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Preparation of borax from boron concentrate by sodium-
roasting and leaching
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Abstract: Based on TG-DTA analysis, a sodium-roasting and water-leaching process were employed for the
preparation of borax from boron concentrate, using Na,CO; as sodium treatment reagent. The effects of Na,CO;
content, roasting temperature and holding time on leaching rate of B,O; were investigated. Phase compositions
and morphologies of roasted products and borax were analyzed by XRD and SEM. The results indicate that the
optimal processing parameters are fivefold theoretical amount of Na,COs, molding pressure of 5 MPa, roasting
temperature of 850°Cand holding time of 3 h. Under these conditions, activation and alkaline hydrolysis of boron
mineral are completed synchronously, which make transformation of MgBO,(OH) into soluble Na;BO; and
Na,B40;. The leaching rate of B,O; in roasted products reaches 91.05%. Well-crystallized borax is obtained from
leached filtrate after treatments of removing impurity, evaporation and concentration.

Key words: boron concentrate; sodium roasting; leaching; borax

2013-04-15WCEIHIR, 2013-10-100CEIE ik Received date: 2013-04-15.
BRARSE—EE: FH1973—), B, HL, . Corresponding author: Prof. JIANG Tao, jiangt@smm.neu.edu.cn
EeWB: HEXARREESTH (51374052)  HEHHHLM Foundation item: supported by the National Natural Science Foundation

F5 NASCFEHRITUE (NCET-11-0074) 5 H4EFR{RIES S 1237 TFE of China (51374052) and the Century Excellent Talent in University
Tl H (CEPF2011-123-2-6). (NCET-11-0074).



° 738 ¢ T

L

65 %

W —Fh E AL TR, R T
FERD . TR WAL A UL R, T
MAHTAT. 4. B Y. B8, B4, K
W BT, FiEmRSSUR, IndEsk, G
SRR E LB PR R R, A B i 1) 7 R
ANBIEK, PRGBS R 1 R S BRAR Tk 1
KR MOk ME ZERER

B EWR G TR g R AU, K2
L. H. B BUEX. Hf, By e
b A G E 64%, FEONINEEAH AN,
O3 2 o TR R R 6% 58% . B A
2 60 ZAEMIF KA, SR BIRFE, FIEC
RAdivhy, BLC T TR R FR R Wes. i
PR A SR TN TR R, o 2 s a1t
TR AR (R B JEREES, A2 3 A Y 1
25, B, MRS LEE S Er- A E,
BT 2 Em g TR, Bgiit, 2009 FEHRE )
fibr= & 29 Jyumd, Bt 39 Jyml; #HERFEE 13 SN,
B 17.8 Jm, fEaEsk OBk, Fitk, fENEER
W B AR )—— AT (0 R R R A TE JE

L KU SR VA AR A T ) i 1 A R TR
By BEILAEAERIE. BT, TR S-SR TR 4
e S IR AR BIRS T A EE
(A E R C T Tl Ak A4 77, (IR 3L B,O; FhAL
fiK. SRR DUHRSMEEAT Z5RK. i
Vs, SECHIN TR MRS K. &R 5T
TR T EXEY (B,03 24 13.13%) 1%
PRI . 25K, IS4 750~800° CRike G
TEVEIR 90% 26 45, B i R BB b A 7= T2 8K .
(I RBEE TR S AL (Bo0s £ 10%) KB,
FLEERE T IS IR TR B4 e R B S, 5
FOM R TR B T, BT R RIS TR
AR RS 1™ TN S 5 Joe- B v T 2 st SR A it
e, PURA Y 50% A4, SEOCEE IR
o, T HRIE T2 & R ER . BRREECR.
[RIE,  TE 18 M 0I5 25 B ) FH O 2 T R 82 R R 11 £
B, FFREEA T B TR RE s RS B v R U
I NN AL Tk [P V= SIBER I i

RS Re B A R AEN P R I N AL 7 Cln
BREREN . FilREN . S AN, f£—EimE MR
AT, RT3 F= A 1) NayO G R, 5
A IO RS G AR TV PN R 1R SRR )

mst, ART NP ErRb. BEr, ks
EHARFEATH. 8. S 08RrRm ",
XSGR FH AR AL RS B 2 mT S B i 3 AL A
Bl e ok P2 R 25 5 i, AR FP B A 0 R B T
B, AFTR ST R RS AR AL T A,
BB R T S Pk e 1.2 & s SATLER [
P ANIE T o X172 AR AS R Ak 705 A 1
AL B R HEAT T WA, WS T RN
UFRIERACTR, BN Be = in H /KR Ja T 15 205 =
] B,Os iR (91.01%), {H%H E/KIEHN B,05 1%
HRBAG (76.72%) . BT INEIR X 3 5% B R
H, LERER, WHEE— SR T Z RS
B,O; HER H %,

