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Effects of Cold Drawing and Hot Dip Aluminizing on Stress
Corrosion Cracking of 18-8 Stainless Steel Wire
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Kazuhiko IxOMA, and Mitsuharu MATSUBARA
Synopsis:

A study was made of the effects of cold drawing and hot dip aluminizing on stress corrosion cracking
(SCC) of 18-8 stainless steel wire. SCC tests were carned out in boiling 429, MgCl, solution.

The main results are summarized as follows:

(1) The effect of cold drawing before annealing on the SCC susceptibility was almost negligible.

(2) The effect of cold drawing after annealing on the SCC susceptibility varied with the applied
stresses. When applied stress was lower than 10 kg/mm?, increased susceptibility was observed in a
specific range of cold drawing. The maximum susceptibility appeared at 169 in cold drawing.

(3) The increased susceptibility was accompanied by the formation of ¢’ martensite, whereas
greater cold drawing beyond the susceptible range induced the formation of @' martensite. The obser-
ved facts suggest the different effect of &' and a' martensite on the development of SCC.

(4) When susceptibility was increased by cold drawing, cracks propagated transgranularly to cer-
tain depth ‘and then converted to intergranularlyl.

(5) Hot dip aluminizing was beneficial in preventing austenitic stainless steel wire from SCC.
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Table 1. Chemical composition of alloys investigated. (wt %)
Alloy SUS C Si Mn P S Ni Cr
A 304 0-07 0-40 0-87 0-027 0-012 8-15 18-83
B 304 0-07 0-43 0-96 0-021 0-016 815 18-14
C 310 0-19 1-13 1-43 0-020 0-026 19-00 2395
Table 2. Working procedure of specimen.
. Specimen Reduction of area**
All i
oy Heat treatment and cold drawing Before After
number . .
annealing annealing
—An. | A-1-S 67% /;///////
5-056An.*——4-19—3-79——3-36——2-9¢ | A-1-H / 679%
—An. —| A-2-5S 50 //////////
5-05¢An. 4-1¢An. 3-4¢ 2-G¢ | A-2-H ////,///' 50
' —An. —| A-3-5 32 //////////
A
5-056An.——4:1$——3 5¢An.—2-9¢ | AasmH ///////// 32
—An. —>| A4S 16 ‘///////
5-05¢An. 4-1¢ 3-5¢ 3:15¢An.——2-9¢ - A-4-H / 16
—An. — A-5-8§ 65 /
5-056An,——4-16—3 5¢——3-0¢An.——2-9% | A-5-H /////,/////‘ 65
- B-N
B
5'056An.——2°2#An.——2°0%An. Hot dip aluminizing— B-Al
G 5:05¢An.——3' 5$An.——2°2¢An.——2 0% An. — c

* An. : Annealing 1150°C x 35~40 sec/mm.-Quench
Drawing Speed : 100~130 m/sec

Do2—=D,2
0T T L 100 (%)

**Reduction of area :
Dy?
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Fig. 1. Mechanical properties of alloy A S-Group.
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Fig. 2. Mechanical properties and permeability
of alloy A H-Group.

EAE .

WEI LB 2 B S X CBEMECHE L2
ARG 2155 10 kg/ mm?2 DUF DA T B S BT IRic
DHERLTWS. THCH LTHEFEIG N 1545 kg/
mm? OSEIVIBEHETERUSMNC IEF I A E eElhaige



1882 F v L AMEOEIEEE NI LETEMIEMIE TA I =V ADD EOREH

1057

Téble 3. Mechanical properties of alloy B and C.

