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We examined sample pretreatment methods for analyzing copper (Cu) alloys using the glow
discharge mass spectrometry (GDMS). By treating disk samples with five different methods,
including dry-belt grinding with three types of abrasive cloth (alundum, corundum, and zirco-
nia), specular grinding with alumina paste (1 um), and etching with nitric acid, we obtained the
relationship between the duration of the discharge and the ion beam ratio (IBR) of each ele-
ment. After specular grinding and etching of pure Cu, ions of every element reached a steady
value within a short time, and the IBR value was lower than in the other three methods.
Copper-based alloys were similarly investigated. As a result, we found that, when etching with
nitric acid, there were instances where the surface turned black, depending on the type of sam-
ple. In these cases, there were problems in that, although the IBR values of most of the alloy
components showed reproducibility, no consistent results were obtainable for IBR values of C
and O because of the abnormal values contained. Thus specular grinding was most suitable.
We selected 12 mm for the sample masking diameter and 800 V-3 mA, as the discharge parame-
ters while considering the analysis accuracy of the alloying elements. Seven types of standard
reference materials were measured to obtain their relative sensitivity factors (RSFx c.). The
analytical value of GDMS for the standard Cu alloy sample, i. e, MBH CRM CBC2, well matched
the certified value or chemically analyzed value. Furthermore, the lower limit of determination
for O was 0.5 mass ppm. The proposed method can be applied to the analysis of oxygen-free
copper.

Keywords : sample preparation method ; elemental analysis; copper-based alloys; relative sensi-
tivity factor ; glow discharge mass spectrometry.
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BRIZ K EA B R B4 (ASTM: American Society for
Testing and Materials) » Tix Sb, As, Bi, Cd, Fe, Pb,
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S DK 25 mass ppm 2* 58/ Mn @ 0.5 mass ppm ¥ T
BLWHEENFHS., WTHOHEED O FAEIT 10 mass
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THRE L7, ABREORTLEEORETICMA, 74 A2
RENIH T B RBERBELEBFIZOVWTRN, ZHITED RSF
fExRD7z. TR ITFELE LTIEBe, C, O, Al, Si,
P, S, Cr, Mn, Fe, Co, Ni, Zn, As, Sn, Sb, Pb- R T’
Bi ® 18 T & L7z, MM L 7-HR 83 O RBALE D Hl#9 K
PARY MNVTHDID, TNZN Cd, Te, Ag RV Se
WAL L7z, BEIZ, #HiziCKD A RSFE%E v CRE#R
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Table 1 Instrumental parameters of glow discharge

mass spectrometer

Thermo Elemental -VG 9000
>4000(m/Am: 5% at peak height)
Faraday cup

Daly multiplier-pulse counting

Mass spectrometer
Mass resolution
Detector

Glow discharge Constant current mode

Discharge current 3 mA
Discharge voltage 800V
Discharge cell Mega flat cell
Discharge gas Ar(99.9999%)
2 EEBRHGE

2-1 BERUHERHF
FRICIY—ET LA ¥ H VB VG 9000 ZEICRBE
BOWEIEZEHA L. BEESWE ORME LM% Table 1
IRY. 70— BREBRE— FTRIEL, WEBER
HABABZTILEESZ L THEL, 800V-3mA & L
oo MEBENVIEZT 4 R HZEHD Mega flat BV 2 v,
HEFRHEFYBLN L TREAEETHAIL 7. HEBSX
ICIBEMEE Ar (99.9999%) HW/z. 714 A7 RAHD
BH~wRA7 (Tall: BERO—I) EHE ¢12mm ZH\,
R L BB OMFITIIFE 020 mm O F—F VB AA 2 H
Wwie, A4 VEBROBRBRFMEICIZZ7 7 77—y TR
U574 ) —HETFHES - SV REESREHVW:. REE
ANRZ MVIZ 1 EOERE (160ms H 5\ 1id 200 ms/F v
YERNV) TR BESHEE (n/Am: 5%E—7 R E)
i34 4000 IZFREEL 72, BB T A A VBT v YN ITHEA
#, W0 THMEL, BEEIRELLHE, Fu—-KEX
BITL, 40 PEOFHINEEITo72. £HILFED IBR fHIL
WIN S FRER T %, WES BOFHMHEE L.
LESHEZ KD B 72012, O EIARIENE A R k% - BhfR
FRAMRIINE % H w5 LECO 8 TC436 B!, CI3MRBE- K
AHRIRIE 2 v 5 R R CS444 BY, P RUTS OWRSES
BERIE 1213 B B A T B AL G EE R UV-160 % fif
BL, ZhZhiCRELHESRGCHE L7, mREER
HEHEL, ERLAKRERD>S, ThZPhOEREE K
o7,

