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Abstract

The study on the efficiency of desulfurization from coal combustion by using sodium
hydroxide and potassium hydroxide treatment and microwave radiation is one of the pretreatment
processes of coal before combustion. The objective of this study is to (1) study chemical, and quality
and quantitative properties of coal before and after treatment by hydroxide and potassium hydroxide,
(2) to study various electrical energy of microwave radiation efficiency before and after pretreatment
by sodium hydroxide and potassium hydroxide, and (3) study efficiency of hydroxide and potassium
hydroxide, and various electrical energy of microwave radiation that effect to sulfur content and coal
quality. In this study, the coal analysis was conducted on 500 grams of each K and Q seams coal
samples from Mae Moh coalfield. The investigation was divided as followed (1) 24 hours of soaking
time in 1M sodium hydroxide and potassium hydroxide concentration, and (2) 24 hours of soaking
time in sodium hydroxide and potassium hydroxide, and pass 5 and 10 minutes of microwave
radiation at 300 and 600 watts, respectively. The result of this study represented that sodium
hydroxide is a higher efficiency for reducing the sulfur content in coal than potassium hydroxide.
The 10 minutes of microwave radiation at 600 watts is the suitability of sulfur content reducing. The
sulfur-reducing of K coal seam is higher performance than Q coal seam, correlating with the
difference of pyrite, gypsum, calcite, and siderite contents. Moreover, the efficiency of sodium
hydroxide and potassium hydroxide also usage the increasing of calorific value causing the increase
of carbon and fixed carbon. However, it could be made the low quality of coal due to the moisture
and ash content increase. In addition, coal washed with potassium hydroxide is likely to cause the
fouling and slagging problems in power plants. It can be concluded that the coal quality improved
with microwave radiation and washed with sodium hydroxide and potassium hydroxide representing
this method could be inappropriate for coal quality approval in power plants. Also, the price of the

process is not economically worthwhile.
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HUWUINUD 1FU ﬂiaga (k)) 130 mﬂﬂzgam'ﬂiaﬂim (MJ/kg) Tuszuv ST %30
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LUANDINDNTU (cal/g) “lu’;‘zuu*nmmmm nJuﬂu u@ﬂmﬂuﬂmﬁm@giuwmﬂ U
~ 1 4 . . .
mgmﬂauﬂ (Btw/lb) 145211 American Engineering
1 9 1 a dy a <3 Y v 9 a .
N133CUATNIMVIDUVDIDTIUHULASLYDLIWAILUN ADITEYNANDINDI (Basis)
Y 1 g X Aa < 1 A 9 . .
ﬂ’)fﬂ%ﬂuiﬂﬁﬂlﬂﬂlﬂf’ﬂmﬁQLLﬂNLL‘U‘U{lﬂ U LUUIIWANUTULLASITINDT (Air-dried
. = . . -~ 1 dy [l 9
basis ¥15© as-received basis) wimmu‘lmmﬂmu%uuaz‘lmamm (Dry and ash-
. A A v Y Aa a ] 9 o 1
free (DAF) basis) ©U30LUUDU ) INFIZUAND NOIUHNANDAIANUIDULALNITUIAN

I 1 1 o £ U a
anwdoull1Hiluediannn wu MmimAnaven uRUAWLIATIIL ASTM D388

@ a g ¥ 1 1
#1911 9T uHUUTINANVF LA 115920187 (Moist, ash-free basis)

a g 1 a =Y 4 ~
NAN1INAIIZHAIANNS ouVoIa I UT Y USamSuouAINuazd1IIIMe 810150
MMM IUN YT 2IANUIDIUHUATUNINTI I ASTM D388-12 (American Society for

Testing Materials; 2018) Fauaas1gadean1ssuunluaisned 2.3



A15199 2.3 MITWUNUTDNVOINURUANLIATFIYU ASTM D388-12 (American Society for Testing Materials, 2018)

Classification of Coal by Rank (ASTM D388-12)

Fix Carbon Limits

Vaolatile Content

Gross Calorific Value Limits

Coal Rank % ] Buou/lb Mlikg Agglomerating Characteristics
drmmif dmmf Muoistura mmf maistura mmf
Meta- Anthracite =08% <2%
Antracite Class Anthracite 92 to 98% 2to 8% Non-agglomerating
Semi- Anthracite {Lean Coal) 8610 92% Bto 14%
Low Velatile Bituminous 78 to 86% 14 to 22%

Medium Volatile Biuminous 69 to 78% 22ta31%

High Volatile & Bituminous <B9% >31% =14,000 >32557 Commonly agglomerating

Bituminous

High Wolatile B Brruminous <GI% =31% 13,000 to 14,000 30232 1to0 32557

High Volatile C Bituminous =69% =31% 11,500 to 13,000 26.743 to 30232

High Volaule C Bituminous =>31% 10,500 to 11,500 25 518 1to0 26.743

Agglomerating

Subbituminous

Subbituminous A coal

10,500 to 11,500

246418 10 26.743

Subbituminous B coal

5,500 to 10,500

22.09 to 24418

Subbrituminous C coal

8,300 to 9,500

1930t 22 .09

Non-agglomeratng

Lignite

Lignite A

6,300 to 8,300

14.65 to 19.30

Lignite B

<6,300

<1465

Non-agglomerating

T¢
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Y o U Aa A 4 1
M3199 2.4 Msmvuagunmaestuivan ludvesIse Tuvhusimne

