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ABSTRACT

A Study on the Removal of Heavy metal in
Plating Wastewater

by Jung Yun - Seong
Advised : prof. Shin Dae-yewn, Ph. D.
Environmental Bio-Engineering

Graduate school of Chosun University

Current process for treating plating waste water has disadvantage of complex
steps which may cause economic and occupational hazard problems.

The objects of this study is to develop the removal of heavy metals in
plating wastewater by using Alum and FeCls.

The optimum conditions which used Alum appeared region of pH 8.0, 500mg/
¢ dosage of alkalinity, 440mg/ ¢ dosage of coagulant and 9.0mg/ ¢ dosage of
electrolyte.

And the optimum conditions using FeCls; was range of pH 8.0, 400mg/ ¢
dosage of alkalinity, 500mg/ ¢ dosage of coagulant and 8mg/ ¢ of electrolyte.

The removal rate of Cr in the supernatant which produced primary

coagulation reached 96.9% by using of Alum, but 95.7% by using of FeCls.

-V -



I. &

2 A

s
fite)
~
Njo
T
4r
Mo

o
%

o)
Ar
!

ol

K

Ar
!

ol

ToR

vyl

Gl

SR
%

X

r
i
)

ok

A
]

W
iz

Sy
N

_—

He

_—

X

r
!
ﬂl
Ho

Ar
!

1

kel
pid

o] flem, o] 3

=4

A 5

C 7

}‘\l_

L

-

e o] =

3L

o

R

L

&7l A

"W

)
A
=y
et
M

o

-

OX]

)4

=

o

3t Cr, Cu, Fe, Zn, Ni, Cd, Al, Sn, Pb, Ag, Au

S

A4

TR

el

7]

A,

¢
o}

-

Z
T

——
o

Fol @ gz W57 98

o ua

Kol
L.

oy

e

Kis

ol o

TaEHFe
4, 27, A

o

A

——
o

jN
¢

—_—

=y
il

I=7F @b

3]

o
T

A3

=

=2

82 A2

=

=

Aol A

b

S

U

7

A
al

—_
1o

~o

0

X

Hr
)

=y

——
o

T

%

&7

X

o

ol

00

Bo

i

94

o

Az A o

1
-

Al 2 A2 ol M

e
=

12 =

A Z A

APV
=

=

sko sk

olsh ol 13}

ft

=
=

shstd WHos Hel

Ay

3

pu

Ql_‘

=

d A AAANM TEE ALl EEH] W
=

o A uj

ST
it
=

S|

9%

2e QA o

THEE
TEES FosA Ad

o)
o
N

4]

-
R

A 2 A7 ol M

I A=
=

12 =

Kis

1:3

87 4

=50 A

ol

jolJ

=y

L
pu—

A
3 A

5

1w =

j=13e]

37

IS} ofEm 7}

+d

9

] 2]

A
\

&

o
=

o
L

1

o
=

=
=

HA 5w ol w

283

EEE D

=

-

Ag A2l 7ol A
of A5 5 Aol gsr) wEa

wsHTE AR AT F

al
=
=



7 %

AE AN e

718t 559

=1
=

=R

=~ =
T 5

=

A7k ool v
ECEER

s

NP

O

¢

ol
oo

NI~
H

4

N

o)

EEE
7 % 9]
P
Ty

R

e

1

o
T«

Hate] AE shnA

T

T A =l AdAA

=

[3

PR

EI‘E'}
=
A7

=

L

Al QE7E2= 9]
WA 5

=

F71 & A o

Aol Me ZF9] &

H
=

Al H a1 o]d u}

24
S

AA

o

1
of o] gith

3

¢

2 2y

b
No

L g7 A5 A

Z

pun

A

3

K
A+

yAA

i=

Q 3}

o A8

3}

=

2] ol

*

i)

2 B =585

o

—_L
=

Folug 7

o
T

BH

FL

KN
=



o

II. |24 2

Gy

=K

&o

N
)

—_
fite)

X
el
Plo

o
<]
el
=K

dr

2=

w9 WA, &

2 95 - 7hEate] Al

%

)

o
NG

Bl

1o

-
o

Jjo

o))

wjr

oo} 2

.

SR

}‘\l_

o o271 7+A o8 7}A

A A A HEHE

£ AotggEoe &
67} A& 0]

78 ol A
ol 4]

oL
€}

944, % w3ue 59

=

13

%3

1
-

=%
S

ToR

i°

AF .

