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AT F A OGR4 A PR T w(Si0,)>99.9%
R, B SIO, 4l KT 99.9% 11 1 JEib 251 7
fn RVFRS N 1 PR, AR AR [ Al e A
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g%, B F 3 o(Si0,) =99.998%(4N8), H i o(Si0,) =
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Table 1 Product classification of high purity quartz and quality requirement of ore raw materials

[FE RIS 55 3 7 w7 o 3t 7 AU S 7
Si0,4li ¥ W(Si0,)=99.998%, 4N8 W(Si0,)=99.995%, 4N5 W(Si0,)=99.99%, 4N W(Si0, )=99.9%, 3N
A o <20x10° <50x10° <100x10° <1000x10°
L RE AN 40~80H . 80~ 140H . 100~200FH . 80~300H 4
HAR B FENEE | RO B A [ Ak [ 7 1k [ 7 4k

B R 2% N o B conn A

T A D AT b A R o S5 4 a4 TR IR

HE: ()ZeBis 46 Al B, Li, Na, K, Ca, Mg, Ti, Fe, Mn, Cu, Cr, Ni% I3F0JR & ¢ 5T o0 R &t QO 2 % 3CHk (1],

FK2ME 32K EIJCJE W 2w (Unimin Corp)
IOTA ) 1 4l A1 9 1= T 1™ il B9 BT o 48 A, 3 2L 48
E A A TARY FE PRbR . TOTA brifi RAA R FC & &
Y Si0, 4l ok, FURRIE 2 7 Al B, Li. Na, K,
Ca, Mg, Ti, Fe, Mn, Cu, Cr, Ni % 13 f (¢ 2) 5 15
Fi(F 3)ZBoCE T, B 17 AR Ti & 3w>1x10° [ 7
MR (7~162)x10° F(1.1~1.4)x10° ] &}, H 45 &
¥I<1x10°, ¥4k, SEE I e B R A TN A ECE 1S
T Bk SR TiL PRI Zn &, S0, 4 A — R
A5 Ak [E B, B T IOTA-CG(H 8 4% ) . IOTA-STD-
SV Hl IOTA-6-SV &5 = F ™= i (£ 3) . H, £EILJE
HIA W] IOTA 25 & 4liA 95 7= i E 20 H T2 SR 9%
FA R DA | PR A 2 K A D S R A B R T 1%
A N6
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SRR G ER R M A 0T, R85 4 f %
JoT e A A RO AR W R, (R
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I 3 24 e R & ok Sio, 4l R, FES R

WAL AR SR RIR DY . iR, 22 e R %
FEbR P E LS TR B R A R

H B, &5 2l A3 Si0, 1 4l B 46 I 07 1 3 5%
ICP-OES", H: S, B & —Fhal 4 ik, RIAR 48 m 4l 40 9
) [ B o, Se A HE AR S AL B Li, Na, K., Ca, Mg,
Ti. Fe. Mn. Cu. Cr. Ni %5 13 fh (% 2)8k 15 Fh (3£ 3)
SR AU & &, Si0, MY 4l B Bl 1% 2 2 3 i g 25 X
13 Fhal 15 R Ao R SR 5B 228, 5
BLRE NG AR, X T i gl g 2 RRR T R UL,
X 13 Fpol 15 iAo 27 SRR B AR
S PRI, X R Al SR SiO, 4l — E & iX 13
FPaEl 15 22 T T R A SR A0 R I 5 75 30 0 4l B, 7E A
M Z EAGEA N HCE o A5 00, LA I 25 R X it 5%
5 HEARAZSEME

T L UL I, TE R Y W% Si0, 2 B R m 2l e
PR R R 3 SR, B S o(Si0,) =99.998%(4NS),
i (Si0,) =99.99%(4N), ik i o(Si0,) =99.9%
(BN) . Ja ok, TER Y N T — A9, B b i
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Table 2 Quality indicators of high grade high purity quartz of USA Unimin Corp's IOTA series products
£ IOTA-STD IOTA-CG* I0TA-4 I0TA-6 I0TA-8
Al 16.2 14 8.00 8.00 7.0
B 0.08 <0.10 0.04 0.04 0.035
Li 0.90 0.5 0.15 0.15 <0.02
Na 0.90 1.0 0.90 0.08 0.03
K 0.60 0.7 0.35 0.07 <0.04
Ca 0.5 0.6 0.6 0.6 0.5
Mg <0.05 0.04 <0.05 <0.05 <0.02
Ti* 1.1 1.2 1.4 1.4 1.3
Fe 0.23 0.3 0.3 0.15 <0.03
Mn <0.05 0.029 <0.05 <0.05 <0.02
Cu <0.05 0.019 <0.05 <0.05 <0.02
Cr <0.05 0.007 <0.05 <0.05 <0.02
Ni <0.05 0.001 <0.05 <0.05 <0.02
o P4 R O R 0.45 0.45 0.17 <0.05
JRE LR M <19.66 <18.50 <10.59 <9.34 <7.755
Si0,4li ¥ >99.998 >99.998 >99.999 >99.999 1 >99.999 2

