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Table 1  Analytical results of elements in synthetic standard
materials

NTAW Fi(%)

BEERE

g S0y ALO;Fe,05 Ti0, Nay0 Mg0 Kp0 CaO %k A

1#  77.34 7.14 1.15 0.31 0.56 2.09 3.65 3.55 3.82 99.61

2% 74.8710.61 0.35 1.06 1.89 0.13 2.23 2.30 5.88 99.32

3% 70.7416.12 0.85 0.16 0.11 0.87 5.85 1.39 4.11 100.2

44 68.8612.67 3.59 0.99 4.37 1.37 1.21 0.51 5.76 99.33

S# 65.4114.43 2.13 2.52 3.67 0.15 0.49 5.13 5.45 99.38
7E:Si0, (AL, O, Fe, 0, .Ti0, .K, 0 Na, 0, Ca0  MgO . 4% 5 7K iyl 5 ,
ARIEE bR HE GB/T 14506. 1 ~ 28—2010 { i B #5 4 A1 b 24 43 #r
T -

# 2 XRF {UZrpr At

Table 2 Measurement conditions of the elements by XRF

M R WIE g 20 g PHA
(

TR otk (am) W) m) () () 1w
Si Ka PET 450 F-PC 50 60 109.030 110.650 130 280
Al Ka PET 450 F-PC 50 60 144.770 139.100 130 290
Fe Ka LiF200 150 SC 50 60 57.500 70.700 100 300
Ti Ko LiF200 150 SC 50 60 86.110 85.000 100 300
Na Ka RX25 450 F-PC 50 60 46.350 48.500 120 300
K Ka LiF200 450 F-PC 50 60 136.684 139.600 140 260
Mg Ka RX25 450 F-PC 50 60 38.230 40.350 110 300
Ca Ko LiF200 450 F-PC 50 60 113.120110.500 120 300
Rh Ka LiF200 450 SC 50 60 17.550 - 140 330

BT TE 2 V(LI BN 1 40 s, 75 5 (L BUREAR ] 10 s; 86 22 1

Ni 40 T 5 Rh Koo 0y Ao .

L4 FEmE

AR RS IT I A R b, 98 I3 A7 7
U5 P TS KA HTRE Al SR AR B R CARE i
208 B oy B AR Y, e AT TR A AR, FEREAT R A
TE o
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YA, 25 T il 4 A B B o
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0Ty W), A VA 22 5 Im B R B, TCVE I 2 T &
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(9 e RCRAT , BRI L 3T Bk o AR SCE R DU A e 4
— IR ER G AR (BT L 67 ¢ 33) VE Ml
2.1.3  JERERIEE

SRR FEXT 2 B K R BRI S A Rl
S o ZEASCIR[21 ], He BRIARE SR G A I BE L
1: 10 7S DB AR (1a ~5a & A2 e T
FIRE) , 43 BIAE 900°C ,950°C . 1000°C ,1050°C . 1100°C
RJE i 240 s 455l 360 s ke, 3R 3 SER s
— 106 —

A1, 1000°C DL T HE Rl ek, VAR A GE— A AR 5
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Table 3 The melting characteristics at different melting
temperatures
A2k AR IR L TR A A R

HHEESS  900°C 950°C  1000°C  1050°C  1100°C
la AAREY I IR ST o
2a HAEY ARG W a3l YA
3a BAREY AAEY I J g YT
4a BAREY AAREY I T YT
5a AREY AARY AR R S

2.1.4 SRR L

BYAET K RECR [, & 8 R
WS R RR A B e 22 5, 0F B T3
{H, DU I R T B i AR B OC R M FE
TCRRERIN 545 R A 22 50K, R = W B 585 R
HLIE B BRE W FE Al AT KX o 25 R 50

FREL 5 TR 8 B S AR A6 390 23 3 A
B1:1.1:21:31:51:8.1:10 %41, 1
1050°C Fiks 240 s, K55 360 s ke, 35 4 L4k
R BIAET TEMmBEBUNT 5 B IR R st
22, IR B W S AR RE s W B A B I R 5
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BRI 25575 R EIRS B EGT K23 ot
RATHT G LRI T [, LA R XA 75 o 2 40 ) 4 S )
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Table 4  Melting conditions of perlite with different dilution ratio

B NGk Ay St

BERSS 101 120 1530 155 158 1:10
la R AN AREY AREY KR k)
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4a &S &S R ANRY R Kesiif
5a ES R AN AR S ialil
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Table 5 Comparison of analytical results of elements in samples

TER (%)

