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Fig.1 X -ray diffraction pattern of perlite reference material
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Table 1 Particle size analysis results of the candidates

TR BEHR A RiAR i L f R A Rt L

(pm) (%) (pm) (%)
2 11.08 5 1.571

4 36.69 10 1.932

8 57.51 15 2.238
16 73.92 25 2.91
32 88.93 35 3.81
74 98.01 50 6.09
100 99.10 65 10. 86
125 99.66 75 16.78
250 100.0 85 26.25
500 100.0 95 48. 67
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Table 2 Homogeneity test results of the candidate materials

BTE RSD OF
(x107%) (%) SEH

it R TE RSD O OF iz
WH  (x107%) (%) EWME || TH

Ag 0. 049 7.7 1.32 Rb 333.0 1.44  1.00
As 0.54 .75 1.13 Sh 0.072 9.28 1.08
B 25.8 4.92 1.33 Se 3.23 4.04 1.19
Ba 161.0 2,26 1.01 Sm 2.18 2,15 1.02
Be 8.44 3.00 1.13 Sn 2.16 4.53 1.28
Bi 0.17 8.04 1.14 Sr 114.0 3.00 1.01
Cd 0. 067 9.05 1.21 Ta 2.98 2,26 1.00
Ce 35.8 1.54 1.03 Th 0.33 2.44 1.06
Co 0.32 5.02 0.9 Th 33.5 232 1.05
Cr 2.57 573 111 Tm 0.26 2.83 1.21
Cs 13.5 0.88 1.2 U 18.3 2.17 1.01
Cu 2.07 5.66 0.96 v 2.54 2.43  1.06
Dy 1.78 1.96 1.04 W 1.88 228 1.17
Er 1.39 1.el 1.1 Y 14.4 3.20 1.26
Eu 0.28 226 1.12 Yb 1.78 1.76  0.99
Ga 21.2 3.46  1.12 Zn 43.6 4.17 1.06
Gd 2.06 1.85 1.04 Ir 91.0 1.30 1.00

Hf 431 188 1.07 || Si0," 7269 0.14 1.05
He 3.5 521 1.28 || ALOLY 1269  0.45 1.03
Ho 0.44 172 1.06 || TFe,0,*  0.64  2.39 1.34

In 0.043 3.69  0.98 FeO 0.069 1.74 1.39
La 20.6 0.75 1.01 MgO * 0.25 293 0.99
Li 8.37 3.44 1.13 Ca0 " 0.79 2,30 1.07
Lu 0.31 2,24 1.10 Na,0 * 3.02 .39 1.19
Mo 4.8 2,26 1.05 K0~ 4.66 0.76 1.27
Nb 28.0 .13 1.0l Ti0, * 0.081 2.59 1.09
Nd 12.3 3.28° 1.25 P,05" 0.0041 4.64 1.03
Ni 1.55 6.02 1.13 MnO * 0.05 2,78 1.22
Pb 42.6 2,66 1.05 Lor* 4.93 1.16 1.40
Pr 3.7 1.07  1.08 TC* 0.027 5.25 1.09
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Table 3  Long—term stability test results of the candidate materials

. BAPPEIE RSD o B EIE RSD
ML 5 6 by to.05%s(by) A H 6 b, to.05%s(by)
(x107°) (%) (x107%) (%)

