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Characteristics of Bonding Interface and Strength of Hot Rolled
Stainless Clad Steel
Takashi FukuDpa
Synopsis :

The composite steel of SUS 316L. and SM50B made by diffusion and hot roll bonding processes were sub-
jected to the investigations of nature of bonding interface and bonding strengths. The test results obtained
are summarized as follows;

(1) Bonding strength of clad steel increases with increase of bonding temperature and deformation ratio,
and reaches the tensile strength of mother steel, when the temperature is over 900°C. And also the bonding
strength increases with increase of bonding ratio of the interface. The dependence of bonding ratio becomes
larger for K. value, compared with shear or ram tensile strengths.

( 2 ) The bonding strength of clad steel changes, when the clad steel is hold at high temperature. This is
caused by the both effects of increased strength of martensite structure and decreased strength of decar-
bonized layer at bonding zone.

( 3) The stable cracks initiate at the defects on bonding interface, propagate accompanied with linkage of
each defect and finally lead to debonding of clad steel with small fracture ductility. The behavior of crack
initiation is affected by bonding ratio of interface, difference in measuring method of bonding strength and
strength of each material composing clad steel.

Key words : stainless clad steel ; hot roll bonding; bonding ratio; characteristics of bonding strength ; nickel
insert.
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Table 1. Chemical compositions of test materials used.
Material Chemical compositions (wt% )
c si Mn P S Ni Cr Mo Al
SUS 316L-cladding steel 0.017 0.64 1.25 0.027 0.0017 12.09 17.57 2.05 0.011
SMS50B-backing steel 0.09 0.38 1.38 0.004 0.003 0.26 0.06 0.05 0.030
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Fig. 2. Configuration of shear and ram tensile
test specimens.
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o :Diffusion welded under 2x10~4 torr
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Fig. 3. Relationship between bonding temperature
and bonding strength of 316L/SM50B diffusion
welds (Held for 30 min after upsetting).
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Fig. 4. Relationship between bonding temperature
and bonding ratio of 316L/SM50B diffusion welds
(Held for 30 min after upsetting).
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Fig. 5. Relationship between bonding strength and
bonding ratio of 3161./SM50B diffusion welds.
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Fig. 6. Relationship between bonding ratio and
bonding strength of 316L clad steel (One pass roll-
ing at 1200°C).
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Fig. 9. Hardness distribution of diffusion welds
held at 1200°C after 3.0 mm upsetting.
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Fig. 10. Carbon distribution of bonded zone in
316L clad steel (Diffusion bonding at 900°C for 24
h without nickel plating).

HBLADDTHL., BAEFRHEEMICL COFhof
FREHMOLOLH  HILBOER L TWL00 DL,
T hid SUS 316L 4 % Cr, Mo, Ni Z» 4L L,
1200°C 225 DEHIFIZw VT o3 A4 NEREL -0 &
Bbh, LK TEOSHEEOKE SI12X - THE
BT 5. Fig. 9 2005 X )12, 1R¥MER 600 s
IZIE L 3600s DI HHEILENE 2 & O B KEEREfE A% %5

%o Twh. Fig. 8 DHEZHEARE, AR, REFHFHE
#3600 s ¥ THGMEMIIRAITHEMT 5013 2 0L
BOWWOEKICLLLEEZORSL., MBURFEOBE L F
BRLGBETII -5 TV DA, RABEGCHRE % /R 3R REE
i 1200°C M2 RF L D b ETEREBAICBITL T
V5. Fig. 10 i &b H % BIL S Tw vtk o
AR 900°C, REFEEM 24h o BEAEM/INEED
XMA CXBRBBESHEZREL-LDOTHA. RKE
SO~V T A MBS GEVEB TRERRT
DRECEFPROOND, BEHOBW I~ LT~ W
A MHICELZZORBETHEHECTEREL TWDL I LT
BESN, ZOFEBOBEIBEAGHMELLRL WS L
ExbNB, L72do THREEFM AT 3 X 10%s L 1) EiE
%5 L BEHBEFMRTT 20 IOBRRBORER
OBEVKTHEEREEZ OGNS, ZOL)ITEAED
INEALRFFIC L D HEEWENZILT 50k, BERERE
DEAIZEZDTIE 2L, REEEOIMB[MO< NV T >~
A4 FHOEREBREREDOFRENVWTELLEEZ HR
5.

RICFig. 10 LREMD 2 5 9 FO = v rvd 5 &
JEHA 9 — b SNTEEE O R FIRE DA % IR
AL RERUERFROMET, 316L HLIRF O
BERBE IS, Fig 10 04 44— FOEWIEEIC
WLFORBER/IESL, = VF o414 FPOERIIED S
N 572, 900~1250°C DREHPAIZE VT Ni Fo

—122 —



FFEXF Y VA7 Ty FEOBEEMERNE & FEEIR 259

C OUBARBIE R EM D Vi 316L Fp & ITITF%TH
57 L»PLCOEEREL Ni PO #P LD b H
HNBVOTREFRFTOCH Ni F~DOFHAZHHEIL,
HEE LUCTHED D VIE AT ¥ L R DIEFIERR &
hn, L7zd-T Ni Br#EGREICH 561, Fi
8 IZR L7 & O HZARFIR R I T 2 A ME 0B LIZEE
HHNT, T —EDHEEREEZIRNT.