A2 e -

gmps % XREE® XRFiE bk
BIER] KIEfE 7 (B

S0, 71.91 72.11 72.41

ALO, 12.55 12.79 12.74

Fe,0, 0.97 0.98 0.94

o Ti0, 0.081 0.087 0.086
Na,0 2.97 3.02 2.99

MgO 0.085 0.090 0.091

K,0 5.0 5.12 5.15

Ca0 0.82 0.85 0.88

S0, 71.34 71.48 71.24

ALO, 13.37 13.48 13.52

Fe,0, 1.06 1.07 1.08

. Ti0, 0.09 0.10 0.10

B3k 5a Na,0 2.9 2.93 2.94
MgO 0.21 0.22 0.22

K,0 5.25 5.31 5.8

Ca0 0.82 0.87 0.91

46 JTIEKL RN

Table 6 Detection limits of elements and measurement range

. KR U . KR P
JLE JLHR
(%) (%) (%) (%)
Si0,  0.04 0.62~90.36 || Na,0 0.04 0.1~7.16
ALO;  0.04 0.10~90.63 | MgO  0.02 0.10~41.03
Fe,0; 0.04 0.10~24.75 || CaO  0.04  0.1~51.1
TiO, 0.005 0.01~7.69 | K,0 0.04 0.01~7.48
2.4.2 JiiLiERRE

RN X 2R A A (B 3a) , 7EA
(] F4) I TRLBE A, A ] 25 AT il 254 i 12 63, 29 51
B, I 51k (S8 GB/T 14506. 1 ~28—2010 f#if
FREL A A2 o BT i) R, 25 88 05 L R i
2 7 48 43 o] 1, Sio, | Al O, | Fe, O, |, TiO, |
K,0 .Na, 0 ,CaO MgO il 2 {H 5 1k 2 1k i 4 7 (B
FAXTIRZE/INT 3% A5 CHB BT AT 7 55 35 28 I 3k o o
HHLIEY (DZ/T 0130—2006 ) Fik .
2.4.3 JrikEIM

TERl—S280 %, AR ELBL N, B 43 AT A G Xk
[l —i g0 X 2 B A B (B3RS 3a) 43 5 i
FE DU, IE XTI 45 R AT g it oA, AR 30 7 1
Ik, ASZER M 2013 4F 10 H 2 12 A 47 T 12
W, Gt Hras R 7. R 7 Edm vl WL,
Si0, \Al, 0, .Fe,0, . TiO, .K,0 Na,0 ,CaO MgO 15
HIE(RSD) <1.5% , il ke BB RST -
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Table 7 Reproducibility tests of the method

BIRERE S 3a TEEHE(%)

WA 50, ALO, Fe,0, Ti0, Na0 Mg0 K,0  Ca0
2013.10.09  72.11 12.79 0.98 0.084 3.02 0.089 5.12 0.85
2013.10.16  72.27 12.7 0.95 0.083 2.97 0.091 5.13 0.86
2013.10.23  72.04 12.76 0.96 0.085 2.95 0.089 5.08 0.87
2013.10.30 72.19 12.78 0.97 0.084 3.01 0.090 5.12 0.88
2013.11.06  72.38 12.79 0.98 0.084 2.99 0.091 5.09 0.86
2013.11.13  72.25 12.73 0.96 0.085 3.03 0.088 5.10 0.87
2013.11.20  72.07 12.79 0.98 0.086 2.97 0.090 5.19 0.87
2013.11.26  72.41 12.71 0.97 0.086 2.99 0.090 5.11 0.87
2013.12.04  72.23 12.82 0.95 0.084 2.97 0.090 5.07 0.88
2013.12.12 72.37 12.76 0.96 0.084 2.98 0.092 5.17 0.89
2013.12.20 72.19 12.8 0.98 0.084 2.98 0.089 5.11 0.86
2013.12.27 72.36 12.74 0.97 0.085 2.99 0.090 5.06 0.89
W () 72.41 1274 0.94 0.086 2.99 0.091 5.15  0.88
WEM(n=12) 72.24 12.76 0.97 0.085 2.99 0.090 5.11 0.87
MR (%) -0.23 0.16 2,11 -1.16 0 -1.10 -0.77 -1.14
RSD(%)  0.17 0.29 1.21 1.05 0.77 1.19 0.74 1.41

2.5 SERSFES BT I SIS LU

SEEAT IR I IE , P-4 HRBE A 1 0 £ A% R I 2
RIGH X EBER A S TRRE 1a ~ Sa FIA T4 AR HERE
b 3#, MEL R LA 8, WL EHR AT, B a0
DXRE S AN A s MERE i 34 45 2R 51k
P E AE A — 80, HL 32 550 = A Sk i A