2:2 RERVT 1 27 HHOFNEE

FEBRIZHWLRBRVWIRL 71 A2 RB T, RSFIE%E
KB DT R CulE# R B MBH CRMs (MBH
Analytical Ltd. 3£E) & U°BS CRM (Brammer Standard
Company, Inc. KE) AWV, £ 5DILFEMER %
Table 2173 . 72, BEDORSFHELZRDL7-DIZH
Cu (Cul, Cu2 KU'Cu3) 3fx AW/, ThODOE
B, SN2 L TLLAVLNTY D RER T R
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Table 2 Chemical compositions of the MBH CRMs and BS CRM copper-based alloys
Certified values, w (mass%)
Element MBH MBH MBH MBH " MBH MBH BS
CBC4 CN8 MNB5 ALB7 B22 WSB4 544A
Be © 1.83 — — — — — —
C — 0.041 — — — — 0.003*
Al 0.036 — 3.27 4.20 0.22 0.53 0.0005*
Si 0.057 0.40 0.54 0.40 0.09 4.79 <0.002
P — 0.02;5 — 0.067 0.15 0.048* 0.021
S — 0.016 0.01 <0.001 0.038
Cr 0.002 1.54 — 0.06 — — —
Mn 0.004 1.05 0.116 0.56 0.15 2.06 <0.002
Fe 0.054 0.67 0.70 5.02 0.16 0.62 0.092
Co 0.20 0.12 — — — 0.11 —
Ni 0.025 29.8 1.04 5.11 0.14 0.25 0.16
Cu Bal 65.7 55.0 83.5% 83.2 85.62* 88.4*
Zn 0.022 — 37.5% 0.49 15.2% 4.7, 3.42
As — —_ — 0.06 0.14 0.033 0.011
Sn 0.017 — 1.58 0.26 0.16 0.90 4.42
Sb — — — — 0.15 0.063 0.040
Pb 0.31 0.06 0.15 0.04 0.15 0.19 4.16
Bi —_ 0.21 — —_— 0.19 — —
*: not certified.
T
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Fig. 1 Influence of sample preparation methods and
discharge durations on the IBR value of aluminum

ERR - RORBIEIC X D RD 7R, FhEh 157,
422, 325 mass ppm TdH o /.

ABRMOBME I, HFEA AA#120, CC#120,
Zr#120 12 & AN MFE, AA (1um) N7HFEEIC X
BHEMEAL R Ze#120 BHE L 72, B TI10PHM
Y F U TTBHFED S BEICOWTRE L. wIFhd
Kk, TVIa—VICK TR GHE, BRERL, %
L7z

3 EBRERRUEE

3.1 HEEQEEZOZE

AL LT Cu YV, FITHEDO IBREICRIZT M
AERRORLEER PR EREOEEIZOWTHEN .
Fig. 1~3 ICZNEN OB LI EDE NI L S Al S,

Fig. 2 Influence of sample preparation methods and
discharge durations on the IBR value of silicon

Zr O IBRE L B H & OBRER L. Fig. 1O AID
IBREDZEALE RSB L, AARKRY Zr ZOBE TIIHER
WGk, 755 RBLTHIEND 3 HEICHEL T IBRE
BEMETHo 7. ERRIC Fig. 2 Si ® IBR IR, =vF
YT LIRABRUSHREME TIE 20~30 3 CT—EfEL %o
72h3, CCHROWMETIZ 75 5B LTDH SiDFRIII %
DRKE\W. Fig. 3D Zr D IBRET, WEAMBRL Y F
YK BB TIE, BERMEK 20 5 T —EHITE
LTWaEA, Zr 28520 EBbhE AARRUCCHRT
b, AI2ELHBLTHY IBRIETSH 5.

