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Separation technique for boron and magnesium from salt lake brine and
preparation of high-purity magnesium oxide

YU Pei-feng, YANG Xi-yun, XU Hui, SHI Xi-chang, CHEN Ya, YAN Guo-chun

(School of metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Using salt lake brine with high boron, magnesium and lithium as raw material, the boron was separated from
magnesium and lithium with sulfate acid and ion exchange resin, and the magnesium was separated by precipitation with
ammonia. The effects of pH value, temperature, time, resin amount, flowing rate of brine and ratio of height to diameter
(H/D) of the column on boron removal were investigated under static and dynamic conditions. The optimum process
conditions of boron removal are obtained. The results show that the boron removal ratio reaches 95% under the optimum
process conditions. The boron concentration of brine has a significant effect on the content of boron in magnesium
hydroxide. The content of boron in magnesium hydroxide increases from 0.04 mg/g to 8.82 mg/L with boron increasing
from 4.54 mg/L to 1 200 mg/L. Using brine containing 4.54 mg/L boron as raw material to prepare magnesium hydroxide
followed by calcination at 1 500 “C for 2 h, 99.8% magnesium oxide is obtained.
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0 E DUBE I 2 . Mg(OH), W Bt i AL ye, 4
Mg(OH), JBthe i 2 %45 2y B,O5 JE NS AL EE . A
FALEETT ) B,Os fE s F AT s CaO ZERURILIAY)
[F] I 5 CaO-Si0, A =T IRILIEH (s £ 1 000 C A2
A7), RPERAGEE SRR RE P AR e, KAV
B Rk ) e A R BRI SR B B AR O B
HAT, MK S, e & E2r
DA TRMEM Pk, AR, B
RE, Rk, DURTE. WRIZERUEAEE A 2N
T AR A=, e B AN AL TR B, A SO
BRI BRI e KA BT R R L, SR BRI
B P ARG BRI, A SR s B K
HEVEDT SIS S 8, PRI xK pH {H
WS BRHIRLEE « T BT T o ARF B FH S5 B0 2 B 20 R s
BN KAE AT =778 LT B 23 2 2 )
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Al

1 X8

1.1 SKIGJE#Y

SRR FH 1) 1 7K A T U 52 VT AR b S . B
hIE s, W AT ICP-AES 400 #1, Hlisrtiik
1 Fizme wi7K pHAH A 4.20, &4 1.32 g/mL, 5
THRREN 110.92 g/L, #HE-FIKIERN 2.50 g/L, BEALL
h 44300 5B ACHF L A I e A AR
BB IR—XSC-700, HASITSHNE 2.

1.2 XEHE
1.2.1  BRVEHE
] 250 mL 1] ZK I NG B R PR (98 %), FEH

%1 X/KIY ICP-AES 4314 R
Table 1 ICP-AES analysis results of brine

Element Content/(mg-L™") | Element Content/(mg-L ")

Sn 0.5 Al 1.0

Pb 0.3 6167.5

Ni 0.2 S 7601

Fe 4.8 Si 54.2

Ca 39.7 Cu 0.2

Se 0.1 Na 1326

Cd 0.1 K 526.7

Co 0.2 As 2.0

Cr 0.1 Mn 0.1

F 2 XSC-700 H IR EAL BT
Table 2 Physical and chemical properties of XSC-700

) hole-divinyl benzene
Polymer matrix structure
copolymer styrene

Functional group (CHOH),—CH,0H
4, LH)

Particle size/mm 0.315-1.25

Bulk gravity in wet state/(g'mL ") 0.65-0.75
Specific gravity in
P & yfl 1.02-1.18
wet state/(gmL )

Theory exchange capacity of

r exchange capaciy >50
boron/(gmL )

Maximum operating temperature/ ‘C 100

Solubili Not dissolved in
olubility
acid and alkali

FEE N 100 t/miny VIS 60 'C R R 1h, K5
TR EVRE A 2 — B ), 00 ] A4
i, VHENRRIOR

122 B Ak

I3 RSN AVE RN o #2100 mL
FRAEN 5 7K, IO — @ AT g, T —
IFIE],  FH ICP 23 b B A i o ZK R 2, b S
Bt BhAE RIS T A HAT T AT, AT B
423 mm, 500 mm, &KZEMRIELL—ERHE
MR 2 Bl A H AT, F 1 B ORS00 s K
H ICP 73 Hr il &5 &

