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Abstract

The purpose of this research is to remove ash and inorganic sulfur (pyrite) from Thai
coals by means of coarse coal preparation and fine coal preparation. The investigation consists of
the study of coal properties, comminution of coal, coal washability characteristics, coarse coal
beneficiation by using jigs and shaking tobles and fine coal beneficiation by flotation and

- flocculation methods.

From the investigation reported herewith showed the most of coals in Thailand rank as
lignite and the few deposits are subitubinous coals. Clays and shale are the major impurities and
sulfur content varies from 0.3-6.0 % . These lignites should be washed at size as large as
possible in stead of crushing to small size and then washing because of. less production cost and
it is difficult to wash fine coal. In coarse coal process, jigs or shaking tables or heavy media
separation methods is introduced to remove impurities while flotation or flocculation methods may
be applied for treating  fine coals.

It i§ found from the result that this study could not concluded that amount of sulfur is
reduced by flotation or flocculation methods. The coals which were crushed to small size and
leave for along time before floating, it causesoxidation on the coal particles surfaces and leads to
the decrease of floatability of coals.

It is also apparent that flocculation method can be introduced for removing ash and/or
sulfur from fine coal. There are other methods to reduce sulfur from coal such as chemical
process which calcium oxide is introduced to react with sulfuric minerals in coal and the
dissovation of metal sulfides in coal by bacteria. The later method is introduced in the case of

meldliic sulfides are very fine grain and this method is needed the further detail study.
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1)

MUN rank VBIMUAUMININIATIH ASTM-388

bd

A0 2.1 M5

Volatile
carbon matrer Calorific value*
(% dmmf) % dmmf} {M]/kg mmmf)
Abbre- Agglomerating
Class Croup viation = < = < = < character
1. Antheacite 1. Metaanthracite ma 9% 2
2. Anthracite an 92 98 2 8 { Nonagglomerating
3. Semianthracire® sa 86 92 8 14
[1. Bituminous 1. Low volatile biruminous [vb 78 86 14 22 ¢
2. Medium volatile bituminous mvb £9 7R 22 3t
3. High volatile A biruminous hvAb 69 31 32.56¢
[14,000]
4. High volatile B bicuminous hvBRb 30.24 3256 {1 Commonly agglomerating
[13,000 14,000)
5. High volatile C bituminons hvCh 26,75 30.24
[11,500 13,000) |
24.42 26.75 Anol .
110,500 11,500] Bglomeratng
11, Subbituminous 1. Subbituminous A subA 24.42 26.75 f
[10,500 11,500)
2. Subbituminous B subB 2210 24.42
9,500 10,500
3. Subbituminous C subC 19.31 2210 N | .
(8,300 9,500] { onagglomenting
IV. Lignitic 1. Lignite A ligA 14.65 19.31
[6,300 8,300]
2, Lignite B ligh 14.65
[6,300]

“ From ASTM [13].

® Bracketed data show calorific values in Bru/lb, {mmmf = mincral matter sd moistire-free.)

« I apglomerating, classify as lvb coal.
4 Coals with more than 69% fAxed shall be classified according te fixed carbon, repardless of calonific value.



12

d ) o o o 5 =4 S e < =4
uounatlag  Wudndufillfosusduduoin Sarwange  SlSuamiuougad s

»

o ¥ o 4 =
nlesiguadulyl farwdudnnnuazisnudougs udgalvdann

oy o ] - J ] Y - o J : ¥ - g & i

ginla dudwiwitomiu Tdwazude uazdinezdsznouiudefuduiiuadrainis
»

dnvmihuiui Sufunumiveu 69-86 wofidud uasfinnudu 157 wWedidud iy

ouAuensogaTans 14

i ] £y af ]

L o ’J = J = o
aviigiiuy  dnvesddwdedne TuTnamwiulssne 10 Wesidud mufulsziand
¥ ° o J =
iguannndmivlfdusomaslumandalvth
- [ = r-) - 1 9 o 1o - ' o a A 4"
anlud  fananersingegdnies TuSuusondinudoushegs uaziifinuanuduge
e i j <
3 30-70 nlefiud Wudwiuildithadomas
& I & = - 4
fia  Usznoudwmnfisgiundnfrmed lud Sufinmeendiounazaiuiuga
17 23 wamamsilounlasdadmdFnwvesns lunszuunsnaoiudwiu

4 wyr A g cd of & A 2 ) s o A
ﬂzl“u19111”8ﬂ73u1“ﬂ15uﬂ11uu11} 1ﬂﬂ?lmuﬁﬂ17ﬂﬂuﬂ31ﬂnuu Ilﬂlﬂﬂspﬁuﬂ“ﬂqfﬂ"ﬁﬂu“:

oA

100
__.-——'—"‘—____
+— 80 e
5 carbP—1
g 60 ] ",a’/’
ko e i e
— /
S a0~ 5,
5 O g
0. Y& %//
20 s \f’f-
I Hydrogen “\-hczb-\
Wood Peat Lignite Subbi- Bituminous Semi Anthracite
tuminous anthracite

1 b ] - £
114 2.3 manfdsunlasdadwvesmsesaizneulunszuiums
< .5 fa d .
coalification  (1laSIBUATIB1IUUUGIU moisture,

ash and sulfur-free basis)



13

MITHUAGTURUNINWA  SuunauAouMIBE1IY Macroscopic Liagdwiun
&rweansznousLdl Microscopic 1dinaiinn Mg veae (Transmitted light) 13 emaiin
; <4 - = ¢ 4 ij
MIAZNOUUAL (Reflected light) FUTUNISRAVITANTI0IAUsNOLUBY Maceral Fautjoonidy 3
nqu 1dun
a L4 T
- ‘]'ﬂﬂ.uﬂ (Vitrinite)
4 a .
- 19n%1U#A (Exinite)
& o Id .
- BIUDTN IUA (Inertinite)
= b o4 a o o = o P - |
matamsazieuuauiiuiifiondu finsiinawdag 2 uuy fo Maceral analysis &4
- =1 o =y 1 = as [ & o 9 =
WunsTinsertesidssnoumeliug maceral Tudwiiuglodn  sunidnswiinne
ol L] oy é ,D
wandoulumsazaudrvest wAuBnuULNITY A Vitdnite reflectance RAVINASNARDINTH I
= o o T - ) 9 = -4 e =Y ¥
NIUDANIVOIOIHY  (Rank  thermal maturation)  waz 19Minrswadanisviieiuiiu g
UszTeml 1w Midonsiiavesdwiufonildndasulin  dnneanuudassvesgnlsn
(Coke strength) taz 19N s ntanzNaenBIATHYB IO T (Oxidation)

t 1 &) ar i
NN Maceral AwunTag Stopes-Heerlen HARIAIMITIN 2.2

H ' o 6}
19190 2.2 HaAaNgy Maceral fuunlae Stopes-Heerlen

g futia SovariiniuTaundosganssm
303 lud wioldl wierwnglaa fuas-dudranaedosri Siméae
naseredou Seauaannn
Bndlud Ty n3o 0111 fadu mlosuas findos-miotsouduumede ity
YODUNATUNAIUNSITINT 1Y Amudindouesazion Soauasdh
UNAIADY

»

& e r A wowd A ) &3 ) ¢ ' =

aiuosnlua | e ld i dvunlatleonszurums | Siaia-drdaouasdeaig an
a a0 el 1S y A a

mavund o ldAnlaoundaslas | dou vn wie v nunumaesdan

a ~ o T A
N15INY BN TR nasaeiou luS e

Haeiveg  UaeAeIId ety nisgndeaganssmilaoliasdesriiiaguagan
umigsfion ety umaziouiag ué"mwmfmm ununTning wxdeall
2
HUNIN sunsERaasrnns oz uAnn1d daunnds Aringesde

valdTunoannis



14

2.3 ey, -] ¥ ]
- o o ' o ' a ¢ A a
nsfinyduendsznoumund wilsemily 2 dnvwz 14u8 MISms 1 iiResSR
»
1 ar T = =3 -~y L3 A
MRBUAUAMGUAY  (Proximate  amalysis)  nozmisinzdimmfSunungimuaivsznoy

ofludiiu anuminouasiimsieenanasll awwmssuves ASTM

) »
dlumsiinseiime s wdwfinun st Moistre) 151naud (Ash)y 15
H = o ’1
T3TLINO (Volatite master) HATTIRNTLBUAIN (Fixed carbon) WONIINILFUNNIT NI
Proximate analysis iidagailAiouinnumnunmzdniusensidoinisimsied 18un short
% - a < A a 4 Y 1 :
Prox. #HeeuuwdimsdmizvmenlSinannuin i maruou (Calorific value) uaz
» [

dnnadnzduludwiy - vwaiimslinnsiensutmsiensingungifidmaouds

(Ash fusion temperature) 102 Free swelling index VoAU UA

ﬂy i ] =y = Qs -

1) ANYYU (Moisture) Tutu#iu ivald 3 dnvas Ao
™

4 a e od
- ANUYUDATE (Free or Adherent moisture) fio m'ﬁagﬂm {Surface water)

¥ v
=4

¥ »
- igndamiluamianisnin vieaw¥unielu Physical bound inherent
. A : P s r 1 ¥ " ~ 8 ar
moisutre) Fuduiirfigniseyluseshatludmiudrsarudulouas
a o4
AITUIUMINWHANTOUY
: | =2 o = . dy &£ a q’ =
- 1WQntamNeIMAUAT (Chemical bound water) 1uANUTUFURA9 IR
< 1 5 A : doa v
Wupailsznouyeassiq (Water of hydration) wiaithniiiias eyl
Taseard et
» v
msvenyliavesnnuinluowdulumaliod safuldawdnuas il luns
NAAOY iTU
ASTM D 1412 ** Equilibrium moisture of coal at 96-97 percent relative humidity
and 30°C
ASTM D 3173 ** Moisture in analysis sample of coal and coke
ASTM D 3302 ** Total moisture in coal
b 4 ] » 3
Total moisture o ATWBUTAAMIAIIMINAM I luussemanldnnzdmus
¥ ¥ ¥
1 guvgll a1 wazms navessind MumsnlSanivanus snduthiRavnnissay
ar o a o st 2 A 4 9 . . d o
Amanll awnsolnazd laonisuds 2 Yuneu Ao nsdwdilueinina (Air drying) iNBY9A
¥ ¥ » )
ANUFUNRIBONIN Gross sample AONMTUTNIWIBGIINUATBRANINALAYaaL SN MaY

a ¢ . . v oA v
uﬁ"l’nﬂi’lzﬂu1 Residual moisture 910@700719%193 v 1wl
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As-recieved moisture ﬁﬂ Total moisture IHﬂﬂlzﬁﬁTﬂTi%lﬂTﬁ?{ Uﬂﬂ‘i]'lﬂfrﬂ'l'ﬂ‘l"]

f11 Total moisture El'q'lﬁ'mnmsf'hmm ﬁ'»lﬁ’
Total moisture = Air-dried loss moisture + Residual moisture
L) Total moisture = Free moisture + Inherent moistute (ASTM D 3173)

14177 Inherent moisture 32 TiiniAy Residual moisture DT Free moisture ﬁ'lﬁn'hﬁ'u
Air-dried less moisture

melnsinfinumwdy  Widuddmuesmiumsdenoduiumazdly
msfnouransdineitug  WoglugUildesns 1y Towl moisre ¥ aamants3

4
Lﬂﬂzﬁﬂ‘uﬂ 1'ﬁlﬂu As-recieved basis

= =)

2) i ash)  widniimdeagudaniniisiuiugnin Tnd s sonied
uuQiaznMtMuA (ASTM D 3174) 18 180 nnsm Ind5 355 eense nouuana1aein
o = B ’ -~ t o [ wd’:’ 1 =
osfitlssneueiunighiiogiudmfunoufioniwnen  maenndiiesgnldeennvndy

2o ; . o ; 2
(Clay) uazunmyonsas (Calcium sulfate) (iaz Iron pyrite i):gmﬂaumﬂu Iron oxide &4lu
I Aads d’d. ar : O d‘ ] =
usazdnzniliersnibminime lunna iy
raninmidinssimUiunadnh i lunnlsaduiina lumsvndiodn  uaz
» ¥
duhimuaBludygnnsders  warldiihuuamadumseonuundoidey narfmua
r » ¥
viwsulfinaduiierwldndonhidou aunsoianfedaiivszdniam  wonwniiinld
& a9 - 1 ¥
Wi muamTinumsszimg worsgmiveunaiilfedluzives Dry mineral matter free basis
& ar L] ot 1 =y
IWOIAMAUAUMINIUAY (Rank classification)
ustiogluansiu szalsznoudan
- WINUIAU (Clay minerals) 181A %2N Aluminosilicates 134 8alag wous
o o = =} o ar
weilalud Auvn wiethutunaioda
- 4m efluplvesniodad Tania luilszuna 1520 % voasfedludwiiu
T ¢ A o
- esuea 14un unaled Sieeslsd TnTa'lud ueam lsd wiatiuunm lad
[ a3
TsTaTaslad ogihudnilou
- daldd g Tnlsd uazindmlad wioomazfiogluginls lad nienidm
thadmiey
winTansminewivueglunmiuii Wdun
- B, Be oz Ge uionguindifiosiuaglulnssaiedunidludiiy

- As, Cd, Hg, Mn, Mo, Pb, Zn uag Zr sinszina luanseilunidiuegluduiiv
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ol L = L3 C‘ L] 1 -5 ar A
arnnadinulansminieglutufiu uaadeniigh 2.3

MId 2.8 mrnudutugegavelanznifnfioghudivesamiudnaz Sunnve s seme

v = 4)
FHIgBLIIMm
Location 1.0-0.1 0.1-0.01 0.01-0.001 0.001-0.0001
1t As, B, Ba, Be Cu, Cr, Ga Sn Az, Yb
Co, Ni, Pb, Sr Ge, La, Li
T,U,Zn, Zr S, V, Y
2t B, Ba, Mo, P Co, Cr, Cu S¢,5n, Y Ag, Be, Yb
S, T, U, Zr Ga, Ge, La
Mn, Ni, Pb
V,Zr
34 B, Ba, Mn, Mo Co, Cr, Cu Be, Ga, Ge, La
Sr,Ti, Y Ni, Ph, V, Zr Se, Sn, Yb, U
4 B, Ba, Mn, Ni Co, Cr, Cu, Pb Be, Ga, Ge, Mo
Sn, Sr, Ti V,Y,Zn, Zr Sc, Yb

Nete, Concentrations are in percentages of ash.
* Afrer Deul and Annell [106].

b Harding Co., South Dakota; 15 coals.

¢ Perkins Co., South Dakota; 59 coals.

? Jefferson Co., Colorado; 35 coals.

¢ Milam Co., Texas; 48 coals.

“Rare” ¢lements in coal ash®

Germanium (11,000; 500) Platinum (0.7; —)

Arsenic (B000; 500)

Beryllium (1000; 300) Gold (0.1; —) Silver (10, 2)
Bismuth {200, 20} Indium (2; —) Thallium {5; —)
Boror (3000; 600) Lead (:000; 100} Tin {500; 200)

Lichium {500; —}
Molybdenum (500; 200)
Nickel (8000; 700

Yttrium (800; 100)
Zinc (10,000; 200)
Zirconium {5000; —}

Cadmium {50; 5)
Cobalrt {1500; 300)
Gallium (400; 100}

@ Adapted from Goldschmidr [105]. Terms in parentheses show maximum concentrations
and average concentrations in *rich™ ashes (g/ron).

v -4 3
= el

3) AIIUNY (Volatile matter) D HARSMAMFNINATUMOI T IERR M UaAIY

1 n’: d’ ] o 5’ a oo aoF aa 4’
WIANTIU (ASTM D 3175) uaniail tsanTumveennudu kiadasimasinasuiazdunin
A Imf1d 1Aun mvivouvenled lelasiou timu wazensduvidleTasasvou duq dw
s awsar luld de mfuoulaconted wenludly lalasnusaldd waznaelss

UHAD
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Fy - Id’ a9l oy a (] e’: 1 - ar d’d
UimnamsssmonnmiTnsedil ldfosandasiiuguamduindud @t
amIanildndsnnfildaisveludndy uazdaddlunisiossneutdalunse T
4 i ;
4) ]i_'lﬂ_ﬂ_’ljtu_ﬂ_u_ﬂj_‘ﬂ (Fixed carbon) TRLGE dmﬁni‘lwmu'ﬁq (Solid residue) fl
-1 U ar P o = s Y =y o a{d’. 3f
magsguaw I NI s ninumsszmandy  YSnasigmisuounani Ideinms
»
74 (ASTM D 3172) i
Fixed carbon (%) = 100 - (% Moisture + % Volatile maiter + % Ash)
USunusgaiuouniiioogluzves Dry mineral matter free basis 14lunsia

o o J =, o = = ] o & - e 1
dduguamauiu sar I lumsinsantulfnudulfnindaldnnnrzuunsidulfn

= & d’ - 7 = r w el ar 1
msdmnedisull  dunsiiansindfinunaudazdrfismdueglulas
¥
afreTuanavesdmiiu mqmailldus miveu (Total carbon) lalasiou (Total hydrogen)
¥
ANEAY (Total sulfur) TuTIATIOU (Total nitrogen) HATBONFIRY TIWIAITIATIZHHIS 00N
nilaglusuriudoy
o - o 3 o 1 3 = ot o T 9
1) fFueu A lannmsendedndiu  Taoliswlfimegaslu
usseImMAvoeendiou sufiamiveulavon ledafimunsodalSuiu1d (ASTM D 3178) 5
3 J P = ol o L4 ] . L) -
asveuiiusmildnmasunid sazmslszroumiveaiieg wrdungldiniSuung
o ¥ as v T t - o =
miuoulunrasdednesiiSamnanifinusgmsveunti

a L4 o ¥ J o w ] o e 1
2) lalaswu AnzinnmIwndletuaiu Taslidnswiisoegdolu

¥ »
=

- a & C” y s o -
ussnmeweteandiou  sviiudetu  Fabhiizgrgaduliluaseadunaniiinu1dlag
@ :’ a d or ¥ a’: dl' e” =2 « T
mssaiwidn  lglasnsuiegludredialugdvesniusunasiwidhuesdlszneuvews g

(ASTM D 3178)
foyanldninmisdiansdunnfnumsivennaz lalasou Wunsmanzmumism
Tndueaduitu 198 man heat balance SmTuninsavaeudssniamusaniordon 19y
o r b J 3 b4 -ﬁf a a =4 =2
mrinnummanuioulaslszna Buadidudoyatugudmsunsfnudanszuouns
ndsgdeuni
3y lulasiou Sina1zilaeldiF Kjeldahi Gunning method Fufiumisdevaaroma
2 _ ' r 5o
il (ASTM D 3179) Tulasiouienuassgnnlaoudiuuenludis  TasfueuTudiofivznduda
o - a o ]
waznu B lunsa uazmdTnw 13 Taomsi lasiassu (nia-ai)
= o - ; o ] =
AsmITinnziSue Tulaseudl selflunmsuSouifouqaamdwiiu awsn
. 4 »
YszwnalSinaveslulasousenlasd  favulumsenluddwdiuniug  uardildnmnz
= a0 o e ol v d" ~S ¥ oy
Yanmvealalasouniiegluninduainldoinnszuiuns arpImAIMa Nty

]
(Liquefaction) #agmMsmnandemannamiin (Coal gasification)
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4 fwsdu  Taemalleswudwedu 3 guuuy Nud dwzduineglugdvoms
sunid Tugtueadlnlsd wiewimlad nezlugilvesefiuniidama nosmuoadzduia 3
&4 o o o -’4’ | =y d = o LT -1 ] e A
1 Ao WSinudmzdunimua (Total sulfur) IIm3dinsedumlSinudwezdulieg 3 38 fo
- Eschka method  ewvugnenmdludikauveswunmuiFouosnlad uas
¢ ° ar 4 T 4 : as
Tmpounivea  dwedugnildoueglugiiazawni1d wdanaznoudhuuGoudania
» »
NTOIHINEADUIDEHITIIVID
»
a4 -] A -
- Bomb Washing method Lﬁummnm:naur‘imsnumnum‘lﬁmnﬂanmmu bomb
calorimeter THiHuuS uudania
- High temperature combustion method A998 tuRNezgNI THl lURUAY (Tube
Y d o A - o '
furnace) Fedadosoon ladninaduszguiiu BuasmuFna 18 Tasldms lnsmsdu (e
dTnaduedulianuddgunlumnbomdunlsdszloml wu lumsihdw
=3 b J = = ar o o = ; 4 9 = o 3 P & A 3} -
Aunldithusomds sildamefoon ladifadu FulludumaihfinTosdls nFealfifanisy
] = ] = = 9 ¥ o = & A 1
nseu uaziunafivdesimea nazdwnafon  Tsduthudesiinsiinnzineniuqumsdes
o o .{.5 & r =3 b s 5 A s LYY Y LY d'
Foardodoon lvdlorhdwiuuw Ingd nasfuiludoyanmsidonnisuitlumsvindueduie
diudganammwvesniuiu
5) ponduy  ludwiunueenfGuulugdvesmsdunid ety Hydroxyl,
1 H S ] { J
Carbonyl, Methyl 1oz Carbonyl group aauiinulumseiiunid 1dund inuluzvesniuiy
o, o o o a = o o o
Fana MIvoiua 080 lea uardaa USinuvesendinuldnnmsdmam Asil
0(%)=100-(%C+%H+%N+%S + % Ash)

at

= o waned o =] 1 2 1 P - | = o 1 E Y
DMFUATIEHTUUANTIAYDNDI NV HIVDIDTUHUARD MIAUATIZHHINAIINION

&

3 e [}

1 ) »
(Calorific Value) M1dvinmswnIud drethadiiulu Oxygen bomb uazfagunpiimuiiy
(ASTM D 2015) fwnuiou munetd  anudeumimuamnannnisw mdvesnisvou

a o

] ] » 1
Talasiou wastzduneglugilvesmsdunid uazInlsd wdanwildemnmaen udiddud
Y

o o q' o ar 9 ~ = k) o & [
Ay dwsndmivdrdauacg 1Foun HavBIMIARIIEHAIATINTON  weaglugives

