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Ridging and the Stripe Pattern Caused by the Difference of
Corrosion in 18%Cr Stainless Steel Sheets

Keijirou SUZUKI, Shozaburou Asami, and Kazuyoshi SUZURI

Synopsis:

The origin of ridging phenomenon ir 18% Cr ferritic stainless steel sheet was studied and the fo-

llowing results were obtained.

(1) Macroscopic stripe pattern which was composed of many dark and bright microscopic stripes
running along the rolling direction of sheet was observed on the surface of sheet when it was severely

etched.

(2) Macroscopic and microscopic stripes corresponded with large and small undulations of ridging,
respectively, which was appeared after stretching of sheet.
(3) Line analysis with EPMA across the dark and bright zones in stripe pattern showed clear

segregation of chromium and carbon.

(4) This segregation was inherited from the two-phase structuse, austenite and ferrite, in hot rolled
sheet and was hold even in cold rolled and annealed sheet. Each segregation zone was extended by
cold rolling and made a stripe pattern on the surface of sheet.
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REZE U THRRERZERT S L% 2
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Table 1. Chemical compositions of steel used.

(wt9s)
c | si Mn p ? S Ni | Cr
0.07| 0.40| 0.500.026}0.007! 0.10 | 16.96
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Y ORI (Tw) X UEZOFIANEHEIE Photo. 1 TFF
O REHRD WL O/ (&) 2, BRITL B Ak
DOEMRL, X<—HLTwi. Zozets»b Fig. 1 @
(@), (b) KRBhZX S ¥ )5 KHHEE @ HDT
WEhoEEbh5.
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Distortion of the reflection of straight
line caused by ridging on the surfaces
after temper rolling of bright annealed
1894,Cr stainless steel sheets.

(a) Severe ridging, (b) Moderate ridg-
ing, (c¢) Non ridging.

I,, and [1,; indicate the intervals of
distortions.

Photo. 1.
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. Surface profiles after temper rolling of
bright annealed 189,Cr stainless steel
sheets. (a), (b), (¢) should be referred
to Photo. 1.

I, : Interval of the wave of ridging.
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Photo. 3 (a) iz, & LTHEFEICH LTEALMDEE
m (R : B) WHbhirV oo rofElitroREm7
5 4% Photo. 3 (b) WRLZ. Y UryOMERITED
FA4A 2 TN TCHFERTII ALKHALT EESh
7oo ZLTY o v ZETRTOBHR W TAES AR

Photo. 2. Ridging appearance on the wall of
deep drawing cup.
The wall A is in the position parallel to
the rolling direction and the wall B is
in the position transverse to the roll-
ing direction of sheet.
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Photo. 3. Appearances and profiles of ridging on the wall of deep drawing cup.
(2) and (b) should be referred to the walls A and B in Photo. 2, respectively.
I, : Interval of the ridging on the wall of deep drawing cup.
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L ZOWE#ELE Photo. 4 IR L. (a), (b), (c)
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(a) T, BEHFEIZHE2THE 1.0~1.5mm DOFfT
RIS BRI . BROHEIhAERE (MR
A ERIRA LT D) 2IkkT 5L (b)) ©XSiciE 20
~200 p DiEHRAERE (RB : BiEH B L32%) »nE=
St ThbLEERAGEEEBOEAKRL LTE
RENCDIDTH D Epbhror. ILTEERBY
FERLTCHEERT 5L, (6) WRLAX DS EEEBILIE
<BRINICEHS (RRBIE) LBERINEWEHS &I
X OREN T ¥, BRERINAHS &Sl
S OHRRILT L ERFERMORR L3R L, B
ReTlE LSk E LTl hi.

