TEEaMNA

5 4 1
2024 % 8 H Multipurpose Utilization of Mineral Resources . 161 »
N 4 \ Z4N = N TANE IS
SRIE AR MDA R LI o 7K B 2 I DR 28 A SE
Wy, THEE, A
(BBERERGEHE ~EER, BEERAREHIRFRUMRARELINE,

B Bf 816099)

WE: KRBk TESUSENE . SEERBEZAR R ILE <K E @S S8, R R E A a
B K, MARITR . EEBCRIRMER X 1.000~2 000 m ALRPERESFLER K 7K 480 kg, 7EE ZEHIRIRA T 7%
RE5, TS FAERE . AR 00 A b A o G5 RES, TR RN RS SERE

Bl fESAN BORIRA FARRS, #rEhid R 2 N E— ot )i — KB A — i iR

VOB, b iR B

PrEe MERFT & Na', K', Mg*//CI—H,0 £ % 25 C M, Jepif. KEBEAHBATF& K Ca¥, Mg”//Cl—
H,O A% 25 'C #HIE: 1A SO BT B, M B R ZE UG )i A ST, A IR L 85.76%, H#HIRER
KSR 9.27%, A AR BERE: B AR K EBEA I B JE T . SRR A AT i R K (T R A

RitS%.

KB WML TR WERRALRR RK, BRSNS Jukifr; K Caty Mg?//Cl—H,0 A
doi:10.3969/j.issn.1000-6532.2024.04.024

hESHES: TDIS3 EMFER: A

NXEHRS: 1000-6532 (2024 ) 04-0161-07

SIRE: Broy, SR, FRE0 SRR H D BRI SURR s K 2 AR AR SR [0]. BT SR A R, 2024, 45(4):

161-167.

JIN Fang, JIA Jiantuan, GUO Min. Natural evaporation experiment of sand gravel type pore brine in

qaidam basin in summer[J]. Multipurpose Utilization of Mineral Resources, 2024, 45(4): 161-167.

2008 24, LAHFIHSIEARLG A
B By, o [ M5 R B AT R A AR
HRMHAREZRBNS Y, ERIARG Y
BERIRME-BE AT . S O B T . ERAREAK M
Moo S ER X T2 MRSl (R ALFLER
1 000~2 000 m), #r &I T it & B KPR E AR
TAL B g K B0, H R A 5 333+334 4 KCl
LBE RIS 8122 t, 1R pa /KB 14 AT
RAAP, ¢T3 E <KD 10T 7% R = 22
X HIE AR AT R S = Fh 2R B IR 2 KA
CER 2K S 1) KA 2R PR . IR Z W0k A FL IS i 7K
B ER T IR AR JZE 1 1 2 B AL B i K R BT R
ZMPNTERR . BRE S, KT RF A
77 T FI 78 LA R I X i K R 7S R 2 15T, 82
By P& 5 0ot BE AL V] 3 R J2 WD R AL R i K 3EAT T 28 R

Wi BEET: 2023-03-11

I, HABMREE T W O T XHRE DR
AL B B K B T R M T SR 3 — 28 T R SRR
FC, B 480 kg %R /K #EAT 1 R = HIRZK R/

1.1 IER

SE G BT /K H 58028 AR 735 b 7 O IR MR X 2
ZK2401 fLHF 1000m BAF, =i7K# R 1.188 g/em’
(18.6 'C), T ALJE 286.0 g/L, ABIEIEA, JFUApI/K
R R 1. $% B WAT R 2805, %
KRS . 7K H KC10.63% « NaCl 18.73%
IR B Tk A bR, MgCl, 3.52% iAi4 A A
febr, MEICE B,0y Li's Bry I'v Rb'. Cs#
HKiEF] DZ/T 0212.4-2020 5 77 1 57 8 75 $H 70 25 2%

EE&WHE: HlAREEORIT BRI H (2022-21-734)
EE® ST ¥5 (1973-) , L, @RI, WEFCTT Ayl ST R A .


https://doi.org/
https://doi.org/
https://doi.org/

BUUE 7y BRI K ER R ER AP fE bR . HEE AN, =, IR RRR A
TUEAR BRI R R R s K, iz K
1 JRiEEaK U FLERL/ (mg/L)
Table 1 Chemical composition of original brines

