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Effect of Metallurgical Factors of Low Carbon Steel Sheets on
Stress Corrosion Cracking in Methanol Solution

Kameo MATSUKURA and Kazuaki Sato

Synopsis:

Studies were carried out on the effects of chemical composition, manufacturing condition and heat-treatment
of low carbon rimmed hot rolled steel sheets on susceptibility to stress corrosion cracking in 60°C reagent
methanol containing 0.01 wt%, formic acid and 0.1 wt%, water by using a constant strain rate test. Similar
studies were done for various cold rolled steel sheets and pure iron sheets.

Carbon content (0.001-0.12 wt%,) did not affect the susceptibility. Chromium additions (0.04 wt% and
over) increased the resistance to cracking, whereas temper rolling and lower coiling temperature of hot rolled
sheets decreased the resistance. Also the higher cooling rate of steel sheet cooled from austenite region and
low temperature heat treatments (100-300°C x5 h) decreased the resistance.

The effect of strain rate on the SCC susceptibility of a bent or straight form specimen in the methanol solution
was investigated. It was found that the both specimens showed SCC at the strain rate §=10-*—10-3% sec!
and the cracking depth observed in the bent specimen (max 0.28 mm) was greater than that in the straight
specimen (max 0.05 mm).

The same SCC as that in the methanol solution was observed in reagent ethanol (C,H;OH), methyl cel-
losolve (H,COC,H,OH), and ethylene glycol (C,H,(OH),) containing formic or acetic acid and water.
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Fig. 1. Specimen used for constant strain rate test.
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Chemical composition and mechanical properties of sheets used.

| chemical composition (wt %)

mechanical properties(L)

Ts' steel
kg/mn’ | No. | ¢ si | mn P s N 0 |setal| cr v | Nb [P/ (Tsk/e| E2%| HRB
. A | 0.06] 0.01] 0.35|0.014|0.016]0.002[0.043]0.004] 0.01 24.0 | 345 | a3 | 50
t
°" ) B 3 1| 33| 221 25 TEEE | 23.4]349| 40 ! 50
r: © ¥ e 8 | ®| .| 32 T 3 | 247 | 3.7) 43 | 55
et T
she 0 " | e8] 15| 16 T 4 1 27.4 | 40.2| 39 | 60
class ¢ 5 | as | 14| s D 1]0.036 206|324 6 | 49
(Cr add.)
F 6 | 37 16 18 | 25 210.104 25.6 ] 35.8 42 50
cold w0 | G 5 1| 26| 5| 9] 2| i 2| 0.03] Tr | Tr | 23.9|33.2] 46 | 48
rolled | class | 5 1| 33 2| 18 7| 46| 36 1| T | Tr [15.9]31.7f a1 | 38
sneet [ o 1.3| 1.55| 22| 5| 5| 26| 25| 0.19/0.011| Tr |406[58.5]| 29 | 719
; J tet 1.371 1.53 12 5 6 31 13 | Tr 0.032] 39.6 { 59.9 2% 78
class
K | o2 1.28] n s| 8| 30| 28 1|o.051| 30| 42.0]s36] 28 | 18
L |o.00t]o.001] Tr 3 5 2| 8| v | v [ [12.3]e3.a] 56
pure 20
iron M 2 11 Tr 4 7 1 5 1| Tr Tr Tr 15.9 | 25.9 58 14
sheet | class
N 4 0 il s 1L 7] Tr | T | Tr | 13.6] 23.3 20
hol‘l d ', 30 0 0.04| 0.01 30 17 |8. [} 30 ] 1 23.2 | 346 45 S
olie H
Sheet [ Class | P s| 1] a| s8] s8] | w| 2] 22| 38| @ | 52

Other tramp elements of pure iron sheet : Ni 0.011, As 0.007, Sn 0.005, Cu Mo Tr,

Sheet thickness - 1.2mm (A~N,P),

2.0mm(0)

