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Table I Compositions of Da Qaidam borate ores %
F5 B0, Mgt Ca? a- SO;-
1 6.97 7.06 4.86 5.18 6.95
2 7.06 6.96 5.24 3.49 8.07
3 7.82 6.90 4.15 3.69 7.60
4 7.36 6.00 4.95 4.78 8.79
5 7.63 5.95 4.05 4.90 7.05
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Table 2  Size analysis data of borate ores

Wi/ wm  HWEEA/ % AB/% B/ % KEBEA/ %  fi/% —HEAEE% Rt/ %
Re 27 44 1 12 8 3 6
>830 34 38 1 7 4 5 10
>380 32 31 2 14 6 6 9
>250 25 43 1 14 5 5 7
>180 23 49 1 6 9 6 6
>150 16 58 1 9 11 2 4
>120 24 48 1 8 4 4 11
>109 17 61 1 7 7 3 4
>96 22 55 1 10 2 4 5
>80 26 42 1 12 6 13
>75 23 40 1 12 7 6 11
<75 33 24 2 11 5 15 10
TE R X TS 42, LU 2K
T3 BRE LA G RO 5 57 53 A7 45 R HL A
Table 3  Analysis of borate ores in the range of different granularity
B R 2o BT 45 2R % X fH 455/ %
/um  EHA B0, Mg** Ca®* WA HEEEA i H BB
BEe 100 7.36 6.00 4.95 17.33 27 44 13
>830  52.42  10.58 7.02 4.82 24.92 34 38 8
>380  15.22 8.49 5.52 4.29 20.00 32 31 16
>250  10.04 6.67 5.12 4.42 15.71 25 43 15
>180  5.36 5.6 4.66 4.43 13.19 23 49 7
>150  7.19 5.21 3.97 3.76 12.27 16 58 10
R4 ARSI TG o BT A R AR
Table 4 Comparison between X-ray and chemical analysis of low-grade borate ores
5 = X 4R % 23 BT R/ %
T FEMEE T o R, HERBE 7T WK
1 31 50 13 22.35 55.35
2 37 25 18 20.49 57.10
3 30 33 12 22.79 52.57
4 25 43 16 24.28 43.19
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o X T4 % 25y i A %
S
HEEEA fa B BB R R A1 MRAEY)
5 28 55 13 18.55 55.28
6 18 52 24 22.38 48.40
7 35 46 11 23.29 50.48
8 33 45 9 21.17 58.07
9 12 41 26 22.48 51.58
10 22 17 34 31.69 24.75
11 38 12 20 30.88 30.30
12 22 17 34 31.69 24.75
13 57 10 24 31.53 26.18
RS ORI T E Y SR
Table 5 Physical parameters of low-grade borates
A ZEI [CFayss JrfkA KA i
fiffi i 3.5~4 1.5~2.0 3~3.5 3 3.5 1.0~2.0
O 2.27~2.3 2.2~2.4 2.93-~3 2.715 2.16 ~2.24 2.6~2.9

RS HLI AR A AL BT rh 2280y g i
MRS,

2.3 g

KT s FXJ -50 - 12,FX) =75 - 13,
JETE T PA R A AT R ]

X’ Pert Pro B X B AT 5L, fif 2= WA 24}
Al

AW R Sartorius Computer CP224S %1 | Jt,
AR Z RIS RS A R AF

3 RANDEERE A S iR R o)
B

3.1 EXHBWAER

WG L AN R S5, B3 LU
JE AR UUTD WE BLAR (R R e R
i) 4 AR 3N B ERARPR 12 Lo (47) BITIESS
T, B S i S B A R PR R 1) 0
ROR, TE ARG 16 9 P ZR K Kl 75 58 73 )
W6 KT, IEAImER LK 8. K9, HFE
RIS R T AR AR R 22 425K 7 Y IEASIA

et BRI AL, 3 8 MAs R MR
B P RE 2 o XA Ao
TERAER

®O6 IEZIABNZ K&
Table 6 Orthogonal perpendicular design

E A1 KF2 KFE3 K4

#HRE T A /MPa 0.2 0.1 0.15 0.05

BIEEHE B/ % 25 15 30 20
DU C/mm 6 8 9 10
R HTEF[E] D/h 6 12 18 24

32 MRRBERRITHE

MR 25 R, 5200 i T o A B &
FWIFEC>B>D>A, HE C UM ER
PR ) e SRy WA, a4 10 0 )52 M) e /D 5 % Vi
TR TR B AR H ok UE, AR SRR A,
B,,C,,D,, Bl o3 B 25tk 77 0.1 MPa, g}
WAL ] 15% , YTAPHE A% 10 mm , ) RHE I
] 24 h,
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Table 7 Analysis of the result of the orthogonal experiment L, (4°)