K" Na* Ca*” Mg** cIr SO, B,O, Li' S Rb* Cs' Br I
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Table 2 Chemical composition of brine

- B TIREE (/L) oH R KR PR AEEH(g/100g S) HI B $(2/100g S)
K" Na" Ca" Mg” CI Ng/em® /C  Jg/L) NaCl KCl MgCl, KcCl CaCl, MgCl,
LO 395 87.06 4.57 10.65 177.7 6.82 1.188 18.6  286.0 81.80 2.78 1542 12.17 2044 67.39
L1 491 944 513 12.17 197.6 6.39 1.207  28.1 3159 80.80 3.15 16.05 13.14 1994 66.92
L3, 825 7472 7.88 2256 2038 6.28 1.213 12.0 3192 64.60 5.35 30.06 12.49 1734  70.18
L5, 1290 53.44 11.79 36.00 221.7 5091 1.229 120 3444 45.07 8.16 46.78 12.41 1647  71.12
L7; 1855 31.13 1644 5230 248.6 5.56 1.245 395 3797 2478 11.08 64.15 1238 1593  71.69
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s BRI (gL) i WE i B MEE(e/100g S) IR %(2/100g S)
7K Na Ca Mg*  Cr P Nglem” /C  /(gL) NaCl KCl MgCl, KCl CaCl, MgCl,

L11 2228 15.10 19.10 66.17 270.6 5.05 1273 230 3945 1129 1249 7622 1198 1492 73.10
L12, 2337 1520 2044 6693 2723 505 1277 213 3989 11.19 1290 7591 1227 1557 72.16
L13 2288 14.23 20.84 69.55 2769 500 1284 19.0 4056 1027 1239 7735 11.67 1544 72.89
L14 21.07 11.03 21.61 72.10 2843 488 1285 250 4113 8.00 1146 80.55 1050 15.65 73.85
L15 18.63 1031 23.02 7431 287.0 482 1290 16.0 414.6 7.43 10.07 8250  9.10 1633 74.57
L16 1512 9.68 248 7589 292.7 478 1291 160 4195 7.02 822 8476  7.30 17.40  75.30
L18s 970 7.11 27.80 7938 2929 462 1293 209 4235 5.20 532 8948 455 1894  76.51
L19 7.08 6.78 29.38 83.55 306.8 447 1306 150 4350 4.81 377 9142  3.20 19.27  77.53
L22 246 381 3423 9148 3365 397 1330 18.0 470.1 2.60 1.26  96.14 1.02  20.70 78.27
L24 .51 2.19 37.12 98.61 356.1 352 1346 21.0 4973 1.41 073 97.86 059 20.89 7852
L254 135 243 3777 9847 3604 359 1349 21.0 504.8 1.56 0.65 97.78 052 2122 78.26
L27, 120 222 3720 1002 3754 349 1354 220 5184 1.41 0.58  98.01 047  20.70 78.83
L30 1.01 223 4531 1025 3849 322 1368 21.0 5383 1.39 0.47 98.14 036 2373 75091
L33g 075 892 60.72 89.89 3935 296 1377 300 557.0 6.03 038 9359 027 3223 6750
L35, 052 248 6348 86.60 380.5 263 1378 17.0 5384 1.82 029 97.89 019 3407 6574
L36 0.68 1.44 6958 77.87 3551 320 1367 -1.0 508.6 1.18 042 9840 026 38.61 61.13
L39-, 096 1.19 89.46 75.16 3834 249 1399 18.0 552.1 2.48 0.60 9692 034 4554 5413
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Table 3 Precipitated mineral composition