Grain size (ASTM No.) : 8.5~9.5(A~F,0,P), 7~8(G.H), 10~1 1.5(I~K), 5~6(L~N)
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Fig. 2. SCC susceptibility of hot rolled sheets A,
B, C,D. (long gage-length specimen, formic
acid and 0.19, water added to reagent
methanol, test temp. 60°C)
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Fig. 3. SCC susceptibility of hot rolled sheets,
cold rolled sheets, and pure iron sheets.
(short gage-length specimen)
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Fig. 4. Effect of Cr content on the time to SCC
failure. (long gage-length specimen)
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Fig. 5. Effect of temper rolling reduction on the
time to SCC failure. (short gage-length

specimen)
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Fig. 6. Effect of hot strip coiling temperature (°C)
on the time to SCC failure. (steel No. O
short gage-length specimen)
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Photo. 1. Influence of hot strip coiling temperature
on carbide type and distribution.
(steel No. O)
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Fig. 7. Effect of heat treatment of hot rolled steel

sheet on the time to SCC failure.
(steel No. O, short gage-length specimen)
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Photo. 2. Influence of heat treatment temperature
for 5h on carbide type and distribution
of as rolled specimen, (steel No. O
coiling temp. 500°C)
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Fig. 8. Effect of cooling rate and heat treatment
temperature for 5h on the time to SCC
failure. (steel No. P, short gage-length
specimen)
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Fig. 9. Relation between tensile time and load

of bent short gage-length specimen.
(crosshead speed 0.05 mm/ min)
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Photo. 3. Relation between tensile time (h) and

shape of bent specimen.
(crosshead speed 0.05 mm/ min)
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Photo. 4. Stress corrosion cracking observed on

bent specimen after constant strain rate
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Fig. 10. Effect of tensile time on crack depth.
(steel No. O, short gage-length speci-
men)
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CHoBNRS 7R3 515kEE 30 min f£Clasihi
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2h PN OETIIEIE T 525, Z ORI Photo.
3WRFT XS B EHSBESCIKLDHKRHE—FKLTH
D, ThBEZIE BT HUEE R bl iooic#
NhoETHEIET S EFE26RE. A, CERIEIBERXL D
HiEh, 2h ZBITHRSHILED, 4h{RICiEE 0.22mm
KI5 ETEHRILETT5. 20A, CHOEINEIHKE
], —F5E LRI BH OGS L RIRICKREKA, CHip
OO LR TR E 3T 5. Flobbillirst
BRI A DBRIE T, M H O R LB h

EFOTHNSETT 5.

PTHEET 30 min FiORBRA £ EE Iz o7cdk
Bk HhoTTITRELTHWSA, C, B
B LCER DD, —EEik LoBhsFUETL,
FPRFIEDORE I BB ORETHE LE S Eizk
D& AR VI ESETET T 5.

3-2-2 i oEE

Fig. 10, Photo. 3 3 SCC lxgiirSAthiFExh T
WHRBICETTH I LERL Twb. Zha S Fig. |
DB B EE (10mm) 2 k& LT ghey
RN BRMEE ThE, BhiFXnkEs sz
BHEILNS.

Table 2 y3E(5aHf B (S8 EATH BT ) 1C D THIV IR
IEREXTRBLAERETT. 2hb b BEROEIhIE
XRHTIEEOREL LB LB DOTAEL LDTW
50 ZHEMFIEZOREWZSHTFHRodtiFEE R
LK, bbb OETRHMSEL Kb 7-» EFH X
bivd. —FHA, CHOENIESIELL W, chid
W HSDOTH S O PR S SRS A dFIE X e B X
Nig iz ThH 5. RBA OBRIEEENTENIE X 25 —F
RKEVHPES 13mm BELEVD, ThixdhiFiEx
BREWEXTNLT ZOT 2 FRET DI+ 5
BRELRY, ThABMIERCMEIN D7D TH 5.