T (DSIO, A h %, IR ik T8 3 (A% i 7T 3 )R FH ICAPCE R & 46 7

TR 5 Q)BT A B ¥ g S A, R A IR B R A KB

HoAl B9 51 A (7] (3)3& A9 I U 42 J T & AL 4% Fe, Min, Cu, Cr, Ni; ()IOTA-STD(bR i #H)J2 5% 1 5 Je W 22 = 4T 7 il I0TA-CGE G AR HE i 47

Ml B A o
% 3 JEEJLJE W (Unimin Corp) IOTA i 4li47 55 51 7 i (2019) 4627 L 43 /10°
Table 3 Quality indicators of high grade high purity quartz of Unimin Corp's IOTA series products(2019)
7 G Al B Li Na K Ca Mg Ti Fe Mn Cu Cr Ni P Zn Y SiO,
IOTA-STD 14 <0.10 0.5 1 0.7 0.6 0.04 12 0.3 0.039  0.028  0.006  0.001 0.1 0.01 19 99.9981
I0TA-CG 14 <0.10 0.5 1 0.7 0.6 0.04 12 0.3 0.029  0.019 0.007 0.001 0.1 0.01 19 99.9981
IOTA-STD-SV 14 <0.10 0.5 <0.05 <0.1 0.3 0.01 1.1 0.1 0.007  0.003 0.004  0.001 0.1 0.01 16 99.9984
10TA-4 8 <0.05 0.2 1 4 0.7 0.07 14 0.3 0.013 0.004  0.007  0.002 0.1 0.01 12 99.9988
I0TA-6 8 <0.05 0.2 <0.1 0.1 0.7 0.07 14 0.2 0.008  0.001 0.003 0.002 0.1 0.01 11  99.9989
I0TA-6-SV 8 <0.05 0.2 <0.05 <0.1 0.5 0.02 1.3 0.1 0.004  0.001 0.002  0.001 <0.05 0.01 10 99.9990
I0TA-8 8§ <0.05 <0.05 <0.05 <005 04 0.01 13 <0.05 0.001 <0.001 0.001 <0.001 <0.05 0.01 10 99.9990

SO N % B s S| A & E Jt Jé B 2 ] ‘B M http:/www.iotaquartz.com.
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Fig. 1 Stereomicroscopic images of high purity quartz sand from USA and Norway
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Table 4 Main particle size range and industrial application characteristics of high purity quartz products

ki /H B JE /mm Tk i BERF R/10°

40~80 0.42~0.178 ARPH-HE A TRIE L 1~10

80~ 140 0.178~0.104 1 L R AR Pk A B

100~ 200 0.15~0.074 ARPH-UEIXEFRAINRBENIHELZE 150~ 400
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Fig. 2 XRD patterns of high purity quartz from USA and Norway
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BRG] PP A R A A 4 . Rl T e A A
FEX G R A IR EAS R = HLAY 18 44 R SR K i LT B
mh, R 503X B KSR K A 4 2l FT S 1Y SiO, & i A
13 Ff i i o6 2% 0 R & Y ICP-OES A il 45 5%, vT LA
Fih:

(D #E 2y, 78 E KKK A SiO, & & 7E 99.9%
Db, Bk, R, & &8 FR 5 KKK i,
H F Sio, & & 4 3 h 99.97601%. 99.971 01%.
99.979 50% F1 99.954 37%. FH b A UL, S [5] & 5 7K i
AT Ak 2 1843 22 90 FF A B 8, i ELA 1 S s A
JEORHFE it 1) @(S10,) I AN — 7 B2 e 15 1 o

(2) 24, g i B8 T I 2 1k, T AR 4 4R
LTI A5 R e 4 E AR B P B S R TR Rk
I AR ERN N 4 A S A Bl (O S sl B kL),
P45 Sio, V¥ & i h 99.998 51%; B H A (55 0"
o AR JFORL), #4005 Si0, 8 B i 99.996 51%:; C 2
Wb S soh SRR, 45 Sio, FE & &N
99.992 96%; D ¢t (F 468" sk 455k, $#24lif5 Sio,
S 99.992 64%.