Moisture mineral matter free basis

2.4 ' o I o 4)

unaadisesouiululan uasidia1san 24
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- 1 . e [ a 4)
fA1319Nn 2.4 !Iﬁﬂﬂ!l'ﬁﬁaa'ﬁ9\1ﬂ‘lu“u'\lﬂﬂiﬁﬂ“ﬂﬁlﬂuguﬂTﬂ

Proved Proved Additional
in place recoverable in place

Region Coal rank {Mronne) {Mtonne) (Mronne)
Norh and Central Biruminous 233,097 118,035 495970
America Subbituminous 177,459 83,527 292,716
Lignite 43,078 22,511 401,703
S. America Bituminous 17,245 11,074 2,242
Subbituminous 7,971 2,528 15,592
Europe Bituminous 438,235 163,984 2,585,562
Subbituminous 54942 39,719 1,903,345
Lignite 264,848 196,681 1,229,953
Asia Bituminous 803,922 674,091 133,013
Subbinitminous 1,08G 916 2,815
Lignite 145,382 130,346 310,002
Africa Biruminous 132,211 61,633 115,320
Subbituminous 1,303 169 1,000

Lignite 44 — —
Oceania Bituminous 66,269 43,367 500,267
Subbituminous 4,377 3,781 953
Lignice 48,046 41,909 209,500

1 ] (= cio 1 (] ] 2 i
undacnuiuhussmalneidrsenudnngegmeniamide  sazwulumald
b ! a A A - a A f o a a a S )
e swduinudeunmuadiusiadn ludtsidyile uazinwulufiugames| 563 (Tertiary)
s 1 - =Y o 3 =i u:; [ [} n’.: [ t = -:; n:; o
Unnuafiugiauounsieddas  uanudoslufeiainiy unadsniuilugfigauaziiog
<3 d' - | [} & oo a - ar = -
ramIngane wijsuninny vénhs SuSuadresnunds 1,326.90 Srudu @l 2536) wba
gviulduds 811 dwdu cwduiavuati ) 1dunsedansuavdh
= 1) 1 = L. o o [
Tl 25367 wvwasswiuudszmaineiinmsdsonuedrDsmou 23 use
¥
YSinmdisossauianua 2,172 udu aunsoudwmaisuduesmily 2 ngu fie uvasou
A el ] 1 = a t o Ao 1 o
wungnidaiiumilossmfiuuda uszundsdiuigs hignaun
- avasidadumiles  Suwdises 1,498 dudu
- uvadiidaligniimn  dTnadises 674 dwuau
1 ¥ P9 4:{ & ] -3 = a 1 = o a
umastuiiuigndladumiosduiin T8wau 12 uvs Tufunudises sou 1,498
dudu S lngegmamileveadszmane @i 2.6)
1] ¥ = c'lv | s - = o r - o =5
unastuituidy bignianndumiies T5waun 11 wiv TSnudseanessdl
Y (Measured reserved) 674 aau  undimurunlngAgaida i ladhmstau Ao unas
funuazes vawvar NUSuiudises 323.80 Audu @319 2.5)

AMNKYBIMIUTUUNAIIG id s enulaadams i 2.7
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i 1.1 1.20 0.10 | Subbituminous/Bituminous
wify 0.6 11.00 10.40 | Lignite/Bituminous
wiang 81.1 1,408.00 1,326.90 | Lignite/Bituminous
I 1.3 35.00 3370 | Lignite/Bituminous
g 16.7 28.00 11.30 | Lignite/Bituminous
Wi N 0.3 1.23 0.90 | Lignite/Bituminous
wiazan AN 0.5 1.63 1.10 | Lignite/Bituminous
wusanghudos ny3ys 05 1.40 0.90 | Lignite/Bituminous
ﬂi:ﬁ ﬂi:'ﬂ 7.5 120.00 112,50 | Lignite/Subbituminous
fluda A% 0.01 N.A. N.A. Lignite
WAN 1wy 0.13 NA. N.A. Anthracite
HINAN RATEIU 0.006 N.A. N.A. Anthracite

> |7100.75% | 1,807.48 | 1,497.80 |

olia - ;
1 vauma WFoaluy 80.20 Lignite/Subbituminous
udruailoathu d11ha 16.29 Lignite/Subbituminous
Junile dnha 9.01 Lignite/Subbituminous
m GRMAN 48.40 Lignite/Subbituminous
GERILRY! CRHIRM 6.19 Lignite/Subbituminous
Wuaiu wen 62.47 Lignite/Subbituminous
ng A 24.38 Lignite/Subbituminous
wiTznNag N 39.58 Lignite/Subbituminous
Fuu fsvd) 48.40 Lignite/Subbituminous
fouan grugini 15.41 Lignite/Subbituminous

3 v
T1uoY
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: aray P B 1)
M 2.7 aplandfuvdsduduiidwyludszimalng

uraat Ry AEMMHAIFE* MA5IHE NIIYaUNEL (as received)
& andsa M%) | A% | cvEeakg | s%)
L mdsumnnz o, wing v dnhe 29.10 27.48 2,201 2.90
2. missnr=d A o, milonans ¢, Azl 26.14 36.45 1,976 1.95
3. methiioo soacthlso 9. sraum 25,68 37.37 2,069 122
4. Fuyn ey o nazd 32.67 21.08 1715 547
5. v eaToame v Foalm 28.00-32.00 | 13.00-15.00 3,700 0.40-1.00%
6. Iouan afoun wgnuging 17.20 43,92 1,950 1.58
7. 417 8.3 v dnluy 26.00-39.00 23.43 1,425-2 811 .
8 1Fuau oaFvatau . wmn . - 1,108-3,355 .
5.3 0.3 . Ry 1161-36.42 | 17.79-43.72 1,295-2,662 0.05-2.32

o 24 1)
2.5 Mmafuniesnuiiy
° rl . a & ) o o A o -
maiuniisasiu laow Wudwdweondu 2 wuudredufa nstuniewy
MiioallA (Surface mining) tazmsumiloanyumiioaldiu Underground mining) MsRo13A
wonmsiniioniatiodnuazmiss@inrweumaws  tazarwduamaasugmandii
»
wanlumsinsat mshumilealundaznuviinwazdsalunsduiums sl
& -} - o o -1 1 o Ao T é o
matuviaadszanmitouls  mnsdmiumilosdmiunivuiaing  Fwonda
» ) » ] »
vosturua vz denmienlszantl  Tumsdhmieaususinnismsouituiindomis

o ol

afelsasdaus (asdisuthey uarfsdnnsanvezaindng fiddgnaelumatmideaduiy

da 4 42 4 = ¥ a " o A 4 od a v
HUVHAD WUNHAY (Waste dump) Mnoami@unas Stockpile Wailinszfuimarileziinads
1 ¥ ¥ w ° df PR o Y a 2 L]
mlnolumswuds  Aaiumsdimuaiuidesdmualdagndfuveuwagatovesnmim

[ F 4 .
Miled (Proposed final piy Wnfiga  vimhiSadenmiaasninammaiuduihuaza
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YA d@umsyauasviuszasudenlaniownsnalimnzandunuuaazaiu s liaunso
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aniiuonlfeduiitlsz@niam  venmidennawmdndindud Sflnumivayuisuiiy
wuideaiu 1aud
- Quamgunn uazatasasolumniianu
* » »
- NuMURUMAIURAnsEnude R unadouiad R fu 1i waq
- awaauguIAIrnssussEl e lleadumsiananeveamiviemiounsi
»
Ay
2
- A ussuuszeh
- udmihigesnyuniesinina
- Nuszyudeds
- oudwdmanssu s Wy auseaiudeg nuihgeshvouumaddmiy
nsvuas Hudu
v 5§ )
- auRwaniie (Reclamation)

o e o

: o i o s oo - ° 2 (] o ] ey
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- funiuegannndduinn lansoiunieullald mazdewadladuuas

1 »
= ar

Auseniuwnnaeudsztavuiu Mlidasidiuszniedudotuiu (Stipping ratio) NABA
yavengann  danam il lunsysfunasduiuamanhismomfiuizne1d suily
3 - | ° o5 gl
ApuARNITNIT UMD ldAu
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o e 1 Y ¥ A ¥ St a¥r g
maaiasguiimuaBioudugeld  wieowsydoudodlddosmumnlunsnuguu
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e maaenaimimiiesldduindonldnsdnn
Feoriunidesddulddu Wun
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- Longwall mining Hu33misfszamnsoyadiiulddendnazern aunsa
< x = J a1 A
Wutduldunnndi 00 % anmnhaoudiannnlassdvreudregaiionSuy
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¥ 1 »
- Room and pillar mwzAusuomANiA ML wieRaudes 1 (Fu
wWBUNTN 15 0a7)
. . o - ada o 1 s de gy oa ar
- Hydraulic mining msfiuniiedlaoisioemluunadssmfivivusiuiunda

BuavuInm

» 1
o r o e as

« e o -~ qd:f o o =

- Diagonal saw-teeth mining maviunites TagT i Ifusuouiunaades
KuBINTUAUY

neassunandmiumaimidsuuulddu Ao navudouiy  MIszuweInIA

»
M35zUW (Drainage) Twmiiosldan

2.6 MIUAIEIUAY
[ ] 1 = d'l ¥ J c’; J 1 ar w1 J
anuduiulunsudstuiuieazomiui Tusgiuiledvdawelydl
»
L anwannsslunsduhinnuazoiauvaniug Tumonves Washability data
=) o o o g & ¥ LU Y Ay

2. msdonszaumsdrhnnuazeraiineinis e liasarudedmuaiifeanis

Tumsnw
3. iemeImaussnmiudo I Idquamauiidmualy i msudalaoidans

7
90NN (dense medium bath) HUMI TN (Baum jig) MIFIAONIWINTUA

' E 4? P 9f & o_ o
el ladusdiudoyamunsugmansidudidy

- »

al 1

o A 3 o
4. navavunolszndam lviohga

- F 1 = r o/ J LY L]
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vosdusznouveutihitowdnglsddind wenlfuulidiidmualihuegdlunandn &

aniuiifSunadiesndssduidmuad lisullusedesingdn uddilSinuganhinsuiu
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L 1

3 = + = I ] : a3 s ] o 1
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Tunsainludeeda WlosentSunadwaiturutloudind 10 % uazdinhie
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M UAYDINITHOU Y
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dmfunshafivsudin UBinadveumaduiudedmuasginamie e
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Snyuzvonhiumaldnsim Sulphur $1 TaoUnfinhumiesdl

] o - 1Y 9 Y A4 qw A '
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. . 3 : 1)
maeh 211 uaesqadnssenBoufionemdsilNugammnssuyudiuud

constituents and unit meduim heavy fuel oil | low-sulphur natural
propertics volatile coal fuel oil gas |
C % by weight 88.4 86.0 85.0 57.9 |
H % by weight 4.9 11.7 13.5 18.9
S % by weight 1.2 1.5 0.5
N % by weight 1.3 0.2 218
0 % by weight 4.2 0.6 1.4
Water (raw fuel) % by weight 2.7 0.1-0.2 traces
Ash (raw fuel) % by weight 6-20 bis 0.1 traces
Density at 0°C, 1013 mbar kg/m 0.830
Density at 15°C, 980 mbar kg,.ﬂ'm3 930-950 830-860
Bulk density 1-:g,/m3 99-950
Calorific value H l\'.J/kg/m3 34750 40200-
{not value for coal) kakg;fm3 41450 42700 31600*
free from water and ash)
Gross calorific value kJ/I‘cg,,ﬁfm3 35690 42700-
44000 45550 35100%
Theoretical flame temperature, °c 2155 2120 2160 2010
without dissociation and
air prehaenting
Minimum air rcquircmemsn m3/kg.m3/m3 9.04 10.76 11.13 8.33
Minimum air requirements m3/103 kJ 0.260 0.261 0.261 0.264
referred to Hzn
Minimum combustion gas mafkg,m]/m}_ 9.35 11.42 11.89 935
{waste gas, moist)n
Minimum combustion gas rr13/10J kJ 0.26% 0.277 0.278 0.296
(waste gas) referred to Hzn
constituents of % by volume 17.4 13.7 133 9.6
minimum combustion gas % by volume 1.6 12.5 12.7 185
% by volume 75.0 73.8 74.0 719

*Referred to standard conditions (fOrJ and 013 inbar)
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Australian Contract in the Japanese Market
{Adjusted to 6700 kcal f kg gad)
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19190 2.14 Summary of Japan/Australian Coal Contract Price (a)n

Year Hard Coking (b) | Soft Coking Semi-Soft Coking Steaming (c)
JEY 1987 43.00/44.00 37.25/38.75 31.56/33.00 29.40
JFY 1988 46.40/46.90 40.65/42.65 35.40/36.90 35.65
JEY 19890 49.90/50.40 45.15/47.15 40.90/42 .40 39.15
JFY 1990 52.30/52.80 47.35/49.35 42.70/44 20 40.85
JFY 1991 51.30/51.80 46.35/48.35 41.70/43.20 39.85
JFY 1992 50.80/51.30 45.85/47.85 40.70/42.20 38.90
JFY 1993 48.80/49.30 43.85/45.85 3%.20/39.70 36.25

{(a)  For major contracts with Japanese steel mills and power utlities.

(b) Covers Coal Cliff/West Cliff, Tahmoor and South Bulli hard coking coals.
Not indluded in the table is Wollondilly semi-hard coking coals at US$ 45.80
For JFY 1993 (US$ 47.80 in JFY 1992).

(c) 6700 Kcal/Kg gross air-dry basis.

(d) All price is FOB price
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7.9 % 1MA0 2.7 % 0L % S 0ADININ 2.2 % IMAD 1.5 % WA Meigs Creek Seam % Ash 0@
Q9970 18.0 % IMAB 4.9 % UAL % S AAMININ 4.8 % 1M 1.7 %
18) o 1. ¥ 4 ' w o
P.SR. Reddy nazaaiz ~ 1dMmisnaassasuiiuiulasldfinissasousuuvnading
»
vinaidurhgudnandng fu fie 0056, 0080, 0100 uazy 0.220 was leoldhoundeu
: ar A Q al a 1 ar e
Wosfio WuaY uas methyl isobutyl carbinol (MIBC) d41dvmisuiudunlsdng dsiife
» »
dasnrstlon, Sasnsisaide, daswesrpioima  weSuiuveniwuadoures Taold
o’ -~ = ]
kerosene li'lummtﬂaaumus
19 P [ | o v A
B.K. Parekh LBZAME 1dhnisnaanidinuiiurnng -100 wy Tavlsnsos
v o o ] o cr : = or d’ :
asunsupunednd vinadusiguinan 2 11 gu 26 e 1Rhnensndidng Al i
a’ = [} | o w e ' W W o,I
indsuesl¥ MIBC uaziwundouidns 19 Fuel oil F1ldiudnlsdneg dal dasweah
: . - 4
5’!4, froth depth., froth drainage zone, residence time uardasins imavesdeasmid  Hwa
b »
11510931 % Ash aAR9IN 30-50 % M0 5-10 % uazlAdwRuduRaosiuTTINw 80-95
¥
% Tamimiin
5 . 20 o v N T
M. Misra 1@ R. Harris &M n1InenoIaue Ui YUIA 200 WY B %
» »
Ash U520t 60 % Tao1¥ kerosene hnshonnasuAws, 149 Miec thuheundoures du
[ = F= -~y & : dy' & w a J a
Fnad 1 lmAousang uaz Meos  Felunmanaasnisiimmrdivdiusdatl Sasmslva
voradnA, SATIMIANEINTUWDIDINIA, YUINYDIBYMIN, BATIMIANMNINA HAY
AU U UYDIVDIN Y
8.5.2 fptNUANNITNAand

ﬂ 1o e.rl o ] ' ® & ﬂ '
IHHOTUMHAN FHADITHHMUDILUGNS “.ﬁ'nJ'N FHUUOTUATA B HAM3

e

-
=n
=,

AUATIZHUAS
% C % H % N %S
4029 3.81 1.18 5.29
M3 oufIot1 laonisuadinadesuauuusefuazinioauany
Tosmes suldmumleduvng -65 wy  uaznewiidretnliinmisaseus 1didedwd
Wi Tazdu Tan3u I TgeduBot 20 eam, Sanlumsdu 216 soudowil uaz STROKE
LENGTH 1 (5UAmas Wuhemnsonna % Ash 91ni@u 43.48 mile 3428 % namilothauiiu
friumaudadan Taedunda lSamnudond 27067 Kealkg  devn@uasnimdould

(W3 2293.6 Kealkg
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M191§1 8.2 Wam 391 SIZE ANALYSIS fathsswnudnludnawinhlvinisasouss

Hadai
SIZE % % % CALORIFIC
WEIGHT ASH INORGANIC VALUE
SULPHUR {cal/g)
-65 +100 43.37 30.21 5.18 3106.4
-100 +150 16.34 36.69 4.86 2518.07
-150 +200 14.20 41.17 5.30 2386.1
-200 24.09 4599 4.96 2215.7

8.5.83 Yuaounnaandlunmsasamutiudnlud
Tumsnaassassmuiiuan luddlumsosanousiiuy DENVER LABORA-
TORY FLOTATION MACHINE s:mnsydiudunlsuazaniizdng Sudulaudondian
1] H r A 1 ar ﬂ' [-] 1
fayamii laanuduatun  wazudazminaassszulinldoumduydsawi 188 mua lung
ATNIINARDY
:J & d' du’r’ o
YuaaumInaans uaaaiUin 3.2 Taeliduaounmsnaaos Ao

P

» r
1. vhdrednumuiudnTua Wleulannwiuiiiaguugi 70 semizaifoa
nat 1 ¥l
= o e ' -
2.. famsd FUEL OIL asuuAI91uiy
3. wrewannz lumsasssamniimua 3 lundaznsnaaes
1 » » []
4. wandai ldmaresd hdainiuesn wazeuldiishgunal so
RIS TG
3 »
5. s hlsaihmin
° a 4 ' L J
6. W lfAmsedm % ASH uazvmdinnuieu
minaasdi 1 TasmsudsamlSmnaensiadoudaf pH 7
A o
Foulunsn
- UTwnumsadouves 150 ndumu
- W pH 7

- o
- ammuialuna 1200 seuuan




lus9 pH 9

- AMUMUIMUUYDIVBINAY 15 % solids

- conditioning time 15 Wi

- naillunmaes 15wl

pinaaesfiz  TasnsudsanSuaasindeniiaf pH 8

4 4
oulunii

n.

- MNpHE

A A4 pry M o
- feulvduq miloudumnaasii 1
ndsatSuuenandeudniiu 2, 4, 6, 8 ,10 A lansumu

- 1 - a d

minaaasi 3 TasmsudsandSuamsindsuiaf pH 9
4 4
oulvadh

L
- MpH?Y

d.l -& 2 a :i
- aeulvdug milouiumIinaani 1
ndsanl§umenandouduiiu 2, 4, 6, 8,10 Alanfw/mu
manaaoafi 4 TavnsudlsandTusesndoud i pH 10

4 o
oulunah

B.

- WpH10

&4 4 - v =
- feulvdug mileuiunisnaanh 1
aUsanSunamsmdeudntiu 2, 4, 6, 8,10 Alaniu/du
msneasdi s TaomsudsadSinamsindoudisf pH 11
4 4
wou luaan

o
- WpHI

F A 5w 4
- tou'lyduq imiloununivaaod 1

wlsanSnumswmasuRnilu 2, 4, 6, 8,10 AlanTu/su

82

P ! A 9 | = - =
1NNITNAABIN 1, 2, 3, 4 uaz 5 wuh wolvlSuamandsuri ludsina

manaaoa 6 Ieonsudsantsuaransindeudes
A P

foulvaah

- Suanswndouia 8 0 lanfu/su

- fipH9

- w1 e o . =] A4 - =1 '
g filanfudedu e 1& % Yield gefiqe uazdefinsaniimaawdiunsa - wa sewuh

1 v ¥ »
Weshnisnaasiaeuil pH 9 sz Ifaunsoaa % Ash Tudauaseldinnfiga dniunismanes

do sz lffSunumandovdaludan s iTanfumu nezdfuannzamuiiunsa - drnlieg
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=] a =
- anusluda 1200 soush
- AWMU UYDIVDINEY 15 % solids
- conditioning time 15w
a o
- e iFlumsaoy 15 W
wlsasuimensindouroadlu s0, 100, 150, 200 nw/eu
mIneaedt 7 TeomslsanrmiEluwa
& 4
douluaei
- dSummswasuna 8 flansu/au
- dSwaasindeuwad 150 aTu/Au
- W pH 9
d'l .ﬂ. o« ar :i
- 1teuludug miloudumsnannh 1
adsamnusaluwadu 800, 900, 1000, 1100, 1200 FOUANT
pEnaamis  lavnrudidnnudalude weasdTunamnndovuiia
A 3
o lunai
- Suamsmasuda 2 flanfu/eu
. . USwmmsmaoures 150 nTumu
. - fipH?O
& & - o =
- Aauludun milouiunisvanoad 1
ntlsannudluwadiu 800, 900 seuani
nnaaean @ leomsulsm % solids
4 4
oy lupan
- ASuiuansinaouna 8 flanuw/d@u
. ASywasmasudel 150 niu/mu
4
- WNpH?Y9
o o =
- anuGHluda 1000 s/
A A - o o
- ouludug milaunuminaaoah 1
ul AN UH U ILU N VRN 15, 20, 25, 30 solids
MiNaana 10 Irun1sudsA1ved conditioning time
r o
, doulunah
: - WSummsinaeuda 8 Alaniumu
- Sinumsndeunns 150 nTu/mu

- ‘ﬁpHS’
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- anudilde 1000 soUANT

- ATUMUMUUYDIVBINAS 15 % solids

- nanlumsasy 15 win

w198 conditioning time 1Y 5, 10, 15 WA

punenaesi 1l Wumsnaneimsassdn

Taovhauii I8ninnsaoidieldanizdail

Usnamsadeudia 8 Alanfiydy, YSuamsindeuros 150 niusy, #

pH 9, a2wiFaluWa 1000 50UAT, 15 % solids, conditioning time 15 W, A lunisasy

by

» » ]
15 W waeq a53 unhimsasesinanioz Inidedl
- Sumensindouia 8 A landumuy
- dSumensindeunes 150 atumu
Py
- ¥ipH?9
o a =
- AamwmEaluwa 900 souvuni

- AMUHUWIMNUYDIVBINAY 15 % solids

- conditioning time s W
- nalumsaoe 15 i
4 ° = L4 . -
13 i AumsiwaltSinne % inorganic sulphur Y94

detiihauly @ % Ash &1 fnrwdeuvoniugq)



SAMPLE COAL 1

¥

SHAKING TABLE

SAMPLE COAL 2

spray fuel oil

on surface of coal

p

COAL FLOTATION

856

% ash = 43.48 %
% inorganic sulphur = 5.29

Calorific value = 2293.6 Cal/g

% ash = 34.28 %
% inorganic sulphur = 5.08

Calorific value = 2706.7 Cal/g

a

WASH

ED COAL

REFUSE

» ANALYSIS

% ash

% Sulphur

Calorific value

51# 3.2 uamavuneumis Tumsnanas
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3.6 MIIENAINUAHAWIT Flocculation
3.6.1 MUAIYNAIBENY
< ar e 1 =y =y Qf A i
ms3tuiiss 1Fhududn ludnomiioady  dundalunsnuionled
3 - e o ] 3 1 -] [} & ?
manzay wazldaiudn ludnmiennaldr nszl, mieunimny dula wmaaeuqd
E ¥ o a [ o o o - o aQ 9 ar 1 a o o (] d'
foulvdng Adasinmsnaassnuiudnudmiondny ssihunl¥fudwiudn ludmai
TénSala
= o ' - o4 o o (4 n” =3
NIASENAI901Y 1ITumhowududn lud vuadszunw 3 2 YT so
3 »
kg vuadsnTesuanuueed mievine 1 13 TJuad o cone crusher ApvumMBovUIR 40 W
& T a ar é
udnilueded e jor mit  suldvuia -325 W 45 Tupsew) uazihwied linaass #
r ~ & T Ci
UHHAIMTIATONAID0 1IN 3.3
wt L3 O A = L] 1
3.6.2 msiiumemanazindiees Wenasswaziinszimaiauiou uazm
[~ -:l’
nlofiruavidh
A 9 ar L] o o ar a [
Welddeivua -45 lunseu Remiunagnindriuluganaradn wazsn
Qs 1 o L] o =y lé
#106141A1A07T Cone and Quartering 1¥1&d0d1)szmrae 1000 A5y A1 luganana@niiie
ar t!f o s 1 " A o o ¥ o o (‘;
flosfunuiu uazFnA10019UDY Grab Sampling 1fedinT s nudon uaznlefiFusaim
dszanweteas 5
=4 o oy o o u’..:ly 3 z voar
Famansunneimnuion  uazefiFuduidiig 4 uvdsdaerasly

=
31N 33
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Feufuan iua
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i

JAW CRUSHER

(rna 17)

|

CONE CRUSHER

(VA -40%)

A

JAR MILL

(W -325%)

FLOCCULATION
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q' = d ar T 4 T ar
A1519N 8.8 HaMTIATIEYIA et F uNINeaA]

d0eha | ASH % | HEAT VALUE | pH (Smfiussh)
(Uvia9) (CAL/G)
iy 23.24 3,792.94 4.50
TARRICR 49.91 2,288.62 5.50
wuNg 41.74 2,692.94 2.55

(High Sulfur)

e

{Clay rich)

40.42 2,756.73 4.95

363

3.8.4

MAUAINE

i

3.