3-2.3 BAeFEDEE

Z SCC pFEATIHMFBEELEHM D 2T LT
W52, HBRAOMFAENS BEHOTHEMSEL T W
5. ZOREHEOTAED SCC EHNIES KB XIETHE
RIS ENT, A, CEHoOREEY 4~10mm [T
fbx&mbih GAERM B) OHINFES 237, Fii
T _72 X ST, EE X AP ASE R Xt S RN
CHEILTKREL 552, A, CHOMBEENBLE DD &
ZOWMHyOMEEhBHHOZLELS Z EE L bN5.
Lo LR 4~10mm B f O 5 [3RM -1 5 B
a5 &, A, CHoTR N 2EMz VD 2
hlifECIZLAER U TH Y, 4~10mm DOFFATIIZ
ORI ZE L 6. Fig. 11 13 A, CHodh®REEzs
5I5EH 4 h BHoBhiFES EOBEBEYTRT. ZOFBEED

Table 2. Effect of bent depth on crack depth. (steel No. B short gage-length specimen)

bent depth h
(mm) 8 10

time (io ;aiture 5°30' 6° 15

hr

crack depthﬂ B 0.20 0.23

(mm} ‘ac| 0.20 0.20

13
7°33
4R
h 1.2
AN BA\\ C ¢
0.28 oR
0.20
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Fig. 11. Effect of radius of curvature of bent short
gage-length specimen on crack depth.
(steel No. B)
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Fig. 12. Relation between inner surface strain of
bent specimen and crack depth.
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o MIERAIE mm) TEHE LAREEOEHEO T &H
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THdH. F)EY S5 X hiE, H,S ffikigmpcto
R D& (7272 LIKENiME) ¢13 10-4~10-5sec-! T
R DFNEREEE T

PLLEDZE 2 Fic Uie s 2t st8 g o SCC g
KHIETHREEOREITHOT A c ObBWwic X
DETHOTAHEED LS WE LTCHREXINS. Thb
HEF A, CEPHFRE NS DI ET I Foih
RAEFE E~10mm) CHAFREL —ETHEHDT, FDOO
THRERE (0T A HH) REFOTH e lc X h—%W
CHRES. JRITE~7z ¢ =0.03 (HhE£20 mm) D
A, FERDIC XD ZOEROTL252 hc 0t s &R
SETDHE, TOMITFEANAIEREOFEHO F° Z0RE ¢ 13
4.2x10-%sec™! THh ZDETII/HXTE T SCC &
B Lisws. —F e =0.15 (BHREE 4 mm) DIGED
SEHOF BEVI R LT 2.1X10-%sec~! T Z D
i SCC 2RI/ LOCMYTHD EEZLRD.
3-2-4 HEMBRK TOFE D OF ZolifE o
RO 2 e+ 2 AT, thire s xm o EiE
MBI DWW CTOTREED SCC EFHICHIITTE
HaP~~7o. Fig I3 WEHERFITHREBA GR5tC)
TOTHHEE &% 2x10-5~4x 10-4sec~! ([3f bk
0.05~10 mm/ min) (CZE L& W7 & & OO E (B2
HREERESO mm) OBE(LERT. U AEEOR DA VW
4x10-4sec! TRIYEWIHTERERFTOIELFL 40
%T®HYH, SCC OFAFRD BRIV, I1XI0-4~1X
10-8sec~! OFFATIE SCCIIHBRN OF, TWHICH
L, OFRHEEINE L7511 Lichs > TR O E
/N E < 5. 4x10-8sec! DUF TR HOYTI X 5
WohE e, g 169 e h. oA SCC g
B O —ERB ORI D SR vy, < TREiiciE

tensile total elongation in air
T
X + =
& +
- 47
& ¥y .
= ol
% -/
S 0l + scc
w _ — no scc
10
T 0 ° 10 ¢ 1072
strain rate & (sec ')