- A B C D L 1 % TSR %
1 2 3 4 S A W R AW MBm
1 1 1 1 1 1 27 16.5 54 9
2 1 2 2 2 2 6 27.5 23 17.5
3 1 3 3 3 3 4 27 51 5.5
4 1 4 4 4 4 6.5 34 34.5 8
5 2 1 2 3 4 7.5 25 32 11.5
6 2 2 1 4 3 4.5 23 48.5 7.5
7 2 3 4 1 2 7.5 26 19.5 14
8 2 4 3 2 1 7.5 27 47 8.5
9 3 1 3 4 2 6 34 35 11
10 3 2 4 3 1 3.5 32 52.5 8.5
11 3 3 1 2 4 33 12.5 30 25
12 3 4 2 1 3 3 29 32 13.5
13 4 1 4 2 3 6.5 25.5 37.5 8.5
14 4 2 3 1 4 8 22 29 12.5
15 4 3 2 4 1 13 21.5 41.5 8
16 4 4 1 3 2 16.5 15.5 29.5 11.5
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Table 8 Range analysis of the overflow

A E

BRI H:

1 2 3 4

1 2 3 4 5

I 10.88 11.75 2025 1138 1275
II 6.75 5.50 7.38 1325 10.12
I 11.38 14.38 6.38 7.88 4.50
| v 11.00 8.38 6.00 7.50 13.75
R 4.63 8.88 14.25 5.75 9.25

C>B>D>A
ABCD

2727474

2625 2525 1688  23.38 2425
2525 2612 2575  23.12 2575
26.88  21.75 2750 2488  26.12
21.12 2638 2938  28.12 2338
5.76 4.63 12.50 5.00 2.74
C>A>D>B
ABCD

3747474
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Table 9 Range analysis of the underflow

aE EBRER
1 2 3 4 5 1 2 3 4 5

I 4062 3962 4050 3362 4875 1000 1000 1325 1225 850
I 3675 3825 3202 3438 2675 1038 1150 1262 1488 1350
M 3738 3550  40.50 4125 4225 1450 1312 938 925 888
IV 3562 3575 3600 39.88 3138 1012 1038 975 862 1425
R 5.00 412 838 763 2200 450 312 387 626 575

C>D>A>B D>A>C>B

ABC, (C) D, ABCD,

AR TR T, 75 SRR L 18] ke o
I B RCR RS 18 26 1 R 45 2R3 ) W3 10

B R J7 0. 15 MPa, BER M 30% , IL
WOWE EAR 6 mm, PPRHRAET ] 12 h

3.3 WiF] M 11,
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& 10 0. IMPa JERL DRy TR ALAIET 73 2 40 Uk L6 45 R
Table 10 Results of the optimum processing conditions test under 0. 1 MPa pressure-inlet
e P ULED I B KK i i/ % S i/ %
JEJi/MPa F{4%/mm fif il h WwE/% A W BWREE A W Bk
1 0.1 9 24 15 6.0 24.0 22.0 12.0
2 0.1 9 24 15 5.0 35.0 22.0 9.0
3 0.1 9 24 15 6.0 36.0 36.0 12.0
4 0.1 9 18 15 4.0 32.0 37.0 8.0
5 0.1 9 18 15 5.0 36.0 35.0 9.0
6 0.1 9 18 15 6.0 26.0 26.0 11.0
11 0.2MPa JERL LR RS ALBIE™ 73 2 40 UE LR 45 2R
Table 11 Results of the optimum processing conditions test under 0. 2 MPa pressure-inlet
B PR =il B i i/ % S /%
TT e fem wA W% 5 o smmi G f S

