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Investigation on a 4N8 grade high purity quartz deposit from northern India:
Implications for ore prospecting in China
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Abstract: Fused quartz crucible produced from high purity quartz (HPQ) sands is an essential material in which
monocrystalline silicon ingot is grown by a process called the Czochralski process, and therefore plays an important
role in solar photovoltaic cell and semiconductor industries. Almost all HPQ sands used for fused quartz crucible
production in China come from overseas HPQ deposits in USA and India. Investigations on foreign HPQ ores with
focus on impurities occurrences, beneficiation test, and resources potential evaluation are pivotal for HPQ deposits
prospecting in China. In this study, I used a combination of multiple analytical techniques to conduct petrographic

analysis, process mineralogical investigation and beneficiation test on a high purity quartz ore from northern India.
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My efforts reveal that quartz crystals from the ore material are relatively equant in size and largely devoid of liquid-
gas inclusions. The existing liquid-gas inclusion assemblages predominately occur along grain boundaries of quartz
crystals, and diffusive inclusion assemblages are extremely rare. Identified gangue minerals, in order of frequency,
are Fe-bearing muscovite, iron oxides, ilmenite, zircon, monazite, brabantite, rutile, and mainly embedded
among quartz crystals. Based on the impurities occurrence features of the Indian HPQ ore, refinement flowsheet
composed of crushing-grinding, sorting, calcination, water quenching, high gradient magnetic separation, flota-
tion, acid leaching, and hot chlorination was carried out, and end products were verified as 4N8 grade HP() sands
(total concentrations of 15 trace elements < 20 x 107°, SiO, content > 99.998%). By comparison with [0TA CG
HPQ sands, the 4N8 grade HP(Q) sands extracted from the Indian HP(Q) ore were deemed to be used to produce outer
layer of quartz crucible. Implications for HPQ ore prospecting in China deduced from this investigation practice on
the Indian quartz-crucible-grade HPQ ore could be concluded as follows. Resources evaluation on potential HPQ
ore in conjunction with process mineralogical study and beneficiation test is an essential prerequisite for deposits
prospecting. Given the current political-economic environment, I recommend that the Chinese government designate
the HPQ) raw material as a unique mineral resource and enroll it on the National Strategic Mineral List. Subsequent-
ly, a general specification for HPQ ore exploration is needed with great urgency. In order to create domestic break-
through on HPQ ore prospecting and resolve the dilemma that supply chain of HPQ sands used for solar and semi-
conductor industries relies heavily on USA and India, the domestic sections of HP() deposits prospecting and explo-
ration, HPQ sands extraction, HPQ products fabrication, and application end user should work collaboratively un-
der the government organization and supervision.

Key words: quartz crucible; beneficiation test; high purity quartz sand; high purity quartz deposit; implication for
ore prospecting
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Hand sample photographs of YD-2 high purity quartz raw material

Fig. 1

a— MRS YR A1 5 b—HI TR E A B BRE s o TR ARG A ekt

a—crushed raw chunks; b—chunk for thin section preparation; c—chunk for beneficiation test
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Fig. 2 Beneficiation flowsheet applied on YD-2 ore material

and the associated refinement principles
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c—final concentrates
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Fig. 4 Microphotographs of grains and inclusions of YD-2 ore material (a~c—cross-polarized light; d—plane-polarized light;
e~ f—Dright light)
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a—granular quartz crystals of the YD-2 ore material, black arrows indicate muscovite grains embedded within quartz crystals; b—weak undulose

extinction observed in quartz crystals; c—minor quartz grains showing bulging recrystallization ; d—most quartz crystals are devoid of inclusion impuri-

ties; e—inclusion assemblages situated along quartz crystals boundaries; f—diffusive inclusion assemblages occur within rare quartz crystal interior
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Fig. 5 Feature and pattern of gangue minerals in YD-2 ore material
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a, b—muscovite; ¢c—iron oxides; d, e—monazites; f, g—ilmenite; h, i—zircon; j, k—brabantite; 1, n—rutile, kaolinite, chlorite;

O—=xenotime ; P—pyrite
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Table 1 Trace element concentrations of quartz sands
produced during stepwise beneficiation processes