%

Ho

"

5

S AA

fol AHEA

S

22!
)

<

—_
fite)

ofo

el
o

ofo

o

HFE Eo]7] 9

od

O

oju A%

o

T

)
ol

0

ToR

iy
oF
-

K

o
T

B3
xa

T

AZY AEH B H5Fl

e]
r

"

el
4r
!

BN

——
o

Ho

Ho
Bji

i

3

171 9

3]

= WA

A

|4A AstEEz 4t

S
=

FHo] drgel, +3

KN
=

A e =4

)

=

!
M

BN

e A

o
=

I a2 Fe d4d

il

0

T

Table 19 =& 59



Table 1. The hazardous compounds and the sources in the plating wastewater
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Fig. 1. The wastewater treatment procedure of plating facility.
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A
Deactivated lpoor
— AI(OH)?,(S:I) ? DLT deprng—> poor
Full ro.
Hydrolysis Neutralizalfor

Tigands H,O, OH, Organics|

% DLT(Double Layer Thickness)

Fig. 4. Fate of Al ions and their coagulating activity affecting

depressing during coagulation.
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Table 23 Fig. 5°] pHel w& &Fwlgol&d 38FS JYeidd. pHZF A
Hol wet A Fwrt F71eta, pHZF F7beE AIOH) S B =7F F7het
pH7F w5 SolAd SR ARV 23] Fasted o] AL oWl dA o= de
el Al 8t3tFo] FHernveE adF B Ko ojgod EAdeE o] tf <t
g3zl W&otk w2 pH7F UR EolA®E $aHrE AspEed owe
Al(OH)s 9k 2& 3tetgo] A o] fapzhel] whkg o] 283 7] w oot

Table 2. Estimated concentration ratios of ion pairs as a function of pH

AI(OH)> Al(OH)* Al(OHY
pH log————— I ve— log————
Al Al Al

6 1.11 3.44 05
7 2.11 5.44 45
8 3.11 7.44 85
9 411 9.44 125
10 5.11 11.44 16.5

ACTIVATION(charge neut) DEACTIVATION(sweep floc)

pH = -

A" = AIOH)™ = AI(OH)," = AIOH)s(¢)/Al(OH)s(s) = AI(OH)

Fig. 5. A plausible scheme of activated and deactivated aluminium species.
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98 A A 5&S Y o9 2o

Table 3. The removal effect of heavy metals in wastewater treatment process

unit : %
Kind of Range of Bio Ca(OH). + FeCls +
heavy metal | conc.(mg/l) | treatment AC AC Alum + A.C
cadmium <0.008-0.142 20~45 99.6 98.6 55.2
chromium |, 120.0700 | 4.0~80 98.2 99.3 99.3
(1)
copper <0.020-3.36 0~70 90 96 98.3
mercury <0.0002-0.044 20~75 91 99 98.3
nickel <0.0020-8.80 15~40 99.5 37 37
lead <0.050-1.27 50~90 994 99.1 96.6
zinc 0.030-8.31 35~80 76 94 28
a) A¢HCN)
Algtel MiEE e F8 L =5, A%, 2 X8, 2AVME Axzs el
AlEE Cok Noe g2 FAH Jerz vAZd A4S 7144

BeE A

(complete

mixing

suspended solids) 1gell

activated

sludge) =
o 3 A

7}s3tth. Murphy$} Nesbittoll
AZt" MLVSS(mixed
¢k 5mge CN&

SRR

S 3]

Ze W HelA

A A AR

% 24294
liquor wvolatile
O o

MLVSSE b4 E Fo2i I 549 425 AelAel 2Bmg/ 29 Akl
AA A5FE wael 2 waFo gol §71¥40] BI NI FE He
A3l QoM Fe gel

Rl f7lEdo] Wi FHi CNo| @

ALg H T

5ol 33t AFshggo] &3

AsARZAE £33 9& 77 AFREY pH 10~11.590 A4 AEA 7] &
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H 85-95014 4+8bAl7le 9 23l wo] ApgEoh
o},

SRR R
A

p
2 gsheh 9d Ase) B PPN G

m

B 5733 23l (cyanidesE cyanatesZ 7 3}
CI*+2NaOH+NaOCI+NaCl+H,O
NaOCIl+NaCN+H,O—CNCI+2NaOH
CNCl+2NaOH—NaCNO+NaCl+H,O
Cl,+NaCN+2NaOH—NaCNO+2NaCIl+H,O

