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ABSTRACT

The sugar industry generates significant byproducts, particularly bagasse fly ash and molasses. This
study added value to these residues by converting fly ash from boiler stacks (600-800°C) into activated
carbon through physical activation at 700°C and 900°C for 0—200 min. The efficiency of the produced
activated carbon was evaluated by measuring the residual weight after burning, iodine adsorption, and
surface area. The results showed that the optimal condition was activation at 900°C for 80 minutes, which
yielded a product with 83% residual weight, increased iodine adsorption capacity from 92 mg/g to 329 mg/g,
and increased surface area from 16.2702+0.0177 m?g to 80.2001+0.0375 m?*g. The produced activated
carbon was tested for its efficiency in reducing the color value of molasses, studying factors of quantity,
temperature, and time. The most suitable condition was found to be using 25% activated carbon by mass at
83°C for 68 minutes, which reduced the color value from 208,139+2335 ICU to 125,896 ICU, representing a
40% color reduction efficiency. Other molasses properties also improved: the concentration of soluble solids
increased from 70.81+£0.15% to 80.24% enhancing quality and reducing transportation costs, pH decreased
from 4.7910.01 to 4.49 while lower pH promoted sucrose hydrolysis beneficial for ethanol fermentation without
affecting total sugar, total sugar content remained above the standard from 50.72+0.48% to 51.71% as a
result of increased concentration, and turbidity decreased from 33.66+1.31 ICU to 25.35 ICU consistent with
reduced sulfate ash (X11%). This research demonstrates the potential for adding value to sugar industry
byproducts and presents an environmentally friendly waste management approach by converting fly ash into

efficient activated carbon for improving molasses properties.
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Table 2 Box- Behnken design
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Figure 1 Weight of fly ash after combustion at temperatures of 700 °C and 900 °C for durations of 0-200 minutes

Wi : weight before burning, Wt : weight after burning at different times.

Bars marked with different superscript letters (a—f) indicate significant differences among means at

p < 0.05, according to Duncan’s multiple range test (DMRT).
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Figure 2 lodine adsorption of fly ash at temperatures of 700 °C and 900 °C for durations of 0-200 minutes

Bars marked with different superscript letters (a—f) indicate significant differences among means

at p < 0.05, according to Duncan’s multiple range test (DMRT).
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WINUNR? (Surface area) TU1AINIH (Pore size)

Laz13u1a33WIU (Pore volume)

Table 3 Analysis of Surface Area, Pore Size, and Pore Volume of Fly Ash using BET Method

Type of Ash Surface Area (m?/g) Pore Size (nm) Pore Volume (cm?®g)
Ash before burning 16.2702+0.0177 16.7245 0.0352
Ash burned at 700 °C
53.5023+0.0185 9.6980 0.0521
for 180 minutes
Ash burned at 900 °C
80.2001+0.0375 7.4567 0.0549

for 80 minutes

Note: Deviation () of the surface area value is an indication of the uncertainty of the instrument.
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Table 4 Molasees color after Adsorption at Dosages of 10%, 20%, 30% (w/w) under Temperatures of 75 °C, 85 °C, 95 °C at 0—90 Minutes

Time Dosage 10% Dosage 20% Dosage 30%

(min) Temp75°C Temp85°C Temp95°C Temp75°C Temp85°C Temp95°C Temp75°C Temp85°C Temp 95°C

0 192.215+3229° 191,929+2279 196,151+2579 190,254+2270 192,544+6605 197,050£1173 185,642+1593 179,250+1242 188,410+1149

104 92,100+21 99a 1 88,48012098b 202,000+21 67b 1 86,543123708l 174,200+1 277b 178,520+11 54b 164,250+1 347b 160,258+1 249b 168,523+1421 ’
20 4 86,477+21 75b 179,587+1951 : 1 85,42212207C 1 68,52312378b 163489+1 072C 171,500+1 436c 138,520+11 72C 135,620+1 369C 142,014+1 432d
30 4 64,000+21 03C 1 56,688120050| 164,253+2191 ’ 1 50,25412773C 144,560£1171 ’ 148,52012799d 125,631+11 84f 130,778+1 003def 145,603+11 62c
40 4 57,636+1 958d 1 52,23512042e 152,01 41-2005e 142,536+21 67d 133,026+1 092e 140,535+11 30e 130,285£1191 ° 132,01 61984d 1 33,5881832h

