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Table 1  Homogeneity test results of the candidates

GiteH

Statistical parameters

Ba Be Bi Cd Ce Co Cr Gs

ARIEFHE(x107) )

.6 3.68 0.18 1.90 37.3 14.2 118 3.96
Average( x10 )

RSD(% ) 178 227 433 2.8 1.8 152 1.01 1.43
F oy

F*’““ﬁ 110 1.19 1.13 0.95 0.95 1.03 0.93 1.17
Uy 0.23 0.020 0.002 0.013 0.12 0.022 0.30 0.013

HitsH

- Li  Iu Mo Nb Nd Ni Pb
Statistical parameters

A B 2 S 4] -6
FrRBIEFHIE( x10 >30.4 56.2 0.26 0.22 3.71 23.2 59.8 8.65
Average( x10 %)

RSD(% ) 3.72 2.82 4.50 9.49 2.69 1.47 1.51 2.74
Fymn

F“ 0.98 1.01 0.83 1.43 1.13 1.06 0.91 1.04
Uy 0.28 0.089 0.003 0.007 0.021 0.049 0.23 0.027

iS5

Si0, ALO; Fey05 MgO Ca0 Na,0 K,0 TiO,

Statistical parameters

ALl 2 S AT 10—2
AR P X >63.4 4.46 1.49 18.0 2.58 0.11 0.32 0.18
Average( x10 72)

RSD(% ) 0.17 1.04 2.2 0.42 1.77 2.1 1.13 2.59
Fgemg
P o 1.03 1.27 1.01 1.19 1.24 0.86 0.55 1.81

measure

Uy, 0.011 0.013 0.002 0.018 0.012 0.001 0.001 0.002
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Table 2 Long term stability test results of the candidates

FES S8 H43 8 ( x107%)  Components content ( x 10 ~%)
Samples Parameters Ba Be Bi Cd Ce Co Cr Cs
Pl
71.9 3.69 0.18 1.95 36.0 14.5 118 3.93
T Average
Sepiolite b, 0.2253 0.0137 0.0013 —-0.0050 -0.3087 -0.2227 -0.5633 -0.0260
to.05 X s(by) 3.6349 0.2095 0.0049 0.0513 2.1964 0.44048 2.7345 0.1291
U, 5.72 0.33 0.0077 0.081 3.45 0.69 4.30 0.20
e S 434 ( x107%)  Components content ( x 10 ~%)
Samples Parameters La Li Lu Mo Nb Nd Ni Pb
S
I 30.6 57.7 0.26 0.20 3.85 23.7 58.9 8.68
Naslpal Average
Sepiolite b, -0.1137 -0.6933 0.0050 -0.0017 0.1100 -0.2930 -0.4230 0.0633
lo.os Xs(by) 1.2168 2.2426 0.0084 0.0223 0.1812 1.6752 1.7402 0.2533
U, 1.91 3.53 0.013 0.035 0.28 2.63 2.74 0.40
FE 5 S8 ZH44iE (x1072)  Components content ( x 10 7%)
Samples Parameters K,0 TiO, Si0, Al O, Fe, 0, MgO CaO Na, O
SR
63.3 4.44 1.48 18.0 2.57 0.11 0.32 0.18
WA Average
Sepiolite by 0. 0640 —-0.0063 0.0077 -0.0077 0.0027 0.0003 —-0.0003 0.0003
to.os Xs(by) 0.1146 0.0293 0.0113 0.0674 0.02055 0.0032 0.0020 0.0020
U, 0.18 0.046 0.018 0.11 0.032 0.005 0.0032 0.00329
%3 R AbE IR E TS E R
Table 3 Short term stability test results of the candidates
HLEE(°C) 28 2043+ Components content ( x 10 7%)
Temperature )
Parameter
(C) Ba Be Bi Cd Ce Co Cr Cs
A 70.9 3.71 0.18 1.66 37.4 14.7 115 3.99
Average
-24%C
b, 0.39 0.01 0.001 0 0.2 0.04 0.23 0.01
to.05 Xs(by) 0.79 0.06 0.003 0.04 0.21 0.18 0.26 0.06
A 72 3.7 0.18 1.77 35.9 14.9 115 3.94
Average
60°C
b, 0.06 0.02 0.001 0 -0.07 0.23 0.2 0.026
lo.os Xs(by) 0.24 0.05 0.003 0.02 0.34 0.31 1.31 0.026
ME(CC) ¥ #0434+t Components content ( x 10 7%)
Temperature ~
Parameter
(¢) La Li Lu Mo Nb Nd Ni Pb
P 31 57.4 0.25 0.23 3.91 23.8 57.1 8.6
« Average
-24%C
b, 0.12 0.29 0.001 0 0 0.05 0.13 0.016
to.05 Xs(by) 0.16 0.31 0.003 0.01 0.04 0.08 0.37 0.021
. 141
T 30.4 58.2 0.26 0.22 3.99 23.2 59.3 8.76
Average
60°C b, 0.06 0.37 0 —-0.006 0 0.23 0.36 -0.01
to.0s X s(by) 0.55 0.63 0.01 0.01 0.02 0.24 0.47 0.07
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WECC) AR X1077)
Temperature = Components content ( x 10 72)
(C) Parameter
Sio, Al, 04 Fe, 0, MgO Ca0 Na, O K,0 TiO,
SEYI(E Average  63.5 4.42 1.45 18.0 2.55 0.11 0.32 0.19
-24C b, -0.02 -0.007 0 0.02 -0.001 0 -0.001 0
lo.os Xs(by) 0.03 0.013 0.01 0.04 0.003 0.001 0.003 0.01
SEHI(E Average  63.5 4.43 1.46 18.0 2.59 0.12 0.32 0.19
60°C b, -0.001 0.002 0.001 -0.01 0.001 0.0007 0.001 -0.001
to.os Xs(by) 0.003 0.005 0.003 0.024 0.01 0.0011 0.003 0.003
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Table 4  Analytical methods of elements in sepiolite candidates

