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o ICP — OES {488 TAEZA R : RF P2 1150 W,
B (Ar) i 18. 0 L/min, B < (Ar) 3 i
0.2 L/min, 5L %8 E /7 0. 262 MPa, 34 2 1. 2
mL/min, BEGIF[E] 15 s, $&FHEFE] 15 s, 85I &R
02 Yk, B BE 15 mm,
1.2 brifEiig b 32 25

21 4y (Si0, | AL, O, , CaO . MgO . Fe, O, , TiO,
MnO P, 0 ) b 48 15 R - R FH 15 20 5 I 9% 43
FIBCH, 2 24 B2 1.0000 ¢/L,

R4 bn MEW W | Si0, | AL, O, CaO, MgO
Fe,0, .\ TiO, \MnO P, O ARl fiff #5118 2 FETC
ﬁ%ﬂ(ﬁ%’a\ﬁiﬁifﬂﬁﬁ, Si0, \Al, O, Fe, O, o AUN
10,50 ,100,200 mg/L, CaO ,MgO % 0.1.10.20 .50
mg/L,TiO, MnO . P,0,% 0.0.5.1.10 .20 mg/L,
AR E K 1.1 g/L, & Na'.4 o/L 2 5% 814

IR RTRPR RN - o &l

KB F K (HBHE 18 MQ + cm)

A OGRS K & # <10 pg/g) o
1.3 fiBpEa e sy i ik
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BB AT IUA 3 BRI o o0 i, 5 AR &=
PRI ER CANGE A5 ) S5 52 ma il a2 , SR e e B AR T
T e RS 2 4 8 3 b B AT A . (0 B 3
B8 TE IR AR R SR KM A AT REAR AR
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RS KTBE 58 BUR TR I3 AR R  BRAR M
W Fooe 2 i, BIC I MERR I 2 SiO, , PRI B 5
FREMHEAT OIS . — IBeAE il SR ol 1 50
ARSCAERE AN 0. 25 g, 0 SIS w4 2 IR e
FREN 9 0.50 g AYFERN |-, X Bk AR 4k FH 2 kA7 1 52
Koo SRR BRIREAIE Y 0.30.,0.50 g i}, K
T BRIR A K 2 0. 80 o I, I v A5 By
THRAEE s BRIR M R T 2. 00 ¢ I, 7 P 4R 2%
RO BER T 1% I HA5 B TR AERE , S
MAZEIR o e e BRIR T LD 0. 80 g
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AT AR s S R R A TGS T
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ST BT D RE SO 2 B B AT, Xof i — U 3R A oAt 7
FTCERAN [ B0 5 e 4 Ak T 7™ A 4 5 JBE R AT 1 UL
5, RS 2R TR LR i TR 1 S T AR R £, T2t
T SR 1 OO S D R i R AR E 1, B
RPN RAB T SR AR BRA 0/ T £k
VENRFIICER B3 il 26, HE0 2 1 AR L 1 26 45 410
FRALE, W A SRR R X
TARCTE BT, T 38 1o F AR m] v 3 e B2 Sk
sty 55 BC ] A AR T R 91 EA TR AR DE ORI BR o FERRUA
B AR IEIR FPAEAERRAR FR) , DR A R ERE SRV B9
T, ERARBUI T AE
2.5 JilkEVEL

i 1o P I T H A T R Y o M i
2, [P SL AR B AR 2k, 15 A TT R AR i
HHZRZR A [0 U9 75 A 56 R BRI ZRPEE L. S0,
AL O, Fe, 0,7 0 ~ 200 pg/mL,CaO, MgO 7E0 ~50
pg/mL TiO, MnO P,O0s7E 0 ~20 pg/mL A5 A
AN, SR EOAE 0. 9993 ~1.0000 Z[H],
2.6 JjikAiR

oM PR AL PR AL A 12 e . TR
IR A R AR R 22 (s ), [R] I 25 A B [ - 1000,
PA3s TR BRON 13 ~228 pe/g (38 1) A
7 WA IR AT i AR 5 FIRHIE A4 0BT R
2.7 JPEMERNE DR EERIDR