B 37328 (CN—N+COy)
3ClL+6NaOH—3NaOCI+3NaCl+3H,0
3NaOCI+2NaCNO+H,0—2NaHCOs+N»+3NaCl
3C1L+2NaCNO+6NaOH—>2NaHCO;+N,+6NaCl+2H,0

A7) 2ksl 2ol A pHZF WA W, A4 7b2~E NCLE ®th 1kgel CNES A
Ast=d 6.73kge] Ch7F 2851, pHEHESZ 1kg ChAME#Fol dis] 1.13kg
NaOH7} &85y AA M= Che 28 FHRY F50%7HE o FAAIZH.
Chol9ldl = sodium®]Y calcium hypochlorite®= AF&%™ NaOH w4l CaO4
Na,COs&= AH&En. A7) whgolx s do] B4k =d 100mg/ £ CNol thall oF

BN

AAAA HCN 7}2E gi712 ¥

A7 HE E AR o] WY AL Wried At wEF Wl

ok
u
>,
A
b1
i
rr
H
=2,
X
fr
X
M
2
o
ok
rf
o
>
ofo
ok
o

age =7 34, 48 ¥4, 98 34 SlA wzAt 2L 677k S4o
QomE 37k AN Fol FAHER FANIE WEE £ AgBT

%ol B8 53 WAL BY B9 BYY FARER vEE RPor T4
91 th
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H 34
350,+3H,0—3H,50;
3H,503+2H,CrO4—>Cr(SO4)3+5H,0
musE
Cr(SOs)3+3Ca(OH),—>2Cr(OH)s | +3CaSOs

T AAS 2N AN e v 2

350,+2H,CrO4+3Ca(OH),—2Cr(OH)s | +3CaS04+2H,0

o

AE 6715 7R LA = 28 FHE A2 pHe #AZE 22d pH 2~39]
M F 10~30%0°] 285 pH4dME 60%0] 289t Wt 9 e pH
oA P A

g 3719 3 He pH 8~1191A ©]F ] A (amphoteric), 7}F FL pHE F 9
oltt. A E9 FYUAZ A= SO, gas, FeSOs, sodium bisulfate, sodium metabisulfate
7} ApgEY ol2Hoz Bul 1kg Cr’dl talA 1.85kge] SO/t AL HEH AA
22 10~20% 7 © 7tel o weF YR B 4o ddAE FAA7E H Y

o] £EMNALE A ZITH

AFo]l FhHEHe Jde dAFe FEEFA I FAx s HAE2 JAEAA
AN 7 EFEe] AFALLS oF 458, 2 FE5¢ pHe ZLT A=A
ZUWAA Foh. d FARAP W& S pHYF 86~9°12F pH 85 FEE F£H
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=) 2~ =
A EgHse 4 54

EEEACA TR g £ 24 AAE Table 501 YEpdth H2] o
e pH 22~244 ZaHge1glon, CODoEEE 1,449~2,200mg/ £, CODwn &

rr

260~470mg/ ¢/ 24 FENAY F71ES bF FHHY AL & F A FF

=
&S Ni'20~40mg/ ¢, Cr" 109~124 mg/ ¢ 2 Cu™ 10~20 mg/ ¢ F=2 ZEA5%h

Table 5. The Characteristics of plating wastewater

Parameters Range (mg/ Z)
Temperature 20 ~ 24T
pH 22 ~ 24
COD¢ 1,449 ~ 2,200
CODwn 260 ~ 470
TSS 180 ~ 260
VSS 44 ~ 50
Alkalinity -
a® 109 ~ 124
Ni™* 20 ~ 40
Cu®* 10 ~ 20
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Table 60 =FHFE AL Frvoa $JAY & o pHslY W& HHa
&2 YEhR e, Fig. 72 pHH S A Cr3t Niol F=¥3tE HoFa o
ibS pHZF 8 W SS9} COD Al A& Z7F 92.7%} 525%=2 A 744 S8
Uetgron, Hel¢Fe Crak Ni 2 34mg/ 29 1.58mg/ ¢ 2 =2 AAES BAT.
olf &3 WgFo pHe 742 U

