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Global high purity quartz deposits: Resources distribution and exploitation status
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Abstract: High purity quartz, a strategical material that is indispensable for producing integrated circuit, semicon-
ductor, photovoltaics, optical fiber and novel glass, has seen growing demand worldwide. Ore deposits from which
high purity quartz is extracted, however, are extremely rare throughout the world. Present ore deposits, including
active and inactive, are located in the USA, Australia, Norway, Russia, China, Mauritania, and Canada, with
resources in the USA and Australia possessing top reserves. Apart from China, there are 14 ore deposits, and their
types include alaskite, pegmatite, hydrothermal quartz vein, tailings, and weathered granitoid. Ore fluids yielding
the purest quartz were more likely differentiated from Paleozoic-Mesozoic magmas, and intruded ambient Archaean-
Proterozoic metamorphic rocks, such as biotite gneiss, granite gneiss and schist, controlled by long-term multi-
stage metamorphism. China is faced with a much more severe difficulty as it barely preserves any high purity quartz
deposits, leading to massive import annually for high purity quartz sands, especially from the USA. Under current
fluctuating global economic and political environments, China’s premier task undoubtedly is to put more effort on
geological survey on domestic Archaean-Proterozoic metamorphic rocks, and meanwhile intensify quality assess-

ment, aiming toidentify hydrothermal veins, pegmatite, and alaskite that possess potential for extracting high purity
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quartz. Attentions should be paid to quartz in tailings from granodiorite, pegmatite, kaolin ores, and beneficiation

trails should be implemented to evaluate their resource potentiality. In addition, China should build diversified

pipelines for importing high purity quartz sands and products, and shift from sole reliance on the USA to other coun-

tries, such as Norway, Russia and Mauritania, thus providing safe and stable resource supply for national security.
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Fig. 1 Resource distribution of high purity quartz deposits in the world
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Table 1 Resources distribution and exploitation status of global high purity quartz deposits
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B R, R T IRET 0, B A e AR R R Al
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HRAMASEIE T WBLEF . 2000 454, LH
7= B /8w (1-Minerals, Inc. ) RAFH AL, XF 3
PRITRE T R e i R 3 Jo ) 5, i T 1 332 AL,
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cem) AT K2y 6] (JV Minnor) |, JF R NE R G H
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PR ZRBA o7 T HI0 8 VG i 0 ) 38 2 B 1 e SO
$7AE T (Kvinnherad ) , PHJ6HE %L /KR 53 km, 85 F
M 4B ( Hardangerfjord ) FEMIAY LA (K 1),
W IR AR Ik A e B L AR oot R (1.5 Ga)
M4E < R (Thlen and Miiller, 2011)9O R EL
AR-FEVE ), FEIEAE N B AR ) 380 Ma HiTJE WL A 24
Prkwidar A R A SRR, KM T
pm~3 em Z[E] 1) 3 mm; T2 ME R Z 51
I8 Bl R | A5 A i 5 4 TR A R R
JTERE, HAo b WA O A 5 AR iR
BONHE UL, LA-ICP-MS J5 A7 MR A 8 W 7, A7 0% 4y
PRI ALLTi Ge S5 2% 0T % S804, {0 Li B & 48
o, HI R S, 3 ik b K Na Mg 5555
S JE 2R S B ((Miiller et al. , 2012)

20 tH22 60 474X, BRI A5 JRy 7F 5 SUBR
T HL X B0 4 A B8 I, R T R B AR,
JEWT 7T JE R 50 JT I ( Geis, 1964) . M TAEHIAR A X
i it 8 e A S S A TR R AN R 0 S
R S X PR At T BB A 1 2 A o R U R T R
AP, 2007 ~ 2011 4F 55 55 it 1) b 5 18 A 1 &
PR 7R, RS A T AR K 2 580 m, 98 15 m, JE
1 150 m, #EWTFEIE 35 270 J7 0 (Thlen and Miiller,
20112,