ZOBRIT 30% WEERKIBIRE 1oV 10% Bk /KvEHk
RTEMETEREETIE T £ LTEER, %
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BREZC X DGRERLSPRRARRZT R 272 EDY
T yE B I REARTR ORISR % Photo. 5
% X O° Photo. 6 IR L7,

Photo. 5 %% Fig. 2 (a) 7R L= X 5 ¥ EEHF My 5t
LCFfiH Mk, Photo. 6 13 Fig. 2(b) WRLH"X >
WCRIE A RN H U CTEA SIS SRRBRE TR DR
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Photo. 4. Microscopic feature of stripe pattern
appeared on the surface of 189,Cr
stainless steel sheet etched with(HNO,
+HF +H,0) solution at 80°C. (b) is
high magnification of (a), and (c) is
high magnification of (b). “A” indi-
cates the corroded parts in the macro-
scopic stripe pattern ‘“A”, and “B”
indicates the corroded parts in the
microscopic stripe pattern “B”.

TH5. ThZho (2) 135 BERRAICHABRA % 80°C
D7 v BEKIEIRICEE L TRRER X 58 RERL 8
BLbDTHS. SRERLEE LERCISIES
e LTEACRES 0mm D -2 %1352 L.
(b) WHUE 20% #5170~ /A UM
R N TIHEE, EERME L oL, Tk
MHEBEMECHELLDDTHS. (o) 11 (b) THK
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Fig. 2. Method for making samples.
T D : Tensile direction.
R D : Rolling direction.
S D : Scanning direction of roughness
between the two marks,

Lz —2oMM%RE 7 5 93 THE LD TH
5. Jak, (b) HICRR Lo ARRE» BIREIE L
FERT, MET5EET S V0% (¢) FuzR L.
B X, wEHmics LTETAHROS G
BIXOEALMDIEONTROBEICHVTH, MA
PSS I FTIAEIR MM L DT/, Lo L,
(b)) DX TFBABERAMB COAZEET S L, O
ADRARIT X <LTWB DS, X D BV MmA LA
KEL>THREIRL. 2oMMzZmBEL, (b), (0
FICRR L. 7, WEEKERS &, MADESIE
Photo. 5 (c) DX ST WIEAEICH LT FTAHMIS]
RE T o E55 9.4, Photo. 6 (¢) DX SICEA
B s 3R Tl 2t BE5 5.0 T, BHTCHELL
LEDHADKNDHEE XL —FH LT TDLE
DM BOE X3, Photo. 5 (¢) T4.0u, Photo. 6 (c)
T 3.0pTHok. £, M A KBXU B ofiE (K
Rl BXC In) 13, SERAMCPHPDST, MAT
1.0~1.5mm, B¢ 0.1~0.3mm THof.

in corrosion, (a), and ridging appea-
rance after stretching, (b), and surface
profile, (c¢), of the same part as (b)
on 182, Cr stainless steel sheet. The
tensile direction is parallel to the roll-
ing direction as in Fig. 2 (a).

1;, and I;; are intervals of ridging on
the stretched piece.

% 1T, Photo. 5 5X1r6p (b), (c) & Fig. 1
$ X Photo. 3 iz R LY U FEIRIGE R & gt
5 &, WEFMIC T BRBE SR, »oMMofbEiE
(Ita & Iy 1y, L) RFIKMB HEIT 0ok ZTEHD,
AR VU TELTHESNDIOTHS. E,
Photo. 5 XX 6 @ (a), (b), (c) X5k BEER
X BERER ER@MOM MBS X ORERK EZ R TS
T LR X2 THREROE L MMoMRSR—72Z 27 2
&, RHRERR E MM BES R Ffric HEShAZ
L&, T LTRERABBERBIC X >THERIhTW
ZEERLISTOHARGBIZ X2 THEREATWET
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Photo. 6. Examination of the same phenomenon
as in Photo. 5, but the tensile direc-
tion 1s transverse to the rolling direc-
tion of sheet as in Fig. 2 (b).

I;s and Iy are intervals of ridging on
the stretched piece.

