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Stress Corrosion Cracking of Low Carbon Steel in Methanol Solutions

Kameo MATSUKURA, Kazuaki SATO, and Yasuji Koxasu

Synopsis:

Steel drums made of low carbon hot rolled steel sheet (1.2 mm thick) filled with a methanol solution
of vinyl resin sustained cracking at the beaded regions of drums after two months storage in the summer
season when drums were stacked on their sides. The cracks first initiated at the inside surface of drums
and propagated intergranually toward the thickness direction. A constant strain test and constant strain
rate test were carried out in methanol solutions of vinyl resin to clarify the causes of drum fracture.

It was found that methanol and its derivatives together with the concentration of tensile stress at beads

caused stress corrosion cracking of low carbon steel.

The effect of impurities, formic acid, water, and formaldehyde in methanol on the stress corrosion sus—
ceptibility of low carbon steel sheet was investigated by the constant strain rate test. Bent specimens of
low carbon steel showed high susceptibility to stress corrosion in methanol containing 0.01-0.02 wt%
formic acid and 0.05-0.2 wt% water. In this case, over 1.0 wt% water inhibited the stress corrosion
whereas 0.05-0.2 wt%, water worked as an accelerator; formaldehyde worked as an inhibitor in methanol.

Effects of cathodic or anodic polarization and the test temperature on the time to failure were investigated,
and it was confirmed that the cracking was active path corrosion and not hydrogen embrittlement.
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(b) Fracture surface

Cracking along the ferrite grain boundaries observed inside of steel drums filled with

methanol solution of vinyl resin for two months.
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MEEAFE (K5 LEHEHSR) O KO3 EER 130
PBHEEZLNS. HhBMER Fig. 1 @RTk5
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Fig. 2. Relationship between loaded position:-and
cracking susceptibility of steel drums
filled with methanol solution of vinyl
resin for four months,
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Fig. 3. Location of strain gauges.
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direction .

Fig. 4. Stress distribution which works on the
beaded parts of steel drums when loaded
three tiers.
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Fig. 413 3 BRI TEED ¥ 7 o Gk S A HIORG
NAREERTRT. ZOHE K5 A HOEHED O K 45° 5
MIRLEIC F J & b5 [l A 23 kg/ mm? OF 5RE
N, 5. COMBRBFHIEDE L D KT AHITOWT
AT HNALE E—FH LT3, EER (& K4kg/mm?),
hEY (K 14 kg/ mm?) TR TE X 0 dimmahich,
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Lot —fgic SCCRR&BMENTGT EEBaES
I CERKTHRETHY, WOEKERFEAL T
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7 SCC THHLEXDTILENPTES.
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TETH5ERGHEHEKR2~3 kg/ mm?TH 5D T SCC
WRAELEWEZZLNRS.
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AR —VIETHRELEDIRAT A PITER L, [EIRM
e 60°C o—EIREICR2 (Fig. 5). A JEIREE
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TEOTHEERRE VD). HBES (WEY 7 2/
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water bath
scc initiation
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Fig. 5. Schematic diagrams of constant strain
test.
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Table 1. Chemical composition (wt%) and mechanical properties of sample.

c Si Mn P S Cu J Ni Cr | sol Al | insol Al
0.11 0.01 0.48 0.015 0.016 0.01 % 0.02 0.01 0.004 | 0.002
As Sn | N o H ﬂ YP TS § El
0.006 | 0.005 | 0.0012] o0.021 | 0.0002 | 26 kg/ mm? 39 kg/ mm? E 40%

500 ,
, { 400 1
1o |2t
30R -2
5R
[ 10 1.2
10R

Fig. 6. Specimen used for constant strain rate
test.

test solution.

- 65°C
water bath

specimen

: tensile strain rate
! 2X10-6 sec!

