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Abstract

Mae Moh coal is a low rank lignite, consisting of a high moisture, sulfur compounds,
quartz, and clay mineral contents. These are the reasons of a high ash, sulfur dioxide, carbon
dioxide, and toxic contaminants in the air and soil after combustion. The general quality of Mae
Moh lignite consisted of moisture (12-23%), ash (9-67%), volatile (16-38%), fixed carbon (4.5-
20.3%), and the lower heating value (4.2 to 13.5 MJ/kg). Trace elements composed of arsenic (38-
72 ppm), vanadium ( 21-46 ppm), Zinc ( 16-31 ppm), and copper (11-22 ppm). Therefore, the
treatment process of pre-combustion coal is a significant process which can improve coal quality
and efficiency of coal combustion.

The purposes of this research were (1) to study chemical and physical properties of coal
before or after pretreatment process of coal by using a difference chemical; (2) to study efficiency
of each chemical to the ash, sulfur and other element contents, including a quality of coal; (3) to
develop the suitable chemical for more efficiency of pre-combustion coal, which reduce the
production cost and pollution after combustion; and (4) to apply the result of this study for the
sustainable development of the pollution management, resource and environment.

The coal samples were treated with distilled water, and the 1M of concentration of acids
(hydrofluoric, nitric, hydrochloric) and base solutions (sodium hydroxide, potassium hydroxide,
and calcium oxide) by soaking in various chemicals at 24 and 48 hours. The results of the coal
samples soaked for 24 hours, nitric and hydrochloric acids were the most effective and appropriate
reduction of ash content to 26 and 25%, respectively, and also reduces the sulfur content of 40 to
60%, due to these acids were formed with other metals or heavy metal compounds of nitrate and
chloride, which are soluble in water. The reaction of the nitric acid with a carbon matrix had also
the effect of reducing the carbon fixed content. Sodium and potassium hydroxide solutions reduced
the sulfur content up to 80%, but the ash content was increased occurring from the metallic oxides.
Results of coal samples at 48 hours did not affect the reduction of the amount of minerals and

sulfur because the minerals in coal reacts with chemicals completely in 24 hours.



A heating value of the coal sample after soaked in chemicals for 24 hours shown the
heating value reduced to 3 to 57% and reduced up to 20% after soaking in chemicals for 48 hours.
The heating value decreased in the nitric acid and calcium oxide. Therefore, the chemicals can
affect the reduction of the effective heating of coal. Exception of potassium hydroxide increased the
heat value range from 28.7 to 118.9%.

The result of a heavy metal were reduced in both 24 and 48 hours. The most reduction was
reduced by the nitric acid such as arsenic (40-53%), chromium (7%), cobalt (9-41%), zinc (30%),
vanadium (12%), and lead (7-12%). The hydrochloric acid reduced the arsenic (40%), cobalt (70-
90%), and vanadium (30-48%). Both these acids had the high ability to dissolve the mineral
composition, which made to react with the heavy metals thoroughly. The heavy metals in coal
samples will be formed in kind of metal nitrates and metal chlorides which can dissolve easily in
water. From this process made the coal has improved performance with low ash, sulfur, and heavy
metal contents.

The result of evaluating the real investment cost to improve the quality of coal with
chemicals has a high cost when compared to current coal quality improvement tool. Also, some
chemicals are harmful to the living organisms and environment, which is difficult to dispose of
waste and chemical residues left over from the process of quality improvement with these

chemicals.
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2 J3 23.11 -11.30 UTM: 47Q 577327m E 2026547m N 5 C1(2)
3 J4 23.08 -11.23 UTM: 47Q 577332m E 2026541m N 5 C1(2)
4 J5 23.06 -11.10 UTM: 47Q 577343m E 2026534m N 5 Cl1(2)
5 K1 -1.70 -1.96 UTM: 47Q 575655m E 2023427m N 5 SE
6 K2 -1.72 -1.55 UTM: 47Q 575678m E 2023402m N 5 SE
7 K3 0.74 -14.64 | UTM:47Q 575515m E 2023381m N 5 SE
8 Q1 -11.40 1.53 UTM: 47Q 576732m E 2027687m N 5 SE
9 Q2 -11.50 1.75 UTM: 47Q 575675m E 2023478m N 5 SE
10 Q3 -11.50 1.88 UTM: 47Q 575655m E 2023427m N 5 SE
11 Q4 -0.17 1.22 UTM: 47Q 575655m E 2023402m N 5 SE
sw | 11 55

3.1.3 msililFlunmaaes

asaliilFlunsnaasimsantSinandazdanles lusuiiu 1dus shndu (Distilled
water) N5 1a1asAan3n (Hydrochloric Acid; HCI) n3aluasn (Nitric Acid; HNO,) nsa'lalas
V‘Igﬂﬂ%ﬂ (Hydrofluoric; HF) Tasan 'l (Sodium Hydroxide; NaOH) ‘]JJ‘L!“]J”I’J (Calcium Oxide;

Ca0) waz Inunaideon'lansonlud (Poatassium Hydroxide; KOH)



16

3.1.4 MsuyansaN
] ~ ° ] ] & IR o
Msusasalazyimsusnieluszeznal 24 ¥11u9 uag 48 91y Tasudauiluiuneu
9y
aaan 11/l
d‘ \ = Q'J
FANINAGIN 1 uTaNIAH 24 F314
' Y '
1) HI9I98190IUANYBITY 1, I3, J4, J5, K1, K2, K3, Q1, Q2, Q3 tag Q4 1agtinedi
o 1 Y ] 9 [ =1 P Y Y Y ] ~ 9 a I
50 nsuApA0619 ud ldasludninesniduuda endumsaredaildnsalalasigossn 14din
4 a
NDINAAAN
2) wisudIsazalunll nsalalasnassn nsaluain nsalalasigeosn
= I = I = 9y 9 1A ¥ o
Twunadon laason lad Tmdouleason laq Yuvd Banududu 1 Tuadedas uazinau
TaglF1/51n03%100z 50 Haaans
o w 1 ] A H ~ 1 = ] 2 ] P
3) 1h@ledaunuINTUasUN 1 M laasall luuaazyuuy luasail navua 7
N oA o o 1w Y Y o vy v L yw &
wia Tuszrnanmmmsaudledanuasazateliinued19ia udinels 24 ¥ Tug
o & Y1 oa A A ) g o 1
4) 1a901nasU 24 ¥ 1ue l¥aegsumsazaienviasoonniouNnInznoUAIBE190 1Y
a 1 o zgx}z g o 4 { [ 1 a
AURIUAIUUNIZATENTBY HAIINHUANMeINa UM A NaTazae Mz egUUIUAY
g Y Y Y o Y Y o w [l 1 A A A Y o
200 N9 KVUNTzAENToIaUTIdI Mo 1R 1hdeg1aouiun'1d luaendeusi
a 4
MINATIZH

FANINAGDIN 2 UTaIAH 48 314

]
=1

v o ] 1 a 2 3 Y o Y ' = I Y a
1) HdIwgNaUHENTY Q1 Yimiin 50 niu uarlaasludinmesnidluunitazwaradn
(@ miunialalaslgooin)

9 4 v H
2)  Tuaoud 2 uaziuaeuae lliuTuReInUgANITNAaDIN |
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A A a ¢
3.2 IAFDUDUATNITIUAIITH
A A d Ay A & ¢ ¢
3.2.1 insaATzHiaInlszneumaniale msmmﬂmmﬂgemsmmuﬂ (X-ray

Fluorescence Spectrometer, XRF)

HORIBA

A A a g ~ 9 .
gﬂ‘ﬂ 3.1 N30UATIEHAIUUTZNOUNINUANAIY X-ray Fluorescence (ED) Horiba

Y
v A

F29619HID LT UTIUIY 132 §208719 NINHIUNTZVIUMNTA ST TIATIAZH TUHIU
kY kY = o 1 = @ [ = o 1
M3anAIgasnlazgniumaIulsenouniuny Tasdded19l/3umm 0.5 849 1 nSuveuday
@ 1 o = @ Y =) a Y A @ d‘ 1 o [ 1
A1z gniNlusa InneAtaziIMINGeuNUN1aa13079814 (holder) Tn8N3zIND NDU
a 9y A . J Y
92QNIANTIZHAIATDI Holiba (314 XGT 5200) X-ray Fluorescence Spectrosmeter 1agl413a11u
a o a a1 o [ Y 9 < 4 9 1 o
MIAATIZN 200 INNADAI9813 P18lANT IFIuraABNHTIVIIATUAIUgUINAIN 1.2

a A~ A a 2 o w a 7 o @ a s
AAUAT NUNTSUT 1 Naﬁll@llll'ﬂi Hagni1ad 30 ﬂTﬁIT&W] IﬂﬂWﬁ'ﬁW‘ﬁﬂl@\?ﬂTﬁ'JLﬂi'l%ﬁ'%ZQﬂ

(=9

I { v o J 1 1 o @
uaraseonudunsmiuaasn U UR LTIz AT TV IAY (intensity) NUNAIY
~ [} a adg J 1 A 1 1Y =
nmeoenulunisvesiTadidanasoulian (kev) Tasuaazsigliawanaian il awaisiei

@ 4 o a o 4 4 I =
3.3 wasmnuuazgmin sz laeldldsunsuluniouionudulsnuaislsznoulu

niedesazao il
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=~ 1 @ A ] a a g J 1
A1519% 3.2 Mnasnunmeesnu lurilevesn lasanasou 1aa (keV) Tﬂﬂlmﬁ%‘ﬁ']ﬁ] VBN

A A
PI93Ue0 XRF

Elements KO (KeV) L0 (KeV)
Na 1.041 -
Mg 1.253 -
Al 1.486 -

Si 1.740 -

P 2.013 -

S 2.307 -
K 3313 -
Ca 3.691 0.341
Ti 4.510 0.452

Mn 5.898 0.637
Fe 6.403 0.705
Ba 32.188 4.465
Zn 8.637 1.012

y l 4 da d
322 pseddnzilassaandndrmnseadnasddnuralasiines (X-ray

Diffractrometer, XRD)

31 3.2 1950935129 In59a3 19WANA 63531 NIMUES Bruker (31 D2 Phaser)
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¥
DI 1IHIIURUTIUIY 132 29819 MINFIUNTZVIUMTA N IeaTalnaz s i
F) Y =} o 9 =i @ 1 @ ] a = [
M3a A TANIzgNNIM Iassainan luridiede Tasdded191)5u1a 199 1.5 nSy
J @ v o = o Y = a Y A v A 1 @ ]
YDIARLAIDE1LYNINNT VDA I HeANaAIMINEsUNUN lda15A79814 (holder) Tagnszan
1 a d Y A 1 . Y
119 NOUILYNIUATIZHAIYIATOY Bruker (31 D2 Phaser) X-ray Diffractometer Iagaz 1417a11u
a 4 = | [} 1 9 9 1Y 1 d”
MIUATIEHU Tz 10 unaeaee19 Meldnslsanuaniizasne 11l vasansuaavuia
Aa A L:'d Aa A I'4 o w a = d' 1
0.4x12 Jaawas NUNTzud 10 Yaaueuuils uazmad 30 nlallas ¥a1nnuenau (L) Tuwsig
9 = A P4 A = = Aa =
0.1-2 A nagfiyulumsinszd 20) Gun s 84 60 peen narlumsldeu 0.2 3ud Taoyw
A o v a 7 3 A
20) vzinuiiaz 0.02 03e TagnaansvoIn1saATIzHIzgnuaaseonuuiunsfnaag
[ v o 1 1 [ Iw { (%
ANVFUWUTTEHIIMANUTUTUUD A (intensity) PN Ia)dsuudaslyl 20) vdann

g}/ o a 4 Aa = o < A o =Y 9
uuﬁ]gQﬂu'liJ'l'JlﬂiWZWWW‘]?U@“U@QWﬁﬂI@EJIﬂﬁL!ﬂﬁNﬁ']ljﬂﬁlulﬂiﬂQllﬁgﬂ']ﬂ'lﬁﬁ'lﬂﬁll']ﬂ‘liﬂﬂﬁhf

T1l511n53 Topas Taewaneenuvziaalumiteiesazves)snananiiala

1 d v
323 1399I HANNFUURLZIO (Moisture and Ash Analyzer)

