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TR B8 T A A AT I SR R A R A R CRBLALER B2 O 55 mA, CH AR LD 450 mL » min” ') FE RS
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RSF & — A i F £ I GDMS 4 #7 45 5 10 R 4. % F
GDMS 3BT i 5 » K870 70 3 AE A [] S A o 475 88 A7 18 2 A
{1 S AR BORE T L o GDMS SR S — Rl 20 07 05 8
BRI A VE TE Y AR 9 ) 3R A IE RSF, fH B AR 2 4K
GDMS Fp Hr 5% AR | 4R A3t i A o 2R 803 Y1 (RSFs)
PEATIAE » HAEARTT 5 AT 4528

A LAER I GDMS X 7 88 44 H JUR 28 BT 3R 1 &
EHEATIE , M 82 5 SR ] 52 90 A PR 45 0 &R
RSF (A0 . PR G S A1 S AR P 2R BT R & 5 19 GDMS
SEH T .

IR

L1 a5t

Element GD ¥ 5% i i i3 X . 358 Thermo Fisher 23
PR R T LA BUE AL TAES R

AT ARAE S ON 4 B AP T s8R 24 Ll
BB/ AP, KTTRSH G| L 3 MK 4.
1.2 #FlTEREHERE

DAL R O2 3R F B B T4/ A R, G adE
TR0 R B B AT E . BARME B T 3R 2, Hrp* Distin-
guishing ability” 4§ B & 4% 20 B A4 10 000 W& 15 6E X 7
o 00 e D T PR DA DL

B 2 AT, Hop U R T Y Srtr %k 4 Ca i TR
i 2210 000 LA Aty 20 F A AT LIAYIF Gl S W 5E - & BLA
R Sr S E R, ¥ Se T X Ca BT 2w . HoAlh
FEITT R I TE T PRIETE 10 000 20 B R 0y £ 7] LA 5 450 T
0 5E B AT A 25 G 26 50 R W TE S T .

R1 BEABERENHIESH

Table 1 Operating parameters of GDMS
Integral time . Ton source Electron lens voltage/V
Parameter Resolution o
t/s temperature T/°C Extraction Focus Shape
values 0. 05 10 000 5 —2 000 —1 055 130
x2 NEREHEEMRETH
Table 2 Element mass selection and mass spectrometry interference
Element Mass number Abundance/ % Interference Distinguishing ability
Mg 23.985 78.99 BTt , 8Ca™ T N
Al 26.981 100. 00 MCrt T, MFet T N
Si 27.977 92.23 BFet T, 12C0OT, MNMNT N
Ca 43.955 2.09 88Srth, BGIOT, TAITOT, Mgt O X
Ti 47.948 73. 80 Mo, RuTT, WZrt T, 328180, 2CHArT N
Cr 51. 940 83.79 0Pt , iRy, 2CYAr", 3A0T N
Fe 55.935 91.72 H2Cd*+, 1128n T+, A0, CalfO" J
Ni 59. 931 26. 10 1208p T, 120Tet T, 2 Mg¥* Art, #Cal®O" N
. 1T OF N 25 MgSS Ar ' s 2T A6 Ar T,
Cu 62.930 69.17 126 Te++ s ZBNa\UAr+ s 45 SC]S()+ \/
1.3 #m FEY BB ok H . TR LB AE 45~55 mA [ S fBI . Y

HBHESERR ST 5 ecm X4 ecm X 2 ecm B Bk,
1800 HWP AT EE R M » LB F/KIEVE, Wk A iEEE 1L ¢
1AYPRIE M 3 min, £ F/RK Rk, SadimZ R TE &
il

2 #R51He

2.1 WEEGRE
J T W AR k. HE T EC, M Mg, Y Ca, ®Cu
F1 220 (5 St M7 ) A 5 o B4 1 5 5 5 i s P L 9 R
RS M R PR AR AR AR
2.1.1 kb wiREEediksF
B B AR 2 450 mL « min ', BEFRHCA AR B
Bk 45, 50, 55, 60 fl 65 mA, IR RME 1 xR,
AT ORI, B HL A R B G O, R OT R M fE SR

