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Background

Boron

An essential atom for various industries such as electronics,
semiconductor, medicine and glass industries

Effects against humans

—problems with cardiovascular, coronary, nervous and reproductive systems

Effect against plants
—excessive boron uptake results in dwarfing or death of plants

The maximum concentration limits;
Industrial drainage—10 mg/L*

Drinking water—1 mg/L* (*WHO guideline, 2011)
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Background

Previous study

(1)lon-exchange resin (2)Boron adsorption with MgO
— o High sorption density — X Low sorption density
X High operation cost X Production of lots of sludge

Co-precipitation
The phenomenon that ions precipitate beyond thermodynamic
range of the precipitation, accompanied by the precipitation of

slightly soluble substance. ‘

The objective of this study
To clarify the sorption mechanism in B co-precipitation

with magnesium hydroxide by comparing adsorption
experiments and co-precipitation experiments.




Experimental method

Co-precipitation experiments and simple ones
are distinguished closely.

pH

¢ Co-precipitation experiment

formation of magnesium ® (CHHEIED
hydroxide particles occurred | NBg(OH), @
In the presence of boron. Q,mg(“;@w,
o ©

magnesium hydroxide >
particles was prepared at first,
followed by boron adsorption. Mg(O

ﬁ s(orbg%

QOboron

e %



Mechanism of Co-precipitation

“Production ) Formation )( Ions uptake
of surface of surface between
precipitation | complexation precipitates
Three dimensional lons directly adsorb onto H,BO; was absorbed
sorption phenomena || the surface of precipitates Into the precipitates
into the solid. by coordinate bond. layers.

2[=MgOH] +B(OH),"
&=Mg2B(0OH) 4+ +20H-
[EMgOH] +B(OH),

©=MgB(OH) 4* +0OH"

Surface

precipitation

Ref.) K.SASAKI, MMIJ, 2013

\ J\ Ref. ) M.Funte, Desalination, 2009 J\




Evaluation

Co preC|p|tat|on

of the effect of pH

Adsorptlon
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— Experimental condition —

Initial B conc. — 100 mg/L
Initial B/Mg molar ratio

— 0.0625, 0.5

» Both in the co-precipitation and the adsorption
experiments, the maximum B removal was
achieved at pH 10.5.

=All other experiments were carried out at pH 10.5.




Residual B concentration [mg/L]

Boron removal experiment
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—— Experimental condition —

Initial B conc.—50, 75,100 mg/L
Initial B/Mg molar ratio— 0.0625-0.9
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More B removal was
achieved when more dosage
of Mg was given.

When the initial B/Mg molar
ratio was 0.0625, residual B
concentration almost
dropped to 10 mg/L.



Boron removal experiment

Residual B conc. VS. Total Mg conc.
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Initial B conc. —100 mg/L
Initial B/Mg molar ratio — 0.0625-0.9

A Co-precipitation ¢ Adsorption

Experimental condition

A Co-precipitation ¢ Adsorption

More B was removed during co-
precipitation than adsorption.

More precipitates were obtained during
adsorption than co-precipitation.



sorption density [mmol-B/mmol-Mg]

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

Sorption isotherm

o BET typey e
e
BRZ
e @ e g
Langmwrty‘pe. """
0 2 4 6 8 10

Residual B concentration [mmol dm-3]

¢ Co-precipitation

® Adsorption

Experimental condition

Initial B conc. —100 mg/L
Initial B/Mg molar ratio — 0.0625-

aWa}
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Sorption isotherm
» Co-precipitation: BET type,
— three dimensional B uptake

» Adsorption: Langmuir type,
—two dimensional B uptake




Relative intensity [-]

XRD analysis

Experimental condition —

Initial Mg conc.—200 m/L
Initial B/Mg molar ratio — 0.0625-
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» The structure of the precipitates did

not changed.

» The cristallinity became worse at high

B/Mg molar ratio.

—Two dimensional Boron adsorption
was occurred.

—Boron was inserted between the
surface of Mg(OH)2 layers.

