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Abstract - In this study, we investigated the eflects of sulfirric acid on the synthesis of calcium borate in the artificial boron-containing
brine (bittern) saturated with calcium hydroxide. For the study, we attempted to synthesize calcium borate under various conditions such
as reaction temperature, reaction time, and cooling temperature afier heating, and then to examine the recovery and purity of the calcium
borate according to the presence or absence of sulfuric acid at each condition. The XRD analysis confirmed that, regardless of the
presence of sulfiric acid, the calcium borate (Ca:B-05H>0) was synthesized, while, in the presence of sulfiric acid, the calcium sulfate
(CaS0,-0.56H-0) was produced as a by-product. In all the experiments performed by varying the reaction temperature and time, the
recovery and purity of the calcium borate without sulfiric acid were observed higher than those with it. The results indicated that the
addition of sulfiric acid increased the solubility of the calcium hydroxide, but the calcium sulfate produced as a by-product could decrease
the recovery and purity of the calcium borate by preventing the synthesis. In this study, the artificial boron-containing brine (bittern)
(500 mg-B/L) was saturated with calcium hydroxide in the absence of sulfiric acid, and then the solution was heated at 80-105 C for
less than 10 minutes to synthesize the calcium borate. The recovery and purity of calcium borate were measured as high as 80 % and
96 %, respectively.

Key words - boron, brine, bittern, calcium borate, sulfiric acid, calcium hydroxide
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o] EAn&L& pHel ¢&3tH(Tagliabue et al., 2014). pH

BaE FI71&R0A 3AF &ate FaEela, A 924 ool A= BAkolo] FH F3Fo|i, T o]slol A=
Al F2 BAHBOH)1H Sk (borates) EE &

(boro-silicate) 2] FENZ EAg). T4 FE&doq A &

* Corresponding author : 93] %], kimmj@kmou.ac.kr 051)410-4433

* 93] ¢, achshj417@kmou.ac.kr 051)410-4982

() °] %EEE “FarEtzr E3-g S o] &3 1T calcium borate A ONA FALe] ETolg A= oF “2015 FA A AT
st 3] sk« A s3] ‘&7'01}13}‘3} g AF5E, 2015.10.28- 31 D. 296)"l AFH AL

- 523 -



ofe

27F vl=F(eF 45-5.0 mg/L) AN Giiler et al., 2015).
agal R Ags AxE F o], = H4(bittern)
T TAEFET 15-120 mg/L A=olth(Ismail et al, 2014;
Kim et al., 1992; Lozano et al., 1999). 2 A4 944=(brine) %
TaEEs 37710 mg/Li o9 thFstth(An et al, 2012). 1

Z EgH|old 9l Salar de Uyuni 99 A% %71 710

4@ (Power and Woods, 1997). ©] & Hdo=z Al
A& thEe] B<4E(Ca, Na, Mg, Fe, SiE ¥3rsl= 4h3}
)& st o] 7hEskA| @i Abgshrlel e kAl 9l
tHChoi et al., 2004). WA T Akl o] & 7hs g Al
L FasdEs 47 A% A7 @A daEa gl
i B4 A=Y B e fales v Yok Eﬂﬁ
<9l calcium  boratell =  colemanite(CaBzO4(OH)3-H:0,
K,=2.9x10%),  inyoite(CaBs03(0H)5-4H,0, K ,=2.9x1071),
nobleite(CaBsOg(OH)»-3H0, Kg,=1.7x10 %) 5o leh(Parks
and Edwards, 2005). Eo] 282421 5% o] &3t ol o
TolAE &9 F T4E AAS7] 93 calcium borate2] ¥
B2 545 AEste IANSS g3 48 =
Itakura et al.(2005)2 AF&id ol 1A FAtstZEd <l
S A7EE g, 130 TollA] 14413 &<t 7k 3ke] 99 %4
%A% calcium borate[CasB.0s5 « H:OlZ 4 &3}t & o2&
AFAEL AT FAEN0.70 g/L)ell F2HE0 g/L)j} LA
?*&5}7““(50 g/L)& 747}5} U‘rv— 90 TellA] 2A12F &<t 7}
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sttt 7 g AHwrrrE ANFFEFA (AAnalyst
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Phaser, CuKa radiation of radiation of A=1.5405 A)E o] &3}
Arct.
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Calcium borate® A/4d3t= 7HgREgo] ¢ &,
£ 50-100 CT= gelste] 2z Ads HAASAt e AR
Aol Ak 2w AL 211 S XU A909 212
RS AHTESHA] @& Al A TEst vhel Zr

