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RO B %R U, B 10 pl OFSINC £ 0 BTk ORI ¢ & 2. (2) HHUC & 5 BER O
BEET BT 5200 PBAROESRBREEALETHHERB7 4 7 4~ MEFUMRSLEZ 1CP 3¢
SHEICHEAL, 749 A FE2BRUTCHELGES HHMBA A v 2 4 4 v SEIC L > THRET S
TEITED, BTUHEELE ppb 5 10ppb LNV DEBASHERIL AT, XA YTV 2T Y av-
ICP BB COEELAOE THRETL, WEZHEMINICHNWS Z&ICLD, AEEDIEF, YU
VR s EEBESERFD sub-ppb LUV (CO, V) 25 ppb L2V (Mg, Al Ti, Cr, Mn, Ni, Cu, Zn)

X TOWBEBARMM BT EI.
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I L7 bu= g AEEORRBICHY, FEK, KEE
s EEME YY) 3 Y HMBEANORBESEE 0, €O
F#k& UT ppm—ppb LV OBMERHY O FE &
MEEE->TNA, BHE YY) 3 Y R R o B
SO HEE LT, BlEFREHE SR YA &
NT&. X, BEEDMU 12, BRFRTBCEY
RICP HEAWEIICLVER LBl b IMES AT
5. ZDE4E, Mitchell 50NIRKEBO_EBAT 70V
AdE RV, TBRICANKBOESIC L0 EHE 8t
T A ROPW AT > THEFROAMYOEEZIHI L T
B, UH U, TOHEIKREOREE (21) &K% NE
T 50T~ RE T, STICZEOMREERRE
AT L ENVIHENDH 7. X Wooley”, Phelan® 5
WE UL MOEKTHORT BEORBZ /ML, [
EERZDMTE D L RBREEEZ LY, FET
PR B OMRICRIEEEBE LT . EE 5 E
RGO/ A Y 27 ¥ 3 v -1ICP FENOHTED % Bl
U, 47 ppm L XV ORMP I ADIGH % BE L
7z. X Kojima &3O HREZFG, HTBE
WWEOEME_BIL A BRAHY O Z2iT> T
. ZONREIIERSBREOTERS Dz, BIEDE

* g sk CBR) Beslr i ge 4B : 260 FIERTEEMHRRX
JINESET 1

il

SHREE L, 7.3 ppb @ Al DA, SD T 0.9ppb TH- 1.

fHe, (FEEELERTVLAS.
SEPEEEMR s E OB Y ) 3 VR OREE
O ER TRZmM 345120, ZOMERESRS
R OB S~ O 28T 5 &I, ICP R
HotriEic BRI OMRN L5t - BAETH 58
B7 474y MEFIMASED "D o#MMA %K - 12,
XFHr & O BICHERBRE 2 ICP BEENInEIC v
Vs vavigk (LEENEAR)OTEEMAL, W
ERBEAEOEDE LR E ST 12 LEPTERTE /2O
TLUNICHEHE T 5.

2 B

2.1 EBRUOBIER®

ICP 36y W 258 (ICP-AES) 3 B &8l fEpr &l
ICPVI0I5 W (EZELIGHRIRESHIR) %, X ICPHE
BoMEE (ICP-MS) ¥ VG ELEMENTAL #! Plas-

‘ma Quad II Plus (PUEMRE) =R L. WEEDOR

EGM% Table 1,2 IZ/RT.

BB7 4 7 AV MEFUNBSLREE 3 BRI T
Sy yaT bv A XERE (FA) I2avy T Uy HERE
& UCHKBF IHELMERBEIR PABIS-3 8L, -
FEEEIE 15V L. EBRSREEIEER 0.2 mm O
EMES v 7 AT v (99.99% up) DM % L& ARIC
WELIZ 749 A bERD, ChICBE02FDaY
FydaEEHELIZ. 07 4 T4y MCERBRK 5 ul
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Operating conditions for ICP-AES

ICP condition Plasma power
Coolant gas flow
Auxiliary gas flow

Nebulizer gas flow

FA condition Filament
Condenser charged voltage

Sample volume

Mg 11 279.55
AT 396.15
Ca II 393.37
Ti 11 - 334.94

Wavelength/nm

1.0 kW

151/min

1.5 I/min

0.8 1/min

W

15V

Sul
VII 311.01 Co IT 228.62
Cr Il 267.71 Ni II 231.60
Mn IT 257.61 Cul 327.40
Fe II 259.94 Zn IT 202.55