4157 HlR= WrRvS Hibiy HUNEWERES
Component  Analytical methods  ||Component  Analytical methods

Ag ICP - MS, ES Sh ICP - MS, AFS
As ICP - MS, AFS Sc 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 Tm ICP - MS, ICP - OES
Cr ICP - MS, ICP - OES U ICP - MS, LF
Cs ICP - MS, ICP - OES \ ICP - MS, ICP - OES
Cu ICP - MS, ICP - OES ICP - MS, ICP - OES
Dy ICP - MS, ICP - OES Y ICP - MS

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
Hg CVAAS, AFS Fe,0, COL, ICP - OES, XRF
Ho  ICP-MS, ICP-OES| FeO VOL

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

La  ICP-MS, ICP-OES || Ca0
Li ICP - MS, ICP - OES || Na,O
Lu  ICP-MS, ICP-OES| K,0
Nb ICP - MS TiO,
Nd  ICP-MS, ICP-OES| MnO AAS, ICP-OES, XRF
Ni ICP-MS, ICP-0ES || P,0s COL, ICP - OES, XRF
Pb  ICP-MS, ICP-OES| H,0* GR

Pr ICP-MS, ICP-OES | €O, VOL, IR

Rb  ICP-MS, ICP - OES TC VOL, IR

S ICP - OES, IR, VOL LOI GR

VOL, ICP - OES, XRF
AAS, ICP - OES, XRF
AAS, ICP - OES, XRF
COL, ICP - OES, XRF

T AFS—J1 292 6 6 1 14 CFAAS—47 88 I Jo 1 R RO 316 %5
CVAAS—1R Z81UR T W OB TR A 5 ES——ROB M 4 B il i 5
IR—ELAMaE L ; VOL—%& 4 15 LF—H% 3% %5 CR—F 4 ¥
COL—LL ik,
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Table 5

