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qaA

ez (Kaolinite) T Uwfi-faferbe @it & ot #ae 3iR @@l T@ (Coal Ash) & et a7 Ged-Breaia stawar H qrar S 2
THH @ Heh UiEde (ALSLOs(OH),) a1 AlL0;.2Si0,.2H,0 T &, ST i #siiferize (Kaolinite) T &1 6e& & | ®iFe
FNferTEe T SuRafd Hiae i W A FET, T TATEHRT, R I FaeR W Y&e I9E Sl € | 36 ST, T8 el J-IEmies
afte & e # RueEd, 38T orE SR HEAA-AWT G & TAER I b geih § Aeaqer g e 21

BT & aut # e 9 @ % ae @i g?f‘q ‘{?Eﬁ' qa@i (Rare Earth Elements - REEs) &7 Ueh Y9Il aTedh a1 Gared (Carrier) & Fehal
%139 @@ ¥ Feifieee ofX REEs & &9 Y-TE™s 69, HEar @ § S Jigdr, q97 waieeli gurdt &1 a5 fagaer &g
forar mar ¥\ FEa § weifaaee. G ga Ghedl & 9§ 91 A 2, 9 BEd # G (coal matrix) & o NG I,
IR HEETST 3R T (pores) &I WXl 2, 71 foh fopelt a2 geom™ @t faRT (mineral vein) & &9 ¥ | gewesft wd SEM (Scanning
Electron Microscope) ST&aHT § HIafifcIZe Bl ThE AT &wh T P, AT FeM-aMER @Ha & &9 § @ T[T T, I &I BEA DI
gy F 9T ST 2 | 98 I Afged Qe (matrix material), ST @G O STERYT (coating) & BT H, AT TR @ WA (fracture lining)
& & § IURYyd BT 2|

SEM AT § Hiafifemige & HeM-aMeR, Uder (platy) a7 WdeR (flaky) SXEHT & &0 § UgdMT AT 8, S <6 @ (voids) 3R
e TR (micro-fractures) T AT & | THHI T8 HLEAT ST & foF wranifermge ammaa: fada® @fe (secondary mineral) & &9 &
IENTHTedh aitad (diagenetic alteration) @l URHAT & R AT 8, SR ﬁﬁ'{{? (cleats) TAT SR I WA E R A | T8 St
foafid #on (disseminated particles) & &9 & of urg S T, S A & FIh Td SIS qIh b qred ﬂ?ﬁ'—ﬁ?ﬁ T B

I o= HIoffeIEe, TRHA-falawe, FEE, HEdr T, gAY ad, JIaEee a0, a9d Faer, B S, e S,
T HEEA |
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Abstract
Kaolinite (Frifemmse) is an Alumino-silicate mineral that occurs in coal and its ash in fine or micro-crystalline form. Its main chemical
composition is Alumino-silicate (ALSi,Os(OH),) or Al,05.2S10,.2H,0, which belongs to the Kaolinite group of minerals. The presence of
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Kaolinite in coal directly influences the ash composition, gas productivity, and thermal behaviour of the coal. Moreover, this mineral plays an
important role in evaluating the geochemical maturity, combustion quality, and environmental impact of coal-derived dust.

In recent years, Kaolinite has been recognized as a potential carrier of Rare Earth Elements (REEs). This article presents a scientific
analysis of the geochemical relationship between Kaolinite and REEs, their concentration in coal ash, and their environmental implications.

Kaolinite in coal generally occurs as microscopic crystals filling the cracks, cell structures, and pores within the coal matrix, rather than as
large visible mineral veins. Under microscopic and Scanning Electron Microscope (SEM) studies, Kaolinite appears as a white or light-
coloured, extremely fine-grained mineral against the dark background of coal. It is commonly found as matrix material, coating on other
minerals, or as fracture linings.

In SEM imaging, Kaolinite is identified by its fine-grained, platy or flaky structure, which fills voids and micro-fractures. This morphology
indicates that Kaolinite generally forms as a secondary mineral during diagenetic alteration processes, filling pores, cleats, and cracks. In some
cases, it also occurs as disseminated particles intimately mixed with the organic and inorganic constituents of coal.