1.2.3  Z3kdie:

X B A SN IS K Z L DU . 1 R
(300 mL 47K, 15 g Mg(OH),, 5.1 g NH,C)IIAF] 2 L
SR RPIRMEEE TR S0 CRIERSR L 20
mL/min S EERG N 7K, IR K, $5H] pH (A
10, FERAHFE, EEHFEE R R 100 v/min, 1§ 500
mL XK INSE eI, GRS IR Z K A& YT E
I 20%), NSRS 60 CHEILERL 30 min, i€,
Ve M9 B AEE
1.2.4 AL BBGE

B AL EE 2 IAE 950 ‘C. 1100 °C. 1200 C.
1 500 CELE NBEE 2 h, 1525 b,

1.3 St

BERSTIRIE R H EDTA i 52087, il i /K
(B0 SR P H R W AR i K Hb R AR AR
BEL BB A e 3R T AR S A5 2 i kR
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{¥ ICP-OES(American Intrepid II XSP)7#7.

SEAB AR FH H A S D/max—2550 X Y
HATIAEATRSIN 37, AR Cu K (4=0.154 06
nm), £1 854 AR, B 40 kV, FHI N 40 mA,
FIEVEFE Dl 10°~80°; A JEOL /A #] JSM 5600-LV #7
i L AR S A T T SR

2 FHR51R

2.1 pZKIEHR

BT K R B, SRR IRIESRR . 7r4%
PEAREG (O 3emt b, B 2 PRVESR I A e T &40
WORRH 5t 14 mL/L X7K R MR E 60 'C WY ]
Lh, AHIEE-S5 C. AHIEE 4 h, IRHICRIAS]
80%, O pi/KH &5 A 1200 mg/L.

BIR AR K A — 58 IR BE (3R 3), 0 C ISl FE
H92.77 g, =5 CHIEMEEE N 2.51 g, TRIEARETE 242
W TP A, 5 B 1 AT 3R RV S B 11 pi 7K
DREESERN, 0 SC BR84S e S i 1 3= s
%,

2101 R B TRk B e R R 1P i P 5

7t 100 mL 7K PR HIEA 62 mL. WEA 25
‘C. 7K pH 4 6.0 R4, WR B IS TR]O B ) 5%
M &5 FET ] 1 s

F 3 WNBRAEAK AR
Table 3  Solubility of boric acid

Temperature/’C -5 0 10 20 30 40 50

Solubility/g 2.51 2.77 3.72 5.04 6.72 8.72 11.84
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Fig. 1 Adsorpition rate of boron at different adsorption times

HHE 1T ATEUE 1, S TR /N T 240 min B,
Wi 5 W B BT T (P S, IR B 3R 3K, 2 B B ) K
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P DRI, MR T BAE A 4 he

KU UE— 25 ) 2 WM RO — 205 ) 2 BRI X
B S 6 & REEA T ISR B AN IR N3l 24 24,
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Lagergen {f—205)) J #1508 .

k
lg(q, —q,) =g q, ———t 1
8(g. —gq,) =18 g, 3303 (D)
HE 2B )y A
1 1 1
—=—Ft—t (2)
qt k2qe 9e

e g B gAY BN T IR ] ¢ BT 2 i
mg/mLs kiv ko S BIRHE S, e LEh
5.