L7 ERS ST D7,

2-4 2 BEAROBORAAH
oA, Fig. 3ITR L7 C0.05% D& & D Fe
-Cr FRARGEM s SIS A X 54z, 950°C #2551 350°C
DOEIT (a+7) O 2ABREEAH D, H OEAET L 000°
C#» 5 1200°C ol ciifehbh T b, £ TEERFD
FERR VT 2 BABORM D WS T 2 1515 5720,
B2 1300°C T Zh R4S LTARB L. TDEED
WHmAlEk s X CE—80 Ok 5 it H#% Photo. 7 i
RLZ. WEMENIE s ) U EB-EE-7 v I — VIBIRT
B UCEE L, Kaoiiixic Fe, Cr, Clzonw<T
EPMA i L T2k, ks BEciiei s o
o h—RATEEZIEZL, EEMEZSW TS
X DHERE RS L2 ERoh, TOBEDOSITHEIZE

ijwmmﬁwmgyww@wmwmﬂﬂ&J&w

i‘._.

Photo. 7. Microscopic feature of (a-+ay) struc-
ture and chemical composition analyzed
by EPMA. (a+awm) structure is made
by the following heat treatment.
(1300°C x2h —— water cooling)
Hardness of each structure ;

a : Hv 145, ay (mark*) : Hv 565

() 10 20 30
Cr (olo)

Fig. 3. Phase diagram of Fe-Cr alloy. (0.05%
C section of Fe-Cr-C system), (after K.
Buncarp et al, 1958)

JIETHERASICMODEE IR LD CEMmMEL L
ToHirLic.
HEHGONcE <4 7oy H— R ({sjE500g)
CHIELFETH, Hvl4d X Hv565 &picxom
E LK ELR R 2EBFOHEBHSHAL TV PRhED
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Table 2. Structures and chemical compositions
of specimen at each experimental pro-

CESS.
1 300°C cold rolling
T 1l x2h 800°C &
reatment | ¥ % 10 min annealing
cooling doubled

Structure « «@ oy
c.C. Cr 18.1 17.5 17.6

Wt%) | ¢ | o0.01> 0.01> 0.01>
Structure am a’m az
o Cr| 15.8 15.2 15.2

wt%) | ¢ 0.16 0.24 0.20

C.C. : Chemical composition.

EVWHEE o, BVHEIZ av L L. a & apn DK
S RER» S, av 1T a W LT Cr BEBMKL,
CE LU Fe BENRELKRDOTWSL I E¥bhrDi. ¥
DEODOMEED Cr & CERERE LciER%Y Table 212
RL7z.

2 FHSEIT L L 7o D bz % Lz b @icid Photo. 7
KR LX 51T apn £V 9272 X 0F LLBWHE»E
ELTWSH70, TDEFE CHESHEETER Y. £ T
T 800°C T 10min DREEEZ (T Drc. D &S DIR
Wik 5 X O F—#5o Fe, Cr, C o H¥iiER%
Photo. 8 iRk L7z (a) 1T k&bt IREsECH 5.
(b) VxPLEAftE 1300°C iz Zh{riF LD LREG Licd
DOOWEEETH D, (c) X (b) LF—ERHS;EBEFLL
7o & EOWMMEES X ORGSR THS.

(a) WTITBVE A i R R R S /e 3, (b)) Tk
WMELTFDO»HYic, Photo. 7 CRLZEFML (a
+am) HERETLOT W ZhEESE L2 (¢) o MR
ZR5E, (atam) HFOBIRITIZERELTWERWZ &
i s. Fiz, BEHBTNC ay THO/MENT an X D
BEINLTEDTWRD, aTHOHBIIERES
NI WZ LR EDb Ao, BOBOOH-I%
BlE (fWE 500g) +5 &, LEHENC am ThHhoroMR
X Hv245 X (K< 7x>THbH, a ThHorMEklx Hv
145 X (LM B S Dre. & TTESNC X > CHE
BRUP 2 EBE( Lz, BN an THOMBE
a'm &L, a3 RELIPOEDTEFDEFa L L
T el @y ORGHVEEREP D, o’m TallEE L
T CriRERKL, Fe & CRBELADTVWDLZ EHb
POt BOBODOHMEED Cr & C #F& LicEES