00501 0250510 25 S 10
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Fig. 13. Effect of strain rate ¢ on tensile total
elongation. (steel No. C, long gage-
length specimen)
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BHLNS. L UTHREIzRBDH LIS SCC LI T hbts
%% LBUERIE L ORF T Eh LRBRA 264D F
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%5 & SCC DRFETHRBEOTHEEDILDS Z AR
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RS T RS DTIX 2X10-5sec! T SCC o
RFAMNBRD LN,

MMV CTEERRA (FTHES 400mm, 55D &
J£ 0.05mm/ min) Tk SCC %k LigwZ & &R~
7ohs, TNRLOOTHEEN 2x10-6sec™! T/HhS T
EFTCARBYTH oD THS. chicx L BA
TriFE CEtErgeieT SCC 534 LcDiis[sk b o
CRITERICHE REIT ER S b 2T & @ O T HGHED
SCC FEA W HYRET R D7D TH 5.

EESREBR 1cF4ET 5 SCC HhiExiifkT 0.05
mm (é=10-3sec-) T, HFHERR ICFEET HHINE
X (&KX 0.28mm) XD HFEYSXV. Z0OZ LXD
OB, ERARREMO SCC FREEZMEE
WSS Ui WIES Il SCC REMEN I D iE b Hbh
LT OFPEERBRF X D bBEYEEZEX LN
5.

Fig. 14 3EFTHEERRAF O SCC B2k &
FETOTLEEOREAYRT. COEAE]1.4x10-5~2.8
x10-4sec~! DUTAHIEEFFAT SCC MHIET DA,
zZ {3 Fig. 13 oEETHRBRR OBE LIE Wiz —
T 5.

e gemm=Q_ 0 .8 _
af ° I S
—_ a g7 - -
L b
5 Rt 74
v a2 /r
s A o ¢ } in turbine oil
= * 4 60°C no scc
‘:03’ 20 _}_/ + sCC in methano!
= / — no scc J-solution at
§0°C
10 PRI

105 10-4 107
strain rate & (sec-:)

0.05 0.1 0.250.5 1.0 2.5
crosshead speed {mm/min)

Fig. 14. Effect of strain rate ¢ on tensile total
elongation. (steel No. O, short gage-
length specimen)
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B, O EEORBA ORETRILE T O R T
Hy, SCC ik FOFNEED LNV

PED X S5 HRBRIBE 60°C, +4H/hEWOTHER
CTEERRBRZITS &, K5 RENE SR o HEME Rl UMiE
PHEY/NE LS.

60°C  x % / —ViEHRP T OBEERM A ORET R UE
BINEWOTHREECI/NEL L BDME, SCC 235F4
THZE LR ZORBRA BROREI/NELRD T
EHEELTVS.

33 X&/—LUADERBEPTHRET S SCC

3-3-1 =&%,—wn

FEEWRY /8B I UKRERIMUCRERR 2 /
—wih CRF % 5 X I B FITEHABRA GRERMO) &{E
2T, BEOTHEERR (GI5R#FE 0.05mm/ min) %
fiof-. HEREEL 6040.1°C TH5H. XE 0.01~
0.25%, 7k 0.1% ZiFMLiz= & 2 — T 10h
DBIEED b SCC ORARED bhichr ol 4 I7ER
0.01%, 7k 0.1% ZFmMlLiexs / — VEBERP TR
B ofiFRlic SCC AFELE L. Lo SCC
ViA & 7 —VIBROEERETIEFR L, BB
EEM~DENFEXIE 0.0lmm YT TH5. OTHE
Ed V8, KOTIER &2 BYSITRE, X DiEy
SCC NI T DRSS, Lrlxi /s — VDR
itk 72 b 77 RERTH IBPERT IV
SEERFEBL D OPVELOT, 24/ —VEEDXD
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3-32 2FNEaINT
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FNL—~F I, 2-2 b x s/ —) BEMETVD—~
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& 124.4°C o FRCEESHLRRETHY, = bok
o —~A, TeFeio—RAROEFIESCEEIh
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S
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