YT, 8B G B b B 47 2> 7] ( Nordic Mining
ASA) 1) 4= 5% 28 w) U BR A 9E i 0 2 7] ( Nordic
Quartz AS) #I A N R B0 D BCFIR AL, 2012
A ¥ 2% /N F) ( Anzaplan Dorfner) 347 X &6
HuPE B I A S X AR 1 AT AR W A 5T, 4%
JORC (IRKHFWH =i SR A 22 51 4% ) b, HE T 1Y
AHEGER I 345 J7 i, RIS, R AL PR B Y 4l
AYFRNE ST L LA AR G R T,
XF 0. 25~ 1 Wi G AT HRAMBE s L5, 25 R IR
45 Y S Al A S RERS T I TOTA 4 1 TOTA 6 A7 i
F51fE ( Nordic Mining ASA, 2019)®. 2015 4F LKA
YN F TR 6 1AL FL, A T Al Ay 8 R
BT BT R R FLrf el B R R 189, 97 I i MK

@ Wanvik J E. 2001. Kvartsressurser i Nordland. Trondheim, Norway. NGU Rapport 2001. 020. 103.
@ Ihlen P M and Miiller A. 2011. Forekomster av hgyren kvarts langs Hardangerfjorden. Trondheim, Norway. NGU Rapport 2009. 024, 69.
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PR 89. 3 Jr i, 331 279. 2 Ji i ( Camitz, 2016)

BE H AT, JUBR A DEA 7t A& TF R R B 4l
A, BRI Al TR Kk ATl B
NN = B 7 NI RS S W N (ol =2 ]
ORI T )t B S KR A R ) R Sl RNk S 56
WEI, Hok, X Rl S e & IR A S
2007 ~ 2011 4P (1% 1 J5T I8 A 7 MG 22 W 2445 b Beth % 81
T B BLYE BE ( Kvalvik ) #OR KA DA™, #EWT BT IR & 70
T A i N BB 2L, T AR R gl g
JEUBL( Miiller et al. , 2012) .
2.3 BAAIE

AR TR, WA A G e s IR AR w5
BRIk A T B BRI A TR A
NG | 2 Z2 A AP PR AN, Hod B4
N AR Ry 3 Y i o e R R R b, ) R T
B ( Lighthouse ) . #% 4% [lI ( Sugarbag Hill ) | 1 ‘&
( White Springs) .12 [lI ( Quartz Hill) %5 Z A4 # K
(K1),
2.3.1 TR

FIRAE T B A 22 AL TR in 20X, A iE 5
PRI 2 250 km , 3R H] ( Einasleigh ) SEAEA X
VYR 16 km J& 30 R, 7R IR kA 7
FHR PO R ARARLE S35 e R 2 440 m BYA L1
WL B, TS 24 30T IR 0 A 2l CPaE kL
F Hotk 3 B CRFEIH b2 b, H s
et w R R AR A R B AR RE A
BRI AR 0 75 B e 7 22 v A hr
A5G I 45 (Sennitt, 2007)®, % ICP-OES i,
K P IRBIE A 4 >99. 90% , EE TR Al,
Ti Fe P Ca 55 IR, 2 AR 4G | 4l
RITT3K 99.95% LA I, SRR AT SE W IR R A0 o ) v 4 A
YeJFORET , MG 2007 AF 25 Ml 2 I 4 A0 4G FL I IE 19
Al A S BRPPAG HA  ART UR Y  l SERE E
Y5 69 JT M W IR A 45, 1 J7 Wl PH T ACHE T
JE it 49. 7 J7 0, b (AR HEWT BT U5 A 19. 6 J g, BE
PR Tt 183, 4 Ty M, BN (% B YR i 24 500 T3 0
( Sennitt, 2007)9®