)

oy e ANZEE INLGFHFS FHAZ AL u pHe 8.00 FHAsItha
BeEo] o]F AYPL pHE 8.002 ZA3] AP

Table 6. The effect of pH in coagulation using alum

units : mg/ ¢

pH: Coagulant | polyelectrolyte pH: Alk. SS CODc; Cr Ni
initial
NaOH Alum HA-601 2.2 - 218 1,725 100.7 20.14
55 33 ) 53.4 1,088.5 | 28.65 5.73

(755) | (36.9) | (715) | (715)

47.7 979.8 12.35 2.47

6.0 41 © | 781 | @32) | 87.7) | 87.7)
371 | 8625 | 95 1.9
6.5 55 | 926 | 830y | (50.0) | (90.6) | (90.6)
440 6 final
316 | 8315 | 955 | 191
7.0 6.2 | 2743 | 855 | (51.8) | (90.5) | (90.5)
159 | 8194 | 34 | 158
8.0 74 143891 027y | (525) | (96.6) | (92.2)
0.0 78 | soLy | 543 | 966 | 49 | 168

(75.1) | (44.0) | (95.1) | (91.7)
¥ blank is removal rate pH; : pHEZA S #HF9 pH, pH: : $3F AH2l5+<] pH
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inff. 5.5 6.0 6.5 7.0 8.0 9.0
pH

inff. 5.5 6.0 6.5 7.0 8.0 9.0
pH

Fig. 6. The effect of pH in coagulation using alum.
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Table 7& SR ZA S} pH FAFES 3= NaOH FLHS 200~700 mg/ £ =
WAl A S-S 2RE

NaOH 500mg/ ¢ ¥ Wl SS9} CODq9 AAELS 929%, 553%,2 714 Fwdta
Cr 2 Niol AAEL 77 97.6% < 79.6%°1Ath g F o AA A pHE 749
©om S5 15.6mg/ ¢, CODc, 795.7mg/ ¢, Cr 2.37mg/ ¢ 2 Ni 4.3mg/ ¢ 2 7} 4353
A7E el Atk NaOHO| o] F71gol me} dutd oz AAGE<] F7ste
73S B

Table 7. The effect of alkalinity agent in coagulation using alum

units : mg/ ¢

Alkalini
‘mlty Coagulant | polyelectrolyte pH Alk. S5 | CODc| Cr Ni
aids initial
NaOH Alum HA-601 2.2 220 1,780 100.7 21.24
71.7 861.5 5.25 7.5
45.1 854.4 3.57 5.6
31.7 818.8 2.65 4.9
440 6 final 15.6 795.7
. . 2.37 4.3
500 7414100 | 070 | s | @76) | (796)
25.7 840.2 2.15 4.2
600 8115107 | e | o2 | 679) | (801)
43.6 852.6 2.05 5.0
700 8.7 552.8
80.2) | (52.1) | (98.0) | (76.3)

¥ blank is removal rate
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(2) Ca(OH),&} 43

Table 8 S E XA ZE Ca(OH)E At&3ste S AFT Z2HE Yed o
NaOHE F9g 4% Bt AEgo] Ao AL

w2 A g ol
Ca(OH), FYE©°] 400mg/ ¢ 4w SS, COD¢,, Cr & Nio] A A& 87.4%, 55.6%,
97.6% 2 74.6%=Z YEFWTH 13U Niel A AEL Ca(OH)FUEC] 500mg/ ¢ 4
W w27t 7HE WA dEg @285 AW, Ca(OHRl 3 F3 3 Zo 9
st AdSEgE dddd. JAFE Fs5de pHe 810%lew, S5 27.6mg/ 2,
COD¢, 779.2mg/ ¢, Cr 2.37mg/ ¢ 2 Ni 5.4mg/ ¢ ©] At}

NaOHE FH3g A4 & 2ol fIAT, Ca(OH)e, & FHIES oW T35 AA
agol o 4 YEyw

Table 8. The effect of coagulation agent in coagulation using alum

units : mg/ /¢

. ty Coagulant| polyelectrolyte pH | Alk. S5 CODc Cr Ni
aids initial

CaOH), | Alum HA-601 7.0 - 219 1,755 | 1007 | 21.24
74.9 958.2 4.25 85

100 6.7 | 2985 (65.8) | (45.4) | (95.8) | (60.0)
56.7 | 9337 | 285 5.7

200 71 | 3704 a1 | @es) | 072) | (732)
44 8442 | 275 54

300 75 | 430.8 99 | (519 | ©83) | 746)