A 4 a 4 ¥ 1
g‘]J‘V] 33 Lﬂ%amﬂﬂwmm%uuamﬁﬁ Leco (34 TGA 701) Moisture and Ash Analyzer

¥
v A

F29819HIDIUTUTIUIY 132 §I08719 NINFAIUNTZVIUMNTA NS ATIATIAZH TUHIU
Y Y = o a 4 =Y ,ﬂ 9 a 4
MsanaIeaIsAlzgniNIRIIEHTnan Uy dsazme 101 uazdSnamsuey

Tagaa0619150101 1.5 nFuveaazalodiaazgmimnlaludaesiin veun39 Leco (51
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TGA 701) Moisture and Ash Analyzer 113340512492 1435 113M1A 11U D7582 MVA in coal

9

=) a dao 1 dy
Tﬂﬂmmmumsamiwwmm”lﬂu

Y] v
Y =

P} .
duaoui 1 Mmsnianudulasezldniseudiedraigungiilszuia 107 09a

~ Y& A o 4 3 v o ' ' A Y a g
LRSI ﬂ]ﬂl@ﬂ’l“]flluiﬁﬁlfﬂu Lﬂj'ﬂ\iﬂgﬂ'lﬂ'liﬁlf\iu']ﬁ‘L!ﬂ@]'Jf]81\1ﬂUﬂaqﬂgﬂqmllaaﬂﬂ@@ﬂuuﬂu

v X
IDYASAINUTU

Y
% a

~ a\ 9 % ] Yy ~
YUADUN 2 ‘lJﬂI’/hf]’)‘ilﬁ"]’é]ﬂ']\‘ll,!,ﬁgﬂ%gﬂﬁ]ﬂﬂWﬂﬁlﬂﬂTGBuluIﬂilﬂuﬂQﬂlﬁﬂﬂJ 521191 950

U

o § o s 3 o I
@Qﬁ"l!clfalc?fﬂﬁ imﬂizmmm’smuﬁ}’uﬂ%mﬁ)zmm’iﬁmumuﬂuﬁj’auamwaaﬂﬂmmu%jaﬂazmi

TN

9 '
&/ I 2

dunaoud 3 nasnndlarhaseudisiiedianduniesrzihnmsmndledeigumngil 750

Y o v ¥

2] a a @ { o <
@\‘]ﬁ'll"]fﬁl%flﬁ mﬂéfﬂwa@ﬂ%mumﬁﬂﬁ um%muﬂwmumum@ﬁuﬁ’amuam@muuﬂu

q

Do

Fosazvoar/suaui

324 s danzrvsmnamsveu () lalasou ) Tulasiay (N) nazdanlos

(S) (CHNS Analyzer)

A

31 3.4 w509z fFanamsveu (O lalasiou (1) Tulase

(71 CHN 628 S Add-on Module)

¥
v A

F29619HID LT UTIUIY 132 §I08719 NINFAIUNTZVIUMTA NS 0TTIATUAZH THIU

msanmemsaliazgniinninsginliue ¢, 0, N uag S ded1efsum 1.5 nfuveua
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]

azaedazgninnldludremsiiin ¥99AT9 Leco (31 TGA 701) Moisture and Ash Analyzer

9
o/

a 4 YA 1 . = a Y 1 dy
13RS5 1EHE 1HITNITHIA ML D7582 MVA in coal IﬂEJZJGUHG]@uﬂ'IS’Jmi'IS’JWﬂQGIGVhJH

Y] ]
Y [

P} .
duasud 1 insmaianudulaee ldniseudledreiguugiidszuia 107 09

~ Y& A o 4 3 v o ' ' A Y a g
LIS TG ﬂ]ﬂl@ﬂ’lc]fvluiﬁjlfﬂu Lﬂj'ﬂ\ifﬂg'ﬂ'lﬂ'liﬁlf\iu'n’i‘L!ﬂ@]'Jf]81\1ﬂUﬂaqﬂgﬂqmllaaﬂﬂ@@ﬂuuﬂu

5, A
I0YATANUYU
g A a v @ 1 9y A a
VYUADUN 2 ﬂﬂﬂhﬂ')ﬂﬁ')'ﬁ]ﬂNlLﬁZ%ZQﬂ'E]‘lJﬂ']fJiﬁﬂ']“]fhluIﬁilfﬂuﬂQﬂ!ﬁﬂll sz 950

U

o § o s ¥ Y 3
mmmm%ﬁ i]uﬂszmﬂim’smuﬁ}am%mi]z‘ﬂ1m’imumuﬂuﬁ}’auﬁmwaaﬁlﬂmmu%}@ﬂaz"um

q1ITSNY

9
%

duaoui 3 nasnnidarhnseudisaregiadnnie ez hinmsmdled1aiigugil 750

Y v 3

2] a a @ { o <
@\‘]ﬁ'll"]fﬁl%ﬂﬁ ﬂ']flﬁl,g]}ﬂ'l"’]ff]f]ﬂcﬁﬁ]uﬂﬁﬁﬂﬁ um%wuﬂwmumuﬂmﬁué}amuamf)f)ﬂanu

q

Do,

U 9 4 o w
spgazuealsuiaun uazlsuamsvou aua1al
d‘ a d (a . . . .
3.2.5 RN RIGERER R IEE RS 19 Inductively Coupled Plasma-Optical Emission

Spectrometers (ICP-OES)

{ N a 4
3 19 3.5 1950973 13111E3J1ﬂ!ﬁ1iﬂ Inductively Coupled Plasma-Optical Emission Spectrometers

(Perkin Elmer Optima 8000)

¥
AIDYIHIDIUTUIIUIU 17 #2889 ‘VN‘ﬁWTL!ﬂ'i$1_1'Juﬂ13'£%l'l\‘]ﬁl'lﬂﬁ'lﬁlﬂﬁllagﬂ\1ulﬂW']u

Y Y = o ¥ A ! &' o a d a 1
mimm’Jflmsmui]zgﬂu1"1,‘1Jammamel1amm%u ‘Ll'ljJ'l'Jl,f’]ﬁ'lSViW]ﬂiu’lm‘ﬁ’liﬂﬁ@ﬁﬁ@ﬂ

@ ' sol Y o J o 1 ° a o 4 .
AIDYNUINUN 0.25 ﬂ’illell’é]\mﬁﬁ%ﬁ’J’E]EJNﬂggﬂu1h1’llﬂ’51$1’iﬁlulﬂ%ﬂ\1 ICP-OES (Perkin Elmer
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. a 7 o Y o s A o Lo =~
Optima 8000) M3 AT1EHzIneldan1iznee1inouinuau 80-120 psi na lu Tnsudn
AUAU 40-120 psi 1ALDINATNANUAY 80-120 psi 1A8TAIAIIND (RF) 1M1AD 40 1IAn1F5a

=\ g}l ) % ) % | tﬂy
(MHz) Taeliunaumsiosdloaisnsae 1l
Y y L] v U v L% 1
3.2.5.1 TIUIHUNA9E1 0.25 NF1 (0.1000 NS +/- 0.0200051) taz lda19814
adluranadand s o081
3252 1@nd15avatonsaluain Ysuias 9 iadans uaznialalasnaoin
a aa £ 1 [ g’/ Ay Y o 1 F o anan
15105 4 iaaans Tuviealeee asnnuung dnagseldaiunnmsilfnseanas
U o 1 4 ] { I 4 1
3.2.5.3 ldvradaedradn 1 luaseedos ETHOS ONE (3109 3.6) 1iluin3osdos
a A 1 Ya 1 1 a a . . . o Y
sianau luIasnl TaemsgesldI5nsdesn 1utiusiia coal partial digestion 11015 1A%

Y g A & A A ~ 3 A g A
5@“1” 2 UUADU AD YUADUN 1 U QmﬁQN 180 DA UN ALY L“]Ju!.’:lm 20 UIN LAZUYUNDUN 2

] ] ' H A 3 A ~ 3 a
1ﬁﬂ31uiﬂuﬁﬂﬂ1ﬂﬂluﬁﬂuﬂ 1 lﬂuqmﬁﬂvu 200 DA ALY lﬂul’)a1 20 UN

A

317 3.6 n3eadpAIg 1A sAAY Ty T Microwave Digestion: ETHOS ONE

3.2.5.4 151111317910 oo U (Distilled De-ionized Water; DDW) 1a#i51210

msneaadllluvianaradndiediuiedndredungndosna

9
yeanu iy aniuld
% 1 (% a Aana ) A 9 Y
feg1easluvinialfsuasving so Nadaas wazriimsneas s laaulsuag

~ 9 = 4
3.2.5.5 wsenansuasgulsznou ldie msny Taslion Tavead noduag
Tuauaiy dengd 1uwReoy tagdsen Taowseuasunasgiuniainuaudu 0.001, 0.05, 0.1
0.5, 1,2, 5 waz 10 @ Iudmaru (ppm)
o_ @ ! o a o A a 4
3.2.5.6 119081 uazasuasgu lihihmsinszd lunsedinsizdlsua

519a0 1
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UNH 4

HaNs 1A IZHAZETLNENANM TUATIZT

b

agilszasn
j’ dy a =3 a 4 I3 1 a = 9 ax
Luﬂ‘ﬁfh!ll‘ﬂl!@‘ﬁﬂ1flﬂx‘lﬂ1§’:]m§"|$1’iﬂ\1ﬂllixﬂﬂﬂﬂlﬂﬂﬂ”ﬂ!ﬁu G]Nﬂixﬂ@'ﬂllﬂﬂ?]ﬂ N9
a 4 a 4
OTGEREA TS IR IR 2 TR LN (Proximate analysis) N13ATIEHLUVLYNTH (Ultimate analysis) N7
a o =y 4 < L4 < 4 4
Anszrnfsnusig lagldneudnmsdngoosadua (XRF) uazaisisznoulasldiases
<3 Ia Aa 4 1 a 1 g‘; 1 @ ]
wawsdanuralasiiwes (XRD) luswuiuuaazyunoumsdivlsenanimalenisuslu

=
a1y

¢ . ¢ ¢
4.1 #aMIINIZHNA0USNWI5EgoaIsaI A (X-Ray Fluorescence, XRF)
a d 1 14 1% =
4.1.1 WaN3ANIZHNOUNITANA AN
~ o 1 1 a o [ Y ~ = < Y 1 o
M3esaNAI08 190 UK Y Iaea10819gNUA TR LV UIAN aZDIAaNIAIHIUNITAAYLIA
! J [ g’/ @ { LK ]
Taeldazunsesouvua 75 luTaswas (ues 200) nasnniuszgnivaaslunldarediali
a Y A 9 ] Y 1 o a 4 4 v a 9 A A
AiniFeudeurunszanuna nowii 1 nszinesdlsznouvesniuiiu arenseslion
an A d’ A U é a 4
519152nouTasA5N135091a9 (XRF) Tagtn3049 Holiba 1 XGT-5200 HIWAINN1TAATIEH
a 4 o '
YSuasigeenladninaie1s Usznouaae Na,0, MgO, ALO,, SiO,, P,0;, SO,, K,0, CaO,
. v A A
TiO,, MnO,, Fe,0, ttag ZnO Aaadlugiin 4.1 uazasnan 4.1
d' d' Y a 4 o o ?,‘, 1 a [ dy A
10A15199 4.1 ugaawai 1§95 3Rz XRE adausunuiu asae 1l fe
¥ A & 1 ' £y . a a3 9
Fuauiuru 1 daulvyilszneuais Sio,, ALO, tag Fe,0, Aallluiosas 56.76, 22.67
o w = 9
wag 6.14 MNAIAY tazlSuaved Mgo, SO, 1azK,0 Uszinuiovay 4
?,‘, 1 a g’l é 9 a’/ [ [~ a0 ]
FUDIURUFY T Fasenouale wu J3, J4 uaz J5 1glszneudinlvaiiu so, Naey
] I
lugaedosas 44.7 019 47.9 59903011 U Fe,0, Y000Y 17.7 B4 21.7 ag Ca0 Yszuaiovasz

16.8 §4 19.06 WU SiO, teafoeas 5.2 54 8.2



{ [ { 1 L U a J [
M3190 4.1 naealsnudesazsiguanioglugdvesarsisznovsen led lunwrunoumsidiulynmunin