V1 2 3% Ay A S e 24 I 0 2
53 BB Lg(qe-g) Rl tlg, % ¢ (E T 9 4 2%, RIS
RN 3 FiR, % 4 B9 TR E) S B 5
%5
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N N
w E
T T

B in resin/(mg'mL™")
N
[\
T

Adsorption capacity of

.
T
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Fig. 2 Adsorption capacity of B in resin at different

adsorption times

B2 4 WA, SR HHE Z 030 ) S AR R A TS
I RE R AT 0.99 LU L, FWIMET S RS T
SRR, SRR,

2.1.2 7K pH R B 1 5

B K AEBR PS8 T AT H SRR DT, e B i
KR, TSR, ASCVER R %2 pH A 2. 3.
4. 5. 6 I PSR . SEEG 454 100 mL 7K
HR RIS 62 mL, WEPRIFE] 4 h, WA 25 °C, 5%
Wik 4 s
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@ R=0.9294

1 1
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Fig. 3 Adsorption kinetic models: (a) Pseudo-first order

model; (b) Pseudo-second order model

R4 FEBRANRSH

Table 4 Parameters of kinetic model

Model ki, kymin' gJ/(mgmL™") R
Pseudo-first order model 0.014 0 0.5504 0.9294
Pseudo-second order model  0.053 9 25641 0.9980
90
X
S 85
2
]
O
5 80
2
s
8 75¢
a
S |
}E’ 70+
65 1 1 1
2 3 4 5 6
pH

4 7K pH DB B AR 5 iy
Fig. 4 Effect of pH of brine on adsorption efficiency of B

M 4 LA, BE pH B, BRI T
BT B PRI B 5 pHL A ARAORE DG 3R S IR A7 %
TORR R W B AR FH BB A U A b LA
B(OH); . B(OH), . B;O;(OH), . B;03(OH);* .
B,O5(OH),” 1 BsOs(OH) T 2UA7LE , 4Rk BEAR T 0.1
mol/L I, =1L B(OH); 1 BOH), B fEfE, pH
BAKE, B(OH), S&#%, FZELL B(OH); KB
76, pHE mI, FZELL BOH), MR, HER
' B(OH); 5 B(OH), W] LUHEL A4k o A 5 W B
PRTEIN, A5 B(OH), fit 50 5 L1 it K
Fasg kU, EBEAG pH (M8, B(OH), /& 1
T, A% ITERE O (R B et s pH (AR, WY JIEKT
A — o B &, B TR OH ik T
B(OH); In] B(OH), Ak, 1 M H42 i B8 % B PRI B
DRI, B B - A IR FE S BININ pi7K pHAE N 6.0,
2.1.3 WG X B B ) S

TE 7K pHAE 6+ WFH I TA] 4 hy 24 25 CHI4
PR, BEATAS IR G B (R B S5, S5 R an sl S P

HHE S T, BRRIIN R, A B
100 mL 7K ORI HE DI GEIA ] 66 B, A (19 b 42 1)1
AIIk 95%LA bo fHBEE R IE SRR, AR AL
By 7 B R BEEH. 1 mL BHIEXT B AR B 75 b
HJ1.77 mg, HEA 3.20 mg, 1 mL A AEXT B (S
WPt 2 B 5.00 mg,  SEBRIR B EAN R BRI B
35.4%~64.0%. XSC-700 B 51E W BN FR AR 25—+ 1 [A)
ISR BUREE T, BPESAA R T B 1
BT K SRR, DRI AR T AR A i 7K s Bl )
h, R R AR KRR Mg®*, CURT SO T4k
B PRI B«

99} *— Adsorption rate of boron 33
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X
= . S~
g 961 13.0 27,
2 Ek:
o Q&
2 o3 S &
< r o ~
= los 85
. g- L
: Za
< 12,0
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1 1
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Fig. 5 Effect of resin volume on adsorption efficiency of B
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2.1.4 RS AR B P R

100 mL 7K g &4 66 mL, pH A 6, K
BB T A 4 b, JELFERT IR B e (s mm 25 SR sl 6 B

M 6 T LA HY, 5L A (KW B S S AN
B PR B B A2 a0, TR, K R
%, BIPER AL B 1 9 HOE Ze 8 00, 18 208 P16 Py et
BJE. I 6 AT%n, 20 CH, W 4 h JE 0 b5
CEIT 97%, Hr LAWK B i R U 25 CHEATRIAT .