440 > final 276 | 7792

. : 2.37 5.4

400 81 | 5125 (874) | (55.6) | (97.6) | (74.6)
285 | 8038 | 250 4.7

500 8.7 | 5487 (87.0) | (54.2) | (975) | (77.9)
339 | 8231 | 255 4.9

600 93 | 6203 (845) | (53.1) | (97.5) | (76.9)

¥ blank is removal rate

_29_



Conc.(ppm
(@))

inff. 100 200 300 400 500 600
Ca(OH),(mg/L)
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Fig

. 7. The effect of alkalinity agent in coagulation using alum.
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@) TxES 9%

Fig. 8o SRHEZAZ FXEE AH&3to 38 28 2345 detddd.
TRET 7]1F°] vAsta dgdte F258o] Eof Ca(OH), & WASY F5%
o] &S AN A AT CrY AAES FEE FUEF 100mg/1dw 717
3Po Ca(OHRE FEILS wWeol 983%Htt ¥kt Nig A AL F2E F
& 300mg/lo] ol Al A A &o] Fobx T

A

120 r
100 r
'g:80 N
a60
0 40 -

[
320 -
0

inff. 100 200 300 400 500 600
Datom dosage (mg/1)

25

10 r

Conc. (ppm)

inff. 100 200 300 400 500 600
Diatom dosage (mg/l)

Fig. 8. The effect of coagulation agent in using diatom.
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Fig. 9. The effect of coagulation agent in using shoot.
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—

Table 9ol F4t4FrlFo FUZF Held BE 3 X 2745 Jdegd A
gadFuFo FHFo] 440mg/ ¢/ LWl SS, CODe, Cr 2 Nio] A AL 95.2%,
56.0%, 94.2% 2 94.0%°]x H2l4<9 pHe 74, SS 10.6mg/ ¢, CODc, 800.8mg/ ¢,
Cr 58mg/ ¢ L Ni 12mg/ ¢ 2 7}V 4353 232 Jehl .

i

Table 9. The effect of coagulation using of alum

units : mg/ ¢

Coagulant | polyelectrolyte pH Alk. S5 |COD¢ | Cr Ni
pH initial

Alum HA-601 2.2 - 21 | 1,820 | 100.7 | 21.20

471 |1,033.8| 9.05 | 33

320 7.7 486.4 (78.7) | (43.2) | (91.0) | (83.6)

325 | 9919 | 84 | 26

360 76 | 4618 g5y | sy | 917) | (87.0)

219 | 8991 | 7.05 | 15

%0 400 75 | 450.3 (90.1) | (50.6) | (93.0) | (92.6)
6 final

106 | 8008 | 58 | 1.2

440 741 BAL o500 | (56.0) | 94.2) | (94.0)

25 | 839 | 985 | 17

480 7.2 381.5 (88.7) | (53.9) | (90.2) | (91.6)

35.6 | 873.6 | 895 | 21

520 69 1 2891 1 530) | (520) | (911) | (89.6)

¥ blank is removal rate
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Fig. 10. The effect of coagulation using of alum.
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o] F71&el wet LEEAY AAE] Frhd =
H /42 W SS, COD¢q, Cr % Nio| A A& 95.0%, 58.6%, 96.9% %
95.0%°l3 M2 pHe 742, SS 11mg/ ¢, CODc, 741.1mg/ ¢, Cr 3.1mg/ ¢ 2L Ni

].

olt
BLoxR
rr

Hu

d#Ho] 10.0mg/ £ L) SS, COD AAEL 238 %
PECl AT B9 A7 BEA floco] A HAAY
o

ol
N

Table 10. The effect of polyelectrolyte in coagulation using alum

units : mg/ ¢

Coagulant | polyelectrolyte pH Alk. S5 COD¢: Cr Ni
Initial
Alum HA-601 7.0 219 1,980 100.7 20.14
64.8 1,016.7 16.6 4.3
> 734 428.6 (70.4) (43.2) (83.5) (78.6)
449 912.9 111 3.3
6 732 442.9 (79.5) (49.0) (89.0) (83.6)
29.8 846.7 9.8 2.6
440 ’ final - o (igi) (757237?3 (960;) (807;11 :
8 738 2.2 (94:4) (56.é) (9?;.8) (95;.0)
11 741.1 3.1 1
? 742 498.9 (95.0) (58.6) (96.9) (95.0)
24.7 837.7 6.2 2.8
10 736 4224 (88.7) (53.2) (93.8) (86.1)