KTEET IF R 2 05 T AR TR BB B, B L AUHE A
ANWZ WA, 2006 4F, R PUTLAE &R0 A BR A A

( Calcifer Industrial Minerals Pty. Ltd. ) /#5535 X
AT AR, STt L A5 R J5 3L P61 R AL B0 E , I X
ATFRE T (R SR AL W A 5280, R B T AT s el
Y JFORHT . 2012 4F B ok BH RE Ak TR 4 AT A RR
/N F] (Solar Silicon Resources Group Pte Ltd, SSRG)
AT IET WAL, FF B AL = AR R G
PR AR, 45 R R VIR AL G4 2 T 2 RV AT A 77
gl b, W T A R PHRE G A a3 3R |l AT
W OCEF Sk AR E R A R, BT, SSRG A w] T
2013 ~2014 AFFF LR AR X, R A 7= w4l mb
2014 4, SSRG 24 w45 36 [ K 22 K FH fig ( Magnolia
Solar) A )5 , M0 AT JE F SSRG HE4S 7 L 25 H”
72 9% PR 4E A ( Auzminerals Resource Group ), 2016
A IRCAE = R D — A Ak A BR 2 F] ( Hunter Bay
Silica Pty. Ltd. ) gk AT 38 100 ML AL, X7 PR A1 Fil
AT T ISR . BAT, HIZA R RE A4 &
SRR,
2.3.2 BERILTIR

RN F iR 3K, VE L IR B AR iR U 4 25
km , REEATIED™ 60 km, & PR kA A, 2k
VYR AR 1) Fe 3 AE ool AR A RITRAE, B A
SRR AR, JEAE Si0, 2l ] ik 99.99% LU I,

H A, WA ) 75 4l 9 B2 7] (High Pu-
rity Quartz Ltd ) #4 # R 0 ML AL, %A W) L T
2015 4F, F 2016 AEXT 0 RHAT T4, 52t 7 16 H
5L (HPQ Materials, 2017) . v 25 R, 1k
K25 600 m, FHJEREE 20 m, £ FLIE R IR IR E 60 ~
80 m( Alper, 2019) . £ HURE I 8 A1 3% A £ 4l 5L 56
Tl 75 ) e Al BERD AL IR 99. 995% ~99. 999% , ik &
K BHAE AN T4 77l 9 B 23R, 2019 4F 10
HPQ INFLE R INA PR A ( Mining Plus Pty Ltd)
ZAT BRI, B T30 IR 5 220 B R | SR i Al
B AT R MR A 72 (HPQ Materials, 2017)
A 2020 4F 8 A, RN Al S8 5 — W1 12 4
fLAT: 55, 4% JORC ARiEAb 58 IR EE/NT 70 m HY4RHI A
PP IR LIS 120 7 ( Ultea HPQ, 2020)

H R, B4 L PR i AR AR 77 i i B ih
(L LR BH R sl 10 5 RS T X, W 88 R oR 0
A BECRESIO, 41 B 3K99. 99% L) b i H T SR Al 4l

@ Sennitt C M. 2007. EPM 13602 Lighthouse Quartz Project Annual & Final Report for the Period ending 5th June 2007. Bellbowrie, Australia:

Calcifer Industrial Minerals Pty. Ltd. cr 49 273, 65.
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I ZEE S LA (Mt Surprise) 1 1 520
PRI A RS, R R
YR # (Townsville Port) 440 km, P4 i 77 i3 24 35
km; A9 LA A F R LI 10 km , PYEE FURAT 60
km, PRI kA DAY ) pn™ ik 5 5T 357 IR
Kl ARIKAYE™ TERL-RELH B S BEE
BN A L ok 3 2 3 R T ool ol
RIRAEFUAE R B R B A . AR 1
AR, JFORE Si0, 4G 99.99% LU I, w4l
e AT RS IR & 150 J7 1 (Solar Quartz Technologies
2017)® 47 3 1L B A R SEE KT 99. 5%, 75 4
JORC 1 B T i3 44 S L L 1400 J7 W ( Solar
Quartz Technologies, 2016)® , % IR HIAE K