H T E M5 5 00 5 1 R U TR R 0 3 B B K B Mg LU
Sh, BB 55 mA J5 4 TC R F 5 TR E 3G 8 HO0E His)
M Mg JTCEE SR ETE 55~60 mA [a] A I/ s MK 55 1 ok
B 5ICEE T M A B S AR 5 LAY, TC I B AR
IR K 1 P 3 58 B 2 384 0 B AE BRI AR L DT R . UL G £
A R BOR DA M AR A W, SRR R £
W FERNAE S AR PR 22, B0 I 5 45 2R MRS 7% X
ZRA IR, WP 55 mA VRN ML AT LR
2.1.2 FBAMBAFTHLE

TE AL FL R 55 mA, 3 PR AR A = B B Dy 375,
400, 425, 450, 475 F1 500 mL » min~ ', SZIGL5 R A 2 B
s

H &2 Afn, BEE O ARG K, CE5mE R
FEI RGN, TE 425 ~475 mL « min ! A} AR SR Fr
AN A % F Mg, Cafil Cu=J0 % . i & B HL SR 35 & 19 3
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Fig. 1 The effects of discharge current for signal intensity and precision
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u
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Fig. 2 The effects of discharge gas flow rate for signal intensity and precision
K. FZ L{iﬁﬂd\t?} MHEHERE . K TTRES 18+
FEWH’M‘EIX#‘{EZLJ‘JL‘JE KU, TR R GEEEES P
SHR B RN % B AR RN B0, g 28 R MR I B R 450 :
mL « min ' HEATE,
2.1.3 z!(‘tf“ﬁ;x{’cﬁ FREGY R

S I8 B A LA T%%/J\#F(L@W% R Y R A S
12#{:[@&1{7%(/”‘, 220 T EOAE AR 5 IR AR FEAE 0~1 cps
Z 18], F WAL 15 507 RS2 SR AR A IS
2.2 TR ST A A A

S B g R Na JC R &%
P KT, DABR 25 AT REAE A8 TR i 3% 1 0935 4
1 55 mA, CHH S RFEEN 450 mL « min~',
T Na 5 5 il W0 S5 BsF 8] 719 28 A 15 400

AR A R R T S R ]
T CHH IR
Bl 3 o RE b

Sodium contentc/(mg
—_ e e e e e e
S = N w B W N ]
1 1 1 1 1 1 1

0 3 6 9 12 15 18 21

Time/min
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24 27 30

Fig. 3 The relationship between Na content in

graphite sample and sputtering time
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oI 3 ATA, A R HEAT . Na & i B Wi FEAIR. % 15
min J5 F B HEIHSE . 18 min DLF AR E . FAFE S EWE
WA — 5 5 e L . 560 7 18 min £ % BB 0
Ko DL BRFE SR I TE M T5 34
2.3 FEHEMKRUHR, #HEMBERE

FETE & M AL TN & S0 T SR FHALAR B 4 19 RSFo 4
gl {7 SEFE RS BEAT 11 R, GE I E S R AR HEDR 25 . LA
3AEFRMEMR 25 T H BT R IR IR X SRS AR A TR
TFNWMAE - Get v B ARS8 8 s X e 45 2R 5 2 % (E ik
TTAE i R 50, B TAE XA Ry 952, Fifd sig {6 L3 3,
A osig>0.05, RRMELRGSHEHLREER. w UK
PIMTRN S & &, w, RRIZITCE T8 & & .

x3 AESEHERAPAMTENSWER

Table 3  Analytical results of 9 elements

i IE 4 AT, KRBT K i RSE (A FE 2 HL 3058 5 1Y 3% hn
HiZL RS . ZHcR RSFHLE 50~55 mA JE[EH A
FAXTOREFRRE . 12 55~60 mA i B N0 K (i Mg, Al
F SORSF {1 K. EICE (Cr, Ni, Cu)RSF B £ /)
B WA R A . Mg, ALFI Si iy RSF {8 28 1k iR B
i 40% , HAh CHE 4 Ca, Cr, Ni il Cu i) RSF {E 1) 75 14 e
10X A . TR EE RFW, HICHK RSFAHHE A5 Z b
T, SRR AT RE R R TR B TR AR B A T
T Sh 2%, 2 I F O O, R O S R R R
RSF (B 0.1 2 B 58 05048 5 H At o0 25 A0 0% 5 3R A2 i o f 90 98
R/ PG RSF AR FEARXT R E . 28 L Fr ik, e d v
X B R Z 80T R 1) RSF (A B,

