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The Measurement of the ASTM Corrosion Rate for the
Application of High Temperature Corrosion
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ABSTRACT

To investigate the accuracy of the calculation of corrosion rate for high-temperature
oxidation, three cleaning methods of ASTM G1 were evaluated. Based on ASTM G54, low
carbon steel was statically oxidized at 800°C, for 2, 4 and 8 hrs, respectively. The corrosion
rates were calculated by weight changes per unit area obtained by mechanical cleaning, by
electrolytic cleaning and by chemical cleaning. The error percentage ratios were compared with
the standard reference obtained by OM examination. The results show that descaling by
chemical cleaning has the best accuracy, while mechanical cleaning produces the worst results.

Key words: Low carbon steel, Simple static oxidation, Descale, Corrosion rate.
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Fig. 1 The ASTM standards and procedures for general

corrosion tests. The boldfaced keywards indicate

the necessary results to be reported.
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Fig. 2 Schematic diagram showing the method to -

determe the total depth of attack for static
oxidation testing as recommended by ASTM G
54-84.

BN E R E BB K (descaled weight loss per unit
area) o [ 2 BASTM GUHPEBS/IERAS
BRCREE AQEERMBEECHESE
ME2H 9 &EHE K E (metal loss) » HBRKH
ASTM GIFT#EZ TR » RERBRKRERR
HMETES - EA L, ASTM S4UKREHESE
BEEFZTEARA , MENEUEAEEERZL
ARBEFHCRIERE , DREREERREZ
MEERERE - 5—7HH, B 2R, &
ERFEMEEE, RTUERNSHEBERHER
FERESBCEET.  BLELBIERZH
FAEEEER » T, —RME » UFTEEZ
WREXRF , BEAFMEZFITREEZS
WKL L, T2 s ZETHOKAIB AN R
IR, ENRFEFTERMAS EBHEAFRR
HEgECHR - WRERSHERBCERR b MF

DREBERHFERR , BEEFTE - At
Lai¥ THE & ER S BESUROTH R , 5
RREENERBLRE , AEFBGIHRE
HEVERNEEBRAKEEHEREBIEL, &
ZENEREHEAES TETEGTETERH
NGB HL R g ehEs -
_ We— Wo

A
Ht C: BUERZERE(g/m?)
WF : RIEBREE (o)
W, : FRIAEE(g)
A : R RREE@m?)
_ To—Tn

2
Hifp D : FEHEEE (mm)

T, : AfFHHEEEE (mm)

T.: RAGFHATESE 2 ZE (mm)

B EBERE  MRTATR , EX LS
EEREENIRE - RMSETREER
HIEM R RS FRE SR 4 , HLEE
HRBEERL 28 T2E K (kinetics data)f&fE
B, BEREaRGEMER - 5—F
H, #rsRtERMAEREEKIEFER
WEREhEY , MEERABERE LERAR, I
HEsEYH , UREYHREME @B HRE D
BERNER - ALASTM GIFFEBE=EX
BRReEY AR, G EAREREERE
WA E L BT < RE o

B EZRAE , FHTERBERMAS T
M WAKASTM GS4RTHE 773 800°CHEAT
BHHEERAE , FIA=ESEHTFERE
RERAZBREE ; ARFER AR EREN
ASTM GIFE#S: - LEBFRERBERERE
BREREMCRBECIITERRLREE - #Eilt, £
HIBEHA R EET AR B ERER , Be R
FRFAEERALZS%E .

(2)

C

D



TR B+E8F—8 EESE3HA

= BEA*®

CRRE-

TR EEBM S ERMASISC, HIEBRK
F(wt%) BB - 0.15, ¥ : 0.03, & : 0.74
B - 0.008 5 B : 0.033 5 RACBBERARE
E930°CHN#S ~ 107788 , AR EHBMIERELE
B RAZTITEUNERER , #EEHRAZ
FITERSumMEE RN , MR EEZRES
WA E 2205 » RAA K/KIE22.5mm x 13.5
mm x 2.7mm ; ERFBRINLTE , BLREFLE
B D ER0.0ImgZ B ERTHBE -

(e p s R Ak 3R

HKASTM GS54F 128 TR EC FRNEH »
FHEBR S F2800°C /3 BIHEST 2 - 4 F1 8 /BB sfi 35
REHE , HRAB R HREME 3 Fix o

G i B 2

1. %

KASTM Gl 648 FTMES HREM » L
HERFRARFREERETLEEER, EER

BFWRBRPIBIAEA  RESHELE S S
o, HERTRE -
2. Bfgk

KASTM G1H 638 EZ ARNENR , B
BERCESRBBESEE » I)KASTM G1HA2
MIEZSNEMR o BEMERTC U SIS B
SR EERR , BREER25°C » BFERKS40
7, BREEANBIS0 A/em? » BBEAS
B, BBEEERAREZRARNF, BRI
£% : NaOH 75g» Na,SO, 25g> Na,CO; 75¢39
FREZHE > MAK1000mLZ BEE -

FHFBRIKASTM  GUZHERR & B MERF 40
S, SREABHEES S E BT EMEERE

Specimen Preparation

Simple Static Oxidation
at 800C for 2, 4and 8hrs

l

LThe Appearance of Specimens
Descaling OM Examination
Weight Change
Per Unit Area
//N\\
Metal Loss Corrosion Rate Total Depth of Attack

H 3 {BER#EOCCHREEZRETCCERRERTERE
Fig. 3 The flowchart of experimental procedures of this
study.
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Fig. 4 The equipment used for OM examination.
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Table 1 The weight change per unit area of the low
carbon steel oxidized at 800°C in static air.