Photo. 8. Microscopic feature of (a+a’y) struc-
ture and chemical composition analyzed
by EPMA. (a+a’y) structure is made
by the annealing (800°C X 10 min) for
(a+ay) structure,

(a) as hot rolled

(b) (a+ay) structure of the same
part as (a)

(c¢) (ata’m) structure of the same
part as (b)

Hardness of each structure ;

a (white) : Hv145, «’\(black) : Hv245

Table 2 [z7R/R L7
2.5 2 jBiAE & RERSTME

Photo. 8 (c) R L7AX 5% (ata’m) #HE%E 2[0
VAR 2 [BlBEsd L 72 & & ORmE MO ZE{L% Photo. 9 1T
Rl BEERT 509 TREREEZ 009mmE L,
HEShZfE 800°C T 10min = L= (a) WSIERTO
WEMERLT, Photo. 8 (c) W RLA (a+a’m) MkE
FUL3DTHLBE VEVERTHREEZTE2RDDT
5. hOAVEITH a T, BELBRINLHID o'~
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Photo. 9. Transformation of (a-+a’y) structure
when cold rolling and annealing are
doubled.

(a) (a+a’ym) structure

(b) (a+a’y) structure after the first
cold rolling and annealing

(¢) (a+a’y) structure after the se—
cond cold rolling and annealing

TH5- (b) 1 (a+a’y) MEEE | (AL | B L A
LDT, (a) T a'm THORBELBREINL HH0Ep
HEEINTWDED, a’m BIHELTWEWZ &R LI
(c) 1x, (b) DS % I LICHERSILdDT, BL
BEINLHFE (b) XVHESNRTWS, o'y O
FoEY 2 I 2 MBS T D THEL2TWDH T &N
DipDf. TOLEDORERZ a THOMEE a &
L, a'm THOREBELBERINIHGEE ae & L. &
LT, a: OHEBBEIN, a ATREBREZC XI5ERK
BEIFEDONIP O, 20 (ata) G2 X VE
ERCHEL-EZSLICF—B5D RS SMERE
Photo. 10 W2/ R L7z, a;, &I 10 O WS

Cr

Vol T D W

%ﬂﬂwmﬂww/x
} C N
i .

}

Photo. 10. Microscopic feature of (a,+a,) struc-
ture and chemical compositions analyz—
ed by EPMA, This structure is that of
high magnification of Photo. 9 (c).
Hardness of each structure ;

a;: Hv 138, a,: Hv176

FreleoTwiz. Fi ar #ENT v LRICERE XN
TV TH o7z, Zofgior-IRAIE LI-L T
5y, ey 3 Hv 138, a, 13 Hv176 C, as T a’y I
BWEEZED72D o KDEWEERLE: a1 & a,®
RG GRS, a2 13 ar KHE LT Cr 5L,
Fe & CRELLLDTVWBEZ ENbID. EDEOD
#igo Cr & C ZER® LR % Table 2R L.

3. = =

Photo. 4 R L7z X 51T 18%Cr =271 L 2B
WE2BRET 5L, TOBREDEC X D FEL AT FEF T
RRBERS R oz, colE53RMBRT 5 &, Photo.
5 6 LA X O, BREC XD FEKEHR: Vo
O LOEENRLDTEY, shEBRRAL YOS,
BHEB L BoEoBIRT b biakiERkoiE & Mo
FfRA—FLTV5B T b oi. FZTEELITY
DU EBRET X AGIRER L oM BERBEGER S
LLEX BREXEAUCIFERSICERK IS0
BRERIT 2WTIRO X HiTHEE L.

