31 (Printed Circuit Board)

311 (Printed Circuit Board)

1) Single - Sided Boards

2) Double - Sided Boards (Layer of Wiring)
1
3) Multilayer - Boards Wiring Density 2
31
3.1.2
31

(Kenneth,1996)
1 (Cleaning and Surface Preparation)

(Copper Clad Laminate)

(Mechanical Surface Cleaning)
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(Guides to Pollution Prevention,! 990)

Board materials

Cleaners

Etchants

Catalysts

Electroless copper bath

Screen

Screen ink

Resists

Sensitizers

Resist solvents

Electroplating baths

Resist stripping

RAW MATERIALS
glass-epoxy, ceramics, plastic, phenolic paper, copper foil
sulfuric acid, fluoroacetic acid, hydrofluoric, sodium hydroxide,
Trichloroethylene, 1,1,1-trichloroethane, perchloroethylene
sulfuric and chromic acid, ammonium persulfate, hydrogen
peroxide, cupric chloride, ferric chloride, alkaline ammonia
stannous chloride, palladium ckloride
copper sulfate, sodium carbonate, sodium gluconate, rochelle
salts, sodium hydroxide, formaldehyde
silk, polyester, stainless steel
composed of ail, cellulose, asphalt, vinyl or other resins
polyvinyl cinnamate, allyl ester,resins, isoprenoid resins,
Methacrylate derivatives, polyolefin sulfones
thiazoline compounds, azido compounds, nitro compounds,
Nitro aniline derivatives, anthones, quinones, diphenyls,azides
ortho-xylene, meta-xylene, paraxylene, toluene, benzene, chloro-
benzene, cellulose and cellulose acetate, butyl acetate, 1,1,1-
trichloroethane,acetone,methylethylketone, methylisobutyl ketone
copper pyrophosphate solution, acid-copper sulfate solution,
acid-coppersulfate solution, acid copper fluoroborate solution,
tin-lead, gold, and nickel plating solutions
sulfuric-dichromate, ammoniacal hydrogen peroxide, solutions
metachloroperbenzoic acid, methylene chloride, methyl alcohol,
furfural, phenol, ketones, chlorinated hydrocarbons,

non-chlorinated organic solvents, sodium hydroxide
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SYMBOLS -

1.

(Cleaning and Surface preparation)
2. (Drilling)
3.

(Electroless Plating)

4, (Panel Plating)

- (Image)
6. (Etching)
r (Thermal Solder Mask)
8. (Component Mark)
9. (Profile)

(Kenneth, 1996)



) (Drillrg

1
k) (Electroless Plating)
(Electroless Plating)
4) (Panel Plating)
(Electroplating)
o) (Image)
0) (Etching)
(Cupric Chlorice)
(Sodium Hyaroxick)
) (Solcler Mask)
Solcler Mesk Ink
8) (Component Mark)
9 (Profiling)



3.1.3

- Cleaning and surface preparation

- Catalyst application and electroless plating
- Pattem printing and masking

- Electroplating

- Etching

32
33

32
(Guicles to Pollution Prevention, 1990)

Waste Source Waste Stream Description
Cleaning/Surface preparation 1.Airborne particulates

2.Acid fumes/organic vapors
3.Spent acid/alkaline solution
4.Spent halogenated solvent
5.Waste rinse water
Catalyst application/ 1.Spent electroless copper bath
Electroless plating 2.Spent catalyst solution
3.Spent acid solution

4.Waste rinse water
Pattern printing/masking 1.Spent developing solution
2 .Spent resist removal solution
3.Spent acid solution
4.Waste rinse water
Electroplating 1.Spent plating bath
2.Waste rinse water

Etching 1.Spent etchant

2.Waste rinse water

Waste Stream Composition
Board materials, Sanding materials.
Metals, fluoride, acids.