4.

MTNDALNDU {Flocculant) YA F-1028], 1f1ll‘ﬂd polyethylene oxide
(PEL)

ATEIWNTLOA (Dispersant) -Sodium Hexametaphosphate (NHP),
-Demol N

Twdvulensonled (NaoH)

nsalalasnaein (HCH

» »
MIsnaasd Mamvuaeude lldi

2

» [
Wamiriu uaz@ini luinnes 14 (% Solid NABINTT)
RUAITFIVNTENBAWDL NI
o

Taonaudszurm 3 Wil AwanuEasougayssuns 1200 pm
15U pH (dosage of pH)
iAuensnoAENoU (dosage of flocculant) KALAIUAIWAIMNS 1IOUYN
1200 rpm. 3 W nazamAaunmGITouR1 Uszutal 300 pm

=
1 Wi
2

»
daneaMnenznou Uszuin 10 win

¥ ¥

» » »
Suhialassulfieonsumasianziiieouiiy felaonisiu
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3.6.5 flslunisnaanes
-ﬁ' :i as : £ a ar 3 ci F- 1
memanMsimuzan dniusuhminaaes wlsdmdsaeg fioed
-] ¥ LY :‘ = e d'si | t
aninadomisnedl @i lunsiteiidosmsuals os 4 61
1. HavoSuuansnasznou (Dosage of flocculant)
- wTouoAudnlud 45 Tuasou) # 5% Solid $119U 300 ml.
laluilmnes 400 ml. 30 600 mL.
- @M NHP 2 % maudaoanuiiige dszana 23 wdl @iuda
d{ = o
nmssuduiioReiviod)
-5y pH W18Yszma 7 Tawidiu NaoH w3e Hal
{@Y Floce (F-1029 1) Wimmawiideans nawmdwarwudig
a d 4 dicimi a
Usewa 3 i udwnwdaeamuidr 1 wan Suthoon
. » 3 ¥
- ileudigungil (70-80 serniaiFod) ninninasi W
LY - | - |
niiminiimie
¥nalptdszum 1 nsy M % ASH
2. WAVl % Solid Niden1InNoa"
- S nedanmnzandin idlude 1
- lAvua % Solid mufifeIns (U 2. 3, 4, 5, 6) MNITNAADY
- 1
mitauds 1
3. wavesdTum pH AillMenisnods
= L] H é
- IAfSinamsneaznouiaz % Solid fitminzay Fan11alude 2
4‘ L] =Y
- nlasumdSunm pH (6, 7, 8, 9, 10, 11)
4. WAved NHP NADINS Flocculation

=5 ¥ ‘ é
- I%fSuwansneaznou % Solid uag pH Mminzens#ini 18010

S
[
G

Wnnnaaounioude 1 mawlasumilSuia NHP (0.5 %,

1%, 2%, 5 %)
- $NAIBE1INEININ Flocculation Mimanudowdszum 1 nfy
a = & a 4 i ° v
5. Wleuliildninde 14 dsfanifludoulvdige  rianldiu
' - VoA r o ] [}
ontiuumasoug N ldnansol

6. AnymaaudiuAy  anlasuwiiavotastenzney  uaza1Iyoe

A5291097



unn 4
Wan1soY9uaznN1sI1Isn

4.1 HAMIIVDFHUANTY] VBN IHHY
411 gamsnnzvdpuanduiiv

HAN3 UNTIEHULY Proximate HANYIIATIRHULY Ulimate 1 HGL A a1l
Yot uAiu dasAnnudBuYeIIIULYAIA HARIRIRIS 19N 4.1

VinHadRT TR IR IR 4.1 aplddunua o wnas g
ASTM-D388 &35

- Lignite B 1Auf 6fuInumaudnng (igh-s), fhuumsie wazusiinng

(A-seam)

Lignite A 18uf swfiuninuvdaig qanmdn, Ty @uamweld)

HMEIANAT uazwad

Subbituminous (coal 1AUA S11#u BnumdsThuy (igh-s) viaydr Wina

VWML 1AW Lazuig (C-seam)

1 ] 1 o
Subbituminous B coal TAUA 1NAIUITOT TNUVDY (lower seam) HATHUIEN

3

Subbituminous A coal 1ﬁ}lm’ timﬁ'ummmﬂ'aﬂmiéa

»
High volatile C bituminous coal 1Aua duiiuvauvasuy @)

=5 o o d L. Tr

4.1.2 Ny b g

b

VNN ITANNIANUAURUTIZHINAT HGL uazrene Tuaisid 41 uazningild

i

41 Fydusnmuduiuisenied el sudiinalelaseuiasassze wohe HGL &

5 A ..; & o - [] o @ o o [ 1

wn Tdumvdwitedsuna laTaswunazms saviodiag 0614 13 AU FUNUE IR
ar o o [4 = 1o &5 9/ ot ] ci J 1

HGI dudTmamiveu uasmiveunsi lidanu @doanisdredimaasuiivindy) uaein

— o 2 4 P I ‘ i G A 4

TWNUHGITYYeIITIe . inaapuiutuiudaszmaninraiounaanu e HGI Wiy
a o - o P - - Qe .

awlsnumiveunsonmsvoundn vazawlSualeTaswuniemsszmofiidias  anfues

»

LR o] 4; 1 o 1 o 5 < ]
azUdreh Hor Sun Tiiusgfuddudumanauiiudmiu (Coalification rank) &g 8910

o EE L Py -
ﬂ'l‘i‘]J't'Juﬂ\ﬁ‘l’l‘l‘lfj%llﬁzﬁ‘ﬁ53L‘HUﬂ']'}‘Ii'ﬂﬂ'iﬂ'liHﬂHQ'J!LﬁS.lHIﬂ‘iﬁluﬂ']
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ysis

Proximate anal

is,

te analys

1ma

»

Ult

-

d

HAIAIIEH dmﬁmmu

-9

"1

| 4

AIRNNIOU

AR NNV

lJ

a1 HGI

% % % % 3
%av‘hnu'n C H N 5 Moisture Ash volatile Fixed Calorific HGI VHN
matter carbon value
(BTUL)

iy (runmvneld) 61.04 4.74 0.34 0.87 11.72 3.24 46.43 38.26 6688.0 26.0 18.7
Py (High-S) 58.87 4.50 0.24 042 12.78 3.30 44.92 41.14 7927.5 24.0 167
Ty (E';) 62.73 4.84 0.42 1.20 27.14 2.44 42.33 28.09 13751.0 36.8 10.2
fusamiumniieq) 32.51 3.08 0.76 4.67 12.59 30.68 14.53 25.43 3910.0 58.0 17.3
fufamanden) 48,10 379 1.55 6.28 12.28 16.10 16.65 36.58 5108.0 44.2 16.4
uyd N-89 49.70 4.06 1.86 4.70 19.81] 12.23 34.78 32.11 6945.5 32.8 16.4
vaydr (unang) 49.43 412 121 4.23 17.29 10.45 39.57 32.53 7869.0 38.8 18.0
VIUIN 56.62 4.49 1.37 273 17.23 4.42 42.11 32.91 8940.5 23.5 13.8
vavn (deu) 54,55 4.86 1.36 3.67 20.56 7.40 39.35 32.69 9605.5 30.0 15.8
Tuums 41.62 4.08 1.15 2.33 10.63 24.74 39.42 26.64 4915.5 65.8 11.2
U104 K-scam 65.53 5.41 1.25 0.74 10.98 3.66 46.06 36.30 9647.5 30.8 25.8




92

T

fa

% % % % %
,%la O C H N s Moisture Ash volatile Fixed «Calorific HGI VHN
matter carbon value
(BTU/Ib)

UEHY P-seam 64.54 4.94 0.46 143 10.72 10.60 38.42 40.26 10004.5 27.2 16.5
Ve 62.91 558 0.42 0.27 14.61 2.20 471.50 35.69 10882.0 24,0 16.9
tha 62.91 4.67 117 0.31 13.75 267 48.64 34.94 10690.0 252 21.1
nim 56.70 472 0.98 .14 12.36 6.10 45.03 36.51 9160.0 6.2 10.2
uLMU(Lower seam) 65.23 5.76 0.78 0.38 13.89 2.25 45.86 37.00 10324.0 262 12.1
MAN 5712 | 492 1.73 171 16.22 6.02 46.95 30.81 9815.5 38.5 13.9
LIS A-seam 49.59 - | 4.0 1.59 2.89 13.59 13.39 36.87 36.78 5159.5 59.5 147
I (High-S) 31.22 361 0.75 7.74 16.14 25.43 40.53 21.54 4486.5 99.8 s
HUNE C-seam 5876 4.53 2.21 1.51 20.91 6.13 42.18 37.53 8745.5 40.0 137
man1 79.63 2.61 1.44 0.58 2.64 15.01 461 7774 7336.5 54.0 .
TRU LT 69.91 1.19 0.85 0.08 5.95 11.62 147 78.96 10688.0 52.5 -
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z fd 1 L J 1 qr X =y =% 5
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AMuduRuTsznem HGI fu dnnwdeuvestuiu uanidazlil 44 woh
tuAufiimnnudougs (High rank) vzl HGI M

= r a eeat 9 L 5 ° 4 o [V T
ﬂ'tﬂ‘iﬂ'ﬂ 4.5 HUNOUHUNUMADUTDUGIWTUAT % 10161 HIDUATINTUNUD
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Fudiniier
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oy ar 1 5
4.2 HaNMIIBEMIUARIHHH

4.21 msuaouAnvWIaYigY
- ' a o o a M o ' a
11.1ENYI'lﬂﬂ1“Hu1ﬂﬁﬂ!ﬂ‘iﬂﬂ1ﬂglﬂﬂ~iﬂu muu'lumiﬁnmm':'mamuwumn

X Y

r A 4 o 5
UuNE (C-seam) 1ﬁﬂdlﬂ5ﬂ£ﬁﬂ’l I'ﬂE)ﬁﬂH'INﬁﬂﬁﬂﬂi]']ﬂﬂ'l‘.i'l.lﬂilulﬁﬂﬁ?Ulﬂ?ﬂ»ﬂUﬂlmU‘i}ﬂ’) lﬁ'ﬂ

e

U5 gape 10 Jatias MAwadwmanalumsiehi 4.2 uozgiii 4.6

1

a1l 42  HERINITNITILAIVRIBYNIANUAY HAINNRINMIUAAIY
4 id o Vs v
inIBIuANULIDINUTY gape 100 1. ammuAutINTIIA

Uszaua 25 uw.

particle size ) cumulative weight passing %
mesh micron sample 1 sample 2 average

6350 46.72 53.28 51.50
4 4760 33.94 35.01 34.48
6 3360 2291 22.58 22,75
8 2380 1496 14.40 14.68
10 1680 10.17 9.59 0.88
20 841 49 4.57 4.74
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Particle size

Cumulative weight passing %

mesh micron Feed gave 5 mm.| gape 4 mm.| gape 8 mm. | gape 2 mm,
3 6350 50.98
4 4760 32.57
6 3360 20.29
8 2380 12.51
16 1680 8.45
20 841 4.33
35 420 36.12 47.02 63.32 84.28
48 297 25.01 30.84 36.32 61.14
65 210 19.46 20.59 21.86 34.06
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Daiyon coal* Yarabee coal**

APUNUNILY (kg-m ) 1400 1530
A (%) 2.5 2.5
ANu§BU (kealkg) 7870 7690
TTTUNY (%) 36.1 8.7
AfueuAsh (%) 57.9 83.5
1 (%) 6.0 78
MY * muAunnmssiglsznil lnslszanyuiy

* gurunnlszimaoomasiny
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Variable

Conditions

Mili

Volume of mill, V {cm3]
Amplitude { mm]

Ball quality

Size of ball mixture [D1ID?_]

Bali filling, J [% ]

Amount of ball charge [in ratio

of gram]
Feed size [ mesh]
Amount of powder [cm3]
Void filling fraction, U
Solid fraction [vol.2 ]
Water addition [cm3]
Amount of additives used:
DN [wt.% ]
NS [wt.% ]
Dp/Db
Grinding time [hour]

steel mill

1000 (2 chambers)
1

Alumina balls

3:5  [mm/mm]
S0

500:1500
48x100
75

1

20 ]—Wet agrinding
292

0. 05

0,05

1:20

56
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Variable Conditons
Mill Porcelain mili
Volume of mill, V [cm3] 2000
Speed [ %c.s.] 75
Critical speed (c.s.) [ rpm] 113
Ball quality Alumina balls
Size of ball mixture (DTIDz) 3:5 [mm{imm]
Ball filling, J [% ] S0
Amount of ball charge [in ratio
of gram] 500:1650
Feed size [ mesh] ‘ 48x100
Amount of powder [cm3] 75
Vaid filling fraction, U 1
Seolid fraction [vo[.3% 1 20 Wet grinding
Water addition [cm™] 292
Amount of additives used:
ON [wt.% ] g.05
NS [wt.% ] §.05
Dp/Db 1:20

Grinding time [ hour] b
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100 T T T . = T
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8 Ball milt .~
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/// Vibration mill
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/
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/
1//
= /7
p/ O D,/D,=3:5 mm _ Vibration mill |
L // @ D1/DZ=II:5 mm -— Balli mill
/ . ;
/ S D,=5 mm O Water
B y O DN 0.05%
&
i A NS 0.05%
0 ] 1 1 ) ] 1
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Crinding time, [ hours]
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° — Vibration mill 4
--- Ball mill
O water )
O DN 0.05% -
A NS 0.05%
| ! 1 { t | 1
2 4 5 3 10 12 14

Grinding time, [ hours]

U 4.9 uaAIwaveIMIUADIUKRY Yarabee YH1A 48x100 131¥
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4.3

4.3.1

AT N 4.7-4.34

Hﬁ‘ll‘é]wiﬂ']iﬁﬂkl'}llﬁﬂq

=y

UaA3 Washability Data Y0301HHHUIINUIHDIV1IHINN

T

U@ -4 +10 ¥ (BMB)

Washability Data for BMB Coal

SG.Fract| Sep.SG.| Wt.% | Ash% |[Ash Proc-i Cum.Float Cum.Sink
Ash Wt% | Ash% Ash W% | Ash%
F-1.40 1.40 478 6.00 28.66 28.66 4.78 6.00 0952.15 | 100.00 9.52
1.40/1.45 145 1543 8.00 123.46 | 152.12 | 20.21 7.53 02349 | 95.22 9.70
1.45/1.50] 1.50 28.18 9.00 253.62 | 40574 | 48.39 8.38 800.03 | 79.79 10.03
1.50/1.55 1.55 36.46 10.00 | 364.61 | 77035 | B4.85 9.08 54641 | 51.61 10.59
S-1.55 15.15 12.00 | 181.80 | 952.15 | 100.00 052 | 181.80 | 15.15 12.00
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uaa1 Washability Data Yd301HHHINUHAILIIHNIN

|

YA -10 +35 WY (BMS)

Washability Data for BMS Coal
SG.Fract| Sep.SG.{ Wt.% | Ash% |Ash Prod Cum.Float Cumn.Sink
Ash Wt% | Ash% Ash Wt% | Ash%
F-1.50 1.50 6.90 10,00 69.00 69.00 6.90 10.00 |2690.91 | 100.00 | 2691
1.50/1.60| 1.60 39.65 12.00 | 475.79 | 544.80 | 46.55 11.70 |2621.91| 93.10 | 28.16
1.60/1.65] 1.65 3180 | 28.00 | 890.40 | 1435.20| 78.35 18.32 | 2146.11| 53.45 40.15
$-1.65 | 21.65 58.00 | 1255.71} 269091 | 100.00 | 2691 |1255.71; 21.65 58.00
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iaad Washability Data Y230MHHUIDUHAIUN
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YuIa -4 +10 ¥ (BPDMB)

Washability Data for BPDMB Coal

SG.Fract| Sep.SG.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt% | Ash%
F-1.40 | 1.40 0.64 4.76 3.05 3.05 0.64 476 |2128.65| 100.00 | 21.29
1.40/1.50, 1.50 1796 | 11.00 | 197.56 | 20061 | 18.60 10.78 | 212560 9936 | 21.39
1.50/1.60, 1.60 35.03 12.00 | 46842 | 669.03 | 57.64 | 11.61 |1928.04| 8140 | 23.69
1.60/1.65| 1.65 28.59 | 26.00 | 74331 | 141234 86.22 | 16.38 | 1459.62| 4236 | 34.45
5-1.65 13.78 | 5200 | 716.31 | 2128.65; 100.00 [ 21.29 | 716.31 | 13.78 | 52.00
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MHHUTIPUHAILN

wa A3 Washability Data %03

e |

YA -10 +35 % (BPDMS)

Washability Data for BPDMS Coal

SG.Fract| Sep.SG.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt% | Ash%
F-1.50 | 1.50 4.31 10.00 | 4306 | 43.06 4.31 10.00 | 2898.17 | 100.00 | 28.98
1.50/1.60| 1.60 3355 | 1400 | 469.68 | 51274 | 37.85 | 13.55 [2855.11| 95.69 | 20.84
1.60/1.65| 1.65 27.16 | 26.00 | 706.21 | 121895 65.02 | 18.75 |238543 62.15 | 38.38
S-1.65 3498 | 48.00 | 1679.22|2898.17| 100.00 | 2898 |167922| 3498 | 48.00
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@A Washability Data v84

i}

insa14nale YA -4 +10 1y (BPDPB)

Washability Data for BPDPB Coal

SG.Fract{ Sep.SG.; Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt% | Ash%
F-140 | 1.40 0.35 7.14 2.52 2:52 0.35 7.14 | 1692.09| 100.00 | 16.92
1.40/1.50| 1.50 10.35 | 10.00 | 103.53 | 106.05 | 10.71 991 |1689.57| 9965 | 1696
1.50/1.60| 1.60 64.70 | 12.00 | 77641 | 88247 | 7541 11.70 | 1586.03| 89.29 | 17.76
1.60/1.65| 1.65 18.29 | 26.00 | 47549 | 1357.96| 93.70 | 14.49 | 809.62 | 2459 | 3292
S-1.65 6.30 53.00 | 334.13 | 1692.09 | 100.00 | 1692 | 334.13 | 6.30 53.00
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nsn 1l e -10 +85 1y (BPDPS)

Washability Data for BPDPS Coal
SG.Fract| Sep.5G.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% | Ash Wt.% | Ash%
F-1.50 | 1.50 233 909 | 2120 [ 21.20 | 233 9.09 | 1640.35| 100.00 ; 16.40
1.50/1.60| 1.60 | 6528 | 11.00 | 718.11 | 739.32 | 67.62 | 1093 |1619.14| 97.67 | 16.58
1.60/1.65| 1.65 27.00 | 23.00 | 62096 | 1360.28 ' 9461 | 14.38 | 901.03 | 3238 | 27.82
5-1.65 539 | 52.00 | 280.07 | 1640.35) 10000 | 1640 | 28007 | 539 | 52.00
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Washability Data for BPFB Coal

SG Fract| Sep.5G.| Wt.% | Ash% iAsh Prod Cum.Float Cum.Sink

R

Ash Wt.% | Ash% Ash Wt% | Ash%

4 +10 14y (BPFB)