A
(ﬂim%mwm‘ﬁﬁmm, 2018)

AUMWAIUTY Vs dlwhusinng dandagiths
Unit 4-7 Unite 8-13
Annuiou 2,011-3,299 2,000-3,100

(naunaesaen lansy)

R
ANUFU (3080%) 25.0-38.9 25.0-36.0
i1 Gowaz) 6.9-35.0 11.0-36.0
Muzou Govay) 1.32-4.00 0.94-3.35

= (%4 T a
2.5 msfnmsUSulgenamne v
Jorjani et al. (2004) lavmsAnyImMsantsadueduluauivanurasmung
(Tabas) JuilszmadnsiuIaedsmssed luTasnnsurunmsdnauiudlensamesons o
2 . . A o w Ty A
@0 (Peroxyacetic acid) U tilevznageuravesnaaazal lunsursed lulasow
Y = a ana U a Y ax v Y
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4 { 1 a ad ] o w U v J
TuisedluTasnyl AANND 2.45 InFSAY (GHz) BI9UDIRMHITLHI 0 D4 1,000 Tad luns

) 9
naaaunTail 13198 Inaaau 3 52aU Ao 600 800 taz 1,000 Ja¢ Tu%I99a1 50 80 Lz 100

~ o w 1 o 9 = o v A a
HUIN ATUAAU INNANITINATDUNUIN 1]%“']&!“11/‘][13@]?3@?3\1 I0YDY 26 DN 96 NUTHUNNAITN
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a

[N [ Aa A J 3 1 a c‘) 1 a
AUTNUN ul@%}!.!,ﬂ muwuaﬂlluﬂ LﬂuﬂWHﬂuﬂﬂWWﬁW (Low-rank coals: LRCs) LagD1UH UL

k)

"o

a o X I~ 1 a 1
i udusuriugunINg (High-rank coals; HRCs) 910HANIINATOUNDI NITUHTIA
o Y tg 1 a =1 o Y a A I'4 - dal a 4
TuTasnvbildanusulumuiuasas Teash ldomdulimasveunsigeiu sz
ax . . 1 9 9 43! a g am
1a83% Proximate t1ag Ultimate) taza1nusoulumswn lviluiniu Qnsizy 1ae2s Bomb
. . . . . an T 2 o
calorimetric t48¥ Thermogravimetric analysis; TGA) Fwmsurse luTasnWimuzauivaiu
a ° ' ] 1 A aX I J a Y A
Augunnd1 mazdeldgunimyosnuivaruaunareiuouiuguningeld dedlu
3513315013991 (Upgrading process) HAIINHANIINATOUAVAIUAUAMUN NG
wum s 19 lu Tasmnn luldsremulseansanvesoruriuudaega’ls ndulinariilva
AUNNAR YAV TURUAMA TN
Marland et al. (2000) laanyinavessad luTasvdonisuavesoiuiu Tagnis
nagev Idinsuasiuniy o ldlunsen v lulsa TWdha v uuy Pulverised fuel (PF)
¥ A A Ay A o ' Yy 2 vq v
z@valoIuriuNToeay 80 NYUIAAIAI 75 Jaseu lumsnaaouasail lalsnarlunsua
1 a Y 1 9 1 =~ o [] I 1 1 A 1 a
auiuldivmnaais 9 1aun 5, 20, 45 wag 90 Wi wendled1vaMilU 2 ngudose o1uHY
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=Y 4 o w a v J 1 a ad
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a o 1 a @ 9 9 9 1 1 a d'd
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maduusuunil lad luouiuudnivesaunlianudeusnsad lulasnidunar 300
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Y o = o o 1 a 1 A 9Y o w [ =
Chen et al. (2002) lasimsAneimsmdaussiiaaa q awmsiaenlymavessad
TuTasn dsuaasluaiangh 2.5
Kingman et al., (2000) I 31dsdasnnusouesad lulasnidmsuytaveuslu
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d' a Jd Aa 9 1 a 1
139N 2.5 ﬂﬁ?!ﬂﬂzﬁ!,G]NIENTLJ!GU’ENﬂTliJi’E]ule’ENVliJIﬂilﬁﬂﬂl@ﬂlli%uﬂ@nﬂ 9

(Chen et al., 2002)

BHAUT Mas Gad) mIneuaueItuANNToU
. 3 1 a
Arsenopyrite 80 Fou vedulrlgnaa
Barite 20 %}’ou
Chalcopyrite 15 $ou linduiwzdu
Covellite 100 $ouen
Galena 30 Sou iilounzg
. v a A o o

Pyrite 30 fou Tnaudwzduia
Pyrrohtite 50 Fou
Cassiterite 40 Fou
Hematite 50 %”ou
Magnetite 30 Fou