Fig. 7. Schematic diagram of the vessel used for
constant strain rate test.
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PHIT 6=2x10-6.sec-! TH 5.
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WERIKERK 6 @D 5 H 3 @ik Atk Fig. 5wy
L B CHBIT & 28N AgsdE Lic, 62H% IR
DOFREBR 2D B LA B R OIE S5 [mic E sl L
THEFULTHY, HBAIZ3 ST HELTwi. Hhg
ORI PRSI F 7 2 Hofh (Photo. 1) &
FERISHRENEZRLTWS. Thib, zor=1%
BHE * 2 7 — OV ERHRVE AR i RERAE SRR s D BRI &
BZTWATHDZ E¥brok. —F, T{HOUSH
AERR Tk 62 BIRIT D LEDITNhOFRAENSFED LN
poifc. WERMRERK OEhFEAREN TH 5 fr MRk
TR LER2Z 0 CUSERBRE O£
Ly bRERFERY OT A LEHBEHICE ST 5.
Z D7D WERRER VI C D& D SCC % X b Uk
EHEB LAY OTRE VWA EDEZLNDSFDENE
oW T S LIRS LETH 5.

3-2.2 FEOTHEERER

Fig. 7 oORBERRKEC=VFRBNE» &/ —V B %
% 250cc & ANIBE 65°C, B[3E#E 0.05mm/ min
TR (BEFFHAEEES M) Z5R27. ZORD
BRERERS-FSB9% % Fig. 8 RT. EEV 15 ® Tk
HF LS SRR S L5 D TIE N O_EFEEE AAE v
D, FOBAEIIEDE 3hr THRRAICHYT S S
ET 5. L OBERMHBUTER Lt mIE{bic X v
RTIGHHBEF U, & 13he RICHBRREET L &
DOFEOREITIE IV #7 35 kg/ mm2 ¢, HERK DFiRIRS
X bpAEL, FYHTREDLHIB%ENS V. BHi LA

-
o

RSt -S R R ~ S ki

«—35kg/mm*
1 test solution : methanol solution
of vinyl resin
r test temperature : 65°C

stross (4g /mn?)

20
o strain rate: 2X 10 %ec™
0 - r =l
0 5 10 I5

time (hr)

Fig. 8. Tension time-stress curve in constant
strain rate test,

— 78 —

«

“

N2



»

°~

f

AZ)—ABRPCRIDEREHORHEEEA N 1029

one side of

specimen (after test)

specimen (before test)

opposite side of

specimen (after test)
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Photo. 2. Stress corrosion cracking occurred in the constant strain rate test.

HERF OEEME Photo. 2 WRT. HEHEFRES Hif
DEF I T EH P S T 2B IR O RFH M &
B AT A WEITUASER D B NIHTE & ORihudsiE s &7
DTHELTWS. FHROREMHHEBPAMBEMARS X
SR OBIEEIE 2 SEINT KT ARk X UEGT
WAROHN EFRICHERIASINEZTRLTWS. Lz
BoTESHRFRIFRCEOT2EERBRTL £ =
NVEREHIE A & — VIR RTE ) & REMEGRIICSCG
BRAEXELMETHD T EHH LI

—H I U WEE £ £ OB 2Rk H ik
TEZVRBIIE X % 7 — VB TEEED B AL,
AERFIEEY 25hr 1HIBR OEMRET A R L O FEE
RO LRI, WERIEERR O & & [RRICT IRHER
F OFEAAT whb bR LA 23217 52545
W75 SCC BRLELTWBEZ EnL IO SCC wxkL
TR BT EEE N T TRENS TS T, —EER
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S HIRFAPVLETH A .
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wt%) DIREMTARHWEIX S b TRV (= VFHR
Bl & # &/ —WEEERF T CHEHE ThXfhzik
NP AR by, SEREARS bVTER). 1§
Ty CThd AR —~NThOREME LT &/ — 10,22

% (*& 7~ wito ITRL) L8BEW GRrnr
NVFe R, T TAFE R, ¥(EE T b, F
Ofh) 0.15% 2F@BDdBNI (FAr e 553 7). %
AL, WILERO SN o7 K4 EB130.129%
(B—=WT 1 v x—R)Th -7