4.0
3.54

3.0 Mg

in graphite reference sample A

—=— Al

2.54 —— Si

(=4 4 - Ca

207 T
s s
p————R@—o o

1.54 o
o —— Fe
1.09 Ni
——Cu
0.59
0.0 ' ; ; )
40 45 50 55 60

& 4

Current intensity //mA

Fig. 4 Trend of RSF value of element

tested with current intensity

FMTERSFERERRBENZLES

) Reference GDMS measured
Detection values values
Element limit/ sig
(pg- g ) wy/ wy/ RSD/
(pgeg ™ (ugeg M %
Mg 0.03 1.4 1.1 8.8 0. 000
Al 0.02 41 36 6.4 0.003
Si 0. 06 350 339 4.1 0.112
Ca 0. 02 48 46 4.6 0.067
Ti 0.01 35 31 2.5 0. 000
Cr 0.03 11.5 9.5 2.7 0. 000
Fe 0. 04 60 65 7.1 0. 041
Ni 0.05 3.2 4.0 8.5 0.002
Cu 0.02 12 14 5.0 0.001

B3 3 WA, 4% 70 3 2 45 5L 09 A W A UE AR 225 Crelative
standard deviation, RSD)/F 2% ~10% Z i) . %t TAK & &
JGER U Mg Al Ni, RSD{HEK, 1E 8. 50 At . LR R &
Wi, 0 A AR bR T A BT R RS W R AT, ¢ R IR 4
REW, X T SiflCaPisi R, MM RSSHEMELLE 2
St M T HMOTR WA B2 55, Pk, AeEidsR
B — 25 P w8 A vk 00 A . OLE o SE IR AR AR Ak
AN A& ICE RSF, HIFA ER IS5 2R . LIRS 5 HE A 1Y
R TA R
2.4 E%t R 81 EF (relative sensitixity factor, RSF)illE

AR R R s R (DR (2) .

I,
(‘k:ﬁ (@D

RSF, = & (2

Ck

Hor, o RITTRMBRIM E S =, I M1, /53 2fFnTER
AR ITTE M & FIEORE CEERIER), oo RSH AT
TLEMSHE =,
2.4.1 W& RSFAA# ok

T AR R 450 mL « min ', KK S
WM 40, 45, 50, 55 F1 60 mA X} £ G K RSF G, 5256
SR E 4,

2.4.2 @ ARG E A RSF AR89 % ok

R B YR B E M 55 mA, fE 400~500 mL + min~ ' i [
PR U A8 Tl v AR O, % 8 A U it X RSF {1
W AR S,

4.0
3.5

3'0_/‘/"/‘\‘ —— Mg
= Al
2.5 — Si
% 2.0- s
B —— Ti
1.51 /-———-/I Cr
1 0_1// —— Fe
’ Ni
05 )_’o/’/ —u

q

0.0 T T T .
400 425 450 475 500
Discharge gas flow rate g/(mL'min™")

BS FNTHERFERABSERENTHLER
Fig. 5 Trend of RSF value of element tested with gas flow rate

i &1 5 AT, RECE B AR IR R B K, 45T &K RSF A
WRAETWBA M, SitE RSFMEH A TIE 15%, 1 Ca,
Ti, Fe fl Cu i RSF {305 76 100% A F, H Al ot F iy RSF
(LG e A 5 T 3004 . ARG K B AR = 4 5 SOu ik St
HH R AT B ARG {ELIRD B 4% 06 2 0 Dk S el B A R AR S
5. KZBOTER RSF (6 b & 750 <M U 4 9 4 m imi 38 K
JE PRI VT R FE 145 70 28 TG ST IR 8 AR R R Y Of 10 Jn BR AIR
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%39 &

W T SRR RN, RIS ZHOTR N RSF HZ W K5 1
SR AN T 475~500 mL « min 'JEFE BT, SiFil Cu ) RSF
B AT W/ » T BB I L B JEs AA f  BE A E 2d O, B RSF
fEAE/IN . Z5 BRI SR g i 0 7 88 45 JE R 1 RSF (R
AR ENH .,
2.5 HEmOW