. "y
Monazite >150 1idou

d' 9 [ = 1 d‘ a 1 a 1 a 1
M1319N 2.6 ﬂ313JﬁfJ“Ll%1ﬂ'i\‘]ﬁhlllTﬂiL’J“Nﬂi’)fﬂﬁL“]Jaﬂullﬂa\ﬁl@\i%’uﬂuﬁjuﬁulli FUAAN 9

(Kingman et al., (2000)

a1 Qi)
wiavoasludunsaiag
10 30 60 90 100 120
Ilmenite Ore
- Ilmenite (FeTiO,) é 32 46 64 77 81 90
- Magnetite (Fe,0,) § 200 324 351 403 452 463
=
- Plagioclase (CaAl,Si,O) g 21 24 25 28 32 34
Refractory Gold Ore =
=
- K Feldspar (KAISi,O,) & 18 21 24 25 27 31
=
- Pyrite (FeS,) E 75 134 177 189 197 202
A
- Quartz (SiO,) S 18 21 236 26 28 28
=
Massive Sulfide Ore ag
- Chalcopyrite (CuFeSs) é 61 98 124 146 148 165
- Pyrite (FeS,) K= 75 134 177 189 197 202
- (=
- Galena (PbS) K 211 177 422 436 441 453
t’lég
. =
Carbonatite Ore g,
- Magnetite (Fe,0,) 200 324 351 403 452 463
- Dolomite (CaCO,. MgCO,) 21 23 25 29 30 33
- Chalcopyrite (Cu,S) 68 126 153 194 211 245
- Phlogophite (KMg,AiSiO,(FOH,)) 19 21 22 23 25 26
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THE ELECTROMAGNETIC SPECTRUM
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(X-ray Diffractrometer, XRD)
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3.3 msmf3ananinnieu (Calorific value)
Y F2
iﬂﬂﬂﬁﬁﬂ‘hﬂﬂiﬂﬁﬂ$ﬁ1miﬂ1mﬂ’ﬂll%lﬂui’(]ll (Gross calorific value) NNMIAIUINA
[ 1 4 o [ a Jd o =
das1auueenIiuou lalasau uaz Mugdu 115 UATIZHEIReeRlsenouLLUazBon
TaglFaunsi 3.1) lunmiielifedetoud (Buwib) uay (3.2) lunleunaasinensy (Callg)

A [T dy
HIDUNITUDY Dulong Formula faneliil

AMNFINUANTOU (Q) (Btu/lb) 146C + 620(H - O/8) + 40S 3.1

ANSINUANNTOU (Q) (Cal/g) 1/100 {8020C + 34400 (H - O/8)} (3.2)

A A 1 9 . tg a

19 Q ABD AMANNIDU (gross calorific value) VDIUBDINAL
C,H, 0, s Ao fevazveamsveon lalasnu sondau tazimusdumuday
110 1 Btu/Ib = 0.002326 MJ/kg

a Y o dy
uae ﬂ‘%mmaaﬂ%mu%mﬂmimuam JU

O(%)=100-(% C+%H+ % S + % Ash) (3.3)

3.4 msudasmmad vl (Watts) 1iuaina1a5eu (Celsius Heat Unit)
msudasmizondsauluzivesdida 1l (Blectric Power) 1#iiuda1nudou
(Celsius Heat Unit) ﬂ’”liﬂiﬂllﬂﬁﬂﬁjfﬂm’eﬁli
Power (CHU/Min) = Power (Watts) x 0.03159 (3.4)

(www.conversion-website.com)
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NNAUNT (3.4)  Power (CHU/min) = Power (Watts) x 0.03159
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AU Power (CHU/min) = 300x 0.03159 = 9.477 (CHU/min)

1819 5 WA U 9.477 (CHU/min) x 5 min = 47.385 Celsius

19817 10 W1 2 URUYNININY 9.477 (CHU/min) x 10 min = 94.77 Celsius

2. amad I 1$lues o lulasny s 600 Sad Taslidireg190 Uiy

a Y

1 d‘ = = Y [
muﬂau”lﬂﬂimdum S5UIMN Hag 10 Un LL‘]JEN1ﬁ§ﬂlﬁﬂuﬂlﬂ\1ﬂ31uif’)uﬁluﬁuﬂﬂ

QU

o v &
BN GBS TG ﬂ\‘IGIE]]l“lJ‘L!

NNFUNT (3.4) Power (CHU/Min) = Power (Watts) x 0.03159
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JUY Power (CHU/Min) = 600x 0.03159 = 18.954 (CHU/Min)

19817 5 WIN 2 URUYNININY 18.954 (CHU/min)x 5 min = 94.77 Celsius

1IN 10 WA LU 18.954 (CHU/min)» 10 min = 189.54 Celsius
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Mms197 4.1 Snadesazsquaniedlugdvesarsisznoveen lad lugmuiusu K veneounaznadSurlgegunimdromsausd luTasil