FUAT, 2018 4R J8S7 A9 A1 820 55 R BH REHOAR AT R
/N H] (Graphene & Solar Technologies Ltd, GST) #4
FURST A ST BSR4, GST 23 Wl 7 11— ]
A AP RAT AL, 88 KIF R, o I B 0 A 20 ~ 30
AR LIRSS AERR , A2 77 1 SQ1 ~ SQ9 F H1) v 4li A4 v
ZEEWR 6 99. 99% ~99. 999% , AF P A AT WiRD 3 T
W, 1 TR S s, H R, A7 9
PRI AHEATERH], GST A RITEA Pl A 3 bk
WAL, 2017 AE RG24 T AT AT RS (Solar Quartz
Technologies, 2016) ° o

TEABEINART 2.5 km Ab, oy i 3B #1242 Jit
HRMEEHER JE MR HEIE B IS L (M. Eliza) |
TEH BB R R B0 T SR 0 L iy s 4
A JFOR A7, HRIT, ORI A S A FRA 7] (Aus-
tralian Silica Quartz Pty Ltd) #f76 PHAE VS L BER BT,
THRIOTIZ 0 AT IR, TE A0 VP4l & 200 D B
SIS |- et/ REE (DA &/ W PR B T
7= Si0, 46 KT 99. 99% I = 4l A1 J P ( Australian
Silica Quartz, 2020) ,,
2.3.4 SEHEGEH IR

A PRASE TR R 4 22 M AN o R 38 ) 5 Y
FEIX, AR AR R AR T 130 ke, 7 A CLH BB 4% T 20
km( 1), 7R &0 By AL Hh 19 i yd@ 43407
REW RGBT 45 (Hughes, 2013) , B 41N

W H 6~200 mm FIASBRA, RS, 2RO R
AR, UHSE B P S EARAR, SR KA
BlaE 5 T T 2H21 ( CSIRO) % HIME Ge LI Ak 27
PRAE T 2P A5 1 = 4lA b Sio, 2l ATk
99.995% ( Roberts, 2012)

IR R 5 B PG e A S A PR A ( Creswick Quartz
Pty. Lid. ) M@ % 72 "R R0 7 4 B2 A
(Petra Minerals Pty. Ltd. )Fpf, Mg B W () =
A SR 100 J7 0, 2015 4, 2 w3
T JEREN A0, 7 Si0, ZHER 99. 95% ~99.
999% 1) CQL F 5 & 4l S fib , FH T A s 4% Ot
RSO 2 3838 55 77l ( Creswick Quartz,
2015) .
2.4 HTH

FERR W R R LK AR, A 2 4b v 4l A
BER , 43 52 WA M 2 17 R R 5% =2 R ( Saranpaul”)
W IRFN R S5 R B AT 478 (Kyshtym) 57 R (B 1)
Jorpr AR T AR RS R O R R, L 4l
£ 8 S AR 7 E PR A el
2.4.1 FUATRREETIR

SO RE AR PR A 1 B 4 B 7 v M ) e
FHRFURTT , AR g I B 42 L HE = i 5w T 100 km, 87K
PR KA SR RAE T R A Sk T AR A
Z (Ufalei metamorphic complex ) f F K5 AR & %
o, AT Y ELEARA o bE RIREL A s
£1%5 (Gotze et al. , 2018) , H XK 15 km, 58 1~3
km, [ F1 20 km®, f7 i & 136 J7 Wi ( Russia Quartz
LLC, 2019) ., FfEm2iaesoptig =06k 175 %
Jik , S AR 2R 1] 3 A 7E R P AT 17 ( Karabash ) 78
fill, 2014 4, IMC Montan 2\ &) #% B8 JORC #x i X
175 S MK Tt PPA , R 2 A i A 0 SRR
fitr Lt 50 T,