3-3 BABOWMBRELEERICOVT

BERHHVIETVT A4 MHAREIC X 2HEAH
WM RE OB BEAMEICRE BT TR AT
LB o 72hs, AE TS REOBEREMEICD
WTHRAEL . SERMREERBRIC I D ERL, #E%
A3 78.5% (Ni £ v — MEL) BXU 95% LLED Ni
Ao —rDHBHbDELVHDE3EHTHS. Th
502 Ty F#H, 6 Fig. 1 (b) IR LZFIRABRA %
RELL, XHOREELSPEHRRREBELL. i
13 Fig. 1 (b) FOFEF7ER 10 mm [ O OVF & [k
2, BARE AT RICLT 10 mm OBFBECHIEIL, 100
fEnruv s y—ClELESREA, S SM0B
i, SUS3I6L BB MUELYEKD L. SUS
3161 DMK £ Tid SM50B, SUS 316L Wi b i3
IR U E A % 5B LBEREE 4 M2 % & SUS 316L #il
NEWEARZRT A, £0% SUS316L oLk
LB EANEL, REMENCHFIILALFELE
REAIRT. REBEMEE L, RLBEORVEFTK
XLREHERT. SEHOFBELR O VIR RIE OKRE
AERAVCEHEL . SEFMCDIIHT L IRESHE,
o h OSBRI L TH v - BEEIeE « s
IZTHEL .

Photo. 1 (C¥EEFR 78.5% D27 F v FRO X RFEL
HUMEIBRIRERT. REAH 0.5% TTRERDE
AR, ThEBZLEBREREUOBRILNS 5\ iR
A F3RELELTEHROBEIBOOLN, EZHE LTI
MO FRBEESWAPLFE L EAH AR LERIEELT
WL ZOBEH 0.5% 1, SUS 316L X 0 & v fE{RIR
Ex AT AH SM50B ORMREA+HT LEZEAIHY
L, L7z CTHMBIOBRKBEL B S TR EHED
BELLEVWI EBOD5H.

Photo. 2 1338 78.5% O 7 7 v F#O5|RAERMK
Wik > SM50B IR O XA X — I oMk RERLT
V5. Photo. 2(a) DFFER DR SN b LT S 2
LRETREASRETH Y, ZoOLHAOESS I SM50B W
HCOWBETHS. SROREL S P EEERTH
LEAREIEN X HOBEYMTHLT 4 » TNy —
%R L, 47 VOERICIE Si, Mn S0 &

(a) 0% strain (b)* 0.4% strain (c) 1.0% strain
(d) 2.6% strain (e) 14.7% strain
* Optical microscopy by plastic SUMP method

Photo. 1. Crack propagations in various strained
conditions (Hot rolled 316L clad steel plate with
bonding ratio of 78.5%).
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Bonding interface

Backing Steel Backing Steel i

(a) Fractured surface (b) Fractured surface (c¢) X-ray image
of Mn (d) X-ray image of Si (e) X-ray image of S (f)
X-ray image of O
Photo. 2. X-ray image analysis of fractured sur-
face in bonding zone of hot rolled 3161 clad steel
with bonding ratio of 78.5%.
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LIEEATRMBIEZ R34, 20k 2T
EPORE, FEXEII 3 2HOVT Y3 A4 FMED
BB TR L 72 X ) ICREEBEOMEE & 1) b 1T MR
DFELZTITE EWES R, FHORE, EEXE)IW
THEMBEOLE TR L2, ML LCREL R
NORLLABEOMECER LML, EEBKY S5 F
oA B XU BEREBRA, %502 ASTM
E399 icd &3 < 0.5TCT KEH 2B L 7-. 0.5
TCT ABA I BEER M AP RICL T 0.2 mm IEDOHE
W v FEEALZ. 79 FEEER S HUMT
% O NICBBEIE % S0 1AM BLR 0 5 IRAER O KSR,

CRRKGEE O AL i 24 Cr-1Mo (61.9 kgf/mm?) >

SM50B (36.2 kgf/mm?) > SUS 316LN (34.2 kgf/mm?)
> SUS 316 (27.8 kgf/mm?) TdH 1), BEEHE D Z it
24 Cr-1Mo (90.5kgf/mm?®) > SUS 316LN (65.0 kgf/
mm?) > SM50B (57.2 kgf/mm?) = SUS 316L (56.2
kgf/mm?) I2% > T 5,

