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Abstract − A new corrosion inhibitor was developed for prolonging service life of a closed-loop cooling system. It consists

of nitrite, organic polymer, etc. The chemical forms the corrosion protection layer on the surface of cooling pipe. It also
increases the solubility of scale materials into the cooling water and prevents building-up of scale compounds. It is very effec-

tive in the closed cooling system. To compare the relative performance of the conventional inhibitors with the new one in high

hardness water, process simulation tests were carried out. In this high hardness water the anti-corrosion performances of the

conventional inhibitors turned out to be poor. However, the program with the new inhibitor showed a very low corrosion rate.

The corrosion rate caused by the new inhibitor was less than 1.7 MDD in the field test.
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 ./$0�� ��?

?QR)� ���8 ST#$L�P :�. O�#$L� UV� ��
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^WXY �� _`? ?QRab 6c ": )Ed Z[� B\6�

�e� fg "� hijg 1? kC�R 2l- B\6� F8 �)
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(blow-down). irE ST#$L� UV� s�: UV4 tq6P�
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! "� xW yz� B\�� �{� w| �)4 m: Xn }~

��- ��� UV w!?E �{� �t- u? 20� �n: ��

4 +)� � ��.

?� �����? H�: ������ UV�� w!?E h� 1

� �: ��? B\� _�E /�- 
?6) ��. ?� �� ��

K�- � +)�0 m��� X�: . w6v�- ��� �� >�

� w! � vk � 8 �)60 m: ��� �¡v�- ¢V e�

6�. ��K�- w!�R ���- P£� }~G¤0 ¥w� ¦��

UV�� ��§B�P4 +B� � ��c, ��v ¥w� vk? w

|� UV�� .¨I©? (6�R K�ª�?E .}�« K��P4

+B� � ��.

¬­� ��K�� w!8 �)60 m: : ���� ®¯�°8 �


6±�E ²-o? w³� UV�� 	!(pitting)� V´- ��c,

Bµ�¡?R� � �
6) �P ��. ": NaOH4 ¶,67 pH4
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id
·7 Fe
CWI4 ̧ t67 yz� w¹�}4 º»6DE ¼�fg�

kC8 
?6½ 67 ¾¿8 � 6½ 6� ��I ��. � W� À

> �� 
M �Á4 tD60 m� Â�°(Na2SO3)?E 6?Ã�»(N2H4)

4 �
60I :�. ��� L5? Ä¨: STL?z 
M �Á- w

!� Á��P � W� MN6) �>� w!? Å ?� »¨�) �

��. :Æ vk � 8 ¸t60 m� Y�° L5� scale�)t4

²-67 UI(Ca, Mg) %8 tD:�. ?� �� ���� Ç� pH

4 ·½ +)� ÈRb 6c, ?� 
É8 ¶,� \ � Â�EÊË

(Na2SO4),¼�fg(CaCO3),��}hijg[Ca(OH)2],Y�fg[Ca3

(PO4)2], Â�fg(CaSO4), Ì�°[Si(OH)4] 1� }Í�? vk8 � 

6� È� %8 � 6½ �R �t- ��[4, 5]. Î ^���� ST

L ��K�� w!  vkw|8 �)60 m: 
É8 t�67 ¬

­ 
É  i  Ï8 �/6±�.

2. � �

2-1. ����

��K�� w! � vk �  �)4 m� �
�� �!t� s 8

Ð0�� Ñ-60 m�� Fig. 1  �? -.Ò, 	5Ó? ÔÕ �� �

�0� �¨Ök¿�- �� ×�Ø��® 1�� � : �%! ÙÚ2

34 tÛ6±�. ��� £I� 20-100oC Üm�� ��? -Ï6±�.

:Æ Fig. 2� �? STL �����  +�: �Ý8 Þ� ��2

34 tÛ67 
É� s 8 nß6½ àá6±�. ��� âv� �

w��8 ?ev�� 67 ¥w âv��� Ùt 	n� +o  ¹�

: ���- ãäP qwâv�� ¨0B.�� �� -.� �? ã

ä½ 6±�. ?ev� � ,�� C�� 4OÁ� £IL4 K367

¨.s 8 vå6±�.

t�: �!t4 Ùt ��K�� X
67 i  Ï8 ßY60 m�

coupon? ¥2� testcolumn8 ��� âv� K367 ¢æ 1�ç coupon

� ��� ¢È 1�ç ��� �¡8 %k6±�.