. . Tensile Elongation 9 . Weight of
Specimen Diameter strength ’ . Comz/actlon aluminizing
number mm kg/mm? | G.L. 100mm | G.L. 200 mm o gr/m?
B-N 1-99 775 460 445 69-2 o
B-Al 2-05 772 44-0 40-5 67-3 823
C L 2:02 796 37-0 370 517 -
Specimen number
°A=I=S  429%MeCL soln
e A-2-5 142+ 2°C
o A-3-S
a A-4-S
10000 \\ X A-5-S
5000 > \\
- 3000 :‘
g S \
£ 1000 X
S Px 4 \ '
< 500 N M . R
e N 2 g Photo. 2. Typical transgranular fracture on A-4-S
@ 300 NS in 429 MgCl, solution with 1545 kg/
= \,‘j:: i} \ mm? stress.
100 °°\.| \§’> Time to fracture : 1-47hrs.
| T L BAENE RLTWS. LR 53 A-1-S~
0 485 788 10 1545 K e AR : A
o 25 5 75 10 125 15 A-5-S FRTOMBN ITH DT
Applied stress (kg/mm?) L30T, &5 Iho o bEELEEZ 3 i,
Fig. 3. Effect of cold drawing before annealing ZOBEBkmTE® SCC EEick X IEFTEE T OV

on time to fracture of alloy A S-Group.

Photo. 1. Cross sectional view of cracking on A-
1-S in 429, MgCl, solution with 15°45
kg/ mm? stress.

Time to fracture : 1-6hrs.
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Photo. 1 iIZ 3B K £ » Hbh iz KE LEh O
% 7. Photo. 2 LW OPEMEMBE R BA -2 7
F4 FRAF L UZEED SCC 1z st ROBIRICTE

TR—E0EMZRETZ L3EETHS.
3.3 3|HMOD SCC RBER

Fig. 4 i« EA{LEMAERILIT 5 /KHEDETES i LE %
Jmz7c alloy A H-Group iz 3 7KEEDEEIFIIG B &
CBDEDDWHM ORI D 40% DEFRFIFIC T
Nz T SCC &% {7700/ E ORI &R
BEMIEOCRBRHFETR LTV S.

HRFIG 71 4°85, 7-88 kg/ mm? DKV EEELRIC H D
BATIBEE I X >T SCC EEHSEL LD
INTE OB S Hbh, BRE5HEMTIE 16% Tk
OREEERZ R U7z, BERGS 15°45 kg/ mm?  FHE
I ETS HRINLE & & bR kok. —
¥, EBHEBICH L LEBESEENGCNEThThO
PEERMIT D WT 20 kg/ mm?2 DL E & 70 b, pkiTRERE v BE
MDA —BF/EL LD x0H%OBHS I TEOZE T
FCiid Sbhiisrofk.

ENOHBEBT >V TEMMOBRE LT 5 & RO X
S T fHRASA B> & fn ot WEIC MRV &I,
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Applied stress 42 %MgCi, soln.
a——a 4BSkg/mm* 142 2T
o—-—a 788 -
1545 No cmcmng
o--—0 04 YS /
10000} ; Applied shese/ —
4 | : l I 85
5000 : 1 : }
3000F  F—
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100} 82 -
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304 | | 1 | '
o} 20 40 80

Reduction of area in cold drawing after annealing (%)

Fig. 4. Effect of cold drawing after annealing
on time to fracture of alloy A H-Gr-
oup.

Photo. 3. Cross sectional view of cracking on A-
4-H in 429, MgCl, solution with 15-45
kg/mm? stress.

Time to fracture : 1-89hrs.

NI TR LB D DA VWS ERIIS M E < e B
LEINBEmCRAE LSS I IoAmE 3 EEAS
[i)%& 73 (Photo. 3) & &IiEiibfoBE & [ UM T
H5H. LL, B LE>CHBSIRMIoARm (3
BHOBEERIGNIDHEM) ER—FRIOFNBEEL, &
DFINVE BT HRINI X DCHGE L Sikiskic B
vV, BBV INEHEYI>TCEATWS. (Photo. 4)
Fiz, B T ORI ORI S THRARIORDRIR
CEELNANENTH D/ L LM srbh 3
HNIAROBRKCEELTRVWCLLT LIFREN T
Wov. REDLH5BERNATINGEAZE, FRE
NI 2T S. ZOfHmEE D KRE B TE%:
Iz 7R A-1-H TlIgHER SO T8 D 7o 8 i BARE

Photo. 4. Cross sectional view of cracking on A-1-
H in 429, MgCl, solution with 7-88 kg/
mm?2 stress.
Time to fracture : 55 32hrs.