Table 2 ZCNODBEORLLIMELTD Y 5 v N
DEEEBLIOEEGHMELOFICIASD ERBELD
MRt 2L Db DTHA. Table 2 T, 2HFELEBHR
CRAMBER2DHMIGERL TWA5E, 50
TNODNEE*RAICHET 56, EREIRLZENR
Mz LSO S B #EIANICEC L 72, Table 2 225
UG R Tl T 2 &, BARPMEIEY, $7-
T AWRAED S iz (BERKER X D Compact Tension
(CT) RERD 75, EROBEIBEARETEL 2T
A I ENGhA. TRESERIINTHEAHBEOEA
DEAVITEARTRE L D IZEBEO T AR E N, &
SIHECHEMEOBEOEBL LTS . T4bb,
HAEEBAA B ORE DR 5 A RAFAET AN
2B 55, MEXMOWA DEENB AL ER®IR
H2OLRELLT L AB LI ICRZTIONRE, RIFFEL
BWBEAFOZORHBEH 2R TIHETH, BVEE
DA TR (F 2 1F 24 Cr-1 Mo + SUS 316LN)
DOFFFENESHEZRT. ThEEEREER (=L
YHA D LIRS FA M) ORBIZTT S EIREE
FE#S Cr, Mo, Ni EOMINII X o> TKT (BIR#EMED
BA) Lizor—REeELLAD,

D X ) ITHE TR B R O BT RS 0 & R AT
V&, BEAE, BATREMEE L O A R E
RIS X o TEIEL, ZRICEDVESHRE LTLT
L. SHIZHBROBM#ME AT YL AGBOELSH %
WIZHERFIERIC X > CHEAMEOEILT 5 2 LA F
Bans? 27y FRERAKROREM 2 EE L IHE,
VA oOmWNriaRE S B U 2o B AR A 04 MEE % ko
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Table 2. Bonding strengths and location of crack initiation of rolled clad steels with various strength levels.

Shear test Ram tensile test
Bonding ratio . X ' I:‘?ca.tion of crack
Clad steel (%) sSt:}:ar . Location of Ra:m ten:lle Location of mltlatu?n at cor:;z)act
(kgf /lr:ngr:nz) crack initiation *2 (S k;?:itmz) crack initiation*?2 tension test
24+Cr-1Mo 48.0 30.6 B 53.6 B B
+ 71.0 41.5 A(B) 69.5 A A(B)
SUS 316L. 97.5 42.5 A 75.0 A A
2% Cr-1Mo 56.2 36.1 B 64.7 B B
+ 73.0 44.6 C 84.2 A B
SUS 316LLN 9.4 46.4 [} 85.9 A C
SM50B 76.0 31.7 B(C) 54.6 C(B,D) B
+ 83.5 32.6 C 58.3 C C(B
SUS 316L 95.1 32.2 C 58.4 C C(B
SM50B 53.5 35.0 C(B 54.3 C(B.D) B(C
+ 78.3 -36.7 C(D 60.6 C ch
SUS 316LN 95.3 36.9 Cc(D 61.3 C C(D

* Average of two test specimens

@ : Bonding ratio 78.5%
_ sor (without Ni plating) Fractured
E O :Bonding ratio 96.1%
: 5.0r (without Ni plating) o-x (50.7%)
® A : Bonding ratio 95.0%
c 4.0t {with Ni plating) °®
2 o
E4
: vl J
2 o
T 20
g o
1-or ./ (60%) fT
ol . - o oA A0 R(64%)
1 1 1 1 1 I L
0.1 0.5 1.0 5.0 10.0 50.0 100
Strain (%)
Fig. 11. Relationship between total crack length

and tensile strain of SUS 316L clad steel.

HUBEYNHDHEEZZ DD, BIRTRIAIIZEZONS X
3 7 A, KRB CIITREESEMEE 4 & NI F 0¥
EREERERE O S HWBARI L BEE D) &2 #IE
R RE MRl 2R L 22w,

4. & i

JERE SUS 316L 257 ¥ LA 27 5 v FEO BSR4
AEREHIR-EAMESTEOBE Y XENICHEL, T
D EHNTh o7,

(1EEGRELETEABOBMAIZE bR WEAHE
ASHIR L, HEEAIREE 900°C DL b CHpAt Bk & RS o3
BB R VEEEST A, S OEARE 900°C 118
A O BEAS RIREE I ITITE L .

(2)EAROBRIZL DL VWEAHREIHEKTS. &

*2 A : Stainless steel B: Bonding interface C : Decarbonized zone of backing steel D : Backing steel

DESEOBEGHE~OLEE 3¢ AWHRE—~ 1T B
E—CT REH 2L D K HDONEICKE L 2 5.

(3)FCEAELATHEAT LM IC L D
EHEEIENT S, THIIMBARFICL Y~ VF VA
MHAEEL, ThICE b i I BAHOME LA & X
BIEHAKICLAMERTORREVICLVAELS. = v
A v —ro#EHICE D, BRI X LB
FEOTALIIAEL 2L 5.

(4 )EHAEHEDI 78.5% LIEVIGE, BRBMOREKME
EABR5LEINOBEEREOEERND SN XD
FEL, sROEEBLUORBELOEHEEZENELT
BiigiiE+ R 3. o 3 ROBERBIEEAE, B
GHEFMEDEV R SICY T » FHERBHMEED
FELSILEEZOND.
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