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lkjka'k
dkvksfyukbV ¼Kaolinite½ ,d ,Y;wfeuks&flfydsV [kfut gS tks dks;ys vkSj mldh jk[k ¼Coal Ash½ esa lw{e ;k lw{e&fØLVyh; voLFkk esa ik;k tkrk gSA
bldk izeq[k ?kVd ,Y;wfeuksflfydsV ¼Al2Si2O5¼OH½4½ ;k Al2O3.2SiO2.2H2O gksrk gS] tks fd dkvksfyukbV ¼Kaolinite½ lewg dk lnL; gSA dks;ys esa
dkvksfyukbV dh mifLFkfr dks;ys dh jk[k dh lajpuk] xSl mRikndrk] vkSj FkeZy O;ogkj ij izR;{k izHkko Mkyrh gSA blds vykok] ;g [kfut Hkw&jklk;fud
ǹf"V ls dks;ys dh ifjiDork] ngu xq.koÙkk vkSj dks;yk&tfur /kwy ds i;kZoj.kh; izHkko ds ewY;kadu esa egRoiw.kZ Hkwfedk fuHkkrk gSA

gky ds o"kks± esa ;g ik;k x;k gS fd ;g [kfut nqyZHk i`Foh rRoksa ¼Rare Earth Elements - REEs½ dk ,d izHkkoh okgd ;k laokgd ¼Carrier½ gks ldrk
gSA bl ys[k esa dkvksfyukbV vkSj REEs ds chp Hkw&jklk;fud laca/k] dks;yk jk[k esa mudh lkanzrk] rFkk i;kZoj.kh; izHkkoksa dk oSKkfud fo'ys"k.k izLrqr
fd;k x;k gSA dks;ys esa dkvksfyukbV lkekU;r% lw{e fØLVyksa ds :i esa ikbZ tkrh gS] tks dks;ys dh lajpuk ¼coal matrix½ ds Hkhrj ekStwn njkjksa]
dksf'kdh; lajpukvksa vkSj ja/kzksa ¼pores½ dks Hkjrh gS] u fd fdlh cM+s n`';eku [kfut f'kjk ¼mineral vein½ ds :i esaA lw{en'khZ ,oa SEM ¼Scanning
Electron Microscope½ v/;;uksa esa dkvksfyukbV dks lQsn ;k gYds jax dk] vR;ar eghu&nkusnkj [kfut ds :i esa ns[kk x;k gS] tks dkys dks;ys dh
i`"BHkwfe esa ik;k tkrk gSA ;g izk;% eSfVªDl lkexzh ¼matrix material½] vU; [kfutksa ij vkoj.k ¼coating½ ds :i esa] ;k njkjksa dh ijr ¼fracture lining½
ds :i esa mifLFkr gksrh gSA

SEM besftax esa dkvksfyukbV dks eghu&nkusnkj] irZnkj ¼platy½ ;k ijrnkj ¼flaky½ lajpuk ds :i esa igpkuk tkrk gS] tks fjä LFkkuksa ¼voids½ vkSj
lw{e njkjksa ¼micro-fractures½ dks Hkjrh gSA bldh ;g lajpuk n'kkZrh gS fd dkvksfyukbV lkekU;r% f}rh;d [kfut ¼secondary mineral½ ds :i esa
Mk;tsfufVd ifjorZu ¼diagenetic alteration½ dh izfØ;k ds nkSjku curh gS] vkSj ja/kzksa] fDyV~l ¼cleats½ rFkk njkjksa dks Hkjrh gSA dqN ekeyksa esa ;g lw{e
forfjr d.kksa ¼disseminated particles½ ds :i esa Hkh ikbZ tkrh gS] tks dks;ys ds dkcZfud ,oa vdkcZfud ?kVdksa ds lkFk ?kqyh&feyh jgrh gSA

eq[; 'kCn%  dkvksfyukbV] ,Y;wfeuks&flfydsV] dks;yk] dks;yk jk[k] nqyZHk i`Foh rRo] Hkw&jklk;fud laca/k] FkeZy O;ogkj] dks;yk eSfVªDl] lw{e lajpuk]
SEM v/;;u] njkjsa vkSj ja/kz] [kfut dksfVax] ÝSDpj ykbfuax] laokgd [kfut] i;kZoj.kh; izHkko] xSl mRikndrk] ngu xq.koÙkk ,oa dks;yk
jk[k lajpukA
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Abstract
Kaolinite ¼dkvksfyukbV½ 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 (Al2Si2O5(OH)4) or Al2O3.2SiO2.2H2O, 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.