Oxidation Timer(hr) Weight Change(g/m?)
+165.9
4 +224.7
+291.4
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Fig. 5 Cross-sectional micrographs of the low carbon
steel oxidized at 800°C in static air, (a) for 2 hrs,
(b) for 4 hrs, and (c) for 8 hrs.
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Table 2 The thickness fraction of the oxide products and the total thickness of the oxide scales of the low
carbon steel oxidized at 800°C in static air for 2, 4 and 8 hrs.

Oxidation Time Fraction of Thickness(%) Total Thickness of Oxide Scale
(hr) FeO Fe:0, Fe.0; (um)
2 94.81 4.12 1.07 121.3
4 94.01 3.64 2.35 170.5
8 93.39 4.16 2.45 212.5
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Table 3 The total depth of attack and the depth of
metal loss of the low carbon steel oxidized at
800°C in static air for 2, 4 and 8 hrs.

Oxidation Time | Total Depth of Metal Loss**
(hr) Attack*(mm) (mm)
2 0.067 0.068
4 0.095 0.095
8 0.125 0.124
Note: *Total depth of attack is obtained from

equation(3) by OM examination.
**The metal loss is obtained from the iron mass
contributed to iron oxides devided by its

density.
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Table 4 The weight change per unit area by mechanical, electrolytic and chemical cleaning of the low
carbon steel oxidized at 800°C in static air for 2, 4 and 8 hrs.

Oxidation Time The Weight Change Evaluated (g/m?)
(hr) Mechanical cleaning Electrolytic cleaning Chemical cleaning
2 —429.2 —461.6 —516.7
4 —519.7 —533.0 —5784
8 —802.9 —811.1 —-870.4




B T f2

B+EE—-H REBESSE3A

RE EHMEA800°CHE 2 45 8 NRHBRBEREMLE ) UBMRE . EREALERRERESEE
% AEERERNFMECBehRE

Table 5 The corrosion rates calculated from equation (1) were obtained by mechanical, electrolytic and
chemical cleanings of the low carbon steel oxidized at 800°C in static air for 2, 4 and 8 hrs.

Oxidation Time Corrosion Rate (mm/y)
(hr) Mechanical cleaning Electrolytic cleaning Chemical cleaning
2 243.40 261.11 294.83
4 147.35 151.13 164.00
8 114.69 113.57 123.40
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Table 6 The relative errors of corrosion rates obtained by mechanical cleaning with respect to OM
examination of the low carbon steel oxidized at 800°C in static air for 2, 4 and 8 hrs.

Oxidation Time Corrosion Rate (mm/y) Relative Error*
(hr) Mechanical cleaning OM Examination (%)
2 243.40 292.37 —16.75
4 147.35 172.46 —14.56
8 114.69 136.60 —16.04

*OM examination acts as a reference standard.

FH BERHALS00°CRK 2 4. 8 /NRBBEREE , BUASTM GIZEBHRTMEEFE (4098 ) Mo
BN RS ERBREFT R RRE
Talbe 7 The relative errors of corrosion rates obtained by electrolytic cleaning by ASTM G1 for 40

minutes and for 80 minutes with respect to OM examination of the low carbon steel oxidized at
800°C in static air for 2, 4 and 8 hrs.

Oxidation Time | Electrolytic Cleaning Corrosion Rate (mm/y) Relative Error
(hr) Time (min) Electrolytic cleaning OM Examination (%)
40 261.11 —10.69
2 292.37
80 265.69 -9.13
40 150.78 ~12.37
4 172.46
80 158.93 —8.10
40 113.30 —16.86
8 136.60
80 114.51 —16.17
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Talbe 8 The relative errors of corrosion rates obtained by chemical cleaning by ASTM G1 for 10 minutes

and for 20 minutes with respect to OM examination of the low carbon steel oxidized at 800°C in

static air for 2, 4 and 8 hrs.

Oxidation Time | Chemical Cleaning Corrosion Rate (mm/Y) Relative Error
(hr) Time (min) Chemical cleaning OM examination (%)
10 294,38 +0.84
2 292.37
20 292.41 +0.01
10 164.00 —4.91
4 172.46
20 164.59 —4.56
10 123.40 —9.66
g 136.60
20 122.55 —10.28
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Table 9 The relative errors of corrosion rates of the first 3 data of smooth curves by ASTM G1 with

respect to OM examination of the low carobn steel oxidized at 800°C in static air for 2, 4 and 4

hrs.
Oxidation Time Corrosion Rate (mm/y) Relative Error
(hr) Chemical cleaning* OM Examination (%)
2 254.88 292.37 —-12.82
4 152.04 172.46 —11.84
8 108.54 136.60 —20.54

*Weight loss data are taken from the first three points of the second stage of the weith change, as shown in

Figure 6.
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Fig. 6 The relationship between weight loss of corroded
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