50 4 55,02412032d 140,52012003f 145,012+1 940f 132,596+21 07d 131,025+1 26’If 138,542+1 025f 128,967+1 ’I46e 129,645+1 079ef 142,500+1 242d
60 143,520+1 894e 132,547+1 955gh 138,574+191 3g 133,524+21 70e 129,300+£1081 o 135,478+1 084g 132,540+11 79d 131,059+1 073de 138,520+11 70f
70 140,254+1 827e 135,241+1 935g 134,258+1 836h 131,025+81 0e 1 32,0501963g 132,050+11 02h 130,022+11 54e 131 ,258i944de 1 39,6841409Ef
80 4 36,2541 945f 128,547+1 862i 130,248+1831 | 1 30,0201-2056f 130,840+11 33i 135,310£1071 | 131,254+1241 * 1 28,9541878f 136,529+1 149g

f hi hi f hi hi e ef de
90 133,547+1878 129,483+1817 132,014+1837 129,653+2085 130,562+1116 135,820+1232 129,630+1163 129,852+1036 141190+1028

Note: Values are expressed as mean + standard deviation. Values with different lowercase letters in the same column are significantly different (p<20.05)

Table 5 Factors Affecting Color Reduction in Molasses Using Box-Behnken Design

Independent Level
Symbol
variable Low (-1) Middile (0) High (+1)
Dosage (%) X4 10 20 30
Temp (°C) X, 75 85 95

Time (min) X5 40 60 80
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Table 6 Color and Properties of Molasses after Adsorption Using the Box—Behnken Design Experimental Method

Run Doses Temp Time Color pH % Brix TSAI Turbidity
(%) (°C)  (min) (Icu) (%) (%) (Icv)
0 - - - 208,139+2335%  4.79+0.01  70.81+0.15%° 50.72+0.48°  33.66+1.31°
1 10 75 60 144,354+333°  4.24+0.01°  72.44+0.01° 52.34+0.10° 29.56+0.03°
2 30 75 60 133,715+£852%"  4.54%0.01°  80.25+0.01' 51.39+0.06™ 24.350.02"
3 10 95 60  137,371x4331°"  4.28+0.02° 72.51x0.01° 52.49+0.04° 29.32+0.02°
4 30 95 60 135,022+43339  4.55+0.02° 82.28+0.01" 50.41+0.06° 25.20+0.02°
5 10 85 80 128,947+1083"  4.25%0.03°  72.46%0.01° 53.39+0.06"  28.69+0.01°
6 30 85 80 127,254+13921  4.55%0.02° 81.58+0.01™ 50.28+0.05% 24.79+0.01%"
7 10 85 40 152,720+£1472°  4.23%0.02°  73.01£0.02° 51.17+0.06™ 29.16+0.02"
8 30 85 40 131,276+855"  4.58+0.02° 81.67+0.01™ 50.42+0.07° 24.75:0.02%"
9 20 75 80  130,281+1285"1  4.44+0.02° 78.69x0.01  52.31x0.06° 26.54+0.02°
10 20 95 80 136,210£612°  4.45+0.02° 79.46£0.01 52.07+0.07° 26.51+0.03%
11 20 75 40 141,503£716%  4.4210.02°  78.24+0.01" 52.53x0.07°  25.82+0.02'
12 20 95 40 139,543+£526%  4.46+0.02°  79.63x0.01% 52.03+0.05° 25.92+0.03°
13 20 85 60 127,422+16321  4.3840.03¢  78.57+0.01" 52.58+0.08" 26.38+0.03%"
14 20 85 60  130,351#1565"  4.42+#0.02° 78.54+0.00° 52.80+0.03° 26.25+0.02%
15 20 85 60 129,455+6647  4.4420.02°° 78.61+0.01" 52.05+0.04® 26.18+0.02%"

Note: Values are expressed as mean + standard deviation. Values with different lowercase letters in the same column are significantly

different (p<<0.05)
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Table7 Equation Representing the Relationship of Molasses Properties after Adsorption Using Activated Carbon

Response Equation model Equation Adj-R®> P-value
no.

Color = 129.0767 - 4.515 X, - 5.2938 X, + 4.9350 X,X, (1) 0.8004 0.0211
+ 5.1854X,”

%Brix = 78.5733 + 4.4125 X, + 0.5325 X, + 0.4900 X,X, 2) 0.998 2.673¢”
- 1.7717 X? + 0.3633 X;°

pH = 4.4133 + 0.1525 X, (3) 0.9611 0.0004

TSAI = 52.4767 - 0.8613X, -0.5900 XX, - 0.8696 X, 4) 0.7707 0.0290

Turbidity = 26.2700 - 2.2050 X, + 0.7438X,’ (5) 0.9625 0.0004

Note. Xi: coded value (-1 to +1) by Xi

(actual value - center point value) / (step change)

P

Color (ICU)
Color (ICU)

Figure 4 Response surface of Color (ICU): (A) the effect of dosage and temperature at a constant time of 60 min,
(B) the effect of dosage and time at a constant temperature of 85°C, (C) the effect of temperature and

time at a constant dosage of 20% w/w

TL
aastigat!
TR G

!

