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Discrimination between Natural Calcium Carbonate and Synthetic Calcium Carbonate

Haruki SATO* and Kazuyoshi KOSONE*
*Central Customs Laboratory, Ministry of Finance, 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

For the discrimination of synthetic calcium carbonate from natural calcium carbonate, thermal analysis, XRD, observing

the shape of fine particles by SEM, XRF and ICP-OES were carried out. About observing the shape of fine particles, the

special grade reagent and crushed shell samples were different from other samples. From quantitative analysis of trace

elements by XRF and ICP-OES, a difference in some elemental composition was found between natural calcium carbonate

and synthetic calcium carbonate. These results indicate that a comprehensive examination from observation of particle shape

and quantitative analysis of trace elements make it possible to distinguish between natural calcium carbonate and synthetic

calcium carbonate.
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Table 1  Samples used in this study.

Name Abbreviation Type

Heavy calcium carbonate A Heavy A Natural calcium carbonate

Heavy calcium carbonate B Heavy B Natural calcium carbonate

Heavy calcium carbonate C Heavy C Natural calcium carbonate

Crushed shell A Shell A Natural calcium carbonate

Crushed shell B Shell B Natural calcium carbonate

Marble M Natural calcium carbonate

Limestone L Natural calcium carbonate
Special grate reagent A SpA Synthetic calcium carbonate
Special grate reagent B SpB Synthetic calcium carbonate
Extra grate reagent A Ex A Synthetic calcium carbonate
Extra grate reagent B ExB Synthetic calcium carbonate
Extra grate reagent C ExC Synthetic calcium carbonate
Precipitated calcium carbonate A PrA Synthetic calcium carbonate
Precipitated calcium carbonate B PrB Synthetic calcium carbonate
Precipitated calcium carbonate C PrC Synthetic calcium carbonate
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Fig.1 Result of thermal analysis measurements for calcium carbonate samples:

(a) Heavy samples, (b) Crushed shell samples, (c) Marble and Lime stone,

(d) Special great reagents, (¢) Extra great reagents, and (f) Precipitated

samples.
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Fig. 2 Comparison of thermal decomposition start and end temperature of first
time measurement and second time measurement results: (a) Naturals, (b)
Synthetics.
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Table 2 Result of thermal analysis measurements for calcium carbonate samples.

(a)first time
Sample Pyrolysis temperature (°C) Differentia(l)
start end temperature ("C)
Heavy A 629 778 149
Heavy B 643 782 139
Heavy C 623 778 155
Shell A 619 759 140
Shell B 670 790 119
M 664 795 131
L 652 833 181
Sp A 620 784 164
SpB 644 780 136
Ex A 671 784 113
ExB 647 781 134
Ex C 6438 776 128
PrA 653 783 130
PrB 650 780 130
PrC 645 780 135
(b)second time
Sample Pyrolysis temperature (°C) Differentiaclj
start end temperature ('C)
Heavy A 645 776 131
Heavy B 636 774 138
Heavy C 616 794 178
Shell A 629 756 127
Shell B 659 786 127
M 639 799 160
L 586 819 233
Sp A 603 772 169
SpB 617 773 156
Ex A 625 774 149
Ex B 645 775 130
ExC 650 776 126
PrA 635 777 142
PrB 632 773 141
PrC 642 775 133
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Fig.3 X-ray diffraction patterns of all calcium carbonate samples: (a) Heavy
samples, (b) Crushed shell samples, (c¢) Marble and Lime stone, (d) Special
great reagents, (e) Extra great reagents, and (f) Precipitated samples.
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Table 3 Result of elemental analysis for calcium carbonate samples by XRF. Total contents of C, O, and Ca, And contents all elements detected.
C, 0, Content of trace elements (%)
sample
Ca(%)| Mg Sr Fe Al P Na S Si K Cl other Total
Heavy A| 99.6 | 0.284 0.024 0.01 0.01  0.002 0.003  0.035 0.002 - - - 0.369
Heavy B| 99.7 | 0.237 0.015 0.014 0.009 0.003 0.003 0.056 0.002 0.004 - - 0.342
Heavy C| 99.7 | 0.154 0.03 0.013 0.016 0.004 - 0.001 0.082 0.003 - Y 0.002 ] 0.305
Shell A 99.0 | 0.145 0.104 0.017 0.034 0.056 0346 0.135 0.127 0.008 0.006 - - 0.977
Shell B 97.6 | 0.406 0.03 0.011 0361 0.007 0.161 0.021 1.190 0.071 0.005 Ti 0.014 | 2.277
M 99.5 | 0.244 0.015 0.159 0.009 0.013 0.004 0.003 0.066 - As 0.003 | 0.514
L 99.6 | 0.184 0.016 0.045 0.078 0.018 0.005 0.105 0.017 - - - 0.468
Sp A 99.9 - 0.014 - - 0.001 - - - - - 0.015
Sp B 100.0 - 0.005 0.001 - 0.001 - Ba 0.037 | 0.044
ExA 99.8 | 0.169 0.038 - 0.001  0.001 - 0.001  0.038 - - - - 0.248
ExB 99.8 | 0.163 0.042 0.006 0.001 0.001 0.005 0.001 0.011 - - - - 0.230
ExC 99.8 | 0.155 0.016 0.006 0.004 0.001 - 0.001  0.015 - - - - 0.199
PrA 99.8 | 0.127 0.017 0.004 0.003 0.002 0.007 - 0.021 - - - 0.181
PrB 99.7 | 0.165 0.039 0.007 0.002 0.001 0.001  0.019 0.003 - - 0.237
PrC 99.8 | 0.154 0.052 0.005 0.001 0.001 0.001  0.009 - - - - 0.224
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Fig4 Result of elemental analysis and semi-quantitative analysis for calcium
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Mg, Al, Fe, Sr, P, and Na.
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Fig.5 Quantitative analysis results of trace elements contained in calcium
carbonate samples by ICP-OES: (a) Mg, (b) Sr.
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Fig.8 Flowchart of analysis for calcium carbonate samples.
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