FE AR AL A5 AF OB LR 55 mA, 0 SR I i

450 mL « min~ )T, RIS T RS RSE. EHY A £ S
FRdh BREAT TARRERIE , FriFai R 4, i w; 2
TB|BHHM BHARFOLENSH TR, w ZH A
FI7iF RSFa % 2R153 B9 % 0 8 5 it ws 2 FI AT 3843 /) RSE,
EINE LR s sigy M sigy 2P BIXTRA w, 1 ws PELRGS
BAAH ¢ K5 4

x4 ZEHERDW
Table 4 Sample analysis

Reference value

Measured value

Element
ws/(pg e g b wy/(pg g b sigy RSF, ws/(pg g b RSD/ % sigs
Mg 2.0 1.5 0. 000 2. 24 2.2 9.4 0. 051
Al 52 45 0.001 1. 40 50 5.7 0.167
Si 370 360 0.210 3.05 361 4.6 0.217
Ca 40 38 0.061 0. 44 38 4.2 0.053
Ti 55 49 0. 001 0. 45 54 3.8 0. 296
Cr 16. 5 13.0 0. 000 1. 58 16.0 4.1 0.111
Fe 65 73 0. 007 0. 84 61 6.3 0. 059
Ni 5.8 7.6 0.002 1.28 6.4 9.9 0. 086
Cu 20 22 0. 001 2.17 20 3.2 1. 000

4 4 MU T 1. R RS, (R A7 9072 P 5 0
45 sig HHKF 005, F IR RSE, AT 0 19 45 3 50
BES . TR A T B

3 4 ik

HESL TR GDMS 58 70 #7478 b1 9 A T
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Quantification of Trace Impurities in Graphite by Glow Discharge Mass
Spectrometry

WANG Zi-ren, WANG Chang-hua, HU Fang-fei, LI Ji-dong”
Guobiao (Beijing) Testing & Certification Co. 5 Ltd. , Beijing 100088, China

Abstract Graphite material is an ideal inorganic non-metallic material with high chemical stability, good conductivity, and good
wear resistance. As graphite is a refractory substance, it is difficult to test the trace element contents by using common chemical
methods or conventional instrumental analyses. Common problems in the graphite analysis by the Fire-ICP method are as fol-
lows: (1) the individual elements are easily lost during the high temperature burning pretreatment process, and (2) the graphite
cannot be dissolved completely during the process of adding acid dissolution. Therefore, many scholars began using solid analyti-
cal technology to determine the impurity contents in graphite. Glow discharge mass spectrometry (GDMS) is a technology com-
bining glow discharge power supply (GD) with mass spectrometry (MS). It has advantages of simple pretreatment, weak matrix
effect, low detection limit and high sensitivity. It has become a division of high pure metal and semiconductor materials at home
and abroad. Relative sensitivity factor (RSF) is a coefficient used to correct GDMS analysis results. For GDMS analysis, most
elements still have obvious matrix effect in different matrixes. In order to make GDMS analysis as a quantitative analysis meth-
od, it is necessary to use the standard material matching the matrix to correct the RSF. However, most of the GDMS analysis is
based on the standard relative sensitivity factor (RSFStd) provided by instrument manufacturers and only semi quantitative anal-
ysis results can be obtained. This paper describes an analytical method to determine the content of 9 elements in graphite materi-
als using GDMS. Through the optimization of the discharge conditions, the suitable discharge conditions of graphite were deter-
mined (current intensity as 55 mA, discharge gas flow rate as 450 mL « min '). Under optimized analytical conditions, 9 impu-
rities (Mg, Cr, Ni, Ti, Fe, Cu, Al, Si and Ca) were determined. The result of t-test showed that there was significant differ-
ence between the results of most elements and the reference value. In order to obtain more accurate results. the corresponding
RSFx of each element was required to establish quantitative analysis methods. Through experiments, the effects of different cur-
rent intensity and discharge gas flow on the RSF value of 9 elements were investigated, and the causes of the influencing factors
were discussed. The experimental results showed that the current intensity and discharge gas flow have a great influence on the
RSF value of most elements. The discharge gas flow has the greatest influence on the RSF value, and the RSF value of each ele-
ment varies between 15% and 405%. Under selected conditions, the content of 9 impurity elements, such as Mg, Cr and Ni in
graphite materials, was quantitatively analyzed by RSF, value. The t-test sig value of the test results was more than 0. 05, indi-
cating that there was no significant difference between the measured results and the reference value, and the accuracy of the
method was significantly improved. The relative standard deviations (RSD) were between 3.2% and 9.9%. The method can

meet the need for the analysis of high purity graphite materials above 4N purity.

Keywords Glow discharge mass spectrometry; Graphite material; 9 impurity elements; Discharge condition; Relative sencitivity

factor values
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