Tasmaande Isdeuleason loa uaz Inunasonlaason loa

Element Na,0 | MgO | ALO, | SiO, | P,0, | SO, Cl | K0 | CaO | TiO, | MnO | Fe,0, | Co,0, | BaO | Total
K 000 | 000 | 014 | 120 | 0.6 | 3062 | 000 | 167 | 1193 | 052 | 015 | 53.03 | 037 | 022 | 100
K 300W 5min 027 | 063 | 551 | 11.88 | 058 | 3040 | 012 | 174 | 938 | 032 | 007 | 3891 | 003 | 0.16 | 100
K 300W 10min 024 | 061 | 544 | 1179 | 057 | 31.10 | 008 | 172 | 9.17 | 036 | 007 | 3853 | 0.3 | 0.18 | 100
K 600W 5min 009 | 037 | 397 | 955 | 053 | 4037 | 010 | 171 | 10.03 | 035 | 008 | 32.63 | 0.07 | 0.17 | 100
K 600W 10min 0.12 | 043 | 452 | 1060 | 048 | 3432 | 009 | 1.87 | 11.08 | 037 | 009 | 3586 | 0.04 | 0.14 | 100
K NaOH 480 | 081 | 563 | 1243 | 079 | 3519 | 011 | 1.88 | 499 | 040 | 006 | 3274 | 004 | 0.16 | 100
K NaOH 300W 5min 490 | 080 | 6.04 | 1294 | 080 | 33.79 | 0.0 | 265 | 571 | 045 | 006 | 3150 | 005 | 021 | 100
K NaOH 300W 10min | 0.58 | 024 | 297 | 856 | 063 | 3225 | 0.09 | 202 | 585 | 045 | 007 | 4595 | 021 | 0.12 | 100
K NaOH 600W 5min 000 | 005 | 126 | 505 | 046 | 2723 | 013 | 197 | 614 | 048 | 009 | 56.19 | 034 | 0.61 | 100
K NaOH 600W 10min | 0.22 | 0.12 | 179 | 513 | 036 | 1866 | 0.16 | 286 | 688 | 051 | 012 | 62.64 | 034 | 020 | 100
K KOH 022 | 054 | 399 | 852 | 051 | 21.89 | 006 | 3228 | 642 | 032 | 004 | 2506 | 0.00 | 0.14 | 100
K KOH 300W 5min 0.19 | 052 | 394 | 856 | 048 | 2187 | 005 | 3244 | 629 | 033 | 005 | 2511 | 008 | 0.10 | 100
K KOH 300W 10min | 0.10 | 031 | 3.02 | 728 | 044 | 2095 | 0.06 | 3328 | 641 | 034 | 006 | 27.66 | 0.10 | 0.00 | 100
K KOH 600W 5min 000 | 015 | 1.87 | 542 | 036 | 1927 | 006 | 3412 | 695 | 039 | 006 | 3128 | 0.09 | 0.00 | 100
K KOH 600W 10min | 000 | 0.6 | 193 | 628 | 033 | 1742 | 005 | 3389 | 681 | 059 | 006 | 3235 | 0.12 | 0.00 | 100
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Mm3197 4.2 PSinadesaznquanieglusdvesarstsznoveen ladluguiusu Q ensunazndslSulgenunmndromsiuied luTas

Tasmsdnae sy laasen lod vas Tnunamon'lsason lag

Elements (%) Na20 MgO | Al203 SiO2 P203 SO3 Cl K20 CaO TiO2 MnO Fe203 BaO Total
Q 0.00 0.03 0.18 0.93 0.49 28.99 0.00 0.81 32.08 0.54 0.62 34.49 0.84 100
Q 300W 5min 0.55 1.92 2.24 4.05 1.06 30.80 0.16 0.90 29.83 0.35 0.35 27.24 0.56 100
Q 300W 10min 0.47 1.79 2.19 4.03 1.01 30.28 0.15 0.94 29.81 0.31 0.32 28.21 0.52 100
Q 600W 5min 0.23 1.04 1.61 3.28 0.93 29.22 0.17 0.90 31.43 0.36 0.39 29.54 0.92 100
Q 600W 10min 0.21 1.04 1.60 3.26 0.75 28.67 0.14 0.91 31.27 0.34 0.38 30.73 0.71 100
Q NaOH 0.16 0.12 0.47 1.70 0.81 28.95 0.14 1.15 30.72 0.56 0.36 33.86 1.00 100
Q NaOH 300W 5min 4.40 1.85 2.26 4.26 1.23 27.47 0.19 1.07 23.35 0.34 0.20 32.85 0.54 100
Q NaOH 300W 10min 4.24 0.87 1.43 3.23 1.25 27.85 0.23 1.11 26.99 0.38 0.25 31.40 0.78 100
Q NaOH 600W 5min 3.10 0.72 1.22 3.04 1.19 27.55 0.18 1.13 26.11 0.37 0.32 34.43 0.65 100
Q NaOH 600W 10min 6.12 0.64 1.14 2.63 0.92 27.25 0.14 1.18 25.54 0.37 0.25 33.11 0.72 100
Q KOH 0.29 0.67 0.76 1.45 0.51 9.45 0.06 66.16 11.84 0.11 0.08 8.44 0.19 100
Q KOH 300W 5min 0.30 0.67 0.80 1.49 0.43 10.38 0.05 64.13 12.66 0.13 0.09 8.64 0.24 100
Q KOH 300W 10min 0.10 0.38 0.57 1.21 0.38 9.73 0.05 64.48 13.30 0.13 0.10 9.24 0.34 100
Q KOH 600W 5min 0.08 0.30 0.48 1.10 0.34 9.33 0.05 65.25 13.23 0.13 0.11 9.39 0.22 100
Q KOH 600W 10min 0.09 0.24 0.41 1.02 0.31 10.32 0.04 67.51 10.95 0.10 0.07 8.71 0.23 100
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Q NaOH 600W 10min