Table 2 Operating conditions for ICP-MS

Plasma power 1.35 kW
Coolant gas flow 14 1/min
Auxiliary gas flow 0.4 1/min
Nebulizer gas flow 0.8 1/min
Sample delivery rate 1.7 ml/min

Species monitored
. 51
24Mg’ 27Al, 44Ca, 47T1, 5 V, SQCI_,
55Mn, %Fe, ¥Co, ®Ni, 3Cu, *Zn

Number of channels 1024
Number of scan sweeps 350
Dwell time 80 ps/channel

ZYAZ7U0ERy PCHTL, EOEBR (1~2A) 28
UTPmMBRIC L > CBEZRELI, av Ty —
5ORBICEVMBATIL L HRFEKZHE 1 mm O
T70vFa—-7 (B&#400mm) T7 7 A<HicE
AL T ICP-AES THHT L 72. '
ICP-MS 7347 T BE#R' & ARk DEAEIC K U 300 pl
@ﬁﬂ@ﬁé%yylayay&?fifvuﬁxb
1.
FA/ICP-AES, 4 ¥ =7 ¥ 3 v /ICP-MS #, 5
ODHEBLEZES L, ICP-AES T2 3M 15,
ICP-MS Tid 0.105 M(1%) WBEICHB L 72 KTHROD
BAEERB CER U RERZ AW TETRBE 25K
DIz,

22 HERUHR

(DEFE: EB D5k ORI 3% B BB EM
EWiES - M (TAMAPURE AA-100), X UHIYGAIZR
THEBE T TERAMNE, HRE(CFEPEEER 7 v (bkH
BEERL 2. XNESBEEER T Merck BRI
(1.000 g/pack) % IM < 1 1ZHERL T 1000
ug/ml BRZHEL, FHOEEFRU .

stainless vessel

sample

H2504 10 I teflon vessel (vol. 100ml)

teflon mini cup (vol. 5ml)
HF + HNO3 { 3+1 )

Fig. 1 Decomposition vessel and procedure

(2) MESRAS: BA 7 o ulnESBAR (K8
100ml) 7 70avBli=hy 7 (BB 5ml) 2ANT
AL K.

(8) A + v HBHIER O H 5 A: 4 A 35BS 1LY
T 2RV By ANK VB ROBRBEERE 4 4 > 35 #ulst
fE (Dowex 50 W-X8, 50~100 * v ¥ 1) &) Ju¥
VYBII =h 54 (BE{E¥8M AU Yy 2 AT LS, h
FLABRE Iml) KETALTHERUL.

23 HHEBEAHEY

BIEEZ 21000 D7 Y — v v— ARICHREBE LTIV
FAW00DI)—-Y KT T MROZY—vA—T VA
T 1.

DIRBRER S RBBROME S Fig. 1 I0RY. Y
avEk (1g) 2ZAhzTF70ry 3=y 722 10
ul 3O DB % MA TMESBBERBIIAN, I=4
vy THAIO T 70 Y BBRICSEE (7 v{bkER 20
ml+HEE 6 ml) Z ANTHE#HT S, ChEXAT VLR
AEAEBAICHEFE L, 150°C T 10 BREME L TR O
HR[CHBZNRT 5. RBAESHED S EThEL
T, 3I=Hy THIEEST P BO 7 VA usr fBRO
7 LK RBEZRE LR, B L AMP%Z Sc 100
ng/ml (NIEXE) B 1ml THHELULTEBBRLE L
7z.

FA-ICP-AES ¥ Sc IR DR b v izHtik 3
ml ZMNA TR ERE L, BA A vzl ch
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Table 3 Effect of HySO, addition to suppress the loss of each elements during acid-vapor decomposition
(rccovery of added elements with/without H,SO, and Si)( %)

H,SO, Si Al Ti Cr A% Mn Co Ni Cu Zn
— — 98 72 88 93 97 .96 101 103 101
lg 70 65 69 87 81 70 73 57 83

10 pl — 106 97 101 99 99 99 94 100 104
lg 102 97 95 100 103 99 104 93 101

Amount of each elements: 100 ng

SOTLEZFEL . REEZ2BRER, SMIERE 5ml T
2 MBH L CAITEICH]LUE., C0LEx—TBOD Y BK
RYIMU CAHIKEABIELR.