® Mg(OH), : Brucite



Relative intensity [-]
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XRD analysis

Co-precipitation
16; —— Experimental condition —

19% 5o - Initial Mg conc.—200 m/L
B/Mg=1.3 . .
Initial B/Mg molar ratio — 0.0625-

n_0

B/Mg=0.7 6-9
|

The structure of the precipitates

f

IMg=0.5 _
changed and Hydromagnesite was

mmJ@m04 produced when the initial B/Mg was
over 0.4.

B/Mg=0.25 . :
— Hydromagnesite, which has a sheet-
/Mg=0.125 like structure, caused three dimensional
B Mg—O 0625 B uptake during co-precipitation.

> J\ ﬁlmﬂ @ Mg(OH), : Brucite
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NMR analysis

3-coordinated boron : due to the quadrupolar interaction

A 4
J‘ 4-coordinated boron : One sharp chemical shift at Oppm

<~ Adsorption

Experimental condition

Initial Mg conc.—200 m/L
Initial B/Mg molar ratio — 0.0625-

n_nN
V.J

» H3;BOj;was inserted between Mg(OH)z
layers during adsorption.

» The formation of surface complexation
was promoted at high B/Mg molar ratio.

2[EMgOH] +B(OH),” ©=Mg2B(OH) ,* +20H-
40 30 20 10 O -10 -20 -30 [EMgOH] +B(OH),” ©&=MgB(OH) ," +OH"

Chemical shift [ppm] Ref. ) M. Funte, Desalination, 2009




NMR analysis
| |

<~ 3-coordinated boron : due to the quadrupolar interaction

; 4-coordinated boron : One sharp chemical shift at Oppm

«.—. Co-precipitation

Experimental condition

Initial Mg conc.—200 m/L
Initial B/Mg molar ratio — 0.0625-

H,BO,

» At any initial B/Mg molar ratio, the

predominant B specie was 3-coordinated
boron.

» H3;BOj;was inserted between
hydromagnesite layers during adsorption.

B/Mg=0.0625
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Residual B concentration [mg/L]

— Experimental condition —

Initial B conc. —100 mg/L
Initial B/Mg molar ratio —

0.0625
——temperature=——25;

Evaluation of the effect of temperature

1 hour experiment
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Long reaction time experiment

® Co- precipitation 60°C |

® Co-precipitation 25°C

Time [min]

» More B was removed at 25°C than 60°C.
» Rate of precipitation was fast at 60°C.

—>Mg(OH), was precipitated prior to the
production of surface precipitation



Conclusion (1)

- Co-precipitation Adsorption

Sorption isotherm BET type Langmuir type

hydromagnesite Brucite

Crystal structure

y [Mgs(CO3),(OH),-4H,0]  [Mg(OH),]
3-coordinated boron

Boron specie 3-coordinated boron &

4-coordinated boron

1) H;BO, absorption between
Brucite layers

. H,BO; absorption
SOUE SOl between hydromagnesite
mechanism layers y J II) Formation of the surface

complexation at high initial
B/Mg molar ratio



Conclusion (2)

» More boron was removed during co-precipitation than
adsorption.
» Adsorption;

— B was absorbed between the Mg(OH), layers while
surface complexation was formed when the initial B/Mg
molar ratio was high.

» Co-precipitation;

—Hydromagnesite was produced when the initial B/Mg
molar ratio was over 0.4, which suggests that B was
absorbed between the hydromagensite layers.

— Magnesium hydroxide was produced when the initial B/Mg
molar ratio was under 0.4, which suggests that B was
absorbed between the magnesium hydroxid layers.



Hydromagnesite
T E—

+ Mg5(C0O3)4(0OH)2:4H20 (JCPDS 25-513)
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#* NMR(Nuclear Magnetic Resonance)



Experimental method

Co-precipitation

Adsorption

| Measuring flask |
<+— H;BO,
<+— HNO4,KOH

Adjusting pH10.5

Stirring an hour

Measuring flask

A 4

<«— H;BO;
<+— HNO,,KOH

Adjusting pH10.5

A

Stirring 30 min

| Measuring flask |
<+— HNO;,KOH
\ 4

Adjusting pH10.5

Adjusting pH10.5

Filtration
Membrane Precipitating and
filter = 0.1um contacting B at the
same time.
ICPAES XRD and NMR

Precipitating
hydroxide before
contacting B.

Stirring an hour

Filtration

Membrane

filter : 0.1um

ICP-AES

XRD and NMR




