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Cooling Water
Makeup for
Boiler Feedwater (psig) Once-Through Recircidation
Characterstics =150 150=700 | 700-1500 | 1500-5000 | Fresh Brackish | Fresk | Brackish
Silica (5105) 30 0 Lo 001 0 25 S0 25
Aluminum (Al 5 0.1 001 001 — — 0.1 —
Iron (Fe) i 0.3 0.05 not — —_ 0.5 e
Manganese 0.3 0.0] 0.01 — - — 0.5 —
(Mn}
Copper (Cu) 0.5 0.05 0.0s3 0.01 — - e e
Calcium [Ca) - 0 0 u 200} 420 50 420
Magznesium —_ 0 0 “ — — - —
(Mg)
Sodium and - B — — — -_ — B
potassium
Ammonia 0.1 .1 01 (.7 - - — —
iNH;)
Bicarbonate 170 20 50 ’ 00 —_ 25 v
(HCO !
Sullate (SO - S -— 680 2,700 20y 2,700
Chloride (Ch - - — — 6N — 500 —_—
Fluoride (F) - — — — 600 19,000 S04 19,000
Nitrate (NO} - - - — . - —
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Charactenstics

7}@'}” =1

Boiler Feedwater (psig)

Cooling Water

Once-Through

Makeup for
Recirculation

-1 50

150 T

TO0- 15000

15000 ST

Fresh Rrackish

Fresh | Brackish

Phosphale
{PO)

Dhssolved
sirlidds

Swspended

SO0

LA

s

1000

5 .00

soluds
Hardness

{CaC (30

i

0.7

R3O

Alkalimity
(CaCO,)

Acidiny
fCaC(n ]

pH {units)

Coslor funiis)

Organics
MBAS

0L
COD
Dissolved

=<0.03

b

B 0-10.0

=< 0.03

-:'.{I 03

SO0

30-8.%

75

75

OXygen

Tempe ratwre,

“F
Turbidity
(T L

120

120

120

.5

100 120

5,000 10w

120




Ak RS R |

Q, Pure Water
Q, Ag=50~70g/1 Q, Ag=0.5g/1 l l
Plating bath - Drag out . .
Ag=50~70g/l Ag=0.5 g/l Rinse tank Rinse tank
(D (1I)

-
; L e

Fluidized Bed

P LN

|

Electrolytic Metal
Recovery

N N N
Cation Anion Mixed Bed

On Line Recycling Rinsewater for Silver Cyanide Plating Shop
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5000
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4000 -
3500 r
3000 r
2500
2000
1500
1000
500

AggD)

10

15 20 25
Time (hr)

30

Silver concentration in the drag out rinse tank with and

without metal recovery




Ag
Chemistry change 1n the I.X. and E.R. Process
I.X. Service : R-H +Ag*! — R-Ag+ H*
[.X. Regeneration : R-Ag + H,SO, > R-H + Ag,S0O,
Metal Recovery
Cathode : 2Ag"! + SO, 2 +2e¢- — 2Ag + SO,
Anode : H,O — 2H" + 1/20, + 2¢

Total : Ag,SO, + H,0 — H,S0, + 2Ag + 1/20,

The full scale ion exchange system
for Ag removal, Capacity=40M?>/Hr
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Buffer tank PH I (. PH
adjustment adjustment |
Rinse water N——" ,
I Chelated I. X.
Cu=50~100mg/L Sand filter | columns
---------------------------------------------------------------------------------------------------------------------------------- I
Regeneration
:  solution
v v
High copper- Cu=20~30g/L Electrolytic Cu<0.5g/L
containing » | COpper recovery »  To regeneration
waste tank system acid tank

Copper recovery from rinse water by 1. X. and E.R. systems



Cu

Chemistry change 1n the 1.X. and E.R. Process
[.X. Service : R-H + Cu*? » R-Cu +2H*