NI, ARSC DA R - E % 43 B PR RS A
RWFFERT G, RIETREE W VDA s, IR
LT NayCOs JHEATIR AR,  H A B 220 LS
PSR NayCOs HE . KEheli e Kr e (a2 %f
B0 12 R M, 1 S AR e T 206 1Eik
Fah b, SRR R AT E RIR . e, KR
28 485 i ) U A

1 SEReAt kA 77 ik

1.1 ##

SEEGFT A B R MRS R T&ERH
FRAFD; Na,COs (or#fral, [ 2548kl H
FRAFD . BT 3 2= 5o Wk 1. B XRD
ST 1. B 1 AT, BRI 3 B A A K
AWl 85 4 [MgBO,(OH)] =
[K[Mg,Fels[ALFe]Sis010(OH,F),]« ik H" (Fes04)
W 2 2k B ((MgFel,Fe[BOs]0,) 1 i 4r A4
[Mg3Si;Os(OH)s]+ BERIMEA1(Mg:SiOs) A15E(Si0n)5F
1.2 XWHE

FREUIIFED 12 g, LA B,Os S & A vl IR
e TR SR B NapCOs 28
& BHIRED A NayCOs 4% 18 — e fic Lb BE AT Bk,

x1 IET EEUERS

Tablel Chemical composition of boron concentrate

Component Content/%(mass)
By0; 9.73
MgO 37.90
SiO, 27.74
Fe,0; 12.14
AlLO; 1.31
CaO 0.80
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Fig.1 XRD pattern of boron concentrate
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Fig.2 TG-DSC curve of boron concentrate
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Fig.6 SEM micrograph of sodium product at 850°C

SRALH BB (AL B IR, BB ERAA [ FL
TAEE KB AR T KRB AT IR AN L R, M
MEE T B0; KR H &,
2.3 BRERINAEXT B,0; 2B XN

FERBRIRE 850°C, Kibemfa] 3 h i, H& [
A[E] Nap,CO; HE 541 FIAEE H B,O; IR H R K
ENALRE e = AR 4L K- Bl 7 28 NapCOs i 5 B,O;
BHECR BN, SRR BN R R,
Bl Na,CO; FHE I 2, SR =4 B,Os 1R
R KSR/ . 24 Na,COs & NG E 5 1%
I}, BoOs ¥ H ik e KA 86.27% o AR EEIE TN Na,CO;
M, B0 HZZMH R %, X T 5 MPa J) F il
A IRE S, B0 NayCOs i, BB+ B,O;
2B N, HIR 2R LA R T G 7 i
(IRE S 240 — s RE R AR N it e K 0 s i ke
B, 7F Na,COs R NELS & 5 50, bk
PR B,O3 1R HIRIL 91.05%. X EEZHTEE
IERA S, WSS NayCOs Fok ) f22 i 56 n %
B, AR TR DA B AR, AT s T R NS
J15 56, I S S B3R T

8 AANIF] NayCO; H & 264 N K5 e r= M 1

100

O
(=]
T

®
S
T

~
S
T

D
(=}
T

leaching rate of B,O,/%

W
(=
T

m pressure
® non-pressure

-3
S
T

W
S

1 2 3 4 5 6 7
times of theoretical Na,CO; content

Bl 7 Nay,CO; Fl&XT B,O5 33 H 2 (12
Fig.7 Influence of Na,COj; content on B,0Oj; leaching rate

XRD B P, HHE R L, 24 Na,COs & NIt E 1.5
50, AR BN Fe,O5 1 MgoSiOy, K
DB B T PE R A AR AR Rl . 4 NapyCO; FH &N
FIRHE 5 50, KR AR A 2E NapyBaO; 4=
Bo IXJE T 850°CHY Na,COs 4b T RIRAS, By
JEORH T P s 7 [T ] J5 I 3 A A T s v, 4 m
Na,CO; H &A1 5 T UAH S S FE RS 0, ik 1
AR BLTHEAT . 4S8N Na,CO; M, 79
FUEH NagMg,Sizs010 AR, MRS B,0s 17 H FIE
BN HT MgSiO I s, S THrdh. ATt
BV HIIN MgoSiOs S 5EtT i, TR U /NI dkE, 3
SIS, STIRREN LGS AL R T B T
a7 HIVERD, R HE T B b R BE— B
Na,CO; H &, R NayCOs Fl MgySiOs B AE
I SR NagMgsSiz019, 1 Mg,SiOy kg /b,
SECFE I EOER G, TR LT = R,
MM EL B0 12 Hh F gD