2-2. ����

��� �¡%k� Xqè %ééIL(UV-visible spectrophotometer;

�Î Shimadzu� tÉ), pH meter, ̈ 0¨II êë 18 �
6±�.

�%! ÙÚ��� Ð0�� 
É�  Ï8 vå60 m� A&��

CaCl2� NaHCO34 ²-67 Ca2
+� HCO3

−ZI-  �� 200 ppmY Í 

���4 ��R �
6±�. 
É� w!I � w|I� coupon� �

Ú¨; ì½ío8 în67 >­� �� !� �� �C6±�.

w!I(MDD) = [�Ú ¨ coupon ì½(mg)−�Ú ; ïð: coupon�

ì½(mg)]*100/[couponyzX(cm2)*�Ú��(day)]

(1)

w|I(MCM)= [�Ú ; coupon ì½(mg)−�Ú ; ïð: coupon ì½

(mg)]/[couponyzX(cm2)*�Ú��(month)] (2)

3. �� 	 
�

3-1. ��	 
�� �
� ��

STL ������ w!  �{� w|8 �)� � �� F���

Table 1  �� 
É�8 P´� ñ � ��.

Î ^���� Vè w!�) ò�8 � � �� w!�)t(anodic

inhibitor)�� STL ������� �!ó 4 àá6±�. Fig. 3�

Fig. 1� ÙÚ234 ?
67 ?� w!�)t�� ZI4 ª}�« �

�� £I- 40oC4 +)6� �Ý�� w!I4 în: � ?�. ô

�õö}Í�  >¡� EÊË? ®¯}Í�_� V�: w!�) ó 

- �÷8 ßY6±�. ô�õö }Í�  >¡� EÊË� D� +�

: ó 4 Eëø�. ?� 
ÉZI- 1,000 ppm?�? �z ù��

ó 4 Eëø�. ô�õö }Í�� P-7� Î ^���� w!�)

t� >¡� EÊË8 èn6±�. >¡�°� �}t�� *v� yz

� úP 3S: γ-Fe2O3� ¾¿8 � 67 w!8 �):�. irE

>¡�°� û\�  �}Û
8 67 �!t� ó©8 (6�üP \

�~XY fouling8 \ 6� Ðý? ��[1]. ��� £I- þ� O

Fig. 2. Schematic diagram of closed-loop cooling system.

Fig. 1. Experimental appratus.

Table 1. Chemicals for corrosion & scale inhibition

Chemicals

Corrosion
inhibitor

Chromate
Molybdate
Nitrite

Scale
inhibitor

POE; polyolester
TEAP; triethanolamine phosphate
AMP; aminotris methylene posphonic acid
HEDP; 1-hydroxyethylidene-1,1-diphosphonic acid
PBTC; 2-phosphonobutane-1,2,4-tricarboxylic acid
HPA; hydroxy-phosphonoacetic acid
EDTMP; ethylene diaminetetramethylene phosphonic ac

Fig. 3. Corrosion rate with various anodic inhibitors.
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6� F? wXÍ6E û\�? ÿ � u

� P£� STL�� XÍ6�P ÒÐ��.

UI %� vk � 8 ¸t60 m67 7r -)� +0Y�° 

%�t4 àá6±�. +0Y�°� ¼�fg �{��)- -Ï6E �

��- 100oC� -�� P£� UV ?� P%Ö }Í��? .�n 

� �t- � � ��. .�n  Ñ-� ?� +0Y�°8 ¶,: �

�� e� PO4?£� EëE� ���� Ñ-� � ��[2]. Table 2�

���- � ×�Ø��®� +0Y�°�8 �� 100 ppm8 ¶,6P

ÐL�� .8 -67 ?� P%Ö }Í��? %}�z� PO4?£?

� W�� À> EëE� ��8 în: � ?�.