3 MRRUBE

31 HEIMEOHRE

3e1-1 MERZIIEE THHONESIBESZ
FW, 2:3 TR &5 FBSEEZBET LT, £ 08
B, RETEPBORET, ULrbERM ORI T
HOIIMA, v Y7 ATH B AHENT vIbkERE
ERIGU T SiF, &3 > TRE GBI BRERICHES N
TIZhy TRIKEAMITTRO S BEGFT HDT, D
BOMTHHTEL. 20RDRBEARPERINSL
<, EEREOR LA T - 12,

LU, CORBETCETIVIZIA, FIVRED
BRTREB r A REHITERT B ENDBH 5. 22
THEILEDRGEERK (100 ng/ml) 1ml (BEAH
100 ppb H2Y4) 2D I=Hh vy TRUOBEMEY YV a >
(TN) lg ZEPVESI =y TIZERFREIML
THRBIEI®, IEBEISRE2T-> T, &LKRo
INEZKD Tz, DEZROARFY ORI RSB (1+1)
100t Z AV, KT Iml IKHERE, Blof I
7Y a v-ICP-MS B LV ER U 2. R % Table 3
WWRY. YYaryBPHFELLVREICE, F¥v, 70
LPAMTFIFEBENENTVED, HEFETEEIEILA
EDTLRDOENEMEMEEZRL, BT IVIZT A, F
I VIEHBOEIENEP . FITINODILHRER
ERBEERL, L bBRomnieE iU <l
MRS REZBIF U7z, ER%Z Table 3 KEDETRT
S, JHITLHEDOTFLERED 100 ng LT THNIEHRE 10w
DEMTHRILRT X CHEIRTE B 2 500 - 12,
ZDT EMS, TYOESIIERNIC V) Oy OS5
DHLT UCEIERYI TH % HyO b5ERITHER T B S
THRETVBEHEEINS. B, THREM pg L
1255 EMBESRET 2D TAMY L NUBEVEES
IKIZZhZNIIS U THRBE2 NS5 2 L& L.

3¢1+2 FA-ICP-AES QA HIEORER LD
1ZOIIZIARAL L 23R 2 T2 2 12O HBIRE 3 IC o
BICEBATEIENEELL. PEFRHOMKN 2 EA
FEEL T, MAKILEPOBIASHWL A, BRE
BENFPEEVI N F0ERE O TS, KEBETIE
BIFRICHEARTHATTROEBA LA, FICEREL
DHE T X 5 FA #1919 % ICP-AES IGEA L, BEXR
DOEBRERERD Z &L,

ICP-AES ICE&R7 4 7 x v MEFIMAS L% #EA
THRITE, T4 T7AY MTHB S VT AT ¥ EFE
KEIELTOMTHRDONNy 7 759 Y FEBARIEHD
T, FOEBRIET A, BEOBEKRAERICHA
TERHDE L. 72T v O%RIL AT 5 2o
F v )Y —HANOKRRMOEE UI2DS, § v 72T
v OS> THNTROBEE T 24U, i
BHEOFY Y, NPV AREDOTRBETHETCH-
. F0lw, WMESHEENE LS ROEKET
W, Fv VXY —-FT AR TNITyOHZHNEZEIZL
fz. XZDOABETIESOHRHEBBIPE L (0.1~0.2
), ¥y UY—FT2HEBNEL 55 FEEE5D}HEIE
e, A5 kBP0 EE8I<ns. 22T, E50HEME
ZREI®L120ICF v ) Y= T AFKEIL 0.81/min &
Dz RE L.