26/(°)
B8 A[FpRERANIE 18 H S I AN e~ MK XRD 5 &
Fig.8 XRD pattern of sodium product at different
Na,COj; content

* Na4Mgzsi30]0; e Na3BO3; <& Na2B4O7; ANaZSi205; v FC304;
o MgO; v Mg,SiO4; A FeyOs

2.4 JEIRETE]RT B,Os /% HERAIF M
K 9 A 5 fF Na,CO; BB & REheliE 850
CHAMN, KEBEm X BoOs 2 H 285m0 . I nT
WL, RSB AILE K, B0 HIIR H RIZHTI K 5
WS T Fe. Kibemtla) 4 h i B,O; MR HE RN
87.04%. ZREERFIAIA 0.5 h i, SibRskber=E
FON Mg,SiO4 MgO. FesO4. NagBigOy; F1 Fe,)Os
(B 10). BT REbent A, Na,COs STk
(1) MgoB,0s N AT, RA BT /b B B R
£ NayBgOy . LEKKTLEmS 7], 7] 3% P 6 iR B 26
Na,B,O; i tE 2 (K 8), f# B,O; R HHERIEE .



° 742 - t

L

65 %

~ ® >3 O
w (=} v (=)
T T T

leaching rate of B,0;/%
~
o
T

65 [
60 -
55+
50 I 1 1 L 1 I 1
1 2 3 4 5 6 7
time/h

B9 BRI TR ByOs = HE R AR
Fig.9 Influence of different calcining time on leaching
rate of B,O3

o Nay,B,0y
 Mg,Si0,
o Fe; 0O,
¢ Fe,04
~ MgO

>00

20/(°)
K110 850°CHKE 0.5 h JEHALKEKe ™ MK XRD 3% 5]
Fig.10 XRD pattern of sodium product at 850°Cfor 0.5 h on
leaching rate of B,04

GRS AE KRS BET ], B,O; 12 HH R IEAA AR A iy
TP XA TR GeRT [BIREN, BRES AR AL
W15 Na,COz N A ) NagMg,Siz00 1%, fif
TR AR B L FE, FHAS T BoOs HIR H o KR
629 3 h f=94 B0 1R %K 86.27%, BHKT
FEIGEIT (] R 4 h B (3R HE 26 87.04%. DAL, MR
TR, & E RS BRI A1 € 9 3 ho
25 WiREER

MR R KSR RIS SN pH HA
KU, BT, ZHIEIRE T (8,05 ) A ER
WhteE, MAERENF R, fReXAEKR, ERME
B VRV W R A RE AR AETE . IR AR S T
(H,BO3) A BETERR MR VA AR A7, MR FE T =
i, FeEX W pH EI K s BT AR
WRFEIKIR G R R & B RERR A AL, T 4
M AR, e pH EE 9 A4, fE
FERREL VI, DUEMARE. THJEHHT XRD
WorHr, SR NTERKE SO )G, FIERTE

A A Na,B,0.,-10H,0
A # Na,B,O,,

10 20 30 40 50 60 70 80
26/(°)

K11 S5 e il i) XRD 3% 5]
Fig.11 XRD pattern of borax product

7 20.0kV 10.4mm x3.00k SE

Bl12 g5 &= YiiEs it SEM R v
Fig.12 SEM micrograph of borax product

S0°CEMF FHMTA K W4Yi. 45T XRD &
r, RIE 1. HETI, 4@ mEER
Na,B40; * 10H,0 Fil/b & Na,BsOg. LT,
PR EIRS (NayB4O; * 10H,0) &85 982%, &
F VAR E K brdE (GB/T 537—1997) w—%4& 1
Wb A& & 95.0% . & 12 94k S il ) SEM
. BERTIL, B @ik R PORE IR, SRk
B R XHFIIR N 91.05% IR B8 1L R b
P, W IRIER N 78.6%. K BRBGIEAT A
PEIMEH, B ESCR T — i .

3 % W

(1) JERIRIEXS B0y IR IR R, R
BRI T i, BITREA vh B0 R R R 2 VEsbm. ks
FEIRJE N 850°CHY, B,0; 3% H &k 91.05%.