Halogenated solvent, alkali

Acid, stannic, oxide, palladium,

Complexed metal, chelating agent

Vinyl polymers, chlorinated,
Hydrocarbons, organic, solvents

Alkali

Copper, nickel, tin, tin/lead, gold,

Fluoride, cyanide, sulfate

Ammonia, chromium, copper, iron,

Acids
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(Chongchin,1987)

Constituent
Total suspended solid
Cyanide (total)
Cyanide (amenable to chlorination)
Copper
Nickle
Lead
Chromium (hexavalent)
Chromium (total)
Fluorices
Phosphorus
Silver
Pallaium
Gold
EDTA
Citrate
Tartrate
NTA

Range, mg/L
0.998-408.7
0.002-5.333
0.005"4.645
1.582-535.7
0.027-8.440
0.044-9.701

0.004-3.543
0.005-38.52
0.648-680.0
0.075-33.80
0.03-0.22

0.008-0.097
0.007-0.190
15.80-35.8
0.900- 13420
1300-1108.0
4760 -810.0



3.2
321 (Electroplating)
< M
3.2.2 (Electroless plating)
(Chelating Agent) (Chelating Ligand)
EDTA

Reducing Agent  Formaldehyce

3.3
(Copper) Chalcopyrite
(CuFeS2, Chalcocite (CuzS), Malachite (Cug C03)(0F)2), Azunite (Cu3CO320H)2
Sulfice Mirerd
(Enzymatic Reaction)
1 (Cuf) +2
(Cu Cuprous  Cupric Cu Cu
31

2 CuL = Qu+Qu ()



10

2 . .25
34
Cuy N2, Agt ,
2
1) HD, NH3 EDTA
2) FCo.c. NO2 PD7Z
Coordlination
number 24 6
2 (Linear)
4 2 (Tetrahedral)
(Square Planar) 6
(Octahedral)
\. (Monodentate Ligand)
1 1
1
1
(Chelating Ligand) IN2CHACHAN N 2 ,
2 2

wetar FNISNING
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Hy
N HN —~—u,
CH,
L CH,—H,C/
N N, T e I(\N\cn
H,N N, H,N,/\KN—CHz
\ 0N
CHI CHZ [HI
P
N H,N
H; @ =Nickel
nickel hexammine . nickel tetrakis ( p-aminoethyl)
(6 unidentate ligands) ethyléenediamine
K, =31 -10-* (1 hexadentate ligand) «3» 2 1J-'9

32 (Harti ge, 19%4)

34

EDTA '
EDOTA  Quadrol  Tartanc Acid
EDTA
3833 EDTA 4 Carboxyl Group 2 Tertiary Nitrogen Atom
6
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Juang.R.S.

12

| (Hartinge, 19%)

Complexant

Hydroxyl ion
Cyanide ion
Ammonia
Pyrophosphate ion
Tripolyphosphate ion
Polyphosphate ion
Triethanolamine
(TEA)

Nitriiotriacetic acid
(NTA)
Ethylenediamine
Ethylenediamine-
tetracetic add (EDTA)

NNN'N'-tetrakis- (2-hydroxy-

propyl) ethylenediamine
(Quadrol)
Tartaric acid

Formula
OH-
CN-
Nl
P;0i-
p.o'Avr
CH.-cIL.Ol
HOCH.-CH .-N *
CH:-CH,OH
CH. -COOH
HOOCCII,-NA
CH.-COOH
N,H «CHj+CHj+NHj
HOOC -CH » CH.-COOH
N *CHj *CH-, * N. .
HOOC -CH, : CHj -COOH
CH, mCHOH +CH ,.A ACH, -CHOH -CHj

N +CH, «CH.
CH,-CHOH -CHj

HOOC-CHOH-CHOH-COOH

ACHj-CHOH-CH]

OH
Citric acid HOOC-CH.-C-CH,-COOH
COOH
H OHH H
Gluconic acid HOOC «C +C «C « C mCH.OH
OH Il OH OH
Siau,L.D.,1998 Species

Mass balance

3.3
CuOHLS(
CuL2

EDTA)

pH<3

[Cu24=[EDTA]=0.01M 208 K

lonie strength=0

Cu2+ EDTA 3 ( -2, CuHL
pH 3-12

CuHL
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OllllllllllTll

I

5 |cunL” cu® |
- :
4 - -
= i -
na _6 h o]
g P "__ C (ou)_*:
'—O( — o
-10 |— —
\.E/ e :_m, —:
O - .
an -14 — HL=
®) = -
= -16 | Cu2+._
18 = ]
ol EAAANN N Ly ) 4 ]
0 2 4 6 g8 16 12 14