3.2 BkAERM M TR

Ak, IE GRS RIS ATz, 2
T H An e i A e A E B EOR . R, xR A Tk
FELAS [ 77 b () B PR BT 45,19 100 22 14 Jik A1 S K & IF
T R4 Tkt . R 6 JE T E ka3 20 {4
UL S B A ET IS 1Y Si0, 7 5 A1 13 Fh i oo 28 24
1Y ICP-OES #2553, I LI .

(D) FE4ERT, 3 FH A R 1 o(Si0,) F 5 i#l #
HRLE 99.9% DL b, Forb i i, A% P AERTR A kA

R 5 FRE KKK FHAEE FIRAET S 1Y Si0, & B (wy/%) AR ICE B (x10°) i ICP-OES £ il 45 5

Table 5 ICP-OES detection results of SiO, contents (wy/%) and total amounts of 13 trace element impurities (x10°) of natural quartz
crystals from China before and after purification

H &5 i H —

B kame e RRR

ES W(SiO,) 7 JFT T 2 M W(Si0s) Z J T 2 M WA I
YJ01 I VLIS 2R 99.963 35 366.5 99.998 92 10.8 355.7
e i DH02 PRGN VL3 7R 1 99.983 83 161.7 99.998 59 14.1 147.6
IR DHO3 i) L35 4 i 99.980 84 191.6 99.998 01 19.9 171.7
- {H 99.976 01 239.9 99.998 51 14.9 225.0
LNYO1 I LT 99.97723 227.7 99.996 90 31.0 196.7
|- 4t TCO1 T iR D= 99.983 83 161.7 99.996 61 33.9 127.8
7K i GXNOI T SO T 99.95197 480.3 99.996 03 39.7 440.6
- {H 99.97101 289.9 99.996 51 349 255.0
Y102 I VLIS 2R 99.990 37 96.3 99.994 67 53.3 43.0
GLDO1 ALAM B B ) 99.970 22 297.8 99.994 34 56.6 2412
LS02 T P 1] gt il 99.987 74 122.6 99.994 27 573 65.3
YENOI T &, BB T 99.965 70 343.0 99.994 03 59.7 283.3
v 4t TCO2 T A 99.976 78 2322 99.993 29 67.1 165.1
K DH04 Tt VL3 7R 1 99.988 68 1132 99.992 13 78.7 345
MGO1 A6 14 1) 3% 99.983 64 163.6 99.991 83 81.7 81.9
HLJO1 I pRIRTR0) 99.966 84 331.614 99.991 42 85.8 245.8
WS01 T =~ 99.985 57 144.3 99.990 69 93.1 51.2
- {H 99.979 50 205.0 99.992 96 70.4 134.6
DHO1 T VLIS 2R 99.980 26 197.4 99.989 30 107.0 90.4
B FZHO!1 NSRS i@ £ A 99.913 25 867.5 99.980 56 194.4 673.1
oK i MLO1 Pl DY 1] A B 99.969 59 304.1 99.975 90 241.0 63.1
-2 {8 99.954 37 4563 99.981 92 180.8 275.5

TE (1) W(Si0,)= (1= W 2 1.1))¥ 100%; (2) ¢ i G E S & M AL, B, Li, Na, K, Ca, Mg, Ti. Fe, Mn, Cu., Cr. Ni% I3FJR &% FoC % &

W, BT 10% (3) R B8 BE AR S —40H
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R 6 FRIE PR 5E 20 PR RIRE R AEHT S Y SiO, & ik (wy/%) FIZEBIICER Sk (x107) ) ICP-OES Al 45 5
Table 6 ICP-OES detection results of SiO, contents (wy/%) and total amounts of 13 trace element impurities (x10°°) of 20 vein quartz
samples from China before and after purification