Certified values and expanded uncertainty of the

sepiolite standard material

UNEHEVEN S NGNS
A5y AL N B EZE 7 S A R B
Component Unit ~ Certified values and ||Component Unit  Certified values and
expanded uncertainty expanded uncertainty
Ag 107 0.15 +0.02 Sh 10°¢ (0.57)
As 10°° 2.30.3 Se 10-° 5.6+0.5
B 10 -° 6.9£0.5 Sm  10°° 4.3£0.5
Ba 107° 72 +7 Sn 10°° 1.2+0.2
Be 10 3.6+0.4 Sr 10 49 +5
Bi 10°¢ 0.18 +0.03 Ta 107 0.3020.04
Cd 10°° (1.8) Th 107 0.62+0.05
Ce 107° 39 +4 Th 10-¢ 3.8+0.4
Co 107° 15+2 Tm  107®  0.27+0.03
Cr 10°¢ 116 +9 U 10°¢ 5.3+0.4
Cs 10°° 4.0+0.3 % 10°° 81+7
Cu 10°° 252 \4 10°°  0.50+0.07
Dy 10°° 3.3+0.3 Y 10-¢ 2343
Er 10°°¢ 1.8+0.2 Yb  10°¢ 1.6+0.2
Eu 107° 0.8 0.1 Zn 10-¢ 105 +8
Ga 10°° 5.9+0.4 Ir 10-¢ 43 +4
Gd 107 4.0£0.6 Si0, 1072 63.55+0.19
Hf  10°° (1.2) ALO; 1072 4.450.07
Hge 10°° 0.16 +0.02 TFe,0; 1072 1.46+0.07
Ho 10°¢ 0.66 =0.05 FeO 1072 (0.10)
In 10°%  0.027 +0.003 Mg0 1072 18 +0.2
La 10°° 30 +4 Ca0 1072 2.56+0.09
L 10°° 555 Na,0  10-2  0.12£0.01
u 10°° 0.26 £0.02 K0 1072 0.32£0.02
Mo 10°°¢ (0.25) P,0s 1072 0.41+0.02
Nb  10°° 3.9+0.4 Ti0, 1072 0.18 +0.01
Nd 10°°¢ 243 MnO 1072 0.022 £0.003
Ni  10°°¢ 57 4 H,0* 10°2  6.39+0.18
Pb 107° 8.7+0.7 CO, 1072 1.63+0.06
Pr 107 6.0+0.6 TC 1072 0.63+0.03
Rb  10°°¢ 20 +2 LOI 1072  8.55%0.19
S 10°¢ (136)
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Table 6  Quality control results of the monitoring samples

AL ARSI bR ) i A BT A T — YO Il R A
PRUEASCAR BE 7524 42 P 5 5 B A T i TR 34 3
FIRRE o A% AR E (ELI A P 4ok F I K — Gt
Y15 (GBWO7103 ,GBWO7121 ) 1l W # ke o, 45 41
O3 I S A R BB 5 U E (E OB, FX R 22 3
/I, W E (RS VR T S o M AR A TR 4
e SV