Element | Na,O | MgO | ALO, SiO, P,0O; SO, K,0 CaO | TiO, | MnO, | Fe,O, | ZnO | BaO | Total
I 0.000 | 3.621 | 22.665 | 56.759 | 0.000 | 4.274 | 4.168 | 1.642 | 0.694 | 0.016 | 6.142 | 0.018 | 0.01 100
J3 4397 | 3.125 | 4.142 | 8216 | 0.000 | 44.675 | 0.662 | 16.840 | 0.147 | 0.072 | 17.708 | 0.017 | 0.02 100
J4 0.000 | 2.980 | 4.189 | 8.065 | 0.000 | 45.876 | 0.620 | 16.920 | 0.157 | 0.060 | 21.124 | 0.010 | 0.02 100
JS 0.041 | 2.701 | 2.799 | 5.260 | 0.000 | 47.888 | 0.332 | 19.056 | 0.122 | 0.020 | 21.763 | 0.015 | 0.02 100
K1 0.000 | 2.290 | 1.888 | 5.532 | 0.713 | 6.033 | 0.297 | 75.945 | 0.222 | 0.932 | 6.322 | 0.006 | 0.30 100
K2 0.742 | 1.114 | 10.231 | 21.818 | 0.000 | 34.190 | 1.627 | 5.989 | 0.288 | 0.060 | 23.927 | 0.015 | 0.02 100
K3 1.725 | 1.674 | 14.064 | 33.396 | 0.000 | 22.766 | 2.208 | 11.653 | 0.482 | 0.107 | 11.910 | 0.015 | 0.01 100
Q1 4.706 | 2.166 | 9.159 | 19.948 | 0.000 | 33.000 | 1.454 | 11.275 | 0.340 | 0.034 | 17.901 | 0.016 | 0.02 100
Q2 7.128 | 2.506 | 13.451 | 27.697 | 0.000 | 26.108 | 1.966 | 7.202 | 0.386 | 0.032 | 13.512 | 0.013 | 0.00 100
Q3 4278 | 2.247 | 14.559 | 29.839 | 0.000 | 25915 | 2.039 | 5.800 | 0.442 | 0.017 | 14.843 | 0.020 | 0.03 100
Q4 1.284 | 4.199 | 1.666 | 4.605 | 0.392 | 24382 | 0.129 | 47.957 | 0.136 | 0.159 | 15.080 | 0.012 | 0.00 100

14
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I
13
14—
I - Na20
MgO
z Kl
= A1203
£
g
2 K2 W sio2
g -
E W o3
U K3
I K20
Q1 | Ca0
| Tio2
Q2
! W Fe203
Q3
— I
0 20 40 60 80
wt (%)

ti' o d' 1 a 1 o
319 4.1 amwaaulsuasigrdnmagluaiuneumsUivl jagunin
3’/ 1 a & 9 3’/ =\ o ~ 1 1%
FUDIUHU K F9152n00A28 ¥U K1, K2 uag K3 Hesalsznounuanaenuuin Tag
v a ? A A 4 IS .
WU IR U K1 V1/Tuived CaO geganesasas 76 uazli3uia Sio,, SO, uag Fe,0,
] 1 1 a & Ay I 9
Fooaz 6 daulunurusU K2 wodsunm So, gugane3osay 34.19 50909013 Fe,0, (Goba
9
23.93), SiO, Govay 21.82) uag AlLO, Gooaz10.23) nazlunuiusu K3 5191sznovdalu
1 . 9 Y Y o w o & o a g
°lmynJu Si0, (398a¢ 33), SO, (380 23) Uag ALO, (39802 14) MUAAY ANUUDIUNUFU K

= 9 I 1 =R 9 = . 9 =3 9
Wilsznovuaie CaO L“}Jumu“lmymiaﬂaz 6 D3 76 Si0,30¥0T 5.5 O3 33.4 1lag SO, 319802 6.03

=
4 34.19
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Y v v Y
FuaIUAUsTY Q ¥91lsznoudle Q1, Q2, Q3 uaz Q4 Tasnurusu Q1 daulvg
¥ ¥ Y ¥ £ 3 a
Usznounly SO, 308az 33 Si0, 308a% 20 AT Fe,0, 308a% 18 BITU Q2 LAz Q3 NUTWIUE
' o . <
Uszneunndiendenu Ao wu Sio, gegadosaz 27.7 19 29.8 soeasnnilu SO, $osaz 26, Fe,0,
Y = Y = A a 9
§ouaz 13.5 D3 14.8 Ay CaO 3980y 5.8 04 7.2 TUFUDIUHU Q4 WU CaO gagA3IDEAY 47.9,
v ¥ o v w ¥ 1 a v v
SO,3980% 24.4 1ag Fe,0, 0802 15.1 AWa1aU aatua Ui usy Q vzisznoudiey SO, (508
. I ' ]
az24 14 33), Si0, (Fowaz 4 13 29) uag Fe,0, (Fovaz13 03 18) Wluaiulng
2 ¥ I - a
U5ura Sio, sgwuwnluyu I sesaswniusu K2, K3, Q, Q2 uaz Q3 luilsum
Y [ Y g’/ A =Y g‘/ 1 a
Tnameany nagwuties lugudus Ysuim SO, wuwngu J3, J4 uaz J5 wusedaau lua iy
3 = v 3 v doqva X ya A
suanas 1 uaznudesninlusu 1 uaz K1 vinwaswlfnusiguaniildinaudiliuinige
? < o w Y 9 3
Tusu T uazsesasuuilu K2, K3, Q1, Q2 uaz Q3 mwaay uazny lavSunardesluiu Q4
a d Y 14 S o
4.1.2 HANTIAITHAAINIAIIBEAN 24 TN
a J Aa 1 U a [N v v [
HaN13AAT 1z RS UIU 519199 TUD IR URASH LN TUTAI8E15IATA19) LTAIHAAT
~ A =
MINMANUIN U N V.11 wazln 4.2 Da4.5
{ a 4 U a o 1 =
INNIANUIN A1319N V1.2 HAAINANITIATIZHUYOIDTURUFU T WD INUTuaves
o J { @ a
Famlosvzanawuiniiganionislsuljinunimdlensalelasvgoosn anasiooas 80
A a Y a 9 1 =)
5990911 Ao N3A luaTn anasiooas 83 uaz lelasnaosn anasdosay 81 drulSuimves
asdsznovegiunzanasninigalasldnsalalasigooin Sooas 74 nialelasaasin
Y 2 Y <3 ' < Y o '
anadfovaz 63 uaznia luasn anasiosaz 61 d13lsznoumanazanasediuiu lase lagriu
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HF 471 3.36 2.17 1.60 9.16 11.49 19.95 29.54 0.00 0.00 33.00 24.72 1.45 1.86 11.28 7.09 0.34 0.50 0.03 0.05 17.90 19.78 0.02 0.004 0.02 0.01
HNO3 471 5.25 2.17 1.57 9.16 11.59 19.95 27.09 0.00 0.00 33.00 33.76 1.45 1.39 11.28 3.64 0.34 0.44 0.03 0.01 17.90 15.26 0.02 0.000 0.02 0.01

HCI1 471 3.54 2.17 1.34 9.16 11.93 19.95 29.51 0.00 0.00 33.00 | 29.24 1.45 2.03 11.28 9.31 0.34 0.62 0.03 0.02 17.90 12.43 0.02 0.05 0.02 0.00
NaOH 471 1.92 2.17 0.77 9.16 17.90 19.95 40.89 0.00 0.00 33.00 12.66 1.45 2.84 11.28 4.14 0.34 0.49 0.03 0.05 17.90 18.33 0.02 0.00 0.02 0.01
KOH 471 4.42 2.17 0.97 9.16 12.91 19.95 32.50 0.00 0.00 33.00 14.71 1.45 10.32 11.28 4.09 0.34 0.47 0.03 0.06 17.90 19.52 0.02 0.00 0.02 0.029
CaO 471 1.87 2.17 1.00 9.16 7.48 19.95 17.71 0.00 0.000 33.00 31.41 1.45 1.138 11.28 21.25 0.34 0.26 0.03 0.08 17.90 17.77 0.02 0.05 0.02 0.010
HZO 471 5.78 2.17 0.50 9.16 15.65 19.95 34.10 0.00 0.00 33.00 19.97 1.45 1.85 11.28 5.39 0.34 0.52 0.03 0.02 17.90 16.07 0.02 0.02 0.02 0.01
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HF | HNO, | HClI | NaOH | KOH | CaO | H,0 HF | HNO, | HCl | NaOH | KOH | CaO | H,0
Trace J5 K2 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1
Elements before treatment soaking time 24 hours soaking time 48 hours

As 72.54 | 37.52 | 51.83 | 0.00 | 24.45 | 80.25 | 51.00 | 84.46 | 40.20 | 65.59 | 41.83 | 31.15 | 26.39 | 31.86 | 69.42 | 32.11 | 73.20
Cr 9.79 | 18.16 | 14.35 | 2537 | 13.32 | 1633 | 15.74 | 15.14 | 9.40 | 12.16 | 16.53 | 21.23 | 14.19 | 17.32 | 1091 | 12.56 | 11.80
Co 5.80 | 838 | 439 | 2.20 398 | 0.40 6.18 6.37 560 | 339 | 259 | 2.58 1.20 5.77 536 | 897 | 2.40
Cu 11.59 | 22.36 | 16.95 | 22.57 | 18.09 | 15.73 | 18.13 | 19.32 | 15.40 | 21.73 | 19.72 | 19.64 | 19.59 | 24.49 | 23.01 | 16.95 | 20.20
Mo 0.00 | 0.00 | 0.00 | 0.20 0.40 | 0.20 0.20 0.00 0.00 | 0.20 | 0.00 1.19 1.00 0.60 0.40 | 0.00 | 0.00
Zn 16.19 | 31.34 | 19.54 | 23.77 | 22.07 | 35.44 | 51.00 | 102.19 | 31.60 | 42.46 | 12.55 | 8.13 | 39.58 | 42.41 | 30.54 | 34.10 | 16.80
A\ 21.18 | 46.11 | 31.30 | 55.93 | 27.24 | 16.13 | 38.84 | 36.65 | 30.00 | 29.51 | 36.06 | 30.56 | 22.39 | 48.98 | 36.30 | 33.71 | 33.20
Pb 3.60 | 639 | 5.18 | 4.59 517 | 5.77 5.38 6.77 440 | 997 | 478 | 437 | 5.20 7.77 9.12 | 538 | 8.00
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HHV | LHV HF HNO, HCI NaOH KOH CaO H,0
Seam MJ/kg | MJ/kg ( HHV | LHV ( HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV
I 4.54 4.24 1.00 | 0.75 | 3.63 | 3.45 | 12.10 | 11.87 | 1.45 | 1.26 | 1.99 | 1.85 | 096 | 0.79 | 1.95 | 1.78
J3 1391 | 1348 | 9.53 | 922 | 994 | 9.62 | 7.20 | 6.90 | 9.15 | 883 | 11.03 | 10.71 | 6.54 | 6.19 | 10.44 | 10.14
J4 13.30 | 12.79 | 9.41 | 9.07 | 12.05 | 11.73 | 12.05 | 11.73 | 873 | 839 | 10.08 | 9.71 798 | 7.62 | 9.54 | 9.22
J5 12.86 | 12.36 | 991 | 958 | 749 | 7.14 | 749 | 7.14 | 8.73 | 839 | 16.55 | 16.11 | 5.81 | 545 | 11.91 | 11.61
K1 8.08 7.77 728 | 7.06 | 7.77 | 7.50 | 494 | 4.68 | 7.78 | 7.50 | 17.69 | 17.42 | 432 | 4.09 | 7.88 | 7.64
K2 11.97 | 11.59 | 999 | 9.74 | 9.02 | 871 | 998 | 9.65 | 9.60 | 9.30 | 21.01 | 20.73 | 6.58 | 6.29 | 9.33 | 9.08
K3 1141 | 1096 | 9.50 | 9.24 | 8.67 | 838 | 7.99 | 7.72 | 852 | 824 | 18.74 | 1837 | 4.68 | 4.41 | 10.00 | 9.74
Q1 11.09 | 10.53 | 848 | 820 | 923 | 893 | 816 | 7.87 | 9.14 | 885 | 19.72 | 1937 | 3.83 | 3.55 | 834 | 8.07
Q2 12.73 | 12.29 | 8.11 | 7.87 | 8.65 | 842 | 7.41 | 7.18 | 845 | 818 | 19.72 | 1937 | 3.02 | 2.74 | 748 | 7.25
Q3 10.19 9.81 811 | 7.87 | 797 | 7.69 | 6.62 | 633 | 9.62 | 933 | 840 | 8.02 | 391 | 3.67 | 7.14 | 6.89
Q4 1243 | 11.87 | 12.96 | 12.67 | 11.74 | 11.43 | 12.52 | 12.18 | 9.78 | 9.50 | 8.71 832 | 8.17 | 790 | 11.15 | 10.86