PBTC� UV- .�n ? -2 ·½ EëE� ?� +0Y�°�

e�� PBTC4 vk ̧ tN� èn6±�. PBTC� HOOC-CH2-CH2-

C(COOH)(PO3H2)-CH2-COOH� �� ��4 Þ� P%Ö }Í�(%

Öo 270 g/mol)� ¼�fg ,Ö� }~9|(chemisorption)67 ef

g°(disodiumsalt)��� i �n� ��8 ª}�« �{� �n��-

>È 
: ¤��8 Þ½ 67 ÐÐ: vk8 � 6) �6½ :�

[10, 13, 14]. PBTC� �
o� fgZI� �� �	 X� 
�� �

{�B\8 ¿8 � ��. ": �w PBTC� �÷  �? ��} �

  ��?Ã ��� �Í8 67 ��}�� ú� ¾¿8 � 67 w

!8 �)6� ó 4 B
:�[3].

?� �� w!�) ó 4 ÿ� _0 m� Fig. 1� ÙÚ234 ?


67 � -) +0Y�°�8 ���� ²-67 w!I4 în6±

�. Fig. 5� i ÙÚ� � ?�8 ²-� UV- w!I- þ>)�

F8 � � ��c, 20-100 ppmnIY UV- w!�)ó - -2 ®

½ Eë��c, i ?�8 ²-� UV�� ���� pH- þ>a w

!I- ��6� U�8 Eëø�.

w! \ � "� �{�  %� �¨�? ��v �� 9|�) �I

J 60 m67 %�t� eÍ�(polymer) "� 	eÍ�(co-polymer)

4 �
6±�. ?r: �¡�� >®�� eÍ� "� 	eÍ�, ?�

� �f� "� µ��> °� ��� � F�8 �
6±�. ?��

%Öo� ���� ���� ?��. ?�� �{�  %�  28 ¿

P, ,Ö� yz8 wÃ�½ 67 w|? �� � u½ :�. ��Íx

�� tÛ� ��� ��E �õ&� w!8 �)60 m� w!�)

t4 �-6±�. ��Íx w!�)t� � á!�">#(mercapto-

benzo-thiazole), !�Ê�>#(benzotriazole) "� $�Ê�>#(tolyltri-

azole)8 �
6±�. ?� }~�¡� ��Íx� }~X�� 9|�R

¨0 }~X G¤Y ��� w!8 �)6±�[9, 15].

?� 
É� >¡�°? 23-27%, +0Y�°? 0.3-0.7%, %�t-

0.4-0.7% i�P ���!t- 0.1-0.3%� � �� �� 
��« �

� 
É8 ���� ¶,6±�. ��� e 
É� ZI� 4,000-6,000

ppm(NO2?£? 600-1,200 ppm)8 +)� � �½ 6±�.

Table 2. Time for appearance of PO4 ions(hr)

Phosphates
Temperature of water(oC)

00400 80 100

AMP
HEDP
PBTC

0038
1056
1080

0−
02.5
28.0

−
−

4.0

Fig. 5. Corrosion rate with various cathodic inhibitors.

Fig. 4. Film formation of iron oxide peptized by PBTC.

Fig. 6. Effect of inhibitor concentration on corrosion and scale adher-
ence rate.

Table 3. Specifications of conventional & new inhibitors

No Specifications Chemical brand

1 −NaOH
−Na2SO3

−Na3PO4

C3

2 −Phosphate(as PO4 4.2-6.2%)
−Etidronic acid
−N2H4: 1-10%
−KOH: 10-20%
−Polymer: 1-10%

K2

3 −Phosphate(as PO4 8.0%)
−Etidronic acid
−N2H4: 4%
−KOH: 15-25%
−Polymer(Acrylic acid)
−S1

K6

4 −Phosphate(PO4 7.9%)
−NaOH(pH 8.4±1.0)
−Polymer
−N2H4

K1

5 −Polymer
−Phosphate
−NaOH(pH 11.5±1.0)

Uo

6 −Triazine
−Azole
−Polymer
−Phosphate

Co

7 −Sodium nitrite
−Phosphonate
−Polymer

POSLAB
(This work)
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3-2. 
�� ���� ��

Fig. 1� ÙÚ234 ?
67 % ��� ��t� ²-o ª}� w

! � w|�)s 8 ��6±�. Fig. 6� Ùt ��K��� �
6�

���4 �
6P, ��� âv  ¹�: N¡(STPG400)� coupon8

�
: w!I� �{�� w|I4 în: � ?�.
ÉZI- 100ppm

?�? �z w!�) ó - �� F�� Eë��. w|II 100 ppm

?�? �z vk w| �)ó - �� F�� Eë��.