# 8 srhraiRiext

Table 8 Comparison of analytical results of elements in samples

£ 99.08% ~100.05% 2 ], 552 PrAf i 4, 8
ARG ST 1 A3 W IS A R ST X i )
TCR AT T

3 g5k

ABIEFE XS B B a0 R TR Rl s R RE, S T
XRF 2 [6] I 22 2 2R 5 Si Al Fe  Ca Mg Ti,
K Na & 3550 R 0 B v 18 5 R i il 45 1k
By, VPR T IR S A a5 DU BT RR P — i IR £
(BifEbL 67 33)IRGHMMBELL Ny 12 10, JE Rl
JEJ& 1050°C o TEIZAAT T A e i 58 4, il 48 1
Frivi 2 X SOOI A Jr I R EER, SR  IX
R 25 2R 5 A 22 20 B 2 A T S (LA ) 5, AR
U sufig ke T BRE DT TR, 43 fE oo =
HOTORAXMERT, 5 28 M0 BT 7 A L, AR B 1R
VETRT B FEAE /D 5 PR K 9% e TR 4 —
UCHEHT RE ] I 5 B2 Bk o i vh 47 3 0 0 R SR A
R TEHE T P il i /5 22

LR S A T ERICER BT i
*5@?%@%55"3@5&%‘@%@@7*ﬁ‘?ﬁ 23 B 5

fEﬂQXﬂLf‘\%%ﬁT‘qu@ﬁ JCRHATIE , S5
ﬁ —5e3, LI RE 8 S 4 o 2 B s 0 1 T

ﬂﬂﬁﬁi\ﬁ*i%o

M TCEMEA (% )
PER 4B : . :
Jrid Sio, Al, 04 Fe, 0, TiO, Na, O MgO K,0 Ca0 2= Hok nFn
XRF 69.16 12.32 1.29 0.14 3.17 0.67 5.16 2.35 99.11
B la e 4.85
b2 68.98 12.28 1.26 0.15 3.18 0.67 5.22 2.50 99.09
o XRF 71.49 12.58 0.87 0.08 3.09 0.22 5.15 1.10 99.16
BYE 2a oy 4.50
NS 71.37 12.63 0.86 0.077 3.20 0.21 5.17 1.14 99.08
) XRF 72.11 12.79 0.98 0.085 3.02 0.087 5.12 0.87 99.61
B 3a - 4.5
b2 72.41 12.74 0.94 0.086 2.99 0.091 5.15 0.88 99. 84
XRF 71.92 12.75 1.04 0.09 3.02 0.13 5.22 0.75 99.53
Bkt 4a s 4.61
NESR 71.97 12.67 1.02 0.087 3.01 0.13 5.21 0.79 99.50
, XRF 71.48 13.48 1.06 0.11 2.93 0.23 5.31 0.85 99.96
B Sa e 4.51
NER 71.24 13.52 1.08 0.10 2.95 0.22 5.28 0.88 99.78
NTA B XRF 70.68 16.09 0.84 0.16 0.11 0.86 5.83 1.37 il 100.05
ke 3 Ak 70.74 16.12 0.85 0.16 0.11 0.87 5.85 1.39 ’ 100. 02
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Determination of Major Elements in Perlite by X-ray Fluorescence
Spectrometry with Fusion Sampling Preparation

LI Peng-cheng, WANG Mei-ying, LI Yan-hua, ZHANG Ming-wei, LIU Chun-xia, WANG Ji-yan,
LIU Mian, CHEN Chong-ke, LU Kun, LI Zhen

(Key Laboratory of Analysis and Exploration of Precious Metals, Ministry of Land and Resources,
Henan Province Rock & Mineral Testing Centre, Zhengzhou 450053, China)

Abstract; Chemical composition, an important quality index for perlite, has great influence on the expansion
characteristics of perlite. At present, the component analysis of perlite is mainly traditional chemical methods such
as capacity, weight, Spectrophotometry and Atomic Absorption Spectrometry. These methods are not only
complicated, but it is also impossible to determine the analysis results of all target elements simultaneously. The
X-ray Fluorescence Spectrometry ( XRF) method for determining major elements of Si, Al, Fe, Ca, Mg, Ti, K
and Na in perlite has been established with fusion sampling preparation and is described in this paper. The perlite
samples were fused with lithium tetraborate-lithium metaborate ( mass ratio of 67 : 33) as the fusing reagent, the
mixed solvent dilution ratio was 1 : 10 and the fusing temperature was 1050°C. The results show that these
experimental conditions satisfy the requirements of analysis and overcome the problem of lower measurement results
of silicon due to uneven expansion when fusing perlite samples at high temperature. After the instrument parameters
were optimized, working curves were established and the matrix effect was corrected by using various national
standard materials and self-made perlite management samples. The determination values obtained by using the XRF
method are in good agreement with those measured by traditional chemical methods. The method detection limit is
lower than 0.05% and the method precision degree( RSD, n =12) is lower than 1.5% . Compared with classical
analysis methods, the XRF method has many advantages such as high efficiency, is environmentally-friendly, has
high precision and accuracy, and is simple to conduct. The results show that the major elements in perlite can be
determined rapidly and simultaneously by the XRF method with one time fusion sampling preparation.

Key words: perlite; major elements; lithium tetraborate-lithium metaborate ( mass ratio of 67 : 33); fusion

sampling; X-ray Fluorescent Spectrometry
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