\\/ Lo e

Photo 5 Intezgranular fractur" on A 2 H in 42%
MgCl, solution with 45°3 kg/ mm2 stress.
Timme to fracture : 1-6Shrs.

Photo. 6. Interg\ré.nula‘r fracture on A- 4—H in 42%
MgCl,; solution with 15°45 kg / mm?2 stress.
Time to fracture : 1-89hrs.

T VAS, DWTAESIIMITAMA 7/ A-2-H THLH
ST 3 bz, (Photo. 8) /X5 W5 IHkin T4
nx7cA-4-H, A-5-HTix & { BB ED L.
(Photo. 6, 7) Zh 50 $EAH D IITEE SCC Mm%
HrEERI R SHBATHS.
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Table 4. Tensile strength of B-Al after SCGC tests.
Solution 429, MgCl,-14242°C 209 NaCl-100+5°C No
S es 1
L,CC‘ fwt Applied stx;ess 19-1 925-4 31-8 19-1 254 318 SCC
condition kg/ mm
Testing time 450 340 310 900 900 900 rest
Tensile strength after SCC 760 75°5 755 76-0 758 765 772
test kg/mm?
Contraction after SCC test 700 702 69-5 68-4 71-2 7924 673
% - ;
30 000 M—— No cracking
by
B-Al (SUS304Al)
10000 =
X
o 5000 C(SUS310)
g 3000 |— Specimen number ®
— o B-N (SUS304) L
¢ e B-Al {SUS304AI) T
“; 42 % Mg Cl, soln.
L 500|— l42+x2%C
Photo. 7. Intergranular fracture takes place after E 300
transgranular SCC develops to a certain o
degree on A-5-H in 429, MgCl, solu- o~lo o :
tion with 15°45kg/ mm? stress. 100 2 B-N (SUS 304)
Time to fracture : 2-03hrs. ) 8 o
S0 2 91 254 % 382 446
64 (126 197 3 I" ’ :
3.4 7)[*5-:'71-\@3%*30) SCC ﬁﬁﬁ% 30 1 - L ) ! |
0 10 20 30 40 50

Fig. 5w bl 429 MgCl, ik o SCC iR
R 7T =0 ad0E LM B-Aligow
tx 20% NaCl 4k (100£5°C) v SCC B 1 n
L7chs, 900hr £ CHBfiX 22 5 L2k, Zh oo
SCC ezl o5k, HhE% Table 4z
.

TORP LTIV =D 80D E L3 B-Al (1 42
% MgCl, s d X O 209 NaCl gt SCC e
CEDTHRILSAY =2 T 9 OREFRESZ LTWAEW
Z &b,

4. E =

4-1 SCC RRUBARELTIHBNIE

F—2F5F4 FHRAFL LA SCC BEHICE X
ETHMMToOEEREFCEHTHS. BRI X
DTHEEANEITAEC R, HBTFXME g, kLo
EEMBMELY SCC EEFHgE LI ETHSh
VIEEEE, ANIREE, MIAEER X OTELL, = b E
&0, BRIREL S SCC MBREHF X oTHHMmMI

Applied stress (kg/mm?)

Fig. 5. Effect of aluminizing on time to fracture.

S etto SCC BEMIELT 5.

Hines? ~ 93 AN E 0 280 §ieis e X>TE
eFsz % RL, 18Cr-8 Ni-Ti §fic 31T HEE
DAL KkEL eviBE (78 kg/ mm?) X W
B 7% T SCC REHNJ/EALLD I LE RBELTW
4. Hawkes 59 T316 g E 10% iz, %7z,
GreeLey 57 13 T 302 §HCR U< 10% i REROBEFZE
HELTWS. KRS W TEHB N IE 16% i
»obhic SCOC EEMRARLLDHRRD LAILFEED
DERBLELRFLELOLDLEELLNS.