F-1.35 135 38.03 300 | 11408 | 114.08 | 38.03 3.00 |3570.39) 10000 | 35.70

1.35/1.40] 140 8.23 11.00 | 90.54 | 20462 | 46.26 442 | 345631 | 6197 | 55.77

1.40/1.50; 1.50 9.01 17.00 | 153.22 | 35784 | 55.27 6.47 |3365.77| 53.74 | 62.63

53879 YHIA -

)

1.50/1.60{ 1.60 4.54 2000 . 13177 | 489.61 , 5981 8.19 |3212.55| 44.73 | 71.82

9/

1.60/1.65| 1.65 3.28 39.08 | 128.08 | 617.69 | 63.09 9.79, | 3080.78 | 40.19 | 76.66

uand Washability Data Y83t1HH U INUVIAY

nawin

5-1.65 3691 80.00 |2952.70 | 357039 | 100.00 | 3570 | 2952.70| 36.91 80.00
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Washability Data for BPFS Coal
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DTHHRUAINUHDN

T

10 +35 ¥ (BPFS)

|

TN WA -

il

1 Washability Data u943

flauln

SG.Fract; Sep.SG.| Wt.% | Ash% |Ash Prod| Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt% | Ash%
F-1.35 1.35 16.25 3.00 48776 | 48.76 | 16.25 300 |554801| 100.00 ; 55.48
1.35/1.40| 1.40 474 8.00 37.89 | 86.65 | 2099 413 | 5499.25| 83.75 | 65.67
1.40/1.50, 1.50 1069 | 1400 | 149.70 | 23635 | 31.68 746 |5461.36| 79.01 69.12
1.50/1.60| 1.60 5.02 2500 | 125.58 | 36193 | 36.71 9.86 | 5311.66| 68.32 | 77.75
1.60/1.65| 1.65 6.93 57.00 | 39473 | 756.66 | 43.63 | 1734 |5186.08| 6329 | 81.94
5-1.65 56.37 | 85.00 [4791.35|5548.01 | 100.00 | 5548 |4791.35| 5637 | 85.00




117

S @

MUHUDINLYKAL

uAd Washability Data va4
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YUIA -4 +10 1% (BPMB)

Washability Data for BPMB Coal

SG.Fract| Sep.SG.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt.% | Ash%
F-1.35 | 1.35 4796 3.00 | 143.88 | 14388 | 47.96 3.00 | 903.58 | 100,00 | 9.04
1.35/1.40, 1.40 2043 | 10.00 | 204.27 | 348.15 | 68.39 500 | 759.70 | 52.04 | 14.60
1.40/1.50[ 1.50 2423 | 15.00 | 363.45 | 711.60 | 92.62 7.68 | 55543 | 31.61 17.57
1.50/1.60 1.60 3.58 2300 | 8235 | 79395 | 96.20 825 | 19198 | 7.8 26.00
1.60/1.65| 1.65 222 28.00 | 62.17 | 856.12 | 98.42 870 | 109.63 | 3.80 28.83
5-1.65 1.58 30,00 | 47.46 | 903.58 | 100.00 9.04 47.46 1.58 30.00
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uanad Washability Data Y9301HHUIAUHAIUIY
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i

YA -10 +35 1Y (BPMS)

Washability Data for BPMS Coal

SG.Fract| Sep.SG.| Wt.% | Ash% Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt.% | Ash%
F-1.35 1.35 40.77 3.00 12231 | 12231 | 40.77 3.00 |1056.74| 100.00 | 1057
1.35/1.40| 1.40 15.03 7.00 105.20 | 227.50 | 55.80 4.08 93444 | 59.23 15.78
1.40/1.50[ 1.50 29.71 10.00 | 297.10 | 524.61 | 85.51 6.14 82924 | 44.20 18.76
1.50/1.60| 1.60 7.59 18.00 | 136.67 | 661.28 | 93.10 7.10 532.14 | 14.49 36.72
1.60/1.65] 1.65 2.46 3077 . 75.62 | 73690 | 95.56 791 | 39547 | 6.90 57.32
5-1.65 444 72.00 | 319.85 | 1056.74 100.00 | 10.57 | 319.85 | 4.44 72.00
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uaad Washability Data ¥94

"X

IR -4 +10 14¥ (BPSB)

Washability Data for BPSB Coal
SG.Fract| Sep.SG.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt% | Ash%
F-1.35 1.35 60.55 2.00 121.11 | 121.11 | 60.55 200 | 590.23 | 100.00 | 590
1.35/1.40; 1.40 22.08 7.00 | 154.58 | 275.69 | 82.64 334 | 469.12 | 3945 | 11.89
1.40/1.50; 1.50 12.47 11.00 | 137.19 | 41287 | 95.11 434 | 31455 | 17.36 18.12
1.50/1.60| 1.60 2.32 2593 60.08 | 47295 | 97.43 4 .85 17736 | 4.89 36.26
1.60/1.65| 1.65 1.09 3421 | 37.18 | 510.13 | 98.51 518 | 11728 | 257 45.56
5-1.65 1.49 53.85 80.10 | 590.23 | 100.00 590 80.10 1.49 53.85
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1#19@9 Washability Data Y23mHUHUIDUHAIUTIH
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wua -10 +35 ¥ (BPSS)

Washability Data for BPSS Coal
SG.Fract| Sep.SG.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt% | Ash%
F-1.35 1.35 49.78 3.00 149.35 | 149.35 | 49.78 3.00 831.67 | 100.00 | 8.32
1.35/1.40| 140 17.92 4.00 71.68 | 221.04 | 6771 3.26 682.31 | 50.22 13.59
1.40/1.50; 1.50 21.04 1000 | 21036 | 431.40 | 88.74 4.86 610.63 | 32.29 18.91
1.50/1.60] 1.60 5.06 23.00 | 11635 | 54775 | 93.80 5.84 | 400.27 | 11.26 3555
1.60/1.65] 1.65 2.78 3444 | 9561 | 64336 | 96.58 6.66 | 283.92 6.20 45.79
S-1.65 342 55.00 | 18831 | 831.67 | 100.00 | §.32 188.31 342 55.00
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uaAl Washability Data v93

i

VMR -4 +10 1% (BYLB)

Washability Data for BYLB Coal

SG.Fract| Sep.5G.| Wt.% | Ash% |Ash Prod Cum_Float Cum.Sink
Ash Wt% | Ash% Ash Wt % : Ash%
F-1.35 1.35 0.41 6.67 273 273 041 6.67 |1223.66] 100.00 | 12.24
1.35/1.40, 1.40 51.73 1000 | 577.27 | 580.00 | 58.14 9.98 |122093| 99.59 12.26
1.40/1.50| 1.50 39.15 1400 | 548.06 | 1128.06| 97.28 11.60 | 643.66 @ 41.86 15.38
1.50/1.60| 1.60 1.46 22.45 3279 | 1160.85] 98.74 11.76 | 95.60 272 35.19
S-1.60 1.26 50.00 | 62.81 |1223.66| 100.00 | 12.24 | 62.81 1.26 50.00
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uand Washability Data v94
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YUIA -10 +35 149 (BYLS)

Washability Data for BYLS Coal
SG.Fract| Sep.SG.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt% | Ash%
F-1.35 | 1.35 46.11 3.00 | 138.34 | 13834 | 46.11 3.00 | 950.40 | 100.00 | 9.50
1.35/1.40| 1.40 15.54 6.00 9326 | 231.60 | 61.66 376 | 81205 | 538% | 15.07
1.40/1.50| 1.50 21.23 | 10.00 | 212.27 | 443.87 | 8288 5.36 | 718.80 | 38.34 | 18.75
1.50/1.60| 1.60 11.56 | 19.00 | 219.65 | 663.52 | 9444 7.03 | 50653 | 17.12 | 29.59
1.60/1.65| 1.65 2.50 3333 | 8349 | 747.01 | 96.95 771 | 286.88 | 5.56 51.64
5-1.65 3.05 66.67 | 203.39 | 95040 | 100.00 | 950 | 20339 | 3.05 66.67




128

MUAUDINKAUBIBNG (A-seam)

HaA1 Washability Data v84

L/

YUIA -4 +10 1% (EGATAB)

Washability Data for EGATAB Coal

SG.Fract| 5ep.SG.| Wt% | Ash% |Ash Prod Cum.Float Cun.Sink
Ash Wt% | Ash% Ash Wt% ;| Ash%
F-140 | 1.40 1.20 8.70 1045 | 10.45 1.20 8.70 | 3453.88: 100,00 | 34.54
1.40/1.50) 1.50 1832 | 19.00 | 348.06 | 358.51 | 19.52 | 18.37 |3443.43| 938.80 34.85
1.50/1.60| 1.60 46.32 | 27.00 | 1250.66 | 1609.17 | 65.84 | 24.44 |3095.38 8048 | 38.46
1.60/1.65] 1.65 1295 | 36.00 | 46633 |2075.50| 7879 | 2634 |1844.71| 34.16 54.00
5-1.65 2121 | 65.00 |1378.39|3453.88| 100.00 | 34.54 | 137839 21.21 65.00
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#A9 Washability Data ¥043
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VA -10 +35 11% (EGATAS)

Washability Data for EGATAS Coal

5G.Fract| Sep.5G.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt.% | Ash%
F-1.40 1.40 1.55 6.38 9.88 9.88 1.55 6.38 | 2958.011 100.00 | 29.58
1.40/1.50; 1.50 25.55 900 | 22994 | 23981 | 27.10 8.85 |2948.13| 98.45 29.94
1.50/1.60| 1.60 27.61 16.00 | 44181 | 681.62 | 54.71 1246 | 2718.19] 7290 | 37.28
1.60/1.65] 1.65 16.97 | 29.00 | 492.06 | 1173.69| 7168 | 1637 |2276.39| 4529 | 5026
S-1.65 28.32 | 63.00 | 1784.32|2958.01 | 100.00 | 20.58 |1784.32| 2832 | 63.00
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Washability Data for EGATBB Coal

SG.Fract| Sep.5G.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% | Ash Wt.% | Ash%
F-1.35 1.35 80.43 5.00 | 402.16 } 402.16 | 80.43 3.00 | 1090.78 | 100.00 | 10.91
1.35/1.40 1.40 6.54 1200 | 7848 | 480.64 | 86.97 5.53 688.62 | 19.57 35.19
1.40/1.50| 1.50 4,19 19.00 | 7970 | 560.34 | 91.17 6.15 610.14 | 1303 46.83
1.50/1.60, 1.60 . 2727 | 3197 | 59232 | 92.34 641 | 53044 | 8383 60.05
1.60/1.65 1.65 1.02 26.31 26.74 | 61905 ¢ 93.36 6.63 | 498.47 7.66 65.07
5-1.65 6.64 71.00 | 471.73 | 1090.78 | 100.00 | 1091 | 47173 | 6.64 71.00
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Washability Data for EGATBS Coal
SG.Fract| Sep.SG.| Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt.% | Ash%
F-1.50 | 1.50 3.08 13.00 | 4004 | 4004 | 3.08 13.00 .| 2956.07 | 100.00 | 29.56
1.50/1.60] 1.60 20.10 1400 | 281.34 | 321.38 | 23.18 13.87 | 2916.03| 9692 30.09
1.60/1.65] 1.65 3242 21.00 | 680.74 | 1002.12| 55.59 18.03 |2634.69| 76.82 34.30
5-1.65 44.41 44.00 | 1953.95|2956.07 | 100.00 | 29.56 | 1953.95| 44.41 44.00
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uaAd Washability Data w04
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VUIA -4 +10 4% (EGATCB)

Washability Data for EGATCB Coal

SG.Fract| Sep.SG.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash | Wt% | Ash%
F-140 | 140 4.46 10.00 | 44.60 | 44.60 4.46 10.00 |1234.40| 100.00 | 12.34
1.40/1.50| 1.50 06.56 | 12.00 | 798.75 | 84335 | 71.02 | 11.87 |1189.80| 95.54 | 12.45
1.50/1.60! 1.60 26.11 | 13.00 | 33941 | 1182.76| 97.13 12.18 | 391.05 | 2898 { 13.50
S-1.60 2.87 18.00 | 51.64 | 123440 10000 | 1234 | S1.64 | 287 18.00
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Washability Data for EGATCS Coal

SG.Fract| Sep.SG.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt.% | Ash%
F-1.45 1.45 6.53 9.00 5877 | 8877 6.53 9.00 |1148.51| 100.00 | 11.49
1.45/1.50| 1.50 21.26 1000 | 21265 | 27142 | 27.79 877 (1089.74] 9347 11.66
1.50/1.55| 1.55 55.66 11.00 | 612.24 | 883.66 | 83.45 1059 | 877.09 |- 72.21 12.15
1.55/1.60| 1.60 13.61 1400 | 190.50 | 1074.15] 97.06 | 11.07 | 264.85 | 1655 | 16.01
5-1.60 2.94 2529 | 7436 | 1148.51| 100.00 | 1 1.49 | 74.36 2.94 2529
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Washability Data for KTASB Coal

SG.Fract| Sep.SG.| Wt% | Ash% |Ash Prod Cum Float Cum.Sink
Ash Wt.% | Ash% Ash Wt.% | Ash%
F-1.40 | 1.40 9.48 8.00 7588 | 7588 0.48 8.00. | 1894.90| 100.00 | 18.95
1.40/1.50{ 1.50 60.83 | 14.00 | 851.59 | 92747 | 7031 | 13.19 |1819.02] 90.52 | 20.10
1.50/1.60; 1.60 19.08 | 2200 | 419.74 | 1347.20 ) 8939 | 15.07 | 967.43 | 29.69 | 32.59
1.60/1.65] 1.65 3.29 33.00 | 108.55 | 1455.76( 92.68 | 1571 | 547.70 | 10.61 | 51.63
S-1.65 7.32 60.00 | 439.14 | 1894.90| 100.00 | 1895 | 439.14 | 7.32 60.00
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Washability Data for KTASS Coal

SG.Fract| Sep.5G.] Wt% | Ash% |[Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt.% | Ash%
F-1.40 1.40 3.14 6.31 19.78 19.78 314 631 | 174548 | 10000 | 17.45
1.40/1.50| 1.50 61.60 10,00 | 616.03 | 63581 | 64.74 9.82 [1725.69| 96.86 17.82
1.50/1.60; 1.60 18.75 17.00 | 318.68 | 954.49 | 83.48 11.43 | 1109.66| 35.26 3147
1.60/1.65| 1.65 5.79 31.00 | 179.35 | 1133.84| 89.27 12.70 | 79098 | 16.52 4789
5-1.65 10.73 5700 | 61164 | 174548 | 100.00 | 1745 | 611.64 | 10.73 57.00
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Washability Data for KTMFB Coal

SG.Fract| Sep.SG.! Wt.% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt% | Ash%
F-1.35 1.35 11.12 3.00 33.37 3337 11.12 3.00 |1854.07| 100.00 | 18.54
1.35/1.40| 1.40 10.34 12.00 | 124.04 | 15742 | 2146 7.34 | 1820.70! 88.88 20.49
1.40/1.50 1.50 45.20 15.00 | 67795 | 835.37 | 66.66 12.53 | 1696.66| 78.54 | 21.60
1.50/1.60| 1.60 2236 | 21.00 | 469.55 | 130492| 89.02 14.66 | 1018.71 33.34 | 30.55
1.60/1.65| 1.65 5.17 32.00 | 165.39 | 1470.31| 94.19 1561 | 549.16 | 10.98 50.00
5-1.65 581 66.00 | 383.76 | 1854.07 | 100.00 | 18.54 | 383.76 5.81 66.00
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Washabilty Data for KTMFS Coal

SG.Fract| Sep.SG.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt.% | Ash%
F-140 | 1.40 8.96 4.00 3585 | 3585 8.96 4.00 | 1736.19| 100.00 | 17.36
1.40/1.50| 1.50 47.55 | 10.00 | 47548 | 511.33 | 56.51 9.05 |1700.34,-91.04 | 18.68
1.50/1.60, 1.60 2973 | 17.00 | 505.34 (101667 | 86.24 | 11.79 | 122486 | 43.49 28.16
1.60/1.65| 1.65 5.41 28.00 | 151.50 | 1168.18 | 91.65 | 1275 | 71951 | 1376 | 5228
5-1.65 835 68.00 | S68.01 | 1736.19| 100.00 | 17.36 | 568.01 | 8.35 68.00
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Washability Data for MM,J2B Coal

SG Fract| Sep.5G.| Wt% | Ash% |Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt% | Ash%
F-140 | 140 0.99 18.75 | 18.59 | 18.59 0.99 1875 |3527.16 100,00 | 35.27
1.40/1.50| 1.50 6.41 2500 | 16035 | 178.94 | 7.41 24.16 |3508.57| 99.01 | 3544
1.50/1.60| 1.60 3586 | 29.00 1103994 | 1218.88 | 43.27 | 28.17 |3348.22| 9259 | 36.16
1.60/1.65| 1.65 4478 | 39.00 | 1746.47 | 2965.35| 88.05 | 33.68 |2308.28| 56.73 | 40.69
S-1.65 1195 | 47.00 | 561.81 | 3527.16| 100.00 | 3527 | 561.81 | 11.95 | 4700
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Washability Data for MMJ2S Coal

l
SG.Fract| Sep.SG.| Wt.% | Ash% |(Ash Prod Cum.Float Cum.Sink
Ash Wt% | Ash% Ash Wt.% | Ash%
F-1.50 | 1.50 1.02 18.52 | 1891 1891 1.02 18.52 |2982.00| 100.00 | 29.82
1.50/1.60| 1.60 1842 | 19.00 | 34996 | 368.87 { 1944 | 1897 |2963.09| 9898 | 2994
1.60/1.651 1.65 53.06 | 28.00 | 1485.78 | 1854.65| 72.50 | 2558 :2613.12 30.56 3244
S-1.65 27.50 | 41.00 |1127.34|2982.00| 100.00 | 29.82 |1127.34| 27.50 | 41.00
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YUIA -4 +10 4% (NSB)

Washability Data for NSB Coal

. |

SG.Fract| Sep.SG.| Wt.% | Ash% Ash Prod Cum.Float Cum.Sink
Ash Wt.% | Ash% Ash Wt.% | Ash%
F-140 | 140 422 15.00 | 6331 | 63.31 422 15.00 | 3988.12| 100.00 | 39.88
1.40/1.50| 1.50 12.55 | 2000 | 251.08 | 31439 | 16.77 | 18.74 |3924.81| 95.78 | 40.98
1.50/1.60| 1.60 1631 | 31.00 | 505.76 | 820.16 | 33.09 | 2479 [3673.73) 83.23 | 44.14
1.60/1.65 1.65 4448 | 4500 |2001.62|2821.78) 77.57 | 3638 |3167.97| 6691 | 47.35
§-1.65 2243 | 5200 |1166.34| 3988.12| 100.00 | 3988 |1166.34| 2243 | 52.00
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Washability Data for NSS Coal

SG .Fract| 5ep.SG.| Wt% | Ash% |Ash Prod Cum Float Cum.Sink
Ash Wt.% | Ash% Ash Wt.% | Ash%
F-1.40 | 140 4.33 14.00 | 60.59 | 60.59 4.33 14.00 | 3792.15| 100.00 A 37.92
1.40/1.50| 1.50 11.67 | 17.00 | 198.47 | 259.06 | 16.00 | 16.19 |3731.57| 9567 | 39.00
1.50/1.60| 1.60 18.12 | 2600 | 471.11 | 730.17 | 34.12 | 21.40 [ 3533.09| 84.00 | 42.06
1.60/1.65| 1.65 17.84 | 37.00 | 660.06 | 1390.22| 5196 | 2675 |3061.99| 6588 | 46.48
5-1.65 48.04 | 50.00 |2401.93|3792.15| 100.00 | 37.92 |2401.93| 48.04 | 50.00
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Test No, Stroke Wier height Washed coal Refuse
(inch) (inch) % wt. % Ash % wt. % Ash
I 8 2 72.59 4 7.60 31
2 8 21/4 53.16 3 9.55 30
3 38 2172 39.57 1 9.74 36
4 38 2 70.95 a 11.63 31
5 112 214 | 5281 4 11.48 28
6 172 212 | 3794 2 15.44 25
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13191 4.38 uamﬂamﬂiJEmmﬂmﬂn'lummmumﬂmmm YA -8 +18 1Y
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gan
Test No. Stroke | Wier height Washed coal Refuse
(inch) (inch) % wt. % Ash | % wt. % Ash
1 /8 2 7744 5 931 35
2 3/8 21/4 64.13 S 12.55 30
3 3/8 212 52.66 2 14.35 31
4 1/2 2 67.83 6 20.11 33
5 1/2 21/4 52.81 6 7.80 35
6 1/2 21/2 43.90 5 13.48 40
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No. % wt. % Ash.
Feed Sample 100 19
After desliming® 91.81 16
1 Washed coal 76.54 3
Middling 15.00 -
Refuse 846 33
2 Washed coal 72.19 3
Middling 18.17 -
Refuse 9.74 35
mean.| Washed coal 7437 3
Middling 16.53 -
Refuse 9.10 34
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o

No. % wt. % Ash.
Feed Sample 100 21
After desliming* 83.73 13
1 Washed coal 80.67 4
Middling 18.91 -

Refuse 10.42 37
2 Washed coal ¥2.75 3
Middling 16.41 -

Refuse 10.84 35

mean. | Washed coal 81.71 35
Middling 18.66 .

Refuse 16.63 36
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SIZE -18 +85 mesh

WSAH WATER 250 ML/S STROKE 1.2 CM.