I8



A ) A 2 & , v oA o o ¥ a g &
AT NN 4.11 L!ﬁﬂ\‘]3ﬂﬂﬁgfnilWﬂJﬂluWﬁ@aﬂaﬁﬂlﬂﬂﬂWﬂ'ﬂNﬁ@uiuﬂWU‘HuﬁﬁNﬂ'lﬁﬂﬁUﬂﬂ!ﬂ?Wﬂ?ﬂﬁWﬁlﬂNlﬂumaW 24 GIYJT?N

HHV | LHV HF HNO, HCl NaOH KOH CaO H,0
Seam

MJ/kg | MJ/kg | HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV | HHV | LHV
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J3 13.73 | 13.29 | 31.5 | 31.6 | 285 | 28.7 | 483 | 488 | 342 | 345 | 20.7 | 20.6 | 53.0 | 54.1 | 25.0 | 24.8
J4 13.13 | 12.62 | 29.3 | 29.1 9.4 8.3 9.4 8.3 344 | 345 | 242 | 24.1 40.0 | 40.5 | 283 | 28.0
J5 12.69 | 12.19 | 229 | 225 | 41.7 | 422 | 41.7 | 42.2 | 32.1 322 | 28.7 | 303 54.8 | 559 7.3 6.1
K1 7.95 7.63 10.0 | 9.2 39 3.5 38.9 | 39.7 3.8 35 | 1189 | 124.1 | 46.6 | 474 | 2.5 1.7
K2 1176 | 11.38 | 16.5 | 159 | 24.7 | 248 | 16.6 | 16.7 198 | 19.7 | 755 | 79.0 | 45.0 | 45.7 | 22.1 | 21.6
K3 11.22 | 10.77 | 16.7 | 15.7 | 24.0 | 23.6 | 30.0 | 29.6 | 253 | 248 | 642 | 67.6 | 59.0 | 59.7 | 124 | 11.2
Q1 1091 | 1035 | 23.6 | 222 | 16.7 | 152 | 264 | 253 17.5 16.0 | 77.8 | 83.8 | 654 | 663 | 24.7 | 234
Q2 12.55 | 12.11 | 363 | 359 | 32.1 | 31.5 | 41.8 | 41.6 | 33.6 | 335 | 549 | 576 | 763 | 77.7 | 413 | 41.0
Q3 10.03 9.65 204 | 19.7 | 21.7 | 215 | 350 | 354 5.5 4.8 176 | 182 | 61.6 | 62.6 | 29.9 | 29.8
Q4 12.26 | 11.70 43 6.7 5.6 3.7 0.7 2.6 213 | 20.0 | 30.0 | 299 | 343 | 334 | 103 8.5
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2NaOH + SiO, » Na,SiO, + H,0 (5.9)

2NaOH + Al O, » 2NaAlO,+ H,0 (5.10)
11NaOH + 2FeS, + 0.5C —— 4Na,S + 2NaFeO, + 0.5Na,CO, + 5.5H,0 (5.11)
20NaOH + AL,Si,0,(0H), — 2NaAlO,+ 2NaSiO, + 14NaOH + 5H,0 (5.12)
20NaOH + KAL([Si,AlO,(OH),]— 3NaAlO, + 3Na,SiO, + 11NaOH + 5H,0 (5.13)
2KOH + SiO, > K,SiO, + H,0 (5.14)
2KOH + ALO, > 2KAIO,+ H,0 (5.15)

v

11KOH + 2FeS, + 0.5C 4K,S + 2KFeO, + 0.5K,CO, + 5.5H,0  (5.16)

v

20KOH + ALSi,O,(OH), 2KAIO, + 2KaSiO, + 14KOH + 5H,0  (5.17)
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v

CaCO,+ HNO, CO, + Ca(NO,), + H,0 (5.18)

CaCO,+ HCI CO, + CaCl, + H,0 (5.19)
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HF,NaOH HCLNaOH HNO,,HCLKOH HNO,,HCI HNO,,HCLKOH,HF H,0 HF,HCI
Q3 HCLKOH,HF CaOKOH | HCLKOH,HF,HNO, HF HCI,HF,HNO, HF,HNO, HF,HCI
Q4 HF KOH - NaOH,HCI HF,Ca0 HCLHF HF,HCLH,0
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Element Na,0 MgO ALO, Si0, P,0, S0, K,0 Ca0 TiO, MnO, | Fe203 | BaO Zno
JSHF 44.054 8.836 3.293 1.467 1017 | 26923 | 0.143 9.376 0.044 0.000 4.149 0.000 | 0.000
JSHNO, 59.515 3.406 0.508 1.536 0.180 | 24.183 | 0.103 7.934 0.031 0.000 2595 0.011 0.000
JSHC1 25.735 0347 2.117 1.142 0.197 | 31780 | 0.133 10.847 0.154 0.001 5.395 0.018 0.000
J5NaOH 68.132 | 13.760 2.046 2418 0266 | 9.299 0.083 2551 0.017 0.000 1.431 0.000 | 0.000
JSKOH 41.658 9.956 0.026 1.229 0093 | 22819 | 4378 9.620 0.067 0.016 10.141 0.000 | 0.001
J5Ca0 14.205 7.102 0.245 1.287 0995 | 37.229 | 0.068 29.994 0.064 0.016 8.780 0.000 | 0.004
J5H20 1.759 24.001 5.022 2.761 1.134 | 3888 | 0311 10.644 0.099 0.025 15356 | 0000 | 0.006
KIHF 72.796 0.564 7.838 11.630 | 0145 | 3722 0519 1.598 0.082 0.000 1.109 0.000 | 0.000
K1HNO, 74.981 0.086 6.034 10352 | 0002 | 5558 0.404 1.501 0.065 0.000 1.020 0.000 | 0.000
KIHCI 39.016 1.524 8.968 14529 | 0130 | 11679 | 0973 3.920 0.143 0.006 3.298 0.000 | 0.000
KINaOH 2013 22.403 14762 | 22168 | 1599 | 12.798 1.257 6.758 0252 0.017 5.561 0.002 0.006
KIKOH 12.175 3361 13.185 | 2638 | 0850 | 11591 [ 7.085 16322 0.324 0.098 8.617 0.000 | 0.009
K1CaO 56.634 | 10.187 9.043 10307 | 1479 | 4.248 0.425 6.681 0.045 0.012 0.942 0.000 | 0.001
K1H20 0.611 13.072 18442 | 29224 | 0227 | 20080 | 1831 7.777 0.404 0.035 8.291 0.000 | 0.008
K2HF 75.736 6.296 5231 4719 0.037 | 5.689 0.203 0.782 0.030 0.000 1.278 0.000 | 0.000
K2HNO, 62.361 16.742 3.819 18808 [ 0008 | 8.502 0.241 1.805 0.013 0.000 1.369 0.020 | 0.000
K2HC1 59425 | 21.234 4.831 5.571 0.163 | 6413 0223 0.828 0.031 0.000 1.279 0.005 0.000
K2NaOH 75.214 0.222 3.027 4.691 0469 | 10369 | 0418 1.933 0.057 0.011 3.592 0.000 | 0.002
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Element Na,0 MgO ALO, Sio, P,0, SO, K,0 Ca0 TiO, MnO, Fe203 BaO Zno

K2KOH 0.421 2.983 13.017 20.081 0.971 25.568 10.884 6.399 0.290 0.064 19.312 0.000 0.013
K2Ca0 5.971 34.698 9.512 9.581 0.830 20.548 0.623 12.625 0.067 0.016 5.528 0.000 0.003
K2H20 4.161 1.479 10.214 22.320 0.000 30.924 1.643 7.514 0.310 0.041 21377 0.000 0.020
K3HF 87.575 1.082 0.582 3275 0.205 4.883 0.225 1.177 0.013 0.000 0.987 0.000 0.000
K3HNO, 52767 2.208 8.531 17.363 0.051 12.667 0.787 3.419 0.131 0.006 2.074 0.000 0.000
K3HCI 48.536 15.059 12255 12.402 0.028 7.734 0.458 2.048 0.079 0.002 1.388 0.016 0.000
K3NaOH 34.667 8.198 6.467 21.189 0.108 14.652 1.251 6.777 0.269 0.052 6.366 0.000 0.006
K3KOH 22.625 22314 6.354 17.851 0.201 9.239 5.759 9.429 0.252 0.091 5.883 0.000 0.005
K3Ca0 16.181 22.134 13.958 15.418 0.503 12.966 0.695 13.944 0.132 0.034 2.536 0.000 0.003
K3H20 39.322 2.756 10.102 16.733 0.037 18.885 1.165 4478 0.264 0.038 6215 0.000 0.008
QIHF 59.129 7.478 8.466 12.475 0.261 7.201 0.479 2.661 0.099 0.008 1.745 0.000 0.000
QIHNO, 71.811 1.150 7.789 8.341 0.036 7.445 0317 1.805 0.028 0.000 1.247 0.033 0.000
QIHCI 40333 1.548 7.403 16.782 0.101 22.027 0.909 6.000 0.165 0.000 4736 0.000 0.000
QINaOH 25314 4.126 11.295 18.960 0.714 20.810 1.153 6.289 0271 0.039 11.023 0.000 0.008
QIKOH 40.083 2415 20.562 15.743 0.274 8.558 3.498 3.097 0.171 0.021 5.579 0.000 0.003
Q1Ca0 68.582 10.410 3315 6312 0.355 5.826 0.225 4226 0.022 0.003 0.727 0.000 0.001
Q1H20 35.806 11.041 1.364 12.865 1.479 19.642 1.009 8.290 0.208 0.010 8.285 0.000 0.005
Q2HF 36.827 13.849 11.141 23.207 0.003 8.200 1.171 1.905 0.246 0.000 3453 0.000 0.000
Q2HNO, 78.412 0.025 7.792 7.981 0.004 4.077 0.292 0.580 0.052 0.000 0.778 0.011 0.000
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Element Na,0 MgO ALO, Sio, P,0, SO, K,0 Ca0 TiO, MnO, Fe203 BaO Zno
Q2HCI 58.115 13.471 8.628 12.929 0.172 4.592 0.406 0.607 0.087 0.000 0.996 0.000 0.000
Q2NaOH 18.706 25.686 18.022 23305 0.159 8.450 0.873 1.451 0.151 0.004 3.192 0.000 0.004
Q2KOH 41350 1.698 11.790 15.149 0.292 15.882 3.806 1.497 0.186 0.005 8.341 0.000 0.001
Q2Ca0 3.017 6.832 12.329 19.827 1.818 28.455 1.007 16.906 0.171 0.018 9.481 0.000 0.006
Q2H20 35.293 4773 16.633 24.161 0.078 11.721 1.242 2.505 0.208 0.007 3377 0.000 0.004
Q3HF 61.537 0.245 7.734 11.111 0.528 11.803 0.588 2.250 0.047 0.000 2.659 0.000 0.000
Q3HNO, 36.731 15.506 10.459 11.577 0.061 13.899 0.537 4.897 0.153 0.007 3.661 0.002 0.000
Q3HCI 77.299 1.575 4.980 7.665 0337 5.888 0.203 1.155 0.033 0.001 0.870 0.000 0.000
Q3NaOH 2.426 13312 15372 18.756 0.655 26.622 1.145 8.941 0.283 0.039 12.440 0.000 0.010
Q3KOH 39.428 24.428 10.420 9.232 1.618 7.241 3.087 1.994 0.062 0.009 2.481 0.000 0.004
Q3Ca0 3.144 3.636 12.553 31.249 0411 20.766 1.572 19.547 0.304 0.024 6.788 0.000 0.009
Q3H20 30.241 17.936 10.801 15.618 0.087 14.060 0.636 6.652 0.126 0.015 3.823 0.000 0.003
Q4HF 73.440 8.684 3.013 1.827 0.239 5.461 0.009 6.387 0.008 0.000 0.935 0.000 0.000
Q4HNO, 47571 7.579 4.149 3.481 0.130 15.756 0.223 8.981 0.084 0.014 3914 0.000 0.000
Q4HCI 44.597 6.530 3.818 1.973 1.845 12375 0.039 8.678 0.035 0.008 3.593 0.000 0.000
Q4NaOH 11.788 27.790 9.249 7.349 1.743 14.719 0.641 19.768 0.114 0.052 6.786 0.000 0.004
Q4KOH 16.581 5.921 11.882 6.792 1.791 12.692 8.139 28.203 0.112 0.064 7.826 0.000 0.002
Q4CaOH 27.429 19.545 1.556 4.199 1.257 12.570 0.041 30.711 0.019 0.029 2.646 0.000 0.002
Q4H20 43325 18.489 5.947 1.983 0.792 10.132 0.042 16.432 0.014 0.032 2.815 0.000 0.000
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1781 24 %2 134

