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Double Salt Crystals with a Hollowed-out Morphology: Precipitation from
Concentrated QOilfield Water and Their Identification
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Abstract: Needle-like crystals with a hollowed-out morphology were precipitated from the oilfield water during its

evaporation at the carnallite-precipitation step. The crystals were identified as a sort of carnallite-type double salt

K(NH)Mg,Clg* 12H,0 with the help of XRD, SEM, EDS and chemical analysis.
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Fig.1 Photo of the selected needle-like crystals
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Table 1 Environmental condition for the precipitation of the needle-like crystals

Temperature of the

Comparative Density of the mother

No. Experimental seasons Room temperature / °C
oilfield water / °C humidity / % liquid / (g*em™)
1 Summer 26.0 27.6 46.7 1.387 5
2 Winter 18.9 16.3 12.2 1.363 0
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Table 2 Mass fraction of each component of the mother liquid after needle-like crystal precipitation

Mass fraction of each component / %

No. Density of the mother liquid / (g+cm™)
Mg* Ca* K NH,* Cl B0,
1 1.387 5 0.42 11.74 2.16 0.99 26.16 1.11
2 1.363 0 0.56 10.82 1.75 0.72 25.00 0.98
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Fig.2 SEM images of the needle-like crystals
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Fig.3 EDS analysis of the selected needle-like crystals
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Table 3 Mass fraction of each component of the needle-like crystals

Items Selected needle-like crystals of No.1 / % Selected needle-like crystals of No.2 / %
K* 7.18 6.67
NH,* 3.39 3.28
Mg 7.24 7.33
Ca* 1.52 1.53
Cl- 39.11 38.75
B,0; 2.56 2.32
Na* 1.24 1.47
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Table 4 Salt marching results of the needle-like crystals
K(NH,)Mg,Cl,+ 12H,0 CaCl,+6H,0 KCl NH,CI NaCl Total
No.l / % 79.61 8.31 291 1.86 3.15 100.39
No.2 / % 80.60 8.37 2.32 1.66 3.74 100.81
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Table 5 XRD comparisons between the selected needle-like crystals and the standard NH,Cl-MgCl,-6H,O

Standard NH,CI- MgCl,-6H,0

Selected needle-like crystals of No.1

201 (°) d / nm I/ % 2017 (°) d / nm I1%
13.303 0.665 049 25.8 13.382 9 0.661 619 4.06
18.840 0.470 640 6.7 18.885 0 0.469 917 1.30
22.900 0.388 031 64.2 22976 7 0.387 077 6.37
23.311 0.381 285 73.5 23.367 5 0.380 691 25.09
26.739 0.333 133 100.0 26.868 8 0.331 551 100.0
26.789 0.332 525 98.6 26.954 7 0.331 336 33.54

28.048 5 0.317 868 5.51
29.979 0.2978 29 29.0

30.070 5 0.296 939 9.00
30.289 0.294 851 9.6 30.340 9 0.294 354 2.59
30.409 0.293 712 9.9 30.437 8 0.294 168 1.89
31.051 0.287 782 5.9 31.076 0 0.287 556 1.26

31.720 1 0.281 862 5.74
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32.607 0.274 400 7.4 32.677 9 0.273 816 0.72
33.074 0.270 624 6.4
33.227 0.269 414 6.9 33.247 8 0.269 253 0.91
37.645 0.238 748 14.0 37.704 4 0.238 388 1.06
38.215 0.235 320 32.2 38.223 1 0.235 272 3.14
38.697 0.232 497 5.7 38.737 1 0.232 267 3.07
40.364 0.223 275 6.0 40.447 9 0.222 829 1.24
42.967 0.210 332 5.2
44.761 0.202 307 22.0 44.823 9 0.202 039 2.97
45.067 0.201 005 10.4 44.946 1 0.202 018 1.40
45.302 0.200 018 15.7 45.135 8 0.200 715 1.28
45.437 0.199 453 28.0 45.486 6 0.199 248 3.12
46.785 0.194 016 5.0 46.875 8 0.193 662 1.96
47.664 0.190 642 7.6 47.726 2 0.190 408 14.18
47.857 0 0.190 390 6.99
61.531 0.150 588 5.9 61.597 4 0.150 442 0.74
62.364 0.148 776 10.2 62.452 7 0.148 586 2.80
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