% ��� ��t�  Ï8 ë 
É  �/� _0 m� È� Y�°

?E 6?Ã�», %�t 1�� � � ¬­
É�  >¡�° � +0

Y�°, %�t 1�� � � Î ^� OB
É8 �� �¡? ¹�:

���� ¶,67 w! � vk � � v: �%!ÙÚ8 1Oæ� �

6±�. Table 3� ÙÚ� �
� 
É�� �
8 Eë¥P ��.

Table 4�w& ¬­
É�� �
: UV� �w
É�� w!IE w

|I- �Ð	 ·> STL ������ wXÍ: F�� Eë��.

%
É8 ²-: UV ÙÚ¨;� coupon� ì½ª}- ¨' u(�c,

yzI ¢V )*: ��4 +)6±�. +�vå� �: ��� ,-

� ¬­
É8 ²-: F� V+.?E Ó,� ¢V /: ��4 Eë

ø�E % 
É� ÙÚ ¨ ���� ¹�6½ ¶0: ��4 Eëø�.

Table 5� ���� �¡%k� ?�. ¬­ �w
É�� UI %8

tD6� ó - /æ67 ��� e ¨UI %? EëE) �� F

? �(�E ?� }~G¤� \ �� Y� /I- ·>)� UV-

�(�. ?� �� \ �? âC�) �8 UV�� STL ��K�

¥ vk�� w|� -Ï  ·�P ÒÐ��. ": �w ¬­
É8

�
: UV ��� e Fe %? �o àC�� F? �(�. ?� 1

2t��� ò�? 3 F�� ÒÐ��. :Æ %
É� UV� ���

¨UI� ¨0¨II- -2 ·½ Eë��. ?� %
É ¶,�� Y

� UI %� 
�I4 ���« �o� UI %? ��� e� À

> �� F� 0Y:�P ÒÐ��.

%
É8 �
� UV w!�) ¾¿? \ �� 7w4 ßY60 m

: ÙÚ8 �6±�. %
É8 ²-: ���� coupon8 �¨�4 ¨,

;� yz ��4 Scanning Auger Multiprobe(Perkin-Elmer� tÉ;

Model No. PHI600)� %k6±�. Fig. 7� ���� �¨�ü0 ¨

coupon� %k� � 5[� coupon 67���� probe- 108/min

WI� ¨»6�9 U : ��8 Eë¥c, ¬[� àC�� �  %

Table 4. Corrosion rate and scale adherence rate

No
Corrosion 
rate(MDD)

Scale adherence 
rate(MCM)

Color of cooling
water�������

Chemical 
brand

1
2
3
4
5
6
7
8

1.21
0.65
0.86
1.42

83.62
1.78
0.00
590

13.5
6.2
8.5

45.1
23776.6

5.3
0.0

19.1

Light milky
Milky
Milky
Red brown
Yellow brown
Light brown
Colorless
Light brown

C0
K2
K6
K1
U0
C0

POSLAB
Without inhibitor

Table 5. Chemical analysis of cooling water

No pH(-) T. Hard(ppm) Cl(ppm) PO4(ppm) T. Fe(ppm) Cond(µ S/cm) Turb(FAU) Chemical brand

1
2
3
4
5
6
7
8

7.60
7.31
9.80

10.40
7.72
8.20
8.70
7.60
7.80

472
43
0
0

46.5
448
383
464
380

362
412
439
433
403
355
496
369
372

0.69
34.2
508
31.6

402.6
30.8
137
38.9
0.66

0.14
0.25
0.28
0.24

48.80
12.30
0.59
0.18
1.14

1499
1253
4690
4660
1247
1510
1878

12580
1092

2.540
31.00
52.00
20.00
2670
1140
2170
3.380
32.80

Original cooling water
C0
K2
K6
K1
U0
C0

POSLAB
Without inhibitor

Fig. 7. Auger depth profile film formed on original coupon.
���� �38� �6� 2000� 12�
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 ��
��� ����� 897
�� *I4 Eë: F?�. �Æ� yz� È� �  %?c �Á�

¼Á %? ûo àC�P �÷8 _7;�. Fig. 8� coupon8 30��

�¨�4 ;� � � yz��w& 
 10-708� <?� �=: �

Á %  Áo� fg %? �÷8 _7;�. ?� %
É� �� γ-
Fe2O3� Ca %� ¾¿? coupon� yz� � � F?�P ÒÐ��.

