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Table 1 The development information of the sillimanite standard materials at home and abroad

5 bR RS S EM(S%M) 15 Wl [ 2% Wl 4Efy
1 BCS - CRM 309  Si Al Fe Ti,Ca ,Mg Na K Mn Li O Sr BaZ%13 I poEs| 1974
2 JCRM R304 Si0, ,Al, 05 \Fe, 05 \TiO, \ZrO, ,MnO ,P,05 ,CaO \MgO Na, 0 K, 0 % 11 Tji EEN 2003
3 SARM 44 Ba\Ce‘Co\Cr\Cu\Ga\MU‘Nb\Ni\Pb\Rb‘S‘Sr\ThA\AV\YA\Zn\Zr\Fe\SiOZ‘ _— 1989
Al, 05 .Ca0 K, 0 MnO TiO, .P,05 .FeO MgO Na, O % 29 Iiji
4 CERAM 2CAS12 Al 04 .Si0, ,Ca0 ,Fe, 05 K, 0 Li, 0 ,MgO ,MnO Na, 0 . TiO, \LOT % 11 Tji Wi -
5 GBW(E)070061 Si0, \Al, 05 \TFe, 05 ,CaO MgO ,TiO, \Na, 0 K, O ,MnO P, 05 .F FeO Ba, Co, ] ~

Cr.Cu.La Nb Ni .Pb Rb.S.Sr.Th V.Y Zn Zr LOI % 29 1

1 feediyiilas s b
L1 ik R4

WRAE I E W LA 077 (3 A5 00, 5 S8R HEY)
SR AN, AR IRABT L 10 % 7 S b 11 L S A iy
LA DR kY 1 A (5 Y - 1) FEim]
N 2 BRI A 7 XOR SR SR e ) 1A~ (i
ShY =2) FERIETIAR O B MR A KR AR
RO ey 1 A~ (508 1 - 1) o B iEP iR
FEREIRT 100 keo
1.2 oty Liles

L R 5 M b 0 B ] 5 18 SR FH e B R
BRIE BB AR AR T AR
WPIE R R B 2 A e 0 4 o 95 SR s A R
ERIE R REROR o il AR R o

KRR MRS LA e W CAE e (1 SRR AT
I, BERIREPIE e, B e, DL5E AR IR 25
Y. MR R <2 mm, 1IOCHET,
R A S SR BRI LN, A VB A B
BRI 2 h 2y OB e )29 0.5 ~ 1.0 kg A TH™ )
YE . R MR ARSI O, B E kY id 0. 074
mm i (L G A K] 99.90% o i AE R AR
EARIRIEIRA 25 LR o AR VR R

Bl BOBLRAC 30 13 FHE, B0 30 ¢, B {1951
R AT 452 .

4 S 140 0 ) TR 2 O R %,
100 g/, 450 (L9 45 800 LA b, 77 HCT 38
Bl FARAL, BEEHRAE
L3 gt b

WK T T E2ES % GB/T 14506—
2010 R 1L ST 7 15 ) L AT BB
P LA R IWISE [ BLEER (SALO,) K% H
L S 4 JE T PR I R T 50
TR B AR BT DT -

/AR T S R LR + R0 +
B AR 1 PRI 2% TS ORI R A AT
TS CRE R S ) KB, PSR AR
ARSI, HOKAHL, SRR L . AETRAEIE K
(AR LR EDTA %2, L= B A A,
SR R 22 0 EDTA, 55 FRLRCEL A1
G4 BDTA, 15 b Y A
1 EDTA. WA o B B I it ki
VR i R FTARE S BR 26 0 P
TR AT O i

