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EXPERIMENTAL

(A) General

Samples of standard metals and alloys can be used 
for carrying out the experiments in different waters 
and in conditions of differing variables.

For the purpose of present investigation, mild steel 
has been chosen for assessing the impact of various waters 
on the extent of corrosion. The mild steel used for the 
experimental work conformed with the IS-1079, 10 S.W.G. 
standards. It was taken in the form of sheets 
manufactured by the steel authority of India Ltd., The 
chemical composition of the mild steel sample was as follows*

C • • 0.09 %
S • • • • 0.03 %

Mn-
Si

0.31 %
0.03 %

P Traces
Fe • • • • • Remainder
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(B) Preparation of Specimens

A number of rectangular specimen of definite size was 
cut out from the specified sheet of mild steel, by shearing 
machine and the edges were ground properly to ensure 
uniformity. In keeping with the norms prescribed by Protevin 
{ 113 5 'edges of the specimen were taken care of. The 
size and shape of the specimen yielded low edge area ratio and 
made to have a reasonably large area. The rectangular 
specimens were pickled in a bath of concentrated HCL 
containing 20 g/l of Sb^O^ and 1 g/l of SnCl2 to remove 
any mil-scale adhering the metal surface. They were 
burnished first lengthwise followed by breadth wise, with 
IS grit 60, 80, 100, 120, 180 and 240 untill the surface 
assumed a smooth and even look. They were polished well 
to free,. them from pits and scratches and then degreased 
with acetone by swabbing with cotton. The specimens were 
weighed accurately.

The following specifications for the mild steel
samples were maintained*

Length ..... 5.092 cms
Width ...... 2.954 cms
Thickness ..... 0.300 cms
Diameter of the hole .. 0.400 cms
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Shape ..... Rectangular
Density .... 7.8 g/cm?

(C) Waters selected for the studyi

Waters from different 'Plants* of the 6.S.F.C., 
were specially picked up for the study.

I Cooling water Ammonia Plant
II Cooling Water Caprolactam Plant
III Cooling Water Urea Plant
IV Cooling Water Ammonium Sulphate Plant
V Makeup Water

All the waters were analysed for the following:

1. PH

2. Total dissolved solids in p.p.m.
3. P.Alkalinity in p.p.m.
S. M,Alkalinity in p.p.m.
5. Total Alkalinity in p.p.m,
6. Total Hardness in p.p.m.
7. . Calcium Hardness in p.p.m.
8. Chloride in p.p.m.
9. Phosphate in p.p.m.
10. SuLphate in p.p.m.

Baroda
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11. Ammonical Nitrogen in p.p.m.

12. Total Nitrogen in p.p.m.

13. Turbidity in p.p.m.

14. Nitrate in p.p.m.

15. Conductivity in micro mhos

. The various waters from different 'plants' of the 
G.S.F.C. (courtsey) were collected and stored for the 

general study of the impact of the inhibitors, since the 

waters used, in the plants would vary in their characteristics 

every day as no standardization of waters before putting 

them to the use as cooling waters, is normally done* Hence, 

the 'stored' waters will atleast ensure the identical 

analysis of waters treated and studied under this 

investigation. The purpose of a direct comparison and 

evaluation of the impact of the various inhibitors under 

identical conditions thus has been well served.

However, the storing capacity, as well as the 

'estimate* for'once storing' being low, after studying 

three inhibitors, a fresh lot of water was required to be 

stored. Thus, three different collections of waters from 

different plants at different time of the year were made 

over the span of about twenty months. Each collection 

has been fully analysed. They were designated as*
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C I Bfenzotriazole

Corobit *EPA-529 

Aquacid-105 (H.E.D.P.)

C II Diammonium hydrogen orthophosphate

CIII Aquacid-105 (H.E.D.P.)* Diammonium hydrogen

orthophosphate

Waters % their analyses are given accordingly.

Table 18
(C> ANALYSIS ! COOLING WATER AMMONIA PLANT *. I

Characteristics Results

pH 7.39

Total dissolved solids p.p.m. 827

P. Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 100
Total Alkalinity as CaCO^ p.p.m. 100

Total Hardness as CaCO^ p.p.m. 280

Calcium Hardness p.p.m. 110
iChloride as Cl p.p.m. 94

H ?Phosphate as P04 p.p.m. 4.1
1*Sulphate as SO^ p.p.m. 640

Ammonical Nitrogen p.p.m. 14

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. 8

Nitrate as NQj p.p.m. 106

Conductivity in micromhos 1445
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Table 19

(C) ANALYSIS t COOLING WATER CAPROLACTAM PLANT i I 

Characteristics Results

pH 8.07

Total dissolved solids p.p.m. 1140

P. Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 150

Total Alkalinity as CaCO^ p.p.m. 150 .

Total Hardness as CaCO^ p.p.m. 920

Calcium Hardness p.p.m. 450

Chloride as Cl* p.p.m. 190
Phosphate as PO1^' p.p.m. 62

Sulphate as SO p.p.m. 238

Ammonical Nitrogen p.p.m. 8

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. 23
Nitrate as NO^ p.p.m. Not analysed

Conductivity micromhos 1445



Table 20

(C) ANALYSIS : COOLING WATER UREA PLANT S I

Characteristics Results

pH 7.55
Total dissolved solids p.p*m. 1760
P. Alkalinity as CaCQ^ p.p.m. Nil
M. Alkalinity as CaCO^ p.p.m. 92
Total Alkalinity as CaCO^ p.p.m. 92
Total Hardness as CaCO^ p.p.m. 492
Calcium Hardness p.p.m. 228
Chloride as Cl* p.p.m. 121
Phosphate as PO^’* p.p.m. 7
Sulphate as P»P»m. 490
Ammonical Nitrogen p.p.m. 56
Total Nitrogen p.p.m. 127
Turbidity p.p.m. 230
Nitrate as NQ^ p.p.m, „ 221
Conductivity micromhos 2248
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Table 21