N 25 4T IR T ERR BE , SR TGS 2 1 S5 A1
PrRAER I GBWOT105 (1 B b ER) J5t ) 4 AR i
w3 2 f4 1 5 FRE0. 2500 g, Bl 2 IR
FEfD Z =1 M Z =2, S AR BRAISE 3 0, IOH P2
&, BFERE S Si0, AL O, ,CaO ,MgO  Fe, 0, . TiO, .
MnO P, 05 & i 5 52 Brf1 S5 AR AT . Tk
Ay SRR IY S RAE 10 pg/g DUR KRG £ S5 FE
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Fh X 8 AT R & AARME, B LA AN B6EAE S
7Z-1HM7Z-2Z%HLI GBWOT105 HFrEM N T,
MAE LA GBWOT105 52 bRfre it
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Table 1  Analytical spectral lines and detection limit of the
elements
iz bk ik R S MR Dy R
- (nm) (pg’s) - (nm) (pg/s)

Si0, 251.611 228 Fe, 05 259.940 60
Al, Oy 396. 152 60 TiO, 336.122 13
Ca0O 317.933 66 MnO 257.610 17
MgO 280.270 18 P, 04 213.618 200

A1 S0 BRHEY) T GBWO3120 $4 A% 35 70 Hr 2 3K
ThSFARBEFFIE 12 U, TR AR 22 A X 1
2% B UEAE Y Z — 1A Z = 2 0 S7 AR BRI E 12
U TR AR E R 22 . N 2 B HE (5 =%
{EARAF, T L MERR BE /N T 8. 00% , K5 % B2 (RSD) oy
0.7% ~7.2% , FWIA VLA B I HERR BERDRG 5 RE

2 JIILUERNIERRS %)%

Table 2 Accuracy and precision tests of the method

PoS=N y
i P g R
gy R WL e )
(B%H)

Si0, 10.34 10.40 0.58 2.4

AL O, 5.60  5.66 .07 0.8

CaO 0.74 0.75 1.35 3.1

GBW03120 MgO 0.50 0.54 8.00 1.7
(AR Fe, 0, 1.48 1.46  -1.35 0.9
TiO, 0.55 0.56 1.82 1.0

MnO 0.022 0.021 -4.55 3.9

P, 04 0.16 0.15 -6.25 7.2

Si0, 44.64 44.61 -0.06 1.7

AL, Oy 13.83 13.76 -0.49 1.4

Ca0O 8.81 8.88 0.82 3.1

71 MgO 7.77 7.69 -1.00 2.6
Fe, 05 13.40 13.37 -0.20 2.5

TiO, 2.37 2.39 0.91 1.8

MnO 0.169 0.17 -1.16 2.9

P, 04 0.95 0.94 3.34 6.1

Si0, 44. 64 44.60 -0.09 1.6

Al, Oy 13.83 13.76 -0.48 0.7

Ca0O 8.81 8.91 1.09 3.0

72 MgO 7.77 7.83 0.75 3.7
Fe, 05 13.40 13.62 1.67 1.8

TiO, 2.37 2.44 3.01 1.8

MnO 0.169 0.16 -3.23 4.4

P, 05 0.95 0.97 3.00 6.0

FI GBWO3120 (7 554 ) R i1 854 dh Y -2
PEAT AR IR BSCRSCE  # 1.3 7 Ik ATAL B



553 4]

X LB, 26 < TR BT — P SR 5 S0 1 AR A S DI i A s o 9 T R R S B R B

%34 &

2 A A b E ) ST A Al KB RITIIA , e i
Or A SRR AR BOE BRI 5 AR o)
e ] BSG RL BBUS FE B3 FR 2 A AR A
SRR TR INDTR S R AR, BEiIs M ER T, 75
A ICR AR EICR N 90.5% ~105.0% (K3)
ART7 i AT LA A2 A7 8 M R 2R

3 JilkmbsinificR

Table 3 Recovery tests of the method

GBW03120 Y-2

JCR (Bl bR R  CR | AJRE IR IR ik
(%) (%) WEE (%) | (%) (%) #fE(%) (%)
Si0, |10.34 10.00 19.39  90.5 | 3.23 3.50 6.620  96.9
ALO3| 5.60 6.00 11.22 93.67| 1.09 1.50 2.460 91.3
Ca0 | 0.74 1.00 1.696 95.6 [ 0.37 0.50 0.833 92.6
MgO | 0.50 1.00 1.436 93.6 | 0.67 1.00 1.704 103.4
Fe,05| 1.48 2,00 3.580 105.0 | 1.15 1.50 2.56  94.0
Ti0, | 0.55 1.00 1.461  91.1 [0.015 0.03 0.044  96.7
MnO [0.022 0.04 0.0603 95.8 |0.0078 0.015 0.023 1013
P05 | 0.16 0.20 0.352  96.0 | 0.043 0.050 0.0893 92.6