WIRIF KT 20 42 60~70 4R, ZAE Mt
50 4F, BURET R B T @AM B B L ST
A, 2011 4F 8 A HR% Wi A1 845 BR 934122 ] ( Russia
Quartz LLC) FFAARA™ A 77 4l S5b . 175 5 ko
R D& ) o ) o Al S SRR AR A TR e Al
YEfb 3 500 M, 2022 4 P2 RETITIA 6 000 Wi/ 4F B
LUy m 6 A2 Wl B ey AR P 304F IR 45 4R R L LAk, s AT

@ Solar Quartz Technologies. 2017. Information and disclosure statement pursuant to rule 15¢2-11(a) (5). Nevada: Solar Quartz Technologies

Inc. , 13.

® Solar Quartz Technologies. 2016. History & Business overview. Melbourne, Australia: Solar Quartz Technologies Inc. , 5.
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2,
= % Gk

5 40 3

WY 22 2498 27 Tk 34 70 ( Kuznechikhinsk ) | ZEHER KRR
( Vjasovka) R IR 7 7 (Ttkulskoe ) | TH 3% 45 44 37
( Bolotnaya ) 55 i ik 1 9 B 2 AU 5 175 5 Bk ARA
(Gotze et al. , 2018) , UL HHI% X i 4l A7 SEJFURFBE IR0
HEKR,

WA A R DAL 2 W) SR FH v o 1Y) 24
WA= T2 TR DO IS AT Ry 1 e R0k 55
BI85, 2F iz 2 e AR ds i hn T kA7
e WLk IR RIR BRI b T i —
HARAEE R RQ RA 4l wny, =it E
SUEFTEERIZE 12x107° LR, H RQ-1K 7 i (i 4% T
FERART 9x107, 1] )3z J T BT DR 2 S0l
ST
2.4.2 BFELQURER

B 22 DR R AT DR Ml AL 2 S DR - 2 0 B IR X
( Khanty-Mansi Autonomous Okrug-Ugra ) ! 3144 F¢ 7
FE X (Berezovsky District) BYPUALZ , A B E B 2% PR /R
B85 kmo B RN HBIKA B, A7 27 -7 B
R, BIIOCEE DA Y& Dby i s
Jefa BEIKAT VL Bt B SRR AT M A, R 2L
ERAS ( Dodo) . PN #4747 /R ( Nester-Shor ) 18 iy B4+
£ (Khus-Oika) 3 A~ < 41, WO 4 X ¢ 5 i A
Ko AR 2014 45 3 A7 LR D BARE AT AR s Al
A9 1) 58 P 5 4 33 J7 Wk ( Development Corporation
JSC, 2017) . MbAbh, TEH" XU B4 & BLAT 22 45 it ok
BRI A0 B ik, 0 5 B T RE S S UL

B 22 PROR KA S R IT e 22 0 1 52 2= i 4
DR, 1998 4F  NJT ki, DURE 20 AR X ZEE
JE-REARG R MRL S50 2 X0 f1 FEAT 2 BiC R
SYHT IR SE I A5 R R R B AR e Al g
IV 1. 2000 45, E A DXCEUR BT A 2l 58 B b A1
YN H] (Polar Quartz) , FFURTEMEMEE™ X R, FH-7EJE
WP H ( Nyagan ) F1 2 3 2= 3% B ( Ust-Puyva ) #3501 T
JTRGE AR XY T AR B, A A T T S
ZW TSR B EAASNRFL XS, T 2014 4F
A e RN T %, B2, EAF T
2018 iR T B ey 28\, R 2 A AR e

DN AR IR YR 2 2 35 km Ah1 5 57 2R
T PUANTLT ™ HEAT S B O A e R R, 2 1
R, EATH L BT IR)S, Bs B 5
AHRFOR T 00 0 2 () 58 )RR IR BB G 358 R 4 3
BUAE TR, ARG R Al S b, 77 Al IR 55 1 2 A S b
(99.9%~99.995% ) Gk (99. 1% ~99. 9% ) Hlf1