(C) ANALYSIS i COOLING WATER AMMONIUM SULPHATE PLANT;I

Characteristics Results

pH 7.23

Total dissolved solids p.p.m. 746

P. Alkalinity as CaCQ^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 24

Total Alkalinity as CaCQ^ p.p.m. 24

Total Hardness as CaCO,. p.p.m. 170

Calcium Hardness as p.p.m. 88

Chloride as Cl* p.p.m. 43
Phosphate as PO^ *1 p.p.m. 1
Sulphate as SO^ 'p.p.m. 190

Ammonical Nitrogen p.p.m. 25

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. 13
Nitrate as NO^ p.p.m. 182

Conductivity micromhos 964
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Table 22

(C) ANALYSIS ; MAKEUP WATER S I

Characteristics Results

pH 7.7

Total dissolved solids p.p.m. 372

P.Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 212

Total Alkalinity as CaCO^ p.p.m. 212

Total Hardness as CaCO^ p.p.m. 152

Calcium Hardness p.p.m. 64

Chloride as Cl' p.p.m. 41

Phosphate as PO^''1 p.p.m. Traces

Sulphate as S0^»' p.p.m. Traces

Ammonical Nitrogen p.p.m. 14

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. 10

Nitrate as NO^* p.p.m. Traces

Conductivity micromhos

C
O
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Table 23

(C) ANALYSIS i COOLING WATER AMMONIA PLANT i II

Characteristics Results

PH

Total dissolved solids p.p.m.

P. Alkalinity as CaCG^ p.p.m*

M. Alkalinity as CaCQ^ p.p.m. 

Total Alkalinity as CaCO^ p.p.m, 

Total Hardness as CaCO^ p.p.m. 

Calcium Hardness p.p.m. 

Chloride as Cl * p.p.m. 

Phosphate as PO^' * * p.p.m. 

Sulphate as SO^'' p.p.m. 

Ammonical' Nitrogen p.p.m.

Total Nitrogen p.p.m.

Turbidity p.p.m.

Nitrate as NO^ p.p.m. 

Conductivity micromhos

7.07

602

Nil

68

68

208

84

86

5

108

6

Not analysed 

6
Not analysed 

1050
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Table 24

(C) ANALYSIS ? COOLING WATER CAPROLACTAM PLANT i II

Characteristics Results

pH 6.96

Total dissolved solids p.p.m. 1234

P. Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 16
Total Alkalinity as CaCO^ p.p.m. 16

Total Hardness as CaCQ^ p.p.m. 344

Cal cium Hardne s s p.p.m. 160

Chloride as CL' p.p.m. ' 110

Phosphate as PO^ * p.p.m. 8

Sulphate as SQ^M p.p.m. 314

Ammonical Nitrogen p.p.m. Traces

Total Nitrogen p.p.m. Not analysed

Turb idity p.p.m. 10

Nitrate as NO^1 p.p.m. Not analysed

Conductivity micromhos 1490
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Table 25

(C> ANALYSIS S COOLING WATER UREA PLANT J II .

Characteristics Results

pH 8.10

Total dissolved solids p.p.m. 1878

P. Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 750

Total Alkalinity as CaCO^ p.p.m. 750

Total Hardness as CaCO^ p.p.m. 104

Calcium Hardness p.p.m. 50

Chloride as Cl* p.p.m. 55

Phosphate as P0^»'« p.p.m. 1.5

Sulphate as SO^’* p.p.m. 588

Ammonicai Nitrogen p.p.m. 533

Total Nitrogen p.p.m Not analysed

Turbidity : -i p.p.m. 964

Nitrate as NQ^' p.p.m. Not analysed

Conductivity micromhos 7700



Table 26

(C) ANALYSIS« COOLING WATER AMMONIUM SULPHATE PLANT ill

Characteristics Results

pH 7.47
Total dissolved solids p.p.m. 448
P. Alkalinity as CaCO^ p.p.m. Nil
M. Alkalinity as CaCO^ p.p.m. 62
Total Alkalinity as CaCO^ p.p.m. 62
Total Hardness as CaCO^ p.p.m. 152
Calcium Hardness p.p.m. 60
Chloride as CL’ p.p.m. 52
Phosphate as PO^’’ * p.p.m. Traces
SuLphate as SO^** p.p.m. 86
Ammonical Nitrogen p.p.m. Traces
Total Nitrogen p.p.m. Not analysed
Turbidity p.p.m. Less than 5
Nitrate as NO^ p.p.m. Not analysed
Conductivity micromhos 780
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Table 27

(C) ANALYSIS i MAKEUP WATER : II

Characteristics Results

PH 7.73

Total dissolved solids p.p.m. 268

P. Alkalinity as CaCO^ p.p.m* Nil

M. Alkalinity as CaCO^ p «p.m. 412

Total -Alkalinity as CaCO^ P.P.rc. 412

Total Hardness as CaCO^ p.p.m. 70

Calcium Hardness as CaCQ^ p.p.m. 26

Chloride as Cl’ p.p.m. 40

Phosphate as P0^»1 * p.p.m. Traces

Sulphate as SO^' * p.p.m. 6

Ammonical Nitrogen p.p.m. Traces

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. 9

Nitrate as NO^ p.p.m. Not analysed

Conductivity micromhos 610

\
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Table 28

(C) ANALYSIS *. COOLING WATER AMMONIA PLANT I III

Characteristics Results

pH 7.76

Total dissolved solids p.p.m. 932

P. Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 420

Total Alkalinity as CaCO^ p.p.m* 420

Total Hardness as CaCOj p.p.m. 280

Calcium Hardness p.p.m. 100

Chloride as Cl* p.p.m. 160

Phosphate as PO^' * ‘ p.p.m. 2

Sulphate as SQ^»» p.p.m. 56

Ammonical Nitrogen p.p.m. 5

Total Nitrogen p.p.m. Not analysed

Turbidity p. p. m. , 6
Nitrate as NO^ p.p.m. Not analysed

Conductivity micromhos 1000
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Table 29

