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Microstructure of Reaction Phases and Interfacial Strength in Diffusion
Bonding of Pure Ti to Pure Fe

Shigeharu HINOTANI

Synopsis :

The microstructure and the interfacial strength have been studied for the diffusion bonding pairs between
a commercially pure Ti and Fe-0.003 wt%C or Fe-0.015 wt%C.

The transformation of @-Ti into #-phase and the formation of intermetallic compounds (TiFe and TiFe,)
were induced by the interdiffusion in Ti/Fe-0.003 wt%C bonding pairs. During the cooling to room temper-
ature, f-phase layer with higher Fe content retained in 8 -phase, whereas S-phase layer with lower Fe
content transformed into a’-Ti martensite. The specific crystallographic orientation relationship;
(0001 )riFe, // (101), -Fe [1120]Tﬂ.-ez//[111]a -Fe (Burger’s relationship) was obtained between TiFe; and a-Fe.
The result indicates that TiFe, was formed in @ -Fe by the diffusion of Ti-atoms.

In Ti/Fe-0.015 wt%C bonding pairs, B-transformed layer and intermetallic compound layer were not
observed at the bonding temperatures below 1073 K. In this case, TiC precipitates formed along the inter-
face and they hindered the interdiffusion of Ti- and Fe-atoms. However f-transformed layer and inter-
metallic compound layer formed at the bonding temperature above 1 123 K.

The interfacial strength of Ti/Fe-0.003 wt%C bonding pairs depended on the width of intermetallic com-
pound layer (Wpy). At the initial stage of bonding the strength was very low due to the inadequate diffu-
sion, but it increased to the level of 300 MN m ™2 in the Wy, range between 0.4 and 1.2 um. The strength
decreased rapidly again after the growth of intermetallic compound layer thicker than 1.2 um.

Key words : diffusion bonding ; interface ; interface structure ; composite material ; titanium.
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Fig. 1. Tensile specimen for bonding strength 3.1 EAREOHEEL2BELLEYDOREK
test (mm). B 1073 K BX U 1123K, B 6ks THEESEL
Table 1. Chemical composition of materialé used (wt%).

Specimens C - Si Mn P S 0 N Al Fe
Pure-Ti 0.007 — 0.01 — — 0.095 0.0086 0.01 0.04
Fe-0.003%C 0.003 0.01 0.01 0.01 0.001 0.011 0.0023 — Bal.
Fe-0.015%C 0.015 0.01 0.01 0.01 0.001 0.003 0.0015 — Bal.

0.003wt°,C

1073Kx 6ks

1123K x 6ks

0.015wt°%6C

A:a-Ti

B : Martensitic structure

C : White zone (retained #-Ti)

D:a-Fe
Photo. 1. Optical micro-
structure in the vicinities
of bonding interfaces.
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Photo. 2. Back scattered electron image in SEM for (a) Ti/Fe-0.003 wt%C and
(b) Ti/Fe-0.015 wt%C pairs bonded at 1 073K for 1.8ks.

Ti/Fe-0.003wt%C & Ti/Fe-0.015wt%C DESRED
S SEMBE AR % Photo. 1 127”3, #WHEARE L B
bhLHIBHTREBBILEYWHER L Tz LEZ SR
Lh, BRERTHAH T, &, LVHELEBTHA Fe
DFREEFED Fe QI BRWICER, BHELILDER
DBELRY, FREDLISLV., ZORBICKET S Ti
1212 Photo. 1 a, b ISRT LI CBE S hFICHE Y
ETAHEL, THIZELTMAKED? S ZR~DHHO
BRT B-Ti 5 a-Ti NTLF 44 MRICEREL 7:
ERONDEHRMEEADH HIEE b > THRENS., 20
INVT YA PRBBREEE TS o-Ti RN RIE-
T IcbBESh, BEROEK 1073K 8L
1123K CZ DA Fe BF D Ti PANOILEIZ X -
TA-Ti BB XU B/a-Ti ZHREICH 722 & %R
BLTwh., LA L, Ti/Fe-0.015wt%C Tid Photo. 1
¢, d ITRT L) ICEAIRE 1123K TR ERISRT LS
LRERBIBEINLN, 1073K LToEAEE T
TR DAR RO SNk h ol

mE 1073 K, K 1.8ks TS L -EAOWHE %
BAELZWT SEM O HEFHE LTEBELFERZ
Photo. 2 {277 3. Ti/Fe-0.003 wt%C D4 FH 2
Photo. 2 a IZ/R T LI WCHBICL BB Y F 5 X b
ZE LTEBEELEYW TiFe, & TiFe IZXind % Ml
BHHEE S > THESNS. LaL, Photo. 2b IR
T X 92 Ti/Fe-0.015 wt%C D#ESFREICIE D LS
ZEBEALED ST ALY ERBIBE S 25
7-.
HFBEHMBHEC L > (RHONLBEAREIICBIT A
Ti ® BAHICEREL7ZEOIWE (Wrp) & SEM o K 5HE
BEICX > THELSEBEILEWEONE (Wyy) O

100 5—
80 o
£ 60 g3
= =2 123K
w 40 =2
& z 77 1073k
= = //é 1023K
20 I
/; 1073K
1023K
% 700 % o100 150
T [s'2 [t |si2

Open circles : Ti/Fe-0.003 wt%C
Solid circles : Ti/Fe-0.015 wt%C

Fig. 2. Growth of (a) 8-transformed layer ( Wrg)
and (b) intermetallic compound layer ( Wy, ).