st “““ \\\\\\\
l““ ““ i

‘ it
(LT |
W Y

Figure 5 Response surface of %Brix: (A) the effect of dosage and temperature at a constant time of 60

min; (B) the effect of dosage and time at a constant temperature of 85°C; (C) the effect of

temperature and time at a constant dosage of 20% w/w
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Figure 6 Response surface of pH: (A) the effect of dosage and temperature at a constant time of 60 min;

(B) the effect of dosage and time at a constant temperature of 85°C; (C) the effect of temperature

and time at a constant dosage of 20% w/w

TSAL(%)

Figure 7 Response surface of TSAI: (A) the effect of dosage and temperature at a constant time of 60 min;

(B) the effect of dosage and time at a constant temperature of 85°C; (C) the effect of temperature

and time at a constant dosage of 20% w/w

Figure 8 Response surface of Turbidity(ICU): (A) the effect of dosage and temperature at a constant time

of 60 min; (B) the effect of dosage and time at a constant temperature of 85°C; (C) the effect of

temperature and time at a constant dosage of 20% w/w
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nuuitaasiiugealwifiuin Usunmauia
Aud (Xq) Auadrdydaninuyn (Turbidity) lay
sulTeANtLEILdY —2.2050 T3l atAuUSum
dunudud anuguazaaasatefilszdninmly
ﬁaaLLsﬂLﬁawmﬂngﬁ‘u waziniaaynla
wusasaananmninaaladdn agrslsiany
§uUsAniinaoaad +0.7438 289 X1 Lavani
ansuzlduaznuanauunuiiaaiosnasas
nadatllatRuUsunmaunuiuguaniinly
ﬂs:?m%mw’luﬂ'ﬁa@mﬁm;:m:Lﬂlmﬁuﬁa:Jm

Lﬁa‘ﬁﬁ]im’]mﬂ 31N Figure 8a LAz Figure
8b muldanizgannil 85°C uazian 60 w1l e
RS Nsugan 10% 1Ju 30% wiw 6
AMUYUIANIIN 29.22 11 24.81 ICU iiBULen
s 33.66+1.31 ICU ugeslWiindsilszansnm
mmmuﬁ‘uﬁuﬁlumi@Wﬁ’uagmmmuaaﬂ%mﬂu
mm@%é’nmaammﬁuuﬁmﬁwgﬂﬁLLa@qq@ﬂﬁmﬁ
284N LUABE19TALAN LA LEUNTRARIVDI
ﬂ'wmwm;:uﬁ'mzaam”aluﬁaaﬂ%mmdmﬁ'uﬁ'uﬁga
%aaa@ﬂﬁaaﬁ'ﬂﬂavlnﬂ'ﬁﬁlmﬁmaaﬁuﬁa@@%’u
4. msﬂ%’uﬂsﬁaqmauuﬁmngﬂmaﬁwdﬂ%ﬁu
e awseui PUALNAIZIN BN, 394-2524

=

4.1 @& ud wan. 394-2524 lidvnuad &
LL@iﬂ'ﬂﬁmaamnﬁmmﬁaumm@aaaag’ﬁ
208,139+2,335 ICU #a991NN1IQATUALTIHNA
u”u@ﬂunﬂmimaaamﬁmﬂﬁwmaﬁ"ﬁ%a@m lag
@hﬁa@admﬁa@%ﬂq@ﬁ 125,896 ICU Wwal31@& Ll be
anvzyluanaIgn Nan.394-2524 uGMIAAAIVDI

[ A

1 dﬂ?d [ o a tﬂl )
maunmﬂumsﬁsuﬂ?dqmauuwmmy L0927N
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g/ l:il AaaAa < lﬂl £
ANUIANANNFS oIt T wNAaINISIunane
9ARINNTTY T,@]maww:aﬁmammiummma:

t!‘ d' a cq;d o >
LATAIAN NIIAARIVAIRUITDINATANIG

a oA A ~ '
asdsznauludnuazansliddn g deenaiinade
NAUTALATAMNAIAIVBINAAN A wanaNth
MAIANAN S FaauadaNTIURNANN ULV
Nﬁ@ﬁmsﬁuazmaLﬁwga@hmamiﬁwvlﬁ I M

\ ada o e A o
a@awaamaunmflun’mhuﬂgaqmawmmﬂu
U3z TUmilaz 01N U AINRINITD AT 9T U 89

NRAN DAY L UARIA Lo
4.2 @1 %Brix MNIIAANaUMIABINITA
. 1 { . é [}

%Brix 8§71 80-82 %Brix TINTULNUHUIATZIB
18N.394-2524 NiAua b1 laasnin 79% lwnns
NARDY A1a8719laNIBAITII SN alwdnada