100

99r
%/////////*_-_—*~_~ﬂ
97
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&1 6 VR S o M AL B 2SR 35 i
Fig. 6

Effect of adsorption temperature on adsorption

efficiency of B

2.1.5 YL X BN B £ 5 i)

R BT ACHAEIEAT 17K BRIV PR A SE B Y FH ]
ERAEPESE . BFURWT: TR EE . pH EART R H
ALHAE LI A R G AR — B, T DEAC AT
SRS R8T i K IR AS H AT R A2 L B
B BCR 1 5

Ak LA 5 s KA Bk 1 200 mg/L. pH {EH
6. Lkt msR o 17 RN 162 mL), 7£25 CF
HATEAE, 2B 8mE R 1. 24 3 mL/min B AR
AR, 45 BRI R 0 P R 1 g AR £k i
g, w7 PR,

B 7 WA, KGR, 53 (A A
FER 1 mg/L I 285 fO) BB . BT sk s
K, B AR I PRI N (R 4, 7K (B e
LA TR IR e QS AN 87 /5 D BN NI
mL/min B, 1 mL #5253 W B 125 &40 7 h 4.89.
3.34, 2.00 mg, Ut BRI 2 B A B B K
BGOSR, SR A [R] R B (K
Dy HEPERUCRAR, SRG S RSIEREAUE N 2 mL/min.
2.1.6  ATHAE AR EE K B S

7 s KB EE & 1 200 mg/L. pH 4 6.0, XiZKii

A 2 mL/min. 25 CISME R, 20 075 28 Rz L (HID)
K11 144 17 BRI B SCR, #5321 T80 282 ih 2 o
Kl 8 TR

~ 800 "—] mL/min
T_] *—2 mL/min

:%D 4—3 mL/min
= 600

.2

g

§ 400 -

=

5

=

S 200

Q

m

o6 a——m | - m 1
0 200 400 600 800
Time/min

B 7 K B R B 5
Fig. 7 Effect of flow rate of brine on adsorption efficiency
of B
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Fig. 8 Effect of ratio of height to diameter (/D) of exchange

column on adsorption efficiency of B

HIE 8 I, A mAR LN, ZEE IR
o WA EAR LGN, ASHAT I IR S RE AR, 7R
)R P bl KL T s el K P W B O ) B . 44 b
(H/DY A 11 14, 17 &, 1 mL W5 55 3B W I B 155
AA 1564 1.78+ 3.34 mg, UiIARSHA: AR LLIg i,
WY I 2 375 S B 25 1 K

KK EA, SHZHME T, IEREME
S B0 £ R B S PR 3 U . Mg Na'.
SO/ KM ihsk, 45 Rk 9~10 PR, S804
e AT FARE A 17, wIKE R 2 mL/min, R
Ja K pH A A 6.0, BRACJE siZK IR 1 200
mg/L, BB TR EE ) 85.81 /Lo H1& 9~10 W] %1, Mg,
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Na'. SO . K'7E#EEE 50 min A B RIWHE, 4% B
I )X 2] 100 min J5, FEARAPRT. T XSC-700
TR P R B AR i A — 22 FL s A, AT LRI R A L 3R T
IF Hs KB RO, X Mg*'s Na*s SO/ K
AR AR, (R RPE AN IR T2 A=, H
LB KMRVE IR 2 Z) IR s g8 7k R ok, mTLASEEL
5 Mg**. Na's SO, K.

SO?* adsorption time/min
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(e}
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Fig. 9 Penetration curves of Mg*" and SO,*
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Fig. 10 Penetration curves of Na and K*
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2.1.7 XSC-700 # JIg Fte e

I BB AR 50 mL XSC-700 45 ARsE/K
Tes TERHIANIRIA B IR SRR AT = AT 3R 30
min, 25N 1) BRI B R e, L4
WK 11 fros.