1 0.2 9 18 15 6.0 39.0 39.0 10.0
2 0.2 9 18 15 3.0 32.0 35.0 8.0
3 0.2 9 15 28.0 39.0 9.0
4 0.2 9 15 35.0 40.0 5.0
5 0.2 9 12 15 30.0 43.0 13.0
6 0.2 9 12 15 31.0 40.0 14.0
7 0.2 9 20 28.0 46.0 7.0
8 0.2 9 20 31.0 50.0 12.0
9 0.2 9 12 20 30.0 41.0 18.0
10 0.2 9 12 20 54.0 45.0 15.0




3 1 2 A ORSE B AL 10 & IS 47
IR A ARR ], 7E [ E DURPWE B HER D Js D eRR I TR AR T TR AL A S
F 3 B BE A A5, SO O YRR LY AR s 98D MR I I ] SRS DR SR TR

8], 5 AR i A B Bl R 0 Bt ] AR i ek 2

ot LIt

& 12 Bkl T 28R

Table 12 Results of the test of the validation test

[ EPE Wmow R W ER/RE R/ SR R /i wiw il R
/kg /kg /kg /% /% W/ % WE/ % W% R %
1 46.0 34.6 10. 1 75.22 21.96 8.4 61.9 12.43 82.07
2 46.0 34.8 10.1 75.65 21.96 8.2 68.5 13.09 87.84
3 46.0 35.0 10.2 76.06 22.07 8.3 63.0 20.79 84.39
4 46.0 34.9 10.2 75.86 22.28 6.6 58.6 17.20 77.92
5 46.0 35.2 10.0 76.52 21.64 6.5 56.3 18.97 85.01
6 46.0 34.7 10.4 75.53 22.61 5.8 58.0 15.20 72.15
7 48.0 36.3 10.8 75.73 22.57 6.8 61.0 15.33 77.41
8 48.0 35.7 11.5 74.38 23.89 8.1 78.8 15.93 73.31
9 48.0 36.6 10.6 76.24 22.03 8.7 70.0 19.19 85.32
10 48.0 35.2 12.0 73.25 25.06 7.6 77.2 15.23 84.39
R 13 IR AE AL o T 4
Table 13 The chemical analysis results of the validation test
oo e 7 2255 WA RE 7 24853 %
T ho, wet o mAwB BO,  wg cot mREH
1 5.77 10.77 4.56 24.88 7.44 6.46 2.83 57.81
2 5.49 11.1 4.52 28. 11 6.92 5.25 3.16 59.36
3 6.14 12.29 4.18 20.99 7.31 5.79 4.14 53.06
4 5.55 10.23 5.18 24.88 6.64 4.95 3.94 56.20
5 6.16 12.08 4.65 22.33 6.98 6.31 3.65 53.10
6 5.78 10. 14 4.58 26.91 6.37 5.43 3.42 57.91
7 5.69 11.31 5.20 21.53 6.94 5.85 3.73 54.59
8 5.92 10.78 4.57 23.65 7.11 6.00 3.54 54.34
9 5.59 9.78 4.83 25.69 6.26 5.13 2.90 61.04
10 5.86 11.48 4.62 24.20 6.90 6.56 3.51 53.32
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Table 14  Analysis results of scale-up test

% B T FURE Ah W) % JEETRE fh T2/ %

7 gy MgCo, CaCO, O FEREEST MgCO, CaCO, RS
1 14.46 28.83 11.97 55.96 17.52 9.93 7.06 34.51
2 13.96 29.8 11.94 56.36 16.30 9.84 7.90 34.03
3 13.61 31.64 11.12 57.07 19.55 8.11 7.86 35.63
4 14.00 28.84 10.99 54.53 19. 44 9.34 9.93 38.81
5 13.16 27.55 11.71 53.12 18.61 7.91 10.36 36.98
6 12.94 29.98 11.13 54.74 18.43 8.07 7.70 34.29
7 12.24 35.20 10.45 54.69 19. 89 11.25 4.53 39.13
8 11.58 28.76 9.58 60. 11 18.76 9.13 3.53 32.99
9 14. 46 34.44 11.60 51.57 17.21 13.45 4.53 28. 64
10 13.39 28.17 9.42 60. 56 16.34 11.13 3.54 34.41
11 14.51 32.36 12.98 51.29 16.43 11.90 4.88 30.27
12 13.80 30.21 8.69 59.01 16.25 12.21 4.81 33.32
13 13.95 27.15 9.27 52.42 16.75 10.21 3.36 33.23
14 13.06 32.72 11.53 49.80 15.64 14.38 4.45 28.44
15 13.61 35.20 10.45 57.74 15.00 11.25 4.53 34.35
16 13.16 28.76 9.58 60. 11 14.74 9.13 3.53 32.99