BELIA—-AFFA PRAT VUV ABMBROBEMG
Bz 2w, BEE{LEIERTIC O < /NS B s kT

(BmE=E 20% LAT) 2hnx 5 & BEE{LEnEBEO B
kiR EL D, SRR RD T ER2IEFELT
WhH. IR I <MLNABRRTH D, 5lirHFo SCC
RBCEVWVUERZEHOE< LS50 ZOHEOF kL
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Spesimen
nurnber
L A-I-S

49 50 51 52 53 54 55 56 57
2e
(a) as annealed, (b) 6°5% cold drawn,
(c) '16% cold drawn, (d) 32% cold drawn,
(e) 50% cold drawn.

(Target : Co, Voltage 40kV, Current 20 mA, Scanning Speed
1/2°/min)

Fig. 6. X-ray diffraction pattern for alloy A-1-
S and H-Group. &' and a' martensite
induced by cold drawing.

EThsd. bl Fig. 2 KRLALDICZOMIET
R EREBREBCELOS bbhi o &, Zo®mETH
ReE e AR H bbb L EREB T
BHRCTHD5. UTZhOLDEECOWTERLEDD.
42 MIFRILFHAP
BEEF—~ZX7F4 bic Md ELToRET IIT%
M2 EMIFER VT4 bRERT S EEEM
DI ETHS. FLTIDTNFLH4 bREEIRR
TVWETLAPLINNBF —RAFF A4 FRAF S LAED
SCC oFRICE D & vwHE 2B C. EDELEANEU 5T
LOTHRHEIhZZEY, BETCREEINTWS XS5 T
HOW, BLLAZDTIFHA MME SCC ERZ M2
BTBLEDEXFIBEZNLS5THEM). MIFEFEN
FTYA MCRFBEAFBEFE LD ¢ & HRONFHBRF
ZhD o BHBETEEFIL MENT WBEHEEWT H
U, LA 2oTHmIFER< LT 44 bat SCC EI3H
EREIETEELTHME T 2L D, 2OmMBEOKEE
SELTRITTIRETHS. £2T e BIU o OF

BETER T 500 X BREHA L EFAMSEHEY T2
7. Bohi X BEIEE % Fig. 6 1z "4, 436
A-5-H, A-4-H Tz ' (10 o r¥— 2 pANR LN,
A-3-H BT LDT a'(110) o ©— 7235 bbb,
(0 D —213H\LILDTWA. ZOERIF Fig. 2
ERL BREOLRLLED TLE NG T 5. S 5K
Photo. 6, 7 @ FEFIIMNIC A B T UkHEES 7 i
HUTHRRICAER Lc ! OESKRTHBZ L2 HRLL
D Photo. 8 T¢H 5.

LLED#FER» L, $atfA-5-H, A-4¢-H T3 ¢' O
HMER L, A-3-HUBOWRIIMIET ¢ b L,
a' OEENREMLTWEZ LI BEECHD. Lo
THEMEOFER»D & OB EERT S SRS IEMTE
DOFFATIE SCC EEMHIT KL, o DAERKIC Hxn
SCC DORERFHIIRD LIZIU D, a' ZRBICAEKRTDH
M5 HRINTE % Z ) s it o' odRici2R+5
MEEDXEL LA XOC, SCC BEM I HRSNS
LD EROWRSERE ZOTED EL brdihs
BWAShTETWRX5EELLND. 7L, RS
DBRFI DT, ' I a' DEFRLD L DO EEE
P SCC KEMIC BETS L0», ¢ X W a' @
ERTBECRIRNEIREE X DD THDDPIT D
TREXEMAADD Y, SEMLHRE= VT ¥4 b
ZRED HHEORI D MEE AT LTS LERD
5.

43 RRFANEIRHATH

3k, A—AFF 4 bRRAFUVAGFOELDICE B
TN DOFREIT 2T MgCly kR TR N En A3 EH
TH Y, NaCl BEEPCTHPMRENAE £ B LEINT
/. DA DOWT IE 5 MgCl, ik E Na
Cl B Bhmic 3513 %5 PH 05 LEAM ORI
HT28ho # =T aB B DT WhicdE ExTw
5.