izLrkouk
dks;yk ,d vR;ar tfVy izkÑfrd inkFkZ gS ftlesa eq[;r%

dkcZu ds vfrfjä fofHkUUk vdkcZfud [kfut ?kVd Hkh lfEefyr
jgrs gSaA bu [kfutksa esa DokV~tZ ¼SiO2½] ik;jkbV ¼FeS2½] dSYlkbV
¼CaCO3½] bykbV ¼KAl2 (AlSi3O10)(OH)2) rFkk dkvksfyukbV
¼Al2Si2O5¼OH½4½ ;k Al2O3.2SiO2.2H2O izeq[k gSaA

dkvksfyukbV] ftls jklk;fud :i ls Al2Si2O5¼OH½4½ ;k
Al2O3.2SiO2.2H2O  ds :i esa vfHkO;ä fd;k tkrk gS] ,d
,Y;wfeuks&flfydsV ¼Alumino-silicate½ [kfut gS tks dkvksfyu
lewg ¼Kaolin group½ dk egRoiw.kZ lnL; gSA ;g izk;% ijrnkj
¼lamellar½ ;k i=kdkdkj ¼Platy½ lajpuk esa ik;k tkrk gS vkSj
dks;ys ds fuekZ.k dkyhu volknh okrkoj.k rFkk mlds Hkw&jklk;fud
fodklØe dk l'kä |ksrd ¼Indicator½ ekuk tkrk gSA

dkvksfyukbV ,d Qk;yks&flfydsV ¼phyllosilicate½ ;k
Lrfjr e`fÙkdk [kfut ¼layered clay mineral½ gSA flfydk
VsVªkgsMªy ijr ¼SiO4 tetrahedral sheet½ ds :i esa ekStwn gksrk
gS] blesa izR;sd flfydkWu ¼Si4+½ pkj vkWDlhtu ijek.kqvksa ls f?kjk
gksrk gSA ;s VsVªkgsMªy bdkb;k¡ vkil esa tqM+dj Si2O5

2- ijr cukrh
gSaA ,Y;qfeuk vkWDVkgsMªy ijr ¼Al¼OH½6& octahedral sheet½
blesa izR;sd ,Y;qfefu;e ¼Al3+½ Ng gkbMªkWfDly ¼-OH½ ;k
vkWDlhtu ijek.kqvksa ls f?kjk gksrk gSA ;g ijr Al2¼OH½4 2+

lajpuk cukrh gSA bu nksuksa ijrksa dk la;kstu 1%1 izdkj ¼one-
to-one layer structure½ dgykrk gSA gj ,d flfydk ijr ,d
,Y;qfeuk ijr ls tqM+h gksrh gSA

bldh lajpuk esa nks izdkj dh ijrsa ¼sheets½ gksrh gSa
dkvksfyukbV dk fuekZ.k lkekU;r% feV~Vh tfur volknksa]
Mk;tsfufVd ifjorZuksa] rFkk gkbMªksFkeZy fØ;kvksa ls gksrk gSA bldh
mifLFkfr dks;ys ds jklk;fud ifjiDork Lrj ¼Chemical Ma-

turity½] jk[k xBu {kerk ¼Ash-forming Potential½] vkSj [kfut
larqyu ¼Mineral Equilibrium½ dk Hkh ladsr nsrh gSA

gky ds o"kks± esa fd, x, Hkw&jklk;fud v/;;uksa ls ;g Li"V
gqvk gS fd dkvksfyukbV dsoy ,d fuf"Ø; feV~Vh [kfut ugha gS]
cfYd ;g nqyZHk i`Foh rRoksa ¼Rare Earth Elements - REEs½
tSls ySaFksue ¼La½] lsfj;e ¼Ce½] fu;ksfMfe;e ¼Nd½] leSfj;e
¼Sm½] xsMksfyfu;e ¼Gd½ rFkk f;fVª;e ¼Y½ dk ,d lfØ;
vo'kks"kd laokgd [kfut ¼Adsorptive Host] oSKkfud lUnHkZ
esa% lrgh vo'kks"k.k djus okyk /kkjd [kfut½ ;k rRo&/kkjd voLFkk
¼Carrier Phase] oSKkfud lUnHkZ esa% og Bksl ;k [kfut voLFkk
ftlesa dksbZ rRo tSls REE] /kkrq vk;u] ;k ;kSfxd mifLFkr ;k
ladsfUnzr gksrk gSA½ Hkh gks ldrk gSA bldh lrg ij fo|eku
gkbMªkWfDly ¼&OH-½ lewg vkSj ijrksa ds chp _.kk;fud LFkyksa
¼Interlayer sites½ ij ;s f=kla;ksth REE vk;u ¼REE3+½
vkos'k&larqyu ¼Charge Balance½ ds ek/;e ls vo'kksf"kr ¼Ad-
sorb½ gks tkrs gSaA