(C) ANALYSIS i COOLING WATER CAPROLACTAM PLANT: III

Characteristics Results

PH 7.29

Total dissolved solids p.p.m. 128G

P. Alkalinity as CaCO^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 120

Total Alkalinity as CaCQ^ p.p.m. 120

Total Hardness as CaCQ^ p.p.m. 925

Calcium Hardness p.p.m. 457

Chloride as Cl * p.p.m. 227

Phosphate as PO^'*' p.p.m. 66

Sulphate as SO^'» p.p.m. 246

Ammonical Nitrogen p.p.m. 6

Total Nitrogen p.p.m. Not analysed

Turb idity p.p.m. 20
Nitrate as NQ^ p.p.m. Not analysed

Conductivity micromhos 2000

v
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Table 30

(C) ANALYSIS i COOLING WATER UREA PLANT : III

Characteristics Results

pH 6.70

Total dissolved solids p.p.m. 1274

P. Alkalinity as CaCQ^ p.p.m. Nil

M. Alkalinity as CaCO^ p.p.m. 90

Total Alkalinity as CaCO^ p.p.m. 90

Total Hardness as CaCQj p.p.m. 390

Calcium Hardness p.p.m. 190

Chloride as Cl' p.p.m. 200

Phosphate as PO^* * * p.p.m. 5

Sulphate as SO^ * ’ p.p.m. 328

Ammonical Nitrogen p.p.m. 17

Total Nitrogen p.p.m. 112

Turbidity p.p.m. 96

Nitrate as NQ^'p.p.m. Not analysed

Conductivity micromhos 2300
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Table 31

(C) ANALYSIS i COOLING WATER AMMONIUM SULPHATE PLANT sill

Characteristics He siil ts

pH 8.37

Total dissolved solids p.p.m. 510

P. Alkalinity as CaCQ^ P*P*ia* Nil

M. Alkalinity as CaCO^ p.p.m. 220

Total Alkalinity as CaCOj p.p.m. 220

Total Hardness as CaCO^ p.p.m. 196

Calcium Hardness p.p.m.
O

88

Chloride as Cl* p.p.m. 55

Phosphate as P0^»1 ’ p.p.m. 1

Sulphate as SO^'* p.p.m. 18

Ammonical Nitrogen p.p.m. Traces

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. Not analysed

Nitrate as NOj’ p.p.m. Not analysed

Conductivity micromhos 900
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Table 32

(C) ANALYSIS t MAKEUP WATER 8 III

Characteristics Results

pH 7.7

Total dissolved solids p.p.m. 372

P. Alkanility as CaCO^ p.p.m. Nil

M. Alkalinity as CaCQ^ p.p.m. 212

Total Alkalinity as CaCO^ p.p.m. 212

Total Hardness as CaCO^ p.p.m. 152

Calcium Hardness p.p.m. 64

Chloride as Cl* p p.m. , 41

Phosphate as PO^'1 * p.p.m. Traces

Sulphate as SO^’* p.p.m. Traces

Ammonieal Nitrogen p.p.m. 14

Total Nitrogen p.p.m. Not analysed

Turbidity p.p.m. 10

Nitrate as NQ^ p.p.m. Traces

Conductivity micronihos 458
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(D) Inhibitors selected for the studyi

I - Benzotriazole (Gharda (Chemicals Private Limited,
Dombivali) in concentrations (% Wt/Vol.) of 
0.1, 0.2, 0.5, 1 and 2.

II - Corobit IPA-529 (Ashok Industries, Worli,
Bombay-400 018) in concentrations Vol/Vol.)
of 0.1, 0.2, 0.5, 1, 2 and 5.

III - Aquacid-105 (H.E.D.P.)' (Aquapharm Chemical Co.,
Pune-411 026) in concentrations (% Vol/Vol ) of 
0.1, 0.2, 0.5, 1, 2 and 5.

IV - Diammonium hydrogen orthophosphate GR Grade
(Sarabhai M. Chemicals, Baroda ) in concentrations 
(% Wt/Vol) of 0.1, 0.2, 0.5, 1 and 2.

V - Mixture of Aquacid - 105 (% Vol / Vol).
Diammonium hydrogen orthophosphate {% ¥t/Vol.) 
in combination of 0.1 +0.1, 0.1 + 0.5, 0.1 + 1,
5 + 0.1, 5 + 0.5 and 5 + 1.

(E) Procedures

The weight loss method was employed. The general
procedure was the same for all waters taken for study
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The water was taken in a corning glass beaker of 250 ml. 
capacity. Water was filled up to 2 cms beloitf the brim.
Each specimen was suspended 1.0 cm below water level and 
1.0 cm above the bottom of beaker maintaining the same 
depth. The volume of the water for all the experiments 
was. 230 ml. Only one specimen was immersed in each 
beaker. For blank as well as for concentrations of the 
waters containing inhibitors, the pH and conductivity 
were measured first. She condition of experiment was 
stagnant. Experiments were performed in triplicate, 
however, only mean values of the results have been recorded. 
The beakers were kept in a double walled asbestos frame 
thermostatically controlled cupboard with an automatic 
arrangement for regulating temperature. Inside the 
cupboard, the lamps were covered with proper system in 
order to avoid any effect of light. The temperature was 
kept at 35®C ± 1*0. A few ml of distilled water were added 
every alternate day to compensate for the losses due to 
evaporation. On conclusion of experiments, the coupons 
were removed from the beakers. Sinple visual observations 
with a magnifying glass (X 6) were made. Then they were 
cleaned mechanically using nylon bristle brush using 
scouring agent vim. They were then washed with water, 
immersed in acetone and dried with Rosella brand tissue



131

paper and weighed. Thus weight loss was determined. 

Corrosion rate in mils per year and percentage inhibitor 

efficiency were calculated.

Mils per year (mpy> . Weight loss In niilgram x 534
A x D x T

pA = Exposed surface Area (in )
JB « Density of exposed metal (g/csP)

T = Time in hour

% Inhibitor Efficiency *
Corrosion rate _ Corrosion rate
uninhibited ~ inhibited_____

Corrosion rate uninhibited



(F) OBSERVATIONS AND RESULTS

F.I* - BENZQIRIAZOLE
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BENZOTRIAZOLE

Structure i

Formula s

MolecuLar weight % 11S.12

Appearance : Off white to light yellow

powder

Specific gravity (lQO»C/25eC)s 1.19

Assay s 98.0 % Min.