= ° Y] . a v A
N13ANEY BN11RA1 %Brix LSNAUAARILAA D
70.81+0.15% %é’dmi@@sﬁ'uﬁwmuﬁ‘uﬁuﬁ an

o X o

%Brix wamuiunﬂﬂﬁﬂ@aad angma 72.35-
82.60% WLEAIDINTLNY %Brix awLi09011NNT
Q@“ﬁ“].lﬁ»’] ﬁawaﬁ@iaqmmwua:éfunum?uuda

4.3 @1 pH pH ﬁaumaaaag’ﬁ 4.79+0.01
A o '
FTIAMINNATZIN (5-6) UATAANILARD 4.26-4.57
Ma"'\imi@@sﬁ'u wen TR snuladthana lugInag
m:*nugmmrﬂ'aqmmwmaamnﬁwmahmﬂ%@’m
dWasnn ldasnadatSunaihanasiy luan1ie pH
@‘hmfﬂLﬁ@nﬁLLmﬂ@TwaasgIma (ﬁwmaimaqagj)

v - ¥
dwhaaluanaided (ngleauazwynlos) ndiu
d gj n:l' 21/ 1 = v 1 1l
GmmmaimLaqammuvl,wmmm@ﬂmﬂvlm et lad
dmam:ﬂmia;ﬁa Lﬁadmﬂm:mummﬂigﬁ
MAEIANA L% NMINAWLANIUAARIAN IV TR b
FaINIINTZLIBMIANNANUINE IWNNIATINUTIN
pH ﬁ@‘hadLLa:msLL@mﬁa"uaasgImaawLﬂuﬂsﬂwﬁ
F@ANTZUIWMNIRNN L1HaINERARINIID M TUIOA
luanataealddnondn wanaindt n13dsu pH
sy laluruaausa lUvinindunsa tRanld

mManafilal pH gandn 5.6 talwiduldenw

INEAINAITIN LABNANIINARBINLIINIIRARIVDI
a1 pH Tunnantizaglugas lifin 0.55 niae Gl
fioddvaglunmsivaniule Yamninanaann
Tssmsinaaria g pH lifin 6 wazenauandns
NWANLTERNTAIWVBINIZLIUNIINRA NTAARI
284 pH naIMIgatudsiuiuiuddsnaiduns
LﬂﬁwuﬂmmuﬁﬁumaLLazvl,ximsz@iaqmmw
1ATINVBINAAN DA

44 @1 TSAI (Total Sugar as Invert) fi1
TSAI ﬁau@@sﬁuagﬁl 50.720.48% GIHWNITII
61 (=>50%) uazdandaglusa4 50.16-53.06% nad
mMIgasy ugeinszuawmsliaadsunainans
59w vsnessduniumududniey Wesann
mi@@sﬁ‘uﬁﬁam: dwaslﬁqmauu”aﬁm"ﬁ%dmm
aulaludimd

4.5 AU @hmnmjuﬁaumamag}ﬁ
33.66x1.31 ICU LLa:a@magﬂuma 24.81-29.22 ICU
waimIgady udunasguwllldzy |l udniiae
AMUYUUFAININIATATNTUVIURBLUAZELNA
@199 FygnaFunRusIUNITAaaITad i TR LW aT
Nan. MU bitAs 11% I@Umm@mm"}.qiuf:ﬁwa
AAEAINNAIAILAZANBHENIINTLATNY B
WA A LLazmmﬁwaﬁn%awwﬁ"ﬁ LA
nagoURNA VA afuTuNas asdTaalaaTe

dyiua

ﬂﬁ’ia”yf:ﬁi‘@qﬂi:mﬁl,ﬁaNﬁmmuﬁ‘w"’uﬁ
NNUENRBIT IS DI INTLAUNNANNITEU URS
Anwszansnwlunsaasnfvesnmninana 4
WU

19N AUAZIIN duadonisaainin
yaaifaasagnstaan lagfi 900°C ininanas
5andn#l 700°C LLamT'rgjann:mﬁSaﬂdw MURAAN
poanwaMIATuazIawaaT danalilassaineg