bl izdkj] dkvksfyukbV dks vc dsoy dks;ys ds HkkSfrd
?kVd ds :i esa ugha ns[kk tk jgk] cfYd ;g dks;ys esa REEs dh
Hkw&jklk;fud xfr'khyrk ¼Geochemical Mobility½] lao/kZu ¼En-
richment½ vkSj forj.k ¼Distribution½ dks fu;af=kr djus okyk
,d izeq[k [kfut ekuk tk jgk gSA blh dkj.k ;g vk/kqfud dks;yk
HkwfoKku ¼Coal Geology½ rFkk dks;yk&jk[k vk/kkfjr REE
iqu%izkfIr ¼Coal Ash-based REE Recovery½ vuqla/kkuksa dk
,d dsanzh; fo"k; cu pqdk gSA
jklk;fud lajpuk vkSj HkkSfrd xq.k

dkvksfyukbV dk jklk;fud lw=k Al2Si2O5¼OH½4 gSA ;g
VªkbfDyfud fØLVy iz.kkyh esa ik;k tkrk gS vkSj jax lkekU;r%
'osr ;k /kwlj gksrk gSA bldh dBksjrk 2&2-5 ¼Mohs Scale½ rFkk
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fof'k"V xq#Ro yxHkx 2-6 gksrk gSA dkvksfyukbV dh lrg ij
mifLFkr OH- lewg REEs tSls f=kla;ksth /kuk;uksa ¼La3, Ce3

vkfn½ ds 'kks"k.k ds fy, lfØ; LFky iznku djrs gSaA rkfydk 1
esa dkvksfyukbV ds HkkSfrd ,oa izdk'kh; xq.k dks n'kkZ;k x;k gSA
rhukas SEM Nfo;ksa ¼fp=k 1] fp=k 2 vkSj fp=k 3½ ds lw{e fo'ys"k.k
ls ;g Li"V gksrk gS fd dkvksfyukbV dks;ys esa eq[;r% f}rh;d
[kfut ¼secondary mineral½ ds :i esa mifLFkr gksrh gSA

fp=k 1% dks;ys esa dkvksfyukbV dh SEM Nfo] dks;ys dh
ja/kzksa ¼pores½ vkSj lw{e njkjksa ¼micro-fractures½ esa Hkjh gqbZ
dkvksfyukbV dks iznf'kZr djrh gSA dkvksfyukbV lQsn ;k gYds
/kwlj jax dh fn[kkbZ nsrh gS] tcfd dks;yk xgjs dkys eSfVªDl ds
:i esa fn[krk gSA Nfo esa dkvksfyukbV dh irZnkj ¼platy½ vkSj
ijrnkj ¼flaky½ lajpuk Li"V :i ls fn[krh gS] tks n'kkZrh gS fd
;g Mk;tsfufVd ifjorZu ¼diagenetic alteration½ dh izfØ;k ds
nkSjku ,d f}rh;d [kfut ¼secondary mineral½ ds :i esa cuh
gSA blesa bldh irZnkj ¼platy½ ,oa ijrnkj ¼flaky½ lajpuk Li"V
:i ls fn[kkbZ ns jgh gSA ;g Nfo n'kkZrh gS fd dkvksfyukbV izk;%
f}rh;d [kfut ¼secondary mineral½ ds :i esa Mk;tsfufVd
ifjorZu ¼diagenetic alteration½ dh izfØ;k ds nkSjku fufeZr
gksdj dks;ys dh lw{e lajpukvksa dks Hkjrh gSA

fp=k 2% dks;ys esa vU; [kfutksa ds lkFk lgvfLrRo esa
dkvksfyukbV SEM Nfo] dkvksfyukbV dks ik;jkbV] DokV~tZ ;k
vU; [kfutksa dh lrg ij dksfVax ¼coating½ ds :i esa iznf'kZr
djrh gSA dkvksfyukbV dh eghu&nkusnkj cukoV bls vU; [kfutksa
ds lkFk lg&vofLFkfr esa igpkuus ;ksX; cukrh gSA ;g bafxr
djrk gS fd dkvksfyukbV dk fuekZ.k [kfuth; iqul±jpuk ¼min-

