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Al Oy, Fe, 05, TiO, ., CaO, MgO, K,O Na,O 8 ( , 11 ),
Al, Oy s ,
99. 9% <74 um (200 . N
) . o
Table 1 Designed weight percent of oxides in the body of the CSS(Wt%)
SiO, Al; Oy Fe; O3 TiO; CaO MgO K;O Na, O
€SS 59. 82 34, 53 0. 69 0. 59 1. 54 1. 04 1. 25 0.73
CSS-2 62. 05 31 03 0. 88 0. 53 2. 16 1. 40 173 0. 60
CSS-3 62, 54 27, 60 5. 22 0. 64 0. 25 0. 48 2,13 0. 42
CSS+4 62. 74 31. 50 1. 87 0. 95 0. 49 0. 32 1. 41 0. 19
CSS-5 63. 78 28 67 1. 84 1. 26 1. 16 0. 34 1. 59 0. 12
CSS-6 63. 52 25. 13 5. 65 0. 65 0. 57 0. 68 3. 25 0. 18
CSS-7 63. 20 23. 22 8 44 1 24 0. 10 0. 82 2. 90 0. 08
CSS-8 66. 31 28 04 1. 02 1. 31 0. 71 0. 24 2.27 0. 63
CSS-9 66. 24 27. 36 1 42 0. 06 0. 26 0. 15 352 1 29
CSS-10 69. 60 23. 93 1. 40 1L 15 0. 97 0. 74 1. 70 0. 16
CSS-11 72. 08 21. 06 1. 03 0. 05 0. 39 0. 17 3. 05 2. 08
CSS-12 70. 17 21. 20 2. 55 1. 18 0. 50 0. 69 2. 81 0. 59
CSs13 72, 48 20, 99 0. 11 0. 01 0. 07 0. 04 5. 35 0. 48
CSS-14 73. 25 19. 27 0. 77 0. 04 0. 08 0. 12 3. 15 3. 42
CSS-15 74. 10 16. 01 493 0. 96 0. 13 0. 64 2. 33 0. 46
CSS-16 74, 02 19. 09 1. 37 0. 10 0. 14 0. 22 4. 59 0. 27
CSS-17 77. 59 16. 52 0. 70 0. 05 0. 42 0. 24 2. 96 0. 95
WDXRF
2
21 3
JXA-8100 (EPMA) . 31
Oxford INCA X-sight (EDS), 24~26 mm, 120~140 mm,
15 kV, 2 nA, 1 pm, 10 1 ) ,
EDAX Eagle [lI p—probe « 2 (>0.1%),
(EDXRF) , : 2 (<23 ge+cem H,
mm , X / 40 kV/60 pA, 30% : D
, 300 s; lmm , X ; @ ( . .
250 pA, . s ,
PANalytical Axios o
WDXRF s 2) )
22 .
1 , 3.2
10 0. 8 mm , (BED
1/2 EDXRF ; 2 >
) ( . .
20 nm ( ) EDS
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Table 2 Sintering temperature, density, water absorption and shrinkage of the CSS
( )/C /(g cm ®) /% /% /%

CSS01 1300020 2. 50 0. 004 6 11. 97 11 33
CSS02 1 300(£20) 246 0. 006 2 11 45 10. 62
CSS03 1260(420) 2. 36 0. 006 1 8 75 7. 85
CSS04 1300(+20) 2. 42 0.012 7 9. 18 13. 88
CSS05 1300(+20) 2. 42 0. 005 2 10. 47 11. 08
CSS06 1220(£20) 243 0. 008 0 777 7. 07
CSS07 1 180(=%20) 2.50 0. 002 7 9. 89 8 59
CSS08 1300(+20) 2. 41 0. 002 0 10. 01 9. 92
CSS09 12600420 242 0. 008 5 10. 83 8 96
CSS10 1300(420) 2. 38 0. 009 9 8 28 11 56
CSS11 1 180(=#20) 240 0. 006 4 8 85 7. 68
CSS12 1 180(£20) 2. 32 0. 001 3 9. 25 8 71
CSS13 1300(%20) 242 0. 005 5 8 81 8 46
CSS14 1 180(%20) 233 0. 014 3 9. 55 7. 34
CSS15 1 180(420) 2. 28 0. 007 6 6. 50 5. 97
CSS16 1260(+=20) 2. 34 0. 017 0 747 11. 00
CSS17 1 180(£20) 2. 36 0. 0217 7.71 6. 80

C 3 s . N . s

N N ( ,

Fig 1 BEI image of sample CSS07
Table 3 EPMA EDS data of sample CSS07 and CSS11(Wt%)

SiO; Al Oy Fe; O TiO, CaO MgO K;0O Na, O ZrO;