100
X
M 80r
(2
o
g
g sor
2
L=
]
o 40
=
e =—0.1 mol/L HCI
2 200 «—0.5 mol/L HCI
A 4—2.0 mol/L HC1

1 1 1
0 10 20 30 40
Volume of HCl/mL
B 11 ANEIARRE SR O IR M 2 1 52 i
Fig. 11  Effects of different concentrations of HCl on

desorption efficiency of B

P 11 R, 3 A BE 1 B R T AR IR i
VEMEHIE ] 90%. XSC-700 ZE M g %T B(OH), Wt
BE IR, EMRYEWT B(OH), ¥ 41ky H3BO;,
M AARR oK, #ok$E 20 mL 0.5 mol/L HC1 A A BE i
F ] LAAER R 5 20K 92%, TR R IR Ol 1.8
g/L, LY 5 n] HAZ IR -

22 HEIMEE

B IR SEIG 25 FnT S0, e K S RS2 B AR 1)
o FH s PR TR e K R A R B s . T ol 1 4
XS] LIS B — RV R B =K, WF5T
AR AR R B A A B TR S SR, g R LR
5o AT RS K A A T vE N SR A B
i ARG AT TR RE N ARSI K TR IR

Table 5 Mg(OH), concentration prepared from brine under different boron concentrations

Mg2+ concentration Boron mass Theoretical boron Detection mass .
. . 1 . . 1 Purity of Mg(OH),/%
in brine/(g:'L ) in brine/(mg-L ) mass/mg of boron/mg
68.07 4.54 0.04 0.03 98.00
68.71 25.27 0.24 0.23 97.62
73.99 95.94 0.86 0.64 97.19
76.66 454.90 3.79 2.72 97.13
86.12 1200.00 8.82 4.32 96.55
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AR A BRI 7 26 0] LAV S S A B i Bl e
W, FERIS R —IRIER S .

Fbii & 5 rh AL BE I B I 5 e 5 ICP T Al
Pl URIL, K IR 2 3 NS B
i, Il s AR, AR AR A R SR AR
PERE, BT LTS BB SEAR 1) el 7 il % e Al A A A B
&40, Pl RKINREEART 5 mg/L, A5k
BRAl T IA 98%.

XA 98% M AL S A B = i HEAT X R AT S A
P s AT, HATHE R SEM 4% 4 il i 12 F1 13
Fim. B 12 a5, s A AR 45 IR R
ToH . EEFDIEER R, RS- K5
MR FRIR T VI pH (A, S A BE I R A
VRN, R BB H k>, AR I, BT A
AR ROILIE 13), L JEMERE BT

X ST RRGIEAT 73 M7, BB TR Ly 22.18
g/L, BRESTIRIE N 2.5 g/L, BEAIEL rhr 44.3(J5 g 7K )%
2 8.8 K FHI IR U e — Bl vl LUK RV IR BRSS
hy e A A B BR A P AT R 41,

+—Mg(OH),

0 20 30 40 50 60 70 80
20/(°)

12 SAUEEER) XRD %
Fig. 12 XRD pattern of Mg(OH),

13 S5 BER SEM 4
Fig. 13 SEM image of Mg(OH),

23 SEERR

W liE Ky 98.0% M AL BEM I E 950 'C 1100
‘C. 1200 °C. 1500 C FM&be2h, Pridsa il ™ mim
W R 5 Bigl, XHAE 950 ‘CHI 1 500 C ket
BRSPS AT ICP-AES 427047, Ho4h B4 il hn
6 F7 5.

RS AR M Bl A &
Table 5 Mg(OH), purity and boron content at different

calcining temperatures

Calcination Purity of Content of  Evaporation
temperature/ C MgO/% B/(ugg")  rate of B/%
950 98.3 99.9 12.0
1 100 99.1 97.2 14.4
1200 99.7 95.7 15.7
1500 99.8 93.2 17.9

HH 5 ATEN,  Mbel e A 950 CHm % 1 500 C
B, ARl B S . 3 6 F1 7 nTAn, kR
TR, B PR B AR IR A7
ETEENET, TRIREET 1150°C 23 43 43 filt A Ak
BEL AR BEBRe I R AR AR D, PRl
AL B Al FE IR R E T BRI B A WU A TR, K
NI BRI 15 BIERHN 5 R A B ORAIE

R 6 950 BT AL ICP-AES 7345 R
Table 6 Analysis results of ICP-AES of MgO by calcination
at 950 C(ug/g)

Mo Zn Pb Si Mn Cr Fe P Ca
383 1.6 41 1706 26 13 165 609 653
K Al B Na Cu S Ni Co Li
86.6 8.0 999 2600 1.8 2196 1.6 1.0 1504