3. MEZY Y o

2 ATolA TUe APS F o AAg Ao o= +
0.22~7.39 %t}

Calcium borateZ A4 aHE 71dub-So A, ¥FS-%7] 124
TR EAEHE FA4e Aawk, 18 B9 g

& H|&S Table 19 YERAAT

Table 1 Boron and calcium concentrations, and mole
ratios between B and Ca, in artificial
boron-containing brine (bittern) saturated with
calcium hydroxide, according to the presence or
absence of sulfuric acid

B Ca mole
concentration | concentration ratio
(mg-B/L) (mg-Ca/L) (B : Ca)
without
508+13 1837441 1:1
H.SO,
with HxSO,4 528+12 3513+57 1:18
BATEE 508-528 mg/L 2 AAS AL, e H7Fskd
& we) BEEst S ek wuch o 2 v A% &
ok BES HUtelA RS Wl MRS W Tt A
o] B H]&S 77 11, 1:1.8°A . o] Aol A= calcium
borate &T&S =0]7] 3 1A FASEES dFoR H

Vet ar, et g Sdl=s S YY) S8 #Faks A
7Vt tH(Yilmaz et al., 2012; Remy et al., 2004).

Calcium borateZ A5z 71Eut-g-ol A ko] H7ki-5

A7

AN

M
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of whet A H AMuAE 77 XRD 2418
Fig. 1o YebATh b A5 d#glol
2] calcium borate[Ca:B.05-H0] 327} &
A7 eIA] e 9ol = calcium borate?] ¥ =
W, e ke Afele FHHL
[CaSO,-05H012] #| A7} el ik
o] &H=E TNV S8 Hokek Sk
o= AAEAoM, o] AFAIME FiS
calcium borate®t 7 gibzdgro] A HATE B
(Yilmaz et al., 2012; Remy et al., 2004).
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Fig. 1 XRD patterns of the produced solids in the
presence or absence of sulfuric acid (reaction
temperature: 100 C, reaction time: 80 min, stirring
speed: 150 rpm and cooling temperature: 70 C)
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—5— without 50, borate @/do] WalE ol 3]ggo] yropAal £k I A
S I Al stopxihar st 58] ahe H7he ¥l 85 TR
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> b - _ - - _ - — -
8 borateE 33 W, IS HUlekA @3 Filstd e 3§
£ 401 NG e At Aol gFg £EE Eolr W
2 I, 7FAkS L2285 T ol Fozal 71 % o4 4%
3 "] 790 % ool #EE dg & Atk
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Reaction temperature ( ~ )

Fig. 2 Effect of sulfuric acid on the recovery of calcium
borate according to reaction temperature
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Fig. 3 Effect of sulfuric acid on the purity of calcium
borate according to reaction temperature

A, S A LRI ¥ S5E SEIb obd
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Fol A WAl AdE 1A 9]

2 Z AolE YElA &
¥t Fig. 2014 Hi= wpep 22 227} 60T =ad
744 calcium borate 3]5&°] F43A FUFsIATF 1
o] Fol= AA3] F7Fsked 90 TAlA 76 %, 100 CToA 80 %
of ettt v SRS AR A§, 80T HE A 1
A7F BAE7] AR om, 227} oA A AdE aA
o A#FE Frhete] 105 TeollAl oF 1.13 go] A=At &0
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Wit
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borate ¥]=&0°] °F 73-80 %= LA 3A YESTHEFig. 4). 1
g3l gh-gAIgke] AAAAFE A ] o] g4 Wl A
0.72-094 go. & & polE Ho|x] gk} vk ZRALS U
gk A9l wkgAIzEe] 10 o 3]¢&o] 38 %= AR
WS ZPo] AojdeE 3lego] HAF F7hete] ¥hg-A17F 30
ol &S 71 %o EEstth(Fig. 4). WESAITE] whE)
A F= HAF Frkete] WEEAIZE 60l oF 1.20 go] 1L
A7F BAEA e, 2 Al o] Fol= AL dAF o] A
= Ak

kel e Fo wret Whg-A|7ke] whE calcium borate®]
= g2 A4S YAk Fig. 504 2 vlel 7o)
S HA7V8HA 29 W, calcium borate =X WHS-A7E
9lo] 85-95 %2 LA Ww S ArlEEe u)
= WESAIZF 1089 calcium borate <=%=7F ¢F 20 %= w9
Yl of Aol wet Fak Flete] 60l oF 70 %
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Fig. 4 Effect of sulfuric acid on the recovery of calcium
borate according to reaction time
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Fig. 5 Effect of sulfuric acid on the purity of calcium
borate according to reaction time
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Fig. 6 Effect of sulfuric acid on the recovery of calcium
borate according to cooling temperature after
heating
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