FA B2 EH 3 254, SREOHELIITRORBA
Wz EBERET 2 BSILEThE Y v T ATV T 4
TAY POEEBELVE VS HENHD. T4 T AV
MMtE LTy vy FATySNCs v, AREHD
THEBRE U2, 2y v 72T VIR TRUSE D
Wize, RETXH2F(EBEEFMEL, AL TEME
ST RBESEshLhrotz. X, ¥V IVEH
WA, B EANOREEsy v 7 AT &0 D
BNTVWBELDD, F4 v, NF I LKEDEHEIT
FORHBEN LY, REBARTEIEVEVRUAE
WEBHEBELULLFEHTE S, FITT 4 74
VM E LT TR RFsBEDE NS Y v T
27 vEAVSZEEL, HBAKRTOMEA A+ v % A4
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Fig. 2 Effect of amount of ion exchange resin and hydrochloric acid on recovery of iron

and calcium

Amount of ion exchange resin: Il 0.5 ml, (] 1.0 ml, ¢ 1.5 ml

F VU S - ThRET 2 HEERKRET LT

AR ICXHNTR IR TE RO A A+~ 5
HETHOTHMEBOENITEZ B A 4 » BB TH
ED L, CHBAEBHRUIRE, §YIAT VANDORE
DIEFEAEBVERTENTTRZENRY 5 2 LIZ U1,
F 3 ARHAR ORI A EINERIC R T T HE 2T
EZA, B OIMUTCLENRETE LI EDS
otz 2 THRENAR (BB 1%) MK TR 3 51
FRUT (WilE 006 M) 4 4 v R#W|AEITH 2 &ITL
1z, »
WiZ, 4 X v ZBRERE R OB 2 ET Uiz &
B% Fig. 2 12T, ZEMILHE 100 ng OFEIT AR
i 0.5ml THHT, MIBEVEE X 51206 > TIHRBEICE
THEBESHEAK L. FCCHEEIX05ml & U,
M HITHRED 100% BN T X5 3M E#E 2.5
miX2 |& U7, 2B, 6MIERE 10ml ZHANTH 1
ElOBEME T ERBNZEILITE B - 1.
COFRHFTENERICET T 5 MEBRE X 10
ng/ml IRTY VY7 AT Y74 54 bERESALZD
LRVETCERBTE .

32 A>3 -ICP-MS OEHA
RIZICP-MS I & 2 EE A2 ME U 7z, FA KD
ICP-MS ~"DHERIZ>\WTIE 7 4 5 A Y MIOESRIC
FBBAERDHEGRER, F5OHBERMY 018 DT &
"uizey, ZUEORBAESRECH Sz E OREY
BanTnsd, 225 PEFEBBALELTA >
Vg viE®EEBAL.

FFTEEO N 7 FREARBRHOFE 5 & % HH]
ULTaNRsE R X 52012, PIERESE%BE L
fo. WEHTHRE LT, BEREDSERLE UIZHY
TTFE (P*Mg~%Zn) OFIEFHHICH Y, REEKPLHT
A4y DFEHEDHEN ¥Sc 2L T, ZOMIERNRE
ZRRET U . BILHEZ 100 ng/ml HLTEINU 2B A E
BIRHKEA v V2 Y a vk (BKE 300ul) <k
10 [FAE U 72356 ORI EME N Z 0 /&
WIBEIZIEX, RSD T 5% »5H 1~2% L@ kL,
ERMZERS RSD T 3% TR Th-1z. 55, fidk
OB T, B aELEE ORBERTENS DT
DENBLEEEFHTEIBZENANHY, JHUIE->TEFDE
WOELT 5B ENBEINE. 22 CEEBRFOR
BRREZ 09% 5 1.1% EFTELSIETEZOHELZH
NpzE 2 A, Sc NEHEEEZHWNIE, RSD T 25% &
FTESO>EOHANTHETE B EBnh 1.

Dl EoiER» 5, ®Sc # AE#E LS U GERL, DT
OB #{T->7. MS X AES EREY (BHETIEH 5
N) BROWETH A0, A ¥ V20 vavikdkd
WBENLEEZHETABECIEEERICLVES
RO OKELZ IR T V. £ THBARKE
ABOBERUOBEANDEEZF .. 0oL sHEE
‘I IESOHERBIS U T ks ¥, BBEREA
BTRLREIFS SB OB ONILMHICHEREL . HR
O—F% Fig. 3 1TRT. 44 VIREZHEKEAERNHE
TIEEHEKT S, RSD i 300w L ETCRIE—EL S
St EITHREARIT 300 & U
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Sample volume, pl Sample volume, pl
(1) Al (2) Ni