R o 5 AL () R4 5 IR E L E
N éﬁ =2 ye iﬂ e v o o a2 05 A~ L
Ve W(SiOy) T E M W(Si0,) IFTCE M W A 7 2t
SHBO1 =) 99.980 22 197.8 99.998 77 123 185.5
e 5
W £ LHC02 Iy 99.984 44 155.6 99.998 35 16.5 139.1
J
A 99.982 33 176.7 99.998 56 14.4 162.3
ALTO1 B i 99.968 47 315.3 99.997 79 22.1 2932
BH02 B v 99.977 83 221.7 99.996 98 30.2 191.5
YNO1 P 99.935 88 641.2 99.996 78 322 609.0
I %
P LHCO1 db oy 99.964 38 356.2 99.996 16 38.4 317.8
LHO1 iy 99.991 44 85.6 99.996 06 39.4 46.2
QCo1 W 99.974 23 257.7 99.996 05 39.5 2182
- 4 99.968 71 312.9 99.996 64 33.6 279.3
CZ01 i hee] 99.957 67 4233 99.994 71 529 370.4
XNO1 TR 99.983 17 168.3 99.994 56 54.4 113.9
ZYO01 Wt 99.926 53 7347 99.994 18 58.2 676.5
4
WE 8 1Q02 W 99.939 51 604.9 99.993 94 60.6 5443
J
7X01 W g 99.964 52 354.8 99.992 50 75.0 279.8
TSO1 W 99.971 89 281.1 99.990 06 99.4 181.7
A 99.95722 4278 99.993 32 66.8 361.0
BYO!1 AN 99.965 64 343.6 99.988 90 111.0 232.6
LBO1 Je it 99.970 73 292.7 99.988 59 114.1 178.6
1Q04 W 99.850 58 14942 99.986 86 131.4 1362.8
T4 )
W BHO1 B v 99.696 09 3039.1 99.986 24 137.6 2901.5
JHO1 B 99.962 02 379.8 99.986 02 139.8 240.0
BTAOI1 1 g 99.928 74 712.6 99.975 00 250.0 462.6
- {H 99.895 63 1043.7 99.98527 1473 896.4

T (1) w(Si05)= (1- W e 2 19)¥100%; (2) 2% i JL K A& HAlL B, Li. Na, K, Ca, Mg, Ti. Fe. Mn, Cu, Cr., Ni%§ 3fJE R 4R TR &
5 (3) Bl AE A kL E i —40H

B R W o(Si0,) F ¥ F & 43 il i 99.984 44% .
99.968 71%. 99.957 22%. 99.895 63%. Hi AT I, 7 [
v IO JOk A S D ) b 2 8 43 25 0 A B i LA o
kA FL R 1Y @(Si0,) FH A — & B2 e i 1Y

()45, IR B BT B Ak, v AR U R
Sl 1 2 0 i A, TR o SRR
A4 G AR (R SRR R, #1465 Sio,
X HE R 99.998 56%; B A (- AE Tl b AE R,
A5 Si0, & 1M 99.996 64%; C %) (Hh 255"
s P AR JFORL), R AL Si0, F 4 & A 99.993 32%; D
R (T s SRR, #2405 Sio, P&k
99.98527%.

3.3 WAEHEFEEHK KL S

DAL 30 45 R WY, AN [R] 7™ 4l 18 2R SR K it Rk A1
o i 20 D SRR, BT A R A0 ET Y 22 R ORI

o(Si0,) 7 &l H HAE 99.9% LA F . R, AN BER] #
HR A S (14 £k 27 B 40 B o 0 06 SR O o 1 47 2R
UG e o — 2 2 R 2l T 255, 77 BEAS 2 IE #A 45
wo R4, eI T 8 a1k, BT R4 4R 4l
R T R 4l ™ AR, vl S TR R A3t
B, EAE L PSERIR A 4. AR, X sk
1o 4l A B JEURH T R A R A T I K

W1 AR, AR KSR K RN ik A7 % g 4 A D i
B AN TR IG5 5, vl e aliof 32 5k 4 5
1o Al D R G 7 S SRR Y 44 G A G
(I e s O 5 sk ), AT A T2 4600 T o(Sio,) =
99.998% (4NS8 ) f14 1= ¥ty fei £ 41 PP 7= s B Hw™ (%%
W7o A FORL), Al TR 4N T o(Si0,) =99.995%
(ANS) 11 e i e 2007 A0 7= s C e (p 2 sl rp
A JERE), A B TR 4l T o(Si0,) =99.99%(4N) [y
Uity o 40 A0 DERD 7= s D T (T 4607 50 S 508, AT
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FH T4 200 T o(Si0,) =99.9%(3N) (1 11k 31 /& 4 7 3
T

S B R B0 AS R 7= 22 A A B A A A
B b 4 4l R R X B, AR 4 A ) 28 F
FEO 7 A ) v Al A SRR Y Y A 5 R AR K
s R A B R ] s AR AL ) 45 8, BT SR AEAE A 0
B . CHRW A DEH 4 4.