33 Species [QA=[EDTAIF0.0IM 298 K

jonic strength=0 (Juang.RS.  Siau,LD.,1998 )

(pH1S 12) EDTA QL2
32 (Hartinge, 19%)
Cuz+ 14 => QL2 (32)
K=6.3X108
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(Patterson,1989)
1) (Precipitation)

1)
12
13
) (Floceulation)

J (Seclimentation)

) (Fitreton

o) (Oxiclation-Redluction)

0) (ln Exchange)

(Regeneration)

) (Evaporation)
(Heat Transfer)

(Fue)

14
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) (Reverse Osmosis)
(Semipermeable Membrang)

9 1 (Activated Carbon)

N=rINC 2 B ARES A AN

3.6 (Hydrous Metal Oxides)

(Surface
Chemistry)

3.6.1. (Hydrous Fe Oxides)

230 30 FeOOH  (Forstner
Wittman, 1981)



36.1.1

Fe(OH)3, Fed) 4(Magnetite), Amorphous FeOOF

16

Fe3t
0C - FeOOFI (Geotite)

3.6.1.2
] +2
12 Fd3(HD)
36.1.3
Sum  Lee (1960) Forstrer and Wittmen (1981)
y LI acr 5 2 3
H 1 2 3
2FeZ +1/202 > 2Fe3+ HD (33
Fe3
' Stum

Morgan (1960) Forstner  Wittrman (1981)

Fe3tts o => FOH3()+3 + 39

+3
3.6.2
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)
+
Stum and Morgan (1960) Forstner
Wittman (1981)
8 '
Stum and Morgan (1960) Forstner  Wittman (1981)
4) Fe(OF03 (Clay Minerals)
lonic Product ~ Fe3r  30FT Solubility Product Subramanian  Gibbs
(1972) Forstner and Wittman (1981) (clay
minerals)
36.3 (Hydoxidic Coating on  Clay
Minerals)
Geotite,
Lepidocrocite, Hematite
Poor Crystallinity
Fripdt  Gastuche (1952) Forstner  Wittman(1981)
10
5 meq/100g
50 meqFe3/100g
(Amorphous) (Crystalline)

(Rutherford, 1952 Forstner and Wittman, 1981)
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( )
(Isoelectric) Follet (1965) Forstner
and  Wittman(1981)
( )
364
(Solid Phase) 3
FeS, FeS2 Fe(CH)3
% , 61
5.6 (Forstner ~ Wittman,1981)
4
FeC03 34
( ) 34
107 Fe(OH)3
( £ ) EeS) ( 1))

R Ty PP Smm i pE e e e e e B B o

Eh,IN VOLTS

Water reduced

-1.00 R Gt LA N i SORRY Sl e e LS
2 4 spH 8 0 12 “

3.4 pHand En Field of stability of Iron (Forstner ~ Wittman, 1981 )
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34
EnpH 2
(FeS2
5 F(OH)s)
B pH
[(Fe35(OH3) solution (fonic Prooict)
Fe(OH)3
37
(Surface Energy)
311 ,
35
(Lewis Acid) Lewis Acid
Site
(Atkinson  Posner,1972 Forstner
Wittman,1981) 35
34¢ (Infrared - Spectroscopy,IR)
BET Treatment
22 Exchange HCI04HPO4NaOH ~ CH3wy
35
10 100 A2

(Hydroxylation) (Dehydroxylation)



Hydroxylation ~ Si02
FeD3y-AID3  'ThO2

a

b

C

35
(Anderson  Rubin,1981)

a.
b.
c. (Chemisorption)



B-type group
02

group 2

3.