% blank is removal rate
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40
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Fig. 11. The effect of polyelectrolyte in coagulation using alum.
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2. A3}lA] o] H (FeCls)S A3 31314 A g

a) pHol @& 4

Table 11 @3Ao]H S SHAZ 28T o AHAH pHE XA 2HE e
Aolty. H ol 20% NaOHEM o2 pHE 72 ZAH3IY AT 34AS W Ss,

CODq, Cr & Ni9 AAELS 935%, 51.7%, 905% L 90.5%°]3 A2 42 pHe=
5.5, SS 14.3mg/ ¢, CODc, 876.6mg/ ¢, Cr 8mg/ ¢ % Ni 191mg/ ¢ =2 7} 4353 2
3}& Uehh ik

AgtAlol A2 ¢7 YA pHIF ZFNHL5FE 2359 AALES A VEe
" 59 AALL pH 7914 714 FEF AALEL BAT B ATE FFE
A dol =g pH 8.0~9.002 xA4ste] Aguz o)

Table 11. The effect of pH in coagulation using FeCl3
units : mg/ ¢
Coagulant | polyelectrolyte pH2 Alk. S |CODc | Cr Ni
pHh Initial
FeCl; HA-601 2.2 - 220 1,815 | 100.7 | 22.10
29.9 | 9293 32 6.85
5> 36 O | (86.4) | 48.8) | (68.2) | (69.0)
33.4 911.1 | 20.96 3.5
60 42 O | (848) | @9.8) | 792) | 842)
37 898.4 12.5 2.8
6.5 52 44.6
w | e |
70 65 | 1207 35 | 51.7) | 021) | (91.4)
65.8 |1,0473| 5.6 1.2
8.0 76\ A5 oy | @23y | 044y | (046)
814 |1,1834| 49 1.3
90 81| 27 30y | 348) | 951) | (041)

¥ Dblank is removal rate .
% phh : pHEA 5ol pH, pH, : $8F Ae)5e) pH
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Fig. 12. The effect of pH in coagulation using FeCls.
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by &z Ao 9T
(1) NaOH¢] <&

Table 12+ NaOH FYE Wgo] @2 $HEES HAFTH. NaOH FYEC]
500mg/ ¢ ¥ SS, CODe, Cr ¥ Ni®] A AL 935%, 54.1%, 51.7%, 95.4% 2
788% % 71 F5dA UEtgon, ol LT riES AEE W] AAgn 2
2 Aoty Ao pHE 75, SS 14.2mg/ ¢, CODc, 814.7mg/ ¢, Cr 4.6mg/ ¢
Ni 45mg/ ¢ ¢ =& Je At

et

Table 12. The effect of alkalinity agent in coagulation using FeCls

units : mg/ ¢

pH, | AR | et | polyelectrolyte pH: | Alk. | SS |CODu| Cr | Ni
Initial
NaOH FeCl; HA-601 2.2 - 218 1,775 | 100.7 | 21.24
26.2 | 917.7 9.6 8.2
7.3 2 1

00 6 O | (88.0) | @8.3) | 005) | (61.4)
179 | 8%4.6 7.5 6.5

7.7 300 6.4 0
(91.8) | (49.6) | (92.6) | (69.4)
13.1 8218 53 5.3

1 4 . 47.2
8 00 69 94.0) | (53.7) | (94.7) | (75.0)

400 6 final

14.2 | 814.7 4.6 4.5

. 7. 134.3
851 500 > (93.5) | (54.1) | (95.4) | (78.8)
155 | 933.7 4.2 4.2

8.8 600 7.4 240.9
(92.9) | (47.4) | (95.8) | (80.2)
17.9 994 4 5

1 7 3 439.2
? 00 8 92 | 018) | 44.0) | (96.0) | (76.5)

% blank is removal rate .
# pHy : pHER S 759 pH, pH, : 3% A& pH
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(2) Ca(OH), ¢ 9%

