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Development of a Treatment Technology for Wastewater

Containing Mercury
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SUMMARY

(& 8oHE)

I. Project Title

Development of a Treatment Technology for Wastewater Containing

Mercury
II. Objective and Importance of Project

Mercury, a unique metal existing in liquid at room temperature , is widely
used in industry. However, mercury and its compounds are classified and
controlled as a typical hazardous material. And the use of mercury is recently
limited in the field of industry. Nevertheless, it 1s necessary for the use of
mercury to improve the performance of products in special field. In this case,
the wastewater containing mercury generated from the process must be

carefully controlled and treated by proper method.
M. Scope and Contents of Project

In this study, the proper methods to treat the following four kinds of
wastewater containing mercury were investigated through the experiment.
These wastewater were generated from the processes to manufacture the

special battery.

- Amalgamation wastewater
- Amalgamation rinsing wastewater

- Alkali wastewater containing mercury

Alkali rinsing wastewater



IV. Result of the Project

Based on the experimental results, it is desirable that the wastewater

would be treated by following methods respectively.

- Amalgamation wastewater
Amalgamation waste water contained high concentration of mercury
1s first reduced by copper. The most of mercury in the wastewater 1is
precipitated as copper amalgam and, after reduction, the remaining mercury in
the wastewater can be removed near the permissible concentration for

discharge by the neutralization and the active carbon.

- Amalgamation rinsing wastewater
This wastewater can be purified by three kinds of ion exchange
resins(IRC-718, strong acid cation exchange resin, strong basic anion

exchange resins).

- Alkali wastewater containing mercury
By neutralization and active carbon adsorption, the concentration of
mercury in the alkali wastewater can be lowered near the permissible

concentration for discharge.

- Alkali rinsing wastewater
This wastewater can be purified by two kinds of ion exchange

resins(strong acid cation exchange resin, strong basic anion exchange resins).
V. Proposal for Applications

The methods developed in this study would be applicable to the treatment
of wastewater generated from processes to manufacture the special battery.

And it is expected to be applied to treat the various wastewater containing mercury

from the other industry.
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) 90 L + (160 L/=%9) 90 L + (160 L/=%9)
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90 L + (80 L/=%) 390 L + (160 L/=9)
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Amberlite IRC-718
Eporous MX-8C
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Amberlite IRN-77
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Amberlite IR 120 H
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Duolite GT-73

&2 Duolite Gt-73 A 23| A AFs RE QoFs Flo|t},

1. 54

Duolite Gt-732 7}al1%92] Polystyrene matrix® TAE AAFZE
(macroporous)®] o] 2w 3tx|o|t}, o] X9 7|FE& FE thiol (-SH) 7]} oF
7+eFol sulfonic acid 7] Z%-E Xﬂ%’—%‘:}. FH 3o AFE dids] Asi A
Az -SH 715 =E3ste F7IsFEc] geoly ‘& J=” 9 =4
mercurium captansol Al P ¥ mercaptansgtil HHE AL oln LA Urh
Duolite Gt-73 -SH 7|57]1& E3sta lomz F2o i) thds] =2 A
g9ds i Jdow, FE, & JtEw, B 22 5 9585 s A0

o) o] AEAe w4 et 2o
Hg > Ag > Cu > Pb > Cd > Ni > Co > Fe > Ca > Na
2. Duolite Gt-73< o] &gk o] = 3t
Duolite Gt-73 el ¢+ thiol (-SH)7]&= o2& o] 23 ofF Z3 A

2 At ofgel fokEl AW Lol © £l o] HeCl, Hg' o Hol
EA817] WEe] HeCl o & ujgs) hgd FFRANE AAL 5 Ao

Hg™ + 4CI = HgCl" + 4Cl =HgClh + 2Cl
= HgCl; + ClI = HgCl'
3. ol 238
Duolite Gt-732 H2A 1.2 meq/L oY B%E 14 meq/LY F ol2nsgHS

e T Duolite Gt-739] 8 o] 2ukg 7S Wl o =2 Fid ofEs)
U pH 1 - 13 99 NaCl 5% 0 - 310 mg/L "ol = F#sioh
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TE0olZo 3 Duolite Gt-73 X3S T2 sulfided] &=} FAME =
LFERITE e sulfide €l 23S 2t 458 =49 fis) =& 213t4S e
1
9 =4 &=H
5 AA H X v

AA ALt =3 Duolite Gt-73
17} A8 Aoz oaEc) Akste=

Duolite Gt-73& HCI¥} #& F7)xko

1o,
-
od,
rlo
o
an
N
o,
=
oty
rE
oo
o
ia}
ey
e
o
N

2 R-SH + Oxidant = RS-SR + 2 H'
3 R:-S-SR + Oxidant = 2 RSOH + 2 RSO:H + 2 RSOzH

6. At

- Chemical Structure : Macroporous Polystyrene beads with weakly acidic
active sites