Si02amorphous

02anatase

Ce02
(2

-AD3
yaid3

a-Fed 3

Zn0O

l— - s
2
1 (A-type Group)
2 (B-type Group)
Boehm Anderson Rubin, 1981
A-type group
2( A B type group basic

H3P04 35

Protolytic Si02 02 y-Al03 a-FeOOH, Fe(OH)3

(Anderson  Rubin, 1981)

OH/100 A2

48 dd
51 NaOH
4.5 NaOH
4.9 0%
2.8 hdod
43 chh?
20 chd?
4.8 CHavigl
10 Weight loss
55 BET
91 CH2N2

6.8-7.5 BET
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312 Hydroxylated

, | (Hydroxylated) Polymeric Oxo
Acid Monomeric - Acids
' ] Monomer MyOH4LAI(OH)°3
Monomer Orthosilicic
Acid (HS104
3121 Protolytic
HSi04
HSi04 <> Ht+ Hi04 (39)
Macroscopic Acidity Ka = 3.726x10’0) M NaClo4L25°c - 10
Ka = 9.3x10'1L, S(IV) HESi04+
-(SI0H24
3722
HSi04  Complex Divalent ~ Trivalent (Weber ~ Stump
Anderson  Rubin1981) Complex  FeOSI(OH)2*
FeOSI(OH)2+  Inersphere Complex Cax M  Complex
MOSI(OH)3*
’ (Chelate) ~ MOSI(OH)I2 ~ MOSI(OH)32
M2 HXCO3
Silicato Complex ( 36) Hyaroxo Complex Fe3e>

N> Ca
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3.71.2.3

HSi04 P
Si(OH)H6F = SIFR +40FT (36)
logk =249 01 (25 c, IF05M NaCIQJ
Hard Lews Acid — Sigx o Hard
Lewis Base F*
36 Silicato Complex  25°C{  : Ancerson  Rubin,1981)
Equilibrium Log K Strength
Fe3*+ HSI04 >  FeOSI(OH: 9.75 0.1
M2+ HSI04 = MyOGI(OH)3r 0.64 1
Ca2*+ HSi04 >  CaOSI(OH)3* 0.39 1
MZ + R i02 <> My0BI(0H)Z 417 1
Ca2 + HSi02 <> Cal&i(0H)Z 3.09 1
Or
M2+ 2HBi04 A+ My[OSI(OH)3Z 382 1
Ca2*+ 2HXi04 CafOSKOH0 289 1

36



N TN

Z- 0-0*

X-0-H = X-0-M e H

b 0.
) X-0-H ﬂ 0 P 0_2)
™ e 2H
X-0-H _5(-0
X-0-H X -0 OH
¢) HPO oo * 2 OH®
3  X-O-H X-0" *0
*_ ()%
a) X-0-H M*4 L X—O—M—L( . H
0*0
) X-0-H L. M X-U-M OH
X ST . A, Ft <.«e.
3.6 (Coordination)

(Anderson  Rubin,1981)
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3.1.3

SiOa, Ti02 AIOOH, FeOOH
Hard Lewis Acid

3.6 , ,
Equilibrium Model 2
)
2)
38
38.1 2
1) Ca2tMg2+S042,Cf
2)
(Regenerant) (Regeneration)

(Adsorbent)
(Catalyst)



38.2 ?

Matrix

Functional Group

3.1 Styrene(
)
Divinylbenzene ( ) ( )
(- 03)
Styrene (
( ) Divinylbenzene (
()
(- 03) (252
Ol\a Sl VU
QA9 9.
=2 D

3.7 ( 2529)

26

)
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I (Degree of
Crosslinkage)
(Exchange Capacity)
Degree of Crosslinkage
Degree of Crosslinkage
( meqg/mL)
Degree of Crosslinkage
(Functional Group)
(- 03)
Cationic Resin
(Amine) RRNH2+ Anionic Resin
Polystyrene Divinylbenzene Functional Group Cation
Exchanger Sulfonic, Carboxylic Phosphonic
(Anion Exchanger) Functional Group Quarternary

Ammonium, Primary Amine, Secondary Amine

3.8.3

4
1) (Strong Acidic Cationic Resin)
2) (Weak Acidic Cationic Resin)
3) (Strong Basic Anionic Resin)
4) (Weak Basic Anionic Resin)