Ag 0.051 3.01 0.01 0. 002 Rb 332 1. 11 0.10 4.28
As 0.6 1.59 0.01 0.01 Sh 0.078 6.04 0.002 0. 004
B 25.4 2.04 0.21 0. 46 Se 3.46 2.53 -0.01 0.10
Ba 158 2.89 -0.14 5.30 Sm 2.22 3.09 -0.03 0. 06
Be 8.46 1.54 0.01 0.15 Sn 2. 11 2.67 0.01 0.06
Bi 0.17 5.37 0.01 0.01 Sr 116 1.95 0.50 2.47
Cd 0.072 2.77 0.01 0. 002 Ta 2.96 2.49 -0.03 0. 06
Ce 36.3 1.64 -0.14 0. 65 Th 0.33 2.83 0.01 0.01
Co 0.33 4.46 0.01 0.02 Th 35.1 3.28 -0.22 1.27
Cr 2.15 3.88 0.03 0.08 Tm 0.26 3.90 0.01 0.01
Cs 13.4 1.56 -0.01 0.24 U 19.2 3.21 -0.26 0.54
Cu 1.85 3.33 -0.01 0.07 A% 2.62 2.90 -0.03 0.07
Dy 2.1 3.07 0.01 0.07 w 1.8 3.01 -0.02 0.05
Er 1.44 2.52 0.02 0.03 Y 14.7 1.53 0.01 0.26
Eu 0.27 2.99 0.01 0.01 Yb 1.74 1.70 0.01 0.02
Ga 21.4 2.53 -0.30 0.30 Zn 40. 1 1.96 0.18 0.85
Gd 2.11 3.58 0.01 0.09 Zr 88.2 3.11 1.52 1.53
Hf 4.32 2.48 -0.05 0.09 Si0, * 72.63 0.11 0.03 0.07
Hg 3.58 4.36 0.03 0.17 ALO, " 12. 68 0.44 0.03 0.04
Ho 0.43 3.00 0.01 0.01 Fe,0; 0.63 1.65 0.01 0.01
In 0. 041 3.02 0.01 0. 001 FeO ™ 0. 069 1.30 0.01 0. 001
La 20 2.02 0.19 0.30 MgO * 0.25 2.06 -0.002 0. 004
Li 8.16 1.43 0.04 0.12 Ca0* 0.8 1.37 0.01 0.01
Lu 0.3 3.73 0.01 0.01 Na,0 " 3.01 0.43 0.01 0.01
Mo 4.73 2.09 0.01 0.11 K,0" 4.65 0.68 0.01 0.03
Nb 27.8 1.96 -0.14 0.58 TiO, * 0.079 1.36 0.01 0. 001
Nd 12 3.45 0.05 0.47 P,05 " 0. 004 2.17 0.01 0. 0001
Ni 1. 46 2.10 0.01 0.03 MnO * 0.051 1.98 -0. 0005 0. 0007
Pb 44.3 2.49 0.19 1.23 LOI" 4.93 0.76 0.02 0.03
Pr 3.78 1.69 0.03 0.06 TC* 0. 028 3.07 0.01 0. 001
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Table 4 Determination methods of each element in the certified

values test

i H M7 W 5 MEAT7
Ag ICP-MS, ES Sb ICP-MS, AFS
As ICP-MS, AFS Se ICP-MS, ICP-OES
B ICP-OES, ES Sm ICP-MS, ICP-OES
Ba ICP-MS, ICP-OES Sn ICP-MS, ES
Be ICP-MS, ICP-OES Sr ICP-MS, ICP-OES
Bi ICP-MS, AFS Ta ICP-MS
cd ICP-MS, GFAAS Th ICP-MS, ICP-OES
Ce ICP-MS, ICP-OES Th ICP-MS
Co ICP-MS, ICP-OES ICP-MS, ICP-OES
Cr ICP-MS, ICP-OES ICP-MS, LF

ICP-MS, ICP-0OES
ICP-MS, ICP-OES
ICP-MS

Cu ICP-MS, ICP-0OES

Tm
U
Cs ICP-MS, ICP-OES \
w
Dy ICP-MS, ICP-0OES Y

Er ICP-MS, ICP-OES Yb ICP-MS, ICP-OES
Eu ICP-MS, ICP-OES Zn ICP-MS, ICP-OES
Ga ICP-MS Zr ICP-MS, ICP-OES
Gd ICP-MS, ICP-OES Si0, GR, VOL, XRF
Hf ICP-MS ALO;  VOL, ICP-OES, XRF
He CV-AAS, AFS Fe,0,  COL, ICP-OES, XRF
Ho ICP-MS, ICP-OES FeO VOL