FE 5 S8 44y  Components
Samples Parameters Ag As B Ba Be Bi cd Ce Co Cr Cs Cu
INGE 10°¢
C%Edﬁix( 10)_6) 0.033 2.1 24 343 12.4  0.53 0.029 108 3.4 3.6 38.4 3.2
ertified value( X
GBWO07103 T34 10°°
jqﬁ((xm%)) 0.034 2.13 24.5 322 11.9 0.53 0.031 113 3.60 3.54 39.1 3.45
verage( X
FR IS (%
R*ﬁ?"f‘ﬁ(&)) 1.499 0.71 1.03 3.16 2.06 0.00 3.33 2.26 2.86 0.84 0.90 3.76
elanve error ©
W 10 ¢
%ME(X )76 0.027 0.25 15 1140 1.7 0.094 0.06 48 7.5 23 2.6 2.6
Certified value( x107°)
GBW07121 44 10°°
I’Jﬁ((xlo-“)) 0.025 0.26 15.3 1210 1.64 0.10 0.055 46.3 7.21 22.5 2.54 2.63
verage( X
TR 2= (%
Rﬁﬁf,jt”‘%((”o/)) 3.85 1.96 0.99 2.98 1.80 3.59 4.35 1.80 1.97 1.10 1.17 0.57
elalive error 0
R S8 214+ Components
Samples Parameters Dy Er  FEu  Ga Gd Hf Hg* Ho In La Li Lu
N 10 ¢
wa;md{E(IX( 10)76) 10.2 6.5 0.8 19 9.3 6.3 4.3 205 0.02 54 131 1.15
ertified value( X
GBW07103 44 10°°
;F/Jﬁ((xw_ﬁ)) 10.5 6.50 0.8 19.5 9.05 6.11 4.24 2.12 0.021 55.9 137 1.16
verage( X
TR (%
R*lﬁfj"%((”o/)) 2.94 0.00 1.18 2.63 2.69 3.02 1.40 3.41 5.00 3.52 4.58 0.87
elative error ‘0
N -6
WEAR(x107%) 1.52  0.76 1 18.2 2.4 3.3 4 0.27 0.03 25 24.7 0.11
Certified value( x10 %)
GBW07121 S 10-¢
:’J{ﬁ((xw?é)) 1.52 0.76 1.01 17.7 2.32 3.26 3.89 0.27 0.031 24.4 23.9 0.1l
verage( X
A= gV
R*Ff,h"zi‘(?’;) 0.00 0.00 1.00 2.75 3.33 1.21 2.75 0.00 3.33 2.40 3.24 0.00
elatve error ‘0
FE 5 S8 #H4y  Components
Samples Parameters Mo Nb Nd Ni Ph Pr Rb S sh Sc Sm Sn
> -6
C}f;ﬁ*}ﬁ(] X(IO 10)_6) 3.5 40 47 2.3 31 12.7 466 380 0.21 6.1 9.7 12.5
ertified value( X
BWO71 S 44 10°
CBWO7103 jqﬁ((xlgfﬁ)) 3.44  41.2 47.0 2.40 32.0 13.0 474 369 0.22 6.25 10.0 12.3
verage( X
A= eV
R*ﬁhﬂé(‘@) 1.71 3.00 0.00 4.35 3.23 2.36 1.72 2.89 4.76 2.46 3.09 1.60
elatve error ‘0
INEE( x10°°
%E{a(x >76 0.27 4.5 21 13 7.6 5.7 57 50  0.063 5 3.3 0.8
Certified value( x10 %)
GBWO07121 - 4] 10°°
fﬁﬁ((xlow)) 0.28 4.43 20.5 13.5 7.45 5.62 55.0 52.0 0.066 5.03 3.22 0.85
verage( X
e (o
HXFERE (% ) 3.70  1.56 2.38 3.8 1.97 1.40 3.51 4.00 4.76 0.60 2.42 6.25

Relative error( % )
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(3% 6)
FE 5 S8 44y  Components
Samples Parameters S Ta Th Th T U v W v W . 7

WEM( x107°)

. 6 106 7.2 1.65
Certified values( x 10~°)