3.83.1
( t N
CaZ', Mgz + N
- 03
' , 1 Ht 03 "
(1] S%’Nall
(NaCl)
RS0La + 2NaCl  => RSO3Na + CaCl2 (3.7)
RS0Xa + 2H => RSO3 + Cazt (3.9)
3832
(-COOH  COONa)
(204
(H2C 03)
NaCl, CaS04 80%
RH2 + Ca(HC032  => RCa + 2HXD + 2C02 (3.9)
RH2 + 2NaHCO03 =>  RNa + 2HD + 2C02 . (3.10)

(Akalanity)u

28
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3.8.3.3

( OH  Cf)
b HC03, so&, cr
Quaternary Amine (CH3LHN+ cr OH'

JCHITHNOH + 04 >  [(CHITHANIS0Z + 0H  (31)
JCHICHNC + 02  => [CHITHN2 02+ ' (312)

NaCl  NaOH
3.8.34
3
HCI, H2504, HNO3

C02 Si02

R + HCI => RHCI (3.13)
NaOH Na2C 03
NH40H
RHCi + NaOH => R + NaCl + H2 (3.14)
3.8.4 (Specific Resin)
(Affinity)
(Functional Group) (Chelate)

(Chelating Resin)

(Iminodiacetate) EDTA
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EDTA g
3.8
EDTA (Ethylenediaminetetraacetic Acid) Imminodiacitic
Acid " (Bolto Pawlowski, 1987)
_co
T Jco—cy, o2
» i NN X/
< N\ g .
\\ICH :Hz En \M"/ >CH2
2 CH é d':’..-./...-.-.i.x P
&7 N | o7
¢ co— o, \
(e} e} CH,
co
Iminodiacetate chelate EDTA chelate (a suggested structure)
8 EDTA

(Harland,1994)

( : Hading,1994)

Affinity series of some metal ions to a weakly acid

cation exchange resin containing iminodiacetate Cu2+> Nid>ZnZ > Cdx> Fex> Cax
grouping



3

3.8
(Hariand,1994)
Matrix Functional Group Specificity
Styrene-DVB Iminodiacetate Fe,Ni,Co,Cu;
----- CH2----N(CH2C00")2 Ca,Mg
Styrene-DVB Aminophosphonate Pb,Cu,Zn.U02+l
----- CH2— NH(CH2P032 Ca,Mg
Styrene-DVB Thiol;thiocarbamide Pt,Pd,Au,Hg
----- SH;---—- CH2----5C(NH)NH2
Styrene-DVB N-methylglucamine B (as boric acid)
----- CH2N(CH3[(CHOH)4CH20H]
Styrene-DVB Benzyltriéthylammonium no3
— CH2N(CH2CH3);
3.8.5 ' /4 7
1)
2)
3)
3.8.5.1

(Degree of Crosslinkage) (Panswad, 1975)
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1 (High Swelling)
(1 )

3.8.5.2

3.9

Nemst filnrm

1) (Particle Diffusion)
2) (Film Diffusion)

(Cross Linkage)

, : (Panswad,1975)



3.9

38.5.3

1.3
40 50

3854
( iformityCoefficient)

Oiffusion
inside a
;parlide

\ Dt
f the Shuim
:i‘;;.wgh a (
(Bulk Density)
Bulk Density
(. )
(. .2.65)
(Effective Size)

2

16 40

33



ai3+
Ba2+

- 12+
Pb

Ee?*
Ca
Vil
Cd2+
Cu
Zn2+
Mg2+
Ag

Cu

nh/

Na

38.5.6

Cuz+
3.9
3.9
+
H no3
2+ 2-
Cu Cr04
Pb2+ PU33
Ho2+ Oxalate
2+ NO2'
Zn
12+ "
N]f cl
2+ Formate
Cd
o Citrate
Ca
Tartrate
Mg2+
Phenolate
h4
n F"
K+ Acetate
Na hco3
Hsi03'
CN"
H2B0 3"
OH"

34

(Selectivity)

Cu+

(Hartinge,1994)