Moisture i 0.5 % Max.

Ash i 0.5 % Max,



C
O

O
L

IN
G

 WA
T

E
R

 AMM
O

N
IA

 PL
A

N
T

C
O

w
O

o1Si
<a

•rlo•H*rt

'HM
u
o

•p•r|a
■a
H

N
o.

 of 
da

ys
 Ex

po
su

re OK1 i 99
.1

3

*0101

intn
•01

01

90*96 99
.8

2

m
*- i

CM£"*
.00oi

00CM
•€001

O'*
t—
00Oi

0 m
•r*01

C"
*■*
0101

tn

i

i

COCM
fc
4
0 
•401

fc

fc
$
.mcn

00.in
.VO01

t>4
*401

tnCM
.vo01

00vo
.-401

£
.401

4
r*.001

•pJj

soo

In
iti

al
 Af

te
r E

xp
os

ur
e

(N
o.

of
 da

ys
) 

“•
"a

io
s in3

t—

invotn
***

mvotn
c—

invotn
t—

tnvotnXT-

invoK1

otn

in
<r*

t-

mtn
00

•CO
CM
VO

•c-

4CM
•0

{MWVO
*VO

01
.-4 5.

91
 6.9

0 7
.2

0 COoo
VO
fNm
.in

t-CO
.in

oc-
•VO

4
•VO

00in
•in

CM
in

•vO
tn ,CM
.VO

•in
sQ

tn
vOCM

00

Oin
.in

01
01

•in

CM
00

•in

8

in

oivo
in

oitn
.

CP*
c-.o

tno
.C—

»**tN
.VO

CM
m
.VO

om
•vo

C
or

ro
si

on
 ra

te
 (M

py
)

N
o.

 of 
da

ys
 ex

po
su

re

otn
C-C-*CM

•4CM
O
.O

•4
r"o

*o

00
o
.o

01O
•o

inoo
•o

m«■*

!>

8
•

•

tnCM
o
.o

t—tno
.o

T—tno
•o

otno
.o

tntno
.0

01 tn o
•o

tn
m

•o
4*
O
.o

m
*■*o
•o

inVOo
•o

in
«“

•

400o
.o

ft!oio
.o

00
o
•o

mt-o
•o

01tn
C“•o

i•H■a
•H

r-JS-t Oo>
•H-P 
fit 2s

HI
m

T*.o
CM
•o

in
•o CM

In
hi

bi
to

r : 
B

en
zo

tr
ia

zo
le

Q
ua

nt
ity

 of
 C.W

. : 2
30

 mL 
Te

m
pe

ra
tu

re
 : 3

5 ®
C

 + 
1e

C
 

C
on

di
tio

n : 
St

ag
na

nt

M
at

er
ia

l s M
ild

 St
ee

l IS
 107

9 
Ex

po
se

d S
ur

fa
ce

 Ar
ea

 s 6
.3

3 in
2 

D
en

sit
y s 

7.
8 g

/c
m

^



C
O

O
LI

N
G

 WA
T

E
R

 CAPR
O

LA
C

TA
M

 PL
A

N
T

Q
O

%
 In

hi
bi

to
r E

ff
ic

ie
nc

y
N

o.
 of 

da
ys

 Ex
po

su
re otA 1 11

.5
9

28
.6

2 r-
EV.
4"tA 68

.8
4

77
.9

0

ur\r« 1
400.
4*CM

tA
O.
CM
IA

tA
VO

*
OtA

3
•

f*vO

CM
IA

•
tA
t>

EV ►
r-
00♦i

VO
ON

3

r-

.
ooIA

00Cs-
•

EVvO 74
.7

0

IA 1
8*

•

CM
O•

00O.

ON
tA
.

0000•

C
on

du
ct

­
iv

ity
m

.m
ho

s

ON
CM

«* CM
IA oVO

CM
VO

IA
1 !§>

4
lf\$
r~

4
. r-

IA

«*•

I.

In
iti

al
 Af

te
r E

xp
os

ur
e 

(N
o.

 of 
da

ys
) Q

OIA 7.
09 [VO.

00
tNMO•
IN

CM
CM
.

IV

IA
00.vO

ovo
vO

tA
tA
ts.
IN

0000.
tv 7.

52
7.

12 ip-00.VO

4tA
.VO

£
o 40%

•
O

CM
CV*
tv

CO
fA

•

Sn

•
vO

£
.VO

.'
vo

(A votA
•

oo

ON
tA

»

CM
tA

*
C-

vOON
•vO

oC—
.vO

O
tA
.VO

&
00 7.

13 r-
ON
.VO

VO
IV•VO

t>
VO

.VO

44.VO

C
or

ro
si

on
 ra

te
 (M

py
)

of
 da

ys
 ex

po
su

re O
tA

VO
cv

•
(M

3
•

CM

&
•

C“

IA
CM

*
c—

99*0 »-* .VO
.

o
IA

c—
VO
O•tA

a
•

CM 2.
08 «—IA

*
r*

CO

r*•
c—

oo.
o

tV 0%
*■4*

$
*CM

ON
IA

CM

fA
tv•

ft
♦

t—

VO
o•c*

•
oa IA MO

.
tA
tA
• .

tA
!V• 4•

4KN.
i

tA CM CM *—

%
 in

hi
­

bi
to

r 
W

t/V
ol

r€dHI T“•o
CM

*O
tA
.

O CM

In
hi

bi
to

r : 
B

en
zo

tr
ia

zo
le

Q
ua

nt
ity

 of
 C.W

 : 2
30

 ml 
Te

m
pe

ra
tu

re
: 35

®
C

 ± 
1®

C
 

C
on

di
tio

n s S
ta

gn
an

t

M
at

er
ia

l : M
ild

 St
ee

l IS
 107

9 

Ex
po

se
d S

ur
fa

ce
 Ar

ea
 t 6

.3
5 in

2 
D

en
sit

y : 7
.8

 g/c
m

^



C
O

O
LI

N
G

 WA
TE

R
 UR

EA
 PL

A
N

T

C
O cn

%
 In

hi
bi

to
r E

ffi
ci

en
cy

of
 da

ys
 Ex

po
su

re

0m *

1 27
.9

7 m0

60
.1

5

75
.0

0
86

.8
8

inT*
1

CM
.-d-

m 56
.8

2 50CO

©

tnvo
•as

e-

vovO
6

1

CM
c-
.0in 57

.0
6

64
.4

2 tntn
.as

vo

CM
00
.tn

0a m
1

0e-
invQ

tnVO
•-d-vo 70

.8
8 s

tn[v.