Fig. 4 RU'BIZIZENENFe R PO DBIZRL .
Fig. 4 75, AAR, Zr RR U CCROVT I ORI MLHE
T, bTPLHS Fe DFERDIBOLNS. EHFER
CryF 7 TR, 20~25 TREOHETEEMEAES
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Fig. 3 Influence of sample preparation methods and

discharge durations on the IBR value of zirconium
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7 Fe56 etching
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Fig. 4 Influence of sample preparation methods and
discharge durations on the IBR value of iron
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Fig. 5 Influence of sample preparation methods and
discharge durations on the IBR value of lead

hTwb. 72, Fig. 517" L7 Pb @ IBR1HIZ 3.5~4.2
T, WTNORBFAEETH —HRRETH), Thoo
fEIZ/NV 7 O Pb DREISHIETHDDTHS EHHISh
7=.

Fig. 6 RN 7 ENEFNRCRUT O DREREZRL.
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Fig. 6 Influence of sample preparation methods and
discharge durations on the IBR value of carbon
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Fig. 7 Influence of sample preparation methods and
discharge durations on the IBR value of oxygen
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WTENORIBAIC L 2HLETD CHASRICKRE S,
WERM 7 0% FELTH, BEAMBRILZ Yy F 7D
LARNVICIEEL TRV, F£/2, Fig. 7T/RL7Z20 DY
&, EEMBRFZ y F 7/ Tid, 20~30 57 BEOKE
TEHMBEIET A LG h o7,

RS HHM LT, #Cu TIEMELFEERLREE L
LT, MBI ATy F U/ ARBETHELEIOND.
T2 CuBEICDVWTRBLRFE2To74. ZORHKE,
WL DLy F T ETo8E, REOEEICL-T
BEAIVERICEAT LSSV D o7, ZOHEDEEMK
5O IBR EIZEREND o 7245, C KT O ® IBREIZR
HEAHD, BHEDOD ZERVB OV, R EDRE
Hhot, T, Bl 25¥E MBH CRM WSB4, CNS,
ALB7 2 LI22oWT, RRE A5 XEELFETHICIZED
ol
INLDORHERSLS, Cu R CuBESHTOCR
COoOREZ*ER L, R#EtARGAHEEELT, AA
(1pm) N7HEBICXA2EEME LT EIT L ELA. £
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Fig. 8 Relationships between the mask size/dis-
charge voltage and the IBR value of each analyte

72, FBERBIE, 32 A EDITLHED IBR EDS 30 55
ET—EMHIGETAIEPS 05E L.

3.2 HE/NIX—42—DKE

¥ L LC MBH CRM MNB5 # BV T, WEER 3 mA
&L, YAZERUBEEE L ZITLE D IBR fE L DB
R, WBBEOHEMIIEN, < ) v 2 ATERY
BILFEDA F VBB ZH AR ML 7245, FILED IBR
BRDFrENOEIL, FORKEE Fig. 8ITRL L.
RO TRLAT A7 ¢15 mm D4, Pb @ IBR 7S
BPDOIAS/EDOHELHEL T 50% BEEV. Zn D

A, ¢10 mm RO 12 mm TRHUEBE OWINIZHE W
IBR fE I3 # R L7245, 800V ETHW/IE %572, Fe
® IBR EIZHEBEDOHIMIZIEY, 915 mm Tl il K%
L, BAHIZ 910 mm OB FEFRHEMT 2EMPBRE S
2. RAZE 912 mm OHE, HEBEOE/LICH LT
650~ 950 V DFEEH TIIZ—EMEAE S h .