OH
[Fe(CN)g]"~
[CU(CN)4
[Ni(CN)4f
2-

Cro4

2-
so4

2-

hpo4
no3

scn

cl

Formate

Complex anion

Citrate

Tartrate

Oxalate r

=2
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385.7 |
(Total Capacity)
(Breakthrough Operating
Capacity)
(Flow Rate) (Bed Depth)
3.10 Caz+
(Leakage Line)
(100 ) 3.11
1
( )
(Panswad,1975)
( 1 grain per gallon
as CaCo03 17.1 ppm as CaC03
1 meqg/mL, eq/L
2) meq/g
3 ( )

TCO '0000"]
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(CaCo3
50
026eq = 0.26x 50 = 13g.CaCO03 (3.15)
Na+ H+ C' OH
Cai-ﬁf Ca|_+f
T e A 18/77 ST T
i A I S fl?
exchanging ® I -
zone L L
r ;
¥ ¥ 3 v ¥ 7
Coegs Ceit,, Calgtf = Cing
1.0
h G Saturction or
. { Ultimate Colu
.. : . Capacity
Caats %
CQint vk P .
________ 2"V ereakthrougn
Ceffluent - L - 7 J Capacity
b A

Bed Volume

<l . . H ' |
g1#3.10 uamnsmArAdindunuFnanideqasinlunsusnulfoulessy



1.0

37

— = — —

“:Nonequilibrium

i e.g. WAC
C .
0 Close to
equilibrium
e.q. SAC
\\.\
Equilibrium
: ([deal CQSe}
. Volume or Time
311

3.8.6

3.12
(Distributer)
(collection system)

(Decompacted)



3

R
Ut

/
L= ] Cc
4
1aan
3.12
(Distributor)
(Resin)
C. (Collector)
4
3.86.1 (Service)

(Operating Capacity 1 Break
Through Point)



38.6.2 (Backwash)

(Decompacted) 15

38.6.3 ! (Regeneration)

(Regenerant)

0.025-1 /
1) (Co-Current Regeneration)

2) (Counter-Current Regeneration)

3.8.64 (Rinse)

(Displacement Slow Rinse) (Rapid Rinse)

39



0.033

38.7

38.1.1

38.7.2

3.8.7.3

(Rinse)

0.25

= 1/0.033 = 30

(Panswad,1975)

(3.16)

40



3.8.74

20

30

b

Exchange capacity, kgr/cu ft as CaCO

3.13

36

34
32

30
28
26
24

20
18

Bed depth, in.

3.13
Flow rate~. 2.5 gpm/cu ft
15 Ib salt/cu ft  —
| 1
— |
= . 101b salt/cu ft  —
1/
5 |b salt/cu ft ]
/
L
20 30 35 40 50

(

2520)

41
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3.8.7.5

3.14 10 [ -

~ 36
A4
a: 3(2) ° b salt/cu fl
28
26
§_24
o 22
J% 20 5t0 Sa.lelcu fl

UXJ 18

10 b sawce ¢,
r

3 4 5 6 7 10
Service flow rale, gpm/cu ft

314 (259
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Spearot, RM  Peck, J.v., 1984
(Electroless Plating)

EDTAQHEDTA)
116 125
5 / 1 | (Ca
15 QHEDTA 5.6
140
Q-EDTA 21 5
() 7
9
i\ |
2
QHEDTA
Spearot, RM Peck; J.v.,1984
Electrochemical Displacement QHEDTA
(Metallic Melia) 100 . [
Metallic Media 2

CH-EDTA
1 . |

43
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Baito, BA  Pawlowski, L, 1967

(Electroplating)
(Electroless Plating)

0 . [
Q59,000 . [
(Electroless
Plating)
(Chelating Resin)
( inodliacitic Acid) Chelating Resinn Cu20
EDTA (Ethylenediaminetetraacetic Acid)
inodiacitic Acid i 1
Qu+

Copper-Alkanolamine  (Ethylenedinitro)-
Tetra-2-Propanol, Triethanolamine, Ethylenedinitrilotetragthanol