L L, [EM&Wix MgCl, ig#ie fvT, SUS 304
#THERESEWEE (25~125°C) RNEhsdh 5
BEEAVZ OBt NREANE b L% BB LTW
5.
BT DT CIRBR7c X S I TR REh AL
Hh7z. (Photo. 5, 6, 7) fEH &ix EESIAT & A VT v
0T LT, EELORM LA OB R
BOTHS.

A) SUS 304 g CREA LB W T R In T2 hn
ATBRAMECRE L. TLT, ' 2T 44 FOR
PIETDH 20% LIToLMIERMA R MT, &
B R REIN A4 Hhs.
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(c)

(a) bright field image,
Photo. 8.

B) 429, MgCl, iFWirh CiRE vk 142£2°C TH 7.

C) FrRENIAEIN DD HBEHEALRICI D
7z. (Photo. 7)

ZOX DA S ORI RENICOWTIE, EEHELL
ST RBEBEDONEWE S THS. L 2T, LD
AH = XA DOWTRAELESEMAE VD, ML X5
BiLERRENESOVWTERDI SEHEZXLNS.

A L BRI IS EIS MR T2z 5 &, /NE7gm
TET, ¥ THGMALEEE 50T, MIEL &L
L2 DEEGRRID FHRIAMBRF LT £ 52T L2V IT ik
MR EN TR LA O, FLEBHMARSITIEAL
FE LIV T g S oM T, e kb
FERPRICEF LRI B A0 F -0 GH\ KRBT D
D, EIICENLTVWIRIEEIC A BHEDH DO TR,
A5 FHSIHAENIIRRNANSHHEEEAN
BCEIHERELLT, BEBOXRZC X HEEER
FORLERRENBER DT TEELTVS, Fif
RTHLNICH AN RROFHEFR LTS, L
MOT, BUWEI ANV - 2EFI2ERURLEEHRE
FELOBBRIOVTESBECRFTTHILESEDS S

i, LE &EZFHOBFBRITOWTIE, IEMECHEA

(b) diffraction spots,

o € Martensite
o ¥ Austenite

(c) key diagram .

¢' martensite formated in austenite matrix in A-4-H.

THECLEEBETHED E LAB DD, IWLOhRAERA
SNHOEL»SHHL L S ETHHLBHDHO. 70
L, MIEANSVEHKRT <0 &R LT il
IS D BERERKRE V. MIEPRE LD L
BETRY)EAELT, BERIE VST 5D TEER
WMz 2oT/hELiss.

L L, BFETH NIz E S MIED/NS WiiH
Th bR RENOGFE, L bR—HBA T, I
NEFLSE R TRIREIN AL LT 2 BRI E3ERMFEE
O FTRBETELVX S ICEbN 5.

WTFRICR X, ZTRHOBRRICOVTRSEERT E
HERESHETHS .

—%, BlhogThENE, Binsem B 505
MKABIC X DT EE Y, BHEIPRICHACIFTEAT H
5.1 @S AT RET D X 5 R E @il koo
T & hnz fftstst A-L-H T35 REE A & [F— 5 A ki
HERUBLIC B> TEE LTV 2 EIhp3 5 Hh s %3 (Photo.
4), FHEIGHLEV BEREHEREE D>TH#AT
WhH. LIohsoT, AEABESHkmIK & >TARL
7T Do T, ST LIFNEBC S UTREE
LML VWEOITHD.
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44 FLIZTLDHDDZODR

BRSWIIMT LI = 9 LD S ERE i
v, SCC RhIEe3hRD b2 2 HELTED, Zh
HEE LTHOXINAET NI =9 ADQBMBBRCIRND
BREBERCLSEEHEMEAIZISLDE LTV S.
Fiz, TN =9 LEHEEBHEBEE LT SCC [Hikic
BHERMBH DI EVIREL DS S.

WE, FBOTVI = LD DERTR SIS T
T = ABTIREEYE BRI ASH LT 250
BHY, FLERCHEEORWELEOREL T 5
e, B % D S EEDBTHIEZSITTHDOELT
W, AR TLZDBEH VA B % O Si 24T
T =2y adDETEH SCC [BohBEIIZELT, 8
W OSCC KZHO KW A F o LXHE ShTWW5 SUS
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