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Crystallographical Characteristics of Solar Salts Produced
from Jeonnam Area by X-Ray Diffraction Technique
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Abstract

Identification of various inorganic compound crystals contained in solar salts, which are produced from 12
areas of Jeonnam, was firstly made by the X-ray diffraction (XRD) technique. The analysis of the XRD spectra
was carried out on the basis of Joint Committee on Powder Diffraction Standards (JCPDS) data and the results
of Energy Dispersive X-ray Spectrometer (EDX) measurements. In particular, the analysis of the XRD spectra
supported that each solar salt contains Na»S (Shinan Jeungdo and Sinui), KMgCl; (Shinan Bigeum), Ca(ClOs3)2
(Shinan Docho), CaAl4O; (Haenam Songji), CaSiO3 and CaCl: (Goheung) as inorganic compound crystals, which
have not been reported for the solar salts. Also, the XRD results indicated that the solar salts maintain a cubic
NaCl crystal structure without any change of lattice parameters etc. However, it was shown in the Field Emission
Scanning Electron Microscope (FE-SEM) images that an external form of the solar salts has a lamination layer
shape of a cubic structure, which is different from a simple cubic form for the purified salts and the reagent

NaCl.
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ICP-AES(Inductively Coupled Plasma-Atomic Emission
Spectroscopy) % ICP-MS(Inductively Coupled Plasma-
Mass Spectroscopy)ell €13 F71E9] ek H2(8-13),
SEM(Scanning Electron Microscopy)ell &3+ I A2 <]
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Fig. 1. The FE-SEM images of (a) solar salts, (b) purified salts, and (c) reagent NaCl.
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Fig. 2. Comparison of the XRD patterns of (a) solar salts
(Shinan Jeungdo), (b) purified salts, (c) reagent NaCl, and
(d) JCPDS (No: 01-077-2064).
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Table 1. XRD data for the crystal powders of solar salts
JCPDS (No: 01-077-2064) Our works
d-spacing (A) Intensity (%) hkl Position (°2Th.)  d-spacing (A) Intensity (%) hkl Assign.
23.1920 3.83214 3.71 NazS
3.25741 9.5 111 27.2582 3.26902 4.67 111
2.82100 100.0 200 31.6084 2.82834 100.00 200
1.9475 57.3 220 45.3320 1.99892 16.40 220
1.70113 1.7 311 NEV
48.4952 1.88033 1.03 NaoS
1.62871 16.4 222 56.4022 1.63408 2.29 222
1.41050 6.4 400 66.2645 1.41283 0.65 400
1.29436 0.7 331 NFV
1.26159 15.3 420 75.3357 1.26368 4.82 420
1.15167 10.2 422 83.9304 1.15197 2.75 422
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Fig. 3. XRD patterns of various solar salts produced in Jeonnam area of Korea. (a) Shinan Jeungdo, (b) Shinan Aphae, (c)
Shinan Bigeum, (d) Shinan Docho, (e) Shinan Haui, (f) Shinan Sinui, (g) Muan Haeje, (h) Yeonggwang Baeksu, (i) Yeonggwang
Yeomsan, (j) Haenam Songji, (k) Haenam (Topan), and (1) Goheung. ** denotes unidentified XRD peaks.
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Table 2. EDX data of various solar salts produced in Jeonnam area of Korea (units: atomic %)
Region Sample No. Na Cl Mg K Ca Al Si O Fe Mo S Br
Shinan Jeungdo SJ080401 2137 2762 743 064 046 1.25 39.09 2.14
Shinan Aphae SA090201 2480 2582 636 065 020 0.22 — 419 - — 1.84 —
Shinan Bigeum SB090201 2931 2925 517 031 024 — - 3372 - — 2.00 —
Shinan Docho SD090201 2870 3214 426 058 0.71 — — 31.61 — — 2.00 —
Shinan Haui SH090201 38.05 3613 316 065 017 0.24 — 2077 — — 0.83 —
Shinan Sinui SS090201 4246 2670 196 014 030 025 - 2721 - 0.39 053 —
Muan Haeje MH090201 2267 2755 606 094 056 034 — 3934 - — 2.54 —
Yeonggwang Baeksu YB090201 2450 2683 6.09 070 037 — — 3963 — — 1.88 —
Yeonggwang Yeomsan YY090201 3837 3964 237 027 021 — — 1848  — — 0.66 —
Haenam Songji HS090201 2045 2775 789 078 0.38 — — 4066 — — 2.09 —
Haenam (Topan) HT090201 3850 2757 255 012 015 029 028 2909 — 056 063 0.26
Goheung G090201 3208 3071 264 030 028 0.28 — 3208 — 040 1.23 —

P BET S Utk olsh I Fig 304 w2 EAF 2 3

AL
XRD 93 o}4 7357 e 9224, EDX Z4 23
7S F4 c>]—°j o1} gl %Oﬂ o] 1. Beak HY. 1987. A study on nutrition of salt. Korean J Soc
- Food Cookery Sci 3: 92-106.

b 2. Joffres MR, Reed DM, Yano K. 1986. Relationship of mag—
o] <} 3’&%?_ & ‘:‘] %8 A7 & nesium intake and other dietary factor to blood pressure.

a3t the Honolulu heart study. J Nutr 116: 1896-1901.
3. Ackley S, Barret-Conner E, Saurez L. 1985. Daily products
calcium supplementation of women. Am J Clinic Nutr 42:

I = 12-17.