eral reorganization½ vkSj rjy ifjfØ;k ¼fluid interaction½ ds
nkSjku gqvk gksxkA bl Nfo esa dkvksfyukbV dks DokV~tZ] ik;jkbV
;k Dys [kfutksa dh lrg ij dksfVax ¼coating½ ;k iryh ijr ds
:i esa fn[kk;k x;k gSA dkvksfyukbV ds eghu d.k vU; [kfutksa
dh lrg ij tedj ,d pednkj ;k ijrnkj cukoV mRiUUk djrs
gSaA ;g bafxr djrk gS fd dkvksfyukbV dk fuekZ.k laHkor% rjy
izokg ¼fluid migration½ vkSj [kfuth; iqul±jpuk ¼mineral
reorganization½ dh izfØ;kvksa ds nkSjku gqvk gSA dks;ys dh
eSfVªDl esa bldk O;kid forj.k ¼disseminated occurrence½
bl ckr dk izek.k gS fd ;g [kfut dsoy njkjksa esa ugha] cfYd
dks;ys dh laiw.kZ lw{e lajpuk esa ekStwn gS ftlls ;g dks;ys ds
HkkSfrd&jklk;fud xq.kksa dks izHkkfor djrk gSA

fp=k 3% dks;ys dh eSfVªDl esa QSyh gqbZ dkvksfyukbV] Nfo
fn[kkrh gS fd dkvksfyukbV dsoy njkjksa rd lhfer ugha gS] cfYd
dks;ys dh laiw.kZ eSfVªDl ¼coal matrix½ esa lw{e d.kksa ds :i esa

fp=k 1 — dks;ys esa dkvksfyukbV dh SEM Nfo fp=k 2 — dks;ys esa vU; [kfutksa ds lkFk lg vfLrRo esa dkvksfyukbV dh SEM Nfo

fp=k 3 — dks;ys dh eSfVªDl esa QSyh gqbZ dkvksfyukbV
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forfjr ¼disseminated½ Hkh gksrh gSA ;g vDlj dkcZfud ?kVdksa
¼organic matter½ vkSj vU; feV~Vh ds [kfutksa ¼clay minerals½
ds lkFk fefJr fn[kkbZ nsrh gSA bl izdkj dh mifLFkfr ;g ladsr
nsrh gS fd dkvksfyukbV dk fuekZ.k ¼Mk;tsusfVd pj.k ls dks;yk
dk fuekZ.k& diagenetic stage of coal formation½ ds nkSjku
/khjs&/khjs gqvk] tc [kfuth; rjy inkFkks± us dks;ys dh lajpuk esa
izos'k fd;kA

3- dks;ys esa mRifÙk
dkvksfyukbV ¼Al2Si2O5¼OH½4½ dks;ys esa ikbZ tkus okyh

izeq[k e`fÙkdk [kfut ¼clay mineral½ iztkfr;ksa esa ls ,d gSA
;g [kfut u dsoy dks;ys dh Hkw&jklk;fud ifjfLFkfr;ksa dks
n'kkZrk gS] cfYd mldh volknh i;kZoj.kh; bfrgkl vkSj HkwxHkhZ;
ifjorZuksa dh tkudkjh Hkh iznku djrk gSA dks;ys esa bldh
mifLF k fr cg q fo/ k H k w & H k k S frdh; ,o a H k w & j klk;fud
izfØ;kvksa ds ifj.kkeLo:i gksrh gS] ftuesa eq[;r% Mk;tsfufVd]

vkWVkspFkksul] ,ykspFkksul vkSj FkeZy vi?kVu izfØ;k,¡
izeq[k gSa tksfd rkfydk 2 esa n'kkZ;k x;k gSA

dkvksfyukbV dks;ys esa fuEufyf[kr izfØ;kvksa }kjk curk gS%
¼i½ Mk;tsfufVd ifjorZu& feV~Vh [kfutksa dk dkcZfud inkFkZ ds
lkFk vfHkfØ;k djuk] ¼ii½ volknh fu{ksi.k& ckgjh lzksrksa ls vk,
d.kksa dk teko] ¼iii½ gkbMªksFkeZy fØ;k& mPp rkieku o nkc esa
[kfut iquxZBuA bUgha izfØ;kvksa esa REEs dk lapkj.k vkSj mudk
dkvksfyukbV ij adsorb gksuk laHko gksrk gSA

d- Mk;tsfufVd mRifÙk ¼Diagenetic Origin½
Mk;tsfufVd voLFkk og gksrh gS tc dks;ys dk fuekZ.k