CM
tn•tnc-

C
on

du
ct

i
vi

ty
m

.m
ho

s 3
CM
CM

s
CM
CM

3
CM
CM

$
CM
CM

3
CM
CM

$
CM
CM

0in

CM
v~

*
00ID

•O
•

e'­

OCM
.

C-

O-
as
.vo

CM
C-.VO

In
iti

al
 Af

te
r E

xp
os

ur
e 

(N
o.

 of 
da

ys
) m

<r
r“.CO

o\M0
•t>

enm•t>

O
tn
•c-

CM
O

•e-

vot>♦VO

S
P

f- inCM
•co

CM
VO

•C-

o\
tn. 0*

t—00
•VO

00
in.VO

tn
t>
m

*CO

vo
in.
0

tn
.

VO
cn

•VO

r-C-
*VO

£
.VO

tnin•0

co
.E>

50as
•vo

m
•vo

$
♦MO

O
tn.vo

&
S

o>£
CO
0a,X

Eh
CO

O

0m
-d‘
0

•1-d-

*■*Ol
.CM

CM
CM

•CM

<r*VO
•

«■»

r-O
•

r*

tnm
.0

<u
+>
(0
u in

intn
*

in
.CM

in
*CM

04
IS-

*
as
0
.

VO
VO
.O

p
0
ra
0p
p
00

t>
as
co
.

«•*-d-
.CM

O
*—
•CM •

r*

0in•
r—

OO
CM

•
c-

O
a

tn
M0
tn inCM

.CM

CM
tn
.CM

T-0\
•

r—

-d"

.
m
c-
.

<“
1

•rtl

H
cR bi

to
r

W
t/V

ol

B
la

nk

r-
•O

CM
.O

IA
•O CM

Q
ua

nt
ity

 of
 C.W

. s 2
30

 ml 
s 35

*C
 + 1

*C
 

: 
St

ag
na

nt

M
at

er
ia

l { 
M

ild
 St

ee
l IS

 10
79

p
Ex

po
se

d S
ur

fa
ce

 Ar
ea

 : 6
.3

3 in
 

Te
m

pe
ra

tu
re

D
en

si
ty

 ! 7
.8

 g/c
m

3 
C

on
di

tio
n

In
hi

bi
to

r : 
B

en
zo

tri
az

ol
e



C
O

O
LI

N
G

 WA
TE

R
 AM

M
O

N
IU

M
 SU

LP
H

A
TE

 
PL

A
N

T_
__

__
__

__
__

__
M

ild
 St

ee
l IS

 10
79

 
Q

ua
nt

ity
 of

 C.W
 i 230 

m
L

co o

- % I
nh

ib
ito

r E
ff

ic
ie

nc
y

of
 da

ys
 (E

xp
os

ur
e

oa 1

4
IA

&
CO

•
00
A

$
•>

£*~

$
vooo

CO
ON

»4
00

A
r-*

1
of

a
tA
A

a-
A

4vO

O
tv

a
A
tv

VO
O

a
A
tv

4
A

a
CM
tv

tV
1

O
a—

a
oA

00
A
•

CM
vO

$
•<£

VO

T“
CM

a
OO
A

voa**
a

9!
vo

*
o2

A 1

A
A
•4

vO

<2?
4

a
VO
VO

t—
C-

a
4
VO

CM
00

a
00
A

4
VO

a
A
vO

C
on

du
ct

*
iv

ity
m

.m
ho

s

4
vO
on

4
VO
ON

4
VO
on

4
vO
ON

4
VO
ON

4
vO
ON

O
A

tA
tA
•

C-

O
o•
tv

$
•

VO

8
»

vo

o
•

so

AON
a

A

In
iti

al
 Af

te
r E

xp
os

ur
e 

(N
o.

 of 
da

ys
) IA o

CO

A

•
tv

ON
00

a
vO

CM
VO

•VO

tv
A

+
VO

4
CM

a
VO

pH tv
4
.

tv

A
CM

•VO

VO
O

•VO

00
A

*
lf\

voA
a

A

8
a

A

(A

0-

.CO

vO
A

•
VO

C-

*vO

VO
a\

•
tA

CM
00

aA

O
V*

a
A

tA
CM
.

tV

A
00
.VO

CM

aVO

IN

VO

?!oa
VO

CM
ON

a
A

C
or

ro
si

on
 ra

te
 (M

py
) ®

W
o
0)
<0
t*)
•o
<H
o

O
tA

VO
O
.4

A
«**
•CM

&
«

vot**
•

r—

A
A

a
o

a-VO
a

o

IA
t~

r-4
.4

CO
ON

a
f*

A
A

•
r*

vO
•c—
•

oa“
a

r*

CM
CM

a
*"*

IV
<C“00
•4

3
•cm

8
•

r*"
•

r~

t-oa
CM

ooa

•oa tA f*VO
.IA

O
o

•cm

COCO
•r* •

A
4
O

a
CM

%
H

■sr

o > -P"v 
•H+> i—t

*■*
♦O

CM
•O

tf\•
o a- CM

35
®

C
 ± 

1*
C

 

St
ag

na
nt

Te
m

pe
ra

tu
re

" 
C

on
di

tio
n

B
en

zo
 tri

az
ol

e
In

hi
bi

to
r

i 7.
8 g

/c
m

^
D

en
si

ty

M
at

er
ia

li
/*

Ex
po

se
d S

ur
fa

ce
 A

re
a ; 

