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The Study of Estimating in Tensile Strength for S17CK
after High Temperature Corrosion
Chaur-Jeng Wang and Shih-Chi Chou
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ABSTRACT

The factors which dominate the decay of tensile strength of the low carbon steel S17CK underwent
high temperature oxidation and NaCl-induced hot corrosion at 750°C and 850°C can be determined by
comparison of the optical microscopy and chemical cleaning analysis of the cross section area loss ratio
and with the corresponding tensile strength results.  The analysis showed that the dominating factors on
the decay of tensile strength depended on the reaction stages which occurred in the hot corrosion of hot
rolled steel at high temperature. The initial reduction of tensile strength was due to the high temperature
annealing effect. Subsequently, the decarburization effect became dominate. The cross section area
was decreased due to corrosion attack in decarburized region, resulting in the tensile strength reduction.
Moreover, based on the experimental results, an evaluation procedure and mathematical model of

estimating tensile strength for metallic materials was also developed in this study.

Keyword: Tensile strength, High temperature corrosion, Low carbon steel, Lifetime evaluation.
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Table 1 The metal loss detected by OM and chemical cleaning methods.
Unit : mm
Time Oxidation Hot Corrosion
(day) 750 °C 850 °C 750 °C 850 °C
| OM* Chem** OM* Chem** OM* | Chem** OM* Chem**
1 0.142 0.119 0.247 0.212 0.111 0.109 0.271 0.268
2 0.255 0.245 0.378 0.380 0.198 0.177 0.389 0.384
3 0.347 0.303 0.505 0.479 0.302 0.245 0.470 0.482
4 0.392 0.341 0.606 0.548 0.343 0.331 0.603 0.595
5 0.445 0.356 0.659 0.567 0.435 0.468 0.657 0.649
NOTE : *OM : by OM examination.
**Chem. : through ASTM G1 chemical cleaning method.
1 O 50 oxitation £2  SIICK ZZIRBRER
@ 350°C Oxidation Table 2 The total decarburization depth of S17CK steels.
2000.0 = £3 750°C Hot corrosion
2 M 350°C Hol corrosion Unit : mm
? Day 1 2 3 4 5
2 750 °C 1.56 2.05 3.00 3.00 3.00
: 850°C | 178 | 244 | 300 | 300 | 3.00
3.1 HEERLREBEX

Metal loss(mm)

Bl 1

Fig.1

0.8

2
Testing time(day)

(a) Weight gain kinetics

O 750°C Oxidation
@ 350°C Oxidation
$ 750°C Hol corresion
¥, §50°C Hol corrasion

2
Testing lime(day)

(b) Metal loss kinetics

S17CK A&t - EALSHEVEEERTE & B 722 dhR -
(2) HEAIETEEEEM - (b) BSIERERLES
EEEk -

The oxidation and hot corrosion kinetics curves of
S17CK steel. (a) Weight gain kinetics, (b) Metal loss
kinetics.
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Table 3 The tensile strengh of steels after oxidation and hot corrosion.
Unit : MPa
Time 750 °C 850°C
Day Ar Oxidation Hot Corr. Ar Oxidation Hot Corr.
0 589 589 589 589 589 589
1 469 341 357 400 321 312
2 466 279 302 400 274 270
3 465 258 267 400 241 227
4 463 247 258 400 211 218
5 461 231 245 400 192 202
BB  SIREE ST AN - 1 850 CRA a4 SITCK BB SHLNE

WIR I BB R -
3.2 fifREER

—fif TR EAE SR IR RS - SR DUS &
IS By B AR R B EERR DA s iz 4
BRI H R E - MR SRS A
Btk - ABRPTEC BEEHER D  ERME L
BEABEETRAN PRI TSR 5 E KT
Pk iabR sl c B s RN R AW
ik — it TRAE R - R el B P s g
TE & B i RALMR B B bR DI R 2 = iR S el Al
YR S BRI TR -

& 3 [ S17CK RERME - S BRER
e i S 1R 22 AT S & BLr 58 FEAE - AP ASHH
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1K - Itk MERREZS2FEE » 12 750 CRElF
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BK o BMERF R 400MPa - BRI 8L -
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33 ASRIRE
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Table 4 The grain size of steels after high temperature

treatments.

Unit : mm

Day 1 2 3 4 5
750°C| 0.018 | 0.020 | 0.022 | 0.024 | 0.028
850°C| 0.026 | 0.036 | 0.044 | 0.046 | 0.053

750 ‘C R 850 °C E AR S5 2R E 2
172 5 Hanse 4 pr A - 2RO  Ysk
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X 100%
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(b) Hot corrosion

2 S17CK A 750 °C RS ek A & LU AR E -

(a) Sk > (b) BUEE -
Fig.2 The relative ratio curves of S17CK corroded at 750
°C. (a) Oxidation, (b) Hot corrosion.
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Fig.3 The relative ratio curves of S17CK corroded at 850 °C.

(a) Oxidation, (b) Hot corrosion.
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Fig.4 The tensile strengh corrected by both metal loss and
decarburization effects when S17CK reacted at 750
°C. (a) Oxidation, (b) Hot corrosion.

IRk IS £

UTSge, = DCAXUTS, 405 +(1 — DCA )
X UTSa, (5)

Horp v UTS,g0s 278300k 1005 2585 » 15
352MPa » DCA FRIRBRIEEE 73 3(%) » K
M7 EE » UTS, RZBEEBEERASFERAEBLZ
58 (MPa) o

P gl s B A E R R H AR (E 1
MA(G)FT T » BRI EIEREEFE L&A
B EE » ST RE 152 B e 4 K R e B L TR

600.00 "‘

= _

e

L=

%D 400.00 —

=

2

% ]

£

200.60 —
* Tosted stress
A Corrected chemical cleaning stress
@ Correcled OM-Metal loss stress
0.00 T T T T T T T T T ]
[ 4 2 3 4 5
Tesling time(day)
(a) Oxidation
600.00 —.
E 400.00 han
3
=) |
5
% == Texted stress
= p
A Corrected chemical cleaning stress
@ Corrected OM -Mctal loss stress
0.00 T T T T T T T T 1
o 1 2 3 4 5
Testing time(day)
(b) Hot corrosion

B 5 SI7CK 2 850 ‘Ctk » B MIHL KIS IERBLE
" ETEIERE - () £k (b) BUZeh -

Fig.5 The tensile strengh corrected by both metal loss and
decarburization effects when S17CK reacted at 850
°C. (a) Oxidation, (b) Hot corrosion.
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Table 5 The evaluation of factors that influence the tensile strengh of steels.
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Fig.6 The flow chart of estimating procedure for tensile

strength.
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Table 6 The tested and estimated metal loss of steels after 5 days by different reaction mechanisms,

Unit © mm
Reaction Oxidation Hot corrosion
Temperature (°C) 750 850 750 850
Tested value 0.445 0.659 0.435 0.657
Estimated by
linear rate law 0.524 0.788 0.454 0.768
Estimated by
arabolic rate law 0.430 0.650 0.367 0.639
Note : The bulk style in table indicates the porper estimating value.
#7 SRS RIGFARRE 2 B ESE TG E
Table 7 The tested and estimated tensile strengh for steel after 5 days reactions.
Unit : MPa
Reaction Oxidation Hot corrosion
Temperature (°C) 750 850 750 850
Tested value 231 192 245 202
Estimated value 258 216 254 2184
Error (%) +11.94 +12.17 +3.56 +2§.11
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