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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 effe
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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. Table 1. Chemicals for corrosion & scale inhibition
Cooling

water (in) Chemicals

Corrosion Chromate
inhibitor ~ Molybdate

Nitrite
Composi te Cooling water Scale POE; polyolester
cooling (out) inhibitor ~ TEAP; triethanolamine phosphate
water Coupon 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 acid

Spin bar

| 4——Hot plate "

—0O-Chromate —4— Molybdate —O—Sodium nitrite

Fig. 1. Experimental appratus.
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Fig. 2. Schematic diagram of closed-loop cooling system. Fig. 3. Corrosion rate with various anodic inhibitors.
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Table 2. Time for appearance of PQions(hr)

Temperature of watég)

Phosphates

40 80 100
AMP 38 - -
HEDP 1056 25 -
PBTC 1080 28.0 4.0
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Fig. 4. Film formation of iron oxide peptized by PBTC.
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Fig. 5. Corrosion rate with various cathodic inhibitors.
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Fig. 6. Effect of inhibitor concentration on corrosion and scale adher-

ence rate.
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Table 3. Specifications of conventional & new inhibitors

No Specifications

1 -NaOH
-Na,SG;

-NagPO,

2 —-Phosphate(as R@&.2-6.2%)
—Etidronic acid
-N,H,: 1-10%

—KOH: 10-20%
—Polymer: 1-10%

3 —-Phosphate(as B®@.0%)
—Etidronic acid
-N,H,: 4%

—-KOH: 15-25%
—Polymer(Acrylic acid)
-S,

4 —-Phosphate(P7.9%)
—NaOH(pH 8.4+1.0)
—Polymer
—N,H,

5 —Polymer
—Phosphate
—NaOH(pH 11.5+1.0)

6 —Triazine
-Azole
—Polymer
—Phosphate

7 —Sodium nitrite
—Phosphonate
—Polymer

Chemical brand
C3

K2

K6

K1

Uo

Co

POSLAB
(This work)
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3-2. Wz X2(Mel snt Table 4. Corrosion rate and scale adherence rate
Fig. 18] A874XE o]83te] A Wakp A9 A/t Hsia) 5 , Corrosion  Scale adherenceColor of cooling  Chemical
2] gl BRI 58 AT Fig. 62 AA] Wdu|ox AREsi= rate(MDD) rate(MCM)  water brand
W2E AMEstaL, WS vl 5de AE(STPG400Y couporg 1 1.21 135 Light milky co
ARRSE Ao} 2Alde] Faes SAeh Adjelrt. GE=r} 100pom 2 0.65 6.2 Milky K2
olige] W]w HAPRH E37h Qe 2102 UERdh $HEE 100 ppm 3 086 85  Miky K
ool Hw ¥4 H2 R E3F 9le Ao vehdt. 4 8;2; ’s 45616 Relf bfgwn Ké
- 5 . 776. Yellow brown U
A g2 A RS B G lus) 2] 93 FE A .
?ﬁf YA s FF LJ—EH#P‘@: 1 $al = 5 178 53 Light brown o
oluh stol=ekl, $AA) B2 THE FHGFEN oA ¥ 57 7 oo 00 Coloress POSLAB
N, A Tem dE B AT NEEE g o] 3dE 8 59 19.1 Light brown  Without inhibitor
Ypge] Flslel WA W B Be) i HEAAAS VI
315}, Table & A8l AFSH RS9 ARFS Ve it
Table £5-E FHUHEES AT A9+ FGEEL FH = 2 AR-EE S B4 F Fedio] v AEHE Zlo] Atk ole '
A} oies] ol MAA) WA R RS Ao® Uepdth,  AARAe ARl 2 Zow Bk, 8 AckEe A9 Wi
RS A1 A% AFAF coupor]) FAMS A gReH, WA AR b BA etk ol AR $YoR o
FU% w9 ARE AR E FAESIT SR 9% i A2 3l AEAE] S EE A vge] ArAdito] WA T =
& FUNES A RS SRt 249 vl g BB Uek o} 9l 2] V)9l dvka B,
WOt Al oRES A3 A Wret wdsl FEE dHE vekitt AeRES ARRE S B2 dde] BAEE 52 FRls] 9
Table 8= W7l<re] FARA AT ot} T dFGEES AREES o AE-g dotrt RS AVt YRl coupog FAA A,
AAsE B gdste] Wi F AAEAR] YeEh)R] ge A 59 %W Ae) S Scanning Auger Multiprobe(Perkin-Elrvigr A
o] AR} o5 Ehukge] MHER A3 HEVF ZokAE AUt Model No. PHIBO0E. #4433t} Fig. 72 W§zrol] JHA17171 A
U o]$} e A E o] WiEHA] &g Afole LA FAEH| coupor?] X AA=E FEL couponFAMYIEL R probet 10 A/min
W AMeg BT vhed mrhy ddErh B9 I8 FH RS Lo Adsed AR A7E veRliY, $54 dEdle 4 A48
Table 5. Chemical analysis of cooling water
No pH(-) T. Hard(ppm) Cl(ppm) P£Dppm) T. Fe(ppm) Cong(S/cm) Turb(FAU) Chemical brand
7.6 472 362 0.69 0.14 1499 2.54 Original cooling water
1 7.31 43 412 34.2 0.25 1253 31.0 (60]
2 9.8 0 439 508 0.28 4690 52.0 K2
3 104 0 433 31.6 0.24 4660 20.C0 K6
4 7.72 46.5 403 402.6 48.8 1247 267 K1
5 8.2 448 355 30.8 12.2 1510 114 uo
6 8.7 383 496 137 0.59 1878 217 (60]
7 7.6 464 369 38.9 0.18 12580 3.3¢ POSLAB
8 7.8 380 372 0.66 1.14 1092 32.¢ Without inhibitor
CTH12.PRO: AES Profile (5 kV, 0.50 uA) - 04/05/1999 - V/F - Muttiplier Vokage = Company Name
99 May 4 50kevV 0 0.00 FRR 2.3940e+002 max
Cal { Brom3
BEFORE.PRO
16000 T T T T T T T
14000 |- Fe -
12000 - -
10000 -
ol |
g /
6000 |- -
{\O
4000 [/ 4
20001 C\ Na ~
&8 ,,\N 4 R — " y N f 5 3
0 5 10 15 25 30 35 40

Sputter 'f’?me {min)
Fig. 7. Auger depth profile film formed on original coupon.
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99 May 4 50keV 0 0.00 FRR
Cat{ Birem3

CTH22.PRO: AES Profile (5 kv, 0.50 uA) - 04/05/1999 - V/F - Multiplier Voltage =

Company Name
3.4178¢+003 max

AFTER.PRO

16000 T T T

14000 |-

Sputter Time (min)

Fig. 8. Auger depth profile film formed on pickled coupon throgugh POSLAB inhibitor in cooling water.
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Fig. 9. Heat transfer of stave cooler.
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Usat/Uact(-)

0.4

= POSLAB inhibitor
Conventional inhibitor

0
1 101 201 301 401 501 601 701 801 901 1001 1101 1201 1301 1401
Time(Hr)

Fig. 10. Trend of heat transfer coefficients with different inhibitors.
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Corrosion rate(MDD)

0 .
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Fig. 11. Corroion rate of closed-loop cooling system.
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<Scale deposition

Photo 1. Comparison between scale deposition and crystalline structure
of y-Fe,O; on coololing pipe surface.
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