6.
33

 in*



C
O

C
on

du
ct

- % In
hi

bi
to

r E
ff

ic
ie

nc
y

of
 da

ys
 Ex

po
su

re

O
in i 20

.2
7 tn

tn
•00

CM 60
.5

7 £r
00
.

in00

o
8s

m
t— i

in
o
.

tn
in

•tn
tn

&
.00

tn

in
CTV
£

o
00

•"*}*
as

0- i
CM
CM
.tn

in

asas
.o

in

o
tn
.o

t>

in

tnoo

&

in00

♦o
3 tn ■

o\
00
.m

tn

4O
.CM

m

C»
tn

*o
c-

o
tn
•V-00

CO
.tN00

to
>»o
si
^ a

00 00
3

00
in4

00
3

00
tn4

00
in4

o
m ♦CO

Os
CM
•oo

CM
O
.00

3
•

VO
o
.C»

tn
oo
•VO

(!)Sh0 W 
03 >» O cd

o

ffl • P O
<H 3<jJ

i
P

HI ®

in
r-

3
*oo

as
as

*o

00
•t>

VO
CM
.

fc
*VO

$>
VO

iH
c-

tn

o
tn
•GO

Otn
»00

o
t>
• 7.

26
 7.

82
 7.

93 tn
so

*
CM
m
.E>

CM
CM
. 6.
95

 7.
10

 7.
20 Os

*so
m00
•so

&
SO 6.

62
 6.6

3 6
.6

8

os

<u+>g

of
 da

ys
 Ex

po
su

re

o
tn

in
t-
tn

as
as

•CM

s
CM

3-
•c-

tn
tn
.o

«r~<r-.o

mt-
3

•m

t-00
.CM

Otn
.CM •

as
m

•o
00

•o

i

(0o
S-ts.o
o

t-.
•4-©
4

as
CO.
<r*

SI
•t—

o
CM

»
8

•
o

00CM
•o

•o
3 tn

2
•in

•
CM

as
m
CM

OVO
«•

o
•

. *-*

VO
vO

•
o

•H
■a
H
*

o o 
p> 
•HS 
PP
• 13 r-im

.O
CM
.o

in
.o T— CM

In
hi

bi
to

r : 
Be

nz
ot

rl
az

ol
e

T
ab

le
 37 

M
A

K
EU

P W
A

T
E
R

M
at

er
ia

l s M
ild

 St
ee

l IS
 107

9 
Q

ua
nt

ity
 of

 C.W
 s 2

30
 mL

Ex
po

se
d S

ur
fa

ce
 Ar

ea
 s 6

.3
3 i

n2
 

Te
np

er
at

ur
e •. 35

eC
 + 

1«
C

D
en

sit
y ! 

7.
8 g

/c
m

3 
C

on
di

tio
n i stagn

an
t



COEOBIT EPA - 529



J 38

COROBIl EPA - 529

High Molecular Weight complex organoamine phosphonate 4 

Dispersing Agent

Appearance 

Specific Gravity 

pH

0 rganophosphonate

; Light yellow clear liquid 

i 1.27

t 10

Sequestering value

: 25 % Active Content 

s 300 mg of Calcium / gm
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14-1

pH Aquacid - 105 (Blank) 0.53

Density 1.330 g/cm?/28.8®C

pH Corobit EPA-529 (Blank) 10. AO

Density 1.284 glcvB?/28,5*C

BEN ZOTRIAZOLE

i

D.M. Water (Blank) pH 6.4

0,1 % Wt/Vol. Benzotriazole 5.5
0.2 % MM 5.42

0.5 % « » 5.36

1 % « «' 5.35

2 % « « 5.30



F - III AQUACID - 105 ( H. E. D. F.)



AQUACID-105

1) Name 1-Hydroxy Ethylidene- 
1-1-Diphosphonic acid

2) Abb re vat ion HEDP
3) Structure OH OH OH

HO --- P ----- C —- P

4) Mol.Wt.
5) Commercial Form
6) Colour
7) Active content
8) Sequestration value 

(mg of Ca as CaCO-* 
per gm sequestranx)

9) pH (1 % Soln.)
10) Specific Gravity

206
Liquid
Colourless to pale yellow 
49 - 51 %

395 - 410 
Less than 2 
1.33 - 1.37

11) Solubility Soluble in water
Phosphoric acid, 
ethylene gLycol, 
most aqueous acids 
and bases

12) Chlorine stability Contains no Nitrogen
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(G) EFFECT OF SURFACE TREATMENT ON INHIBITOR 
EFFICIENCY WITH 2% Wt./Vol. EBNZOTRIAZCLE
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(G) Effect of 2% Wt/Vol Benzotriazole on surface treatment

Here the specifications of specimen, experimental 
procedure and experimental conditions were the same as 
those of the previous experiments. But the water used 
was synthetic cooling water prepared in laboratory. Two 
sets of different surface finish specimens were taken, one 
burnished with IS grit 60 only (rough surface) and the other 
burnished with IS grit 60, 80, 100, 120, 240 (smooth surface). 
The concentration of Benzotriazole was 2 % Wt/Vol. The pH 
change measurements, visual observations, corrosion rate 
calculation and inhibitor efficiency derivations were done 
after 3, 7, 15 and 30 days.

Composition of Synthetic Cooling Water

pH 9.56

NaOH

NaHC0'3

Ma2s04
Nad

CaCO,

Na2si05
Conductivity

220 mg/1 
240 mg/l 
231 mg/l 
20 mg/l 
305 mg/l 
87 mg/l
1600 micromhos
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ANODIC POLARIZATION STUDY
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(H) ANODIC POLARIZATION

The experiments have been carried out using Potentiodyne 

Analyser M-4100.

The test assembly consists of five naked polarization 

cell with two platinum auxilary electrodes, mild steel test 

electrode (A *» 8.53 Cnr), thermometer pocket, luggin probe 

for making contact between reference saturated calomel 

electrode and test electrode. The tip of the luggin probe 

was kept at 1 mm. distance from test electrode to avoid IR 

drop. The polarization cell contained 900 ml of the 

corrodent i.e. water. Steady state potential were measured 

with the help of philips DC - micro volt meter. As soon as 

the steady state potential was achieved, the graph was 

obtained automatically at a speed of 2V/hr. Now with the 

help of polarization curves of various concentrations of 

the inhibitor and blank water, shift in potential with 

respect to blank was recorded.