FRRICHE X7 & 912 mm, HWBEBEZ 800V ELT
BMEEHRZ 20~4.0mA OHEHTEL S S/ & XD IBR
EOBLERRIL A, REEHOMIZEY, <Y
v I ATLERFEBZTLHEDA + ERMEIIEMT 555, IBR
fEIZ 4.0 mA 2BV TIZIZ—ETH o7, T/, WEER
3OmADHE, Y by AL+ VEHMBEIZ2mADE
EDH2ETHo7. BB OEELRLEZERL, KB
RAZE ¢12mm, HEBIE - B % 800V-3mA & L
7=.
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Table 3 Relative sensitivity factors for the analysis of
copper-based alloys by GDMS

Relative sensitivity factor (RSFx cu)

Element Proposed

Literature” VG
Daly Faraday

Be 0.311 — — 0.297
C 1.339 — — 0.976
o 30.01 — — 2.558
Al 0.307 0.304 0.261 0.268
Si 0.470 0.458 0.391 0.359
P 0.729 — 0.750 0.614
S 0.810 — 0.835 0.759
Cr 0.526 — 0.527 0.429
Mn 0.425 — 0.432 0.284
Fe 0.307 0.298 0.285 0.194
Co 0.273 — 0.214 0.213
Ni 0.410 0.360 0.350 0.292
Cu =1 =1 =1 =1

Zn 1.212 1.096 1.206 1.122
As 1.079 — 1.054 0.986
Sn 0.638 — 0.588 0.479
Sb 1.185 — 1.033 1.023
Pb 0.678 — 0.626 0.497
Bi 1.097 — 1.088 0.787

a) The values obtained from Ref. 7. b) The values recom-
mended from Thermo Elemental Analysis Ltd.

3:3 ANY MILFF

MENRTEDOHRT, ARZ MV TR TIEEED
HBEII) Yy 7 ANERPHESN AERET 54 4 HET
Thbt, Cu RPArC2hbbiiES F Y HEIZOWTH
Sn BEERSTTHBRAETIE, NIt 5
50" (BB R SRR 2950), Zn XS RICEAT
LEETIE, ST B Yzt (9REE: 4270), F7-
Ni 2 EE&RSE TR TIE, P 5 ONi*T (9%
BE: 3230), STIIHT B ONi®T (4 FEBE: 4765), RO
IS H T B ONIO'NiT (S REE: 2880) & B Wit
BNI®Cu” (SHERE: 4190) DEEY — 7 b SN 72,
AEBREHIIBVT, 20EBRADON Lo/ A
L, HME®D SIIHNT 5 %zZn® RU“N® OB IIER T X
Ry,

34 HMBERE (RSFxc.)

M RERBOBHICIE, Sy 7 AOBECEE
RBLARRZHW.

~7e.

(C/ C) = RSFxs X (I/ K) (1)

CGRU C DI, ZhENGHMEERBERT< MY v 2
ATF#E (Cu) BEEERL, HAIX mass®% THA. Table
312i%, Table 2 T/RL7HAB 7R UM Cu D IBRE%
BAwT, (1) KETVTEHEINZZEILED RSF
(Cu=1) fE%ZRLA. T/, XMERUEBEBEOV 7
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Table 4 Analytical results of MBH CRM CBC2
Ion beam Analytical Certified
Element ratio values, values,
x107° w(mass%) w(mass%)
Be 13549 0.409 0.41
c 8.165 0.0011 0.0019”
o) 0.151 0.00050 0.0006"
Al 1620 0.0474 0.052
Si 1063 0.0551 0.057
P 15.04 0.0010 0.0014°
S 16.63 0.0013 0.0019"
Cr 46.67 0.0022 0.003
Mn 796.1 0.0301 0.029
Fe 2345 0.0683 0.065
Co 84271 2.23 2.13
Ni 1880 0.0762 0.079
Zn 94.57 0.0131 0.014
As 0.804 0.00008 —
Sn 29.45 0.0018 <0.005
Sb 1.607 0.00018 —
Pb 15.14 0.0009 <0.001
Bi 0.121 0.00001 _
N =2. a) Infrared absorptiometric method after combus-

tion in the oxygen current. b) Infrared absorptiometric
method after melting in the current of inert gas. c)
Molybdophosphate extraction spectrophotometric method.
d) Methylene blue spectrophotometric method after reduc-
tion-distillation as hydrogen sulfide.