Keywords: Kaolinite, Alumino-silicate, Coal, Coal Ash, Rare Earth Elements (REEs), Geochemical Relationship, Thermal Behaviour, Coal
Matrix, Microstructure, SEM Study, Cracks and Pores, Mineral Coating, Fracture Lining, Carrier Mineral, Environmental Impact,
Gas Productivity, Combustion Quality, and Coal Ash Composition.

TR

HIAT U AT Al sk waref ¢ e Jead:
I & SAfafs [l st @it ges ofr afafad
Ted €| 7 @il § Farest (Si0,), TEiEe (FesS,), Herge
(CaCO,), ZarEe (KAL (A1Si;0,0)(OH),) TET Hr3TiferIEe
(ALSi,05(OH),) T Al,0;.28i0,.2H,0 9@ ¥ |

HraAifaTEe, e T|EfE &0 9 ALLSi,Os(OH),) ar
Al,0,28i0,2H,0 & w9 # wif¥erd fpar o &, u&
THEH-fafade (Alumino-silicate) @ & ST rafifer
e (Kaolin group) T He@q0l Ha&T & | I8 YTF: TWASR
(lamellar) a7 U=/ehTehR (Platy) H3E-T | UT@T 97T & 3T
T 2 FHTOT SBTCT STEHTET ATIEReT a2 36 J-IarRh
faenTesRy &1 TRk @ae (Indicator) AT ST 2 |

FrsflferEe U ErEdl-ffase (phyllosilicate) AT
wWhRa gfaer @ (layered clay mineral) 21 faferepr
22eEd WA (SiO, tetrahedral sheet) & &7 & He[g BT
2, zaH g fafereie (Sit) IR Siteriior aearopett & fory
BT & | I ITes Sehreal ST H 3t Si,0,> T adl
£ | T Sfaeresd A (AI(OH),- octahedral sheet)
THH g% UM (APY) B8 erEgteea (-OH) &
ST qEATLstt & foRT 8T & 1 98 wa AL(OH), >
T ST & | 3 a1 9eal &7 garer 1:1 91 (one-
to-one layer structure) FH&ETAT & | & Uk {afde wa uh
T T & T3 el & |

BT G H &l Y & o (sheets) et
FrefiferEe B i e faed At srEE,
SSITeeh TRAdT, T BTEgee Bharsti & 2l & | Sl
IURATT i & TEES qRagaar @i (Chemical Ma-

turity), 7@ o+ & (Ash-forming Potential), 3TR @<
Hqa (Mineral Equilibrium) T 4 Hehd ol & |

T & aul H (T T Y-S T F T8 T
T3 2 o refiferze daw ueh fieRa faedt @i 78 2,
g 98 gaw geAT @i (Rare Earth Elements - REEs)
9 @gwm (La), ARaq (Ce), Fafsfmm (Nd), gafag
(Sm), TEifaf=m (Gd) dar fafgaw (Y) @ us afea
A9 Haresd @i (Adsorptive Host, Jsiies e
T: AET AT ehT ATl e i) AT Teal- ek STeee
(Carrier Phase, dsTe a<¥ ¥: a2 319 a1 @il Sraeen
e @1 9 S REE, €1q 1A, a7 A1 Sufeerd ar
Tehfezd BIaT 2 1) o7 2 "l 2| SH% 98 W faeme
Eregiiodd (-OH-) 99 3R WAl & 9/ Fomafe Tt
(Interlayer sites) W ¥ FBrEdt REE A (REE™)
HET-FJT (Charge Balance) & Hre® § Sa9iid (Ad-
sorb) 1 A € |

TH YHR, FISANTAEE B TG Had B & Aiias
e o ® H TEl <@l I W&, diceh I8 hiael § REEs &l
@A Tagiadr (Geochemical Mobility), Hae (En-
richment) TR faa®or (Distribution) T &R e arar
T Y@ @IS 9T ST 3T & | T8 BR0T I8 YTk e
qfas9 (Coal Geology) 9T HIFA-TE@ 3MAa REE
YUt (Coal Ash-based REE Recovery) SIEeMI T
TH HE faud 9 g 2|
TAMENE W& AR Wi o

AT P TEEHS X ALSi,Os(OH), &1 T8
STEfoRATe, fheed IOl & 91T ST & SR 7 A
I AT T BT & | ST HIRAT 2-2.5 (Mohs Scale) FaT
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Tdar (Platy) v ma’;(ﬂaky)
- FfRETET .