$3 B A RS EAR AL LI i) B AR 49

RS ORI 3 Fh S W) SRR AN WA S 2R

Table 15 X-ray diffraction analysis of scale-up test

B W %
e PR \ —
OB HEEYT A B BERE: M + i H ¥
e 100 35 26 10 12 7 6
: RN Y) 51.46 63 14 14 8
& i 100 28 36 12 18 6
2 BRANEEY) 58.86 73 12 12 3
%W 100 15 6 36 38 5
’ RN Y) 27.36 47 28 24
W e Y A R A £ BN Y R A e A
IAFE 1S SR AT, B e A B A I Y
ST AT T A AT 25 5, SRR R R A AR
A5 DK ) JEC ORE i RIS TR AR LE , B P A P
SRR, MR o kR e 0
o M3 FIRE X I 11 R S VA 4 W B
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G B RR VA AE B 0 B . MR AT
S L i 1% T A VA 0 A7 S L A R
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B o HEIL AT LU SE , (05 5 A B 2 1 3 4 020 30 4% 6 7
B 5 oD 4 8 B RR S REAT RN, 43 B Ak B2 S BT

HRH 8 o MR ZE SR — A BE T AR S L e 28 Fig.2 XRD pattern of acid insoluble from raw ore
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Fig. 3 XRD pattern of the sample from underflow
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Fig. 1 XRD pattern of the low-grade borate ores
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Fig. 4 XRD pattern of acid insoluble from underflow

4000

5 AR AL AT S
Fig. 5 XRD pattern of the sample from overflow
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Fig. 6 XRD pattern of acid insoluble from overflow
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Study on Enrichment of Low Grade Boron Ore in Da Qaidam
LI Wu, LIANG Jian, YANG Bo, PENG Jiao-yu,MENG Qing-fen, HUANG Pei-jing,
KONG Fan-zhi, DONG Ya-ping
( Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining, 810008, China)

Abstract : Da Qaidam Salt Lake is a typical sulfate salt subtype salt lakes with abundant Boron and Lithi-
um in Qinghai-Tibet Plateau. Nine kinds of borate minerals have been discovered in Da Qaidam Salt
Lakes, coexisted with several carbonates, sulfate salts, halite and ooze. The feature of the boron deposit
makes the grade of this kind of borate minerals low and difficult to utilize. Based on the analysis to the
component of boron ore and associated ores in this area, Hydraulic Vortex Flow Method was used to sepa-
rate the gypsum and carbonate according to the difference of physical properties, and the boron ore of
higher grade with impurities of carbonate or sulfate salts were obtained respectively for further processing.
This method can reduce the consumption of decomposition agent during the further processing, and pro-
vides a new utilization route for this kind of boron resource with low grade.

Key words:Da Qaidam ; Low-grade borates ; Hydrocyclone separation ; Carbortes ; Sulfate salts
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The Effect of Sodium Chloride on the Solubility, Metastable
Zone Width and Nucleation Kinetics of Boric Acid

DONG Nai-jin'* ,DONG Ya-ping' ,PENG Jiao-yu"”, WANG Li-ping'
(1. Qinghai Institute of Salt Lakes , Chinese Academy of Sciences ,Xining ,810008 , China ;
2. University of Chinese Academy of Sciences , Beijing ,100049 , China )

Abstract ; The solubility and metastable zone width of boric acid in solutions containing sodium chloride
were determined in the temperature ranging from 261. 15 K to 295. 15 K by turbidity method. At the same
time the dissolution enthalpy and entropy of boric acid in aqueous solution were calculated by van’ t Hoff
equation. The self-consistent Nyvlt-like equation and the novel equation based on classical three-dimen-
sional nucleation theory were used to explain the nucleation kinetics of boric acid and the relevant param-
eters were obtained. The experimental results showed that sodium chloride has little influence on the solu-
bility of boric acid. The metastable zone width of boric acid becomes wider with increasing the concentra-
tion of sodium chloride whereas decreases with improvement of the saturation temperature.

Key words : Boric acid;Sodium chloride ; Solubility ; Metastable zone ; Nucleation kinetics