INLOMED S LD ERMBAERIC SCC s L
TWADNEHEEL 7.
41 FBEFMULEZAZRBEEXZ /—LREDD

scc

Z DG v NESO = VERBING X ¥/ — ViIETE
D SCC ZPFARD S bIDHIFEORED v FESDD
DIRFE CEOTHERERBRTIT LA L SCC 24Uk
T EARBDHLNI. FoR URBRBR CEL LT EE
OTHHEERBRZITLS &, 1EHER SCC M3 4T
O LT 2EIE» L LAEWCIHL 5 Z &8RS
bivie. TR ODEENL ©= VRBE 2 % 7 —ViIEHK
RO EARH DS SCC L LTwb Z LAHESH
oo FEEAMBrhME—DMEBENETH S, BHLY
13.0.1% FEKEEP CEEN MK EREEh R
TZEZHRELTWS. FRTHTH W SCC Lkl
HiEo v MESOE= VEBIBC ¥BEEZEMLZ DT
EOTHRERE (RABRIRE 65°C) %{Tko7- (Fig.
9). ,
FEZ N0 LR WI5-E135 [3REER 25hr £ 3551 SCC
LAEED LR, 0.0129, 0.025% (& = LHEEIS »
27— VIEWEPD X & 2 — it 5 wi% LITFRIL)
DFFEETIMT 5 &5 9 hr BB A T TRl
R+ 5 SCCHARE ELDTHK TS ZOFR»D

— 79



1030 & & &

% 62 4 (1976) %8 2

4
s

~n
(=]
g

]

\

-+

t—F .

+ +
bent parts SCC <—e—> sStraight parts -scc-

(=3
Y

time to scc failure (hr)
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0 0.006 0.012 0.0250:05 0.10 -0.25 0.50 (wt%s)

addition of formic acid to mcthanol solution

Fig. 9. Effect of addition of formic acid on the
time to SCC failure of low carbon steel
specimens in methanol solution of vinyl
resin  which show litile susceptibility
without the addition of formic acid.

W.L. - water level

w.L. ( _WL. t )
o -1 wL. w.L.

H . .zZ] -
N 1\
5 | sce sce
AV

wy J/
4
before test after test

before test after test

bent part scc straight part scc

Fig. 10. Schematic diagram of locations where
SCGC occurs,

E = VREHE# &/ — VIR OB T TH D X
A SCC T LREREND 2R LTWwE EERD
NoH. E=AREIE 2 8/ —VIERS O X IRITN &
0.05%z% % L §HD SCC [KFZMITH LLIRT L, R
s g EO LR ET 5. FERIRESRIN L
SHERH R OBESIBE Bcdic SCC 24075
EEZLNS. X LITFERMEER LT 0.1~0.5%
w5 EHU SCC iz X BRA AT 7 hr D&V
T %28, ZOHAIE SCC DFesk+ A6E 1T R
FOFERAc <, RBRERE LOMLI LTwiw
T RS Tdh B (Fig. 10). 20 L X O FEER
MEDLE VA LRI UESFHNTS5. 3bAA
ZOEETHEITIN T 25 2 WS e A € $SCC
PBRETS.

BLED X S FEERMED LT X b 3Egh o SCC
ORET BMAMBRL > TL % DEFBLIZE WU
FEETRIEH 0.019%6~0.02% DA/ WEETREK O
BT ERISENC R AT B EIN TR SCC, 0.1~0.5%

DEVWEHFATHRBBIHHELOFS LHH LT LHHE
e FmE SCC LT LizT5. fiFHEhlixs
BN TEREL, TR RbLRAGBH DR TO A
CEATHOIH L, FHBHNIRGRERNTRAEL
AR OWMMMICRAET S, FEEEAIE i ABiFEmE
X9 LTRAET I, TORBLF ETORBEIXSERY B
BYAREIRDIZH 5. FPRVIZ X Y iEE EIT g
XBZRM LI A 2/ — VIRKQ OB T CTHhET
T5EELLNDH, FECOWTIRFTE2ET 5.

