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Corrosion Resistance Analysis of Two Stainless Steels Exposed in
Cooling Tower Condensed Acid
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ABSTRACT: Objective To analyze the corrosion resistance of 304 and 316L stainless steel which were exposed in
cooling tower condensed acid produced in electric power plant. Methods The corrosion rate and polarization curves of
304 and 316L stainless exposed in cooling tower condensed acid were measured. Results Totally 304 stainless steel
exhibited poor corrosion resistance. The pH of condensed acid had a great influence on the corrosion rate and passive
performance of 304 stainless steel. 316L stainless steel exhibited good corrosion resistance. The pH of condensed acid
had less influence on the corrosion rate and passive performance of 316L stainless steel. Conclusion The corrosion
resistance of 316L stainless steel exposed in cooling tower condensed acid was much better than that of 304 stainless
steel under the same conditions.
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Table 1 Chemical composition of tested stainless steels

%
A C Si Cr Mn Ni Mo Cu S p Fe
304 0.050 0.001 17.08 1.38 8.010 0.001 0.020 PN
316L 0.019 0.35 17.07 1.68 11.95 2.04 1.14 0.07 R

TR R ST R IR AE A9 R ST 2 150 mm x 75 mm,
AL I U B9 ROT 2 10 mm x 10 mme
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Fig.1 Corrosion morphology of 304 stainless steels in condensed
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Table 2 Corrosion rate of 304 and 316L stainless steels in condensed acid

JEE R/ (mm.a™)

B ] /d - -
PN/SYIN pH 2}y 2 B IR pH Ry 1 VR BE IR
10 0.0078 0.0071 0.0072
304 NN 30 0.0022 0.0029 0.925
60 0.0010 0.0013 0.365
10 0.0065 0.0065 0.0071
316LANEEN 30 0.0013 0.0013 0.0040
60 0.0014 0.0014 0.0036
03 L 3B P A B I A A 2E AN K (~=500~-400 mV )
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Fig. 2 Polarization curves of 304 stainless steel in condensed acid
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Fig.3 Polarization curves of 316L stainless steel in condensed acid

BEANAE pH by 2 A AR HULVA BRE TR IR R AR MK R G A
J& ol e 52 A 25 AN K, 24 R =300 mV, BH AR B Ak il 42
TERFEEA—F, YA JE A AT 2 0.2 VI,
3161 A5 99 5 Al AR 2 BH A FL 78 B 25 W% Ak FL 7
(R I B AN AE | B4R IX ] K /N R 500 mV ., 7E 1%
BEAE X)), 316L AN 4N 7E KSR I K Al pH R 2 %
EE IR W T R 08 T B0 Al A0 BE , WT A B 1k T K
Gl H R A, B R A i T ¥ 7K ok
AR AL HLAL R T 0.2 VI, B AR Ik Rl B TR 7
(1) 38 o iy TR 2 K DI 3161 A5 4K (1) 4l 1k e
PR, e Az Sy ol . Pl ML AT BT, 3161 /N 4544
FE R SR 7K RN pH A 2 A ABEAEL V4 B R Y v 1) A ol v
202V,

5 pH R 2 (RS BERR W T AR LE , 316L AN 44
TE pH A 1 BRSEADLYA BERR IR Hh 1) BRI AR AN T it £ 2 A= 1
WAL, A BT RS T 29100 mV, B [{ ik
FLAV R—-400 mV 5 24 M\ S Pl L 467 4945 22 -350 mV i
3161 AN X 2 1 AL AR A, BHAR L it B o W fE H
AL (A3 T HE AN 5 2 Ak 2 O 1] 494 2 -200 mV
B, I A FEL 38 I o AR A R AN 198 185 i /N | 15 BH
IZIX B N, 316L A5 4K B T BH AR AR A i A= A B 1k
Ji5% 5 A =200 mV 4k £ 1F [a] $=1 4 B, FH A HEL 3t Bifi o A
Ak LA A BG4 0, A= B ) Al A R AT A5 L
IR, EiR 3 Hr R T, 316L N AE pH 1
A ASEUL VA B T R+ T A 5 T ol L X
PEAT PEAR AR A | L3R 1T g mT AR i B fR BSE , it ok fi
FIWE 2 o

AHEE 304 ANEEAN, 3161 A EEAN 1 K IR I 7K FIAR



LAV A

T A PIRORNEE BLEVS ZIRE VR BERR M T i it ok P R - 17 -

PR BEFR I 2 T LAREIE LU Sl AL i HA B 47
(it ik BE J7, JE R R 316L AN BN Cr & B AR S
304 FHZEAN K HH NI & i 5 T 304 AN 559, [R]A s
TR Mo JEE . Ni 2 B AN Y 3252
A E  HFEEMNEE DM e B, bE
Ni & i 2 i, AN I 2 Re . ek
Mo REE R AN AL RE ™ 9 K ILE LA T3
B, A BB R A ERTR (BEMR ST . Mo T MU mT LA
TG A Mo BRI AL B AR 1 225 JE ok
A LA AR B BeE AR e M, RERHLLE CIr iR
NGl W EE 47N