WA AT AMT 9007 < I 0. 2000 +0. 0001 g
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WO T HRH R A 3 mL EREZFI 3 mL fiF
R, F2 5], 5 A 6 mL SR, F2 5] 5 iR iE
24 h, B ug 40T 08, DAy R R — PR VR WK
(10% 52 100 mL finA 4 g WHER ) , INFAVE A, BE
SRR B 5k T ~ 8 W, FE AR 5k vk 2= v
o KEERIE K U8 AR B 2 AR M 3 O AL, 7E 600°C
JRAE30 min, BUH R H), EARIHR A 3 ~5 g A
RN, JF I FE A 5 B T e R R T 2
700°C , %+ il 30 min, BUH AV, §5 45 2 250 mL LEff
o INHAOKTE H b R4 ¥ 2 S A 40 mL #
PR, B R v 200 mL 25, W B 2 20 B
FEA) o MR BRI 50 mL 400 mL BEARH A
EDTA ¥ (0.05 mol/L)25 mL, I ABEKIE R F] 5
i, A A AR T (4 mol/L) i 2 WS 21, 151
IR (10% ) W ZR LA R, IFd & 2 W, A 20 mL
LR — CTRANE MW (pH =5.9) , BEACE TH
Pt b2 3 ~5 min B HE  SE SRR PRUEVE TR
T EBIRA AL, A 20 mL FFALAR AT, T HL A
M b 3 ~5 min, R HEG TR BREVARER M 2
BORL N R o CRIEAFE AR (PR B 0 W —
) o FArELS mL T 50 mL 2S5, 43 1
AR E AR

FexC (1) TR AL O, BT 73 40T (% )
(V, =Vy) xexVx50.98 x10 ™"
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mxV,

~w(Ti0,) x0.6381
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WA PR ELAE 0. 967 — 32 IS 1Y 2k A1 IR [T
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Table 2 Analytical results of the homogeneity tests

o B k(%)
RSG5 TiH - -
TALO,  SALO;,  Nay0 MgO Si0, P,0; K,0 Ca0 Ti0, MnO  TFe,0;  FeO
Ay E 25.6 13.7 0.45 0.95 56.2  0.092  2.45 0.26 1.26  0.0863  9.45 4.66
- RSD(%) 0.65 0.82 4.09 1.47 0.40 9.72 2.06 3.38 1.73 2.01 0.85 0.48
F szl 1.15 0.99 0.78 0.52 0.96 1.48 1.10 1.67 0.68 1.28 3.05 0.84
wy, 0.0431  0.0424 0.0072 0.0060 0.0846 0.0039  0.0108 0.0044 0.0089  0.0006 0.0571  0.0087
S 28.4 11.4 0.06 1.02 46.9  0.128 1.84 0.26 1.55  0.067 13.3 6.80
_— RSD(% ) 0.44 0.59 10.34  2.74 0.24 3.62 0.91 3.89 1.63 2.91 0.62 0.36
F Szl 0.17 1.02 1.05 0.60 0.70 0.16 0.89 0.57 0.81 0.33 0.19 1.06
wy, 0.0617  0.0067 0.0009 0.0117  0.0457  0.0023  0.0065 0.0042 0.0100  0.0009  0.0400  0.0040
S E 54.9 46.7 0.06  0.125  40.8  0.123  0.36 0.12 0.15  0.011 1.26 0.18
o RSD(% ) 0.17 0.39 6.91 3.50 0.29 3.93 3.52 5.66 4.56 8.49 1.94 6.09
F szl 2.80 0.35 1.13 1.61 1.02 0.63 0.97 1.77 0.48 6.69 1.08 0.44
wy, 0.0639  0.0824 0.0010  0.0021  0.0122  0.0020 0.0048  0.0037 0.0030 0.0008 0.0047 0.0048
Aot (pg/e)
FER ST TiH
LOI Ba Be Cu Pb Zn Co Ni Cd U Th
18 3.20 489 3.07 47.9 18.4 112 15.7 23.2 0.11 3.45 24.5
- RSD(% ) 2.00 3.40 3.38 3.64 4.53 4.42 2.70 3.94 4.35 6.63 4.93
F Sz 1.28 1.07 0.85 2.87 1.04 0.79 1.55 0.47 0.65 0.47 1.56
iy, 0.0224 2.9939  0.0406  1.2169  0.1230  1.9670  0.1980  0.4000  0.0020  0.1000  0.5670
FHy1E 6.01 224 1.73 ky) 16.5 2 10.9 11.2 0.035 4.76 26.7
Voo RSD(% ) 1.33 3.80 3.75 3.91 3.93 5.48 3.30 5.09 5.38 3.83 5.75
JswillE 1.20 1.06 0.95 0.78 0.94 0.70 0.92 0.75 0.73 1.01 0.87
wy, 0.0239 1.4935  0.0246  0.4980  0.2475  2.0550  0.1376  0.2280  0.0010  0.0129  0.5970
FHfE 1.45 78.6 2.97 12.2 3.34 38.88 3.68 5.41 0.039 2.61 18.7
RSD(%) 2.35 4.20 3.20 4.09 5.00 2.27 3.86 6.48 8.08 5.15 2.51
1= F Sz 0.79 1.19 2.31 0.53 0.45 1.03 0.88 1.26 0.82 1.95 1.07
1wy, 0.0135 0.9879  0.0601  0.2133  0.0734  0.1131  0.0551  0.1196  0.0012  0.0765  0.0842