4%  YD2-A  YD-2-B  YD-2-C  YD-2-D IOTA-CG
Al 7855.563 135.941  7.953  7.060 14
B 2.281  0.441  <0.188 <0.186  <O.1
Ca 13.971  4.383  1.523  1.254 0.6
Cr 5194  0.558  0.034  0.004  0.007
Cu 0.367  0.202  0.101  0.082  0.019
Fe  1171.363 105.945 3.910  1.410 0.3
K 3801.003 37.422  0.615  0.390 0.7
Li 0.404  0.272  0.251  0.153 0.5
Mg 268.022  3.792  0.091  0.047 0.04
Mn 2,720 0.304  0.071  0.039  0.029
Na 500.269  7.305  2.881 1.031 1.0
Ni 0.300  0.152  0.005  0.011  0.00I
P 10.698  8.263  0.425  <0.425 0.1
Ti 382.249  24.301  8.703  8.129 1.2
Zn 0.482  0.041  0.012  0.006 0.01
?g“% 14 014.888 329.321 26.576  19.616  18.506
Si0,
s gy 08 500 99967 99.997  99.998  99.99%

T ZRFCE S RN Rx107; YD-2-A N RH TR, YD-2-B Mg
PO TG -TRE = ), YD-2-C AR IZ =%, YD-2-D N kb -
TR Y SRR R A 70~ 140 H (109~212 pm)

FIu—: ENFEACERIE AN8 9 4l 41 3 JFURHIF 5T S H FR R 1 480 5 7 159
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6000} YD-2-C
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B
';‘ 40004
2000} /\
0 L e /h./.\.. .
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Bl 6 YD-2 " fi7Efaliid B A1 Jerb i 2 BT R & AL Al
Fig. 6 Gradual reduction in trace element concentrations of
quartz sand products during stepwise beneficiation processes of
YD-2 ore material
YD-2-A—JE0BORE ;. YD-2-B—JBBK - R 545 YD-2-C—
HRBL; YD-2-D— AL UL
YD-2-A—raw material ; YD-2-B—product of calcination water quenching,
high gradient magnetic separation, and flotation; YD-2-C—acid leaching
product; YD-2-D—product of hot chlorination and subsequent acid

leaching

TEdR Al o AN [ R 4 2R T AR I 24 T
TR A ARG (R L 6) . FHEMAE
7R B0 5N Al K Fe Na Ti Mg, 245 i
it 14 000x 10°°( Si0, 4l 98. 599%) , Hiv, Al K,
Fe & EHHIE 1 000x10°°(F 1), 55 A 19 £ 5k
AT YR E R A S BERER A (4 B 5) & —3
Mo Ti ik g ) F2 2 s il 74 v LK R
ST 40 s Na Fil Mg 25 0 ) = B4R 1T A 0 A
A B AR BT DTk (18] 4d ~41)

Z I B KR — R - TR S5, RO A 119 44 T A
HREE 329. 321x10°°(Si0, 4l 99. 967%) , Al K,
Fe Na Ti Mg G0 R ¥ RIEFEAR (K 6) , 15 1] % 4t
PRAEEAR LB T A h R RER S Sk o B BRER
W REL Y N RS (B 4 K 5)

SR G TRE G, W0 B 1) 24 T 8 & %G 5
26.576x107°(Si0, 4liJ¥ 99.997%) , K E| T 4N7 = 4l
APAPARIE, o AL R RIRRRIRE 7. 953%10°°,
Fe Fmf% % 3.910x107°  Na Frimf# 4 2. 881x107° K &
IR 0.615x10°°, Li S EEE0.251x10°°,Ti & it
2 8.703x10°°( £ 1) , U IIR A TR = i F2 v] AT
B A RIRABRA RN, LBR T A A
R B BB DL R BEARRE A4 0T,

W FEAE R b - IR A TRIR IS , 4 T i
P FE R 19. 616x10 °(Si0, Z1JF 99.998% ) , J& T
ANS sl (£ 1), FEERFICE Al Fe Ti,



160 A

i W

A
= % Gk

i 44 3%

Na Li K 7 5 78 b B v 35 47 BT AR, JE L2 L
Na K X 3 FhOCE &8 Z MM ZRIHY 3. 747x107° [
£ 1.574x10°° R GEALKT be 2 BR T — 5 1 fh s Bk
SIRAFOCE, Ti FHEE 8. 129%107°, [ IEAE
MM Fe S HMIFEZR 1.410x10°°, A RE TG HH R R 7t
— L EBR T Z BT HRAEERYY AT BRI D Bk kT A
IGE (NG E R Vs i 1 I N =SS B o155 i Vv
AE T ZLAE T 0 S A b, G e A R B
P AE AR e IR T ME DL 22 5% ( Manukyan and Mar-
tirosyan, 2003)

2.4 Xftea#ritie

2.4.1 JTTEREEX I

ENJE YD-2 5" 47 il %5 ) 4N8 2% YD-2-D i 4fifq
b 55 35 [ B W JR B LU AR P Y 4NS 2% TOTA
CG M2l b fE TR & e AP — 225 (R
1), 1S FpaionR, ST rEFHBEH TR EE
J& Al Ti .Fe Ca Li K(& 7).