CSS07 1 96. 98 0. 42 0. 06 0. 20 0. 00 0. 08 0. 24 0. 29 0. 00
2 0. 29 1 42 0. 31 97. 54 0. 01 0. 00 0. 02 0. 04 0. 00

3 16. 83 10. 49 69. 76 1. 26 0. 00 0. 60 1 26 0. 00 0. 00

4 27. 93 71 02 0. 00 0. 00 0. 00 0. 00 1. 05 0. 00 0. 00

5 28, 56 6. 45 L 21 0. 00 0. 00 0. 20 1L 50 0. 00 61. 22

6 60. 70 3L 21 6. 40 0. 30 0. 00 0. 70 223 0. 00 0. 00

7 12. 78 13. 97 34. 83 35. 64 0. 00 0. 80 0. 63 0. 00 0. 00

CSS11 1 80. 32 13 84 0. 89 0. 00 0. 00 0. 00 1. 55 1L 24 0. 00
2 69. 96 23. 60 1 08 0. 00 0. 00 0. 00 353 2. 96 0. 00

3 98. 80 0. 50 0. 08 0. 00 0. 00 0. 00 0. 34 0. 21 0. 00

4 30. 32 0. 64 0. 70 0. 00 0. 00 0. 00 0. 12 0. 08 67. 20

5 75. 72 14. 81 0. 64 0. 04 0. 49 0. 18 2. 58 2. 54 0. 10

3.3 EDXRF .St Al
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(s, .

1/2 s 2
1 mm s 5 (
2 mm 1 mm; 1 mm .
2 mm) , t
b, s CSS09
C b,

Table 4 Statistic results of homogeneity

test of sample CSS09(a=0. 05)
SiO, Al, O3 Fe; O3 K> 0O
CSS09($2 mm) F 0. 04 0. 48 0. 95 0. 09
d - 2. 18 2. 65 2. 36 2. 28
- 245 2. 44 2. 53 2. 62
- 2. 58 2. 71 2. 17 2,57
q 0. 09 0. 22 0. 12 0. 04
RSD/ % 0. 43 0. 45 118 1 38
CSS09($1 mm) F 0. 50 0. 70 L 11 0. 55
d - 237 2. 70 2. 70 2. 70
d - 2. 68 2.23 213 2.49
d - 2. 45 2. 58 2. 36 2.53
q 0. 43 0.73 0. 17 0. 19
RSD/ % 0.77 0.55 149 1. 38

Note: F —Statistic results of Darvied analysis; d —Statistic results of

Darvied test; ¢ —Statistic results of studentized range method; The up-

per, middle and lower wafer mean both ends and 1/2 part of the sintered

ceramic bar respectively

2mm , Si, Al, K Fe

, 17
4 (Foos
(2,12)<C3. 89), (dy 05,5 <
2. 753, qs.12.005<<3. 77, 1 mm .
B 2 mm 1 mm,
(RSD) ( Si  RSD
0. 40%~0. 79% 0.47%~102%, Al RSD
0.32%~0.74% 0.54% ~1 21%), )
1 mm
3.4 EDXRF WDXRF
WDXRF .
, . WDXRF
C 5 C D s
( CSS10, CSS12 ), Si0,  ALO,
2%, )
R 2 mm 15
EDXRF WDXRF
C 5, SiO,
(<4%), ALO,, Fe, 05, TiO,, K,0, Na,O, CaO
MgO 10%.,
50% . . EDXRF
. WDXRF
. EDXRF

Table 5 WDXRF and EDXRF results of major elements in the body of the CSS(Wt%)

SiO, Al Oy Fe; O TiO, CaO MgO K,O Na, O MnO P,0s

CSS01 WDXRF 59. 30 34,18 0. 67 0. 60 151 115 1 32 0. 97 0. 00 0. 10
EDXRF 61. 63 29. 34 121 0. 75 2. 24 1. 19 2. 17 0. 61 0. 00 0. 36
(8502 WDXRF 61. 27 30. 52 0. 85 0. 55 211 1 39 1 89 0. 73 0. 00 0. 09
EDXRF 62 51 26. 25 1 50 071 3. 16 1. 46 311 0. 46 0. 01 0. 38

$%03 WDXRF 61. 69 29. 35 4. 79 0. 64 0. 27 0. 55 218 116 0. 02 0. 07
T EDXRF 61 67 24, 64 7. 30 0.71 0. 36 0. 75 3. 25 0. 63 0. 03 0. 22
sS04 WDXRF 62 27 31 92 1 80 0. 92 0. 47 0. 40 1 42 0. 32 018 0. 17
EDXRF 63. 87 26. 88 2. 97 1. 08 0. 64 0. 74 2. 27 0. 69 0. 03 0. 40

SS05 WDXRF 62 61 29. 99 2. 62 125 1. 18 0. 44 1 63 0. 36 0. 00 0. 04
U EDXRF 62. 65 25. 36 4, 25 1. 46 1 66 0. 75 2. 55 0. 59 0. 00 0. 27
P WDXRF 63 12 25. 83 5 87 0. 68 0. 58 0. 74 3 32 0. 33 011 0. 08
} EDXRF 65. 03 20. 25 4,73 0. 43 0. 21 0. 59 7. 26 0. 65 019 0. 25