Table 139 Ca(OH), FUES 100~600mg/ ¢ & W3}sto] $HAH3 AnE
el Atk Ca(OH), FY#e] 300mg/ ¢ Y4 W, SS, CODe, Cr ¥ Nid AAEL
85.3%, 54.8%, 96.8% 2 742%% =¥ 27+ SS 325mg/ ¢, CODc, 822.6mg/ ¢, Cr
32mg/ ¢ 2 Ni52mg/ ¢ 2 7% 4353 Ax= el o9 e A3 Z Table
12°] NaOH AH&AI9} Hlwetd A AL 2 Aole fldoy RE F5] AAS
°] Ca(OH)E AH&ES o ot =7 vetwt 22y SSAIA &S NaOHE 9
& A9t oF 10% 8= =A JelEth gk deAeld S SHARZ AT A9
dZZAZA NaOH Rt} Ca(OH)E AH&3t= Zo| felsida

E3] Crol AALo] CaOH)E FUT A 2Fo 2% 90%0]49 & AAS

& dgHew WYt

T

2

o =

=2
wdEd.

Table 13. The effect of coagulation agent in coagulation using FeCls

units : mg/ ¢

A aids ty Coagulant | polyelectrolyte | Initial | pH Alk. S5 CODc Cr Ni
Ca(OH)a FeCl3 HA-601 2.2 - 221 1,820 | 100.7 | 20.14
66.1 | 937.3 8.6 6.5
100 32 0 (70.1) | (48.5) | (91.5) | (67.7)
39.6 910 6.4 59
200 41 0 (82.1) | (50.0) | (93.6) | (70.7)
35.8 | 879.1 4.5 55

300 41 40.5
(83.8) | (51.7) | (95.5) | (72.7)

400 6 finial

325 | 8226 3.2 52
400 >4 1343 (85.3) | (54.8) | (96.8) | (74.2)
28.1 | 900.9 3.5 53
>0 62 2255 (87.3) | (50.5) | (96.5) | (73.7)
54.1 1057 3.2 5.0
600 71 (4169 (75.5) | (42.8) | (96.8) | (75.2)

¥ blank is removal rate
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Fig. 13 .The effect of alkalinity in coagulation using FeCls.
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o) A FF
Table 14°] @3 Alold o] FYUES 200~700mg/ ¢ & WA 711 5 Ad3 2
FE et Ak dstAlolH ] FYEo] 500mg/ Y W SS, CODe, Cr 3 Ni9
AAEL 94.6%, 56.7%, 944% L 94.0%°]3 A4 pHe 49, SS 11.8mg/ ¢,
COD¢, 7859/ ¢, Cr 5.6mg/ ¢ 2 Ni 12mg/ ¢ 2 74 433 A5 Yepf A

Table 14. The effect of coagulant in coagulation using FeCls

units : mg/ ¢

All;aildlguty Coagulant | polyelectrolyte pH Alk. SS COD¢; Cr Ni
Initial

Ca(OH) | FeCls HA-601 2.2 ; 219 | 1,815 | 100.7 | 20.14

155 | 8004 | 12 | 26

200 83 1 6261 9r0) | 559) | (88.1) | 87.1)

14 | so4 | 75 | 16

300 78 1 229 936) | (557) | (92.6) | (92.1)

125 | 7841 | 75 | 11

400 74 M5 043y | (56.8) | (92.6) | (94.5)
400 6 final

11.8 785.9 5.6 1.2

500 72 1192 1 46 | 567y | 944) | 94.0)

19.1 829.5 9 1.5

600 6.9 | 106.4 (91.3) | (54.3) | (91.1) | (92.6)

11.8 844 8.5 2

700 6.4 48.6 (94.6) | (53.5) | (91.6) | (90.1)

% blank is removal rate
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Fig. 14. The effect of coagulant in coagulation using FeCls.
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Lo
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d) a4

olo

2 A

Table 159 =Fd S dstAold 2 AT of 222 SJA FAE &
Fs Yetido. 284 SF¥AZFC] 8mg/ Y W SS, CODe, Cr B Ni®] A AL
2 955%, 56.9%, 95.7% 2 96.6%°]1 A pHE 7, SS 9.8mg/ ¢, CODc;, 7435
mg/ ¢, Cr 43mg/ ¢ 2L Ni 0.7mg/ ¢ 2 7V3 4353 232 Yehh Ao

oj9} Ze AA}E AL FrHES SHARZ AHEE W AAFAE mg/ ¢ BT

Table 15. The effect of polyelectrolyte in coagulation using FeCls

units : mg/ ¢

ai dsty Coagulant | polyelectrolyte pH Alk. SS CODg; Cr Ni
Initial

Ca(OH),| FeCl3 HA-601 22 - 218 1,725 100.7 20.32

13 762.5 11.3 3.1

> 75| 2686 194y | (55.8) | (8.8) | (84.7)