SPEED 220 rpm.
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% SOLID | SLOPE | FEED RATE | WASHED COAL MIDDLING REFUSE

(Degree) (KG/HR) % WT. | % ASH | % WT., | % ASH | % WT. | % ASH

55.74 66.78 3.70 2234 11.43 10.88 50.90

34.54 57.49 5.42 36.60 11.27 5.92 70.22

2.00 24.77 56.05 5.70 30.84 8.63 13.11 38.00

20.37 35.09 8.23 59.79 11.38 5.12 78.34

17.25 31.65 5.60 53.19 6.65 15.15 24.66

25

50.61 66.23 5.76 27.31 13.78 6.46 61.74

38.89 81.67 6.27 12.43 15.19 590 7027

1.00 28.65 51.73 6.83 41.26 12.60 7.01 52.08

22.15 68.33 6.38 2332 11.98 8.35 58.55

17.57 35.13 6.07 51.68 11.20 13.19 44.56

4535 56.93 6.25 36.62 10.44 6.45 70.61

31.83 5717 5.64 36.71 12.38 6.12 74.25

2.00 26.45 5718 6.09 32.13 10.00 10.69 49.88

22.60 46.62 347 50.05 10.25 333 86.82

16.95 45.87 545 39.36 7.39 14.78 41.74

40.00

48.61 66.03 6.80 15.04 7.07 1493 38.49

35.02 66.16 5.26 28.85 14.02 4.99 79.90

1.00 26.06 56.77 6.18 29.07 3.94 14.16 41.11

2341 571.27 6.22 3779 11.30 4.93 78.94

17.50 44.86 432 34.11 7.59 21.03 31.20
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SIZE -85 +60 mesh
WSAH WATER 250 ML/S STROKE 1.2 CM.
SPEED 220 rpm.
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% SOLID | SLOPE | FEED RATE | WASHED COAL MIDDLING REFUSE

(Degree) (KG/HR) % WT. | ASH | 2 WT. | % ASH | % WT, | % ASH

45.66 79.10 4.92 17.62 8.34 3.28 29.43

3422 68.95 4.39 28.69 10.97 2.36 54.33

2.00 2349 54.02 4.72 35.49 6.69 10.49 19.00

15.69 51.76 3.50 46.17 9.17 2.06 56.84

13.42 43.69 213 41.65 5.09 14.66 20.00

25.00

56.84 68.78 5.46 29.59 6.52 11.63 21.33

37.41 66.65 4.56 27.08 10.16 6.27 28.67

1.00 2032 34.29 274 61.92 7.50 3.79 27.39

21.58 48.06 3.19 45.80 7.42 6.14 29.68

19.65 21.47 3.30 71.19 5.00 7.34 20.59

49.58 70.13 4.23 20.86 7.30 9.00 24.27

37.93 65.09 4.11 33.13 10.68 1.75 71.08

2.00 21.55 52.62 2.23 43.63 B.58 3735 24.36

16.348 48.52 1.1} 48.26 7.09 321 3723

16.62 38.50 4.20 55.17 10.92 6.33 35.51

40.00

43.75 67.15 3.97 25.60 8.37 7.25 29.24

36.28 61.04 3.05 35.57 8.56 340 41.87

1.00 2431 38.66 2.99 49.70 6.26 11.64 2373

20.30 52.74 3.61 42.51 7.03 4.75 38.25

18.26 33.86 4.20 51.87 1092 14.27 35.51
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Size % Slope Speed | Stroke | Flowrate | % Wt. | % Ash | Heating value
(mesh) Solids | (degree) | (rpm) | (cm) kg/hr kcal’kg
18435 40 1 220 1.2 6.3 61.0 3.00 5436.7
-35460 40 1 220 12 35.0 66.2 5.26 57283
13190 4.45 wanInaavaAInuan udlne N fzduvinalsalszaos

Resuits Weight % Wt. % Ash Heating value
(g) (Kcal/Kg)

Washed coal 4001.04 80.02 6.07 5785.60

Middling 57797 11.56 21.32 .

Refuse 197.96 3.96 66.81 %

Loss 223.04 4.96 . .

Feed 5000.00 100.00 . 4906.7

AAILNIINAADY

- YUIA -18 +35 INY

- sarmisileu 200 Alansuderlua

- AMUENMITNEN 1.2 Y.

o 1
- AMNMUISITOUV 220 SOUADUIMN

= o
- anudnavealaz 1 on

- AMURUMUUYINTY 40 %




1313 4.46 wamInaasauniouanlualaaldldzduunalsailizana
Results Weight % Wt. % Ash Heating value
(g.) (Kcal/Kg)

Washed coal 1495.42 69.90 7.30 5681.60

Middling 1034.76 20.70 24.40 ;

Refuse 209.98 4.20 55.40 ;

Loss 223.04 5.20 " .

Feed 5000.00 100.00 ) 4692.4
ANMIZNIINATDY

YU -35 +60 1Y
dasmstleu 200 Alansuastalug
ANUYIITIITN 1.2 ¥,

3 t =
A5 2581 220 FRUABUNR

= =]
anubsavealaz 1 pam

ATIMAU U UUDIHAN 40 %
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Size Results % % Ash | Heating value
(mesh) Weight (Kcal/Kg)
Washed coal 73.60 6.60 57752 *
-18 +60 Refuse 2040 56.82 -
Loss 6.00 - -
Feed 100.00 Q.45 47905 *
FNIITMSNaand

- dannstlau 200 Alansuaetlus

- AMNETIVINT 1.2 Wi

=]
- AMMITITOY 220 SOUADUIN

r- o
- Aamndusueslaz 1 eam

1 ] 1 a 9’3
* lﬂuﬂﬂﬂaﬂ‘llﬂﬂﬂ'luﬂﬂ11«!%“\1?’1”64111“?!

155



¥

156

o 1 ¥ ¢ = & T o 4 o ]
A1519N 4.48 uﬁmmmmiauuazn]ammméﬁmaamuan‘luﬂmﬂﬁmmuamaz

AN TUATIHIY VIR -18 mesh +35 mesh

Type %Yicld Heating Value % Ash
(Kcal/Kg)

Run of Mine 100.00 1803.9 35.42

B.W. Coal 100.00 3084.4 10.50

A.W. Coal 74.60 4906.7 8.30

A.T. Coal 80.02 5785.6 6.08

HuneHe
Run of Mine awdnludninusnamdimiiea
B.W. Coal oin luduanauiiadu
AW. Coal oudn luduandsnindinady

A.T. Coal

1
o

muan lugnassmmsuaa laol¥ 18y du
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Type %Yield Heating Value % Ash
(Kcal/Kg)

Run of Mine 100.00 1803.9 35.42

B.W. Coal 100.00 2276.1 11.20

AW. Coal 46.70 4692.4 10.60

A.T. Coal 69.90 5681.6 7.10

Hugifg

Run of Mine oudn luaninusnamiunio
B.W. Coal dudn luduaneusdadu
A.W. Coal owdn luduandanindiiadu
AT. Coal awdnludndinnnisuaslaoidiardu
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Feed ore

(100 % wt.)

Jaw crusher loss 1 %

(99 % wt.)

Gyratory

-4 +8 mesh -8 +18 mesh
Wet screen

-60 mesh

-18 460 mpsh ? reject coal (42.1|% wt.)

(coal 28.9 % wt.) {coal 8.4 % wt.) (cpal 206 % wt.)

Jig Shaking Table Jig

Washed coal Refuse Washed coal efuse  Washed coal efuse

(8.03 % Yield) (6.2 % Yield) (10.58 % Yield)

4 ar [
5Uil 411 saaamudinszrIumsnaswanlunazein
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o t 4 o 24-25 5
wilnndinuazenmsminageuang Aldnndihminaacdidy™™  ioduuuamly
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MINaaod usoty15nalunouusng vesnisnaaaiouiuunasil 1éka 5e1dnaasuldou
=] : E=Y é ar r 4 1] 4
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HAAIAINIT NN 4.50-4.60 Rzl 4.14-4.19

1
o

M3 450  waasmailamsnfReuSinmesmiouin (Fuel 0il) TuifSinadad
2,4,6,8 uaz 10 flaniumosiu lasilanizdug dall YSmamamdourlas (Pine Oil)
150 niumAady, #i pH 7, A3 2luwa 1200 RPM, 15 % solids, conditioning time 15

1% uaz FLOTATION TIME 15 1

Collector washed coal refuse
(Kg/ton) weight (g) | % ash | calorific weight {(g) | % ash | calorific %
value value Yield
(keal/kg) (kcal/kg)
2 14.37 34.60 2710.00 84.40 34.26 | 2689.40 14.37
4 21.30 34.68 271060 | 78.06 34.30 | 2705.10 21.30
6 24.56 34.93 2697.80 | 75.27 3426 | 2700.50 24.56
8 3096 3447 2715.60 | 68.25 34.40 | 2700.50 30.96
10 20.39 34.16 271500 | 77.63 34.56 ] 2710.00 20.29
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L3
=

MINn 451  ugaswasiondsldouiSnumnadeovdy Fuel Oi) hlFasidsil

2,4,6,8 toz 10 dlanfumesu  Tauflanazduq dsdi YSnamsinaeaves (Pine Oil)

1650 nSuApAY, 1 pH 8, m3u32luWa 1200 RPM, 15 % solids, conditioning time 15

11 waz FLOTATION TIME 15 il

Collector washed coal refuse
(Kg/ton) | weight (g} | % ash calorific weight (| % ash calorific %
value value Yield
(kcal/kg) (keal/kg)
2 13.26 32.69 2813.30 86.74 35.62 269940 13.26
4 23.58 32.06 2823.30 76.42 3548 2691.70 23.58
6 33.24 32.08 2870.80 66.76 35.56 2683.80 33.24
8 43.88 3145 2901.70 56.72 35.90 2599 .40 43 88
10 40.27 31.39 2064.10 59.73 36.02 2591.10 40.27
M990 4.52 uraswaioutlswisuiBinamsndouiia (Fuel Oil) TnfSanadeil

2,4,6,8 uaz 10 dlaniudomu Tailaanzduq asil Wwnamsimdaunes (Pine Oil)
150 niuADRY, N pH 9, A1an3luvia 1200 RPM, 15 % solids, conditioning time 15

#17 #az FLOTATION TIME 15 Wil

Collector washed coal refuse
(Kg/ton) | weight (g) | % ash calorific | weight (g){ % ash calorific %
value value Yield
(kcal/kg) (kcal/kg)
2 17.48 28.57 ' 3287.20 82.52 36.89 252280 17.48
4 28.56 27.65 3336.10 71.74 37.21 2455.60 28.26
6 43.35 27.17 3448.80 56.65 37.38 2403.90 43.35
8 56.98 27.21 3420.60 43.02 37.62 240280 56.98
10 45.71 27.79 3396.10 54.29 37.45 2389.40 4571
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a1a9f 453  naesmaslowdinffuSinamnndeovin Fuel Oi) TufFanadall
2,4,6,8 uaz 10 dlanFuredu lasllamizduq dsfi Yinamandoues (Pine Oil)
150 nfunedy, fi pH 10, A21uiluia 1200 RPM, 15 % solids, conditioning time

15 w1 1az FLOTATION TIME 15 wifi

Collector washed coal refuse
(Kg/ton) | weight (g) | % ash calorific | weight (g)| % ash calorific %
value value Yield
(kcal/kg) (kcal/kg)
2 30.65 30.67 3013.90 69.35 36.78 2568.50 30.65
4 38.76 29.06 309220 61.24 36.85 2523.90 38.76
6 53.94 28 87 3178.30 46.06 36.64 2494.40 53.94
b 64.71 2895 3130.60 35.29 36.29 2507.90 64.71
10 67.83 30.26 3087.20 3217 36.26 2525.00 67.83

1
=

MINt 454 wassmasisudsnfdnnlSinamamasvin Fuel Oi) TudSinwaail
2,4,6,8 taz 10 flanfureay Tasilamizduq dell Whunamandoudas (Pine Oil)
150 nfudeny, N pH 11, aanillunia 1200 RPM, 15 % solids, conditioning time

15 w17l uaz FLOTATION TIME 15 111

Collector washed coal refuse
(Kg/ton) | weight (g) | % ash calorific | weight (g) | % ash calorific %
value value Yield
(kcal/kg) (kcal/kg)
2 32.57 30.93 2997.20 67.43 36.53 2597.50 32.57
4 4338 30.35 3086.10 56.62 36.84 2540.60 4338
6 5903 28.97 3158.30 40.97 36.45 2513.80 59.03
3 68.68 29.04 311220 31.32 36.67 2528.70 68.68
10 66.24 2998 3063.30 33.76 35.86 2582.90 66.24
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1
oy

MIe_4.565 weaswalowlsnfdnnBinamsndoures (Pine 0i) aaq Asil
50,100,150 #ay 200 piusedu laufianizauq fsil WSnamsndaufia (Fuel Oil) 8
ﬁTan%’udaﬁ'u, i pH 9, A3 U0 1200 RPM, 15 % solids, conditioning time 15

11 uaz FLOTATION TIME 15 Wil

Frother washed coal refuse
(g/ton) weight (g) | % ash calorific | weight (g){ % ash calorific %
value value Yield
(kcal/kg) (kcal/kg)
50 20.47 28.86 328440 7953 36.63 2524.70 2047
100 46.65 27.32 3349406 53.35 37.26 2428.30 46.65
150 56.98 27.21 3396.70 43.02 37.62 2397.20 56.98
200 58.84 27.82 337780 41.16 37.46 2410.80 58.84
15197 4.56 nanswasiomlsn/dsuanamdluadaug 800,900,1000,1100 1az 1200

RPM Tagflan1izduq dait WSwiaasindsuia (Fuel Oil) 8 Alandusedu Funams
nasurag (Pine Oil) 150 niunedy, fi pH 9, 15 % solids, conditioning time 15 11

uaz FLOTATION TIME 15 419

washed coal refuse
RPM | weight (g) | % ash calorific | weight (g}| % ash calorific %
value value Yield
(kcal/kg) (kcal/kg)
800 30.25 26.06 3590.60 69.75 38.24 2361.70 30.25
900 42.76 26.21 3556.10 57.24 38.22 2375.00 42.76
1000 52.41 2648 3548.90 47.59 38.15 2386.10 52.41
1100 57.64 27.03 3474.40 42.36 38.02 2396.10 57.64
1200 56.98 27.21 3406.10 4302 37.62 2411.70 56.98
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31931 4.57 nanamaniemtinldsunnuiiseuaaus 800 uaz 900 RPM Taaiianiiz
Buq aadl WBwnamandaudia Fuel Oil) 2 Hlanfudediy, WSinmmsndavrles (Pine
Oil) 150 niumeAu, N pH 9, 15 % solids, conditioning time 15 ¥l waz

FLOTATION TIME 15 uih

washed coal refuse
RIP'M | weight (g2) | % ash calorific | weight (g)| % ash calorific %
value value Yield
(kcal/kg) {kcal/kg)
300 10.28 26.79 351060 89.72 38.36 2395.60 10.28
900 14.58 26.94 3497.20 58.42 38.10 243280 14.58

¥

M13197 4.58 ugaamaiiandnlduumuss % solids AuA 15,20,25 uaz 30 % solids
muddy Teefiennzouasil PBunamandevia Fuel Oil) ludnninad 8 dlaniune
ar ! at Y ar ar H

Ay, dSuamsingsuvles (Pine 0il) ludninii 150 nfunean, 7 pH 9, anwialy

Yim 1000 RPM, conditioning time 15 ¥11 #az FLOTATION TIME 15 w1

washed coal refuse
% weight (g) | % ash calorific weight (g} % ash calorific %
Solids value value Yield
(kcal/kg) (kcal/kg)
15 5241 26.48 3552.20 47.59 38.15 2424 40 5241
20 200.70 28.69 3254.40 99.33 36.60 2538.50 66.90
25 225.49 31.10 2985.00 74.51 36.05 2551.10 75.16
30 389.18 31.95 2876.00 110.82 35.81 2648.90 77.84




166

T

131971 4.59 uanswasionsifdoun1ues conditioning time AUA 5,10 waz 15 Wil
Tapflanazaug dsil Nnamandoudy Fuel O Tudasnedl 8 RlanTudedu a3
wndoules (Pine Oil) Tudnrnali 150 niudedy, 1 pH 9, ad3luwai 1000

RPM, 15 % solids, #az FLOTATION TIME 15 yti

condi- washed coal refuse

tioning | weight (g) | % ash calorific | weight (g)] % ash calorific %

time value value Yield
(min) (kcal/kg) (kcal/kg)
5 4895 26.54 3531.90 51.05 38.13 2395.80 48.95
10 50.62 26.38 3554.70 49.38 38.26 2372.60 50.62

15 5241 2648 3548.90 47.59 38.15 2386.10 52.41
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F T T o ' o e VI
M3 4.60 uaaamaniodlsgduieunswiinhluradelfzdy, deteaiutlen
¥ ° 1 W P | L r 1 T o L] 4 ¥ -y | d o <
fowrnldunadieiEmsasaus  uazdlothsadassnaflesafiviaule e Modimun

e Haanudouga hlhimsinnzim % INORGANIC SULPHUR

SAMPLE % INORGANIC SULPHUR
FEED 1 5.29
FEED 2 5.08
FLOAT 1 4.36
FLOAT 2 4.90
FLOAT 3 5.02
FLOAT 4 4.98
HUEIHE) FEED 1  uiadwatleudemitliudedolazdu

FEED 2  fudretwavtleunsuiiililusadraiBasous
o v 1 = A W 1o - | -
FLOAT I iWudlesndiuasenanizilelf/suimensndoudi 8 kgfton
. A )
msaouea 150 ghon, 1 pH 9, 15 % Solids, 1200 RPM,
Conditioning time 15 ¥1# Uag Flotation Time 15 W1¥
o [] ] & di a & -
FLOAT 2 iludrstndusssiannzdioMSuuaisiniioudl 8 kgton,
4
oTndouned 150 giton, Wi pH 9, 15 % Solids, 1000 RPM,
Conditioning time 15 U1 1Ay Flotation Time 15 W1l

v ¥ ¥
=4

FLOAT 3 itudiatuadiuasuiinassdnsf 1
»

' »
FLOAT 4 1Hudrathedauasuiinasosinsai 2
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& pH T
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collector (kgfton)
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U7 412 anvliasnnudiussynaf3inas collector U % Yield
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1000
+ pH 19
500 O pH 11
O | i i i ]
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colector (kg/ton)

: ar  ar & ar .
518 413 anraaannudiniusszniafina collector it heating

value vosaIuaesi pH 7-11
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o pH7
O pH8
A pHo
0 pHI10

X pH1l

collector (kgfton)

517l 414 nnduaasrudIR UGSz n T8N collector AU % ash

vodaInaesil pH 7-11
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100
00 O %oykld
O %ash of washed coal
80
[ A Fash of refuse
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m
0o
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Frother (g/tan)

i 415 anduanannudiniusszviladSua Frothor iU % Yield

Hag % ash N pH 9
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100

Q0 . O HYxld

B0 ~ 0O % ah of warhed coal
A % ash of refuse

70

€0 -

g d
3 A & A A 4
30 0/
o- = —8 - 5
20 4
10 4
0 T 1 T v H T T
500 L 800 900 1000 1100 1200 1300 1400

o v
ATINLEITUND (RPM)

4 ar o ¢ o R
UM 416 anwluaasanuduiusszviennailuia M % Yield

uag % ash 1 pH 9
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‘ ¢ % Yrld
0 % ath of washed coal

] A % ash of refuse

T T T 1 7
10 15 20 z5 30 35 40

% solids

jUN 417 asnvluansnnudiniusszyiine % solids fu % Yield

uaz % ash i pH 9
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4.51.1 J9150MansaamuAy
d' d’ & 1
VINNTNR 450-454  wazomiUh 414 Fudumsudim
Uhinaensindevdan pH d1q fu UnnginSinamsnfeviimnzeuie 1 8
-y o L] ar 4 A :: L} A L) s =y
Alanfudodu  nlodnmdeguingdil 414 senudhudielfSinuesindoudludfie &
= ol at [} H 11 H A % L]
Alansumu 93l % Yield qefiqalidnzdiui pit ladaw FannldlulSuatesnimie
» I ¥
wanduleem i % Yield anas  switeanvinmn lanadsuia ludlS e son sz
asndovAwITasusuAo AN 18Ty uazwinlFudSunannn itz e naly
Q r [ o ' = = & ] o 3 (=3 4’
vauginmsasouan HanszooldauwnsoduduAsomiuld Senldlensohemfiuiiuan
19 uazidloggfl 4.15 oz 4.16 uazwyd pH fmnzaulumsih ¥ hnsnacesas fe
[} [} » ]
pH 9 117949107 pH 9 fiee 1014 % ash ludaunenfeviiqa  uwardawdouvesduiiugs
-
fiera
A1 HA 4.54 HumsinlsaSinumsindounes Us1ngd
= 1 - o a = o v 4
USunamandeudesimngen fie 19050 150 afuu g 417 vetuldh feld
= \J J -3 % é -3 &
YTuamsindevdesiooniil 921118 % Yield anae iosnnidoldludiinutooesin 1y
» »
Woalvalnauas limiles MbiuanduSianansodusue1ddes sazidelfunniiilezh
5/ & d? (=1 W ] : d'l [ [ ]
W& % Yield windunudndooniniu  uaziloguavos % ash nasiiaudouveaduludau
nou Wyl lfSummnndeudedlulSu 150 nsusu  seildauane1d % ash gt
' ¥ ' P &4 A qw A v o o q ¥ o
g0 uasMANUTUIaIMUGIRgR tisanndie lvmunaeudounnn sz iesonmman
= .; o ¥ o - -:'n o [} n;
azmiloavy mldnamswisamuiudunluguassyindu
2IAIT19N 4.56 Wunsubsasuanudluia Nl 4.18
Unngiwaaniatuiai 1,100 RPM a2 IWIE % Yield qafiqa uAidoq % ash uazsna
fouvoidudinany wuhiamws1uWa 1,100 RPM 3 % ash I3 1000 RPM 110 1azA)
1 d 0 . o o ar - A St =] a
anudouvesduidinhianudrluwa 1000 RPM windas  ilesnonidieldanudluna
gaiu 'l szl iRansutihuvesueawmen (urbulent flow) i lfaw Wansoiziniciia
at [v] - | = 1 ~y =% (1] d’ at 1 IQ' d”
furesomaldiu nSeinmsiaudmgausduaiuvzgnd faesiummausuduaseiiniiu uas
95 3 Y 1 -] o as 3 :
minlgansa lusiatisenda 1000 RPM wunaaud 1 1una 800 uae 900 RPM 1218 % Yield
io 1o = a -, i ar
dindmanuEluia 1000 RPM 10 uailevitduaseiinudluia 800, 900 uaz 1000
L 4 ¥
ReM UM % ash uazdanudsuvesnudlndifosty  daiusudenldanudlusaf 1000
RPM
s h 457 JunsudsaGeuannuasenvedluian