The polarization potential shift in anodic or
^ _

cathodic direction with respect to blank water, decides 

the nature of the inhibitor in terms of anodic or cathodic

inhibitor.
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ELECTRODE-

FIGURE - 11

STANDARD POLARIZATION CELL (1H) 
SCHEMATIC DIAGRAM.
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Table 59
(H) I i BENZOTRIAZQLE INHIBITOR

%
ConcentrationWt/Vol

Shift in 
potential 

mv
Direction

0.1 480 Anodic
2 520 Anodic

(H) II * COROBIT EPA - 529 -

%
ConcentrationVol/Vol

Shift in 
■ potential 

mv
Direction

0.1 120 Cathodic
5 ,180 Cathodic

(H) III S AQUACID-105 (H.E.D.P.)

%
ConcentrationVol/Vol

Shift in 
potential 

mv
Direction

0.1 - Mix.
0.2 160 Anodic

5 260 Anodic
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(H) IV : DIAMMONIUM HYDROGEN ORTHOPHOSPHATE
(DAP)

%
ConcentrationWt/Vol

Shift in 
potential 

mv
Direction

\
0.1 AO Cathodic
2 250 Cathodic

(H) V : AQUACID-105 (H.E.D.P.) + DIAMMONIUM
HYDROGEN ORTHOPHOSPHATE (DAP).

%
ConcentrationVol/Vol-*

Wt/Vol

Shift in 
potential 

mv
Direction

0.1- + 0.1 100
0.1 + 0.5 110 
0.1+1 130

5 + 1, 170

Cathodic
Cathodic
Cathodic
Anodic



NON HEAT TRANSFER LOOP METHOD
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(I) Non-Heat Transfer Loop Method?

Carefully prepared and weighed metal coupons were 
installed in contact with flowing cooling water for a measured 
length of time. After removal from the system, these coupons 
were examined, cleaned and reweighed. The corrosivity and 
fouling characteristics of the water were determined from the 
difference in weight, the depth and distribution of pits, and 
the weight and characteristics of the foreign matter on the 

colons.

Y/aters investigated by this method were!

(i) Ammonia Plant Cooling Water
(if) Caprolactam Plant Cooling Water

Coupon loop connections were made in inlet, outlet and 
makeup water bypass line in both the plants. Four coupons 
were inserted in each loop. The flow velocity in each line 
was kept 1.5 ft/sec. The temperature of the inlet, outlet 
and makeup water varied with seasonal weather conditions.

Temperature *C.
Ammonia Plant 
Inlet <40* ± 1*C 
Outlet 35* ± 1*C 
Makeup Water 31* + 1*C

Caprolactam Plant 
Inlet 36* ± 1«C
Outlet 33* * 1*C
Makeup Water 31* ± 1*C
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The coupons were cut from single sheet of mild steel 

conforming to IS 1079 in sizes of 102 mm x 13 mm x 3 mm.

A hole of 4 mm size was drilled near u$>per edge. All 

sharp edges on the coupons specimen were debured by using 

emry belt. For the hole, oversize drill was used. The 

mill scales were removed with inhibited hydrochloric acid 

containing 20 g/l Sb^O^ and 1 g/l SnClg and burnished with 

IS grit 60, 80, 100, 120. The coupons were degreased with 

acetone by swabbing with cotton. The dean and dry specimens 

were weighed accurately on analytical balance and kept in 

dessicator until taken out for the study.

The phenolic rod (152 mm long) having two Holes each at 

two ends, one for attaching coupon and the other for 

attaching drilled pipe plug, was used. Four coupons in each 

loop were seperately attached with pheaiolic rod, using an 

insulating washer to preclude any contact of coupon with 

screw and nut assembly. For added protection the specimen 

was attached to the holder using a screw and nut Of the 

same metal composition as the coupon. The holder and coupon 

assembly were installed in a bypass piping arrangement. The 
adjusted flow of water was 1.5 ft/sec.

After one month exposure, the specimens were removed 

and visual observations for scaling and fouling were carried 

out. The exposed specimens were weighed alongwith the rust
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and. scale; thereafter the specimens were derusted by- 
mechanical abrasion and weighed again. The exposed 
specimens were finally pickeled with concentrated 
hydrochloric acid containing 20 g/l Sb^0_ and 1 g/l SnCO^, 
washed with water, cleaned with acetone, dried with rosella 
brand tissue papers and weighed. A weighed blank coupon of 
the same material was subjected to the identical cleaning 
procedure used for the test specimens and reweighed to 
determine blank correction factor to be applied to the 
coupon weight loss. In the case of pitting, size, shape, 
number and distribution of the pits were also determined 
and recorded. " Protected", " Moderate localized" ,
"Moderate Pitting" or "Severe Pitting" were the observed 
recordings, as the case may be, for the well cleaned and 
accurately weighed coupons.

The average weight loss of four coupons were taken for
calculating the corrosion rate. The study was carried out
for twelve months. Average water analysis after month's
exposure was recorded and Langelier index was calculated

*

for corrosive and scale forming nature.of water.

For scale and corrosion products, the results as 
expressed are s

(A) Gain or loss during installation g/day
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(B) Loose scale and corrosion products g/day

(C) Tight scfele and Corrosion products g/day

(D) Actual weight loss of insert g/day

(E) Total scale and corrosion products g/day

Calculations

Corrosion rate (Mpy)
W x 534 
A x j5 x T

2A *= Exposed Surface Area (in )
^ = Density of Exposed metal (g/cm?)