o > &
WE%W @N‘Hﬂvl,@] INUW
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2.mﬂwmmm’tumi@mﬂa‘[a@u LN
fmmmﬁﬂ"ﬁmm%augd Tasf 900°C 1ilwiaa1 80
v Ll A
wift TWdmIgadugegaila 328.94 £ 6.55 mg/g T4
gm’i’mmmﬁ' 700°C wilgiaanwwnin
3. WWNRT MIENN 900°C FNIANUNRINN
90 16.27 1ilu 80.20 m?/g UAIIUIATWIHAARIAN
16.72 nm L#AA8 7.46 nm VN Unasgnin LAY
271 0.0352 tI % 0.0549 cm?/g #1ahNITHIN
mesopores LA micropores I1WILAIN
- A . v ¥,
4. U5zA@nTAwWmIaadI&NINinea Juag
NUUS I TN NG aownnd uazm Taawudn
WalduSunm 30% wiw s Inaad 1 laatned
s ) s = = n:i a n:i \;
wpdmamelwnaies 40 kil sy mnen
| o X < X o a A
ndaslEaawIndn nadadgamnnuazand
Nm"auﬁﬂumnﬁuﬂs:ﬁﬂ%mwmigWﬁ’uasm
> a 6 v ad
TALIW ITNNITILATIEHAIUID Response Surface
Methodology (RSM) WU IM&ANIZNLANNZEUN q@ﬁ 8
nalFtnunuaiud 25% wiw Ngoangil 83 °C 1w
é 1 vy
1281 68 Wl TIFINNTNANANF l@3T088T 40 (3N
208,139+2335 LA 8 125896 ICU) WiauNd LA
AuantAaund e én Brix = 80.24%, pH = 4.49,
TSAl = 51.71% LLa:mwmju =25.35 |CU
5.00FuuBUNIAIZIU VN, 394-2524
WU mﬂﬁmmﬁaumi@@sﬁ‘uﬁ@hﬁ 208,139 +
2,335 ICU Ltammaﬁwqmmﬁa 125,896 ICU #aJ
mi@]@sﬁu LRAIDIUTZTANT A WUBIT N NG bib
o o A9 oA o o A ' .
M3IRNTARIIN AR fWIUAUANLABY A1 %Brix
mﬂﬁnmaﬁauﬂ’]slﬁamaagjﬁ 80-82% sﬁagaﬂ’h
N HAN (>79%) walNand1uazalInlu
mMyan ladmIaaa199uraa 70.81 + 0.15% LAz

[ o ' . A X
ﬂ’]ﬂ‘ﬁﬂdﬂﬁiﬂ(ﬂ‘ﬁ‘u@]ﬂ %Brix LN N wLdw 72.35—

D.

82.60% LLamﬁamimqmmwmummgm YN
@1 pH ﬂ'aumw@aaaagjﬁ 4.79 +0.01 61N
VGITIU (5-6) UNZAARINAD 4.26-4.57 m”omsg@

Fu Fanrndanldmnienafiien pH Guduganin

5.4 Waldiwanzaudamania ¢ TSAI (Total Sugar
as Invert) riaums@lwﬁ'uagﬁ 50.72+0.48% Gﬁaga
ﬂ'jwmmgwum&m‘iw (=50%) LLastamayj"l,uﬁN
50.16-53.06% WAININATL FziawINTZUINMT
Tigsnansznudalsunoninanasia wanani e
mwmjuamaamn 33.66 + 1.31 ICU @8 24.81—
29.22 IcU wimnasguladldtinue udmaaaany

=

ﬁ%ﬂd%ﬂdﬂ’]iﬁﬂﬁ]‘y@] mmmuaammza%mﬂ@ha 9

D

o o ¢

FIDNARNNUTNUNITRARIVDILONTALNGN Jan.
AAnA LLAW11%
a '
150
1.qmmgﬁua:nmlumum G LIEREEY
hadaaansaaiIninaadiiaes lagwuin
gunndl 900°C vhlsithnsinaassldnaiuazdng
de oA 4 v o e
§NNZAINSINGIN 700°C TIRDAARAINURANNNT
NN UMNAMEATUAZIRIAATUATEN Ngan)il
goé’@mmiammTwaamsﬁm’%‘&m:mss:mwm
. =) &/ 1 =1
R1352L1Y (volatile matter) 2L AT UBEITIALSD
ganaliiianInauInTuLazMIgLF o win
' A A v A a
unndt sazfidadnganiizain Uium
Aa A6 & A % o
RTINS T UaZaIRUIzNaUNFNNIDFALA) laraa
14 nivimndatitastAntaaiildnalwiianis
A A o A a ' Ao o, @
wasuulaadlasaaiufuedeivedan (p
> 0.05) LLazﬁd"Lﬁ@jummqwéhmu
£ = A' é/
2.0wmansnlumigadilaladiv iadu
Taudialdanuiaugs lasfl 900°C 1iluiaan 80
mﬁlﬁmmigﬂﬁugaq@ﬁa 328.94 + 6.55 mg/g o9
FINIMTHNN 700°C wal I8 IWIKNIN asune be
A o & Ada o A
mnmwgmswwmwu'ﬂmLLa:T,mmiNgw?;u f
= aAaa Qo a é/
qmmﬂmgmgﬂsmﬂﬁuaﬂwﬁﬁu UNAUUIIALI
MlREIsvoLazaIfIznaudunsdranoal 1ie
I ) 1 1 1 WdQ/ ‘dlt:l
JusasinauazwInIwIadg 9 RINA AN N
L F\I l&l v 1
Lm:mmmmmlums@@mumeu LRI IR AN
MILHINTEG N 900°C mmsnw"’wm‘[maaﬁ‘mg