Chemicals HF HNO, HCl NaOH | KOH CaO H,0
S 88.933 | 82.780 | 80.884 | 40.021 | 41.132 | 62.635 7.581
Al O, 74364 | 61.101 | 62.991 | 0.000 3.278 34.582 10.413
SiO, 80.470 | 77.443 | 79.379 | 15.694 | 37.110 | 61.226 15.571
Fe,0, 95.856 | 92.250 | 93.154 | 37.618 | 61.511 84.044 43.894
AL O,+Si0,+Fe,0, | 79.957 | 74.177 | 76.027 | 11.704 | 29.900 | 55.806 16.238

~ 9 1 Aa e 1 o I
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1981 24 %2 134

Chemicals HF HNO, HCl NaOH | KOH CaO H,0
S 25.564 0.000 | 41.149 | 14312 | 64.137 | 50.973 40.573
AL O, 0.000 0.000 | 41.441 0.000 0.000 4.346 0.000
SiO, 0.000 0.000 | 68.129 0.000 | 87.883 | 29.187 66.030
Fe,0, 59.541 24.362 | 80.777 0.000 | 71.315 | 77.654 40.304
Al 0;+Si0,+Fe,0, 0.000 0.000 | 71.902 0.000 | 64.927 | 54311 36.197
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Chemicals HF HNO, HCl NaOH | KOH CaO H,0
SO, 73.956 | 63.358 | 61.602 | 11.132 | 41.236 | 69.154 34.931
Al O, 78.635 | 90.248 | 51.229 | 43.686 | 90.392 | 33.325 46.646
SiO, 86.944 | 90.657 | 71.507 | 25.071 | 83.354 | 69.919 45.468
Fe,0O, 93.443 | 92.118 | 91.716 | 0.000 | 37.370 | 92.932 56.291
Al O,+Si0,+Fe,0, | 90.014 | 91.530 | 81.751 | 9.932 | 55.135 | 79.891 52.466
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Chemicals HF HNO, HCl NaOH | KOH CaO H,0
SO, 43.779 | 49.502 | 33.638 | 80.583 | 52.350 | 22.258 18.798
Al O, 0.000 | 87.873 | 49.463 | 51.170 | 99.391 91.247 0.000
SiO, 72.110 | 80.955 | 85.840 | 70.019 | 84.768 | 75.532 47.510
Fe,0O, 80.938 | 87.715 | 74.463 | 93.226 | 51.995 | 59.656 29.440
Al O,+Si0,+Fe, O, | 70.129 | 91.530 | 81.751 | 9.932 | 55.135 | 65.422 22.410
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Chemicals HF HNO, HCl NaOH | KOH CaO H,0
SO, 38.306 | 7.882 0.000 0.000 0.000 29.587 0.000
AlLO, 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SiO, 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe,0O, 82.458 | 83.806 | 47.841 | 12.045 | 0.000 85.100 0.000
Al,0;+Si0,+Fe,0, 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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181 24 %2 114

Chemicals HF HNO, HCl NaOH | KOH CaO H,O0
SO, 83.361 | 75.135 | 81.243 | 69.674 | 25.219 39.901 9.553
AL O, 48.871 | 62.677 | 52.781 | 70.413 0.000 7.028 0.166
SiO, 78.371 13.798 | 74.466 | 78.499 7.964 56.087 0.000
Fe,O, 94.661 | 94.281 | 94.657 | 84.990 | 19.288 76.896 10.657
Al O0;18i0,+Fe, O, | 79.942 | 57.134 | 79.133 | 79.796 6.371 56.015 3.689
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1781 24 %2 134

Chemicals HF HNO, HCl NaOH | KOH CaO H,0
SO, 78.554 | 44360 | 66.030 | 35.641 | 59.418 | 43.047 | 17.0474
Al O, 95.865 | 39.342 | 12.863 | 54.017 | 54.824 | 0.7537 | 28.1712
SiO, 90.193 | 48.009 | 62.865 | 36.554 | 46.549 | 53.833 | 49.8952
Fe,0O, 91.717 | 82.590 | 88.350 | 46.549 | 50.605 | 78.707 47.817
Al O,+Si0,+Fe, 0, | 91.843 | 52.893 | 56.133 | 42.696 | 49.323 | 46.249 | 44.3322
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181 24 %2 114

Chemicals HF HNO, HCI NaOH | KOH CaO H,0
SO, 78.179 | 77.441 | 33.252 | 36.939 | 74.068 82.345 | 40.4788
ALO;, 7.572 14.958 | 19.178 | 0.000 0.000 63.806 | 85.1075
SiO, 37.465 | 58.186 | 15.874 | 4.953 21.082 68.358 | 35.5073
Fe,O, 90.252 | 93.034 | 73.543 | 38.422 | 68.834 95.939 | 53.7177
Al,O0,18i10,+Fe, O, | 51.742 | 63.034 | 38.479 | 12.190 | 10.901 77.974 52.106
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Flurnan 24 52109

Chemicals HF HNO, HCl NaOH | KOH CaO H,O0
SO, 68.592 | 84.384 | 82.413 | 67.636 | 39.170 0.000 55.106
ALO;, 17.173 | 42.075 | 35.860 | 0.000 12.349 8.341 0.000
SiO, 16.213 | 71.186 | 53.322 | 15.857 | 45.306 28.415 12.767
Fe,O, 74.445 | 94.246 | 92.629 | 76.377 | 38.270 29.833 75.007
Al O,1Si0,+Fe, O, [ 30.844 | 69.723 | 58.741 | 18.554 | 35.456 23.825 19.190
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Flurnan 24 52109

Chemicals HF HNO, HCl NaOH | KOH CaO H,0
SO, 54.455 | 46367 | 77.281 | 0.000 | 72.061 19.869 45.746
Al O, 46.878 | 28.165 | 65.794 | 0.000 | 28.433 13.778 25.812
SiO, 62.765 | 61.202 | 74.312 | 37.143 | 69.061 0.000 47.659
Fe,0O, 82.086 | 75.339 | 94.142 | 16.189 | 83.285 | 54.268 74.244
Al O,+SiO0,+Fe, 0, | 63.702 | 56.625 | 77.187 | 21.393 | 62.640 14.603 48.951
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Flunan 24 32709