I LOL(BEsR ) Y 807 K %

BISJPERG 30 25 R W, 3 M Ak Y iy 1
SIVERGE W R K. THREASFENE PR AN Y
SIPEG AR FE o i, e T ABRAED) B 1) 5
AERE . SRS, 2R P] 100 mg HURE &
AL 2 2P A3 0 BT B R, R AR B ] A A 46
A1 FRUER) it/ NBURE B HERE S 100 mg
2.2 FRETERRSS

3 ML A R AR 3 B 5 UG, IR R
RAF. 7E 2011 43 J—2012 4E 5 A #4717 4 Kk
FEPERESS , TR HEAT XUy B A e o A g 48 s AL 4
240 (TAL Oy) VBE 4R (SAL 05)  Na, O, MgO, SiO, |
P,0, . K, 0, CaO TiO, MnO . 4% ( TFe, 0,) ,FeO
LOI .Ba Be Cu.Pb .Zn Co Ni Cd U, Th % 23 5,
G3 M7V IR Y S A 5

s B 4 LR FH JIF 1343—2012 HEZE M2 PEAG 16
RS N M AL O EE I S Wl TR T LTI
(33) ,itREERE HLRRL, B R Al

1B, | < to0s X sCby)  PITIA LI BIATRE M. FKW]
FE 14 A A5, 3 ANy 8 A e e 9 1) e ok
EHH¥EA RIFFENE,