WEuVLGTL%’JLLQZN’mﬂ’j’] FIRAAANAINUANEIRIAN
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aaaslutrsnandornn sansaldiduaais e
°1hanm‘ﬁmmzaulummqmmmmmz@jmﬁalﬁ
VL@Tti'mﬁ'uﬂmTﬁﬁqmmwgaq@ lasUszngaiauas
wasnuanmMyaAUTenalugo 1 uas 2 Wiuwaliy
fILLamlﬁLﬁmf’lmsgzyLﬁﬂﬁﬂ%ﬁfﬂﬁuw”uﬂﬂﬂmiaﬁ'u
MmN laTIaTeINTBLAZANNENIIUMIge
TU T@UqmﬁgﬁgaL‘s'aﬂ'i:muﬂﬁﬁlﬁl,ﬁm‘?a uazd
UseAnBmwannnii qaaadasntuwissuas ga
WT UAZAmE (2557) MWUAMNRNNUETZNI9
ﬁwwﬁnmmﬁaLLazmwmminlumig@ﬁﬁ"ﬂdﬁu
Immhmi@@eﬁ'ugaq@aa@ﬂﬁaaﬁ'u"ﬁmnmﬁﬁmﬁfﬂ
Suaaf S'fiaLLamfg@ﬁmm:aulumﬂmmmju
rhuﬁ'uu”mi’ﬁnmﬂﬁaﬂﬁaq@

3. WWARY 1AM 16.27 1ilw 80.20 me/g
o 900°C Unngmantasnanatinainny
RANHUAIVDIANITOUNTE (thermal decomposition)
mm%’augaLi'amsn,ﬂmgwguﬁLﬂuq@m”uLLa:daLa%u
ﬂ']iﬁ‘i'@l,%'mﬁ'ﬂmimao%ﬁﬂ'}LLazaﬁﬁIu%mm FINA
TiAalassnegnnanaian LLﬂZﬂ’]iL’%aﬂJIﬂGEW?u
LANLTN@ 28N dmaiﬁﬁuﬁﬁaLﬁ'mﬁmm@gwgu
AARIIIN 16.72 nm LWES 7.46 nm VT USinasg
WY AlRnaIN 0.0352 1l 0.0549 cmlg s=anis
NNTR319 mesopores Wz micropores 31BN
YuaLaauLanas nalnaanandtigadasny
ATLUIBNITNIIAINT Y LU NITLAAKNAN
(crystallization) NIRADNIINLIIFIW (sintering) ﬁf{l
RAAARBINUNG 1Y) BET ‘ﬁ'szydwmﬂﬁm‘hmug
wgummmﬁﬂﬁwaiammo@iamﬂﬁuﬁuﬁﬁma:
ﬂi:ﬁﬂﬁmwsl,umsgwfu vl NuSsEves Tusu
LRZADAE (2561) TIENBINLENR0EINNITLNIT I
5ammuﬁwaaﬂmmmw°wmLﬂm”a@m@sﬁ’uﬁﬁ
UsznSnings I@ﬂmmuﬁam:@juﬁmvlaﬁwﬁ
900°C %dIﬁﬁﬁﬁuﬁﬁagaq@ﬁo 390 m?/g L@n3
ﬂizﬁuﬁ%dﬂ’j’] 900°C ¥l nAifIanasannns