���� �!t4 ²-� UV ��K�� ¨.s ª}4 >?60

m� STL �����8 ���� �÷  �? .¨@L�� ª¹8

ÿ� _A�. Vè Fig. 2� ?ev�� � w%� £Iª}4 ÿ�_

z ¥wv�� ãä� ���� T1�� T2� A-6P, qwv� ¥w

v� .8 ¨@�Èz� T3�� T4� íÁ:�.

? UV qwv�� ¥wv�� ¨.o(Q1; Kcal/sec)� �÷  ��.

Q1 = UABT (3)

70�

U: CD.¨@L�(Kcal/m2 sec oC)

A: ¨.zX(m2)

BT: �iÑE£IF(oC)

BT = {(T3−T2)−(T4−T1)} / ln{(T 3−T2)/(T4−T1)}

:Æ qwv� ¨.o(Q2; Kcal/sec)� �÷  �? G � ��.

Q2 = Cp M(T3−T4) (4)

70�

Cp: .
o L�(Kcal/Kg oC)

M: +o(Kg/sec)

T3, T4: ,, C�£I(oC)

! (3)8 n�6z

U = Q1/ABT (5)

¥wv  qwv� ¨.o? ��(Q1=Q2)P -n6P ! (5)� (4)4

�,6z

U = CpM(T3−T4) ln{(T3−T2)/(T4−T1)}/A{(T 3−T2)−(T4−T1) (6)


É¶, ¨ CD.̈ @L�(Ustd)� 
É¶, ; CD.̈ @L�(Uact)

�� �4 AF�P n�:�.

AF = Ustd/Uact (7)


É¶, ¨;� ���� .
o, +o � ¨.zX? ¹�6�P 6z

Cpstd = Cpact, Mstd = Mact, Astd = Aact

CD.¨@L�� �(AF)�

AF = [(T3−T4) ln{(T3−T2)/(T4−T1)}/{(T 3−T2)−(T4−T1)}]std/

AF = [(T3−T4) ln{(T3−T2)/(T4−T1)}/{(T 3−T2)−(T4−T1)}]act (8)

- ��. Fig. 10� NaOH, Na2SO3, Na3PO44 �
6� ¬­
É8 ¶

,: UV� % OB
É(POSLAB)8 ¶,: UV� CD.¨@L�

� �4 Eë: F?�. ¬­
É8 ¶,: UV� 1007 ��? )E

� CD.¨@L�� (6� AF- ���8 � � ��. âv¥ w

|� �  1�� Y� .¨@? (6� F�� ÒÐ��. %
É8

Fig. 8. Auger depth profile film formed on pickled coupon throgugh POSLAB inhibitor in cooling water.

Fig. 9. Heat transfer of stave cooler.
HWAHAK KONGHAK Vol. 38, No. 6, December, 2000



898 �������
�
: UV� 6007 �� ;w& .¨@ L�- A-67 AF- �

(6½ (6H8 � � ��. %
É� ¶,�� Y� âvyz� I

°�¡ tDó � �� .¨@ Ï�? ���(�P ÒÐ��.

3-3. ������

%OB 
É8 Ùt -¹ eY 
é�� ��K�Y stave cooler�

X
6±�. Stave� stave4 ^�� È� ��� âv� K3: test

column¥ coupon� w!I4 ÿ�_z, % 
É8 �
60 ¨ ¬­


É(K inhibitor)8 �
6±8 UV Fig. 11�� _� '� �? w!I

� 19-33 MDD4 Eëø�E %
É8 �
: ?;�� 1.7 MDD?6

� þ� �;8 Eëø�. vkw|I� Fig. 12�� _� '� �?

Î 
É8 �
: ?; 
� A-: 0.04 MCM?64 Eëø�E, w

|I� v�3- 5 MCM?6Y F8 í�6z �¨6�P ÒÐ��.

:Æ ��� �¡8 %k: �  ¨0¨II- %
É8 �
: ?;

®½ ��6±�. ¨UI %I ò� ®½ A-�(�. ?�� A-�
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Fig. 11. Corroion rate of closed-loop cooling system.

Fig. 10. Trend of heat transfer coefficients with different inhibitors.

Fig. 12. Scale adherence rate of stave closed-loop cooling system.
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Photo 1. Comparison between scale deposition and crystalline structure
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