= 1 — ®E § Fenfarge & SEM sfa

fafirse @ AT 2.6 BT & | HISATHES H Td6 T
Sufterd OH™ &9 REEs ¥ faret gammt (Lal, Ce?
37fe) & S9oT & fow |fhd €& YaT &ed ¢ | a1
T FrefifrTEe & Wifie T geefid 0T H1 AT T E |
i SEM Bt (st 1, forr 2 R o 3) & g fargarwor
q g T B1 ¢ f Felifaee dEd § qea: f&das
@ (secondary mineral) & &7 H SUfed il |

o 1: ®EFd | Freiifasge & SEM B, o &l
¥l (pores) 3IX &M T (micro-fractures) # Wi &5
FIRATAAEE BT TSRIT BT & | HBISACAIES e AT 5
gER 7 B e A B, A wrEar Tel w4 &
w0 ¥ fogar 21 8fa § #weifieeEe & wder (platy) SR
WAeR (flaky) ST T & F @l &, A7 g9rr &
g TgIHesH giad (diagenetic alteration) &1 GfshaT &
SR U f&cdias @it (secondary mineral) & &9 & a1
& | 789 38! Wier (platy) TF TR (flaky) HEEHT T
w9 faars ¢ @ | 98 Bfg g9l & o dreiifaere
fada® @9 (secondary mineral) & &9 | SEWIHICH
uftads (diagenetic alteration) T UfhaT & SR AfHT
ZIhT BT BT GeH TLEHTS Bl WAl 2 |

o 2 BEd H o= @il & @ gesiiad |
Fr3fifaTEe SEM Bfd, HTeAifcTEe i IRRIEe, Fanest ar
3T @S &l Fd8 W BT (coating) & &I H Ya3id
T & | BISAAEE Bl TEH-HER TG 36 T @it
& Y Fe-Aargfd § g 9 a9 ¢ | 98 SR
T & fop FrefifarTse 1 fmfer @fesiia gEET (min-
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Kaolinite

T 2 — P § o @i & T e i | weifeige @ SEM Bfa

o DBfeoNsT

Kaolinite

h\ (filling material)

Coal matrix
piifciolise dwRIel dAfea P sfia ¢RI 32 &l Dl sl 8
Platy kaolinite filling micro-fracture spaces

ferr 3 — e o Afga o eft g2 wreiforge

eral reorganization) 3T aRe URfHAT (fluid interaction) &
2 3T BT | 9 Bid H FHrefifaTse & s, e
T &l @Al bl qag WX HifeT (coating) AT Il IXA &
Y ¥ @ T 8 | FelfAEe & qed &7 3 @i
ﬁﬁd%mﬂH%(@dH%Ql(mwwmm
2 | I8 1T & & fo Fedifaee &1 fEor dvaa: @
yare (fluid migration) X @it WT (mineral
reorganization) @l Fishamatl & IR BT T B B
HiearT § gHH AU a7 (disseminated occurrence)
TH d1d & GHT & [ 98 @ dhad S | A8, dfe
FIF B FIOT G&T GET § ANG © 9 I8 BAd &
A cTeh-TETAT T[0T el THTIT e & |

o 3: raw @ Afyw § bl g2 weifeee, By
fe@mdt 2 o refifemiEe dhad SRl as i e 8, Jfedh
BT P GYOT JfZRT (coal matrix) H & HU1 & &7
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10.

11.

12.