Photo. 4 IT R6ND X S WBEEAE N I BIRERDE
A& LT, FERDIENMD T INE Y & IO ZE
HEOBEM,I LTy FEy MOETLLLEBLES
HRIC KT 5 e AR O ZIT LD L 2B BR5hTwn
5. TLTEEEBOEZECDERE UTEERC 4
CHE#HMT =54 F/X RO 22057094 k) |0k
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50, BERFCACLHREY VLD DD LESE
ERTWS. Lirl, FRED X SITEHIRDIHE T » BRK
BIERCO®RERIT LhlE, Photo. 4 (c) i BRoh?
XoE, BEEREULAERILT LIESNALTT
W7a <, MRNZEBRLCBEGREKTHL O/, 2D LG
BEZAECHERBLT LdFEMEAFET Tiivwe &
BRTHDEEZS.

—F, 7=954 " RAFULAFEBNTE, Cr &
DECEOTHEEPEL D L LRBMOFETH L.
F7- 18%Cr 25 L RX§HDEE, Fe-Cr 3 (0.059,C)
REEE X b 950°C 7> 5 1350°C T (a+7) D248
EEMAFEL, ak yOMT Cr BEORFSELBZE
BT CTRIBEZINTWE®, LiahDT, ad r OMIC
MEMOENELDZ EREILND L THDH. BT
VBE ZO (a+7) 2N T RbRE Z &A% .
T TTCEMERRE 2 FRRBCINEL L 2D L8R Lz T A
Photo. 7 R L7z X 51, Cr 8234 < C 344\ a
& Cr @57 C B v ay MK RSN, am
MO I X D Hv565 LE LBV 95, ay 1T
2 FRSRIRINEARE D 7 BEREL T X DRER VT oA b
L2 DTH D, FAREEREZITRDEV aflifix 7
=74 bTHDOLIDEEDLRS. Cr 013 2.3%
LI X D DI WERTHom, C BEOEME 20
B EORERFENZR L. CEDERICDOWTIH,
EHER 7o EPMA Tl & Lok
DI,y I CORITA D bz Z X5,
Thbd. ZOCOREITIE Fe-C BIRFERH» 5 7 #ipsC 3
EA LT WI EREIBDDEEZD. LT Ehb,
BHOBGERFCHS VT, ak yOBTCrsXUCo
RITZEES L I3HElTx 5.

Z LT 18%Cr 25 > v A REMIIELIESS 2 [E 5L 2
EESIZ TR OTHEEZND Z 5% V. ay ZHEEHT
% & Photo. 8 @R LcX SR —ICEZE25 2
ERL, VBRI TVHEEB o’y & 7LD E R
Hv 245 L{EK<sD7z. TD a’'miE =594 o3k
ERINT X—74 bIRKHEEE o b Ex 5.
IDEED a & o’y DD Cr & C OEHFOEMIE
Table 2 DFEEL LB LNPE X STELLTWich o7
TEpb, SNz XoT Cr X0 C 1A SICHRE S
higvdot B s,

aBI a’'y ZHIEL=DOLESE L7 & 25 Photo.
9, 10 WiRLAZX S, ZROORBRELETEES
FRCAPIE L2 E LCwiz. D L&D Cr & C oD
{RiTix Table 2 CRLAXSK a & a’'y OEDRERN
EFRICHRTH D27 2L S5 (a+7) O 2IAMED

D Cr 3 XU C DRITARIES X OEEsiRIC DT
W EBRFHEIKBVWTAREEOL T IieErd
e, rofEREHEmERA L, Cr odinl C
DE ap WRBENMEBRVEEINPLTLADLDLE
bbb, ZOT ErHilEOGIELREMIIC 3\ T b BT
Brc4: U7z Cr X0 C DRFIZEEET, BaEEy
EULBDDOLERDS. FRBRECID>TEL HERFED
F2dkid, Photo. 9 LALLM X SKEERD DX D
DIV N TV LB HIHEESINS. £ LT
Photo. 9 KX T 10 X Wil WHRRN L2k ay K
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Fig. 4. Schematic model showing the process for
making stripe pattern parallel to the roll-
ing direction on the surface of 182,Cr
stainless steel sheet.

(a) : before hot rolling
(b) : after hot rolling
(c) : after cold rolling and annealing
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