RT 1500 CHRIEITFAMELN ICP-AES 7 Hr 4 1
Table 7 Analysis results of ICP-AES of MgO by calcination
at 1 500 C(ug/g)

Mo Zn Pb Si Mn Cr Fe P Ca
447 34 40 2253 28 33 812 294 537
K Al B Na Cu S Ni Co Li
313 543 972 209 1.6 211.7 1.8 1.8 326

TEAE T EAA P A S B T A A ™
Al JEIRF] 99.8%, A MBI AL 22 AR He TR (Al
74 98.2%~99.2%). P& (LI 94.0%~99.0%)FIii}



523 %5 2

T, %

e BRI R 2 T R A AR BRI % 575

KR (AE K 97.3%~99.1%) EAEE ™ i iIFR i,
ol E LB R

3 Zig

b=}

1) RAGRIRIESEH, SR04 5, A3 ER
Ik 80%, KA %4 1200 mg/L.

2) KH BT ACHAM TR RRAL S s AR BERREN, 4
7K pH{E N 6, 100 mL 7K iFH &4 66 mL,
TR NP 4 b S, BN eIk 95% A b, SEELT
S8 BER4r 89 EX/KIE N 2 mL/min. A8 3kt
AR 17 KRB 1 200 mg/L. pH {EN 6
4T, B 2 3 W B 25 5k 3.34 mg.

3) RHZEDUEE, XKBVBERE & LE B Rk i
443 [RARE] 8.8, SLHLEE. MWL .

4) AR SE R 5 mg/L ) sl ZK AT HIAF21 1 4 98%
I pEPE e R AR AEGEALEE, 1500 C MBI AL BT
DAFFBIAERE Ry 99.8% 4™ i, & iyl 4 b Bt
2K

5) & LR T skl S8, Sl T
B BE. RN ES, N R IR L G TR
%At

REFERENCES

(11 % ¥ L, XIfeAs, dotoc. Bl 20 iH 2 s K gtk
ZEATERWEFLI]. HhEk24AR, 2008, 8(4): 517-524.

LI Hao, TANG Zhong-fan, LIU Chuan-fu, LEI Guang-yuan.
Comprehensive exploitation and research of brine resources[J].
Journal of Acta Geoscien Sinica, 2008, 8(4): 517-524.

[2]  VFPSOME, 2RI Al UG B A S BT ER D], BRI S,
2003, 11(4): 39-41.

XU Rong-hui, LI Hai-min. The principles in preparing of high
purity magnesium oxide[J]. Journal of Salt Lake Research, 2003,
11(4): 39-41.

B1  Mpadoc, Reildsg, XRJe, milicd. 86T 5% ) R K 2

& A 90 (B BRI B2 1 T 201, EHLER T, 1996(2):
29-33.
YANG Jian-yuan, CHENG Wen-ying, DENG Tian-long, GAO
Jing-yan. Comprehensive exploitation and research on brines
from Jilaier salt lake of Dongtai (extraction of lithium by
calcination)[J]. Inorganic Chemicals Industry, 1996(2): 29-33.

[4]  TRE R, B R KB I B AR AL R ) S B8 T 5
(7. W55 47k T, 2008(8): 19-20.

ZHANG Zhan-liang, SUO Zhi-lu. Experimental study on

manufacturing magnesium oxide containing lithium with
lake[J].

Petrochemical Industry, 2008(8): 19-20.

calcining the bittern of salt Inner Mongulia
WEN Xian-ming, MA Pei-hua, ZHU Chao-liang, HE Qiong,
DENG Xiao-chuan. Preliminary study on recovering lithium
chloride from lithium-containing waters by nanofiltration[J].
Separation and Purification Technology, 2006, 49: 230-236.
KA, TR, R 3, SEAN, M. GIIRIE > B HOR
Lo FCAEFR s A BT AR IS ). ERWIIESE, 2006, 14(4):
56—60.

SONG Wei-de, WANG Hai-zeng, XING Gun, GUO Lu-gang, LI
Dong-mei. Nanofiltration technology and its application in the
comprehensive utilization of bittern resources[J]. Journal of Salt
Lake Research, 2006, 14(4): 56—60.