In ICP-MS, GFAAS MgO0  VOL, ICP-OES, XRF

La ICP-MS, ICP-OES Ca0  VOL, ICP-OES, XRF
Li ICP-MS, ICP-OES Na,0  AAS, ICP-OES, XRF
Lu ICP-MS, ICP-OES K,0  AAS, ICP-OES, XRF
Nb ICP-MS Ti0,  COL, ICP-OES, XRF
Nd ICP-MS, ICP-OES MnO  AAS, ICP-OES, XRF
Ni ICP-MS, ICP-OES P,0s  COL, ICP-OES, XRF

Pb ICP-MS, ICP-OES || H,0* GR
Pr ICP-MS, ICP-OES Co, VOL, IR
Rb ICP-MS, ICP-OES TC VOL, IR
S ICP-OES, IR, VOL LOI GR
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Table 5  Certified values and expanded uncertainties of the Sl BRI A AR R
perlite standard material WiH (x107) TH (x10°°)
EME AREEAY EAWERE | Gl bR R AN E B Dy 220.3 w 1.920.2
I H (x107%) IH (x107%) Er 1.46+0.09 Y 142
8i0, 72.72£0.25 Cd 220.3 Eu 0.29:0. 04 Yb 1.8+0.2
ALLO, 12.690. 13 H 4.30.4 Ca - . 1023
TFe, 0, 0. 62+0. 05 Hg” (3.4) Zr 916
;;}) o e e He o BREES « " HOIE R RO 107, 6B A VS i
a0 0. 82:£0. 04 La 2122
O B R
T, 0.07920.004 o 4.8+0.4 A SR (095 TR B34 DT B 00 T 2813 0
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TC 0. 028+0. 004 Pl 4625 FEPER SR T T 5 58 (07 1 — BUW AL I A, 2 B
€O, (0.045) Pr 3.9x0.3 {1802 (R AR R A2 3 L A e R R I R
H,0 — 1.91+0. 14 b — SSacdn PRIE T E EBIE R . @b E 9 K AA BT
;;{E wﬁ{ﬁfzj;f:aﬁa%rg ';;{g W‘/ﬁﬁ}f}i f:ﬁﬁ%rg RE ) R (28 90 19 52 30 8 DMV o (L, AR (PR v
. 0530007 5 a9 Jo S (LY 38 P D ) 2 e 2 D B ) AT Bl e 1Ak
A 0.59+0. 04 Sh (0.08) HLW0E T 63 MUl O i SO E
B 262 Se 3.40.4 bR Y T E Bk e o R K — S W
e (o218 o 2 3e02 (450 GBWO7137) , AR I i 15 36 5 A% I O o
S . S B . HR A S BT RR AL R B B,
cd 0.07+0. 01 Ta 3£0.3 B E BT A A AR E ) T &R A HAk
zz . 33;*5 . 3}’ 0- 334:)5' 04 AR, R BRI A BARA R K HE 3 BT 7 1 5
. (2.3) o 0.2550.05 UE | J5 i 42 ] R i (00 D A A it 1 ol SR S A
Cs 13.8+0.9 U 1922 T HB SRR AR B 2 A 5 10 TR B B 2 2 2k
Cu (1.9) v (2.6) A A AR BT LA AN R TR K

Preparation of Perlite Reference Material for Compositional Analysis
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(1. Tianjin Center, China Geological Survey, Tianjin 300170, China;
2. North China Center for Geoscience Innovation, Tianjin 300170, China)

HIGHLIGHTS

(1) There are 63 certified value components, which meet the quality control requirements of perlite in different

industries.

(2) The uncertainty of a certified value integrated the uncertainties caused by homogeneity, stability and values.