WcH JIF 1343—2012, £ e PE 5 L I A1 o2
FEFE T AT

u, = s(b,) - X
X su,—HARE S AR A E BE ;s (b)) —b, 1)
B 22 s X—45 72 A TRAF 01 B

3 ket
3.1 SEfAARbs R BT i1k

W 241 bRt BOE (ER 2 L0 = G e (H
T3 20T, H 10 G808 i FE IR s [E 2 5280 %
AT A S 28 3 ] R A7 2 (92 56, A8 (98 b A 45 4
£ (TALO,) A48 (SALO,) .Si0, Na,0.K,0,Ca0
MgO TFe, 0, .FeO L. O. I ,MnO ,P,0, . TiO, ,CO, .C,
S .Ba . Be .Cd .Ce .Co . Cr . Cu.F Ga La Li Mo Nb,.
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Table 3 Analytical results of the stability tests
Mo ait(%)
FE i TiH - -
TALO;, SALO;,  Na,0 Mg Si0, P,0s K,0 Ca0 Ti0, MnO  TFe,0;,  FeO
THE 25.83  14.08  0.448 0.94 56.23  0.103 2.49 0.25 1.26 0.085 9.41 4.66
- b, 0.0008  0.0039  0.00004 -0.00157 0.0051 0.000340 0.0009 -0.00145 —-0.00093 -0.00026 0.00058 0.0021
lo.os *s(by)  0.0061 0.0611 0.00142 0.00741  0.0401 0.000678 0.0154  0.00295 0.003183 0.0011  0.02281 0.01062
u, 0.020  0.032  0.005  0.024 0.13  0.0022 0.050  0.0096  0.010  0.0036  0.074  0.035
FHfE 28.43  11.91 0.070 1.21 46.96  0.127 1.84 0.25 1.52 0. 065 13.30  6.77
- by 0.0068 0.01007 -0.00013 -0.0022 -0.00060 —0.00001 —-0.00023 —0.00178 —0.00378 -0.00033 -0.00332 -0.00153
to.0s *s(by)  0.0071 0.02499 0.00097 0.0135  0.01258 0.00191 0.00235 0.00377 0.00779 0.00098 0.01673 0.00427
u, 0.023 0.081  0.003  0.044  0.041  0.0062 0.0076  0.012  0.025  0.003  0.054 0.014
A 54.96  48.33  0.057 0.13 40.83  0.121 0.37 0.121 0.15 0.012 .27 0.18
- by -0.0103 -0.01868 —0.00030 0.00049 -0.00823 -0.00077 0.00121 0.00009 0.00077 0.00002 —0.00075 0.00066
to.0s *s(by)  0.0338 0.02243 0.00079 0.00151 0.03021 0.00167 0.00318 0.00253 0.00230 0.00007 0.00538 0.00382
u, 0.11  0.073  0.0026 0.0049  0.098  0.0054 0.010  0.0082 0.0075 0.0002  0.018  0.012
oot (pg/e)
FE i TiH
LOI Ba Be Cu Pb Zn Co Ni Cd U Th
(Y 3.18 480 3.05 45.95 18.61 109 15.34 2.7 0.108 25.16 3.43
- b, 0.0055 -0.607 -0.00169 0.01870 -0.03523 0.14161  0.0183  -0.01024 -0.0002 -0.01412 0.00335
lo.os*s(by)  0.02199  2.2715  0.03395 0.20763  0.41792  0.39956  0.1294  0.22949 0.002443 0.06156 0.01428
u, 0.072 7.40 0.111 0.68 1.36 1.30 0.42 0.75 0.008 0.20 0. 046
S 6.12 231 1.67 33.05 16.46 85.6 10.89 10.74 0.037 4.57 28.06
Vo b, 0.00471  -0.8571 0.00490 0.07183 -0.07171 0.23142 0.00259 -0.03455 0.00006 -0.01295 -0.09094
lo.os *$(by)  0.01114  1.8597  0.00499 0.61560 0.14865 1.26567 0.10693 0.13887  0.00057 0.03160  0.4175
u, 0.036 6.05 0.016 2.00 0.48 4.12 0.35 0.45 0.0018 0.10 1.36
A 1.45 83.2 2.08 11.46 2.60 36.1 3.60 4.68 0.038 2.62 18.52
. b, 0.00338  0.30359  0.0069 -0.02718 0.01265 -0.00720 -0.01439 0.00085 -0.00019 -0.00127 -0.0059
to.os*s(by)  0.00842  1.62143  0.0226  0.39033  0.04560 0.25997 0.02649  0.02171  0.00054  0.01501  0.04122
u, 0.027 5.28 0.074 1.27 0.15 0.85 0.086 0.071  0.0018  0.049 0.13

T LOT(Bedktt) WA % o

Ni.Pb . Rb.Sr. Th . U. V.Y .Zn Zr %39 i, E(H
AR FUER  PTSER TTE DA A2 E AT ik
FIARALES M1 7 i AR 45 A i X, Horp TAL O,
Si0, \TFe,0, P, 05, TiO, & 3= 5 53 I 2 A 25 3t
o2 (AN E vk VAR ) 3, 45 A U SR A
ICP — OES 42 %5 J5 1 ; Na, 0 . K, 0 . CaO . MgO , MnO
S FER R il ICP — OES i F-W ok
e EE Ty 5E s Ba Be .Cd ,Ce .Co ,Cr.Cu.Ga La Li,
Mo Nb Bi .Pb Rb . Sr.Th U.V .Zn Zr 2502 (54l
5y) EEUR AR A BT , ICP - MSE ICP - OES %
HEAT N 5 o 4% 78 B 46 b5 ok F I B4R e (6 7 76 I
4,
3.2 EEMATEEVRE
3.2.1 HdEsitabs