4. Ttokawa Y, Tanaka C, Fujiwara M. 1974. Changes in body
temperature and blood pressure in rats with calcium and

= xado A 510 oS REE=0] 3B
& A7 Add 24 Wl 2 FUIwEe s magnesium deficiencies. J Appl Physiol 37: 835-840.
A4 AEHE v Hd W XRD WHo g #He & 5. Maurice ES, Vernon RY. 1988. Modern nutrition in health
QEexE 2AVEH] 9 o]-O:], A Agafere] 127 2o o {'}nSdA djseéli_;e;27t1h2 8eé1 Lea & Febiger Publisher, Philadelphia,
= =) = = : p a y
AeA AHT 125 ALAE st XA S| AE = 6. Kim SH, Kim S]J, Kim BH. 2000. Fermentation of doenjang
Asla, o] XA 3HN ~"HEHS EDX =4 A9} prepared with sea salts. Korean J Food Sci Technol 32:
- - 1365-1370.
JCPDS HloJEjete} Hlal- A& Fsted Jdd 24 el 7. Han KY, Park SO, Noh BS. 1997. Effect of calcium, potas—
SHE F71EE9 IFgE AA HEHE Ao 2 F5HA sium and magnesium ion on salting of radish. Korean J
= o = Food Sci Technol 29: 1071-1074.
E ol &l 101— o) x o}ogj‘:'jzl SFE AXR] g .
o 5 ?] HA7RA eiA AR W}k_ T‘_] d shikE 24 8. Ha JO, Park KY. 1998. Comparison of mineral contents and
So] ALGell g UL e, 2 S = external structure of various salts. / Korean Soc Food Sci
Aeje] ALGAA NasS, Ak 159 AdFA KMgCl, Nutr 27: 413 418.
Alob = g X 9. Jo EJ, Shin DH. 1998. A study on the chemical composition
AF =z CalClOs),, e A1l A CaALO;, 18- A of solar, refined, and processed salts produced in Chonbuk
CaSiOs, CaCly, 3¢ E% %oﬂ A NaKCl So] =59 area. J Food Hygiene & Safety 13: 360-364.
10. Park JW, Kim S]J, Kim SH, Kim BH, Kang SG, Nam SH,
2o Z;H A z]eled o 7:124 Z N1 <)
o 3 XRD dvh= Ad gl gr2rt 29 o Jung ST. 2000. Determination of mineral and heavy metal
U729 NaClt2E IUE FATS RAow, AR contents of various salts. Korean J Food Sci Technol 32:
T Z ;ﬂ [o=e) A o]:o:'lo] ];]]—3 Ao %‘ 7 }E_ H]‘):‘?:sl' 1+ 1442-1445.
N ARG Hereel j %j o Hﬁ OM: 2 11. Shin TS, Park CK, Lee SH, Han KH. 2005. Effects of age
< E3t Iy FE-SEMO. 27 E ZAE I 99 93 on chemical composition in solar salts. Korean J Food Sci
A AR FZ2E ALY A gdoA Hole A2F NaCly Technol 37: 312-317.
_ 12. Heo OS, Oh SH, Shin HS, Kim MR. 2005. Mineral and
3 SRR ) &g ol Zo] A= : : ’
AR TR AeUAe 24 geohe 22 ols0] AT H heavy metal contents of salt and salted-fermented shrimp.
o] o]Fo A4 o9 EAS A =3 AH YAl Korean J Food Sci Technol 37: 519-524.
I7)e] YAME HA Aot Alekd BT Sl wof o]z 13. Lee YK, Kim SD. 2008. Recrystallization characteristics of
o solar salt after removing of bitten and impurities. / Korean
54< ®Hidth Soc Food Sci Nutr 37: 203-209.
14. Cullity BD. 1978. Elements of X-ray diffraction. 2nd ed.
Z FA |.9_| =2 Addison-Wesley Publishing Co., Inc., London, UK. p 1-547.
15. Joint Committee on Powder Diffraction Standards (JCPDS),
1601 Park Lane, Swarthmore, PA 19081, USA.
o] :rLlF: 20089 & AFAA A A HHr) = AALG ] u 16. Kittel C. 1996. Introduction to Solid State Physics. Tth ed.
% O\i ]%]_Oﬂ 4 o]_oq O] 301%_] Zivc’_i/ﬂ O] Oﬂ Z:!‘/\]'E% JO]’ll’l Wlley & Sons Il’lC., New YvOI'ky USA. P 15-17.
Yot (20099 64 309 A< 20099 8€ 21 A=)