33.1 764.2 12.9 21

6 76 1 229 | i) | 557) | (872) | (89.7)

9.8 753.8 7.5 2.2

7 76 1 275 955 | (563) | (92.6) | (89.2)
400 500 final

9.8 743.5 43 0.7

8 751 B2 055 | (569) | (95.7) | (96.6)

17.4 786.6 4.8 1.1

? 741264 000y | 544y | (95.2) | (94.6)

10.7 807.3 14 2

10 7512096 1 051y | (532) | (98.6) | (90.2)

% blank is removal rate
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Fig. 15. The effect of polyelectrolyte in coagulation using FeCls.
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3. Al e SHEE vl
FadFrEd dAoldE o) &ste EdsE A S 1AM A
AE W LHEA] AALES Table 169 YERAAT
FAEFrEs o8 AA SHPEAL LZYUAEA NaOH 400mg/ ¢, 537

440mg/ ¢, IEA-SHA 9Ing/ ¢ o1, SIAAEL SS, CODe, Cr ¥ Nio] 7}

7} 95.0%, 58.6%, 96.9% = 95.0%= A+ F2L pH 74, SS 11mg/ ¢, CODg,
741.1mg/ ¢, Cr 31mg/ ¢ L Ni 1mg/ ¢ & ZAE oh
A Al HS o8& AA SIEANLE IZAYAZA Ca(OH), 400mg/ ¢, A

o, LRAALEL S5, CODe, Cr 2 Nio] z+7}
e 28L& pH 7.5, SS 9.8mg/ ¢, CODc 7435
mg/ ¢, Cr 43mg/ ¢ 2 Ni 0.7mg/ ¢ & ZAF= Aok
3}

eA=ZdY AAES vlusd FALFrES AHET A57F SS9 AA &9

Table 16. The comparison of removal efficiency according to each coagulant

Alum FeCl;

parameters | raw water | . ncentration rem.rate concentration rem.rate

(mg/ ¢) (%) (mg/ 2) (%)
pHi (pHy) 2.2 8.0(7.5) - 8.0(7.4) ;

SS 220 11 95.0 9.8 95.5
CODa: 1,800 741.1 58.6 743.5 56.9
Cr 100.7 3.1 96.9 4.3 95.7
Ni 21 0.4 98.0 0.7 96.6
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TS3AFTY TE5S AASY] st FAAEGFeEH dstA ol HE AEstd
TRAEAS AP 2= v 2o
1. FAgdFrgs A B =589 $3AHY HAHEH-E NaOH 500mg/

0, AL Fu)F 440ng/ ¢ D EA-SH A 9mg/ ¢ ] AT

SFd 213 AALEL SS, CODe, Cr 2 Nio] Z+7} 95.04%, 58.6%, 96.98% %
95.%0]1, M5 2 pH 74, SS 9.2mg/ ¢, COD¢, 741.1mg/ ¢, Cr 3.1mg
/4 B Nilng/ /2 ZAE A

2. G Aol S ol &% AA FTHEUL dAYAZA Ca(OH), 400mg/ ¢, &3
Al 500mg/ ¢, L&A &F{ A 8.0mg/ ¢ o] At
A g3 AAELS SS, CODg, Cr ¥ Ni¢] Z+zt 955%, 56.9%, 95.7% 2
96.6%% A4 £2e pH 7.5 S5 9.8mg/ ¢, CODc, 743.5mg/ ¢, Cr 43mg/ ¢
2 Ni 0.7mg/ ¢ & ZAFE At}

3. 7129 S$HREALZ AEHE Ca(OHpE €A WA Fo] Hol FRES o
S A3 A #Z2EE AALS] Ca(OH)E AlE3dle 4& 95.7~98.26%

2 ~97.9% 2 UEtY SRR EA o] rtEsitt ddEHY, 5
& AAEZEL FYY. EI AL 889~935%F F& AALES HIeH &
ol Falls Fo SHEZAZAN 9T gl A2 Ye T
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