SCHHA TS PR B (Polar Quartz, 2020)
2.5 EEHERT
2.5.1 ka4 e ghe IR

B IRAL T8 LS JE W S HS 1Y %5 FLal A7 7545 ( Da-
khlet Nouadhibou) , Fg #fi %% FUith 3 % 17 130 km ( &
1) o W IRAPBNKA SR DL S RARARE A K
57 EVREHL & ( Reguibat Shield ) FYAE (< A R A A A
7 (Schofield and Gillespie, 2007) , # 1 % KA
A WK O i WAR 843 R A 1Y Si0, &
KT 99. 8%, HiF T #E Hw 1A 3 A BERT ¥ R B
kA SerfAr, e A A AL A g i HE DR B R
500~ 1 000 J3 i ( Feytis, 2010) , {H [H Bt/ 45 L5
TR 3 53 Ay LA B 28 B 36 A 52 3, 7T IR v A
e JFURHRY B IR AT

W IR R AL i 6 LS R W™ 8 W] ( Mauri-
tanian Minerals Co. )%Eﬁo 2010 ﬁz,li/Lx\ﬁjﬂ‘k'J;éFH
5 IR S S A T B A e Uk, I )
A7 i Al il o T IR R AT B BE
£ B A R U, AR, A HGEFR 2013 4EIZA
PR 4R 77 47 900 ( Hughes, 2013 Taib, 2017) ,{H
SEf b TN RUAL, 28w A I BEER AL, 2 H
HI AR BEFEAT A R R 53
2.5.2 #ARTIR

KA PR T 55 B A7 VS 44 2R, B 5 b o 4
JEAT 20 km (B 1) o R A28 LA K
FERHIES S W B 22 Je g B 260, B 41 Si0, & K
98% ~99. 9% o T A1 REAh G2 L AL 22 4 w4l
JE R, SRS 5T 5 ] 35 T0TA 4 Rife

MY, B HIE WA S AR A Al (Quartz Inc. SA
Mauritania ) ZE2E KA RA™ M T /28, F£JZ2.7m L
R Al S SRR WAt R 72,5 T 2.7 m
PUF AT IEA 2 8 m, SR LA i — DY Rz
[ (Quartz Inc. , 2020) , A HHP A= T 28 R &
BCR N B MRS | G R | gk
DL BRI TS 7040 R, TR 2% 0. 1~12.5
mm Y77 i
2.6 mMEX

TEINEE R L b 50 48 2K 7 38 20580 LE 227 (Johan
Beetz Bay ) P (18] 1), 10 Z&AL AR~ 7Y [m) i) 4
RVK AT BT A R M R, B 24 b 2% i 4l A ROk
W, WXV A3 2 #52 /K Wk (Havre St-Pierre ) 68 km,
#h-t % (Sept-lles ) 300 km, X PN EZAH T 9 A
Yo HCE FER R A, fE BT IR AJE-JER
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] (1 B 17 55 DLJR W 2, B 3L 1 68 19 A 3 0 ik
(Bathalon, 2014 ) ,

HH, % K PAL /2 Al ( Placements Appalache
Ltée ) Fi 0 X DAL, 2010 4, M UHER T 01X
(B A 275 e FHAE = 4l A0 B0k, PAL 24 RN X
ISR K AT RAE I BRI LHLE = A R A 2
SHKH AR, R RT AR S0, TEN
98.7% ~99. 6% ,Z4JFICEK B Fl P {35 & w43 Ik
F0.25%107° F10.2 x10°°, 0] 3k A F= e ARk A gt
W, ARG 2 5Kk 9 S kb m AR iy
1o Al e R G R A 4 R 174 3 TR 50,7
i, A1 225 J7 i ( Bathalon, 2014) ., PAL A #) ¥ F
2015 4F 5 it RIF R AT AT T oY iRk 2 B A T
JE— 2 TG Bl B IR TT & PR A A ST,
2.7 HE

