 3 (commercial silica gel), 4 (activated carbon), 5
(aluminum oxide), 6 (acid clay), 7 (aluminum silicate), 8 (zeolite), 9 (RHAS500
and activated carbon), 10 (RHA500 and acid clay), 11 (RHA500 and aluminum
oxide), 12 (RHS500), 13 (RHS500 and activated carbon), 14 (RHS500 and acid
clay), and 15 (RHS500 and aluminum oxide).
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Fig. 60. Effect of adsorbents treatment on the quality of waste frying oil
obtained from a fast food restaurant. Quality factors; free fatty acid (A) and
peroxide value (B). Adsorbents; 1 (RHA300), 2 (RHA500), 3 (commercial silica
gel), 4 (activated carbon), 5 (aluminum oxide), 6 (acid clay), 7 (aluminum
silicate), 8 (zeolite), 9 (RHA500 and activated carbon), 10 (RHA500 and acid
clay), 11 (RHA500 and aluminum oxide), 12 (RHS500), 13 (RHS500 and
activated carbon), 14 (RHS500 and acid clay), and 15 (RHS500 and aluminum
oxide).
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Fig. 60. Effect of adsorbents treatment on the quality of waste frying oil
obtained from a fast food restaurant. Quality factors; polar compound (C) and
iodine value (D). Adsorbents; 1 (RHA300), 2 (RHA500), 3 (commercial silica
gel), 4 (activated carbon), 5 (aluminum oxide), 6 (acid clay), 7 (aluminum
silicate), 8 (zeolite), 9 (RHA500 and activated carbon), 10 (RHA500 and acid
clay), 11 (RHA500 and aluminum oxide), 12 (RHS500), 13 (RHS500 and
activated carbon), 14 (RHS500 and acid clay), and 15 (RHS500 and aluminum
oxide).

- 145 -



(E)

1.4725

1.4720

1.4715

1.4710

Refrective index

1.4705

1.4700
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Adsorbent (g/100 g oil)

(F)

3.2

3.1

3.0

29

2.8

Dielectric content

2.7

2.6
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Absorbent (g/100 g oil)

Fig. 60. Effect of adsorbents treatment on the quality of waste frying oil
obtained from a fast food restaurant. Quality factors; refractive index (E)
and dielectric constant (F). Adsorbents; 1 (RHA300), 2 (RHA500), 3
(commercial silica gel), 4 (activated carbon), 5 (aluminum oxide), 6 (acid
clay), 7 (aluminum silicate), 8 (zeolite), 9 (RHABH00 and activated carbon), 10
(RHA500 and acid clay), 11 (RHA500 and aluminum oxide), 12 (RHS500), 13
(RHS500 and activated carbon), 14 (RHS500 and acid clay), and 15 (RHS500

and aluminum oxide).
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Fig. 60. Effect of adsorbents treatment on the quality of waste frying oil
obtained from a fast food restaurant. Quality factors; smoke point (G) and
conjugated dienoic acid contnet (H). Adsorbents; 1 (RHA300), 2 (RHA500), 3
(commercial silica gel), 4 (activated carbon), 5 (aluminum oxide), 6 (acid
clay), 7 (aluminum silicate), 8 (zeolite), 9 (RHABH00 and activated carbon), 10
(RHA500 and acid clay), 11 (RHA500 and aluminum oxide), 12 (RHS500), 13
(RHS500 and activated carbon), 14 (RHS500 and acid clay), and 15 (RHS500
and aluminum oxide).
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Fig. 60. Effect of adsorbents treatment on the quality of waste frying oil
obtained from a fast food restaurant. Quality factors; p—Anisidine value (I)
and Hunter L value (J). Adsorbents; 1 (RHA300), 2 (RHA500), 3 (commercial
silica gel), 4 (activated carbon), 5 (aluminum oxide), 6 (acid clay), 7
(aluminum silicate), 8 (zeolite), 9 (RHA500 and activated carbon), 10 (RHA500
and acid clay), 11 (RHA500 and aluminum oxide), 12 (RHS500), 13 (RHS500
and activated carbon), 14 (RHS500 and acid clay), and 15 (RHS500 and

aluminum oxide).
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Fig. 60. Effect of adsorbents treatment on the quality of waste frying oil
obtained from a fast food restaurant. Quality factors; Hunter a value (K) and
Hunter b value (L). Adsorbents; 1 (RHA300), 2 (RHA500), 3 (commercial
silica gel), 4 (activated carbon), 5 (aluminum oxide), 6 (acid clay), 7
(aluminum silicate), 8 (zeolite), 9 (RHA500 and activated carbon), 10 (RHA500
and acid clay), 11 (RHA500 and aluminum oxide), 12 (RHS500), 13 (RHS500
and activated carbon), 14 (RHS500 and acid clay), and 15 (RHS500 and

aluminum oxide).
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Fig. 61. Free fatty acid of waste frying oil after treatment of adsorbents with

different mixing ratio.
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Table. 8. Effect of adsorbents treatment on the fatty acid composition of

waste frying oil obtained from a fast food restaurant

Relative content (%)