FimBE, REMICX 2% L% Fig 2 127”7, Ti/Fe-0.015
wt%C HEAW O REIC BV CTIFEARES 1073K LT
Tit fRRERE, SEMILEMEOER IED ST,
FRECOMELBMAFEL TV ARV & EREBL .
Ti/Fe-0.015 wt%C &3t ic 817 % B LR 0 LK1k
BEREM1123K L 2o TR LD THESK, 2O/
R#E X Ti/Fe-0.003 wt%C AN D Fh EIF L AL
Ebb%s %% (Fig. 2a). B8RRI Ti/Fe-0.003
wt%C B X O Ti/Fe-0.015 wt%C SO hic s
WTHITITHWRAICIH - THRE L, ZoRESHLEIC
EOKbDTHAHILERLTA., —F, EBEIE
WREIZ2W TS Fig. 2b IZ7RT & 9 42 Ti/Fe-0.015
wt%C HA TIREBEAREMN 1123K & 2 - TRLDHT
BlEsh, ZOEE#EE I Ti/Fe-0.003 wt%C 3544t
DENEEDLLLRL A, SERMLAYORE RO
FHBIH L TEBRHTER L, RENHTHEL 255
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TiFez TiFe

a : Bright field image b : Electron diffraction pattern
¢ : Dark field image using (1101)riFe, reflection

Photo. 3. TEM observation of Ti/Fe-0.003 wt%C interface bonded at 1123 K for 0.6 ks.

TiFey~+ Tife Ti

a : Bright field image b : Electron diffraction pattern
¢ : Dark field image using (ZOO)Tm32 reflection

Photo. 4. TEM observation of Ti/Fe-0.003 wt%C interface bonded at 1 123K for 1.8ks.

xRl 7.
3.2 RSO TEM BE

B 1123K, B 0.6ks THEA & & 72 Ti/Fe-
0.003 wt%C &%+ > TEM BE4F % Photo. 3 IZ7R
7. :
B 8551312 0.15um D 2 B2 % - 2B HALEW A
#g2 s 1, Photo. 3b O HIEMRHEFHEIITHF L LU
c DIGHEEFIE D S a-Fe IZBEL TAHRHD TiFe, #°
EHRT 52 LB ESH»E %o /2. Photo 4 LR
1123K, Bfl 1.8ks THEA &4 7: Ti/Fe-0.003 wt%C
Baxo TEM BEERETH 5. HIRBEE-HREHX
# Photo. 4 b X UBEHEFE ¢ 226 Ti BHTERKT %
SRELEMII D TiFe THAHZ Ldbh o7z,
% 7- Photo. 4b D EFRHEIHF XIS & TiFe IS %
Ti 2% bee #ERMHED BHTHAZ LERLTED, ¥
AEED 1123K THR L BHPFZER~DOGEBIET
BHELZVTAMHOTIRG LI LEZRRL TS,
TEM BIE# 5132 8 512 TiFe B DOIEAS TiFe, (CHE L
TIEWwZ &, TiFe;D#ESRES 1um LT & IR IS

Photo. 5.

Electron diffraction pattern from TiFe
and @-Fe (a), and its schematic illustration (b).

MThHAHI LR, ThOHDFEAEMRETER CHERRALO
B CTIETLTWAZ L ERLTWA.

TiFe i3 CsCl Mo &£ EMILEW TH D, Photo. 4b
DEFHBEFRE D 1200} pery W F ORI
1100} per; FEHCHIL § 2 BEFEIFTHIBESI NS,
Z O TF [ 2 Photo. 5 2R TIRE 1123 K B
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ohkim:TiFe2 ,®#hki: a-Fe

Fig. 3. Stereographic projection representing the
crystallographic relationship between TiFe, and
a-Fe analysed by the electron diffraction pattern
in Photo. 3 b.

Photo. 6. TEM observation of TiC precipitation
along the interface of a Ti/Fe-0.015wt%C pair
bonded at 1073 K for 0.6 ks.

0.6 ks TH:A 227 Ti/Fe-0.003 wt%C #F © & T # [H
FRBICLYBEBICED SN, Z0BE, TiFe 5
OEFRFE & B a-Fe » 5 ORFHFEEL - T
B s h/:. TiFe » (110) WM IX 0.2097 nm & a
-Fe ® (110) HERIM 0.2027nm £ W b b THIZKEW
ZFThHBHY, BEFEIT,S a-Fe L XHTE,
TiFe ZSEIZAR L TWAE I EHb2 5.