Q KOH

Q KOH 300W 5min

Q KOH 300W 10min

Q KOH 600W 5min

Q KOH 600W 10min
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a 9°/ @ I'4 1 a 4 o o [
%1ﬂWﬁGUEN1J'§1J1’LM%)?JﬂazIﬂﬂuWﬁuﬂﬂlﬂﬂflﬂﬂqGﬁﬂﬂlﬂﬂ‘ﬁiﬂLlﬁaz‘]ﬂm Lﬁammmmmwﬁ
dy A X g a 4 o 1 a a 1 1 dy
LYDINAN %QLﬂUﬂWi’JLﬂSWWNE]‘UENﬂﬁWamJGYJGUENﬂﬂJWH1“1501‘1/1‘1/11 Iﬂﬂﬂﬁwflﬂimﬁﬂﬂﬂi m'lﬂu
(1) Base-acid ratio (B/A) = (Fe,0,+CaO+MgO+K,0+Na,0) / (SiO,+Ti0,+Al,0;)
A Ay 7 o S =X v
1o B A9 ﬁaﬂazmmaaﬂ"lcmmmeam"lau G]N‘Viflﬂ%?ﬂﬂﬁi’)llﬂl’f)ﬂ Fe,0,, CaO, MgO, K,O
Lag Na2O
A Y J = Y . .
A D Sﬂﬂagﬂlﬁlﬂ’ﬂ’ﬂﬂ‘l“}fﬂ‘u’ﬂﬂﬂﬁﬂ mm"lﬂmﬂwasamm S10,, TiO,, itag A1203

(2) Fouling index (FI) = (B/A) x (K,0+Na,0O)

H a 4 % Y 1 a 2’, .
1AAITIN 4.3 LAAIHANITIATITHNITHABNAIVBIAIVBIDIUH UFY K uay Q Fauaad
9 a A A o d' T @ ] U a g’/
pua TuveIN 13N TyIH1I89HI DI ZAVANNFUUITI (1131901 4.3) WUIIAIDINIIURUNINYA
9 a A [ 1 % ] 1 A A
paauud Tuvesmsnatyminiasluseauanuyuusge (B/A 110191 1.0) Tagdredauiun
[ @ 4 4 1 ; 1
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Y H '
Fuauiundslilsuilge uaa Froaasw Iduvesmsinadyvivinadlusgauanugunseu
1 & o [ PR
AR (FI = 0.6-40) Loz g4 (F1 11001 40) Fudasdadauuesesn laaniuuagslasmmnz K0 oy
& = 9 a A ay . . Y 1 =
Na,0 #99gfiuurTriunisinan1naazauanng (Fouling and slagging) 12418 Taga1 FIuaa9d
Aa a d' [ 4 I o @ d‘ i 1 a g’/
aNTwaved K,0 az Na,0 1iips91n lanzoan lawl (K naz Na) iusigddyidinanenmananavh
' v v v
J0auazauannalagnse (FITNYY 9ANIY tazAde, 2019) TABIRNIEAI08 19 URUNHIUTT
Yy v ~ 7 o q Y ) A g o
TuTasnd wazawdreTnunadonlaason laa i ldiuur Tdunsvnawaz auannszaugs
& = 2 X o Y Y = s o q Pa v - 4
119991 NUS AU K uinnuu uansaeaie Tsaen laason laa vilvuuud Tdumsmnaniigg
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nazauanneszavliunats asuuazdlansed luTasnd vagarsezareTxaonleason leduay
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4 a 4 ( 1 a o v f a
M3190 4.3 msam‘nzwwammms‘wa@mWmamwuiﬂamimsmmmﬂ%ﬁg%mm Base-acid ratio