3 SbsrE BT

TEHCEIRANBE A7 88 FE 60 Y - 1Y -2 HIE
Fedh Z - 1.7 =2 I 4 D Redh R IASIE Fl g e
AT s (R R T WaE e ik AR
1£) 3 BIE , Jerb Si0, R FHH R AL O R A i
1%:;Ca0 MgO &1 KT 5% BRI AL &8/
T 5% E‘J%m%?%w%ﬁ%%vTIOZ P, 05 \F62035’f€
3 EETE s MnO SR T IO L 6L . sk 4
e 0 (-5 22 ik B A Rt A 7 LA, T s 45
RIERW) G

4 ARFER DT IENIE SR

Table 4 Comparison of the analytical results

HHE(%)

BESh MR — -
Si0, AlLO; Ca0 MgO Fe,0 TiO, MnO P,0;
k23 44.48 13.81 8.82 7.75 13.39 2.43 0.18 0.93
‘e APE 4461 13.76 8.88 7.69 13.37 2.39 0.17 0.94
fe2y: 44.72 13.88 8.76 7.90 13.43 2.35 0.17 0.9
‘e A 44.60 13.76 8.91 7.83 13.62 2.44 0.16 0.97
fe2d: 14.51 8.23 1.27 0.44 0.70 0.35 0.017 0.11
- Ak 14.50 8.48 1.30 0.46 0.67 0.35 0.016 0.12
fe: 3.23 1,09 0.37 0.67 1.15 0.0150.0078 0.043

ARk 3.27 1.11 0.38 0.69 1.16 0.0160.0078 0.042

4 4k

AT FERR I A1 S5 it 10 1 A 398 1) A A 15
UL, FE ] — BT AR BE B 41 S8R A, sl 1 X
BV e PO 58 BB ANARE fd A AR L A R PR S o P —
UCHIRE RN 2 R e E, SOl 1 B A 7 ik 245
TLER I E Ryt i, A o A T B 3 B B, R
MRS T TARRCR B A T R AE i F R OCR
HEBRIIE -

7 S AR B i i R R R ]
REREAR AT Rk BE o A it PR T Ak ] IR AR mT i
RV X2 S EE T TT 1]
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Simultaneous Determination of Major Elements, Si, Al, Ca, Mg, Fe,
Ti, Mn and P in Graphite by Inductively Coupled Plasma-Optical
Emission Spectrometry with Sodium Carbonate Fusion

ZHAO Liang-cheng, GUO Xiu-ping, HU Yan-qiao, CHENG Wen-cui, WANG Lei, MA Hui-chun
( Geological Laboratory of Hebei Province, Baoding 071051, China)

Abstract; Graphite is a stable nonmetal and must be decomposed completely by alkali fusion at high temperature
(1000°C). In previous methods, different crucibles were used in different phases in order to shorten the utility time
of the platinum crucible and avoid damage to the platinum crucible and sample loss. Based on the nature of graphite
ore and the character of the crucible, a new method has been developed. The sample was firstly ignited at high
temperature in a platinum crucible, which was prepared with 0. 50 g potassium carbonate at the bottom. The sample
was then directly digested by 0. 80 g sodium carbonate in the former platinum crucible. Lastly the melt was
dissolved by diluting hydrochloric acid. Eight major elements (Si, Al, Ca, Mg, Fe, Ti, Mn, P) were
simultaneously determined by Inductively Coupled Plasma-Optical Emission Spectrometry ( ICP-OES). The
proposed method has a detection limit of 13 —228 wg/g, precision (RSD, n=12) 0of 0.7% -7.2% , and whole-
process recoveries of 90. 5% —105.0% . The analytical results of flake graphite and amorphous graphite by this
method are in agreement with those by chemical method. This method avoids sample loss and platinum crucible
damage. The whole process of treatment is simple and rapid.

Key words: graphite; major elements; platinum crucible; potassium carbonate-sodium carbonate fusion;

Inductively Coupled Plasma-Optical Emission Spectrometry
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