Fig. 3. Dependence of sample volume on ion count and relative standard deviation for Al

and Ni by ICP-MS

Sample 1g (teflon mini cup )
Ha2S04 10 u|

HNO3 6ml
rAcid pressured decompositionJ 1507C, 10hrs

lon exchange

H20 3ml

Cation exchange | Dowex 50W : 0.5ml

resin
3N HCl 5ml X 3
H20 2.5ml X2

Washing -

Conditioning
HeO 25mi X 2
3N HCH 2.5mi X 2
10 g/mlY 10 ul

(for correction of

sample volume)
Injection - ICP-MS FA - ICP-AES
(300 w ! aliquot) (5 p |l aliquot)

{ Al Cu, Mg, Ti,V,Cr |
{ Mn, Co, Ni, Zn

Fig. 4 Analytical procedure for silicon and silica

samples

3.3 RELLMFHE
WSE U 1o I EE R ORI = B OB & Fig. 4 1C
Y.

3+4 FA-ICP-AES &1 1933 -ICP-MS O

I-d 33

HIR D IFEEEE R R M O A & ¥ R E 21T > 12>
HREBRBIR ([ A v A {EIL ICP-AES D &) %
FA/ICP-AES & 4 ¥ ¥ = 7 ¥ 3 v /ICP-MS CTHITE
U, &R0y 7 777y FHMRE (BEC) &
B TH (DL: 25 3BRED 100) 2kl KRz
Table 4 IZ/R9.

BEC Of#il¥, ICP-AES Tid FA B:OBMAIC & 0 @E
DEBREREITH AT 1/50~1/100 /NS 5->TH
0, PEBRKROEESICEAENEER EEGhET
1000 EREEORER EMSMR SN, €hTH
ICP-MS & HARBE 1~3 U kE0VD, 8, IV
L2 E MS TREAFA 4 v OTE (*Ca iZid CO,,
Fe 121 ArO ORIFEERTY) K&k > TRED 5T
WITE TIEWIT AES OE 5 25 1-2 F BTz,

—7 DL IZ2DWTIE, AES TIE MS IR T2
VI78E (ansnvh, 7ab, vvFvid2di) %
ZBET, MS TREOEVANY Y LT /10, %T
1/4, 7% v, I IEEFTH > 2. AES kIS
W, 4 A A HREEEI L0 ABNAR DS MS STRICH
RTHFILFERINTVWEILELLEEZEDESBE FA
&Y ICP S OBEBELFHRE UVCEHTHS I &N
Hirb.

Y BEC & DL OB %# R 5 &; AES Tid DL %%
BEC DF1F 1/10~1/20 TH H DI L, MS T DL
& BEC WEERLARVOEEZ>TWVSE. ZOMEEE
LT, AES DIBEIE MS IZHRT Ny 7759 R
EEWLDOD, REHIIMS FVLELTWAEDE
EZx2 505, X AES TIZEARIZ FA EZEHAL S
ETHBEEOREERELEIEAEED S BVEE (H
BoAR VIR LD RSD~<1%) THOWTE 1.
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‘Table 4 Comparison of background equivalént concentration (BEC) and limit for determination (DL : 100 of
blank value) by ICP-MS and FA-ICP-AES (ng/g)

Mg Al Ca Ti A\ Cr Mn Fe Co Ni Cu Zn
BEC MS 0.4 2.8 350 2.3 1.3 23 03 170 0.08 8.4 3.4 3.2
AES 1.1 110 36 21 76 1440 66 27 910 94 37 —
DL MS 0.6 1.3 82 1.0 0.4 08 02 63 0.06 3.5 1.4 1.4
AES 17 11 5.4 1.1 54 109 14 10 33 43 2.1 —
Table 5 Analytical results for impurities in silica crucibles by ICP-MS (n=5, ng/g)
Sample Mg Al Ca Ti v Cr Mn Fe Co Ni Cu Zn
A Found 26 6160 1910 1430 3.1 163 8 640 <1 14 1.2 2
SD 10 2500 69 144 0.7 91 3 286 — 5 0.8 1
Ref. V.1 — 8000 — — — — — 800 — — <2 —
B Found 32 7130 273 4670 <1 30 5 311 <1 <5 1 2
SD 11 1410 51 40 — 3 1 17 — — 0.4 1
Ref. V.F — 8000 — — — — — 400 — — <10 —
T Reference value obtained by atomic absorption spectrometry
Table 6 Analytical results for impurities in silicon by ICP~-MS and FA-ICP-AES (n=5, ng/g)
Sample Mg Al Ca Ti A% Cr Mn Fe Co Ni Cu
I Found 1.5 372(353) <1 00(<:5) 179(175) 0.6(<5) 38 1.4 334(368) 0.3 34  4.0(11.1)
SD 0.7  98(127) (—) 158(185) 0.1(—) 24 0.8 130(167) 0.2 14 2.1( 44)
II Found 1.1 193(155) <1 00(<:5) 395(228) 1.2(2) 176 10.0 347(362) 1.4 82  6.7( 4.1)
SD 0.3 126( 95) (—) 135( 81) 0.4(4) 37 1.8 167(138) 0.3 20 1.5( 4.0)
III Found 1.2 7.3(<10) <100(<5) 6.0(9.8) 0.6(1.9) 8.3 <1 <100(12) <0.1 123 <2(<92)
SD 0.5 09 — — (—) 29(44) 0.2(0.9) 1.8 — — (7 — 19 —(—)
(): analytical value by FA-ICP-AES
ANV T L, =T F2T9 L, nd, EBOHNERE RRKEVDDDFETWHRETRKRD Iz A —H — & 1313