Adsorbents”

Cuo Ciso Cis1 Cigo Cig1r Cigz  Cigz  Copo  Cozo
0 02 139 09 52 263 475 53 0.4 0.4
1 02 132 10 52 268 476 53 0.4 0.4
2 02 137 09 51 262 478 53 0.4 0.4
3 02 136 09 53 265 475 53 0.4 0.4
4 02 134 09 51 2677 477 52 0.3 0.4
5 02 136 09 53 267 473 51 0.4 0.4
6 02 134 09 50 260 479 55 0.6 0.4
7 02 140 09 51 261 476 53 0.4 0.3
8 02 136 09 51 261 479 54 0.3 0.4
9 02 135 09 52 263 478 54 0.4 0.4
10 02 134 09 50 261 479 54 0.6 0.4
11 01 130 09 50 268 482 53 0.4 0.3
12 02 113 038 53 270 489 57 0.5 0.5
13 02 127 09 52 265 482 54 0.4 0.4
14 02 130 09 52 265 482 55 0.4 0.4
15 02 123 038 53 268 484 54 0.4 0.4

Y1 (RHA300), 2 (RHA500), 3 (commercial silica gel), 4 (activated carbon), 5
(aluminum oxide), 6 (acid clay), 7 (aluminum silicate), 8 (zeolite), 9 (RHA500
and activated carbon), 10 (RHA500 and acid clay), 11 (RHA500 and aluminum
oxide), 12 (RHS500), 13 (RHS500 and activated carbon), 14 (RHS500 and acid
clay), and 15 (RHS500 and aluminum oxide)
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Table 9. Effect of adsorbent treatment on the quality values of waste frying

oil

Adsorbent treated

Quality value Adsorbent untreated Commercial
RHA500 RHSS500

products
Free fatty acid 1.02 0.78 0.74 0.97
(% oleic acid)
Dielectric constant 3.16 292 3.03 3.10
Polar compound (%) 14.2 11.9 12.2 14.0
Hunter-L value 92.1 95.4 95.3 93.6
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Fig. 62. Effect of adsorbent (RHS500) treatment on the oxidative stability of
soybean oil during frying french fries for 72 h; (A) free fatty acid, (B)

dielectric constant, (C) polar compound, and (D) refractive index.
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Fig. 62. Effect of adsorbent (RHS500) treatment on the oxidative stability of
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Table 10. Effect of adsorbent (RHS500) treatment on the sensory

characteristics of soybean oil during frying french fries for 72 h

Fring Time(hr) Characteristics Untreated Treated
0 A 1.32
Akl 3 1.28
o A 5.55° 5.45°
Akl 3 5.60° 7.95°
A 9.27 5.30°
16 - -
e 9.02° 7.20
A 9.08" 6.49°
24 - .
Akl 3 9.30° 777
A 10.67° 5.85
32 - .
Akl 3 10.10% 7.35
A 11.96 6.36
40
2o 2 10.39° 8.05
A 11.46° 6.36”
48
Ak o # 10.39 8.05"
A 11.86 6.94°
56 - -
Akf 3 10.49 9.10%
A 12.02 6.18"
64
2o # 10.12° 827"
A 12.86" 728"
72
2koj 2 12.16 9.44°
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Table 11. Electric power consumption and production cost of RHA and RHS

Unit electric

Electrical Chemical
power Total cost
Adsorbents rates reagents
consumption (won/1kg)
(won/100g)* (won/100g)

(kWh/100g)
RHAB00 2.19 119.6 1,200
RHS500 3.65 199.3 3,000 32,000
Commercial products 70,000
Silica gel” 400,000
Activated carbon 100,000

(Coconut shell)*

“According to the industrial electrical rates of 54.6 won/kKWh.

PAnalytical grade ‘Industrial grade

Table 12. Comparison of cost during frying according to the treatment of

adsorbents
Consumed Consumed Cost of
) Cost of , Total cost

Adsorbents oil for adsorbents adsorbents

oil*(won) (won)
8 days (L) (g) (won)

Untreated 8.8 0 11,244 0 11,244
RHABS00 treated 5.8 450 7,411 540 7,951
RHS500 treated 5.8 450 7,411 14400 21,311

#According to the commercial price of 23,000 won/18 L can

bAccording to the production cost of Table
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