w”aﬂmwaagwgumad’m NARWTAINEIITD

ANUAWUAILENRLT IR a8 I UM T NAUN WA UNY
dudiandd lasausndszdiugunnldan
AU BET uazmigadulaladin
am‘?ﬁbﬁlﬁaﬂlﬁmiﬂi:@jumamUmwL‘ﬁ a
NAATNWNNNUANUINAINNRITIAN IRINZRNGaNS
Urzyndltlugasnniznens wiinisidaald
qmvmgﬁqaLLaﬂﬁﬂﬁzﬁ‘ﬂ%mw@‘i’m'iﬁ%'msni:@ju
a Ay Aad) A % A o
MR WARTDAN LI NIFNIANAN PUNMINTZGU
= [l a =} =
mMaad 1u nsawasWaInuIalnunaidoy laasan
1o AlFsa9nuAINNTaUN 600-700 °C FINITD
Nﬁmdmﬁ'uﬁu@“lﬁashaimﬁal,l,a:ﬁﬂizﬁﬂ%mwga
N3 LANANULTIA DN TANAIVBIRNTLAN (A1
Tau, 2545) NIhFAAARBINLIUITLVAS Sinyoung
et al., (2021) AleN32UIUNT microwave-assisted
phosphoric acid activation "UT 14d 8y Las'ladn
BET g4fi9 781 m?/g uazd1nigadu'laladu 852
mg/g atndlsfiona minasadlunudfilinansedu
v v =l 1 a Y
NWMUAINGILINTaUN Lot 1¥an BET
‘d bed U 1 a Qs
W89 80.20 m/g TILIRDENTNNUUI TUTUE WA
Amk (2561) NlEMInszduitununizuiumslales
tnasnea (A1 BET 390 m2/g) wetlawa1smn
Y A a o o I
lavsiu TaqAitaToulddaidu mesoporous
adsorbent LLﬁﬁwﬁuﬁﬁnﬂaquwhmu’?éi'ﬂﬁu Ll
1A598319 mesopores LWaHN a3 RNTENG B
o ¢ . o o o
amqﬂizaaﬂ (fit-for-purpose) K1RILUNIIQATU
luanavwalwglumnimannnitiagniiane
2 6 d A 1 =3 a
Tassailulaswasodaitasinaanti
4.15:8n5n 1w lunisaad1anIniias
J Qs a a 1 tﬂ‘ v
JunudTunm gannil uaziam Taowuii ol
AWNNAIUE 30% wiw TFaaNes 40 w17 13
A laoe9linusaY vl 20% uas 10% dogld
g 1 v 1 ¢ U Qs
SRR LIS REC LT TIFOAARDINUNT 1)
N3IQATUVBY Langmuir (1918) WAz Freundlich
(1906) NaFUNLINMAIANLTINMAIQATUT LAY

& da o [ o o a a
WWV]N’JLLN&!@Q@]‘HU ‘Yl’]slﬁﬂ’]igﬂ‘ﬁuuﬂizaﬂﬁﬂ’l‘w
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X o o a A o . A
F9U% E1MTUMNDN MINUANNTIUT LAY
wéﬁmmaﬁmaﬂmaqa ﬁﬂﬁ’mﬂmmzmsg@%u

a £ =3 t&‘ 1 dl a (<
vhaldsiatsa9u wdtlhedarnnisgaduie
NITLIUMIANLANNITBU (exothermic) Ingunn il
gaLﬁu"lﬂmﬁ]a@ﬂs:ﬁ‘n%mwmigWﬁ'mm:ﬁﬂﬁl,ﬁ@
madsuudaslassainsvasanslis i U§asen
LARNTA §IWI9ULIAN RAAASBINURANNNT
aauwamam’ms@@sﬁ”ﬂ TasnITINNIATIN Y

A va & o =< v A
lamanluanazasssliddudauaziainziuiia

L e & X 4 A
muﬂwuuﬁmﬂmmuﬁaﬁmamp 9% LaNaNTIMN
UfdunusszwinslTinudwmnudud gunnd uaz
VIR WUINMTENNNIRINT 39 N aNNUFINRLHIN
> g ' a A oA
N (synergistic effect) dadsz@ntmnlumsandni
PYAINNWIONAROAAFAINUINYINWYDIRDIU Y
ARAITLAENANWINRANINIINITLNHATHAS
DAFANITULNLAT (2553) Algaunuiudriainaa

> 6 s :' [ 1 1 a
1uﬂaamu@@6numaaﬂa WUINTI9 1020 WINWIN
ANFANAI9N 6,903 ICU LhABLNYd 2,909-2,953

: A ! ] {
ICU (8089n31 57%) TItdud18agiga Aawn

=

U2 RNTANITAARILRF YT N8 50% N 30-50
PN WaY 34.35% 1 60 WIN LaINNAUNHIVDS
1 [ £ KA' s Il L 7N
muﬂwuumaum"l,ummm@@sﬁu"l,@@avl,ﬂ
YA IR WINBITHVITUT UG LazAmE (2561)
NBNWINTUNNIUANTA1 BET 390 m?g &13150
a@@hﬁluﬁ%%am”l,@i”qaq@ﬁa 88%
1 = U 1 o a €=i a 2
219 IIAMN WA TNENWN NN UANINAS LN

NWITBRIZUA BET §1N3191%81N310 5 411 wa
> A R d 1
HINIRNNNTDRAFNF AT 40% TILANGAIIANNNAVDI
T LATATALNEY 2 1Y LA INaLALINLIIEIN%
YDIRDNUUY N 57% mwmmﬂ@iwﬁandnﬁmmq
ANFAITNIINARDIN LA aUN % e uIduan
v A A A A o ° a
Ishwsendsdanunilad vildluanadamunim
LLwiLﬁT’rgng;umaadﬁuﬁuu‘"um‘"lﬁi’mL%ﬁLLazﬁ’aﬁa