3 it

1) 304 RNFEREL HIE R BERR A5
JE§ o 3 3 o o pH L /N T 38 K, 24 pH (B A 3 1
B, 304 AN AR B AL G IR ™ 5, & A AT g ok, J oy
HRK, WACIIZEE TR, 304 N INTERAIL BE
PR 0P 4 BE AR A T A o AR R T A — Bl AL — PTG Ak, B
SRaEEBER pH E/ N AE 2

2) 316L AN BALE 17K ¥ 2SRV B R VA
355 v B TR ol P BE DG T 304 AN AN, 45904 B IR YA 1)
pHAEXT 3161 AN S th sl R A2 M /N, V8
BRI 1) pHAE A 3] 1, 316 L ANERAN AL I A Kk A=
A I 0 T T IR, B R A N o A Ab il 2k ) 5 2R
LW, MR EERR WL pH E T 2 15, 316L ANEE A FHAK
AT Rt B A B AL —T5 Ak s MR BERR K pHAE /N T 1
i, HLPEAR AT R ad B A I A —Si A — TG 1L, B AR
EMEAR 22

Sk

(1] sk K ) s & —"BORB (], i #8E,
2005 (2):11—12.
TANG Yun-lin. Application of Technology for “Combining
Stack and Cooling Tower into One in Coal-fired Power
Plants”[J ]. Electric Power Construction, 2005 (2):11—12.

(2] BRARL, RIE%. MBS & — R EIE IS T 5B [T ] B
JIEE i, 2006(5) :21—24.
YAO You-cheng, HOU Xian—an. Corrosion and Protection
of NDCT with Flue Gas DischargE[ﬂ. Electric Power Sur—
vey&Design, 2006(5):21—24.

(3] [AIN, WhACRG, EF, 4. e v SIS 45 K s i b A

FELT]. IR, 2009(6) : 44—49.

TONG Gang, YAO You—cheng, WANG Pu-yu, et al.Re-
search on Structural Anticorrosion of Seawater Cooling
Tower[ J]. Electric Power Survey&Design, 2009 (6) : 44 —
49.

(4] XBakA:, BT, K BRI v o5 1 AN 85 AW B0 B 1o A7
[J]. B IAEE TR, 2005, 2(2):78—82.

DENG Yong—sheng, HUANG Gui-qiao. Corrosion Behav—
ior of Cast Stainless Steels in Seawater[J ]. Equipment En—
vironmental Engineering, 2005, 2(2):78—82.

[5] SFik, Z=fh, 301, 45 200 RFAGERIE AR5
[J]. BEHLER, 2010,31(2):72—76.

QI Da, LI Jing, DONG Li, et al. Study on Corrosion Resis—
tance of 200 Series Stainless Steel[ ] |. Tron Steel Vanadium
Titanium, 2010,31(2):72—76.

(6] Eflfl, s8R, sKEE. ANENRIGE BT[], %

HIBI TR, 2010, 7(5):84—88.
WANG Wei-wei, GUO Wei—min, ZHANG Hui—xia.Re—
search on the Corrosion of Stainless Steel in Deep Ocean
[J]. Equipment Environmental Engineering, 2010,7 (5) :
84 —88.

(7] 28, A0, %5 a5 1. ARSI D PP BRI ST S
LI B Bi, 2009(9) : 11—19.

LI Jin, DENG Bo, JIANG Yi-ming.Investigation and Appli—
cations of Corrosion Evaluating Technologies for Stainless Steels
[J]. Corrosion&Protection, 2009(9):11—19.

(8] GBIT 16545—1996, < J& FI43 < A4 18 ok JE& i ik o L)
=B HITEERLS .

GB/T 16545—1996, Corrosion of Metals and Alloys Removal
of Corrosion Products Fromcorrosion Test Specimens[S].

(9] TR, skl JURP AL BT PY SRR SRR vh i b A7

R R BITFE L) ] R Rk SRR, 2011,23(1)
73—78.
DING Guo-qing, ZHANG Bo. Atmospheric Corrosion of
Several Typical Steels in Western Area of China[J]. Corro-
sion Science and Protection Technology, 2011, 23 (1) :
73—78.

[10] Sr 25, T A3 ITERL IR VA I 1 Ak 27 JE b 47
REAELY ] Tk B4, 2005, 26(10) :439—442.

NIE Li—jun, TAN Cheng—yu. Corrosion Behaviour of A3
Steel in Sulfuric Acid Soultions[J]. Corrosion&Protection,
2005, 26(10) :439—442.

(1] RIESE AP RHE R W P i rwrE ()], #9k
WF5E, 2003(2) :45—48.

(F#:% 38 70)



38 - % & I

201442 H

(3] XNAE, BERE, 405 2 CHLE5H o BRI 1 2 ]
JrEERESEL) ] B R TR, 2009, 6(3):42—45.