T * Time in hour 

W = Weight in MLLigram

Mdd = Mpy x p 

1.437
o

(Mg/dm /day)
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CHEMICAL TREATMENT OF COOLING WATER - CAPROLACTAM PLANT

Circulation rate ••
5200 M3/ hr

Sodium Hexameta Phosphate «• 5 kg/day

or
E.D.T.A. •• 5 kg/day
Zinc sulphate «• 1 kg / day
Santobrite •• 10 kg/week
Quat-2C •• 1 kg/day
Chlorine •• 4 hrs. in a day
Polyacryloamide •• 1 kg/day
Sulphuric acid •• To maintain pH 7

(40 kg/hr,)

AMMONIA PLANT COOLING WATER

Circulation rate ••
9200 M3/hr

Sodium Hexameta Phosphate *• 100 kg/day

Zinc Sulphate A
A 20 kg/day

Polya cryl oamide •• 10 kg/day
Chlorine •• Continuous
Sulphuric acid •• to maintain pH 7
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Table 60

MAKEUP WATER AMMONIA PLANT

Hardness (p.p.m) 
Month chi oride (p. p. m.)

A1 kal inity (p. p. m.)

Chioride+Sulphate
(p.p.m.)

epm( Chi oride + 
Sulphate)

epm (M-Alkalini 
-ty)

1

2

3

4

5

6

7

8

9

10 

11

3.45 4.08 0.660

3.70 4.12 0.847

4.07 3.98 0.814

3.10 3.88 0.643

4.17 4.38 0.691

1.73 5.37 0.540

3.25 4.47 0.360

5.20 5.71 0.450

3.13 3.07 1.150

3.72 4.73 0.570

4.96 5.03 0.700

3.65 3.88 0.70012
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Table 61

AMMONIA PLANT COOLING TOWER LANGELIER INDEX

Month Makeup Cooling Water Ammonia Plant

1 + 0.500 + 0.200
2 + 0.700 + 0.600
3 + 0.800 +0.600 ,
4 + 0.400 0.0
5 + 0.600 - 1.00
6 + 0.650 , - 0.500
7 + 0.900 + 0.300
8 + 0.800 + 1.00
9 + 0.650 + 0.200
10 + 0.850 + 0.100
11 + 0.650 - 0.900
12 ' + 0.700 0.0
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Calculations ; Confidence level

AMMONIA PLANT MAKEUP WATER CORROSION RATE IN Mpy 

(8.63, 9.42, 9.91, 11.62, 12.02, 12.43)

(5.83, 6.55, 6.78, 7.34, 7.42, 8.12)

(9r9l + 11.62) / 2 = 10.77 median 

(6.78 +7.34) / 2 * 7.06 median 

12.43 - 8.63 « 3.80 

8.12 - 5.83 = 2.29 

for 99 %

Confidence interval = range x confidence factor

- 3.80 x 0.33 • 1.25

- 2.29 x 0.33 = 0.76

The corrosion rate is reported as s

10.77 - 1.25 « 9*52 Mjpy Average 7 91 mov 
7.06 - 0.76 m 6.30 &|>y ^ AveraSe tW

i.e. 7.91 mpy corrosion rate with a confidence level 

of 99 % ( 99 out of 100 coupons will fall in this range)

3.80 x 0.23 - 0.87 

2.29 x 0.23 * 0.53 

The corrosion rate is reported as ;

10.77 - 0.87 = 9-90s 22 __
7.06 - 0.53 = 6.53<^ Average 8.22 mpy

i.e. 8.22 mpy corrosion rate with a confidence level of 95% 

(95 out of 100 coupons will fall within this range).
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AMMONIA PLANT (HON HEAT TRANSFER LOOP)

Confidence level of 99 % i.e. 99 samples out of 100 samples 

will fall in this range.

MAKEUP WATER

Total Hardness as CaCO^ p.p.m* : 142

Hardness / Chloride : 3.02

Total Alkalinity as CaC03 p.p.m. ' s 195.89

Alkalinity /Chloride + Sulphate : 4.01

pH x 8.07

AMMONIA PLANT COOLING WATER

Total Hardness as CaCO^ p.p.m. 

Total Alkalinity as CaCO^ p.p.m. 

pH

229.65 

65.58 

7.39 .

99 % CONFIDENCE LEVEL OF CORROSION RATE

Makeup

IhLet to cooling tower 

Outlet of cooling tower

x 7.91 npy 

i 10.59 npy 

x 5.42 npy
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Table 62

MAKEUP WATER CAPROLACTAM PLANT

Month
Hardness (p.p.m.) 
Chloride (p.p.m.)

Alkalinity (p.p.m) epm(Chloride* 
Chi o r i de Sulpha te Sulphate)

(p.p.m.) epm (M-Alkal-
inity)

1 2.53 3.65 0.814

2 3.05 3.75 0.710

3 3.51 4.29 0.608

4 3.67 4.64 0.562

5 4,12 4.02 0.773

6 3.58 4.29 0.611

7 4.90 4.85 0.567

8 3.38 5.03 0.550

9 3.23 5.07 0.510

10 3.15 4.24 0.740

11 3.0 3.92 0.690

12 3.72 4.74 0.570
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Table 63

CAPROLACTAM PLANT COOLING TOWER

LANGELIER INDEX

Month Makeup Cooling water 
Caprolactam plant

1 4 0.700 0.0

2 4 0.700 - 1.700

3 4 0.600 - 0.700

4 4 0•800 0.0

5 * 0.800 - 1.100

6 * 0.700 * 0.200

7 4 0.600 - 0.300

8 * 0.750 4 0.190

S * 0.750 4 0.800

10 4 0.780 /•*
4 0.600

11 . + 0.300 - 0.700

12 4 0.950 4 0.270
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CAPROLACTAM PLANT MON HEAT TRANSFER LOOP

Makeup 99 % confidence level

Total Hardness as CaCO^ p.p.m* .. 150,34 
Total Alkalinity as CaCO^ p.p.m. .. 224,04 
Hardness / Chloride 3,03 
Alkalinity / Chloride 4 Sulphate .. 4,15 
pH .. 8.01

CAPROLACTAM PLANT COOLING WATER

397.04 
63.75 
7.13

CORROSION RATS ( 99% Confidence level)

Total Hardness as CaCO^ p.p.m. 
Total Alkalinity as CaCO^ p.p.m. 
pH

Makeup
Inlet to cooling Tower 
Outlet of cooling Tower

8.07 npy 
ILj.Ol mpy
5.14 npy
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