H BT 0 (G B EA T RS, Sext & i
Bl THR F R, Rt F O 2 R U 8 (A
S ) B RS , o A B R e e SO 0
BRI L S I TE AR T UAIGR . RAR

— 400 —

FLAE ( Cochran ) Y X 45cd 41004 7 2 K FE ARG 56, XA
25 S O 4 AR IR AT B R A S TR E
o DAL s R AL A S it BT, SR A
FiAii ik ( Grubbs ) F4k e i#b % ( Dixon ) #E47 B BF(H
L0 , o T A 56 7 35 A S 5% 1 5Bl 2 4 5 005 o
RT3 Y A bR HEY T L EE SR A R
K41 H A 980 4>, £ Grubbs Al Dixon 46 5 5B 25

MR 17 4~
3.2.2 NEEMHE

KA BE - BUR 5Lk (Shapiro — Wilk ) i 5
K o AT B IS, fERUR AT A IE S EUE UE RS
AR OL T, BT 6 20, TP e 1 il
PA_EANTR 7 i A A, I 2 R — M s mli
KPR AT (E, AR A DT 8 4
XPIAOL T, DURRCF S EAE A E (6, HEAR TS O
TENSFHE.

SR, 3 PR AR ED TR 5 0 Y -2 /Y
foek ¥y Hh Th ST E 45 ROARIEZS AT A1, Hom
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Table 4  Analytical methods used for the elements determination in sillimanite reference materials

E A8 AR T FEfEAE bR FEAE Ty
453 (TALO;) VOL,XRF,ICP - OES Co ICP - MS, ICP - OES
fiE4R (SALL05) VOL Cr ICP - MS,ICP - OES, COL
Si0, ICP - OES, XRF,GR Cu ICP - MS,ICP - OES
Na, 0 ICP — OES, XRF, AAS F ISE
K,0 ICP - OES, XRF, AAS Ga ICP - MS
Ca0 ICP - OES,XRF,AAS La ICP - MS, ICP - OES
MgO ICP - OES, XRF, AAS Li ICP - MS, ICP - OES
TFe, 0, ICP - OES, XRF, COL, VOL Mo ICP - MS, POL
FeO VOL Nb ICP - MS
LOI GR Ni ICP - MS,ICP - OES
MnO ICP - MS, ICP - OES Pb ICP - MS
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TiO, ICP - OES, XRF, COL Sr ICP - MS,ICP - OES
co, VOL Th ICP - MS
C VOL,IR U ICP - MS
S VOL,IR v ICP - MS, ICP - OES
Ba ICP - MS,ICP - OES Y ICP - MS
Be ICP - MS, ICP - OES Zn ICP - MS, ICP - OES
cd ICP — MS, AAS Zr ICP - MS
Ce ICP - MS, ICP - OES
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Table 5 Certified values and expanded uncertainty of
sillimanite reference materials
al s IWEMSY RATEE
T P GBWO07843 GBWO07844 GBWO07845
(Y-1) (Y-2) (J-1)
TAL 0,4 % 25.85+0.19 28.16+0.22 55.06 0.34
SAl, O, % 13.86 +0.26 12.16 £0.64  46.20+1.43
Si0, % 55.90 £0.38  47.15+0.28  40.82 +0.28
Na, O % 0.46 £0.03  0.069 £0.010 0.061 +0.008
K,0 % 2.45£0.11 1.73 £0.04 0.35+0.03
CaO % 0.27 £0.03 0.29 £0.04 0.14 £0.03
MgO % 0.94 +0.06 1.02 £0.10 0.13 +£0.02
TFe, O % 9.43 +0.19 13.57 £0.22 1.30 £0.10
FeO % 4.69 £0.12 6.77 +£0.07 0.20 £0.04
Lol % (3.01) (5.81) (1.34)
MnO % 0.086 £0.010 0.057 +£0.004 0.011 £0.003
P, 05 % 0.097 £0.011  0.11 £0.01  0.096 £0.018
TiO, % 1.23 £0.04 1.56 £0.04 0.15+0.02
CO, % (0.14) (0.23) (0.20)
C % 0.087 £0.026  0.38 +0.01 0.14 £0.02
S % 0.050 £0.004 0.15+0.01  0.019 £0.004
Ba ne/g 485 £ 19 222 +17 78.8 £11.1
Be we/g 3.5+0.4 2.1+0.3 3.0+0.4
Cd /g 0.08 £0.02 0.04 £0.01  0.035+0.007
Ce we'g 161 =6 176 =4 112 £19
Co  pg/s 15.9:1.2  11.2:0.9 3.7+0.3
Cr we/g 105 +11 135 +10 186 +28
Cu  pe/s  48.2%3.0 31344 12.0£2.7
F we/s 397 +9 562 +20 107 + 14
Ga wg/g 28.4 £3.8 30.8 £4.8 51.0 £9.1
La /g 79.1+£5.4 85.9+£9.0 56.1+10.5
Li we/g 51.4 £0.5 55.3+0.9 22.9 0.5
Mo  pg/g  2.1£0.2  1.60+0.11  0.85+0.08
Nb ne/g 24.5+2.6 30.2£3.3 3.5+0.4
Ni ng/s  23.5+1.9 10.7 +1. 1 5.1+0.5
Pb pge  17.5+2.8 15.2+1.3 3.3+0.5
Rb wg/g 102 £7 81.8 +8.8 14.5£0.8
St we/s  73.0:1.6  28.9:1.6  12.6+1.2
Th wg/g 25.3+1.3 (24.8) 17.8 £1.3
U wg/s  3.4%0.5 4.40.4 2.6+0.3
v ne/s 180 17 252 £17 340 £47
Y ng/s  47.6+8.2 73 £11 14.7 £3.3
7n ng/'s 118 +7 90.3£9.9 41.7 +4.1
Ir s (259) (286) (639)
4 &R
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Py, s 10 FEH SR 2Rl n] 5 89 50 M 05 kb AT
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Preparation of Certified Reference Materials of Sillimanite for Chemical
Composition Analysis