(3) The contents of Mg, Ca and Fe are all less than 1%, providing a standard basis for the detection of low -

content samples.
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ABSTRACT

BACKGROUND: Perlite is a vitreous rock formed by rapid cooling of volcanic eruptive acidic lava. It is a very
important non—metallic mineral, because of its brittleness, light weight, rapid expansion on heating, and other
excellent characteristics, and is widely used in construction, water treatment, agriculture and other fields.
However, according to the International Database for Certified Reference Materials ( COMAR ), there is no
reference material for perlite composition analysis at home and abroad. So, in order to meet the research needs of
perlite, it is necessary to develop one.

OBJECTIVES: To develop a reference material for composition analysis of perlite. The reference material can
basically cover the chemical composition needed by the market.

METHODS:; Perlite samples were collected from Shangcheng County, Henan Province. The collected samples
were dried and picked out, the bulk ore was crushed and ground in a ball mill for 40h, then the samples were
coarse crushed and discharged, and the debris was removed by Imm sieve. The samples were dried at 105°C for
24h, dehydrated and inactivated. After drying, the samples were crushed in a grinder containing high —alumina
ceramic balls, and the grinding time was determined by the time required to meet the particle size requirements of
the first class standard substance. The processed samples were stored temporarily in polyethylene plastic vats under
constant temperature and clean conditions, then sub—packed at 70g per bottle for test. Random samples were taken
for homogeneity and stability tests. Through nine collaborative laboratories, more targeted valuation methods such as
the gravimetric method, volumetric method, inductively coupled plasma — mass spectrometry, and inductively
coupled plasma—optical emission spectrometry were used to ensure the accuracy of the perlite valued components.

RESULTS: Fifteen items of 60 components were tested for uniformity and stability, including Ag, As, B, Ba,
Be, Bi, Cd, Co, Cr, Cs, Cu, Ga, Hf, Hg, In, Li, Mo, Nb, Ni, Pb, Rb, Sb, Sc, Sn, Sr, Ta, Th, U, V, W,
Zn, Zr, Si0,, Al,0,, TFe,0,, FeO, MgO, CaO, Na,O0, K,O0, MnO, TiO,, P,0,, LOI, TC, and rare earth
elements. The RSD of most of the components was less than 3%, and the F value of the variance test was less than
the critical value [ F, ;s(29,60)= 1. 65], indicating that the homogeneity of the reference material was good.
During the stability inspection period, there was no significant difference in the content of the 60 components,
indicating that the reference material was stable. The data were processed in accordance with General and Statistical
Principles for Characterization of Reference Materials and outlier tests were performed using the Grubbs and Dixon
methods. According to statistics, there were 2500 original data of perlite reference material, and 68 outliers were
eliminated , with an elimination rate of 2. 7%. The standard value and uncertainty of the certified reference material
for perlite composition analysis were determined by statistical processing of the constant value test data. The normal
distribution of the mean data set was tested by the method of Shapiro-wilk, and the test results were all normal
distribution. The final values were 63 components, covering major, trace, and all rare earth elements. The
contents of three major components MgO, CaO and TFe,0, were all less than 1%, which formed a gradient with the
existing silicate reference material content.

CONCLUSIONS: The certified reference material for perlite composition analysis developed in this paper has met
the requirements of Technical Norm of Primary Reference Material ( JJF1006—94) by processing, crushing,
homogeneity and stability test of the candidate. The test for uniformity and stability adopts the same detection
technology as the fixed value method, and the selected fixed value technology is suitable and accurate, which
ensures the accuracy of the fixed value data. The development of perlite composition analysis standard material has
enriched the series of China geological mineral composition analysis standard material,, and its chemical composition
is numerous, it provides important technical support for instrument calibration, analysis method verification, quality

control and quantity traceability of modern analytical technology.

KEY WORDS: perlite; reference materials; component analysis; certified value; inductively coupled plasma-—

mass spectrometry/optical emission spectrometry
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