(2) Na,CO; FHEH N, B,0; 17 HF et K5
98/ o NayCO3 A I, AFIF Al i i B 5
AR Na,COs & 21, A2l NayMg,Siz04s
AT INRREAER M i . SefE Na,CO; F & AHw
B S 5.

(3) BEREFEIS [MIE K, B,0; ¥ H A 1E K
AT B RERers MR, AR TR AN 2525 s



52

V5 MRS LIS - KGR il U D

* 743 ¢

v 2 1SV N S U N o u o i S
Na4MgZSi3010 @%%?ﬁ?&ﬂj o E%{%i%d%ﬁtj‘ I‘Eﬂj"j 3h.

(4) PR AR S BRIR 28K R4

S5 S RO H A, BRD SR R HOIREAOIR,
WRE REf.

References

(1

[2]

(3]

(4]

(3]

(6]

(71

(8]

Zhang Xuejia (% %% % ). Boron Compounds Production and
Application(Ml b &4 7= 5 S H)[M]. Beijing: Chemical Industry
Press, 2008:349-380

Quan Yue(#4fK). Research and development of boron and boron
products[D]. Dalian: Dalian University of Technology, 2008:27-30
Gwailya S E, Hassanb H H, Badawyb M M, Madani M. Natural
rubber composites as thermal neutron radiation shields( II):H;BO3/NR
composites [J]. Polymer Testing, 2002, 21(5): 513-517

Ergun B, Mustafa K Y, Mustafa A, et al. Some physical, biological,
mechanical, and fire properties of wood polymer composite (WPC)
pretreated with boric acid and borax mixture[J]. Construction and
Building Materials, 2007, 21(9):1879-1885

Christoph K, Caroline K, Andreas K, et al. Boric acid gel enrichment
of glycosylated proteins in human wound fluids[J]. Journal of
Proteomics, 2011, 74(4):502-509

Zheng Xuejia(#f % 5 ). Paigeite Processing (LA INT.) [M].
Beijing: Chemical Industry Press, 2009: 36-40

Zhao Qingjie(BXPR7Y), He Changqing({i]:i#),Gao Minghui( 75 B
#%). Reasonable utiligation of boronic magnetite ore[J]. Journal of
East China University of Metallurgy("' Bl 2R 16 4 5B 5 4k), 1997,
14(3): 262-266

Li Qianwen(Z= T ), Liu Fenggiang(X|F3#), Deng Xiaobo(X[$Z

[

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

{A), et al. Study on roasting of pangang converter vanadium slag with
soda in laboratory[J]. fron Steel Vanadium Titanium, 2012, 33(4):
7-11

Bie Shu(]#7), Wang Zhaojun(TJE%), Li Qinghai(ZEi& i), et al.
Review of vanadium extraction from stone coal by roasting technique
with sodium chloride and calcium oxide[J]. Chinese Journal of Rare
Metals(Wifi 4J8), 2010, 34(2): 291-297

Martahan S, Alan P P. The chemistry of vanadium losses in the
alkali-roast process //Proceedings of the Australian institute of Mining
and Metallurgy[C]. 1976

Zhang Yaping(7 W.*F). The process mechanism of comprehensive
recovery of valuable elements from zinc-leaching residues[D].
Changsha: Central South University, 2003

Liu Hongwei(XI|ZZf#). Study on reactive activity of paigeite from
wengquangou[D]. Dalian: Dalian University of Technology, 2008

Liu Jinxiang(X¥4:7), Gao Xiuying(Fi75%9%), Yang Lixin(#%3737).
Thermal analysis of Kuandian szaibelyite ore[J]. Inorganic Chemicals
Industry(FToHLEE k), 1986, 5: 25-30

Liu Ran(X|#R). Primary study on the gas-solid reaction process
between ludiwigite crude ore and carbon [D]. Shenyang: Northeastern
University, 2005

Li Jie(Z=A). Comprehensive utilization of low-grade ascharite ore
and boron-rich slag [D]. Shenyang: Northeastern University, 2010
Liu Sulan(*1| 2 *%), Zhang Xianpeng(5K &%), Cai Liping(ZEHN7H),
et al. The figure of E-pH at high temperature of B-H,O system [J].
Journal of the Chinese Rare Earth Society(H' [E#i +244R), 1998(16):
427-429

Yu Honghao(-F-#t i), Xue Xiangxin(#% [ ik), He Yan(343#%E) | et al.
Preparation of high purityprecipitated silica from ironore tailings by
molt en salt method[J]. CIESC Journal(ft T.%:4%), 2009, 60(8):
2124-2129