volknh Lrjksa esa nch gqbZ tSfod lkexzh ds /khjs&/khjs nkc ,oa
rkieku ds izHkko ls :ikarfjr gksus ij gksrk gSA bl voLFkk esa
tSfod inkFkZ ¼Plant Detritus½ vkSj lw{e feV~Vh ds [kfut vkil
esa izfrfØ;k djrs gSaA bl izfØ;k esa vk;u&fofue; ¼Ion Ex-

rkfydk 1 % dkvksfyukbV ds HkkSfrd ,oa izdk'kh; xq.krkfydk 1 % dkvksfyukbV ds HkkSfrd ,oa izdk'kh; xq.krkfydk 1 % dkvksfyukbV ds HkkSfrd ,oa izdk'kh; xq.krkfydk 1 % dkvksfyukbV ds HkkSfrd ,oa izdk'kh; xq.krkfydk 1 % dkvksfyukbV ds HkkSfrd ,oa izdk'kh; xq.k
la[;k jklk;fud  ,oa  HkkSfrd xq.k fooj.k

1- lajpuk izdkj 1%1 ¼vksDVkgsMªy + VsVªkgsMªy½ ijrsa½

2- eq[; vk;u Al3+, Si4+, O2-, OH-

3- jax ¼Color½ 'osr ls Øhe jax rd( dHkh&dHkh v'kqf);ksa ds dkj.k yky] uhys ;k Hkwjs vkHkk

fy, gq, rFkk gYds ihys jax esa Hkh ik;k tkrk gSA izk;% fofHkUUk jaxksa tSls ru

¼gYdk Hkwjk½ ,oa Hkwjs /kCcksa ls nkxnkj :i esa feyrk gSA

4- LQfVd vkÑfr ¼Crystal habit½ lkekU;r LQfVd :i esa nqyZHk] dHkh&dHkh iryh IysVksa ;k ijrnkj <sj ds :i

esa ik;k tkrk gSA izk;% lw{edk; NÉ&"kV~Hkqth ¼Pseudo hexagonal½ IysVksa
rFkk IysV lewgksa ds :i esa tks fd l?ku] e`fÙkdkuqek nzO;eku ¼Claylike
masses½ cukrs gSaA VªkbfDyfud@eksuksDyhfud

5- foHkktu ¼Cleavage½ ¼001½ ry ij iw.kZ ¼Perfect on {001}½
ca/ku izdkj gkbMªkstu ca/ku ¼hydrogen Bonding-Inter Layer½ ,oa lgla;kstd ca/ku

¼Covalent Bonding-Intra Layer½

6- n`<+rk @ rU;rk ¼Tenacity yphyk ¼Flexible½ fdarq vusykfLVd ¼vykspuh; @uizR;kLFk½

7- eksg dBksjrk ¼Mohs scale hardness½ 2 ls 2-5 ds chp

8- ped ¼Luster½ eksrh tSlh ¼Pearly½ ls ysdj ean e`fÙkdkuqek ¼Dull Earthy½

9- js[k ¼Streak½ 'osr ¼White½

fof'k"V xq#Ro

¼Specific gravity½ 2-16 & 2-68

10- izdk'kh; xq.k f}{kh;] _.kkRed ¼Biaxial, Negative½

¼Optical properties½

11- viorZukad nα ¾ 1.553-1.565, nβ = 1.559-1.569, nγ = 1.569-1.570
¼Refractive index½

12- 2θ dks.k ¼2θ angle½ ekik x;k ¼Measured½% 24°-50°] xf.krh; :i ls izkIr
¼Calculated½% 44°
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change½ vkSj foy;u&vo{ksi.k ¼Solution-Precipitation½ tSlh
fØ;k,¡ gksrh gSaA ifj.kkeLo:i ,Y;wfefu;e&lè) Qk;yks&flfydsV
¼Phyllosilicate½ [kfut] tSls dkvksfyukbV] curs gSaA ;g izk;%
dks;ys ds eSfVªDl esa eghu ijrksa ds :i esa feyrk gS rFkk
ik;jkbV ;k tSfod lajpukvksa ds pkjksa vksj vkPNkfnr :i esa
ik;k tkrk gSA Mk;tsfufVd dkvksfyukbV dk fuekZ.k lkekU;r%
60°C ls 120°C rkieku dh lhek esa gksrk gS vkSj ;g dks;ys dh
ifjiDork ¼coal rank½ ds izkjafHkd pj.kksa ls lEc) ekuk tkrk gSA