800 uaz 900 RPM Taoldlfinumsndovfiafitosas hogd % ash aansoanasunnii

: o o 1 o = -
dialdamazanwi-luva 1,000 ReM wiel Wowwmmnldmsndouidludsuim «
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b4
Alanfusedy  ewdunldealimamaniinnfulyl  wadsingiludnh wezfivhld %
Yield Wo08a11nq A0
vinmseil 458 HumsinlsuldvunlediFudvesuoanan 9n
i 1A I ) 2 4 ¥ oo .
31N 4.19 nududle % Solids 1A 3 IH % Yield Mugaiudrouazwud A 15 % Solids
a @ =4 g = J o1 & A a o A
weilddaunesil % ash nga wazdinmiougaigs Fuiiemouduil 20 %, 25 % uaz 30
r ¥ fd é 1 LA H 5 i 4
% Solids WU AN F3n15H % ash Tudauasefl 15 % Solids eufiga 1o iniiald %
»
Solids g1 vzhlifamsnszowd tdlid MmldenadovAnham 1Al Aufuninases
FudenlFanududuvosvoinauil 15 % Solids
INAS NN 459  iHun15nlsAues conditioning time WU
parlumsdivannilnade % Yield Yooun uaznuhludiuses e % ash uazsinm
W 1 - 1 ar S 1 e v o oa A ¥ T .
Fouvasmiunuimmlumsfuaniwd lulinausn fulududenl¥ conditioning time 5
=
i
1A 460 Humanhdweduduilouuaziotnduaos
-:i. 1 a e . . ' 1 o ar a
naazidiauleins et % inorganic sulphur Usingiludinassimnannziind %
inorganic sulphur Inatfivsdudintloumnnlwaasih hisunsohnsaadanies 14 srviaan
[ 3 ¥
vindaefegludwiuiduesdsznoviidmnaneziilss huillodwmfiv - Fldaunsodia

% mao 1 ] 1 n’: kd ﬁ’
ﬂ’JU’J‘ﬁﬂﬁlLﬂduiTﬂUﬂﬁﬁﬂmLi‘ll‘uﬂ’u’l

4512 gyldanmsmasesmisasgiuiiy

1 a oo 'l 1 o o o [ a

ownvan luaninmifouwnne  sawdagnhe Wuousiy
auamd  issnnfivaiudailuwinfiudusuaiia carbonaceous silnmoutAmaniing

a o =, [ =1 ar o d = : ] =9 :io d" ] o & e‘& o
Aandvesdwsindifesiudn ludn  Bnismuiuinhwmaasdlidudwiudnludfgminn
¥ 3 n’ - & W -~ - ] - | d’
ualdfivum .65 wy  wazdsiedunudahanmuinudvewdwifuiinirganiusulu
a LYY [ P - = (,; e a L
pmmh iR uillun uazermifaniisendladiuifg (iuaungueanisi liasoun)
¥
1AMINAADIMTass U luuMasiInuT  annsoasuani
[ N-¥] 1 H 1 g d H : E=]
pon lauadaliluiivels  Fiamzfimnzaunan % ash lamastoutiul¥anindousia
{flu Fuel oit uazasndououtly Pine ol wuh tufivezaeelddlugae pH Ailudi
; 4 ; i,

Uszanuil pH 9 Fe150aa % ash 110 3428 % ludutloumde 26.48 % uazewsaiium
anudouvesdiiuldon 2,706.7 Alaunacinenlansy @y 35489 Alaunasiaonlaniy
& s r q’ s/ =4 ’ ar d’
Fanrzawnani dmsniuazaniizang fail

1. Ui wndouR (Fuel oil) 8a31 8 Alansu/du

2. dSunuensmdounes Pine oil) HA51 150 A lansi/du

3 ﬁpHQ
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- o
4. anuialuia 1,000 seuni
5. Wanududuvesveswan 15 % Solids
6. nalumadsuanmn 5 un
a 1 P
7. namidlumsasous 15 wifi
¥ »
nazonmsnaaoluaislidsliamuisounuaiivesnainoiy
o oo ' & g e ] o [} ] & et aey
#udnludl¥edndlniviny iosnnuaiudiulngifiunin carbonaceous Falinuemiinu
= o o o - ' = [y + - . o t - v or = (=3 j 1
g dndvorws Indifveducmiudnludnn  wazswfiuindmdsdivatiuilsluiioo
- = o o ¥ a W P o o e & dyd
#udw  FewnaeniimsnaassdnunonlfeanzFudumuildinms e luaiaiiinesy
a 1 o = ar o '
dusnmiluasiuduld dugmbemdiczamlSnadantodlunlinlsd wudns
: o T =y bl A d L] 3 )
nanoa luafail liannscamlTuiudantes 1dawgalszasfiiiosninInlsdnogludiiuen
o 4 & ? o o ¥ o v
gneenFladnmudlumaneenlsd Futluawmguilsihlfassdldon sivldldeninsouon
t ¥ nd-:l’ ﬁl 1 = 311 5 ° 1 = ar T
PONYINMIUAILITH | msassmuiiunlg ¥ ludussuiinuazeraduiundanin 1dd
nisuIEnIdn wiedwaduanudr Mauidnsassveswaiuluswitulndifeatuduiuinn
@ 3/ - ndd’a z ] o T 1 = A v
e himsusnuaiivdwiidmn1dnn  venninmiunsiaSoudedudmiuneass linisua
n‘: 4 3l a 1 = a ] & o o oy L4
amialium mszAddugneendladldie  seddszneuvesInlsdiesfezgneandlad

1 - o [ 8 »
Waeuzhiumaneonlad ahhinsuenuon 1dnniu

¢ g A & ar '
plsyaadveamsnanesdl evnrwduwuisznin % Ash vod

ar L] t a T o = ] A d 1 b4
AIDUN muﬂunmumiumué’qnuﬂﬁmmmiﬂamnaumﬂauu'lﬂ "Nlﬁﬂﬁﬂ'ﬁ"n’lﬂﬁﬂiﬂuj
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719N 4.61
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A131811 4.61  UFaIHAMINAADIN 1

DOSAGE OF FLOCC (%)

FLOCCULANT (F-1029I)
SOLID 5 %
pH 7
NHP 2%
SAMPLE :

BANPOO COAL : 23.24 % Ash,

3792.94 Kcal/kg Heating value

0.05 0.10 0.40 0.70 1.00
COAL FLOCS
YIELD (%) 37.11 88..54 87.89 9234 93.60
TAIL (%) 12.89 11.40 12.11 7.66 6.40
TOTAL (%) 100.00 100.00 100.00 100.00 100.00
ASH (%) IN FLOCS 21.73 13.68 15.53 15.62 17.10
CONDITIONS :

177
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25 71
75

204
2 2
o ()
< S
15 o
‘>..
R 2o
T L
s} 0’ l . 5 T
¢.30 1.00 ©
FLOCCULANT DOSAGE (%)
CONDITIONS :
L. 5 % SOLID
2. pH 7
3, 2 % NHP
KEY :
1. % ASH BEFORE FLOCCULATION
p A % YIELD AFTER FLOCCULATION
3. % ASH AFTER FLOCCULATION

A 4.18 nswliaasnnuduiusszyg % ASH, % YIELD My

Wmnamsnenaiinftenly dmiuaufiuumdaing
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2) NIINARDAUNBANHINAVDIA MIUHUUHHLOINAHUN AN ITNORY
Y & a ar o (]
yatlszasdvesnminaassll  emanuduRuisznig % Ash voq

ar r :; 1 ] 9f s ] q’ ..:i .-&

ATDUIITHITUNTLAIRTD mJmmwu1uuu11mmrmnﬂauu'lﬂ %41ﬁﬂﬁﬂ17ﬂﬂﬁﬂﬂﬂ"}ﬂﬂ17ﬁ
e

N 4.62

= <t
A1 4.62 uUTNIHANIINAADIN 2

SOLID (%) 2 3 4 5 8

COAL FLOCS

YIELD (%) 87.64 89..86 94.37 9525 | 96.42

TAIL (%) 12.36 10.14 5.63 475 3.58

TOTAL (%) 100.00 | 100.00 | 10000 | 10000 | 100.00

ASH (%) IN FLOCS 18.29 16.00 10.11 12.12 14.51
CONDITIONS:

DOSAGE OF F-1029] 0.1 %

pH 7
NHP 2%
SAMPLE:

COAL : 23-24 % Ash

BANPOO 3,792.94 Kcal/kg Heating value
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2 3 4 5 6 0
SOLID (%)
CONDITIONS :
1. FLOCCULANT (F-1029)) 0.1 %
2. pH 7
3. 2 % NHP
KEY :
1. % ASH BEFORE FLOCCULATION
2. % YIELD
3. % ASH AFTER FLOCCULATION

U7 419 asvluaaennud@MUEsEHIN % ASH, % YIELD iy

1] d' d' ° o I o 1 ¥
anurHuvesvesnauiinfaoull dwfusuiuumaniug
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d. = ﬂ‘ﬂl s r e
3) MInaAtANOANY WAVl pH NUAMINDAI

S - @ o o ]
wlizaanvoansnaaesil  MomANNANRUTIZHIN % Ash V09

drpdrndumsuawds fu pH Auffould dldmamanaasimuaisan 4.63

f131471 4.63  uTAIHAMINAABIN 3

pH 8 7 8 9 10 il
COAL FLOCS
YIELD (%) 90.96 94.49 95.61 94.62 93.93 79.60
TAIL (%) 9.04 5.51 439 5.38 6.07 20.40
TOTAL (%) 100.00 100.00 100.00 100.00 160.00 100.00
ASH (%) IN FLOCS 16.30 10.66 8.74 9.87 13.22 16.77

CONDITIONS:
DOSAGE OF F-1029] 0.1 %

SOLID 4 %
NHP 2%
SAMPLE:

BANPOO COAL: 23.24 % Ash
3.792.94 Kcal/kg Heating value



ASH(%)

13

= A = 95

pH

CONDITIONS .
1. FLOCCULANT (F-1029J) 0.1 %
2. 4 % SOLID
. 2 % NHP

KEY :
1. % ASH BEFORE FLOCCULATION
2. % YIELD AFTER FLOCCULATION
3L % ASH AFTER FLOCCULATION

517l 4.20 anluaaIR TS IEHI % ASH, % YIELD fiu

Y3 pH finfdouh] dwmdvandiuumastin

182

Yield (%)
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4) MmIneasanefn¥navelSinamsvensznadl AildenmInedl
H g s a ¢ 1 [
palszasfveamanenesil  Memanuduiuisenin % Ash fiu

- 1 H =4 '
USur NEP fiaouly Fildnantinaaniaiuniiieh 4.64

= =

113197 4.64 LaHAMINAdNN 4

DOSAGE NHP (%) 0.50 1.00 1.50 2.00 2.50 5.00
COAL FLOCS
YIELD (%) 91.23 94.65 94.33 95.27 95.18 95.69
TAIL (%) 8.77 535 5.67 4.73 4.82 4.61
TOTAL (%) 100.00 100.00 100.00 100.00 100.00 100.00
ASH (%) IN FLOCS 19.51 11.04 10.83 3.97 9.34 9.04

CONDITIONS:

DOSAGE OF F-1029] 0.1 %

SOLID 4 %
pH 8
SAMPLE:

BANPOO COAL: 23.24 % Ash

3.792.94 Kcal/kg Heating value
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DISPERSANRT DOSAGE ¢ HHP. x)
CONDITIONS :
1. FLOCCULANT (F-1029)) 0.1 %
2. 4 % SOLID
3. pH=28
KEY :
1. % ASH BEFORE FLOCCULATION
2, % YIELD AFTER FLOCCULATION
3. % ASH AFTER FLOCCULATION

1l 4.21 aavluaasnnudiussznin % ASH, % YIELD iy

Y3 NHP finddowl)  dwdusmfivuvasin
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Yield ¢%)
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5) msneasaneAnyinavealSaniauiielfuny F-1020)
4‘.‘1 T T O
fildan1Ino)
o 4" A as o o ]
yelszandueamsnanesil  NomAnudiuEIEnin % Ash 199

& 1 3 L] r ko - 0’ Ei A & §
maﬂnﬁmunmLﬂauﬁ"muﬂsu‘lmu'usﬁamﬂauuuﬂm'11J m'lﬁ’wamsmammumsnﬁ 4.65

o =
f131411 4.65 uUFaNINANINARDIN S
DOSAGE STARCH (%) 0.10 0.50 1.00 1.50
COAL FLOCS
YIELD (%) 79.61 77.51 78.28 79.07
TAIL (%) 20.39 22 49 21.72 20.93
TOTAL (%) -100.00 100.00 100.00 100.00
ASH (%) IN FLOCS 10.68 6.79 15.68 17.89
CONDITIONS:

FLOCCULANT (STARCH)

SOLID 4 %

pH 8

NHP 2%
SAMPLE:

BANPOO COAL: 23.24 % Ash

3.792.94 Kcal/kg Heating value



186

)
1
i
jj

20 = . A [80

ASH(X)

D>

B2

\o
Yield (%)

15 — @) 15
10 1 . _ - 70
T T
) IN Y =
0 0.00 0.50 1.00 1.50 O

FLOCCULANT DOSAGE(STARCHYX)

CONDITIONS :
1. FLOCCULANT (STARCH)
2. 4 % SOLID
3 pH=8
4 2 % NHP
KEY :
1. % ASH BEFORE FLOCCULATION
2. % YIELD AFTER FLOCCULATION
3. % ASH AFTER FLOCCULATION

7U7 4.22 nsuaasANuFWUEIzHIN % ASH, % YIELD iy

Pnaniwdefin/feumlas dmfvanBiuumastiug
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8) mnaasuNeAnyNavesiuia DEMOL N 1ilel¥uny NHP
d‘d T L] ar
fiiaemsnonn
»
A o ol L
yaszasfueamnaaeail oM AIINE N USIZHIN % Ash ved

] = H ] T at E=9 : H A
suufiFunIuaudtuYsina bEMoL N nnlasuladll  &dldnanisnaasimumsia
N 4.66

- 4
A13191 4.66 HFAINANIINADDIT 6
DOSAGE DEMOL N (% 0.05 0.10 0.20 0.40 0.50
COAL FLOCS
YIELD (%) 82.43 78.14 78.44 79.55 79.83
TAIL (%) 17.57 21.86 21.56 20.45 20.17
TOTAL (%) 100.00 100.00 100.00 100.00 100.00
ASH (%) IN FLOCS 15.45 10.55 10.79 11.65 11.41
CONDITIONS:

DOSAGE OF STARCH 05 %

SOLID 4 %
pH 8
SAMPLE:

BANPOO COAL: 23.24 % Ash

3.792.94 Kcal/kg Heating value
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DISPERSART DOSAGE (DEMOL N %)

CONDITIONS :
1. FLOCCULANT (STARCH) 0.5 %
2 4 % SOLID
3. pH=8

KEY :
1. % ASH BEFORE FLOCCULATION
2. % YIELD AFTER FLOCCULATION
3. % ASH AFTER FLOCCULATION

UM 4.23 aslummamdmdaWussenaie % ASH, % YIELD v

U DEMOL N finfaewhl dwivdndiuundeting
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iy ¥

flneniineds

¢ o & t A q A Ha ot aa
rtszmdvaamanaaesil  ednuigiuilelfieu luiidanddiga

v ar a A - ]
MnAINAEeY 1-4 N masesldfvundidudiudug ahauniosz1dldnieli aaldwans

NANDIAINAITIN 4.67

v

15190 4.67 LAAIHAMINARBITA 7
RESOURCE BANBOO { MAE MOH[CLAYRICH}| MAE MOH[HIGH S]] BANG PU DAM

COAL FLOCS

YIELD (%) 95.27 91.23 99.83 82.66
TAIL (%) 473 8.77 0.17 17.34
TOTAL (%) 100.00 100.00 100.00 100.00
ASH (%) IN FLOCS 8.97 10.68 38.29 14.68
ASH (%) BEFORE FLOCC| 23.24 40.40 41.74 49.9
pH (SLURRY) 4.50 495 2.55 5.50

CONDITIONS:

DOSAGE OF F-10291 0.1 %

SOLID 4 %
pH 8
NHP 2%
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8) asnansameAnyuRMANNsAduusinTITNoAznoU LazmISY e
nTzoufINinenisnes
1 [
wilszmifveamsnaansti  thofnuiglimnsvionenzneu uaras

L @ = T ] ar L] A al .
FIWNTLWAINTHANRAADMINOAIBITS FIHaNITNABDIAIMIIIIN 4.68

13197 4.68 _uamnammmaaﬁ 8
TYPE 1 2 3 4
COAL FLOCS
YIELD (%) 96.12 96.94 96.70 92.93
TAIL (%) 3.88 3.06 3.30 7.07
TOTAL (%) 100.00 100.00 100.00 100.00
ASH (%) IN FLOCS 10.11 8.02 6.78 8.15
CONDITIONS:
TYPE

1. F-1029J 0.1 %, SOLID 4 %, pH 9, NHP 2 %
2. F-1029¥ 0.1 %, SOLID 4 %, pH 8, DEMOL N 05 %
3. PEL 005 %, SOLID 4 %, pH 8, DEMOL N 0.5 %
4. PEL 005 %, SOLID 4 %, pH8, NHP 2 %
SAMPLE:
BANPOO COAL: 23.24 % Ash

3.792.94 Kcal/kg Heating value
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A13197 4.69  uEAIHAMIMIMANUIOU
SAMPLE| ASHBEFORE|  ASH AFTER HEAT BEFORE HEAT AFTER

FLOCC FLOCC FLOCC FLOCC

(%) (%) (keal/kg) (keal/kg)

1 49.91 14.48 2,288.62 4,530.26

) 40.42 10.68 2,756.73 4,544.65

3 23.24 8.74 3,792.94 5,109.32

4 23.24 6.74 3,792.94 5,281.28

5 23.24 8.15 3,792.94 5,148.46

6 23.24 8.02 3,792.94 5,048.31

7 23.24 11.41 3,792.94 4,91801

MaNee)

' o 4
1. uvauinjdr nssl

2 UMBUINE (clay richy 81019

3-7 unaaring
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4.5.2.1 -~ l v 1 1 % » o ¥
1 a o o - d’ - ! 9 ﬂ ar
awiumbn i lumsisell  nenmsailiihumdn 9in
= Cd L -1 d., A ey o F- ]
MmN IESnatdnlssunn 23,24 % uasila s i 1udouTassuin 3800
d‘ =i ar o :id T T o
KcalKg Haznnminaasuiisanudanavesiulsunsdiilinanenisneds awsoaguiiu
» »
YUADUAIL
D AdTuwasneszneu Floceulant, E-1029 1)
5 o - ¥
NAHanIaant Usyim F-1029) fumwizay Ao A
P T
neskualiddga fio 0.1-0.4 % (1-4 kghon)
=& o 1Y ] | v d’ o o n‘d’
5w F-1029 1 WeondmSeuinahyainosidudd
‘a' g d! = T d‘l = o ' g r Ty é Y4
WziuiudseiiedhiiodTina F-1029 J aaas nsiuiuvedsynin (ilonuiu) 4efo
' A o Y o a4 ¥a A w a rad
mInoaznou Huazwiudou fvevosar Mldidanisidondurioy UeNIHYIURBUBENI Y
» v
@l uazifledwiiuiiandafandalaslifanisdenduuimin i liivadulzilueguindao
& = s ‘; : o 1 - o Eiel: 41' 1
WoUTuia F-1029 J mudu  vmdn ansnonznaud w@evansuyiuaseninaniatdnay
vafiviluegnonzneunsuiazinamidensu
2) AVUWUIUUVBINAN (% Solid)
INHANITNABDIUT UIAA NUHU MU UYDIN AN M HUD
L 1 A I -5 -7 A
§1U¥N 4-5 % Solid 481 % Solid Wouni 4 % ATV IUGBHAAMTIALNIY 11D IRANY
(] o o o [] ar 14 & 1
wuniudesi W asneaznauiu 14 U lﬂummmuaaumaaaq
81 % Solid MNNT1 5 % AMUNUIMUUVDIHANLINTZNA
1 ar L ¥} 5 O’ o 3 r oy A t)
MINDAINBUMTIADNDY tHsanimiminveuiloou wazvany Fuihula Stoke's law
3y m3Uiuar pH

A1 pH Wz auegluyae 7-10 ¥ pH wnndmiedey

v d ad”

1 d’ J o o r!dy
ninalinwnlesiruaib nezifiviiy
& 9 ' A a J 1o
We pH vounn 7 ledumineaznouad ez luinanis
2 as o feda - 3 dy A 1 3
@ondu msizAndnAvasaymavziisuduuinunniuilent pH Wouas
L T oy ‘&
uat pH wINn 10 sudadumsuviuassveioynin 3
=y ot e L] i A o
asUw lAgnannsves pzc (point of zero cherge) UnAmsneaznoufiliily Non-ionic H19zdy
fueynn1ddile pze = 0 uadlosudy ol asllng Mlddszefiimdhusseynaaou

nngudhWidluay ¢ Mlinstuduvesmstenzneurueynialufin pz = o
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4y dsuaansviunssoua
U3 NHP fimanzaneglusai 2-5 % (20-50 kg/on) 130
nswegudrn NHP isudvasliNearnnumidasznineyma mldeymaiieanisnizeioida
é - 1 Q ot ar J J J =
deduensneaznou sxhilioymatudu msdeaznoudyu dsdudu NHP vevlanuwila
sendneymafvzgailfifanisedveseymanouisziimaidensy Tavansneaznou uA
= a d ) t ' 5 ' =4 y 1o 3
fuanmniinluhe: lilinadensioaznou ase WawlefiGudtifumiugaimnzay
¥
5y Uswaniudls
& & - g ; '
weldiwflamuy F1020 7 UFunaniwdlsfimanzauegiu
1 =< - JL - : i 1 -
$N 0.1-0.5 % (1-5 kg/ton) BeszmunUSuaniudlanldezunainifina F1029 1 sglszinm
T A o o a’d" § o 2w -:rd'l v o, ar
5 Wedeansiediuaudlndifivaiy  FisuiloswmnsmauiniminTuagavesms
NOAYNOU (Flocculant) velinadomsnadd fie asnoazneuniiminTuaganinsziians
F- | s o] 1 ] i d'd: ot ¥ A e Y T Y 1w
woniu ladnhasvasnsnz neunfhiminTuanates iledouduiiusuuns i
6) 13w Demol N
& ¥ a Y P as : Y
11819 Demol N unut NHP sinnidaaugimbutly Uswnw
= L] 1 4 o ¥ ] ] d’d =
Demol N fvizauaylugae 0.1-0.5 % (1-5 kgion) FednieenhmToumnigailioduiolay
wannsReInUNULTIIY NHP
7) MsANIIURUYINUNAIDY
Sy 91 - 2 S o
ninranisnaaean lannms lFhudusinmifentuy
5 'q 1 H 9 A dy ot J 5 i
s 1ddeulviifad@iige uaziiufouluii Tl ¥ uumdduld namasnaasslumsil 4.67

naznaminaaoiaunioagl ladna e 4.70 way 4.71

A1390 470 samsmleiFudnidazamanudouitouuaznianos
unas Bidineu wdmds | manudouseuned | mmmdeundadedn
nen (%) fena (%) (kealkg) (keal/kg)
thuy 23.24 8.74 3,723.24 5,109.32
i 49.91 14.48 | 2,288.62 4,530.26
wNe (High S) 41.7 38.29 2,692.94 .
WU (richelay) 40.42 10.68 2,756.73 4,544.65
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aauf 471 usaemsnfEmanfasnledidudndunzmanaion

nWag Pisnadidh (anAdd) % madeu (lﬁu?}u) %
1wy 62.4 172
VYA 71.0 97.9
UNWAE (High S) 8.3 .
WiNe (Clay rich) 73.6 64.9