Chemicals HF HNO, HCl NaOH | KOH CaO H,0
SO, 77.604 | 35379 | 49.247 | 39.634 | 47.947 | 48.446 58.445
Al O, 0.000 0.000 0.000 0.000 0.000 6.603 0.000
SiO, 60.326 | 24.408 | 57.155 | 0.000 0.000 8.817 56.938
Fe,0O, 93.800 | 74.045 | 76.177 | 55.003 | 48.103 82.454 81.333
AlLO,+Si0,+Fe,0, | 72.954 | 45932 | 56.051 | 0.000 0.000 60.653 49.674
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Comp Quartz Calcite Kaolin Ilite Pyrite Sider Gyp Glauc K-Feld Mont Chlor
IHF 7.84 0.08 11.39 6.38 0.18 0.21 0.51 25.03 31.17 16.15 1.09
IHNO, 7.64 0.05 8.89 7.88 0.22 0.19 2.30 22.20 28.06 15.57 7.03
IHC1 6.85 0.09 8.73 6.95 0.03 0.19 4.26 19.00 31.24 16.01 6.70
INaOH 7.74 1.27 9.41 7.83 0.07 0.14 0.45 20.96 31.01 12.29 8.84
IKOH 7.72 1.62 9.85 9.94 0.04 0.10 0.35 23.13 22.06 16.72 8.51
ICaO 5.33 0.16 8.34 7.39 0.07 0.12 4.31 19.41 29.47 17.75 7.67
IH,0 6.20 3.45 10.26 8.28 0.09 0.24 1.04 15.97 30.88 15.83 7.80
J3HF 0.48 0.49 1.86 0.67 0.52 0.02 17.85 5.65 47.90 24.03 0.44
J3HNO, 0.60 1.18 2.57 0.69 0.02 0.08 29.14 9.67 42.98 11.98 1.11
J3HCI 0.51 0.93 1.98 0.44 0.23 0.06 21.61 6.33 37.86 28.85 0.92
J3NaOH 0.46 1.02 1.70 0.52 0.46 0.09 21.24 4.59 34.36 34.63 0.95
J3KOH 0.86 1.07 2.81 1.65 0.47 0.05 11.16 0.19 37.61 42.75 1.40
J3CaO 0.49 0.79 1.73 0.87 0.44 0.07 15.82 5.26 40.44 33.39 0.72
J3H,0 0.50 2.69 3.29 0.95 0.32 0.14 37.02 5.11 29.12 19.12 1.77
J4HF 0.23 0.76 1.09 0.67 0.68 0.03 15.00 6.98 42.93 31.27 0.23
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Comp Quartz Calcite Kaolin Illite Pyrite Sider Gyp Glauc K-Feld Mont Chlor
J4HNO, 0.50 0.96 1.40 0.44 0.73 0.06 21.50 3.04 32.65 38.24 0.51
J4HCI 0.20 0.25 0.75 0.20 0.52 0.04 12.15 3.16 30.99 51.26 0.52
J4NaOH 0.20 0.65 0.66 0.09 0.29 0.04 7.43 1.61 20.02 68.47 0.58
J4KOH 0.28 0.60 0.46 1.61 0.23 0.03 2.77 0.00 19.92 73.90 0.21
J4CaO 0.22 0.49 1.01 0.20 0.37 0.04 11.15 1.00 12.45 72.74 0.36
J4H,0 0.32 1.38 1.11 0.32 0.27 0.05 16.75 1.32 8.34 69.33 0.82
JSHF 0.09 0.79 0.89 0.40 0.76 0.03 15.55 6.72 46.19 28.07 0.33
JSHNO, 0.10 0.44 0.78 0.16 0.35 0.06 13.63 2.31 20.30 61.62 0.24
JSHC1 0.20 0.60 1.05 0.31 0.52 0.08 17.28 2.61 19.68 57.39 0.32
JSNaOH 0.23 0.80 1.09 0.34 0.27 0.05 8.19 1.25 11.47 75.88 0.46
JSKOH 0.25 0.29 0.71 0.52 0.09 0.03 7.55 0.06 10.11 80.08 0.31
J5Ca0 0.18 0.34 0.69 0.06 0.26 0.04 6.21 1.88 20.09 70.08 0.20
JSH,0 0.17 2.70 1.01 0.17 0.22 0.07 16.32 10.74 10.38 57.84 0.40
K1HF 5.14 0.37 4.12 3.07 1.25 0.00 5.20 18.35 39.00 22.53 0.76
K1HNO; 2.36 0.64 3.62 1.74 0.72 0.07 9.73 7.87 17.27 55.36 0.65
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Comp Quartz Calcite Kaolin Illite Pyrite Sider Gyp Glauc K-Feld Mont Chlor
K1HCI 2.36 0.31 3.81 2.00 0.71 0.05 8.27 9.88 18.47 53.69 0.66
K1NaOH 1.64 1.80 2.82 1.93 0.48 0.06 242 14.69 8.50 65.21 0.48
K1KOH 2.26 5.20 3.29 2.23 0.59 0.00 0.73 14.60 5.02 65.60 0.49
K1CaO 2.00 0.47 2.90 1.81 0.51 0.07 7.40 44.25 18.68 21.23 0.68
K1H,0 2.05 7.32 3.31 1.75 0.48 0.02 5.25 46.50 16.79 15.96 0.60
K2HF 1.20 0.25 1.77 1.19 2.26 0.00 4.84 5.48 23.43 59.40 0.27
K2HNO, 0.80 0.15 1.40 0.98 1.37 0.02 431 41.51 19.99 29.18 0.32
K2HCI1 1.05 0.24 1.95 1.14 1.04 0.02 8.51 46.37 20.41 18.84 0.46
K2NaOH 0.58 0.35 1.18 1.13 0.74 0.04 1.50 45.06 17.14 31.93 0.36
K2KOH 0.49 0.02 0.74 241 0.57 0.01 0.98 51.49 8.25 34.91 0.17
K2CaO 0.59 0.32 1.32 0.79 1.12 0.04 5.86 51.24 14.78 23.60 0.37
K2H,0 0.67 1.94 1.42 0.89 0.99 0.03 8.33 61.92 6.98 16.54 0.32
K3HF 2.43 0.16 2.28 1.48 0.97 0.00 9.65 7.68 43.48 31.35 0.38
K3HNO, 2.55 0.44 3.34 2.11 0.58 0.04 8.71 53.85 18.79 9.21 0.42
K3HCI 2.19 0.45 3.09 2.19 0.54 0.03 8.88 55.68 18.72 7.79 0.48
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Comp Quartz Calcite Kaolin Illite Pyrite Sider Gyp Glauc K-Feld Mont Chlor
K3NaOH 2.07 2.05 3.23 2.47 0.53 0.05 1.78 54.74 10.04 22.71 0.36
K3KOH 2.80 4.89 4.01 2.92 0.59 0.06 1.09 57.87 8.07 17.10 0.64
K3CaO 2.34 0.22 2.68 1.87 0.45 0.04 6.16 65.68 20.58 0.02 0.49
K3H,0 1.76 6.19 3.34 1.51 0.39 0.22 9.43 67.69 8.91 0.07 0.50
Q1HF 3.62 0.22 342 2.32 0.91 0.00 7.27 16.58 39.45 25.53 0.53
Q1HNO, 1.31 0.46 2.33 1.32 0.59 0.06 10.21 57.07 25.81 0.43 0.44
Q1HCI 1.40 0.40 2.37 1.39 0.41 0.05 8.47 58.95 25.40 0.75 0.44
Q1NaOH 0.95 0.25 1.49 1.21 0.39 0.04 3.26 71.85 19.46 0.79 0.33
Q1KOH 1.44 0.19 1.96 1.57 0.30 0.02 1.21 80.23 11.53 1.23 0.33
Q1CaO 1.15 0.67 1.91 1.11 0.43 0.03 9.14 62.72 21.99 0.40 0.50
Q1H,0 1.34 3.00 2.59 1.22 0.26 0.09 11.17 63.30 15.68 0.75 0.63
Q2HF 5.48 0.28 5.30 3.56 1.80 0.00 5.27 13.83 45.26 18.57 0.59
Q2HNO, 2.13 0.19 3.47 2.05 0.85 0.02 3.34 67.78 18.01 1.77 0.41
Q2HCI 2.00 0.04 3.56 2.05 0.90 0.04 4.53 58.39 26.18 1.91 0.44
Q2NaOH 4.78 0.54 8.62 6.28 1.40 0.10 1.27 22.41 36.41 16.96 1.29
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Comp Quartz Calcite Kaolin Illite Pyrite Sider Gyp Glauc K-Feld Mont Chlor
Q2KOH 5.37 0.18 11.31 7.32 2.78 0.13 6.22 11.32 37.75 14.94 1.19
Q2Ca0O 4.25 0.00 7.84 3.81 0.85 0.08 10.22 21.26 40.72 10.14 0.85
Q2H,0 3.17 4.92 8.94 4.30 2.27 0.19 34.19 11.06 19.84 9.64 1.51
Q3HF 2.79 0.58 3.60 2.47 2.39 0.00 8.31 13.41 60.90 4.44 0.73
Q3HNO, 2.65 0.22 6.21 3.16 2.27 0.06 18.12 16.27 41.60 8.48 0.99
Q3HC1 2.06 0.28 4.22 2.29 1.52 0.05 13.93 45.42 27.47 2.14 0.64
Q3NaOH 1.28 1.99 2.35 1.77 1.19 0.12 2.77 67.43 18.56 2.08 0.51
Q3KOH 2.41 1.25 4.74 3.80 0.92 0.02 0.47 64.47 15.28 5.72 0.92
Q3CaO 2.02 2.20 4.16 2.33 1.16 0.03 12.15 49.48 24.58 1.40 0.52
Q3H,0 3.04 5.21 6.05 2.81 0.85 0.19 13.59 43.54 19.28 4.81 0.64
Q4HF 0.14 0.89 0.01 0.44 0.73 0.02 2.40 18.99 75.21 0.01 0.24
Q4HNO, 0.58 1.75 0.53 1.44 0.37 0.05 6.86 57.90 28.74 3.01 0.20
Q4HCI 0.58 0.37 1.06 0.65 0.38 0.05 8.32 66.18 22.09 0.02 0.33
Q4NaOH 0.59 4.08 0.90 0.57 0.23 0.02 231 70.68 20.46 0.00 0.19
Q4KOH 0.43 6.26 0.30 0.14 0.21 0.02 0.15 73.71 18.62 0.00 0.18
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Comp Quartz Calcite Kaolin Illite Pyrite Sider Gyp Glauc K-Feld Mont Chlor
Q4CaO 0.20 5.29 0.20 0.06 0.28 0.02 3.52 71.26 18.94 0.00 0.26
Q4H,0 0.23 7.99 0.46 0.05 0.21 0.05 5.46 70.61 14.32 0.00 0.65
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Chemicals HF HNO, HCI NaOH | KOH CaO H,0

Quartz 23.49 25.44 33.11 24.41 24.61 47.95 39.45
Pyrite 50.00 38.89 93.06 80.56 88.89 55.56 0.00
Calcite 53.13 71.88 46.88 0.00 0.00 56.25 43.75

Gypsum 87.91 45.62 0.00 89.34 91.82 0.00 75.36

= ] 7 % % Ao v oa ¥
AT NN V.2.3 Llﬁﬂ\iﬁll'm‘lﬁfJfJaZﬂTiﬁﬂﬁQﬂJ@\?ﬂ’JﬂW;]f llWlli@] Llﬂall“lfﬁ LlagﬂﬂqﬂJ Glumuﬁu%u

o 1 [ 3 o
13 vasrumsUsuaganw duna 24 471w

Chemicals HF HNO, HCI NaOH | KOH CaO H,0
Quartz 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pyrite 38.10 98.21 73.21 45.24 44.64 5.95 0.00
Calcite 30.71 0.00 0.00 0.00 0.00 37.14 54.29
Gypsum 4.49 0.00 0.00 0.00 40.32 15.36 0.00

A ) s 7 % Ao v oa ¥
AT NN ¥.2.4 LLﬁﬂQﬂ%lﬂﬂ!ﬁﬂﬂagﬂ"ﬁﬂﬂﬂﬂﬂl@\‘lﬂ?ﬂ@% ]lW]lﬁﬁ Llﬂf‘]]l‘ﬂf@ Llagﬂﬂ“ﬁll Glumuwmm

o 1 [ < o
J4 Wﬁ\?WWUﬂWiﬂiUﬂﬂ!ﬂWW duna 24 ¥ 1ug

Chemicals HF HNO, HC1 NaOH | KOH CaO H,0

Quartz 51.06 0.00 50.00 50.00 28.21 53.19 31.91
Pyrite 22.73 13.10 38.69 66.07 72.62 44.32 0.00
Calcite 0.00 0.00 64.29 7.86 14.29 39.34 55.74

Gypsum 16.34 0.00 35.02 60.27 85.21 37.81 6.58
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Chemicals HF HNO, HCI NaOH | KOH CaO H,0
Quartz 75.00 73.61 44.44 37.50 30.56 50.00 52.78
Pyrite 24.50 65.00 48.50 73.50 91.00 66.00 0.00
Calcite 0.00 0.00 0.00 0.00 14.71 23.53 35.29
Gypsum 18.97 29.00 9.95 57.35 60.66 67.64 14.96

= ] 7 % % Ao v oa ¥
AT NN V.2.6 Llﬁﬂ\iﬁll'm‘lﬁfJfJaZﬂTiﬁﬂﬁQﬂJ@\?ﬂ’JﬂW;]f llWlli@] Llﬂall“lfﬁ LlagﬂﬂqﬂJ Glumuﬁu%u

o 1 o I o
K1 nassumsdsuaamn iunal 24 97109

Chemicals HF HNO, HCI NaOH | KOH CaO H,0
Quartz 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pyrite 14.97 51.02 51.70 67.35 59.86 68.03 0.00
Calcite 99.52 99.16 99.59 97.63 93.15 99.33 99.37
Gypsum 0.00 0.00 0.00 1.02 70.08 0.00 0.00
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Chemicals HF HNO, HC1 NaOH | KOH CaO H,0

Quartz 0.00 5.88 0.00 31.76 42.35 30.59 21.18
Pyrite 17.70 50.18 62.23 72.99 79.38 88.32 29.20
Calcite 0.00 0.00 0.00 0.00 88.46 0.00 0.00

Gypsum 6.66 16.89 0.00 71.14 81.18 0.00 0.00
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Chemicals HF HNO, HCl NaOH | KOH CaO H,0
Quartz 46.23 43.57 51.44 54.10 37.92 48.12 60.98
Pyrite 12.27 47.73 51.36 52.27 46.36 80.00 0.00
Calcite 95.12 86.74 86.28 37.65 0.00 86.28 88.11
Gypsum 30.32 37.15 35.92 87.15 92.17 55.52 31.91
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Chemicals HF HNO, HCI NaOH | KOH CaO H,0
Quartz 0.00 48.62 44.88 62.80 43.31 54.72 47.24
Pyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcite 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gypsum 58.72 42.02 51.93 81.52 93.16 48.10 36.57
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Chemicals HF HNO, HCl NaOH | KOH CaO H,0

Quartz 0.00 29.24 33.72 0.00 0.00 0.00 0.00
Pyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcite 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gypsum 51.87 69.47 58.59 88.44 43.14 6.58 0.00
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Chemicals HF HNO, HCl NaOH | KOH CaO H,0
Quartz 31.91 3533 49.63 68.83 41.08 50.61 25.67
Pyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcite 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gypsum 7.46 0.00 0.00 69.21 94.77 0.00 0.00
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Chemicals HF HNO, HCI NaOH | KOH CaO H,0

Quartz 75.00 0.00 0.00 0.00 0.00 62.96 57.41
Pyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calcite 90.22 80.82 95.99 55.16 31.21 96.92 97.69

Gypsum 93.95 82.70 79.03 94.17 99.62 91.12 86.23
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Fixed Volatile Ash Fixed C
Seam Moisture | Volatile Ash