A 4 = A ' o A A
wnzimniamainnuniiags SINRLANTIARAUN

LRZNITUNID E](]INLE\]QN%'I]’] UI%TQGL%&?QﬂﬁWﬁ@

LNANIEWBNNTUNT (diffusion resistance) nlw
Uszndmwnisgadudinii adnlsfionn wafnld
> v ' ' [ a (d' a ;&’ a v
garzrawindun Nl uaNNaaduilassaisuuy
A 1 QI
mesoporous adsorbent FILAUILHFUADNTQATY
luanavwalnglumnianainnnitizag nT s

Tassaslulaswasondsasinaaniinld Nakms

A @ 1 o o o & VIR o
Laanhmuﬂuuuﬁmmuagnuanwm:mﬂmm

T@wT"Jvl,ani'mrTuu”uﬁﬁlmwnumﬁm:ﬁgw;mﬁﬂ
ﬂ'jwdmﬁwﬁuﬁﬁlﬁgwﬁumaamm Lﬁaamﬂimaqa
ya3ansNaN o Maivmadnnii (Wsew uay
Wnodan, 2556)

R mu%”ﬂluamﬂmmi&qiaLﬁumnﬁw
Usedntawvastrunuaudlaglsnswennsnolu
nszuawmsHaavaslsswines e msldlesin
annsialain (boiler) IUAUMANINTZAUGIDAY
Tou tNawauInszuawn13aniue luioswl
ﬂi:ﬁﬂﬁquaﬁu Fodwuwimsisusadsznga
dunuuaziizyndltldaisluszdugamwny

5133tz Ruasiiwiena 1535
Response Surface Methodology (RSM) ANEHa28d
USanasunudud (Xq), gungil (Xz) uaziIal
(X3) @iaﬂmauﬂ’amﬂﬁﬂma oA fn&, pH, %Brix,
TSAI UAZANATY lABFTIFINMINAWINEALFDY
luzuy coded (-1 fis +1) Wwlisunsy R [AaLIAa
anuuang lunsUssidu nansAeneiaen
Lawnm”aLLﬂiﬁﬁﬁfﬂﬁﬁﬂ”{gmaaﬁa (P < 0.05) 1o
anuFutauuazoani overfiting wuUd1aasn led
ANBLTeRe a1u1Taun ldaiens WA AR
AOUARES WNALEAINANTENULE LA IuazLE
Ufaunwutvasladeds 9 laodetaan namn
AT EUNUIN AUSU IR TIE 25%
wiw N4 83°C uazlaan 68 Wil AszAniaw
nIaafgIgasaInIInaadndla 40% (a1n
208,139+2335 L% A @ 12589 ICU) wiau ba

AmauAIuAG lefuni %Brix = 80.24, pH = 4.49,
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TSAI = 51.71% LLﬂZﬂ’J’]&J?j‘H’ =25.35ICU %Gﬁ:ﬁﬂ%
AInnumINEENNIaBUTTENT AW WET Uaz
AMUANAIMLETENA

6.0UTHUINBUNIATINY NN, 394-2524
wodn uddrFuazanagulaladmuald udns
a@awaaaaamﬁmmﬂsjLﬁ'mmmﬁuqmmwuas
fngmwiEsndnsuesnninaa udgisonais
vIndagaEnianInmanuuLazialveInian i
Tagwudn %Brix tANduan 70.81 + 0.15% 1ilu
80.24% e'fiaﬂhUa@ﬁunumwuﬁmauﬁ'waﬂ"]
Pozfienaudunse-a19aaasann 4.79 + 0.01
v 4.49 LLﬁﬁ]m‘%’mdﬁmmgm wa lainsznudae
USnamineasan Bnnsanne pH endadodens
Lmﬂm"'waafﬂmmﬂungi@auazﬂgnhaﬁ%@mNﬁﬂ
Fodudslomidamnanuesdadlunmsnaaen
wan 194 pH SsmanTodsuudlalunszuinns
fald ﬁ%uﬂmﬁﬁmmaw”amgaﬂiwmm‘;ﬁmmgm
TauiAnann 50.72 + 0.48% 1w 51.71% Lita99n
mm]”wiuﬁgdﬁu FIUAIANYUIARIINN 33.66 +
1.31 1CU 1w 25.35 ICU S9onasunninumsanas
voaigaina (Lifin 1% aannasgiu ven.394-
2524) FIHALABNBILNIINEATWILALLED BTN

v X ome . e
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