ARk [ — 2o B Rb i 1 £l 8% 9 i K
Gl PR Al T2 U T S 0 R, T 55 K
TEAT SRS A T AT A2 77 99. 99% ~99. 999 4% Y fe 4
AHERY, 2018 4F H = REIR H 1. 13 Jo i (B A8 v 4K
2019) . WIAC#rFR VLR AR T | L BIOTE TR AN R I8 45 1
(AP T A TR K A 0 mT R EL A e ki Ay o SRR
(HEMIEF, 2019) , ACLRAHIIL A i L R alil ik
A N9, i B ] T B TR () R AT
PR

R Ll kA ey T A 2754020 20 km A1
AL AR R AT SR | Pl e SRR A R T R
INHELT 2 I B 2 BERH R 6 5 RS AL
N T (R FE, 2009) o 1047 JEAR B i 25
23401 BAT 1971 ~ 1973 4E X0 IR AT Hh 4R, & P 6
Sk T A SR RS ko et B 387. 4 i (L
BHAHETE IO BN, 1972)®, &hfLIURE Sy
Mres R, oA JLF A AR, kiR 1~2
mm, F R ERD Aot AatE giea EE
4 WA Si0, 4l >99.35% , Al,0,<0. 22% , Fe,0,<
0.02% ., H, #dtE#HE S R A %y Ka 0
IRIERA B, 88 RIF R, At IR R 4R 1.5
T,

3 BHEMEEE

FAT, RERZ FF K = 77, 18 V)0 m g B4 5

iy, A 2 P SRR MO T 37 BB VR BT A4 Ak S50 AR =l
IR, LSk SRR DGR B B8 55 7l
AR ) s v ol Tl R SG b ) e R N
SO A O KA e aliA D R S 2R
BB A Bk Al B JFURMT 1Y) B IR 0 A RRIE T &
PR, AT IR DU 4548 .

(1) i 2l S JEORE B L 72 i (8 AR 107 A ey o e 2
WA

H i, EAA 5 [E 8 & 0 IR B I A R Y 1
<5 R Rl e RO, SRR 4R 90% 1Y s 4l A
W0 W FERFAS R 2B K T TOTA A8 4047 T2 Y AF 7= R Y
B FAh E SOME LA R B AT IR, (H 3 41 o 4% 1 i
KA S C R 10 2240 7T 7 B 4 A 9 i
RHOB R, 427 99. 9% ~99. 999 % KK - A% =5 4l 47
YERD BT R I IR KA o 2l e b
1) 22 WA )5

(2) mglia SRy A 2B R BAT AlURR Y
R 75 5%

Al R A R EE R, B AR
WRATHE i e Y o AR R TN A KAk
WREAEIT 6, BA R AT B Sk B &
RV ERY BN 4, BARY ARB R B R
Syl B TR oo R B RS TR
MRS s S AR A B2, 2 AR R
FRAE B B 3 G shas il , 22 07 1 00 9218 10 72 I
TR T BT S i Al

(3) XEEW R

A, R O 1) b, R ST PN R, R
SR R el H AR S R R IR
SO R A S i R R 1 B 3 P Dk A A
T B A ) 0 A BB, T iR B 5 A A R A
(RIS, DG AE b I S s R 08 4 R
FREARBT AL, 78R BT FIAE 4l 5 J5ORH
WG , SR A A L 4l B i BRI B 4, T
JRBEW S, VAR RIS A R R A, Kk, R
PRBEH AL BT BE VR S5 BT AN BT 7 b i 75 1 15 2l A 0
GEUR, T N AT s i A S A 11 YR A — B
TR AR R &5 [ s 4 b B b
(R T T BE 5 e AN, I SR Bl B P T L b o A
Vi, I 2 B HLIE JE IV 25 [ 1) e i A B JEERERT , 40 R
ST YE R TR TE | Gl R R R 2 4,

O WL AR ZE R MO —BA. 1972, Bdba YT A8 Rl B 568 X b BRI IR RS
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