ZOX S ITEBEMCT 2 BEO BihsEzE &hs
P, FI AT EE LR = VREBE 2/ —
BP0 FE L PN O J1RAES & % 2 T RIS
NBRENTH 5.

PLED X 5T € = WREHE X £ / — ViFHRF ORI
TdHh5 XN, SCCILBS LTWaB T E254F L7-75,
COXFBI()RETRTIOR A2/ —VvORR{Lic kD
ARTHTEBHOLNTED, C=FRHIE 27—
BUWPRBANC S TR T Wi, T2l €= v kit
28 —VIEHRORYE, REPEBLER LI D EH
zbhs.

CH;OH+0O —» HCHO+H,0
(A&7 —n) (Fwa7wie R)

HCHO+0O - HCOOH

(Fa7r7e F) (8
4.2 ¥BEFRMLIAZ/—LBERSPD SCC

SMic SCC %k Z+WH & LCImEE, Iy vn
Y, B ERMBRTWSD, ThboWEicks
SCC BN b KBHRHPTHRAELTVWS. ZhIREE
DESALFHIEE E R EEL e 7 v LTHRRESh
TWB XS, Kehs LTLBOBRMSEL /- T
5. —HEOE NaCl, HCL, I, i E2&icr 2/
—apT Ti XU Ti F4ic SCC HBFELE LicHplz
FLDTWSE. FTNTEZVRBIE» 2 /7 — ViBERpT
Fetk+ 5 SCC THRAKICHLDIBEHE LTH &2/ — B
BEEIND., FomLifk* 4 7 —v LPFORIKKD
5E LRRISERLE R BRSPS D L3
2BV (1)K B L Table 2 TiRT X 5 a3
k2 2 7 — v AR & U TR LRIV TS
DT, COKEFALOMIERRIGOE BT EHRT
HMEND. TIVCTXEEZRIN LIz # £ /7 —)wh TOKEK
EEESERD SCC 2FAE LA, ks, #4227 —nhod
BERET ST LTuwisw.

Fig. 11 \Z ¥E2im LR 4 7/ — v CE
UL RERR LT oERY 7T HWBERER 60
°C, 5I3R#FEE 0.05mm/ min TH5. FEERML

— 80 —

1

&



x

A% ) —LBEDCE T AERERORNEEE R 1031

Table 2. An example of assay report of reagent

methanol.
Item Spec A ssayﬁrcport
n=>5
Specific gravity <0.799 0.796
Boiling range 9% >95 98~-99
Water <0.2 0.012~0.025

Non volatile 9, <0.001 |0.0001~0.0002

Free acid (CH,COOH) 2 |<0.003 [0 0014~0.0022

Acetone and aldehyde
(CH,COCH,;) 9,

<0.003 |0.0005~0.001

Assay % >99.5 99.9
— LI
S — + + 4+ - —
e
=2
= add.
£ 5 0.1%
Q
3 water
8 +
2 -
@ inl + + +
g 10

bent part scc <= straight part scc

0 0.006 0.012 0.0250.05 0.10 0.25 050 1.0 2.0
addition of formic acid to reagent methanol (w1%)

Effect of addition of formic acid on the
time to SCC failure of low carbon steel
specimens in reagent methanol at 60°C.

Fig. 11.

o WEREEARAE 2 % 2 — hTlE SCC 4R RDLH
7. 0.006~0.0259% XEeaiinT 5L 20 hr 53D
BB ORUFE AN I B THIBI T & S RE O
I SCC DFEANBHLNLH, 0 SCC ARk &k
DTHEBRA DM T 51T 58V O TiE v, 0.05% T
FHENFEETED SNV, 0.19%~1.0% T3 HERHEE
ECRAT L EmEER SCC 23S Lo T 12~14hr T
B IIHEIT 5. S SICXEINES 2.0% L bicd
LLZDOFMEE SCC b FgtE L ls B, TDAL I —
WD X BRIFIIE IS U7z SCC %4 0K VL ik
Rz WHmRIEA 2/ — VIBHEOB S LR L TH 5.