At T Wi o
HLET YR

o e

1 (Color)

wpfew gl (Crystal habit)

feor (Cleavage)
ECEREANS

gedr ~ a=ar (Tenacity

e &werar (Mohs scale hardness)
T9% (Luster)

@ (Streak)

TR T

ELckEica

26 FIT (20 angle)

it 1 : HIefeETEE & wifos T@ geei T

ot

11 (SRS + 221g) i)

AP, Si**, O*, OH

QT & 261 11 qh; -l ARl & BT W, et AT gy e
fom gu qar ae diw 1 & of e S &)y fafe 0 ow
(&=t ) Td Y gl ¥ IR T H e 1

AT Thiedh & F ga, F-afl Tae wiel a1 WAk & & &9
H grar ST & | o g s-aest (Pseudo hexagonal) wiet
T Wi FYEl % &9 § S o @, g zeme (Claylike
masses) I € | Zreferaf-ren A=

(001) @ W gt (Perfect on {001})

grge de (hydrogen Bonding-Inter Layer) ud #eqdrsies se9
(Covalent Bonding-Intra Layer)

e (Flexible) frg smnfiee (srramia /Auwme)

2 ¥ 25 % &

it St (Pearly) & @t @e gfergr (Dull Earthy)

g (White)

fafere 7Ha

(Specific gravity) 2.16 - 2.68

feefrar, ook (Biaxial, Negative)

(Optical properties)

ne = 1.553-1.565, ng = 1.559-1.569, ny = 1.569-1.570
(Refractive index)

amr & (Measured): 24°-50°, TR €9 & gTed
(Calculated): 44°

faafRa (disseminated) “ft 2 % | T€ 37eRIR FHrdi-h T2l
(organic matter) 3% 3= fzdt & @il (clay minerals)
% arer M feams &t € | 39 YR @l Surd i a8 Febd
ZaT 2 o renferree @& (T (SEeHies 2o 9§ HiEr
&1 fmio- diagenetic stage of coal formation) & R
-4 g3, 519 @S aeel qerel il §aar 5
qagT fehar |

3. ®EA § ST

FrenteaEe (ALSi,Os(OH),) HIaw & U J arelt
9@ giaar @ (clay mineral) Fifoal & & U & |
g @S 7 %Had Had & -TaEEE Rt &
T 2, afceh THAT STl qAtaRo e SR e
qRacdHl @l AEERT W G HAT & | Biad § Eb!
sufearfa sgfaer s-wifawa wg sp-wamafas
giskaTst & TReTHEEY Bl &, o e SEeiies,

STSraeg, Taraei g ot g"d sfoee yishamd
g € Sifer arfereer 2 F garrar w2

HISAES e § fFrfarad Teharet gRT ST &
(i) srifafes uftads- faed @t @1 #etE g &
Trer Safshar e, (i) STaEeT e Sl gl § oy
HT 1 T, (iii) eEgrHa har- = arme 9 99 |
et o | 3721 Uisharsti § REEs &1 SR 31X ST
HISATATES UT adsorb EFT HHT BT & |

F. TAAMICEH Sara (Diagenetic Origin)

SIS STIET T8 eIl & 9 Hiac Bl AT
e T A adr g2 afae anell & dR-dR T e
AUEE & THT § ENART 8 0 BT § | 3/ e §
e weref (Plant Detritus) 3R ged sl & @fet omad
¥ yfafshar &wd 21 39 ubhar ® smaa-fafwar (Ion Ex-



106 MRS e ud sienfe sEa ufer af 83 siw (2) femmw 2025

arferer 2 @ FSREEE SR @ QRIS JHR

e AT A kel En
SR H TR
1 ElREIEIEE Sifere gared-wfvar o,
S faf
2 EloEEiEn) -1 FHIRT
3. LEIEEIEG) ATel YA/ STEETE TRae
4. e gATe T A9 W A& A TR

Y-ATAE b
Al Si, OH &zt %1 feereer
=T fedt A o o @

Fe, Ti s1gifesat, waer s
HeT-FrafiferEe 3R qaree @ fmfor

change) 3R faw@=-3/@&9or (Solution-Precipitation) ST
feramd 2xclt ¥ | aRemreen vefite-ags. wrEar-fafiaee
(Phyllosilicate) @f-T, S HI3TfeMIES, a9 € | TE YI:
HET & e § 7wl & w9 F fawar € e
URRIES A7 WA SEIsl & aRl iR Sirsied &0
T AT 2 | ST FraiiferTge h fmfor amrmare:
60°C & 120°C ATIH &1 HHAT H T & 3R I8 B &l
gRuerardt (coal rank) & YRR XM § Helg WAT AT 2 |