YD-2-D A JERP Y Al & &2k 7. 060x 10 °, K1
X T I0TA-CG AHERPIY Al JTCE & HE(14%x10°°) o XF
AP B PERE BAA s ma VR T i 4 B ot &R L,
Na K & EHR B80T 10TA-CC A0 AY Li Na,
K&E(ET),

YD-2-D A4 B Ti Fe . Ca L E S RE T
I0TA-CG A fb (& 7), H Ti TR & & 8x
10°, 5 F [0TA-CG AR Ti JTCER & (1. 2%
10°) ;Fe fl Ca JCE &8 HLHT 1x10°°,# H} T0TA-
CG A HAPI) Fe TEZE (0.3%10°°) Fl Ca TCE F (0.6
x107°) , i E Y Fe J0E 0] BER I T i A A 3 5 AR
P X DL 2 B AR IR (1S SRR Th IR A 1%

15

—— [OTA-CG
——YD-2-D

)

Al B Ca Cr Cu Fe K Li Mg Mn Na Ni P Ti Zn
Bl 7 YD-2-D ialifi 355 5 10TA-CG Falifr 3Ly
ARFOLR X
Fig. 7 Comparison in trace element contents between YD-2-D

and IOTA-CG high purity quartz sands

wy/107%

L
T

BT BR BB W A T ( ZIRPRIZ BT Fe 75 iR
MR ) . MG ERAE T 23805 A nl Rt — 2 B
Fe B9 &,

2.4.2  ALEARRHIEXS L

YD-2-D {5 4l A B b ()AL AR FRAIE S TOTA CG
Al b AL 8) , NIRRT A SR )
JEAFFEIER W], YD-2-D 5 10TA CC AR A —
3, AR, I BoRLAR AR, 34 E A /0 i % B TR
AL BEVRBE () A JERDRIURE | 285 UL 5 A 2tk mlnt R A 2
PRRER AT SR Ok (] 8) . ANk 7 YD-2-D A7 5
Hh B B T DR A5 S AR 1) A S A A X B D ([
8b) , 5 YD-2 W41 5 1 i WLEE B A A 0 i A R
FLBEIRFR D (B 4d ~4F) FOERIFE S350 .

AR, A 5T R A A 0 F AR Y Li Na K F2 2L
WAAE T i s 1] B R 22 AR ( Gotze et al. , 2021)
YD-2-D £ #cfbH1 Li Na K S50 5% Y& =K T I0TA
CG A HRy , WA~ Tl B A BE AR Ry /D A
FHIE
2.4.3 g

FEA B R A K A S R B R TR IR B v, R ) A
JOT T 3R R I 13 P B R BRSO o 1) 5 e AN [ A
H 727 AR FEAE 45035 04 BF 5% 34 38R A3 B (Warden
et al. , 2023) . ARIEIA U, 7E bR A, A
BEHEIA PN AR [A] 2% 0 JC 28 3 HIGH B FB E R EOR ]
(Cherniak, 2010) , fJ#0,Li Na K %04 @R
BORB BRI, M Ca JLERY BB B MR T 084
J& JC & ( Verhoogen, 1952; Pankrath and Florke,
1994) ; Al JT R ¥ HUH B F18 i R FO AR ( Tailby
et al. , 2018) ,{H 35 M 3 35 ¥ K BE F1 A% B ( Yamahara
et al. , 2004; Liu et al. , 2016) , HOC R & & Afeid
15, WASBERLAR (HEAT M N B3 I, A7 B 3 38 % e 2
AYERS Al TER S 8RAE 10x10°° A fE) ;Ti L&
HIY BB 15 R R 2212, H AR T AL TR Y B
@J‘?}R%ﬁ((:hemiak et al. , 2007) ;Fe ETHESRE
TR, HURNS 33 B RS 15 23 52 M B fb A 1 LT
¥ ( Thorsen, 2016; Warden et al. , 2023) , H:y #
FEE Ca JTREM, FFHY BB EEHBLE N AR
(Austreid, 2020) , 7248 H W FE S ] B0 ke
B, 22 G R A A SR N B B R 185 B REIG
{5 B ] 30 i = K 0 1) 5500, 2 o 20 3H 3R b )=
0 T F AR AR USRS — 1 R R 2 —