[k-  vkWVkspFkksul ¼In-situ½ fuekZ.k
bl voLFkk esa dkvksfyukbV dk fuekZ.k dks;yk cuus dh

izfØ;k ds nkSjku gh] mlh LFkku ij ¼In-situ½ gksrk gSA dks;yk
fuekZ.k ds le; ihV ¼Peat½ Lrjksa esa mifLFkr feV~Vh ds [kfut vkSj
flfydk lzksr vkil esa izfrfØ;k djds dkvksfyukbV cukrs gSaA ;g
izfØ;k /kheh xfr ls pyrh gS vkSj LFkkuh; Hkwty dh jklk;fud
lajpuk] pH rFkk vk;fud 'kfä ij fuHkZj djrh gSA bl izdkj cuk
dkvksfyukbV lkekU;r% lw{ed.kh; ¼fine-grained½ gksrk gS vkSj
dkcZfud inkFkZ ds lkFk l?ku :i esa feyrk gSA vkWVkspFkksul
dkvksfyukbV dks dks;ys dh ewy Hkw&ijr ¼basal or inter seam
mudstone layers½ ls tksM+k tkrk gS] ftlls ;g Li"V gksrk gS fd
;g LFkkuh; Hkw&jklk;fud fLFkfr;ksa dk ifj.kke gS] ckgjh
vi{ksi ughaA

x- ,ykspFkksul ¼Allochthonous½ lzksr
dqN ifjfLFkfr;ksa esa] dks;ys esa ik;k tkus okyk dkvksfyukbV

ckgjh lzksrksa ls vkrk gSA ufn;ksa] Ökjuksa ;k gkbMªksFkeZy izokgksa }kjk
volkn ¼Sediment½ ds :i esa ;g dks;ys dh ijrksa ij te ldrk
gSA ;g ckgjh dkvksfyukbV izk;% Hkwjs ;k yky jax dk gksrk gS]
D;ksafd blesa ykSg ¼Fe½ vkSj VkbVsfu;e ¼Ti½ tSls v'kq) rRo ik,
tkrs gSaA bl izdkj dk dkvksfyukbV dks;ys dh jk[k esa vf/kd ek=kk
esa feyrk gS vkSj ;g dks;ys ds Toyu ds ckn ^^fly ash** esa
fof'k"V lajpuk iznku djrk gSA ,ykspFkksul dkvksfyukbV dks
igpkuus ds fy, [kfuth; v/;;u ¼XRD½ vkSj rRoh; fo'ys"k.k

¼XRF/SEM-EDS½ egRoiw.k Z gk sr s g S a ] D;k s a fd bles a
LFkkuh; :i ls cus dkvksfyukbV dh rqyuk esa rRoh; forj.k fHkUUk
gksrk gSA
?k- FkeZy vi?kVu ,oa iquxZBu ¼Thermal Decomposition
and Reformation½

tc dks;yk xgjkbZ esa vf/kd rkieku vkSj ncko ds v/khu
vkrk gS ;k Tokykeq[kh;@gkbMªksFkeZy xfrfof/k;ksa ls izHkkfor gksrk gS]
rks dkvksfyukbV dh lajpuk esa ifjorZu gksrs gSaA 400&600°C
rkieku ij ;g vkaf'kd :i ls esVk&dkvksfyukbV ¼Meta-Ka-
olinite½ esa ifjofrZr gks tkrk gSA bl rkih; ifjorZu ds nkSjku
lajpuk ls fMgkbMªkWfDlys'ku ¼Dehydroxylation½ }kjk ty ¼struc-
tural OH- groups½ fudy tkrk gS ftlls lajpuk veksQZ
¼vfØLVyh;½ gks tkrh gS vkSj Si-O-Al ca/ku iquxZfBr gks tkrs gSaA
vkxs pydj ;g mPp rki ij eqykbV ¼Mullite½ vkSj fØLVkscsykbV
¼Cristobalite½ tSls [kfutksa esa ifjofrZr gks ldrk gSA ;g ifjorZu
dks;ys dh jklk;fud fLFkjrk] ngu O;ogkj vkSj jk[k dh [kfut
lajpuk dks izHkkfor djrk gS] rFkk blhfy, ;g vkS|ksfxd n`f"V ls
Hkh vR;ar egRoiw.kZ gSA ;g ifjorZu feV~Vh [kfutksa dh rkih;
fLFkjrk dks n'kkZrk gSA dks;ys dh jk[k esa eqykbV cuus dk ;gh izeq[k
lzksr gSA nqyZHk i`Foh rRoksa [REEs ¼Rare Earth Elements½] ds
iqufoZrj.k ¼redistribution½ esa esVkdokfyukbV dh Hkwfedk gksrh gS]
D;ksafd bl izfØ;k esa lrg dh fØ;k'khyrk ¼surface reactivity½
c<+ tkrh gSA

igyk pj.k% dkvksfyukbV ls esVk&dkvksfyukbV ¼550&600°C ij½
• bl rkieku ij dkvksfyukbV ¼Al2Si2O5¼OH½4½ dk

fMgkbMªkWfDlys'ku ¼Dehydroxylation½ gksrk gS] ;kuh
blds gkbMªkWfDly ¼-OH½ lewg fudy tkrs gSaA