§. SAEEAEE (In-situ) Fior

T e | drelfaEe &1 FEr e a9 o
TiRaT & SR &, ST T W (In-situ) BIAT & | S
fomtor & T die (Peat) TR # Sufterd faedt & @it 3R
faferepT T STTue H Hiafshar #e HISiicmEe a9 & | I8
ishar €T IR & Tl & SR T SO & q9raie
T, pH qe Safe Afth oX f1RX et & | 39 YR a1
FISTCATEE AT el (fine-grained) BT & 3TR
FdE geref & A1 g w9 fAaar 21 siteaams
FISANHAIEE I HIFA B G -9 (basal or inter seam
mudstone layers) & ST ST &, foTed 92 T 2ar & {5
A& T |

7. TaEdFa (Allochthonous) i

e qRREfEl |, ®iaed § 9@ S A weiiaEe
e Fidt T AT B | AT, IRAT A7 SRSIHT YaTet &R
JFETE (Sediment) & €9 ¥ I BTl dl Tl T T Fehdl
T TE Ay FIRAfCEEE U Y AT A1 T H BT g,
it 388 @iE (Fe) 3R 2@efad (Ti) S A& ad 9g
T E | T YR T BISICHISS i Bl T@ § Tferd =
¥ faear 2 iR 98 ®ad & Saad & a5 “fly ash” ¥
fafsre HEAT Ye YT | UHeRiAE wrsiieTge o
e % U @il 3reqa (XRD) SR aai fagasor

(XRF/SEM-EDS) weeaqul zid &, #aifh 3ad
W €9 F I HIANGAEE il a1 § qaig faaqwor foe=t
A

q. 99 AUEeS UF e (Thermal Decomposition
and Reformation)

TG BT TeE H AU IHE IR dd & ST
STTAT & T SR BTESIH TAerat & T i &,
qT HIeffEe H @ § aiadd & 21 400-600°C
AU W Ig 3% 7 & H-hrafiferee (Meta-Ka-
olinite)ﬁqiﬁﬁﬁﬁw%l QWW%W
G ¥ fEergiodas™ (Dehydroxylation) ERT 1 (struc-
tural OH- groups) e oar & frad d@- T o™i®
(HfepEeetiar) 2 ST & 3T Si-O-Al Fe qAifed &l I £ |
ST TR T Fed a1 R qaree (Mullite) 3R freeiemmse
(Cristobalite) S @fviati # uRRafid 21 Fehar & | 78 TRadH
BT B TEEANE R, T8 FFer 3R T H @ieT
T T I BT &, TAT ST Jg SHEnfen gfte &
ff T Heaqol 21 ag uRad faedt afaat @ ard
TR BT 29T & | ol bt @ | aATee a9 &1 T8t T9@
IS gﬁ‘q geat dcl [REEs (Rare Earth Elements), &
QAR (redistribution) H HeTehaTfcrTee 1 YfHepT 2kl &,
Hifeh 37 UfshaT § G il Fhariiedm (surface reactivity)
g AT 2|

TEAT AXOT: BT3RS & He-HreAleEe (550-600°C W)

*  IH AYEH W FrEAifEe (ALSi,Os(OH),) &
feeEgifeay™ (Dehydroxylation) EiaT &, I
7% g (-OH) ae freha o |

o =Y 9d (H,0) T il & 3R Jer-aeiifanmse
(ALSi,0,) ST B |

« I8 UF SHHY (amorphous) ST BT &, AT
T B T fpeedig FeaT TE Bl
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gw TOT: H-Hr3AlEe § Roea (925-950°C W)
AT e IR HEF-ISTCHTZE bl T R BIhT
et (Spinel) ST HedeT ATk | S&e Sl & |

o TH UGRAT H BB g i (Si0,) W e &
AT 2 |

B AT EhEliehl (Crystallization) #l JE3ATT
T Febe <l 2|

Hew =T g | qaEe SR R (>1050°C W)

o 3T aEE (1050°C 3T IHH 3Aferh) T RaeiaT
Qe 2l a1 fer 31 I amr & qemse
(3A1,0,.2S5i0,) - I8 TH I=a-aI FioRredr st
% e (Si0, # S=-adE ®a) -
fafcrer &1 1w w9 2

o TE 3ifqd FUTERT T R SRad=T 2T 2 |

ALSi,05(OH), w ALSi,0, + H,0
F3NIASE EEET ol
. 925-950°C .
2A1281207 —_— SI3A14012 + Si0,
P A o g federer Rt
3Si,A1,01, % 2(3A1,05-28i0,) + 5Si0,
T e foeiaase