54 1.06 18.8 24 8.4 62 7.4 28 167

GBW07103 - 44 1076
A X _6) 110 7.31 1.71  55.5 1.11 18.3 23.3 8.22 62.6 7.51 31.0 156
Average( x107")
OREE 9
)FHX,]LBQE< %) 3.77 1.53 3.64  2.78 4.72 2.66 2.92 2.14 0.97 1.49 10.71 6.59
Relative error( % )
INE 1076
},}\Aﬂzﬁ( X )_6 690 0.34 0.29 1.9 0.11 0.4 45 0.42 7.3 0.69 46 90
Certified value( x10 %)
GBWO07121 - 14 10-°
T X 76) 679 0.33  0.30 1.85 0.11 0.39 46.6 0.44 6.93 0.71 40.6 101
Average( x107°)
IR (0
)FHX_]LU\??‘(D) 1.59 2.94 3.45 .63 0.00 2.50 3.56 4.76 5.07 2.90 11.74 12.22
Relative error( % )
FE 5 SR 44y  Components
Samples Parameters Si0, ALO; Fe,0; FeO MgO CaO Na,0 K,0 P,05 TiO, MnO H,0* CO, LOI
INGE 102
%ﬂzﬁ(x )_7 72.83 13.4 1 1.03 0.42 1.55 3.13 5.01 0.093 0.29 0.06 0.61 0.15 0.69
Certified value( x10 %)
GBW07103 -3 102
T X 72) 72.8 13.3 0.97 1.06 0.45 1.53 3.11 5.11 0.095 0.30 0.058 0.62 0.14 0.67
Average( x1077)
iR 9 (o
)FEX_]LU\?'%( 5) 0.04 0.75 3.00 2.91 7.14 1.29 0.64 2.00 2.15 3.45 3.33 1.64 6.67 2.90
Relative error( % )
IGE 102
1,}\./\'-@(X )72 66.3 16.3 1.34 1.6 1.63 2.66 5.3 2.6 0.131 0.297 0.056 - 0.35 1.28
Certified value( x1077)
GBWO07121 - 14 1072
PR 2) 66.4 16.2 1.37 1.55 1.61 2.69 5.22 2.56 0.13 0.28 0.054 - 0.33 1.23
Average( x10 %)
FIR 2 (o
HXFERE (% ) 0.15 0.61 2.24 3. 1.23 1.13 1.51 1.54 0.76 5.72 3.57 - 5.71 3.91

Relative error( % )

T PRGN (Hg) AR 1077,

4 4iie
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HIGHLIGHTS

(1) A sepiolite reference material was developed to fill the blank of domestic sepiolite reference material.

(2) Certified values and uncertainties of 63 components, including major elements, trace elements and rare earth
elements were given in the sepiolite CRM.

(3) The determination method, accuracy and uncertainty evaluation all reached the level of national standard

material, and some analytical test methods for sepiolite were developed.

ABSTRACT

BACKGROUND: Sepiolite is a very important non — metallic mineral, which is widely used in aviation, animal
husbandry, the chemical industry, environmental protection and other fields. Sepiolite is in great demand and
needs a lot of analysis and testing. However, the existing sepiolite reference materials are inadequate and do not
satisfy the needs of sepiolite composition analysis. Furthermore, there are no sepiolite reference materials in China,
making it necessary to develop one.

OBJECTIVES: To prepare a reference material for composition analysis of sepiolite whose certified value
components cover as many elements as possible.

METHODS:; Sepiolite samples were collected from Xiangtan, Hunan Province. The samples were subjected to
primary crushing, coarse — grain sieving, inactivation, fine grinding and fine grain sieving. After passing the initial
inspection, samples were bottled and numbered. Random samples were taken for homogeneity test, stability test.
24 components were selected for homogeneity and stability test.

RESULTS : The results showed that the RSD of 20 components were less than 3% , and the F value of the variance
test was less than the critical value of the list [ F, s (29,60) =1.65], indicating that the homogeneity of the
reference material was good. During the investigation period, the contents of 24 components had no significant
change, indicating that the standard material was stable. Nine laboratories cooperated with traditional chemical
analysis methods and modern instrumental analysis methods to determine the value. The final values were 63
components, covering major, trace and all rare earth elements. The contents of characteristic components MgO and
LOI were 18% and 8.55% , respectively. These two components form a certain ladder with the existing reference
materials, which can better satisfy the requirements of sepiolite composition analysis.

CONCLUSIONS: The developed sepiolite reference material can be used as the quality control standards for
geological prospecting, geochemical investigation and testing of geological and mineral products, as well as for other
industries to analyze similar materials. Moreover, in the process of developing the reference material, improvements
and developments to the new methods will provide technical support for the subsequent development of the sepiolite

reference material.

KEY WORDS:: sepiolite; reference material ; homogeneity test; stability test; certified values
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