] a o v oA = o Y a
Fanrnranisiveezitun@ou lvi ldmusoi Widsuawiu
v A 11 g @ 1 o y ] " & -] [} < o -{d’
uvasdun 18 wahdmiuouiunnundaiens High S) Beziunaulesiauatidumy
1 lﬂ'. g E=Y o . . i:;d L] d! o J
vz lunaounlavaniy e3u10TaunMIMEnNTS adsorbtion ion NITAD pze  HIMIMIsAUNADIY
{ ] L] H g 1 L] é
firhumsuaveamasfiieTindaunmeginounn - maininzveyninveandnganen
o 1 : A —y o 3
Pyrite BYNAVOUNAN (Fe) 9 1dm Layer vosdu H, OH doweanTanmiAy Aniu Shear
& E] o a9 = ¥ LR 1
plane Noziouannly wld pH imuzandeainniilshne pH 8 uavmMInaasInIuany
71 pH Uszanm 10 szianisfendu14a
) MIANYINAYEIANIABALADY LATANTFILNTLIWAIDUG
A ] AJ 9 o o = =2
Wisanmnasneaznaui lFnuludenaassiuinuioda
AnbunwiznT®i e polyethylene oxide LhY F-1029 J az ¥ Demol N (1 NHP wudenunso
fd A - & ' a 4
aanlofisuaudI9n 23.24 % Mae 6.78 % Faaaddszinm 71 % uazmanudouwmuiiun
4 2 3
3,723.24 Kecal/Kg 1ilu 5,286.28 KealKg Fuiudurfszana 42 %
wonInildafny1DIHaYe polyethylene oxide g NHP
fdd od - = v I |
mnsaaandesiFuduidion 23.24 % mio 802 % Fdaas 655 % wazmANNIoWwANIY

1IN 3,723.24 Keal/Kg 114 5,048.31 iy 356 %

45.2.2 gylhamitoudiniuiiuands Flocculation
o oo dvsl =5 = q'd i ]
Tasinsatsitasiniiany n s undsemshunanonsne
+ 1 d )
ATNOU  (Flocculation) upamunuFuideansantfuatth ifdesasdmiunavasdnlsh
»
Anv udd188el  USinaveamisnoaznon  AnuMUMUYDIDIHas A1 pH  UTimuad

AITHIVNTZVUAD WIAVDIMITAOAZNDU
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9IANISANYIHLI NTnoATnouYile F-1029 J 1Suu 0.1 %
(1 kg/ton) AMUHUMUUYDIVEIHAN 4 % UTuensBIunTzvudIiia NHP 2 % (20 kg/ion)
-=i J - T o LY = ] F_
W pH 8 annsoaadiveanufuurdanilioadunjontlszane 23 % mdedios 0 % wiooa

v »
atlszinm 60 % wazAmn oL INYIZIIM 3,800 kealkg U S000-5100 kealkg
(3 ¥ s »
HiBMLAY 34 % uazii Yield % Ussina 95 % uwasdieldasreaznouviiaviuie
Uszanm 0.5 % (50 kg/ton) 9 pH 8, ANUMUWUUVBIVEINAY 4 % USImasnIze i
¥iia NHP 2% amnsoastivesswiuimdamiionimfvinlsznm 23 % mdeifoa)ssne
10 % w3oaanallsvunal 56 % A1 Yield % Uiz 77 % luvazfil¥msyiia PEL Uszang
0.05 %, pH 8 ANUHUMUUYOIUDINTY 4 % 1FNIVIWNTZWAITTA Demol N Uszana
0.5 % mwioamdwesdiinuvdamidoainladldnmlsnng 23 2 wmedvalszinu
7 % wisaamuszanw 70 % laglim Yield Uszinw 96 % lumsuaschusiulacléss
Flocculation wziinnuiiuldge dwdvfuanduiiudaszduuaiu uasviavesdmiiuezdos
= 3 | ' g 91 = 1, é a -; T = ] =S
Nuwaan uazlivuig -400 wy  ansndszynaldouiu duiniatulunmdinisndagiuiy
3 =l é [ 1 ¥
Falilszanm 20 % @alsendamldoelumaun)
T r.-i .&' [] o ] cy -
msneaznoufignuazmaeldate  laud vhutlh  wSewin
» | ]
laTwawed FaldifoanlSiudndos anmvenhiild p dszuna 8 afludrseus) Talifa
o o 2 Mg

nyeuInToale tazansadfuasminounaldiie

A y . 5 w -

el Idnadvunoui hlszgadld  wennindrilafednnlsh

» T ] 1

paalumsnanediudl  dalifeiiRnsandngy naflddmiumnonzney nysuIuns

Tumsuenaznou (Flocs) uasvaamatosnaInfustailszaniain
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SUMMARY

Breakage behavior of fine single particles of
five minerals and two coals in a size range
from 88 pm to 1 um was investigated by
compression tests. Strength of the particles
varies with particle size and their relation is
similar to that of coarser particles previously
given by Yashimea et al. Specific fracture
energy has a tendency to Increase with
decreasing particle size. Particles under ¢ few
micrometres deformed to a considerable
extent withaut fracture. It may suggest even
brittle materials deformed plastically. Local
plastic deformation was also observed in
fractured coarser particles. Critical sizes of
this elastic/partially-plostic behavior and of
partially-plastic/fully-plastic behavior were
estimated based on theory of elasticity end
microscopic observation of the particles after
compression.

INTRODUCTION

Ultrafine grinding . techniques have
attracted much attention as a method of
producing ultrafine powders. In order to
understand the ultrafine grinding by compres-
sion, it is necessary to know breakage charac-
teristics of fine particles under compressive
load. According to Yashima and Saito [1],
the compressive strength of a brittle particle
varies with its volume or particie size. They
showed that the particle’s strength tended to
increase with decreasing particle size in a wide
range from 100 mm to 0.030 mm size,
Yashima et al. [2] calculated the energy

0032-5910/90/%3.50

which is required to fracture those brittle
particles of 1 kg, by taking into account the
dependence of the particle’s strength on par-
ticle size. They showed that this energy
increased with decreasing particle size, Their
result suggests that a large amount of energy
is required for the ultrafine grinding by com-
pression. MacMillan and Gane [3] showed
that no crack was observed around an impres-
sion on the surface of germanium. The
impression was made by an ultra-micro inden-
tation tester with a 100-nm diameter stylus.
They postulated that on such a small scale the
applied stress affected a volume virtually free
from defects and therefore the plastic
deformation without fracture was possible.
Accerding to Rumpf [4], even brittle mate-
rials increasingly tend to deform plastically as
the particle size becomes smaller. He shawed
by SEM that a 1.7-um quartz particle
deformed plastically without fracture to a
third of the particle size and it provided an
answer to the important technical question as
to the limit of grindability by compression.
Thus the breakage characteristics of a fine
brittle pariicle may change at a certain parti-
cle size. Parish [5] determined the critical
particle size of elastic/plastic behavior of eoal
from his microscopic observation. He
observed the breakage behavior of a coal
particle compressed between glass plates.
This paper presents an experimental study
of the breakage behavior of a single brittle
particle in a size range from 88 ym to 1 um.
The relation between the particle’s strength
and the particle size of five minerals and two
coals is given. The relation of the specific
fracture energy to the particle size is also
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given. Critical sizes of elastic/partially-plastic
behavior and of partially-plastic/fully-plastic
behavior were estimated, based on theory of
elasticify and microscopic observation.

EXPERIMENTAL

Materials

Five minerals and two coals were used in
this experiment: guartz, feldspar, limestone,
marble, gypsum, Yarrabee coal and Daiyon
coal. Some properties of the minerals and
coals are tabulated in Table 1. These samples
were ground by a mortar and classified into

narrow size intervals by electroformed micro-

mesh sieves (3, 5, 10, 26 and 32 um) and JIS
standard sieves combined with a vibratory
siave shaker in an ultrasonic bath. The
classified samples were dried and kept in a
desiccator.

Compression fests

An ultra-micro compression apparatus
having a maximum load of 0.98 N was used
for compression tests. The apparatus was
made by modifying a dynamic ultra-micro
hardness tester (Shimadzu, DUH-50). As
Hllustrated in Fig. 1, a specimen was com-
pressed between two parallel diamond
platens. Compression load was controlled
with an accuracy of £1% of indication by a
solenoidal coil connected to a digital com-
puter. Displacement of the specimen in the
loading direction was measured by a differ-
ential transformer (D.T.F.) with a sensitivity
of 0.01 um.

TABLE 1

Properties of samples

The narrow-sized particles were suspended
in acetone and were dropped onto the lower
diamond platen (the lower platen is detach-
able from the apparatus). After evaporating
the acetone, the particles’ size was checked by
a profile projector (Nikon, V-12). A very thin
adhesive or resin film formed on the surface
of the platen was used to fix these particles
on the platen if necessary. After attaching the
lower platen to a X—Y-Z table, one of the
particles was selected to be compressed and
its position was adjusted by the X-Y-Z table
and a built-in microscope (magnification 400).
The compression tests were carried out under
a conventional rate of loading. The load and
the displacement were recorded by a X-Y
plotter.

The strength of the particie, which we
called particle compressive strength, was cal-
culated by the Hiramatsu-QOka equation [6]:

2.8,
wd?

where St (Pa) 15 the particle compressive
strength, Ly (IN) is the fracture load and d
{m) is the particle size,

St

(1)

N R e

:(_‘,(-rrw-rf""r-rv-r:'-:u“:rum ¥ "‘r\""'
%:. 1 %
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Diamond
platens ‘ ;

k-Y -2 table Computer

Fig. 1. Schematic diagram of uitra-micro loading
apparatus.

Sample Density Young Poisson Moh's Bond work Hardgrove Content of
(kg/m?) modulus ratio hardness index grindability volatile
(GPa) number {(kWh/t) index matter?
(%)
Minerals
Quartz 2.62x 103 87.1 0.16 5 13.3 - —
Feldspar 2.55 x 103 58.7 G.26 & 12.4 — P
Limestone 2,90 x 103 68.0 0.32 4 9.4 =2 —
Marble 2.70 x 103 53.4 0.30 3 6.9 — =
Gypsum 2.30 x 10° 37.8 0.32 2 6.3 — —
Coals
Yarrabee 1.53 x 108 4.77 0.29 L 1.7 67 9.4
Daiyon 1.41 x 10% = . = = 38 38.4

3Dry ash-free basis.



The specific fracture energy, which means
the specific strain energy accumulating in the
particle until fracture, was calculated by
eqn. (2):

A¢Ly
SE = ——o (2)

2m

where SE (d/kg) is the specific fracture
energy, A; (m) is displacement at fracture and
m (kg) is the mass of the particle. The mass
of the particle was estimated by assuming the
particle to be a sphere. St and SE of 50 - 100
specimens in each size interval were measured.

RESULT AND DISCUSSION

Figure 2 shows the relation between the
particle compressive strength and the particle
size of five minerals. St has, on the whole, a
tendency to increase with decreasing particle
size. However, it decreases slightly under
about 10 um. St of two coals has the same
tendency as minerals as shown in Fig. 3. Fig-
ures 4 and 5 show the relationship between
the specific fracture energy and the particle
size of five minerals and that of two coals,
respectively. SE has a similar trend to St
These figures show that a large amount of
energy is required to fracture such fine parti-
cles by compression. In this experiment,

.
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Fig. 2. Relation between particle compressive
strength and particle size of brittle minerals.
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Fig. 3. Relation between particle compressive
strength and particle size of coals.
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Fig. 6. SEM image of a 1 to 2-;.1r£1 guartz particle after
compression.

particles under a few micrometres were
deformed to a considerable extent without
fracture. Figure 6 shows an SEM image of a
1 to 2-um quartz particle after compression.
The particle deformed to a platelike particle
without fracture. No crack was observed,
suggesting that plastic deformation occurred.
The same phenomenon as for the quartz
particle is observed for a 3 to 4-um Yarrabee
coal particle as shown in Fig. 7. Therefore, St
and SE of the particles under a few micro-
metres could not be calculated. As compared
with the result for coarser particles [1], the
breakage behavior of fine particles varies
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Fig. 7. SEM image of a § to 4-um Yzrrabee coal par-
ticle after compression.

with particle size in 2 more complicated
manner,

. It is very useful to know the critical size
cof elastic/plastic behavior. It is, however,
thought that the breakage behavior changes
gradually with particle size. Figure 8 shows an
SEM image of a 30-um Daiyon coal particle
after compression. Although many large
cracks are observed, a wide plain surface is
also observed on the upper side of the parti-
cle, which was pressed by the upper diamond
platen. The wide plain surface seemed to be
formed by the local plastic deformation. Thus
the breakage behavior may change from
elastic to partially-plastic at a certain coarser
size and then change from partially-plastic to
{ully-plastic at & certain finer size. The fully-
plastic region can be estimated by the micro-
scopic observation as already shown in
Figs. 6 and 7. However, we have much diffi-
culty in determining the critical size of
elastic/partially-plastic behavior by micro-

19KY Xioeg  BE@E

166 JEOLS

Fig. 8. SEM image of a 30-um Daivon coal particle
after compression.

scopic observation alone. In this study, the
critical size of elastic/partially-plastic behav-
ior was estimated based on theory of elasticity
and microscopic observation.

When an elastic sphere is compressed
between two parallel platens as illustrated in
Fig. 9, the load-deformation relationship is
given by egn. (3) [7]:

A___33;3(1’*"U12 8 1_v22)2’3d-1f'3L2-’3 (3)
i EI E2 .

where A (m) denotes the deformation of the
sphere in the loading direction, L (N) the
load, d {m) the diameter of the sphere, E,
{Pa} and v, the Young modulus and Poisson
ratio of the sphere, respectively, E. (Pa) and
v, those of the diamond platens. Generally,
E,» E,and v, 2 v,. Therefare,

1—v? 11— 1—p2 (3)
E, E, E,
Strain € at the fracture point is given by
As
€= — (3)
7 .

where A; (m) denotes the deformation of the
sphere at the fracture point. From egns. (1),
(3), (4) and (3), we have the following rela-
tionship:

St 0.297E,
s T TToT (6)
€ 1—v,

Since the Young modulus and Poisson ratio of
elastic materials do not change with particle
size, St/e*'* of the elastic sphere does not
change with particle size, as derived from eqn,
(6). When local plastic deformation OCCurs,
the relation between St/e!-* and 0.297E /(1 —
v,?) may deviate from eqn. {6). The value of
Stfe'> is presumed to decrease with an
increase in the local plastic deformation

Fig. 9. Elastic sphere compressed between paralle]
platens.



because the plastic strain is added to the
elastic strain.

Figure 10 shows the relation between
St/e'% and the particle size of quartz. The
dotted line in the figure denotes the value of
0.297E,/(1 — v,?). A slight decrease in St/e*®
is observed under 10 - 20 um size. The critical
size of elasiic/partially-plastic behavior of
quartz is therefore estimated to be 10 - 20
pm from this figure. Figures 11 - 16 show the
relation between St/e' 3 and the particle size
of feldspar, limestone, marble, gypsum,
Yarrabee coal and Daiyon coal, respectively.
Slight or large decrease in Si/e®5 is observed
in most of these figures. The critical size of
elastic/partially-plastic behavior estimated
both from these figures and the microscopic
observation is tabulated in Table 2, The
critical size of partially-plastic/fully-plastic
behavior estimated from the microscopic
observation is also tabulated in Table 2. It is
found that the partially-plastic/fuliy-plastic

10°
el oy .
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Fig. 10. Relation between 5t/€l+5 and particle size of
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critical size of quartz is 1 - 2 pm, which agrees
well with that given by Steier and Schonert
[8]. It is interesting to note that the hard
minerals such as quartz and feldspar have
finer critical sizes than the soft minerals such
as limestone, marble and gypsum. It is also
interesting to note that the high-volatiie coal
(Dalyon) has coarser critical sizes than the
low-volatile coal (Yarrabee).
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Fig. 13. Relation between St/¢1-% and particle size of
marble.
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TABLE 2

Critical size of elastic and plastic behavior

Sample Elastic/partially- Partially-plastic/
plastie fully-plastic
(Hm) {irm)
Minerals
Quartz 10-20 1-2
Feldspar 10-20 2-3
Limestone 20 - 30 2.3
Marble 20-30 2-3
Gypsum 30-40 4-5
Coals
Yarrabee i0-20 3-4
Daiyon 20 - 30 4.5

Concerning the mechanism of the change in
breakage behavior, we have no clear explana-
tion. However, some researchers [3, 9] have
reported thie mechanism of the plastic defor-
mation of brittle materials. As already
described, MacMillan and Gane [3] showed
that no crack was observed around an impres-
sion on the surface of germanium. The

impression was made by an ultra-micro inden-

tation tester with a 100-nm diameter stylus.
They postulated that on such a small scale the
applied stress affected a volume virtually free
from defects and therefore plastic deforma-
tion without fracture as possible. Pethica et
al. [9] reported a similar result by using
hardness measurements at small penetration
depth (20 nm) on silicon. They postulated
that the local plastic deformation could be
aided by the presence of active surface dis-
location sources. Fine brittle particles made
by grinding are supposed to contain a large
number of mechanochemically activated
points such as active dislocation sources [10].
It is supposed that the potential energy
accumulates in such fine particles in the form
of lattice strain energy. Figure 17 [11] shows
Hall’s plot [12] of marble particles used in

2k o® =
’é = s a2
= 2 4—3;'5 R
E'-: r_-::s-»:’:’:'g:_ = '%;? e e
Q 'g P b
o = Particie size uml
= —~e— 3f
b= = 5o 10
B B ég: gg Marble
0 01 Q2 03 0s o5
sing/h (A"

Fig. 17. Hall's plot of marble particles,

this experiment. The slope of mean squares-
fitted lines, which is proportional to the
lattice strain, increases with decreasing
particle size. It may suggest that a greater
number of active dislocation sources exists in
the finer particles. These sources may aid the
plastic deformation.

CONCLUSION

This paper presents an experimental study
of the breakage behavior of a single brittle
particle in a size range from 88 um to 1 um.
The relation between the particle’s strength
and the particle size of these finer particles
is similar to that of coarser particles given by
Yashima and Saito [1]. The specific fracture
energy has a tendency to increase with
decreasing particle size. The particles under a
few micrometres were deformed to a consid-
erable extent without fracture. The critical
sizes of partially-plastic/fully-plastic behavior
and of elastic/partially-plastic behavior were
estimated based on the theory of elasticity
and microscopic observation. The critical
sizes of the hard minerals seem to be finer
than those of the soft minerals.
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LIST OF SYMBOLS

d particle size, m

E, Young modulus of particle, Pa

£, Young modulus of diamond platen, Pa
L load, N

L: fracture load, N.

m mass of particle, kg

SE specific fracture energy, J/kg

St particle compressive strength, Pa



B line broadening of X-ray diffraction
pattern, rad :

A deformation, m

A; deformation at fracture, m

¢ strain at fracture

§ angle of diffraction, rad

%  wave length of X-ray, A

v, Poisson ratio of particle

v, Poisson ratio of diamond platen
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Effective Fine Grinding of Coal by a Ball-Race Mill

with Grinding Additives*

by Lek SIKONG', Hitoshi HASHIMOTO?

and Saburo YASHIMA?

(UDC 622.735.33)

Ball-race mills form one of the most widely used types of industrial grinding device, employed especially for dry
fine grinding of coal. Grinding rates and efficiencies of these mills decrease with build up of fine ground pawder, In

this study, grinding mechanism of coal by a Hardgrove mill, a representative ball-race mill, was analyzed by using a

dead space model combined with a non-linear mean squares fitting technique. As a result of the analysis, slow mixing

of coal powder in the mill presumably due to poor flowability of the powder was found to be responsible for slowing
down of grinding rates which results in inefficient fine grinding of coal by Hardgrove mill. Based on the result, grinding
additives which can improve the flowability were selected and tested by a milling experiment. As a result, calcium

stearate and carbon black were found to be most effective for fine grinding of coal by Hardgrove mill, Furthermore.

action mechanisms of some additives were analyzed by using the dead space model.
KEY WORDS: Fine Grinding, Coal, Grinding Additive, Hardgove Mill, Grinding Efficiency

1. Intraduction

Coal has great possibilities as an energy resource because of
its huge amount of reserves and world-wide distribution.
However, coal has not been utilized widely because of its
poor facility in handling. New coal-utilizing techniques which
have been developed after the cil crisis involve fluidizing of
coal such as gasification, liquefaction, coal-oil-mixture {COM),
coal-water-mixture (CWM) and pulverized coal firing of
furnaces. Effective fine grinding of coal is a key techniquez to
most of them. Especially for production of the pulverized coal
fuel of furnaces, efficient dry fine grinding techniques are
necessary. Roll-race and ball-race mills form one of the most
widely used types of industrial grinding device, employed
especially for grinding of ceal for pulverized coal firing of
furnaces?). However, these mills essentially have low efficiency
in grinding of finer powders. Austin et al,? showed that
grinding of coarse coal powder by a standard Hardgrove mill,
which is 2 ball-race mill used to measure a grindability index
of coal, pave first-order disappezrance kinetics, whereas
starting with a feed of fine powder gave non-first-order break-
age due to stowing down of the specific breakage rates of the
powder with increasing milling time. This paper presents an
analysis of grinding mecharism of coal by Hardgrove mill
by using a dead space model combined with a non-linear
mean squares fitting technique. Based on a result of the
analysis, grinding additives which can improve the grinding
efficiency were selected and tested by a milling experiment.