[.X. Regeneration : R-Cu + H,SO, —»> R-H + CuSO,
Metal Recovery

Cathode : Cu™ + SO,? +2e- — Cu + SO,

Anode : H,O — 2H™ + 1/20, + 2¢°

Total : CuSO, + H,O0 —» H,SO, + Cu + 1/20,,

Ion exchange
system for
copper removal.
Capacity=30M?3/
Hr

o ER system for
i, copper removal.
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60 10
19
50 B | 8
~Cu@h)
~ 40 ¢ - H2S04 (%) | . =
6 <
? 30 | s 8
14 A
“ 20 | I
10 - 12
11
0 0
0 50 100 150
Time (min)

Regeneration curves for copper and acid concentrations from the
full scale 1.x. system

11



“E 4T fRF  ATL4RAET 21 CODE R B 1t

R (hr) T TR (V) Cu (mg/L) COD (mg/L)
(A)
0 5.0 3.65 1,104 24,765
2 5.0 3.65 130 16,665
4 5.0 3.54 10 12,080
6 5.0 3.48 6 6,239
8 5.0 4.34 1.5 4,061




P FTRTE ST AT !

P R o S &5 COD (mg/L)
(hr) (A) (V) (mg/L)

0 17 4.0 1,941 6,550
2.6 17 4.0 1,153 5,350
5.7 17 3.8 515 4,115
8.7 17 3.8 247 2,687
12 17 3.8 152 1,770
22 17 3.8 71 1,131
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F TR~ PREISELRET 2

g * H A #* (/%) gAE (/)
5,670 0
5,300 0
81,000 81,000
A BTN 3,000 2,700
2% R A e JT 8,660 8,660
8,990 8,990
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DA AR

. 12 m3/hr

. _ 8 m3/hr
—

— BERF - FE D F-T8 D R —— F-T&

12 m3/hr . 1 m3/hr . 1 m3/hr I

— ik

1 m3/hr ! ) 1 m3/hr
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Hot water » 12 m3/hr

Aok 0 8 mi/hr

~
2

Pickling W, 12m?3/hr

AL

L

/- ﬁiiﬂ» %'J
pH 6.5~7.5
T-Fe : =5ppm

CD: 160 uS/cm

P
“\

<

pH2~3
T-Fe : ~200ppm
CI- : ~400ppm

CD: 2200 uS/cm

| e S
Y LH:3s
pH : 8.5 pH : 3. A pa
T-Fe : 0.1~1.2mg/L T-Fe : =15 mg/L 7 4B
CD<100 uS/cm Cl : ~40ppm
CD:~250 uS/cm
9 m3/hr !
ok :
Fiia
> EDR
pH:~7.5
-k | pH23 T-Fe : =0.3ppm
T-Fe : 800 ppm Cond. : 170 pS/cm
CI- : ~1440ppm i
CD:7700 uS/cia .
3 m3/hr B & sh
\4
& L
B K 2 B 341
pH : 6.5~7.5

Cond. : =10us/cm

A 4

Ul E T
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R b e A e

B~

SEEF :120~180 mg/I

— . AN TN ]
1-re AU~ /U Mg/l

EKE

PRE=

T-Fe :<0.1 mg/I

RkKE EEHOKE EDR HOKE @ik OKE
EEE :700~1200uS/cm T-Fe :<0.1 mg/I EEE :<180uS/cm

EEE :<10uS/cm

EDREZEHE A (NT/m?3)

(m3/day) (%)

558

851

(EE8E - #mH)

3.36
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21

I MF )
) o
EDR
)
v
7K
Tank
Y| E&ER | RBRY | RA#E | &3
q (Amd) | (2/md) | (&/m}) | (=/mP) | (%/md)
EDR 2.13 0.77 4.25 5 12.15



Cd(uS/cm)