Carbon (dry) (dry) (dry)
IHF 10.19 15.56 68.24 6.02 17.32 75.98 6.70
J3HF 12.95 33.94 32.95 20.17 38.99 37.85 23.16
J4HF 14.20 38.33 29.81 17.77 44.62 34.70 20.68
JSHF 13.57 38.62 29.88 17.94 44.68 34.57 20.75
K1HF 9.19 27.14 43.35 20.34 29.88 47.73 22.39
K2HF 10.24 33.99 29.51 26.27 37.86 32.87 29.27
K3HF 10.76 34.33 29.23 25.69 38.47 32.75 28.79
Q1HF 11.62 29.34 37.72 21.33 33.19 42.68 24.13
Q2HF 10.23 27.71 41.39 20.67 30.87 46.11 23.02
Q3HF 9.81 30.37 38.91 21.24 33.55 42.99 23.46
Q4HF 12.42 34.01 27.15 26.44 38.83 30.99 30.18
IHNO3 7.36 19.78 67.00 5.87 21.34 72.32 6.34
J3HNO3 13.59 42.34 31.98 12.10 49.00 37.00 14.00
J4HNO3 13.58 42.39 23.63 20.41 49.05 27.34 23.61
JSIHNO3 14.74 43.62 39.55 2.09 51.16 46.39 2.45
K1HNO3 11.10 32.72 44.11 12.08 36.80 49.61 13.59
K2HNO3 12.26 36.59 36.52 14.64 41.70 41.62 16.68
K3HNO3 12.25 34.47 38.02 15.28 39.27 43.32 17.41
Q1HNO3 12.49 36.23 35.53 15.76 41.39 40.60 18.01
Q2HNO3 9.64 30.54 40.08 19.75 33.80 44.35 21.85
Q3HNO3 11.66 35.30 40.39 12.66 39.95 45.72 14.33
Q4HNO3 12.75 41.40 33.57 12.29 47.44 38.47 14.09
IHCI 9.55 17.11 67.20 6.15 18.92 74.29 6.79
J3HC1 12.46 42.13 33.56 11.86 48.12 38.33 13.55
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Fixed Volatile Ash Fixed C
Seam Moisture | Volatile Ash

Carbon (dry) (dry) (dry)
J4HC1 12.97 42.54 32.25 12.21 48.90 37.07 14.03
JSHCI 13.07 43.67 33.05 10.22 50.23 38.02 11.75
K1HCI 10.80 30.10 47.09 12.01 33.75 52.79 13.46
K2HCI 11.32 34.25 31.18 23.25 38.62 35.16 26.22
K3HC1 11.32 32.00 40.49 16.20 36.08 45.65 18.27
Q1HCI 12.14 34.89 36.30 16.67 39.72 41.31 18.97
Q2HCI 9.60 27.76 42.63 20.02 30.71 47.15 22.14
Q3HCI 11.80 31.41 39.75 17.05 35.61 45.07 19.33
Q4HCI 14.46 40.86 25.44 19.25 47.76 29.74 22.50
INaOH 8.14 18.43 68.98 4.46 20.06 75.09 4.85
J3NaOH 13.59 40.03 37.03 9.37 46.32 42.85 10.84
J4NaOH 14.32 39.79 37.91 7.99 46.44 4424 9.32
JS5NaOH 14.44 39.45 40.12 6.00 46.11 46.88 7.01
K1NaOH 11.55 31.92 46.93 9.61 36.09 53.05 10.86
K2NaOH 12.55 33.60 40.25 13.61 38.42 46.02 15.56
K3NaOH 11.45 32.06 43.18 13.31 36.21 48.76 15.03
Q1NaOH 12.35 33.84 36.86 16.96 38.60 42.05 19.34
Q2NaOH 11.23 29.73 41.43 17.62 33.49 46.67 19.84
Q3NaOH 12.14 33.02 40.75 14.10 37.57 46.38 16.05
Q4NaOH 11.68 38.73 36.81 12.79 43.85 41.67 14.48
IKOH 5.64 18.53 72.37 3.48 19.63 76.69 3.68
J3KOH 13.39 39.69 36.38 10.55 45.82 42.01 12.17
J4KOH 15.60 38.84 38.30 7.27 46.02 45.37 8.61
J5KOH 18.35 40.41 36.85 4.40 49.49 45.13 5.39
K1KOH 11.58 32.12 52.73 3.57 36.33 59.64 4.04
K2KOH 13.73 32.34 41.27 12.67 37.48 47.83 14.69
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Volatile Fixed C
Seam Moisture Volatile Ash Fixed Carbon Ash (dry)

(dry) (dry)

K3KOH 15.31 31.61 46.98 6.11 37.32 55.47 7.21
Q1KOH 14.55 30.86 41.54 13.06 36.11 48.61 15.28
Q2KOH 9.12 29.13 49.84 11.91 32.05 54.84 13.11
Q3KOH 15.61 32.61 40.32 11.47 38.64 47.78 13.58
Q4KOH 16.25 41.15 32.14 10.47 49.13 38.37 12.50
ICaO 7.02 20.87 71.24 0.88 22.44 76.61 0.95
J3CaO 14.84 44.74 48.37 -7.95 52.54 56.79 -9.33
J4CaO 15.18 44.94 48.88 -8.99 52.98 57.62 -10.60
J5Ca0O 15.06 48.09 45.24 -8.38 56.61 53.25 -9.87
K1CaO 9.44 37.58 55.71 -2.72 41.49 61.51 -3.00
K2CaO 12.68 39.81 52.35 -4.84 45.59 59.95 -5.54
K3CaO 11.01 40.90 51.88 -3.78 45.95 58.29 -4.24
Q1CaO 11.83 40.65 51.99 -4.47 46.10 58.97 -5.06
Q2Ca0 11.60 34.81 54.38 -0.78 39.37 61.51 -0.88
Q3Ca0O 10.15 35.95 54.69 -0.79 40.01 60.86 -0.87
Q4Ca0O 11.09 46.59 49.70 -7.36 52.39 55.89 -8.28
IH,0 7.20 19.44 69.77 3.60 20.95 75.18 3.87
J3H,0 12.38 42.14 27.78 17.71 48.09 31.71 20.21
J4H,0 13.46 43.54 33.32 9.69 50.31 38.49 11.20
J5H,0 12.87 42.79 24.89 19.47 49.10 28.56 22.34
K1H,0 10.12 32.58 47.09 10.22 36.25 52.39 11.36
K2H,0 10.47 38.60 37.19 13.74 43.11 41.54 15.35
K3H,0 10.95 35.39 35.53 18.14 39.74 39.90 20.36
Q1H,0 11.35 37.46 42.06 9.15 42.25 47.44 10.32
Q2H,0 9.36 28.80 45.99 15.86 31.77 50.73 17.50
Q3H,0 10.56 33.78 50.74 4.93 37.76 56.73 5.51
Q4H,0 12.06 43.65 28.88 15.41 49.64 32.84 17.52
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Chemicals HF HNO3 | HClI | NaOH | KOH | CaO H20
Moisture 19.32 | 41.77 | 2439 | 3559 | 55.38 * 55.38
Volatile 3.62 18.38 | 5.67 12.40 | 12.87 * 12.87
Ash 2.12 0.31 0.61 3.17 7.70 * 7.70
Fixed carbon 2591 | 24.02 | 27.42 | 0.00 | 22.09 * 22.09
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Chemicals HF | HNO3 | HClI | NaOH | KOH | CaO | H20
Moisture 28.20 | 24.63 | 30.92 | 24.65 | 25.73 * 31.34
Volatile 11.26 9.68 9.22 4.46 3.64 * 9.24
Ash 9.17 6.40 10.82 | 19.16 | 17.73 * 7.18
Fixed carbon 31.52 | 12.42 | 14.12 | 32.19 | 23.64 * 22.00
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Chemicals HF | HNO3 | HClI | NaOH | KOH | CaO | H20
Moisture 32.63 | 35.57 | 38.47 | 32.04 | 25.96 * 36.14
Volatile 5.31 14.38 | 14.68 8.80 6.57 * 16.65
Ash 1.19 19.76 8.68 | 2231 | 23.10 * 11.60
Fixed carbon 25.70 | 35.31 7.54 | 39.51 | 44.96 * 26.59
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Chemicals HF HNO3 | HCl | NaOH | KOH | CaO H20
Moisture 34.47 | 28.82 | 36.88 | 30.27 | 11.35 * 37.85
Volatile 4.27 15.25 | 15.33 6.29 8.50 * 13.59
Ash 1.64 25.69 | 11.07 | 26.74 | 20.23 * 15.33
Fixed carbon 27.79 | 83.86 | 21.12 | 53.67 | 66.02 * 33.47
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Chemicals HF | HNO3 | HClI | NaOH | KOH | CaO | H20
Moisture 29.56 | 1492 | 17.22 | 11.46 | 11.20 * 22.43
Volatile 14.30 3.21 4.96 0.78 1.40 * 2.79
Ash 19.22 | 20.60 | 25.63 | 2537 | 33.59 * 25.63
Fixed carbon 0.32 40.40 | 40.77 | 52.59 | 82.39 * 49.61
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Chemicals HF HNO3 | HCl | NaOH | KOH | CaO H20
Moisture 35.60 | 2292 | 28.84 | 21.10 | 13.65 * 34.15
Volatile 7.64 14.21 8.35 6.58 2.92 * 18.68
Ash 12.04 8.13 7.06 16.64 | 18.70 * 9.79
Fixed carbon 27.03 | 23.66 | 17.55 | 29.00 | 33.91 * 28.33
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Chemicals HF HNO3 | HCl | NaOH | KOH | CaO H20
Moisture 42.46 | 34.52 | 39.47 | 38.77 | 18.16 * 41.47
Volatile 11.42 | 11.77 | 4.95 5.15 3.78 * 14.07
Ash 29.19 7.89 1.90 4.42 12.15 * 13.91
Fixed carbon 62.51 | 3698 | 40.56 | 27.65 | 36.55 * 46.90
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Chemicals HF | HNO3 | HCl | NaOH | KOH | CaO H20
Moisture 49.59 | 4584 | 4733 | 46.42 | 36.88 * 50.78
Volatile 5.68 14.15 | 10.86 | 8.08 0.79 * 16.97
Ash 17.43 | 12.36 | 14.20 | 15.52 | 25.03 * 25.95
Fixed carbon 31.07 6.73 11.79 | 13.30 | 11.16 * 37.79
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Chemicals HF HNO3 | HClI | NaOH | KOH | CaO H20
Moisture 44.07 | 47.29 | 47.54 | 38.60 | 50.14 * 48.82
Volatile 7.73 1.67 7.56 1.00 3.00 * 4.11
Ash 23.60 | 21.10 | 25.83 | 23.67 | 36.56 * 31.24
Fixed carbon 2.93 1.57 0.22 12.19 | 40.63 * 20.94
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Chemicals HF HNO3 | HCl | NaOH | KOH | CaO H20
Moisture 38.38 | 26.79 | 25.88 | 23.78 1.98 * 33.67
Volatile 9.30 21.97 | 1231 | 16.58 | 15.55 * 18.46
Ash 4.53 0.88 2.45 0.00 1.06 * 19.68
Fixed carbon 25.64 | 19.82 | 7.36 10.70 | 27.39 * 68.78
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Chemicals HF | HNO3 | HCl | NaOH | KOH | CaO H20
Moisture 46.65 | 4523 | 37.89 | 49.83 | 30.22 * 48.20
Volatile 10.00 8.71 7.50 2.41 8.17 * 13.42
Ash 3.84 15.89 | 9.88 | 23.30 | 12.15 * 2.25
Fixed carbon 59.52 | 12.94 | 4442 | 1634 | 2.15 * 30.56
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Hydrogen Sulfur
Seams Carbon (C) | Nitrogen (N)
(H) )

IHF 10.270 2.593 0.335 1.077
IHNO, 11.583 2.489 1.043 5.014
IHC1 29.343 4.981 1.362 1.745
INaOH 10.786 2.657 0.320 1.338
IKOH 10.494 2416 0.408 1.300
ICaO 9.549 2.544 0.274 0.747
IH,0 11.002 2.580 0.402 1.828
J3HF 32.088 3.939 0.978 9.497
J3HNO, 30.771 3.771 1.444 11.533
J3HC1 29.233 3.826 0.885 6.513
J3NaOH 30.834 3.969 0.929 8.076
J3KOH 34.123 4.009 1.143 7.883
J3CaO 21.392 3.608 0.605 11.122
J3H,0 35.791 4.027 1.099 8.412
J4HF 33.389 4.011 0.970 8.613
J4HNO, 37.666 4.085 1.588 10.609
J4HCI 30.499 3.808 0.885 9.180
J4NaOH 31.085 4.022 0.882 5.683
J4KOH 33.143 4.030 1.123 5.096
J4CaO 22.150 3.615 0.597 14.705
J4H,0 32.255 3.958 0.946 9.139
JSHF 33.441 3.912 1.009 10.166
JSIHNO, 25.492 3.529 1.174 9.323
J5HC1 30.479 3.734 0.912 9.568
J5NaOH 30.316 3.897 0.911 4.556
J5KOH 30.822 3.845 5.760 7.159
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Carbon | Nitrogen | Hydrogen Sulfur
Seams
© ™) (H) )