. X 7K HEE%

/ (gem®)  NaCl CaCl, KCl MgCl, CaSO,2H,0 KCl:MgClL*6H,0 MgCL+6H,0 CaClL+6H,0 &if

sl 1207 8159 037 031 082 2.47 - - - 85.56
S3, 1213 9283 068 017 067 1.61 - - - 95.95
S5, 1229 9546 028 044 125 0.77 - - - 98.20
87,4 1245  89.68 041 055 243 0.65 - - - 93.72
Si1 1273 8369 069 061 321 022 - - - 88.41
s12, 1277 8755 075 107 501 0.95 - - - 95.33
s13 1284 7068 127 1043 427 0.18 - - - 86.83
S14 1285 2874 226 3007 9.75 0.15 - - - 70.97
S5 1290 1018 083 - 5.35 0.041 75.97 - - 92.37
S18.4 1293 1964 097 - 2.40 0.26 70.85 - - 94.12
S22 1306 1058 240 - 10.72 0.054 55.93 - - 79.69
s23 1330 1131 290 - 1268 0.059 4726 - - 74.20
S24 1346 13.02 423 - 1650 0.054 31.41 - - 65.21
825 1349 1315 230 - 1021 022 55.36 - - 81.24
27, 1354 2293 316 - 1222 0.41 38.53 - - 77.25
$32 1.368 333 235 - - 0.005 0.30 92.11 - 98.10
33 1.377 404 214 - - 0.033 0.65 90.89 - 97.74
S35, 1.378 068 743 - - 0.020 0.61 83.83 - 92.57
S36 1.367 113 - - - 0.004 0.29 5.32 93.21 99.95
$39.1, 1.399 174 456 - - 0.018 0.25 88.15 - 94.72
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Fig.1 Variation of ion concentration in soil and liquid phase
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Table 4 Material summary

" BB s HE U ) +%%%%%2+ ) + ‘F%m%m + )

/kg 1% K Na" Ca* Mg~ S0, K Na Ca’ Mg* SO,

N LO JR 480.00 100 033 733 038 090 016 100 100 100 100 100

H (N Li12-4 XK 78.88 1643 1.83 1.19 1.60 524 0.035 9035 267 6839 96.04 3.60

H Fih 91.83 19.13 0.16 3640 051 030 073 921 9500 2532 641 87.00
FAKEHEK 30929 64.44

HOON) L25-6 K 4143 863 010 0.18 280 730 0.008 259 021 6286 7028 043

H Hxi A 1478 3.08 927 594 056 7.02 015 8576 249 449 2409 289
FoKEHK 2267 472

&t 97.56 97.71 92.67 100.78 90.32
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Natural Evaporation Experiment of Sand Gravel Type Pore Brine in
Qaidam Basin in Summer

JIN Fang, JIA Jiantuan, GUO Min

(Qinghai Qaidam Comprehensive Geological and Mineral Exploration Institute, Qinghai Provincial Key

Laboratory of Exploration Research of Salt Lake Resources in Qaidam, Haixi 816099, Qinghai, China)
Abstract: This is an article in the field of mining engineering. The deep sand gravel type pore brine in
Qaidam Basin belongs to the unsaturated chloride type brine with high calcium, high sodium and low
potassium. 480 kg of gravel-type pore brine at 1000~ 2000 meters underground in Dalangtan mining area
was selected for the test, and evaporated and crysta-llized in the natural state in summer. The distribution law
of ions in the solid and liquid phases, the salt crystallization law and crystal morphology were analyzed, and
the main precipitation characteristics of potassium were studied. The results show when evaporating in the
outdoor natural state, the salt precipitation process is mainly divided into four stages: halite—
carnallite—bischofite—tachyhydrite. The salt evolution law in the halite stage conforms to the phase
diagram of Na’, K*, Mg*"//CI'—H,O at 25 ‘C, and that in carnallite and bischofite stages conforms to the
phase diagram of K', Ca*", Mg*"//CI—H,O system at 25 ‘C. There is a separate precipitation stage of
potassium, at which potassium is mainly precipitated in the form of carnallite, and the recovery rate of
potassium is 85.76%. The K'content in the potassium mixed salt can reach 9.27%, which is a high quality
raw material for the production of potassium fertilizer. Calcium precipitates after the brucite stage. The
experimental results can provide references for the development and utilization of this type of brine.
Keywords: Mining engineering; Sand gravel type pore brine; Natural evaporation experiment; Carnallite;
K'; Ca’; Mg** // CI—H,0 system dry diagram
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