8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

1A

2H

3H

4H

5H

“H

8H

10H

11H

12H

—e— J5UK
—=— K

—— JFiK

6350

6200

7350

7200

6520

7320

6500

7260

7360

7440

6800

7100

—m— JR K

177

107

165

161

181

114

135

146

173

444

383

370

20084F
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2500
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HCL ik
T —
-
— e e I
ﬁ; ‘
200D £ IE2) n:>.n:> .:> EDR % k)
o
:> —
FVHF"
(*15’51“5'1?
1. 5’ R
IR AT TR AT
B : | 85 m>hr k! . 25 )
PH |- [ 85 PH [ | 7585
EaEk | | 6100 [ psfem FEF |- | <350 | uSkem
AR . | 1500 | mg/L AR |- <50 mg/L
Cr : | 1100 | mg/L ) : <30 mg/L
50 |. | 1000 | mg SO+ |:] <120 | mgl




it E AL AT R B T T

oH CcOoD SS SO,* Cl- Ca?t Mg?* Na*
By £17 (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
’_FIPJ“ 8.5 24 4 316 298 124 12 188
IR 7)< 6.2 11 -- 112 21 11 0.5 42
1800
1600 ] ¢——®—o— ¢ o ¢ o
1400 |
1200
5
\‘_\g/ 1000 ——EUf
? 300 | —®— EDR#%
= 600 |
YIie—a g p g m u
200 |
0
6EI13F1  GFI14FT 6FIISE! 6F118F1 6FI19F!  6F120F1 GE21F1  6F]22f!
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NT /m3 3.5 2 4.5 4 13.5
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Table 2.7 Feed water requirements to minimise

fouling

Parameter Value

SD}y5 <4
Turbidity <1~

Iron™* < 0.05 myg/I
Manganese < 0.5 mg/l
Hydrogen sulphide < 0.1 mg/I
Organics (TOQC) <10 my/I

* Some membrane manufacturers recommend that turbidity

be <«0.2 NTU

**At pH>7.0 and 5-10mg/l dissolved oxygen; at lower pH
and lower oxygen levels, slightly higher iron levels can be

tolerated
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\ Pb(OH)> |
102 N ! CR(OH); |
\ \ \ Zn(OH)>
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Concentration of dissolved metal (mg/L)

-
T
x

10-10 \
. ™.

10-12
N . Cus \sAgZS

O 1 2 3 4 5 6 7 8 9 10 i1 12 13 14
pH

Ficure 4.8 Heavy metals precipitation as the hydroxide and the suilfide.
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Table 2.14 Cleaning techniques for UF and MF membranes

Foulant

Cleaning reagent

Process condition

Reagent action

Fats and oils, proteins,

olysaccharides,
acteria

DNA, mineral salts

Fats, oils, proteins,
biopolymers

Cell fragments, fats,
oils, proteins

DNA
Fats, oils, and grease

0.5N NaOH + 200 ppm

chlorine

0.1M-0.5M acid
(acetic, citric, nitric)

0.1% sodium dodecyl
sulphate, 0.1%
TritonX-100

Enzyme detergents

0.5% DNAase
2-50% ethanol

30-60 min at 25-55°C

30-60 min at 25-55°C

30 min overnight, 25-55°C

30 min overnight, 30-40°C

30 min overnight, 30—40°C
30-60 min at 25-55°C

Hydrolysis and
oxidation

Solubilisation

Wetting, emulsifying,
suspending,
dispersing

Catalytic breakdown
(proteolysis)

Enzyme hydrolysis

Solubilisation
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Table 2.13 Cleaning methods for RO and NF membrane systems

Foulant

Example

Chemical cleaner

Scale (pH adjustment and/or

scale inhibitor)

Colloidal clays/silt (filtration

and/or charge stabilisation)

Biological (sodium bisulphite

addition or chlorination)

Organic (filtration)

CaCD3, CESO‘,‘, 83504,
5r504, SiOz

Sioz, FE(DH)3,
Al(OH)s, FeSiO;

Iron-reducing bacteria,
sulphur-reducing
bacteria, mycobacteria,
pseudomonas

Polyelectrolytes, oil, grease

Citric acid, 0.2% (wt.) HCI, 0.5% (wt.)
phosphoric acid, or EDTA-based solution;
Clean silicate-based foulants with
ammonium bifluoride-based solutions

EDTA- or BiZ-ty ge detergents at high pH;
Clean silicate-based foulants with
ammonium-bifluoride-based solutions

EDTA- or BIZ-type deterﬁents at high pH;
Shock disinfection with hydrogen
peroxide, peracetic acid

Detergents/surfactants, isopropanol

Source: Amjad, Reverse Osmosis, 1993
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