XU Chun-xue' , WANG Ya-ping'* , ZHANG Xu’, DONG Bo®, SUN De-zhong' , AN Zi-yi'
(1. National Research Center for Geoanalysis, Beijing 100037, China;
2. Institute of Geology and Mineral Resources Testing & Application of Heilongjiang Province,
Harbin 150036, China)

Highlights

Three new sillimanite standard materials ( CRMs) were reported and have been approved as the national

standard materials.

Certified values and uncertainties of 39 components, including major elements and trace elements were given in

the three sillimanite CRMs. The measurable components can meet the needs of different users.

The sillimanite CRMs tried to establish traceability of sillimanite analysis in ores.

Abstract; With an increasing utilization of sillimanite, some reference materials of sillimanite for chemical
composition have been developed in countries such as the UK, South Africa and Japan. In China, there is only one
national secondary standard material for chemical compositon of sillimanite. It is difficult to meet the research needs
of the country in terms of the concentration gradient range and the value index. For this study, two sillimanite ores
were collected from Linkou county in Heilongjiang and Leijiang county in Henan, and one sillimanite concentrate
was collected from Linkou county in Heilongjiang. According to national primary reference materials specifications,
3 sillimanite CRMs have been developed and approved as national standard reference materials ( GBW07843,
GBW07844 , GBW07845). For the homogeneity test, the calculated F values in 3 sillimanite CRMs obtained by
analysis of variance (ANOVA) were less than the critical F values at the 95% confidence level, with the exception
of TFe,0; and Cuin Y =1, and MnO in J -1, indicating no obvious differences between units and within units.
The differences of TFe,0, and Cu in Y =1 and MnO in J — 1 between units and within units resulted from the error
in the analytical methods. The results showed that 3 sillimanite CRMs had good homogeneity. The calculated test
statistic b, of 3 sillimanite CRMs during the 14-month observation period was statistically insignificant, indicating
that 3 sillimanite CRMs were stable. 10 qualified laboratories were selected to give certified values and uncertainties
of 39 components, including major elements, trace elements and sillimanite phases in ores. The relative expanded
uncertainties of 39 components range from 0. 60% to 29. 9% . The content of Al, O, in sillimanite reference
materials is 25. 85% , 28. 16% , 55. 06% for GBWO07843, GBW07844, and GBWO07845, respectively.
3 sillimanite CRMs meet the monitoring requirements of chemical composition analysis for sillimanite samples in
geology and environment fields.

Key words: sillimanite; chemical composition analysis; phase analysis; reference material ; certified value
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