—SERIFSE R Y, o Al DERD Y ik EA 0 B AR
JO3 25 5 15 A A S S AR 0L DA 5 M) Ay 8 3 39
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Fig. 8 Comparison in optical features under varied magnification between YD-2-D and IOTA CG high purity quartz sands
a—TOTA-CG Rl 4R s b—YD-2-D 4l SEh>
a—IOTA-CG high purity quartz sands; b—YD-2-D high purity quartz sands

FA P BE RN BR i A 22 4 ) %6 ( Huang et al. , 1999;
Minami et al. , 2011; Hansen, 2017; Paulsen et al. ,
2019) , TR V2R A AR P b 1 Al SR
PR S g /N RS ST 3 A6 56 1 s 2 5 A7 i W
JZE 7 2R W H A= 7= 10 7 S b RE AR FH T ) 0 2
s, SR, HETA O @ aliA i i BBk 5 A 0
T3 Y I 2 B 2 1) A 36 A R 2 JOHIL 3L v A 0
Wt , BT R 5

BT B H B 2 BT R O A L
AFERIHLER, 25575 JE AR BT R & 1 AL AR RRAE
INENRE YD-2 " 7 i 4 1Y s 4l A7 S b v] J 74 9
HHHPED  JE RS LUT AT, 55—, EIRED
JE YD-2 B il £ (4 5 i JERP IS T 4NS 4%,
Al Li Na K 55 5CHETT 2 A9 & & 8%, (H 2, il % 1Y
P ALATIERD P Ti Fe ,Ca JCR & i3 i, T A7 9t
BN R S0 A RE A A B, VT R S
FCHIATEREA B M O AL Bt ik 2E AR I, SR 1T
SEILRAE SR T HORNS i A B, Sy T
WANZEW SR TR AT, SR BN YD-2 A B
e R T AT D B4l i £ 1Y) ANS YR alif
Yeb IR Z% T L TOTA CG 4l b o /b B

W AT B T AR A DA I Y SO R, D ] T
WANZ R T 5 —F B AN AR R R
B AR B XFEREE YD-2 JFURHT R I 55 4l A S o
A 7 A T S 1 8, s e W IO £ A
o B e 2l S T AR S SR AR, MR S A/ iE
TARSCIBI IS I

3 HREER

P [ 1 0 B R ) 1 5 R A RN PR i A 4P
WM AR BT T — g R, RS IA R H al
TR A& e ali Db Y G (R R S R I T
A 22 FURARARAS Y T P2 405 15 2l A S mb () ot 5
Zam ik (R, 2014 SR3GESE, 2019; FJL—,
2021; VER, 2022; HHREHES, 2022) , IREE T HE
FE BT LT EY 55T 1 0 40 JEORE G 9 DR SR AR I
EREE R S A P e R, L, v E
JE VR AT S | SRR Ml b BB A O S LA
AT E IR T — 25 [ S kA S FAE i A6 it
TR 55 i A % SR I 5 R A RS UR T AN TAE A6
M EZRAREE, 2022 5KIGHCAE, 2022b; X4 P14E,
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2022) B i (KBS, 2022¢) | BT (b AR,
2022) VER( 2SS 20205 Xia et al. , 2023) i
Jt(Wang et al. , 2022; BIEFEFE, 2022) VLPG (KD
555, 2023) DU SEHUEUAS T B &80, {H2, Bl
] NATY AR 3 oA RIS R | it Jo B A 1) A e 2 B 2
o Al B SR GRS R N 2 MK TH 58 2 4Kt
2 E I IR B L B4 AN Z AR BT A )
A B ENEE 2w B0 AR [ SO IR EDB R e
DRI S AAGES R b i v 0 St 1 A AR T i 1 0
M3, R, 3% B o 75 0 K s 4l A 3 R Y
ARG IR, T BT A S 3 g gl
BRI AR AT A

AT T Jr 1 B BE LA SO0 5 e A 0 ot T
PO 7/ S N T N AN A o | DS W i TR
XTI A e R R B A LU R
3.1 BaRFERERHERT NEREEREITEMNETH