8507 WDXRF 63. 61 22. 97 8 33 1. 21 0. 09 0. 83 2. 91 0. 34 0. 07 0. 06
e EDXRF 64. 17 1819 10. 35 L 07 013 0. 89 3. 96 0. 46 0. 09 0. 26

CSS08 WDXRF 64. 52 28 61 0. 94 L 26 0. 72 0. 29 2. 34 071 0. 00 0. 05
- EDXRF 65. 54 24. 36 1. 62 1. 57 1 04 0. 58 3. 81 0. 70 0. 00 0. 28
SS00 WDXRF 65. 12 27. 35 1 35 0. 09 0. 24 0. 19 3. 56 1. 37 0. 09 0. 07
’ EDXRF 65. 91 23. 37 2. 31 0. 07 0. 36 0, 42 5 79 0. 96 0. 14 0. 24

CSS10 WDXRF 68 11 25. 55 1 46 L 11 1 06 0. 82 170 0. 33 0. 01 0. 05
= EDXRF 68 07 21. 82 2. 41 1. 31 1. 51 0. 95 2.72 0. 61 0. 01 0. 27

css11 WDXRF 71. 00 21. 29 0. 95 0. 07 0. 37 013 310 1. 94 0. 10 0. 08
EDXRF 71. 42 18. 56 1 69 0. 05 0. 54 0. 41 5 12 1 42 0. 15 0. 29
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5

CSS12 WDXRF 71. 88 19. 97 2. 11 1 09 0. 50 0. 72 2. 88 0. 74 0. 01 0. 05
EDXRF 70. 80 17. 35 345 1. 30 0. 70 0. 78 4. 55 0. 52 0. 01 0. 28
CSS13 WDXRF 72. 03 21 33 0. 04 0. 04 0. 05 0. 06 5. 51 0. 45 0. 02 0. 02
EDXRF 70. 47 18 42 0. 18 0. 08 0. 10 0. 43 8 73 0. 95 0. 04 0. 24
©SS14 WDXRF 72. 19 19. 33 0. 70 0. 06 0. 05 0. 13 3. 18 3. 31 0. 05 0. 02
EDXRF 72. 70 17. 10 1. 27 0. 04 0. 11 0. 33 5. 36 247 0. 08 0. 23
CSSI5 WDXRF 73. 33 16. 90 5. 00 0. 95 0. 13 0. 65 241 0. 56 0. 04 0. 04
EDXRF 70. 66 14. 76 7.77 1 07 0. 18 0. 70 3. 67 0. 44 0. 05 0. 23
CSS16 WDXRF 73. 73 19. 25 1 31 0. 12 0. 12 0. 21 4 69 0. 37 0. 08 0. 01
EDXRF 71. 35 16. 82 217 0. 11 0. 19 0. 58 7. 37 0. 73 0. 11 0. 24
CSS17 WDXRF 76. 95 16. 59 0. 63 0. 07 0. 39 0. 24 3. 00 L 05 0. 12 0. 05
EDXRF 76. 25 14. 78 1. 16 0. 05 0. 58 0. 44 4. 98 0. 96 0. 20 0. 33
s MnO  P,0O;
4 Cu, Zn, Co, Ni, Rb, Sr. Y, Zr, Pb
s
(D s s o
s 17 . s
s N N N
s ( 2 mm, «=0. 05), o
(2) EDXRF , N
WDXRF s R N
N s
(3 s
Na, O, MgO, Al O;, SiO,, K,0, CaO, TiO,, Fe, O, 8 R WDXRF s
XRF s N
N o . EDXRF .
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Development of Ceramic Standard Samples Used for X-Ray Fluorescence
Spectrometric Analysis

ZHU Ji-hao' , FENG Song-lin®, CHU Feng-you' , FENG Xiang-qian® , XIE Guo-xi’, YAN Ling-tong*, LI Li*

1. Key Laboratory of Submarine Geosciences of State Oceanic Administration, Second Institute of Oceanography, State Oceanic
Administration, Hangzhou 310012, China

2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

Abstract The preparation of 17 kinds of ceramic standard samples(CSS) is introduced briefly in the present paper. and the ex-
perimental results of the sintered CSS by using EPMA and XRF are discussed in detail. The conclusions can be mainly drawn
that the CSS, which have high density, low water absorption and good homogeneity of element distribution, have similar phase
structure (or matrix) to the bodies of ancient ceramics, and perfectly meet the requirements of being used as ceramic standard
samples. This set of CSS are expected to play an important role in xray fluorescence spectrometric quantitative analysis of
Na, O, MgO, Al O;, SiO,, K,0, Ca0, TiO, and Fe, O; in the body of ancient ceramics and can provide accurate and reliable da-

ta for study and identification of ancient ceramics.
Keywords X-ray fluorescence spectrometry; Ancient ceramics; Standard sample; EPMA; Homogeneity
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