Y v
(B/A) 118¢ Fouling index (FI) Tuduiusu K uaz Q ninouuaznaslivlyinmninaie

myenudad lulnsnd Taemsdraaelanen laason laauas Tnunaisouleason loa

Fus Base-acid msuanasgdunny | Fouling | msudamaszduai HINBIHE
fiu fetemuiu ratio (B/A) quusalagldm index quusa Taoldm
B/A** (FD FItsk
K 35.82 N 59.82 an ** Base-acid ratio (B/A)
K 300W 5min 2.88 0 5.78 unan =(Fe,0;+Ca0+MgO+K,0+Na,0)
K 300W 10min 2.86 ne 5.60 Thunan / (810,+Ti0;+ALO,)
K 600W 5min 323 9 5.82 thunan Immmdmﬁ?mm?umj
voamsinavdazaanng
K 600W 10min 3.19 L 6.34 1hunan .
x 32AUA1 (B/A<0.5)
K NaOH 245 63| 16.36 thunan seRULhUNAN (B/A= 0.5-1.0)
i K NaOH 300W 5min 234 q 17.70 thunans 1 52RUga (B/A< 1.0)
“?E K NaOH 300W 10min 456 63| 11.86 thunan
;;g K NaOH 600W Smin 9.48 9 18.67 unan ***Fouling index (FI)
K NaOH 600W 10min 9.79 q 30.15 thunang = (B/A) x (K,0+Na,0) Tagnanq
K KOH 5.03 q4 163 .44 ot ATLAVANINIULIIVBINIILAA
K KOH 300W Smin 5.03 9 164.17 9 vdaazaiania
K KOH 300W 10min 6.37 q4 212.58 e szdudh (FI< 0.6)
K KOH 600W 5min 9.4 q 322.10 q4 52AU NN (FI= 0.6-40) Lag
K KOH 600W 10min 8.32 LN 281.94 LA 52AUGY (FI<40)
Q 40.85 9 33.09 unan (s3uyy gauiy nazaws,
Q 300W 5min 9.10 9 13.20 1hunan 2019)
Q 300W 10min 9.38 q 13.22 thunan
Q 600W 5min 12.03 O 13.59 hunan
Q 600W 10min 1234 L8] 13.82 thunan
QNaOH 24.18 L 31.68 1hunan
o Q NaOH 300W 5min 9.26 q 50.65 q
E Q NaOH 300W 10min 12.82 LR 68.58 .
o7 Q NaOH 600W 5min 14.14 9 59.83 9
Q NaOH 600W 10min 16.08 8] 117.42 qu
QKOH 37.67 q 2503.33 q
Q KOH 300W 5min 35.70 N 230031 n
Q KOH 300W 10min 45.81 N 2958.51 n
Q KOH 600W Smin 5161 q 3371.56 q
Q KOH 600W 10min 57.19 0] 3866.01 qa
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(X-Ray Diffraction, XRD)
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Y ' Y U a Y = Jd o Y (= o @ 1A
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(Khamhom, 2013) LEAIAITUNITN (4.1) D (4.8)

2NaOH + SiO, Na,SiO, + H,0 (4.1)

v

2NaOH + AlO,

v

2NaAlO, + H,0 (4.2)
11NaOH + 2FeS, + 0.5C ———"4Na,S + 2NaFeO, + 0.5Na,CO, + 5.5H,0  (4.3)

20NaOH + ALSi,0,(OH), —— 2NaAlO, + 2NaSiO; + 14NaOH + SH,0  (4.4)
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v

2KOH + SiO, K,SiO, + H,0

v

2KOH + ALO, 2KAIO, + H,0
11KOH + 2FeS, + 0.5C ———— 4K,S + 2KFeO, + 0.5K,CO, + 5.5H,0

20KOH + Al,Si,0,(OH),—— 2KAIO, + 2KaSiO, + 14KOH + 5H,0

4.5)
(4.6)
4.7)
(4.8)
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M3197 4.4 vilanaziSunadesazvewsfeglusiuiugu K nneutaznasdSulgeguamaiemsriiussd lulasl Taensdredae

Tmdonlaason loa uaz Inunadeon laason laq

Sosazuoans
‘% UMUK Quartz Calcite Siderite Kaolinite Chlorite Feldspar Pyrite Gypsum Mica 37U
K 10.99 3.56 0.91 8.62 1.76 19.57 2.21 20.70 31.68 100
K 300W Smin 10.98 3.98 0.07 12.57 0.26 17.20 2.05 23.46 29.43 100
K 300W 10min 12.07 4.94 1.04 13.32 0.82 17.71 1.81 11.38 36.91 100
K 600W Smin 11.81 6.80 2.59 13.94 1.99 18.11 2.10 7.38 35.28 100
K 600W 10min 11.40 5.57 291 14.89 1.87 17.25 1.34 15.22 29.55 100
K NaOH 17.62 4.09 3.60 17.07 2.25 14.16 1.05 14.16 26.00 100
K NaOH 300W Smin 15.62 5.05 4.09 15.64 2.61 15.14 0.34 15.52 25.99 100
K NaOH 300W 10min 15.41 4.05 5.06 13.79 3.11 16.35 0.37 13.00 28.86 100
K NaOH 600W Smin 16.69 3.11 3.00 16.69 3.70 15.97 0.55 14.79 25.00 100
K NaOH 600W 10min 20.19 5.08 3.05 14.27 4.14 14.39 1.07 1.46 36.01 100
K KOH 14.78 0.34 0.00 19.49 33.05 24.49 0.82 6.06 0.97 100
K KOH 300W Smin 9.65 3.27 1.31 8.32 8.81 28.28 1.47 1.98 36.91 100
K KOH 300W 10min 13.25 1.61 0.93 20.49 13.07 36.38 0.64 9.30 4.32 100
K KOH 600W Smin 12.12 2.72 0.95 11.53 7.49 26.53 1.36 2.13 35.17 100
K KOH 600W 10min 11.82 0.63 2.23 19.59 13.37 30.15 1.19 6.94 14.08 100
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Fudmiiu AN 181 (Ash) 35218 (Volatile afveunsii
(Moisture) matter) (Fixed Carbon)