T THiHe TiehaT femrdt & foh QT dg W retiferTee
T A W T heea i gamse AR Fheaaee §
qRRafcfd &1 ST & | 98 uRRad B @ T & @ AR
ifcreh T 2T T THITAT AT &, fISIT &9 & o fRemar
3R REEs & 31amq (hosting) & e # |

4. HEAAEE IR REEs & 99 G99

HINATEE BT WAGR FLET 3T TAE I REEs T
JMHIT T & | I8 adsorbed T § REEs &l 319+ I8
7 3T I H a1 AT & | I AR ARG % B HIAe &=
H Fr3AeHTEe-gh HIgel T H 300-600 ppm dF REEs
T Higdl U1E T 2 | T€ TI0T & fo Panferge REEs &1
T fadias @ (secondary source) ¥ |

5. Taeawor qeEh
FreAiferTEe 3R REE & 312099 & folT 9T deis
2: (a) X-ray Diffraction (XRD)-&%@AT 9ga™ 24,

(b) Scanning Electron Microscopy (SEM)-&q HT=-T

I %‘g’ ¢) Energy Dispersive X-ray Spectroscopy
(EDS)- ™ fageiuer &g, (d) ICP-MS - REEs &l AET™S
fagetoor & o |

6. YAENE oA

HISTCTTES-Ih Hiae & REEs T {4 Yoiel Jare
3R SEQmEl gl & dad 3ar &1 REE pattern § Ce
anomaly (+) B U STFAIEONT ATATEOT T Hebd MHeT
%, Wateh Eu anomaly (-) ETSSIEE THTE T S0 & | 39
Tl T AT FHIFA bl TRIFIar 3 Fid I (source
rock) # TEAE H HEEE ¥ |

7. SR AR T Aed

FHISACTES-Zeh Hraar TG i 37 REE et g
T G | S T@7 8 | Hydrometallurgical faferai &
T Tt N GF: YT fhaT ST Fehal & | TaTaweT & ghe &,
TET & 16 ST HIACR SR TG Ged Fo1 & &4 H
AGHEA H TR WA T Y9 ST bl & | SAIAT RS
TS 9§ 3T REE Q0T 21 a9 ¢ |
8. T

FISANAIEE T B HIAA BT Ueh AHT @il g2h
%, dfcsk I8 g9 9T a1 Aedqol qaed W © 1 T8
ST B e, TR R o Rk Tl | e |y
(filling material) & &7 ¥ fafaa it &, 5t #@w &
qRue (coal maturation) 3R @S gAEEAT & SR
AT 2 | B AR 7@ § REE &7 Sufafd St ok @
HATE a1 3T § 9% qHEE @iend ¢ | Ao §
I 7@  REE Q-1 W SAIEM, T @ (green
mining) & o7 START fE9m Y& & | SEM fagaiaor &
T8 T FAT & [ wrelifaeEe HEd § uE fEdas,
PSR A @ & &7 § YRS Bl &, 1 9T T8,
TR AR BT AT BT T & | SHDT IAER UF WA
SR TR URERATST & SR B3 | HISlerEe & T
QG & A1 Tt SR BFd P Fef G 8 faaeor
T T & foh I8 HIAe Bl @S T, O ST
STAEOT &7 T Hed Yol &9 | THITAT Ll & | BISAiee
T ST @ISl o TS, TENIEE 1S & |1 qeanad
g AT Hear © o e o v aiRar (fluid
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interaction) 3R @feT TT8ATYA (mineral reorganization)
&I gfRaTST & g g3 ¢ | 36 UK, e &l
I T T[T, T STAMIT &l (adsorption capacity)
TR @St AT (mineralogical composition) & ek

4 U Hed Yol Hedh AT S Hehll € |
LE]
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