NADAV N. Boron removal from seawater reverse osmosis
permeate utilizing selective ion exchange resin[J]. Desalination,
1999, 124: 131-135.

ACOB C. Seawater desalination: Boron removal by ion
exchange technology[J]. Desalination, 2007, 205: 47-52.
OB W R, BAR, 0B, B & B R
KB B T 20]. R BARIERR, 2009, 40(1):
36-40.

XU Hui, XU Liang, CHEN Bai-zhen, SHI Xi-chang, YANG Xin.
Separating technique for magnesium and lithium from high
Mg/Li ratio salt lake brine[J]. Journal of Central South
University: Science and Technology, 2009, 40(1): 36—40.
W& R B BRAE, AR, 1R R SRR IRIE
PR 1) L2 C[T]. 1R TG EARFRL 2 2441, 2008,
31(1): 72-77.

YANG Xin, XU Hui, CHEN Bai-zhen, SHI Xi-chang, XU Liang.
Study on the extraction of boric acid from aalt lake B rine by
vitriol method[J]. Journal of Natural Science of Hunan Normal
University, 2008, 31(1): 72—-77.

F#R . Mg(OH), X g7 Hh il (K1 B RCR [T, il 5 40 L,
2003, 32(5): 5-7.

WANG Lu-ming. Absorption effect of magnesium hydroxide on
boron in seawater[J]. Journal of Sea Lake Salt & Chemical
Industry, 2003, 32(5): 5-7.

WA, A H, TR, KRIFS, EORAE. I d K R R
KRB L[] 7™ OR4P 5 FIH, 2002(4): 39-42.

YANG Hui-peng, LI Qi, WANG Qiu-xia, YU Li-xiu, CAO
Yao-hua. Experimental research on recovering boric from a
bittern liquid[J]. Conservation and Utilization of Mineral
Resources, 2002(4): 39—42.

UNLU N, ERSOZ M. Removal of heavy metal ions by using
dithiocarbamated-sporopollenin[J]. Separation and Purification

Technology, 2007, 52(3): 461-469.



576

A G A R

201342 H

[14]

[16]

[17]

(18]

NAIYA T K, BHATTACHARYA S K. Removal of Cd from
aqueous solutions using clarified sludge[J]. Journal of Colloid
and Interface Science, 2008, 325(1): 48—56.

KOSEOGLUA H, KABAYB, YUKSELB M. The removal of
boron from model solutions and seawater using reverse osmosis
membranes[J]. Desalination, 2008, 223: 126—133.

EDWARDS J O, ROSS V J. Structural principles of the hydrated
polyborates[J]. Journal of Inorganic and Nuclear Chemistry,
1960, 15(4): 329-337.

BYRNE R H, YAO W, KLOCHHO K, TOSSELL J A,
KAUFMAN A J. Experimental evaluation of the isotopic
B(OH);+''B(OH), ="'B(OH);+
'“B(OH), in aqueous solution[J]. Deep-Sea Research I, 2006,

exchange equilibrium
53: 684—688.

ML, X, M . W RO IR A Sk B
WESET]. RIS, 1997, 5(2): 1-6.

[19]

[20]

XIAO Ying-kai, LIU Wei-guo, XI yun. The investigation of ion
exchange technique for extracting boron from aqueous fluids by
boron specific ion exchange resin[J]. Journal of Salt Lake
Research, 1997, 5(2): 1-6.

FLAZS, SENGEE, 2 I D403 AR M ER I i K AR B R
IR ZRK[T]. THLE T, 2006, 38(2): 10-11.

KONG Ya-jie, HAN Li-juan, LI Hai-min. Experiment of
extracting boric acid from salt lake brines by D403 resin[J].
Journal of Inorganic Chemical Industry, 2006, 38(2): 10—11.
YFOR, R B B s KB g B A IO IR B L 2T
[D]. K¥b: HE K%, 2008: 1-71.

XU Liang, XU Hui. Studies on magnesium and lithium
sodium

separation technology and extracting lithium by

carbonate[D]. Changsha: Central South University, 2008: 1-71.

(4mig  FTHBLD)