• blls ty ¼H2O½ eqä gksrk gS vkSj esVk&dkvksfyukbV
¼Al2Si2O7½ curk gSA

• ;g ,d vekWQZl ¼amorphous½ voLFkk gksrh gS] ;kuh
blesa dksbZ Li"V fØLVyh; lajpuk ugha gksrhA

la[;k dkvksfyukbV dh izeq[k izfØ;k Hkw&jklk;fud ladsrd
mRifÙk dk izdkj

1- Mk;tsfufVd tSfod inkFkZ&[kfut fØ;k] Al, Si, OH lewgksa dh fLFkjrk

vk;u fofue;

2- vkWVkspFkksul bu&lhVw :ikarj.k LFkkuh; feV~Vh lzksr vkSj ty jlk;u

3- ,ykspFkksul cká vi{ksi@volkn ifjogu Fe, Ti v'kqf);k¡] ijrnkj tek

4- FkeZy iquxZBu mPp rki ij ty&{k; vkSj iquLQZVhdj.k esVk&dkvksfyukbV vkSj eqykbV dk fuekZ.k

rkfydk 2 % rkfydk 2 % rkfydk 2 % rkfydk 2 % rkfydk 2 % dkvksfyukbV mRifÙk dh lkjkaf'kr izdkj
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nwljk pj.k% esVk&dkvksfyukbV ls fLiuy ¼925&950°C ij½
• rkieku c<+us ij esVk&dkvksfyukbV dh lajpuk vfLFkj gksdj

fLiuy ¼Spinel½ uked e/;orhZ ;kSfxd esa cny tkrh gSA
• bl izfØ;k esa dqN eqä flfydk ¼SiO2½ Hkh vyx gks

tkrh gSA
• ;g voLFkk fØLVyhdj.k ¼Crystallization½ dh 'kq#vkr

dk ladsr nsrh gSA
rhljk pj.k% fLiuy ls eqykbV vkSj fØLVkscsykbV ¼>1050°C ij½

• vR;f/kd rkieku ¼1050°C ;k mlls vf/kd½ ij fLiuy
iquxZfBr gksdj nks fLFkj Bksl mRikn cukrk gS% eqykbV
¼3Al2O3.2SiO2½ & ;g ,d mPp&rki izfrjks/kh [kfut
gSA fØLVkscsykbV ¼SiO2 dk mPp&rkih; :i½ & ;g
flfydk dk ,d :i gSA

• ;g vafre :ikarj.k LFkk;h vkSj vifjorZuh; gksrk gSA

;g Øfed izfØ;k fn[kkrh gS fd rkieku c<+us ij dkvksfyukbV
/khjs&/khjs ty [kksrk gS] viuh lajpuk iquxZfBr djrk gS] vkSj varr%
mPp rki ij LFkk;h fØLVyh; ;kSfxd eqykbV vkSj fØLVkscsykbV esa
ifjofrZr gks tkrk gSA ;g ifjorZu dks;ys dh jk[k ds [kfuth; vkSj
HkkSfrd xq.kksa dks dkQh izHkkfor djrk gS] fo'ks"k :i ls FkeZy fLFkjrk
vkSj REEs ds vkokl ¼hosting½ ds lanHkZ esaA

4- dkvksfyukbV vkSj REEs ds chp laca/k
dkvksfyukbV dh ijrnkj lajpuk vkSj lrg vkos'k REEs dks

vkdf"kZr djrs gSaA ;g adsorbed :i esa REEs dks viuh lrg
;k var% ijr esa ck¡/k ysrk gSA phu vkSj Hkkjr ds dqN dks;yk {ks=kksa
esa dkvksfyukbV&;qä dks;yk jk[k esa 300&600 ppm rd REEs
dh lkanzrk ikbZ xbZ gSA ;g n'kkZrk gS fd dokfyukbV REEs dk
laHkkfor f}rh;d lzksr ¼secondary source½ gSA

5- fo'ys"k.k rduhdsa
dkvksfyukbV vkSj REE ds v/;;u ds fy, eq[; rduhdsa

gSa% ¼a½ X-ray Diffraction ¼XRD½&lajpuk igpku gsrq]