POWEINS LVE DL XEOVLDIE, 4*/5‘54&%%
ERPHERDHBERIC LB D EEZ b, BRI, B|E,
BRISORMIC L 0 BEICMEBRICS T 5 C L b AREEE
Zohs. DIEORERE LY AES, MS DOWiE:% I
AOWNIEBEWITE S XTI ppb LAV ETHIETE B
ZEWgh ot

35 EREEAOEA

Kz o) avglE EFHARS D IEROETHEA
RV TV Ay OFHICHEA L 7z, #5R% Table 5, 6 12
N

AL DI TEIRMI LAV ppm A —F— EF
BDolzDT MS TEETFEIBVE, Ay yLab
ICP-MS TEB UK. TUIZD LA, OEEDEH

F-HUTwa2Ers, ERNRITOEEL2Z TN
5HDEEZOLND. RSBV S E VMEINT
WEWANT T L, F9 04 ZDFETHREBIZERD
RECTH-1. TNHDTLRIIFRIMIENMEEZRLTH
O, TVIZYARBRERE L CHEHINTO I RARE
KICERTHLDOEMEINL, 55, ZEOINLI Y
b, FEYOMOFHICHENDOREFETEIBEII N1
, BITOWERMTIL 5ug/ml £ TORET T
$Hmww6n&@om
—J5 Table 6 IZ/R U722 ) a v kbkhg, MigEoRzs
HA%SHDE (1: 99.5%up, I1: 3N, II1: 4N) 12 k08
BLIEBTH B, AELDIFOMEN L LBIFE
YU aAVHAMIBESBD T 5LV TEE BV O
MZRUIZ. ARSI DEFHOFMMERERDOBNT L3I

i B
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Determination of trace amounts of impurities in high-purity silicon and silicate
materials by vapor-phase pressured decomposition/ICP-AES and ICP-MS. Kyoko
FuyiMoTo and Teruo OxkaNo (Technical Research Division, Kawasaki Steel Corporation,
1, Kawasaki-cho, Chuo-ku, Chiba-shi, Chiba 260)

The determination of trace amounts of impurities in high-purity silicon and silica has
been investigated. (1) A sample was decomposed by acid vapor in a pressure bomb.
This procedure gave very low blank values at the sub-ppb level and a small amount of
sample solution (about 1 ml). The addition of 10 ul of sulfuric acid prevented the loss of
impurities (Al and Ti) during the decomposition. (2) A small amount of sample solution
(not diluted) was introduced and analyzed utilizing tungsten-filament electrothermal
ICP-AES. This technique enables an increase in the efficiency of the sample introduc-
tion into the plasma and to improve the sensitivity. As the tungsten filament was eroded
by sulfuric acid in the sample solution, the sulfuric acid was removed by cation exchange
chromatography. According to this procedure, the detection limit at the ppb to 10 ppb
level was obtained. Furthermore, injection(a 300 ul aliquot was introduced into the plas-
ma)-ICP-MS was investigated and high sensitivity (except for iron and calcium; those
spectra were interfered by the molecular ions) was obtained. Trace amounts of im-
purities at the ppb level in the silica crucible and silicon materials could be determined
using both of the above two techniques.
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