LIU Zhi-guo, MU Zhi—tao, ZOU Lan. Research on Estab—
lishment Method of Local Environmental Spectrum for Na—
vy Aircraft Structure [J].Equipment Environmental Engi—
neering, 2009, 6(3):42—45.

PRI, XUEER , W at, 45 251 CHLES M R i oA
i g il 9 TR DT IR L] A R TR, 2006, 3(2)
53—56.

CHEN Qun-zhi, LIU Gui-liang, CUI Chang—jing, et al.

[4]

Engineering Method on Establishment of Local Environ—
mental Spectrum for Military Aircraft Structure [J]. Equip—
ment Environmental Engineering, 2006, 3(2):53—56.
T RPLE - PRI O i () . AT 2s “24i, 1994,
15(1):76—81.

JIANG Zu—guo. The Compilation of Aircraft Load—environment
Spectra[] 1. Acta Aeronautica Et Astronautica Sinica, 1994, 15
(1):76—381.

WRIR R, AR B AL A8 R B 01 4 il FF 5 B FH [ ],
RS TREABE A, 2007, 22(1):114—118.

CHEN Yue-liang, YU Da—-zhao. Research and Application
of Compilation of Load/Environment Spectrum for Aircraft
[J]. Journal of Naval Aeronautical Engineering Institute,
2007, 22(1):114—118.

BAE, 47, BRER K. CHLES ol BRI 1% 14 S ]
(3. fitzs 241, 2008, 29(1) :85—90.

YANG Xiao—hua, JIN Ping, CHEN Yue-liang. Making
out Aerial Environment Spectrum of Aircraft[ ] ].Acta Aero—

nautica Et Astronautica Sinica, 2008, 29(1):85—90.

(8] 5 tH . Jwhil CAHLEE HIPREE 1 (44 55 - PR 58 73 i [0 ).

izs 2Rk, 1994, 15(1):70—75.
JIANG Zu-guo. The Profile—environment Analysis Method
for Compiling Aircraft Operational Environment Spectra
[J]. Acta Aeronautica Et Astronautica Sinica, 1994, 15
(1):70—75.

(9] ISCHE, 2. CATLEE A O B I B A5 kg okt 156

PREEREDETE (T ). 23 2440, 1998, 19(4) :434—438.
LIU Wen-ting, JIANG Dong-bin. Study on Accelerated
Corrosion Test Environment Spectrum for Critical Areal]].
Acta Aeronautica Et Asironautica Sinica, 1998, 19 (4):
434—438.

[10] XUSCHE, 2= My, BRRFL, 55, CHLAS IR i fn i )2

Jon 3 3 50 PR S A A L) b mt A S A R R 2
2002, 28(1):109—112.
LIU Wen-ting, LI Yu-mei, CHEN Qun—zhi, et al. Accelerated
Corrosion Environmental Spectrums for Testing Surface
Coatings of Critical Areas of Flight Aircraft Structures [1].
Journal of Beijing University of Aeronautics and Astronau—
tics, 2002, 28(1):109—112.

(1] JAAT. CHLES R B2 PRI S i [0 . s

4, 1996, 17(5):613—616.

ZHOU Xi-yuan. Equity Environmental Spectrum and Speed

Test Spectrum for Aircraft Structure [J]. Acta Aeronautica Et

Astronautica Sinica, 1996, 17(5):613—616.

GIB 150A, ZEHIE s L = MBI ge Tk [S ).

GJB 150A, Laboratory Environmental Test Method of Mili—

[12]

tary Equipment[S].

(E#FH17R)

ZHU Long—ying. Study on Corrosion Resistance of Stain—
less Steels in Acid Solution[J]. Research on Iron&Steel,
2003(2) :45—48.

[12] Bk, MR, T8, 45 304 NEEMEMA R R aifL T4
L FCAERERTSEL) ). KIHA, 2009,38(4) :54—56.
XIA Hao, ZHOU Dong, DING Yi, et al. Study on the
Pickling and Passivati on of Environmental Protection and
the Performance of 304 Stainless Steel [ J]. Surface Tech—
nology,2009,38(4) : 54—56.

[13]) T2, T8, DOk, 45 316L RSt R AL T
LR sk VERERTFE ()], RIMEAR, 2007,36(2) -
45—47.

MA Li-yang, DING Yi, MA Li-qun, et al. Study on the
Citric Acid Passivation and the Pitting Corrosion Resis—
tance of 316L Stainless Steel [J]. Surface Technology,
2007,36(2) :45—47.

[14] Mot , MRIGERS , RWERT, 45 & BT HE N Hrid R IA

ANGENLH L LT P RE R Z 0 () ], VR B Tk R 22741k
1992(1):20—29.
YANG Jing—xiang, LIN Xiao—ping, JIANG Xiao—xia, et
al. Influence of Alloying Elements on the Microstructure
and Corrosion Resistance of Austenific Stainless Steels[ ] ].
Journal of Shenyang Polytechnic University, 1992 (1) :
20—29.