K 111 215 39.7 27.7

K 300W 5min 10.5 215 40 28

K 300W 10min 9.8 21.4 40.8 28

K 600W 5min 9.5 21.6 40.8 28.1
K 600W 10min 8.1 29.9 34.6 27.4
K NaOH 11.8 27 37.3 23.9
§ K NaOH 300W 5min 12.5 26.9 37.1 235
Gg K NaOH 300W 10min 12.5 26.7 37.1 23.7
Ra§ K NaOH 600W 5min 12.3 26.7 374 23.6
K NaOH 600W 10min 12.7 26.4 37.6 233
K KOH 10.9 293 372 22.6
K KOH 300W 5min 112 293 37.2 223
K KOH 300W 10min 112 29.1 374 223
K KOH 600W 5min 11 293 37.1 22.6
K KOH 600W 10min 10.7 29.6 38 217
Q 13.7 9.3 41.7 353
Q 300W 5min 12.8 9.6 02 35.4
Q 300W 10min 12.6 10.2 434 33.8
Q 600W 5min 12.4 9.8 43.6 342
Q 600W 10min 10.9 14.2 38.7 36.2
QNaOH 15.6 20.6 38.9 24.9
g Q NaOH 300W. 5min 16.7 20.1 38.7 245
“§ Q NaOH 300W 10min 17 20 37.9 25.1
n§ Q NaOH 600W 5min 16.1 20.5 38.8 24.6
Q NaOH 600W 10min 12.8 26.3 325 28.4

QKOH 142 24.7 38.1 23
Q KOH 300W 5min 14.7 24.4 373 23.6
Q KOH 300W 10min 15 24.1 383 22.6
Q KOH 600W 5min 14.6 24.6 37.6 232

Q KOH 600W 10min 12.6 292 34.1 24.1
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v v v
ANNZoUTIN ANUToUTIN anuFousIM
e fifigaeilous (Btu/ib) 111428 uAaeINen3y (cal/g) Mg Iunnzganenanin (MI/kg)
K 6797.71 3600.81 15.81
K300W 5min 7081.61 3736.87 16.47
K300W 10min 6864.34 3613.18 15.97
K600W 5min 6681.16 3505.37 15.54
K600W 10min 6701.32 3519.94 15.59
K NaOH 7558.04 4059.61 17.58
§ K NaOH 300W 5min 7517.79 4038.14 17.49
9@
qg K NaOH 300W 10min 7485.61 4023.01 17.41
=
-z K NaOH 600W 5min 7781.43 4186.27 18.10
K NaOH 600W 10min 7898.71 4249.03 18.37
K KOH 7431.95 3994.73 17.29
K KOH 300W 5min 7571.67 4071.89 17.61
K KOH 300W 10min 7615.96 4094.89 17.71
K KOH 600W 5min 7670.28 4126.76 17.84
K KOH 600W 10min 7597.55 4087.37 17.67
Q 8545.88 4652.84 19.88
Q300W 5min 8160.20 4434 .49 18.98
Q300W 10min 8659.34 4706.50 20.14
Q600W 5min 8250.17 4497.20 19.19
600W 10min 8970.30 4868.42 20.86
Q
NaOH 6993.42 3798.43 16.27
Q
g Q NaOH 300W Smin 6254.10 3391.55 14.55
ERFY
q§ Q NaOH 300W 10min 6083.69 3298.22 14.15
=
-z Q NaOH 600W Smin 5220.67 2822.04 12.14
NaOH 600W 10min 5465.75 2954.25 12.71
Q
Q KOH 7012.44 3809.77 16.31
KOH 300W 5min 6664.70 3618.76 15.50
Q
Q KOH 300W 10min 6619.81 3594.54 15.40
Q KOH 600W 5min 5875.95 3185.08 13.67
Q KOH 600W 10min 5142.20 2784.32 11.96
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MANUIN Y

a d: d
NN IINIZH A IZU18 (Proximate Analysis) 61 3EIAIDI LECO TGA-701

M3190 V_1 Ham s wATIEH Iaed szanaveasuiuyy K (§79619 K, K 300W 5 min, K 300W 10 min, K 600W 5 min 18 K 600W 10 min)

NO. 319MINATO M3/ WaNINAgoU
3osilofild | FodretK | Aeminthe K | Fed10ta:K | deedieK | dediedi: K
lumsnaaou 300W 5 min 300W 10 min 600W 5 min 600W 10 min
ANHULHIDANNAIDGN: NIALIDIATM

1 Moisture (%) Moisture at 11.1 10.5 9.8 9.5 8.1
105°C

2 Ash (%) Ash at 750°C 21.5 21.5 21.4 21.6 299

3 Volatile matter (%) Volatile matter 37.9 40.0 40.8 40.8 34.6
at 950°C

4 Fixed Carbon (%) Fixed Carbon 27.7 28.0 28.0 28.1 27.4

8¢T



v 9
M3190 v_2 nam3iins e laslszanavestuiiusu K naslsulssnanmdemsiuied luTasnl Tasmsdaielsdonleasonlod

(719819 K NaOH, K NaOH 300W 5 min, K NaOH 300W 10 min, K NaOH 600W 5 min 1ta% K NaOH 600W 10 min)