- Particle size distribution : 0.3 - 1.2 mm

- Density : 800 g/L

- Total ion exchange capacity : 1.4 eq/L

- pH range : 1-13

- Moisture content : 50-60 %

Swelling :
H — Na : 40 %
H—>Cu:5%
H—Hg:5%
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- Recommended operating conditions
Flow rate : 5-20 m/h
Backwash flow rate : 10-12 m/h
Bed depth : 0.5-1.75 m
Operating capacity : 300-1,000 meg/L
Regeneration : Mineral acids (HCl, H>SOy)
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Amberlite IRC-718

Amberlite IRC-718 #|Z3|A Lol A A &3k AH w=™ Amberlite IRC-7182

Aelo|EA A4 ol euBFA R, 4F FEES AAdEY BAvt Avkn &

)

94 ok Fa e T 2k

2

1. A}

— Chemical Structure : Macroporous styrene divinylbenzene
- Functional group : Iminoacetic
- Physical form : Opaque beads
- Ionic form : Na+
- Density : 630-700 g/L
- Total ion exchange capacity : more than 1.0 eq/L Na+ form)
- Moisture content : 64-70 %
- Particle size :
Effective size : more than 400 pm
Mean diameter : 600-800 pm
Uniformty coefficient : less than 1.7

- Maximum reversible swelling : 40 % (H+ — Na+)

- Recommended operating conditions
Maximum operating temperature : 90 C (Na+ form)
pH range : 15 to 14
Service flow rate : 8to 32 BV/h
Regenerant : HCl or H2SO4
Concentration : 5 -15 %
Flow rate : 2 to 4 BV/h
Neutralization : 1 to 3 % NaOH or NH4OH
Pressure drop : 17 kPa/m bed depth per 10 m/h
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2. A9 A

- pH = 2 oA =4

Metal ion KMe,
Fet+++ 325,000
Cu++ 130,000
Hg++ 43,000
Aut++ 8,100
Ag++ 4,600
Ni++ 3,200
Cd++ 620
Fe++ 190
Mn++ 120
Zn++ 120
Al+++ 50
Mg++ 20
Ca++ 1

Metal ion KMc,
Hg++ 325,000
Cu++ 130,000
Pb++ 43,000
Ni++ 3,200
Zn++ 620
Cd++ 190
Co++ 120
Zn++ 120
Fe++ 50
Mn++ 20
Ca++ 1
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Eporous MX-8C

A Z 3] AHMiyoshi Oil and Fat Co., Ltd)olA #|&3 HH
MX-8C (Ca form)& ZHo|EA olewdrAR Z+E FH
H7b A d#A Aok F8 54 2 A thg i 2ok

1. 5%

2+8-7] : Imino 7|19} Carboxyl 7]

AHS pH 9] 1 58 - 86

- Swelling : A9 §l&

- AgA

Hg++ > Cut+ > Pb++ > Cr+++ > Al+++ > Cot++ > Znt++ > Cd++ >
Ni++ > > > > Cat++ >> Na+

2. b

- Appearance : Translucent globul

- Color : Pale yellow

- Apparent Density : 788 g/L

- Water content : 35-55 %

- Particle size : 10-48 mesh

- Adsorption capacity : 0.6 mol Cd++/L-R-Ca
- Optimum range of pH : 4-7

— Chemical resistance : Excellent
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Eporous Z-7

Eporou Z-7 & Eporous MX-8C ¢} &Y 3JAtAAM Axd o]t

Eporous MX-8C 7} «ut

o5 AALJY wste] Eporou Z-7 &<
2 54 AE AFolt 2

E4 9 A v 2
1. 5%

- &5 7 AAE

f/\]»—g—pHH-ﬂ—‘H:I*S

- Hg AA &4 : #d 01 ppb °] 3t

- Swelling : A9 &

~ 29 24 5920 SV

- 7]€} : Free chlorine, NaCl 2 o] o3k & gko

2l

G2k, ALY Q1A 5 F71k

2. MM

- Appearance : Sphere

- Color @ Dark brown

- Apparent Density : 810 g/L
- Water content : 35-95 %

- Particle size : 10-48 mesh
- Optimum range of pH : 4-7

— Chemical resistance : Excellent
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Amberlite IRN-77& Nuclear grade® 73AA ko]

29

Amberlite IRN-77

rlot

A %

271 o3 2

Physical Characteristics

Physical form : Uniform particle size spherical beads
Shipping weight : 800 g/L
Harmonic mean size : 650+50 pm
Uniformity Coefficient : less than 1.2
Particle size :
< 0.300 mm : 0.2 max
> 1.180 mm : 2.0 max
Whole beads : 95 minimum
Breakin weight : more than 350 g/L
> 200 g/bead : 95 %