L3 2T E = VvREBE A 4 7/ — VIBIRP OB & 7
— W ERHID FEESAERNC SCC IS5 LTw5h &
Mo d ENTES.

Fig. 11 xRt X 5128 0.006~0.025% % #imL
PRI 2 2 — L I VETE SCC Lol
V. X2 =i OB BRIES TS LELL NG
ns, E=RBIE * # 2 —VIEREPO KRG EIZ 0.12%
(BEEx &/ — VT 5 wi%) Th B0 st LEE

thrss— oK SEEF 0.029 LIEFE A o
(Table 2). Fh CHREIFH * 2 / — LV IC¥E 0.0129,
L EDiTKkE 0.1% hnx THBRE{TIR D7 F DR,
Fig. 11 @R$ X 5 wkofEmic X v ghirEs SCC
BT S THIOhr CHEAF I RN T 5. T7abb Z ofh
FERSCCIT LTI DBKERFE 2B LE LTS,
FEIRHINE 0.05% TIHERBA LE F 72 B hic i
HEROMA WIEIERT 5 DONERD LI,
TR =V REHE 2 & / — VB O L [FERIC TS
EEL 7D AITER SCC 23R L kb E#F2 D
No. ZORBBERYEHKT A &/ — & H8E,
BEEGERT S LBt RELSE SRS, Fe, Co
ERESHT, BEEERMOXBERL EORER,S, 2o
LRIV ¥ ERgk (HCOO),Fe ki - (Fig. 12).
43 KOFTE

AT TR R X Skid » & 2 — v+ FEEOIC NER

D%

8.22 -
Target-Filter = Co-Fe
Voltage-Current : 50KV —7mA

7.19

10 20 30 40 50 60
248 °
Fig. 12. X-ray diffraction pattern of the residue
separated from methanol which used for
constant strain rate test.

figures in parentheses are
hours to scc faijure

1.0} - = —
i ST
g o5t — L+
E S(8) ! /(>20);
3 0.2r — — H o I
§ | (:'_) ('Z'f) i ‘.' (“): +H strong scc
5 RONCO NG N i+ soo
So.0sf |+ +H+ 7 H O\ o see
h] 1(>20) (10) ; : N
®g.02t ! P .
oo 1+ T N
(>20)  (>20) (12) Y
o — 4+ + — 0 A —
LEE?@E???XQ%?X L(14)_(12) (10 (10);

0 0005 0.01 0.02 OAUS 00 02 05 10 20
addition of formic acid (w1%)

Fig. 13. Effect of addition of water and formic
acid on the susceptibility of low carbon
steel in reagent methanol which con-
tains 0.002 wt9, free acid.

— 81 —



1032 & L+ £ B 624 (1976) £8 =

HNICAKERFEERSZ DT b2 DTHROEE
HERHRICIE o (Fig. 13). RERH x4 7 — v kEF
& 0.029;) ~DOXFERIMEN 0.029% OFE, K& iEMN
Lz 233y SCC L4 L. KEFHSHAEFR
A& —Xh—Hi/hEW P. G. (Purest Grade : H,O
<0.002%) *x %/ —nThFask 0.02% Fm3T 5 LM
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Fig. 14. Effect of addition of formaline and for-
mic acid on the susceptibility of low
carbon steel in reagent methanol which
contains 0.002 wtg, free acid,
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Fig. 15. Schematic diagram of polarization test,
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Fig. 16. Effect of applied bath voltage on stress
corrosion susceptibility of low carbon
steel In constant strain rate tests in re-
agent methanol (add. 0.005wt% formic
acid, 0.1 wt%, water).
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Fig. 17. Effect of test temperature on stress corro-
sion susceptibility of low carbon steel in
constant strain rate test in methanol solu-
tion of vinyl resin.
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