NO. 1M INATDU Fsmsanieaile WAN1INATDL
M lums Fofod1: K | Fededw:K | ¥edi0e1:K | Fodieg1:K | Foiedi: K
nagaeoy NaOH NaOH 300W 5 | NaOH 300W 10 | NaOH 600W 5 | NaOH 600W 10
min min min min
ANHULHIOTNINAIDE: HIAZIDIATM
1 Moisture (%) Moisture at 11.8 12.5 12.5 12.3 12.7
105°C
2 Ash (%) Ash at 750°C 27 26.9 26.7 26.7 26.4
3 Volatile matter (%) Volatile matter 37.3 37.1 37.1 37.4 37.6
at 950°C
4 Fixed Carbon (%) Fixed Carbon 23.9 23.5 23.7 23.6 233

6¢1



4 a o 1 a g.}/ [ % ] [ s
M519h v_3 wamsunszd Inelszanavestuiuiu K naalsulgsnunmaiemsinsd luTasn Taemsduaie Tnunadenlaason las

(719819 K KOH, K KOH 300W 5 min, K KOH 300W 10 min, K KOH 600W 5 min 1t8% K KOH 600W 10 min)

NO. 1M INATOU Ssmsnnsecile HaNINAgoU
4 lums Yoot K | ¥of10610: K | Fomied1:K | Fediwde:K | Fodieds: K
nagoU KOH KOH 300W 5 KOH 300W 10 KOH 600W 5 KOH 600W 10
min min min min
ANHAULHIOTNINAIDN: HIaZIDIATM
1 Moisture (%) Moisture at 10.9 11.2 11.2 11 10.7
105°C
2 Ash (%) Ash at 750°C 29.3 29.3 29.1 29.3 29.6
3 Volatile matter (%) Volatile matter 37.2 37.2 37.4 37.1 38
at 950°C
4 Fixed Carbon (%) Fixed Carbon 22.6 22.3 22.3 22.6 21.7

0€T



M319N Y_4 #aN13AATIEH 1AslT2INVRIUHUTU Q (739619 Q, Q 300W 5 min, Q 300W 10 min, Q 600W 5 min Hag Q 600W 10 min)

NO. 519MINATO Fsmsanieaile WaNINAgoU
3 ums Fomota: Q Fosooa: Q Fometha: Q Fometa: Q Fosota: Q
nagaeoy 300W 5 min 300W 10 min 600W 5 min 600W 10 min
ANHULHIDANMNAIDGNT: NIALIDIATM
1 Moisture (%) Moisture at 13.7 12.8 12.6 12.4 10.9
105°C
2 Ash (%) Ash at 750°C 9.3 9.6 10.2 9.8 14.2
3 Volatile matter (%) Volatile matter 41.7 42.2 43.4 43.6 38.7
at 950°C
4 Fixed Carbon (%) Fixed Carbon 353 35.4 33.8 34.2 36.2

TET



v 9
M99 ¥_5 HanIINTIEH I szanavestiuiugu Q naslsulyeganindlemsiuid luTasndl Tasmsdraae lasdon leason lad

(719819 Q NaOH, Q NaOH 300W 5 min, Q NaOH 300W 10 min, Q NaOH 600W 5 min 1t Q NaOH 600W 10 min)

NO. 31MINATDU Fsmsnnieciled WAN1INAT DL
T ummaaey | Fodeda: Q Fosooa: Q Fomotha: Q Fosota: Q Fosota: Q
NaOH NaOH 300W 5 | NaOH 300W 10 | NaOH 600W 5 | NaOH 600W 10
min min min min
ANHULHIOTNINAIDE:HIAZIDIATM
1 Moisture (%) Moisture at 105°C 15.6 16.7 17 16.1 12.8
2 Ash (%) Ash at 750°C 20.6 20.1 20 20.5 26.3
3 Volatile matter (%) | Volatile matter at 38.9 38.7 37.9 38.8 32.5
950°C
4 Fixed Carbon (%) Fixed Carbon 24.9 24.5 25.1 24.6 28.4

¢el



4 a o 1 a g.}/ [ Y ] 7 s
M5190 _6 #am3iuns 1z Iaelszanavestuiusu Q nawlsulgsnunmaiemsiusd luTasnl TasmsduaieTnunadenlaason las

(719819 Q KOH, Q KOH 300W 5 min, Q KOH 300W 10 min, Q KOH 600W 5 min 1ta¢ Q KOH 600W 10 min)

NO. 1M INATOU Fsmsnnieile WAN1INATDL
3 ums Fomota: Q Fosooa: Q Fomota: Q Fometa: Q Fosota: Q
nagaeoy KOH KOH 300W 5 KOH 300W 10 KOH 600W 5 KOH 600W 10
min min min min
ANHULHIOANINAIDY: HIAZIDIATM
1 Moisture (%) Moisture at 14.2 14.7 15 14.6 12.6
105°C
2 Ash (%) Ash at 750°C 24.7 24 .4 24.1 24.6 29.2
3 Volatile matter (%) Volatile matter 38.1 37.3 38.3 37.6 34.1
at 950°C
4 Fixed Carbon (%) Fixed Carbon 23 23.6 22.6 23.2 24.1
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