J5Ca0O 21.700 3.490 0.571 10.159
JSH,0 38.577 4.141 1.176 9.934
K1HF 25.942 3.366 1.045 6.049
K1HNO, 24.236 3.285 1.620 7.283
K1HCI 21.632 3.231 0.871 4.287
KINaOH | 26.609 3.570 1.019 4.287
K1KOH 22.551 2.989 8.241 2.708
K1CaO 18.787 2.879 0.626 3.439
K1H,0 24.742 3.403 1.033 8.160
K2HF 33.059 3.865 1.319 9.638
K2HNO, 28.065 3.531 1.824 8.208
K2HCI1 32.755 3.848 1.299 9.225
K2NaOH | 29.533 3.793 1.164 8.826
K2KOH 28.106 3.565 8.491 10.010
K2CaO 21.957 3.403 0.824 6.440
K2H,0 29.519 3.638 1.221 9.626
K3HF 33.242 3.847 1.249 8.098
K3HNO, 27.878 3.521 2.023 5.137
K3HCI 27.215 3.709 1.154 7.237
K3NaOH | 28.851 3.737 1.188 4.105
K3KOH 25.290 3.332 8.401 3.941
K3CaO 19.973 3.092 0.740 4.203
K3H,0 32.552 3.888 1.397 6.219
Q1HF 28.375 3.617 1.201 8.446
Q1HNO;, 28.928 3.570 2.063 6.565
Q1HCI 28.754 3.739 1.084 8.108
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Carbon | Nitrogen | Hydrogen Sulfur
Seams
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QINaOH | 31.872 3.871 1.184 4.728
Q1KOH 29.540 3.665 8.403 2777
Q1CaO 18.189 3.040 0.603 5.242
Q1H,0 26.291 3.472 1.020 10.253
Q2HF 26.668 3.460 0.947 7.733
Q2HNO;, 28.601 3.469 1.357 6.291
Q2HCl 27.382 3.585 0.947 4.708
Q2NaOH | 29.119 3.753 1.004 5.552
Q2KOH 22.051 3.070 7.985 6.359
Q2Ca0 13.624 2.878 0.436 10.451
Q2H,0 25.856 3.401 0.950 5.756
Q3HF 26.929 3.424 0.898 10.990
Q3HNO, 26.837 3.438 1.392 6.762
Q3HCl 26.234 3.589 0.873 6.261
Q3NaOH | 30.764 3.785 1.060 6.860
Q3KOH 29.436 3.957 0.942 5.703
Q3Ca0O 17.707 2.950 0.555 5.024
Q3H,0 23.695 3.224 0.822 6.402
Q4HF 39.768 4.019 1.316 9.330
Q4HNO;, 34.275 4.087 2.078 6.490
Q4HCI 41.684 4.466 1.360 4.576
Q4NaOH | 33.516 3.733 1.311 3.344
Q4KOH 34.534 3.771 1.010 2.250
Q4CaO 27.965 3.164 0.757 3.190
Q4H,0 39.078 3.896 1.247 3.303
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Chemicals | HF HNO, | HCl | NaOH | KOH | CaO H,0
%C 0.195 | 11.508 | 65.068 | 4.965 | 2.320 | 6.840 | 6.831
%H 88.187 | 63.186 | 51.930 | 88.690 | 85.593 | 90.333 | 85.824
%N 79.669 | 78.818 | 89.417 | 80.163 | 78.182 | 79.279 | 79.571
%S 44.992 | 60.969 | 10.858 | 31.630 | 33.572 | 61.852 | 6.617

] ' A 3 J
*%@Q%Lﬂulﬁﬂx‘l%@ﬂﬁgﬂWiﬁﬂﬁ\‘i Llﬁ$“]ff]\1%51ﬂ'3llﬁﬂ\1ﬂ?ﬁlWNﬁHﬂl@ﬂﬂﬂﬂﬂﬁZﬂﬂU

~ Y 2 d%l A 4 U a ?1’1 ]
137190 V.4.3 waaslsunsosazmuIuYsoanasvetesnlseneuluauiury I3 iU

] = a < <
msurluasall 7 yianlunal 24 ¥ 1ud

Chemicals | HF | HNO, | HCl | NaOH | KOH | CaO H,0
%C 1.833 | 5.863 | 10.568 | 5.670 | 4.208 | 34.557 | 8.673
%H 78.133 | 67.716 | 80.201 | 79.227 | 74.427 | 86.466 | 75.417
%N 73.452 | 72.266 | 72.665 | 73.651 | 73.910 | 71.015 | 74.032
%S 15.005 | 30.007 | 19.314 | 0.043 | 2.348 | 27.423 | 4.036
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Chemicals | HF | HNO, | HClI | NaOH | KOH | CaO | H,0
%C 6.168 | 16.824 | 2.649 | 0.779 | 5.472 | 29.300 | 2.871
%H 79.078 | 65.747 | 80.905 | 80.984 | 75.778 | 87.117 | 79.608
%N 75.760 | 76.201 | 74.471 | 75.826 | 75.876 | 73.106 | 75.438
%S 9.759 | 26.738 | 15.338 | 26.879 | 34.438 | 47.147 | 14.953
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Chemicals | HF HNO, | HCl | NaOH | KOH | CaO H,0

%C 8.623 | 16.576 | 0.257 | 0.790 | 0.858 | 28.987 | 20.790
%H 77.420 | 73.734 | 79.600 | 79.605 | 22.417 | 87.220 | 73.688
%N 75.831 | 73.203 | 74.678 | 75.738 | 75.408 | 72.909 | 77.168
%S 14.702 | 6.988 | 9.370 | 47.457 | 17.437 | 14.647 | 12.710

] ' A 3 J
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Chemicals | HF | HNO, | HCl | NaOH | KOH | CaO H,0
%C 0.799 | 7.325 | 17.282 | 1.721 | 13.766 | 28.160 | 5.390
%H 62.524 | 41.879 | 68.741 | 63.453 | 66.173 | 77.535 | 62.940
%N 76.942 | 76.371 | 75.981 | 78.263 | 74.035 | 73.040 | 77.197
%S 5.117 | 21.195 | 25.294 | 25.309 | 52.814 | 40.085 | 29.669

(] 1 A 2 d
*“B@Q?TmWLLﬁﬂQ%}ﬂﬂﬂzﬂTiﬂﬂﬂﬂ Ll,ﬁ85156\‘1%51]1’JLLET@1\1ﬂTiLWM%uT@ﬂB%ﬂﬂi%ﬂﬂU

~ Y A 49! A 4 U a ?x’/ v 1
13190 v.4.7 waaelsunsosazuINYIoanatveseInlsenou lua Uiy K2 Hadnu

' = a J ]
Msuxluasal 7 yianlunal 24 52 1ud

Chemicals | HF | HNO, | HCI | NaOH | KOH | CaO H,0

%C 10.598 | 5.043 | 9.768 | 0.076 | 4.904 | 25.708 | 0.123
%H 67.751 | 55.385 | 68.227 | 71.531 | 51.842 | 79.846 | 70.132
%N 69.630 | 66.762 | 69.498 | 69.057 | 67.079 | 65.510 | 67.735
%S 31.331 | 19.366 | 28.256 | 25.017 | 33.883 | 2.697 | 31.249
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Chemicals | HF HNO, | HCl | NaOH | KOH | CaO H,0

%C 21.363 | 6.233 | 3.948 | 9.395 | 3.252 | 23.592 | 19.698
%H 70.165 | 51.663 | 72.437 | 71.620 | 50.173 | 82.319 | 66.633
%N 72.456 | 69.907 | 71.425 | 71.645 | 68.199 | 65.729 | 72.746
%S 31.967 | 6.753 | 23.872 | 25.495 | 28.472 | 23.707 | 11.417
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Chemicals | HF HNO, | HClI | NaOH | KOH | CaO H,0

%C 2.943 | 4796 | 4.220 | 13.592 | 6.769 | 33.956 | 4.537
%H 73.789 | 54.964 | 76.347 | 74.154 | 45.474 | 86.829 | 77.744
%N 71.791 | 71.417 | 72.709 | 73.645 | 72.162 | 66.441 | 70.612
%S 29.146 | 8.850 | 26.192 | 20.998 | 53.593 | 12.408 | 41.637
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Chemicals | HF | HNO, | HCI | NaOH | KOH | CaO H,0
%C 13.659 | 7.403 | 11.349 | 5.724 | 28.609 | 55.892 | 16.290
%H 78.360 | 68.983 | 78.361 | 77.040 | 45.213 | 90.042 | 78.289
%N 70.462 | 70.539 | 71.493 | 72.767 | 66.712 | 64.491 | 69.952
%S 14.651 | 4.689 | 28.667 | 15.879 | 3.652 | 36.845 | 12.795
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Chemicals | HF HNO, | HCl | NaOH | KOH | CaO H,0
%C 7.072 | 6.756 | 4.612 | 18.658 | 14.987 | 29.242 | 5.313
%H 76.480 | 63.533 | 77.121 | 72.233 | 75.318 | 85.461 | 78.478
%N 74.941 | 75.038 | 76.087 | 77.329 | 78.314 | 70.913 | 73.384
%S 47.516 | 14700 | 7.867 | 15912 | 1.136 | 12.899 | 9.903
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Chemicals | HF HNO, | HClI | NaOH | KOH | CaO H,0

%C 18.329 | 5.239 | 22.083 | 3.093 | 5.949 | 13.898 | 16.886
%H 71.766 | 55.430 | 70.818 | 71.871 | 78.325 | 83.753 | 73.253
%N 76.145 | 76.540 | 78.535 | 74.317 | 74.579 | 69.704 | 75.390
%S 67.406 | 53.140 | 33.545 | 9.047 | 26.028 | 4.656 | 7.918
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HHV | LHV HF HNO, HCI NaOH KOH CaO H,0
Seam MJ/kg | MJ/kg | HHV | LHV | HHV | LHV | HHV | LHV | HHV ( LHV | HHV | LHV | HHV | LHV | HHV | LHV
I 4.54 4.24 1.00 | 0.75 | 3.63 | 345 | 12.10 | 11.87 | 1.45 1.26 | 1.99 1.85 096 | 0.79 | 1.95 1.78
J3 1391 | 1348 | 953 | 922 | 994 | 962 | 720 | 690 | 9.15 | 883 | 11.03 | 10.71 | 6.54 | 6.19 | 10.44 | 10.14
J4 13.30 | 12.79 | 9.41 9.07 | 12.05 | 11.73 | 12.05 | 11.73 | 8.73 | 839 | 10.08 | 9.71 798 | 7.62 | 9.54 | 9.22
J5 12.86 | 12.36 | 9.91 958 | 749 | 7.14 | 749 JL 7.14 | 873 | 839 | 16.55 | 16.11 | 581 | 5.45 | 1191 | 11.61
K1 8.08 7.77 728 | 7.06 | 777 | 7.50 | 4.94 | 4.68 778 | 7.50 | 17.69 | 1742 | 432 | 409 | 7.88 | 7.64
K2 11.97 | 11.59 | 999 | 9.74 | 9.02 | 8.71 9.98 | 9.65 9.60 | 930 | 21.01 | 20.73 | 6.58 | 6.29 | 9.33 | 9.08
K3 11.41 | 1096 | 9.50 | 9.24 | 8.67 | 838 | 7.99 | 7.72 852 | 824 | 1874 | 1837 | 4.68 | 4.41 | 10.00 | 9.74
Q1 11.09 | 10.53 | 848 | 820 | 9.23 8.93 816 | 7.87 | 9.14 | 885 | 19.72 | 19.37 | 3.83 | 3.55 | 8.34 | 8.07
Q2 12.73 | 12.29 | 8.11 7.87 | 8.65 842 | 741 7.18 845 | 818 | 19.72 | 1937 | 3.02 | 2.74 | 748 | 7.25
Q3 10.19 9.81 8.11 7.87 | 797 | 7.69 | 6.62 | 6.33 9.62 | 933 | 840 | 8.02 | 391 | 3.67 | 7.14 | 6.89
Q4 12.43 | 11.87 | 12.96 | 12.67 | 11.74 | 11.43 | 12.52 | 12.18 | 9.78 | 9.50 | 8.71 8.32 817 | 790 | 11.15 | 10.86
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