CNRYZ =>0H  CuOHNRYA =>H'  CuOHANRE (317
1
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EDTA
2.5 EDTASr =D]1 |
Cuzt EDTAS C

Sricharoenchaikit, P, 1989
(Eletroless Plating)

EDTA IRA-900
2 . [
NOH 75 /., formaldehyde 3 /.  EDTA% /.
1:3 12 8
Bvihr @ Bv=100r)
A + BEDTAL => RIEDTA+ 4O (318)
RO + QuEDTAZ => PQBTA+ (319)
RCuBEDTA+ EDTAE - => RIEDTA+ 2Cu EDTA? (320)
R
EDTA (EDTA4)  cu EDTAZ
cr (3.18)  (3.19) Breakthrough ( 120 BV
50 . /)
EDTAKT cu EDTA2 EDTA
(3.20) breakthrough 50
[ CuEDTA) EDTA
50 . [
10% NaCl 2 BV/hr EDTA

Edwards, M Benjamin, MM, 1989

(Ferrinyarite)
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Bailey, RP., Bennett, . Benjamin, M.M.,1992

Cr6r20
I 063 . 50 . 6 ' '
2
1 MNaOH 9.5
9.5
1M NaOH
9.5
Bryce, AL- 1994 N-EDTA
(Hydrous Fermic Oxice, HF)  HO Fe(N033
0000M NOH HO lonic Strength~~ NaN03
001 M N  [EDTA 1x10'SM
6 N-EDTA
HO 100 1 N-EDTA
MINTEQA

FewDH + NEDTAZ+ Ht <> =FevEDTANF + HD Logkir=8.38,1=0 (3.21)
Satpathy, JK. Chaudhuri, M, 1994
(Iron Oxicle-Coated Sand)

Gl O
85

(pHLLS 118 Cox360 37 /. CN08& 106 /)
024,050,062,094 106 /. 1234 5

Lai, C.H. , 1994 064 32
|
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3
10
Liu, B. Zhao, J..1995
4 5 2
0.5 1
Benjamin, M. 1996
' (Cu, Cd, Pb, Ni Zn)
(Se03 As03)
As0 3
Lo, S.L. , 1997
Juang, R.S. Shiau, L.D.,1998
IRA-68 Cu2+, Co2+ NiZ*
EDTA
Species Mass Balance [Cu24] =[EDTA] =
001 M 298 K lonic strength = 0 Cuz+  EDTA 3
CuL2, CuHL" CuOHL3 ( EDTA) pH 3 12
CuL? pH<3
CuHL' Species Ni Co EDTA

de V(CO-C6)/ (3.22)
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Vv (3 C0 ce
(mol/kg), (kg) qe pH
pH>3 pH 3 12
cr ML2
ML2 + 2R3NH4CI' <=> ANH*)2ML2 + 2Cf - (3.23)
M L EDTA
pH qe MHL” pH<3
MHL'S " M2
MHL’ + 2R3NH4Cr <=> (R3NHHMHL" + Cf (3.24)
pH 6 ge
MLZ  OH’ qe
ML2
OH Cr pH 2
9 pH 4.5
Kirman, L-, 1998 2

(Deionization, DI)

(Reverse Osmosis, RO)

RO DI
(TDS) Kirman
RO DI
TDS 500 /. DIS ' '
TDS 700 /. RO DI

Bishkin, B.,1998



Lai, C.H.
hX1os M

20 BV/hr
4.5 BV/hr

, 2537

200
200

(Bvihn)

, 2000

2.5 6.5

, 2536

179 .
10

0 /.

W /.2

3579 12

34,5

20

Xlo4 M

123 .

49



50

4.5 BVihr 80,800 ./ .
25,937 . 2.63 BN
45.2

58,065 ./ .
19,359 ./ . 2.25 BV
, 2541 (+5)
(+5)
35

3 30 BVihr
1.2 6 BV/hr

=96 8
10

20 BV/hr 220BV
1292 .
3 BVihr
160 BV/hr 1217 .

132.2 1

142.5 1. 138.3 1
0.2
10 154.3
BV 3.08
127.52 1 90



BV
120.54

1.

2.14

ol
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