* Received August 8, 1990: accepted for publication November 28,
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Furthermore, action mechanisms of some grinding additives
including the effective additives were analyzed by the dead
space model.

2. Theoretical Consideration

The dezd space medel which has been proposed by Gotsis
et al.® consists of a dead space and an zctive space as shown
in Fig. 1. In the active space, particles are ground according to
the first-order breakage law, while in the dead space no break-
age action occurs. Each space is considered as fully mixed
with respect to all particle sizes. A constant mass interchange
between the two spaces is assumed. Grinding kinetics and mass
balance of the largest particles in feed powder give the follow-
ing grinding rate cquation”,

2
ddwt(z” (S+ %) d;‘;{t) +CSW(¢)=D ................ (1)

where w(f) denotes weight fraction of the largest particles
at grinding time ¢, ¥ volume fraction of the active space.
§ the specific rate of breakage of the largest particles in the
active space and C the specific rate.of mass interchange defin-
ed by a weight ratio of the powder which is transferred from
the dead space to the active space per unit time and vice versa
to the powder in the dead space. The solution of the equation
for the fully mixed initial condition is,

Specific mass
Interchange
rate, C

4

1

—

Active space Dead space

Volume fractionV

Speciiic brekage
rate, S

Fully mixed

Volume fraction -V
No breakage

Fully mixed

Fig. 1 Dead space madel.
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Fig. 2 Typical results given by eqn. (2); (a) for /S = 0.01,
(b) for C/5=0.1 and (c) for C/S = 1.

wit) _ (0:-VS)exp( =Dy t}HVS-D)exp(-Dyt) (2)
wi{o} D,- D,
where
1/C _i E T 1/2 3
D‘=E(F+S) ; [(Vm) 4CSJ ................... (3)
_t/C LA L 4
B=3 (V+S)+ 2 [(V+S) 4CS:[ ' @

Experimental -data are usually plotted on log-normal
coordinates. If the grinding proceeds according to first-order
breakage kinetics, it results in a linear decrease in log[w{r)/
w(0)] with increasing milling time. However, the first-order
grinding in the presence of the dead space with a slow mass
interchange between the active and dead spaces shows a non-
linear decrease in log[w(£)/w(0)], zs shown in Fig. 2. Fig.
2(a), (b) and (c) show typical results given by eqn. (2). For
small values of /S, log[w{r)/w(0)] versus dimensionless
grinding time shows non-linear decrease. Therefore, the small
rate of mass interchange in comparison with the specific break-
age rate gives non-finear breakage kinetics,

To determine the parameters €, V and § from the non-
linear grinding data, a least squares fitting method for non-
linear problems was used. Marquardt’s method'ﬂ, which is
an excellent non-inear least squares fitting technique, requires
partial derivatives of log[w(¢¥)/w(0)] with respect to €, ¥ and
§. These derivatives are given from eqn. (2) as follows,

af 1
9C (VS-D,)exp(-Dyt)+{ DVS Jexp(-D, t)

80, . .. GD
[_EEXP( D, t) oF

t(VS-D,} exp(-D,t)

42 42>

BE -2yl
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D;-D1<GC g e (3)
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where, f=1eg Cw(e)/wi0)]

Correction vector (§C, 8V, 85) of the parameters is given

by solving the following matrix equation®
af af af _ of of | ( a,q
=S =L 2220 -D R
1/2 c) 2Ecw Taces|C ac |
L Af af  _faf srafi 1| af
- = — -z o= |aVi=|-= R,
v 3¢ av) FrEwas |0V v
SF
Ea_fa_f_ EB_{E E’/af)z_z 88 '_Egif;‘
E‘S BC 68 BV I\&S; [ aS
................................................... (8)

where £ denotes the operation of summing with respect to
ail experimental points, z a weighing factor and & a residual
which is given by,

R = (value of log[w(r)/w(0)] calculated by eqn. (2)) —
(experimental value of log{w{e)/w@)]y ... (9)

A set of optimum values of the parameters was determined
through the following steps, 1) the initial values of the para-
meters and the weighing factor are given, 2) correction vector
is calculated by solving eqn. (8), 3) values of the parameters
are corrected by adding the correction vector, 4) the weighing
factor 2 is lessened when the sum total of R? tends to dimin-
ish, whereas the factor is increased when the sum total be-
comes greater, 5) to repeat the step through 2) to 4} until
the sum total of the absolute value of components of the
vector becomes smaller than a given value.

3. Experimental

Canadian coal was used to analyze the grinding mechanism
of coal by Hardgrove mill, The Hazrdgrove grindability index
(HGI), ash content, volatile marter content (VM), fixed
carbon contert (FC) and calorfic value of the sample are
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Table t Properties of Canadian coal.

Hardgrove Volatile Fixed Calorific
grindability matter carbon value
index cantent content
HCGI VM FC
[%] [%} {kJ/g]
42 29 55 28.1

Table 2 Properties of test sample powders.

Mesh No. Particle size Aerated Tapped Compressibility
range bulk bulk
density density
[mm] {kg/m?| [kg/m? | [%]
10 x 14 119 ~ 168 660 730 9.6
20x28 0.59 ~0.84 620 720 139
35x48 0297 ~ 0.42 610 730 16.4
65x100 0.150 ~021 550 700 214
100 x 150 0.105 ~ 0.150 520 690 246

tabulated in Table 1. The coal was crushed by a crushing
roll and classified into five size intervals as tabulated in Table 2
by HS standard sieves and a Ro-tap sieve shaker, Particle size
range, aerated and tapped bulk densities and compressibility
of each classified sample are tabulated in Table 2.

Each sample was ground by the standard Hardgrove mill
which has been modified by the addition of a torque meter
and a variable-speed motor. Ground powder was sieved to
determine the value of w(r) after a given milling time. After
sieving, the powder was put back and ground again. Several
sets of grinding and sieving operations were performed to
obtain a series of w(r) values. By using Marquardt’s method,
a set of the parameters C, V and § of the dead space model
was determined from a series of w(z) values.

Canadian coal was also used to test 13 kinds of grinding
additives. The sample in the range 0.105 ~ 0.150 mm (100 x
150 mesh) was ground with and without the additives for
30 minutes under a standard condition (rotational speed of
15 rpm, powder filling fraction of 0.5, crushing load of 284
N). Energy consumption by grinding was determined by
measurements of torque with and without powder. (The
torque was corrected by subtracting the torque due to friction
in bearings and reduction gears of the mill.) The weight of
powder passing 0.105 mm {150 mesh) sieve after grinding was
measured to determine the energy efficiency of grinding
which was defined by the ratio of the weight passing 0.105
mm to the energy consumption. The weight passing 0.105 mm
and the energy efficiency in grinding with the additives were
compared with those in grinding without the additives.

Three foreign coals of different grindabilities were used
to analyze the action mechanisms of three grinding additives,
including calcium stearate, carbon black and methanol. HGI,
ash content, VM, FC and calorific value of each sample are
tabulated in Tahle 3. These coals were crushed and sieved to
prepare the samples in the range 0.105 ~ 0.150 mm. Calcium
stearate and carbon black which were selected on the basis of
a result of the analysis, are respectively solid Jubricant and

AE - ®itEak

Table 3 Properties of foreign coals.

Coal Hardgrove Volatile Fixed Calorific
grindability matter carbon value
index content content
HGI VM FC
[%] [%] [k1/g]
A 38 36 58 33.1
B 52 28 62 30.2
C 67 8.7 B4 323
L
N
) 1 o
a
2 05
£
c
o o Powder
< OIf fitling
d 10x14 652100 fraction |
+— 005 mesh mesh ;
4 o s 0%5 I
< o 0.70 i
.g o - 0.50
e = 0.25
= 001 :
0 100 200 300 400

Milling time, t {s)
Fig. 3 Tirst-order plots for .19 ~ 1.68 mm (10 x 14 mesh)

and 0,150 ~ 0.210 mm (45 x 100 mesh) Canadian coal

at various powder filling fractions.
dispersant which can improve the flowability of coal powder.
Methanol is expected to affect coals chemically and weaken
the strength of coal particles. Calcium stearate powder and
carbon black powder were mixed with the coal samples by
a rotating bottle type of mixer. Additive content of these
additives was 0.5 wt.%. Methano! was evaporated in a stainless
steel container to expose the coal samples to gaseous methanol
for one hour. These samples with the additives were ground by
Hardgrove mill under the standard condition. Grnding data
was processed in the same manner as mentioned above.

4. Result and Discussion

Hardgrove mill showed the first-order kinstics to Canadian
coal sample in the range 1.19 ~ 1.68 mm (10 x 14 mesh} at
various powder filling fractions. as shown in Fig. 3. Straight
lines in the figure are the mean squares fitted lines obtained
for 1.1 ~ 1.68 mm sample by a usual fitting technique for
linear problem. On the other hand, the Hardgrove mill showed
the non-first-order kinetics to the sample in the range 0.150 ~
0.210 mm (65 x 100 mesh). As already shown in Table 2, the
compressibility of Canadian coal powder increases with a
decrease in particle size, which suggests that fine coal powder
can cushion the pressure from grinding balls more strongly
than coarse powder. This may lead to slowing down of the
grinding rate.

Flow characteristics of coal powder, such as flowability
and floodability, as well as the cushioning action may affect
the grinding behavior. The compressibility has a close relation
to the ﬂowabﬂityj). Powder of high compressibility has pocr
flowability which may affect the behavior of Hardgrove mill
which has a large dead space, as shown in Fig. 4. Curved lines
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Fig. 4 Crinding elements of Hardgrove mill (cross sectional view).
Table 4 Parameters of dead space model determined by

grinding experiment on Canadian coal at various
powder filling fractions.

Powder filling Parameters
fraction Vv 5 c
s} 5]
0.25 0.54 0.0190 0.00147
0.50 043 0.0150 0.00179
0.70 0.39 0.0133 0.00169
0.95 0.35 0.0128 0.00145

in Fig. 3 are the mean squares fitted lines determined for the
sample in the range 0.150 ~ 0.210 mm by using the dead
space model combined with the non-linear fitting technique.
These curved lines agree quite well with the experimental data.
It suggests that the dead space model can explain the breakage
kinetics of fine coal particles. The parameters C, ¥ and S of
the dead space meodel determined from these experimentsl
data are tabulated in Table 4. It was found that the value of
C is about one tenth the value of S, which suggests that the
slow mixing of powder in the presense of the dead space can
be respensible for the slowing down of grinding rate, It was
also found from Table 4 that the volume fraction of the
active space V" and the specific rate of breakage in the active
space § tend to decrease with an increase in the powder filling
fraction, while the specific rate of mass interchange C remains
zlmost constant. Considering 2 structural characteristic of
Hardgrove mill shown in Fig. 4, it can be easily realized that
the increasing powder filling thickens a powder layer between
grinding balls and the lower race, which leads to the decrease
in the specific rate of breakage §. The increasing powder
filling also increases the volume of dead space more than
that of active space, which diminishes the volume ratio of
the active space to the dead space. Mass interchange between
the dead and active spaces is supposed to be driven by rolling
action of the grinding balls. The powder is thrust away by
rolling balls and falls behind them. The increasing powder
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Fig. 5 Dead space model's parameters for 0.397 ~ 0.420 mm
(35 x 48 mesh) Canadian coul as a function of mill speed.

filling raises the rate of mass interchangs in preportien to the
volume of dead space. Therefore, the specific rate of mass
interchange, which is the ratio of mass interchange to the
mass in the dead space, may remain constant.

If the supposition that the mass interchange is driven by
the rolling action of the balls is correct, the specific rate of
mass interchange should be in propertion to the mill speed.
The change in the three parameters with mill speed is shown
in Fig. 5. The specific rates of mass interchange € and brezk-
age 5 are proportionate to the mill speed, while the volume
fraction of the active space V is constant. This shows, we
believe, that the dead space model well explains the mill
behavior.

Thus, the analysis by the dead space model revealed that
the slow mass interchange presumably due to the poor flow-
ability of fine coal powder is responsible for the non-first.
order grinding behavior, Therefore, addition of chemical
agents which can improve the flowability of the fine coal
powder is expected to be effective for fine grinding. Cznadian
coal sample in the range 0.105 ~ 0.150 mm (100 x 150 mesh)
was ground with and without some additives to test the
additives. The ratios of weight passing 0.105 mm {150 mesh)
and energy efficiency in grinding with the additives to the
respective factors in grinding without the additives are tabulat-
ed in Table 5. A solid lubricant type of additives is found to
be efficacious to increase the weight passing 0.105 mm and the
efficiency, as is expected from their lubricating action. Some
alcohals are also effective to improve the efficiency.

Finally, the action mechanisms of some additives was
analyzed, again by the dead space modei. The three parameters
of the maodel which were determined by a grinding experiment
with caleium stearate are tabulated in Table 6. The mass
interchange rate C tends to increase with an increase in the
acditive content, while the specific breakage rate § decreases
and the volume of the active zone ¥ remains constant. Lubri-
cating action of calcium stearate is supposed to increase the
mass interchange, but it may decrease the breakage rate due
to the decrease in probability of the particles being gripped
between the rolling balls and the lower race. The parameters
determined by an experiment with carbon black shows that
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Table 5 Ratios of weight passing 0.105 mm and energy
efficiency in grinding with additives to respective
factors in grinding without additives,

Table 7 Parameters of dead space model determined by
grinding experiment with carben black powder.

Additives Content Ratia
Weight passing Energy
[wt.%] 0.105 mm efficiency

Calcium stearate 0.5 1.29 252
Sodium capronate 0.5 1.08 143
Molybdenum disulfide 0.5 1.11 1.52
Tale 0.5 1.10 1.24
Graphite 0.5 1.05 1.14
Carbon black 0.5 1.23 1,33
Methaneol 3 1,02 1.41
Ethanol * 1.08 1.18
Nonyt alechol 0.2 1.05 1.27
Iso-amyl alcohol 0.2 1.06 1.05
Glycerol 0.1 1.00 1.23
Prapylene glycol 0.1 0.95 1.23
Ethylene glycol 0.1 0.98 1.03

Coal Additive Grinding Parameters
content efficiency* vV 5 C
[wt.%) [8/k1] [s'] 5]
A 0 50.5 0.41 0.017 0.00065
0.1 101.0 0.42 0.036 0.00123
1.0 103.0 0.45 0.027 0.00128
1.5 92.6 0.48 0.030 0.00142
2.0 103.0 0.46 0.030 0.00143
5.0 103.0 0.46 0,027 0.00144
B 0 731 0.51 0.015 0.00063
0.5 731 0.54 0.022 0.00077
1.5 81.7 0.51 0.025 0.00093
C 1] 958 0.54 0.017 0.00082
0.1 154.0 0.48 0.037 0.00110
0.5 154.0 0.5% 0.033 0.001190
1.5 174.0 0.50 0.045 0.00138

* Sample was exposed to gaseous additives for one hour.

Table 6 Parameters of dead space model determined by
grinding experiment with calcium stearate powder.

* Grinding efficiency
_ Weight of powder passing 0.105 mm

Energy consumption by grinding

Table 8 Parameters of dead space model determined by
grinding experiment with methanol.

Coal Additive Grinding Parameters
content efficiency* V S5 C
[wi.%] [grk]] (s} [s7]
A 0 4.7 0.42 0.016 0.00056
0.5 8.6 0.46 0.013 0.00086
1.0 14.4 0.48 0.011 0.00104
1.5 10.1 0.58 0.007 0.00066
B 1] 64 0.51 0.015 0.00063
0.5 8.7 0.44 0.014 0.00085
1.5 12.3 0.49 0.010 0.00105
C 0 8.t 0.54 0.017 0.00082
0.3 7.4 0.57 0.015 0.00095
0.5 9.1 0.58 0.013 0.00106
1.0 19.3 0.54 0.013 0.00137

Coal Methanol Grinding Parameters
efficiency ™ ¥V 5 C
{2/k]] {s7] 571
A none 295 0.40 0.011 0.00056
add 378 0.46 0.020 0.00066
B none 543 0.51 0.011 0.00052
add T2 0.47 0.021 0.00084
C none a2 0.51 0.014 0.00078
add 833 051 0.016 0.00095

* Grinding efficiency
_ Weight of powder passing 0.105 mm

Energy consumption by grinding

carbon black has a different action or the grinding behavior
from calcium stearate as shown in Table 7. Both C and §
increase with an increase in the additive content, while V
remains constant. Dispersing action of carbon black powder is
supposed to increase the mass interchange by improving the
flowability. It may also increase the specific breakage rate by
preventing apglomeration. Methanol has z quite different
action from calcium stearate and carbon black, as shown in
Table 8. The addition of methanol increases the specific rate
of breakage in the active zone, while it has a small effect on
the mass interchange. It is interesting to note here that metha-
nol has a specific effect on the high volatile coals such as coal
A and B, whereas it has a small effect on anthracite coal C.
As might have already been noticed, the energy efficiency in
grinding of the same coal without the additive has different
values in Tables 6, 7 and 8. For example, 4.73 g/kJ for coal
A in Table 6, 50.5 g/kJ in Table 7 and 29.5 g/kJ in Table 8,
It should be noted that the energy efficiency varies with

"E - Xl
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* Grinding efficiency
_ Weight of powder passing 0.105 mm

Energy consumption by grinding

milling time due to the non-first-order breakage nature. Longer
milling decreases the efficiency. The values in the tables have
different milling time bases. As a matter of course, the effect
of additive content was compared on the same milling time
basis.

5. Conclusions

Grinding mechanism of coal by Hardgrove mill was analyz-
ed by using the dead space model. Based on the result, prind-
ing additives were selected and tested. Furthermore, the action
mecharisms of some additives were analyzed by using the
dead space model.

As a result, it was found that the slow mixing of coal
powder in the mill presummably due to poor flowability of the
powder is responsible for inefficient fine grinding of coal
by Hardgrove mill. Lubricant and dispersant types of additives
which can improve the flowability such as calcium stearate and
carbon black were found 1o be effective, as has been expected
from the result of the analysis. It was found that caleium
stearate and carbon black work by affecting the powder

45 <45



Lek SIKONG, Hitoshi HASHIMOTO and Saburc YASHIMA

characteristics, while methanecl works in a different manner.
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Research Titile: Hardgrove Grindability Index and Vickers hardness of Thai Lignite
Name: Sikong, L., Asst, Professor and Vichitrasanguan, P.
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Faculty of Engineering, Prince of Songkla University

This research is to determine Hardgrove grindability index, hardness and chemical properties
of 22 kinds of Thai lignite. The correlation among their properties was also investigated. It was
found that HGI value depends on a coalification rank and inorganic compounds in lignites such as %
ash and sulfur. HGI tends to increase with the amount of carbon or fixed carbon and decrease with
hydrogen or volatile matter values. It is also apparent tha.r the hardness of lignite tends to increase

with the increase of fixed carbon.
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H 3 4 -
AITET 1 HadinTIzmiuuuy Ultimate analysis, Proximate analysis

A1 HGI manuidazminnuiou

% % © % % % % %
%mﬁndu C H N S Moisture Ash volatile Fixed Calorific HGI VHN
matter carbon value
(BTUAL)

thuy (unmnely) 61.04 474 0.34 087 1172 3.24 46.43 38.26 6688.0 26.0 18.7
iy (High-S) 58.87 4.50 0.24 0.42 1278 3.30 44.92 4114 7927.5 24.0 16.7
T (?:) 62.73 4.84 0.42 1.20 27.14 2.44 42.33 28.09 13751.0 36.8 10.2
fudaminiiod) 3251 3.08 0.76 4.67 1259 30.68 34.53 25.43 39100 | 580 17.3
fudsndudon) 48.10 3.79 1.55 6.28 12.28 16.10 36.65 36.58 5108.0 44.2 16.4
UMAT N-8-9 49.70 4.06 1.86 470 19.81 12.23 34.78 32.11 6945.5 328 16.4
vdr ahunay 49.43 4.12 1.21 423 17.29 10.45 39.57 32.53 7869.0 38.8 18.0
VN 56.62 4.49 1.37 2.73 17.23 4.42 42.11 32.91 8940.5 235 18.8
VHHUIN (ﬁnu) 54.55 4.86 1.36 1.67 20.50 7.40 39.35 32.69 9605.5 30.0 15.8
fnumig 41.62 4.08 1.15 233 10.63 24.74 39.42 26.64 4915.5 65.8 1.2
WIE04 K-seam 65.53 5.41 1.25 0.74 10.98 3.66 46.06 36.30 9647.5 30.8 25.8
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1 - d Y
TN 1 (Fia) uadiAnsMo Ny Ultimate analysis, Proximate analysis

A1 HGI mwuudaasmanuion

% % % ® % % % %
%510614 C H N 5 Moisture Ash volatile Fixed Calonfic HGI VHN
manuer carbon value
(BTUAL)

U884 P-scam 64.54 4.94 0.46 1.43 10.72 10.60 38.42 40.26 10004.5 21.2 16.5
Bales 62.91 5.58 0.42 0.27 14.61 2.20 47.50 35.69 10882.0 24.0 16.9
m 62.91 4.67 117 0.31 13.75 2.67 48.64 34.94 10690.0 25.2 211
uaw 56.70 472 0.98 314 12.36 6.10 45.03 36.51 9160.0 36.2 10.2
HUMU(Lower scam) 65.23 5.76 0.78 0.38 13.89 2.25 45.86 37.00 10324.0 26.2 12.1
WIWan 57.12 4.92 173 171 16.22 6.02 46.95 30.81 9815.5 38.5 139
WU A-seam 49.59 4.40 1.59 2.89 13.59 13.39 36.87 3678 5159.5 59.5 14.7
UL (High-5) 3122 3.61 075 774 16.14 25.43 40.53 21.54 4486.5 99.8 =
U C-scam 58.76 453 2.21 1.51 2091 6.13 4218 37.53 8745.5 40.0 13.7
WAN | 79.63 2.61 144 0.58 2.64 15.01 4.61 7714 7336.5 54.0 «
RE YR 69.91 1.19 0.85 0.08 5.95 1162 3.47 78.96 10688.0 52.5 .
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