T T ICHAREN TV DHEIR RSFE (VG LR LA
F5) ZCulHTAHb0E LTHEHAL, oz bt
L7z, SCRRE RSB ARIE L 1ZIZR— (¥ vV~
A7 ¢12mm, WESZMH: 800V-25mA) THEHI L
2o, BLOTEIZOVTEIL —HLETHo /2. T2,
Zn, As, SbiZ2WTIZ 3 BEDEHI—H LA —F, OD
RSF {HIZEIMEE K E S R A2 2 DT, REFTMEEDE
BWATHLDLHMEINSE, IO OHETLT, ERER
EEDIDIZIET MY v 7 AT LIZRD 7z RSF EPART]
RTHDHIEHFHEREIN.

3.5 EHEHIMA

IR Cu &4 E# ¥ MBH CRM CBC2 DERFHT 21T
o7:. RSFAEIZ & AH#IEMHIZ VG000 EEETE 70/ T A
(Issue 5.60) ZAV, N—VF LI r¥a—zI2& ) RHE
MOIEMEIZKS 57z, Table 412 GDMS E&{H, Rt
TR UL H 2R L7z, ALFESHTET CIIMREE- Rt
MIRIEE, O WEANTEN: & A X R - IRV, P
EY 7Y UERMEREREE, SIImILKEREXFL
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Y HFWHIEE B & )R 7. GDMS ERMEIL, Be KU
Co & E& &5 & mass ppm L XV OMETEE T,
WENDRIEHEE—FK L. ZLOXETERETRIZ
0.01 mass ppm Tdh o 7. T, O MLESIEEL L —
HL, AETH O DERETHRIE 0.5 mass ppm BETH D,
MERFERP D O TATICDEHATE S L BbNS.

4 #E
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Pk, AEETIRS O —REERSHET Cu kU Cu
BERHT HEIC, Bk A AT ILEE R BB E <
FGA=F =R EIZOVTREL, UTOHRZRL.

(1) BEOHEMIC L 28RV MFETIE 60 72K
DOFHHE TR B 2 VERFBOLNL. Cutd
ST EE & LT TV 3 /5 7R S AL T
LBRbhd., ZOHE, 405U LOFHKEICILY, H
Y BETBIENTEL.

(9) BEWHDMMA A+, FFAF T REIZELBR
Ry R VTHNED NN, REREET CHRRRIT
EOWNEHBRIEDo T2,

(3) Bir-loRod 72 M REREE AV EERE O
GDMS ER1tiX, &I » LBMERMYTE F T,
ALl B\ ILESHHE & FEH TR —B L7,

(4) 12, O DR TR 0.5 mass ppm BETH D,
WERBEF D O L BHTE B I EATENL,
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Ju—EEESHE (GDMS) 12X 58 (Cu) AE&FITICHVZRABEREORMEEIZO VTR L
oo TARZEBNE, BIBASHE (75054, a5y ARV NVIZT) ZLBER~N NI, 7
WIFR—=ZF (1pm) KE2ERMAERVCERICIAZZyF U 7O EEOFETUAL, WERRELE
BERFEDOT M) v 7 ATHEICHT B4+ VHER (IBR) OBFEERDE. #MicuDEs, WFhoxtEd
REAMBEH LV Yy F U /ICE 50005, ARETEEMIGEL, LHd IBRIZIEINID 3 HikL BL
TEWETH 7. CuBE&OHE, 6HICI o TRy F 7o TRBERIZERILL, CRUO
DIBRYBELZRTZE, PEYLEEOAON, BEMBIRETH 7. BETEOTWHELER
LTHEBYA7ZE ¢12mm, ME/NNTA—2 L LT80V-3mA 2BIRL 7. Wl Cu EHERE 7L HE
L THEH R BEAR S (RSFxcw) Z ROz, Cu A& #FRE MBH CRM CBC2 ® GDMS EREIIHIEH 5
VIMLESHEE L —K LA 72, O DERETIRIZ 0.5 mass ppm BETH Y, WEREHFHF D O HHIC
HETEBZ EERLE. :
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