A PR ARG R PR A | $RAE T R
T2 2 Al AR R G T A B O AN T, e AT B
AH E ST SORH L EE 2R RURH B S 24 ) B AR S A, e L
1o 4l A B TR TR L PR A TR R Bk G R
SE BRI, o Al g v g 7 e A P 2R OG5 R
TR AN = 2l A1 5 e i 7 oA A ] Ak AR AR R R
S, 164 R IR A R B e e R i Tl A e e
fR el A SO T SRR . FRATTN 8% s g, R B
R A% B 6 A2 Tl A 7 T B Y e i A B T TR (A
W), X S fip e T [ AN R 4l A g i e Rk
T [ A S B BT TE

4 it

(1) @& 4l 92 Si0, 46 KT 99.9%(3N) il £1
0 R 50 77 i B JRVBR AR I DA R SR A e Sy D ek 2
FEAIN T AR B AT M = Si0, 26 B H B AT — @ i
2 B L ) A 0 A SR ek, S ARE A 7 (] L
KL EEFNE W) A A5 = AR

(2) A 90 ] v A 00 7 ot A 7 S g A O,
— SR T R Al SR 4y, B LA B R
s ARG 3 AR, A04E R Si0, 20K = 4l 3
PR 4 AN B o(Si0,) =99.998%(4N8), H
i ©(Si0,) =99.995%(4N5), Hi i w(Si0,) =99.99%
(4N), 1% 3% o(Si0,) =99.9%(3N)., H ' w(Si0,)=
99.998%(4NS) Y 151 21 A1 & fo Iy 1™ i A2 — 7t G B LAl
MR B R R By D Re A4 RE, H AR AT 2
MR MESEE RSO,

(3) BEAE AR o 2l 8 SRR A3 32 PR Tl 28 Y
A RIRAK G kA DEFNAE A5 b A 3 3, b ik
AT E B A e A e e R

(4) R4l R SR K & A0 kA e it A 4 loin T35
SR, W alia e R Ao 5 e Al e R A A
LS RARE I ) 4 S22, ANS (i 7 i 2R P2 I A R
(e B a s p R R ), ANS R s i 72 A P2 10 B R
(%55 s AR EURE) , 4N g P A2 7= i C R (p
A al b AR JEORE) , 3N I 2 AR PR B Dl (T 4%
W a T AETERE) . A TR ANS 5 2l A B i
“CREET MR SCHEE R, K IBEME AR E i Tl Ak
7 B I e Al SR T R (A ), ik E 2R FRATT
MBI T

B HMIArRAIVEARMLIARAEBIN. 24,
Wb e, Fr A BERERF A MT RAKS, BREEY
Wb Tk THE, f£—H &5 it
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Concept of High Purity Quartz and Classification of Its Raw Materials
WANG Ling

Chengdu University of Technology, Chengdu 610059, Sichuan, China

Abstract: High purity quartz is a general term for quartz series products with SiO, contents greater than 99.9%. Its
essence is a quartz crystal raw material with extremely high SiO, purity and certain particle size obtained from natural
quartz ore by purification and processing. The concept of high purity quartz should have the characteristics of purity,
particle size and mineral phase at the same time. According to the production and application of high purity quartz in
China, the product grade classification is further improved, and high purity quartz products are divided into four product
grades: high grade (4N8), intermediary grade (4N5), medium grade (4N) and low grade (3N). At present, natural quartz
crystals, vein quartz and granite pegmatite quartz can be used as raw materials for high purity quartz products. Among
them, vein quartz is the primary raw material for the production of high purity quartz in China. Based on the purification
effect of natural quartz crystals and vein quartz, the raw material of high purity quartz can be divided into four grades
corresponding to the grades of high purity quartz series products. They are class-A ore (high quality ore or high quality raw
material), class-B ore (secondary ore or secondary raw material), class-C ore (medium ore or medium raw material) and
class-D ore (inferior ore or inferior raw material) for the production of high purity quartz products from high-grade to low-
grade, respectively. It is the direction we should strive to find high quality raw materials that can stably meet the demands
of industrial production and solve the localization of 4N8 high grade high purity quartz.

Keywords: quartz; high purity quartz; raw mineral materials; quartz materials; mineral functional materials
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