E

AT TF R B0 v 247 9 JFORHG 5 7 W A
JEPEEAFERAE . FEH 7 BRI R AR ) A
VFZW 7 ] LIRS T B | I 0 A A i A
AL o3 B R VA BT PR b BT, A2, X T i 4k
AT JFORIUL JFA 1 110 Si0, 4l Ak 2 it 2
ETHEESHZMME, P, % YD2 RS Sio,
AN 98. 599% (R 1), AR T2 kA 988 4
[ Si0, 4liE(TER , 2022) ; 1M 32 [ 335 & 0 Uk 8L
iR AR R A E (B R s ), A de g B
MK T 30% (Brobst, 1962; JKMESE  2010) . SR H]
FHIX L JFORLT £7 B 145 T 4N8 i 4l e rb , i ah
I FH A B o & T — e (L 4l AR A kA
Pty A7 PRl 25 1 A7 SERD AR ME IR ) AN G (TE
R, 2022) , JEPFIELE T EOBHT A 0 8 258 4% 5
IRAERE R T L0 PR E I T 0 A M HE i 5
TR I B 4 1 1o A St it J3T , R RIS [R) 2 531) A [+
USSR JEURHT 1) 9% U5 LI R AE 2R 2 A
R i R i o P50, PRI Ik, T e A
JEORH R B T B S X T A I JEOR A A
AT RGBSR TN | 1 35 4% U ARS8
W 2E oM R4 L RS IR T B E R 48 T
Al JFOREE , FF R 5 S8 T R A R I A T N
W,
3.2 REBRFHSAAERERMIIAFY T, AN

BT = E IR
Fai A SRR TAE S B e A 2R K

17525 A 6 DR LT v 0 R e X 3 LA
PRPE, BN, S alia S FR T A 2R 2R, Ok A Bk
A LR ARA ARESE, R
T (EJIL—, 2021), Hr JkAdEfirs ges 2R IE
Al ST A, 26 5 A S R A S Al Sy 4
Fift, A W b AS RE A B 5 i 4 D OB A S 2 A
(RN . TRIRE , o 0 A 0 DAk 1) R B i 2 1 B A
AT Hb T 2% A 2 DR AR e A 1 R 6 E R
PR A=l 1 ik s 2 4 B T B R U A, H
&, T E A 1 AR o 4l B SRR B A S 4 R 3K
T b 0 R A | R A B N g R A L A A
VFZ AT, B, — 18 5 A A AL i 4l A 0 JRR)E
HEELIK AT = B S50 Fosc i AL T R4k 8™
By — BB k£ S i A 2 ORI & 2 R B B A
ks sk e kA e 55, o s n) B~y T 208
TE R AU BE R I PR B B2 A5 BRI &, 77 AL
AR AR, WK, IR R R, AN F T
PREPEFF R o 5 — T T, S 8 Al SRR
BEUR T e BRI DX K] v 25 5 Bk 20 R AT R HR
WA B MELV S  2m

LT LIRS, 15 2 5 3 4 ok Z2 K 5
Sl BRSO R 42 R T Rl B G B 7
(BRZE 045, 2021 MRiE E 4%, 2021; T FiE 4%,
2022; SRAFESE ) 2022) . DM, EEBE KRR R
W4 125 2l B SR B R Rl BRI, S8 IR ST A
F I B R T, T4 s LA A | R s e = H
SR, FEST (R AT BE I 43 D5y FEAR HE RN JEORE T ) A
BTG, s b B R A AR A, SPGB
i ol DR (R S
3.3 BREaAREENKRTEIEEETRES

SAPNGEISES

AT S AR B e Al SR | Al
ATl R A DO ORI R s N TR
viig BRIV St 22 18] 9 B R IR R (BRRCRH S
2021) , Herr by 7= o8 P 2O B4R | B
e R A 15 OB oY A S B vist /i W = B4 W SR R () A Yl D
BRI FH e 6l B il 45 A1 B s o A e A e A
YRE A S GE A Al S T U M P i D) )
F Rl S b, Pl s S eE R A e RE R
[ il OGP OGer 5%

A PR T B 2 B AR TR 55 L i
PR SR, H AR FE R Al 5l T IR
B 77 b v b7 A7 76 5 A T B, R IR 7R T
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PEBE? A7 SR Hh AR 238 S SR A e 5 i B A R 119
LR BN A AT S5 252 W) 2 S5 4 T3 R AR H vl
PR Bty QIRTITIR , BN YD-2 4741 BRI T
4N8 i 2lifr PRy (HE 2> 2 O R 5 fad o, Bl
Foelk il R e FAAE A S M A = 8, AN BE T
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PR, D 7S BL R fn alA 3 JORH £ 67
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b SR Sk Al 2 B, KA A A AL, XS
T IR g 28 3 B IRV e B A e A D IR
SR 2 ] it 8 I AR 7 b 7 TS 56, ) S i
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(1) EPEEICERFEAL 5T e A 0 J5RE ™ A (1) A 0
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