Chemical Characteristics

Matrix : Polystyrene DVB gel

Functional group : Sulphonic acid

Ionic form as shipped : H+

Total exchange capacity : more than 1.9 eq/L (H+ form)
Moisture holding capacity : 49 to 55 % (H+ form)

Tonic conversion : 99 % mini H+

Recommended operating conditions

Minimum bed depth : 800 mm
Maximum operating temperature : 120 C
Service flow rate : 8 to 50 BV/h

Service velocity : 60 m/h maximum
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Amberlite IRN-78

Amberlite IRN-782 Nuclear grade®] 714 Sol2nsFA 2 FQ

Z2AdxAe g5 2o

Physical Characteristics
- Physical form : Uniform particle size spherical beads
- Shipping weight : 690 g/L
- Harmonic mean size : 630+50 pm
— Uniformity Coefficient : less than 1.2
- Particle size : < 0.300 mm : 0.2 max
> 1.180 mm : 2.0 max
- Whole beads : 95 minimum
- Breakin weight : more than 350 g/L
- > 200 g/bead : 95 %

Chemical Characteristics

- Matrix : Polystyrene DVB gel

Functional group : Trimethylammonium

- Jonic form as shipped : OH-

Total exchange capacity : more than 1.2 eq/L (OH- form)
- Strong base capacity : more than 90 %

- Moisture holding capacity : 54 to 60 % (OH- form)

- Ionic conversion @ 95 % min OH-

5 % max COs=

0.1 % max Cl-

0.1 % max SO4=

Recommended operating conditions
- Minimum bed depth : 800 mm
- Maximum operating temperature : 60 C
- Service flow rate : 8 to 50 BV/h

- Service velocity : 60 m/h maximum

_41_

Jm
o,
SE



Amberlite IR-120H+= Industrial grade®] “J4Hd olu 522 F+8 EF

29

Amberlite IR-120H

e

2312 o= 2o

Properties

Matrix : Polystyrene DVB copolymer
Functional group : Sulphonate
Ionic form as shipped : H+
Total exchange capacity : more than 1.8 eq/L (H+ form)
Moisture holding capacity : 53 to 58 % (H+ form)
Bulk density : 725 to 810 g/L (H+ form)
Specific gravity @ 1.185 to 1.215 (H+ form)
Particle size :
Effective size : more than 430 pm
Mean diameter : 650-850 pm
Uniformity coefficient : less than 1.8
Reversible swelling : 10 % (Na+ — H+)
Chemical resistance : Insoluble in dilute solutions of acids or bases and

common solvents

Suggested operating conditions

Minimum bed depth : 700 mm
Service flow rate : 5 to 40 BV/h

Regenerants HCI H>S0O,
Level(g/L) : 50 to 150 60 to 240
Concentration(%) 5to 8 0.7 to 6
Flow rate(BV/h) 2toh 2 to 20
Minimum contact time 30 minutes

Slow rinse : 2 BV at regeneration flow rate

Fast rinse : 4 to 8 at service flow rate
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Amberlite IRA-402 OH+=Industrial grade® 9714 Sol&xl

Amberlite IRA-402 OH

riot

el

48 x2dxde g 2o

Properties

Matrix : Polystyrene DVB copolymer

Functional group : Quaternary Ammonium

Physical form : Pale yellow translucent beads

Tonic form as shipped : OH-

Total exchange capacity : 0.95 eq/L. (OH- form)

Shipping weight : 41 lbs/ft3

Mean size @ 0.6 mm to 0.85 mm

Uniformity coefficient : 1.6 maximum

Screen grading (wet) @ 16 to 50 mesh (US Standard mesh)

Screen analysis : 2 % maximum on 16 mesh (US Standard mesh)
1 % maximum thru 50 mesh

Maximum reversible swelling : Approximately 30 % (Cl- — OH-)

Suggested operating conditions

Optimum pH range : 0 to 14

Maximum operating temperature : 140 °F (OH- form)
170 °F (Cl- form)

Minimum bed depth : 24 inches

Service flow rate : 1 to 3 gpm/ft3

Regenerants (100% basis) NaOH
Level(Ib/ft3) : 2 to 12
Concentration(%) 2 to 4
Flow rate(gpm/ft3) 0.25 to 0.5
Minimum contact time 30 minutes
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Rinse flow rate : 0.75 to 0.5 gpm/ft3 initially to displace regenerant, then

1.5 gpm/ft3

Rinse water requirement : 75 gal/ft3 (approximately)
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