¼b½ Scanning Electron Microscopy ¼SEM½&lw{e lajpuk
v/;;u gsrq] ¼c½ Energy Dispersive X-ray Spectroscopy
¼EDS½& rRoh; fo'ys"k.k gsrq] ¼d½ ICP-MS - REEs dh ek=kkRed
fo'ys"k.k ds fy,A

6- Hkw&jklk;fud egRo
dkvksfyukbV&;qä dks;ys esa REEs dk forj.k Hkwty izokg

vkSj volknh lzksrksa ds ladsr nsrk gSA REE pattern esa Ce
anomaly ¼+½ gksus ij vkWDlhdj.kh; okrkoj.k dk ladsr feyrk
gS] tcfd Eu anomaly ¼&½ gkbMªksFkeZy izHkko dks n'kkZrh gSA bu
rRoksa dk v/;;u dks;ys dh ifjiDork vkSj lzksr 'kSy ¼source
rock½ dh igpku esa lgk;d gSA

7- vkS|ksfxd vkSj i;kZoj.kh; egRo
dkvksfyukbV&;qä dks;yk jk[k dks vc REE fu"d"kZ.k gsrq

laHkkfor lzksr ekuk tk jgk gSA Hydrometallurgical fof/k;ksa ls
bu rRoksa dks iqu% izkIr fd;k tk ldrk gSA i;kZoj.k dh n`f"V ls]
ngu ds ckn mRiUUk dkvksfyukbfVd jk[k lw{e d.kksa ds :i esa
ok;qeaMy esa QSydj LokLF; ij izHkko Mky ldrh gSA blfy, ¶ykbZ
,s'k izca/ku vkSj REE iqupZØ.k nksuksa vko';d gSaA
8- fu"d"kZ

dkvksfyukbV u dsoy dks;ys dk ,d lkekU; [kfut ?kVd
gS] cfYd ;g nqyZHk i`Foh rRoksa dk egRoiw.kZ laokgd Hkh gSA ;g
[kfut dks;ys dh ja/kzksa] njkjksa vkSj lw{e fjä LFkkuksa esa Hkjko lkexzh
¼filling material½ ds :i esa fodflr gksrh gS] tks dks;ys ds
ifjiDou ¼coal maturation½ vkSj [kfuth; iqul±jpuk ds nkSjku
curh gSA dks;ys vkSj jk[k esa REE dh mifLFkfr ÅtkZ vkSj [kfut
lalk/ku nksuksa dh n`f"V ls ubZ laHkkouk,¡ [kksyrh gSA Hkfo"; esa
dks;yk jk[k ls REE iqu%izkfIr ij vuqla/kku] LoPN [kuu ¼green
mining½ ds fy, mi;ksxh fn'kk iznku djsxkA SEM fo'ys"k.k ls
;g Li"V gksrk gS fd dkvksfyukbV dks;ys esa ,d f}rh;d]
lw{enkusnkj Dys [kfut ds :i esa mifLFkr gksrh gS] tks izk;% ja/kzksa]
njkjksa vkSj dks;yk eSfVªDl dks Hkjrh gSA bldh irZnkj ,oa ijrnkj
lajpuk ;g ladsr nsrh gS fd bldk fuekZ.k Mk;tsfufVd izfØ;kvksa
vkSj rjy ifjfØ;kvksa ds nkSjku gqvkA dkvksfyukbV dk vU;
[kfutksa ds lkFk lgvfLrRo vkSj dks;ys dh laiw.kZ lajpuk esa forj.k
;g n'kkZrk gS fd ;g dks;ys dh [kfuth; jpuk] xq.koÙkk vkSj xSl
vo'kks"k.k {kerk dks egRoiw.kZ :i ls izHkkfor djrh gSA dkvksfyukbV
dk vU; [kfutksa tSls DokV~tZ] ik;jkbV vkfn ds lkFk lgvfLrRo
;g bafxr djrk gS fd bldk fuekZ.k rjy ifjfØ;k ¼fluid
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interaction½ vkSj [kfut iquLFkkZiu ¼mineral reorganization½
dh izfØ;kvksa ls izHkkfor gqvk gSA bl izdkj] dkvksfyukbV dks
dks;ys dh xq.koÙkk] xSl vo'kks"k.k {kerk ¼adsorption capacity½
vkSj [kfuth; jpuk ¼mineralogical composition½ ds ewY;kadu
esa ,d egRoiw.kZ ?kVd ekuk tk ldrk gSA
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