Fig. 3 i Photo. 3b OB T#HMITIE % BB ML
L TiFe, & a-Fe OGRAHMNEHEET X7 L A #xF
WX o TR LR THSH. TiFe, & a-Fe L O
12 (0001) pipe,f (101) g pe 3 & U [1120])pype, #/ [111]4 e
BHVWbYHN—H— ADFEETMERICH B Z EAb
Pol. L2LE&RELEW TiFe &B8-Ti & DI
LRl S A VA AR R E IR (R A RPAN

—7, Ti/Fe-0.015 wt%C & *f Ti Photo. 6 127K
FTEHICRE 1073K TEELZbDITI3EEFEI

100——» v
—
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Fig. 4. Distribution of Fe-content in the vicinities
of Ti/Fe-0.003 wt%C and Ti/Fe-0.015wt%C inter-
faces bonded at 1073 K for 0.6 ks.
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Fig. 5. Relationship between tensile strength and
width of intermetallic compound layer ( Wy, ) for
Ti/Fe-0.003 wt%C.

Bo7: TIC DAERIFBE S L, ERELEMBIV L
-Ti HOEIZED kb o7, Fig 4 $RE 1073
K T#4 5 ¢ 7 Ti/Fe-0.003wt%C & Ti/Fe-0.015
wt%C FEAXM O EEAB OBAREHEE BT S Fe i
F£ 4y A % STEM/EDS B CHlE L 2R TH 5.
Ti/Fe-0.003 wt%C #A&4 Tl & BEILaWE I B\ T
Fe IFEA%I31Z TiFe, & TiFe DLF BRI o
TBh, 72 Ti D Fe BFDILHEB L U Fe
O Ti BFOWEMISELTWDHZ LD Fig. 4 O Fe igE
S Hbh s, —F, Ti/Fe-0.015 wt%C &3 Tid
TiC B oM< Ti #8 XU Fe F~DHEILHEATT &
AERBNZ W,
3.3 2BERMLAYORECEAKE

EE 1023K, 1073K, 1123K T &2 THEE
& 472 Ti/Fe-0.003 wt%C ¥ &3t D5 IRIEE % TiFe,
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a:1023KX0.06ks b:1123KX0.06ks c:1123KX6ks
Photo. 7. Fracture morphology of Ti-side pairs in the Ti/Fe-0.003 wt%C specimens after tensile
test.

& TiFe ¥ b e - ERELEWB OB TEML .
Fig. 5 DR EAM» RIFIREESEGEE PREH
W& HF, 2EMILEWEBORICEKFEL TS Z L iR
LTwah. Thbb, BEAMY CEBEMILEWRE OIEH
PVIRRE T BEATREAME <, W@A% 0.3-1.2 um D#iH
THABENIRRE LD, S5IEBRILAWREIE
T2 EBERENKT T 5. Photo. 7 ZEAXTOFIR
it Ti MloOBR % SEM THELHERTH S.
IR 1023 K, BER§ 0.06 ks THA L7 b OXHEILE
AT 5THY, Photo. 7a DHELFFICERENL LI &
FHGBEEL R L, HESEICITTOES FE THBEE
RIZBRELTWABZ X bL D, BARELY 1123K 12
LH X945 & Photo. 7b DX 912 1 pum LUT DR 7 #i
Wi TOMEZ RTEHSE, E61C TiflCA- 728
STEHB LMo & BIBEENIHFAE 2 ) N —EERERT
WHEEESBE S NS, (gl %k KE & i3 Photo. 3 a
» TEM BE#E 2> 0 HI L CEBHELEY TiFe, T
H, WE5% Laves #HTH % TiFe, THIEL /-2 & %
RLTWAS, Y N—ERRE R E T 5~ S HBRD
B3 TiFe 12T 5 Ti LI HFEETH HREL
MEBm->TWABZ L E/RYT TEM BE4F (Photo. 4)
E—%T 5. Lo LEGHEIEML, BE1123K,
BERE 6 ks TEA L72H DT Photo. 7¢ IZ/RT LI I
W 2 R R T OENERLTE Y, BIREE
W59 7% TiFe, BTHATAHE ) IH 5.

4. % &=

4.1 RUSHOERERE
Ti-Fe ZT0RERIARERO L )1 Ti D8 EER L

M EOBEHPET Ti & Fe 284885 L HENE
I2& > T Fe ¥BEA L7 o-Ti, o/8 M, BLU
Fe ¥ £ BIZEA L7- -Ti fiE% TiFe, TiFe, &/&M
ILEYWRB I Ti #EEBE L7 a-Fe #4052 L %R

LCTwb HFHE Ti/Fe-0.003wt%C £ &4 & T it
Photo. 1 IZ5R L72& 912 B-Ti 2 S H0EE T LT
YA MIRICERE L 22 5H8% Photo. 3 II/RL72X ) I
BHANFRE L7-HBABE S N, Z OEESEERICIZ
BHICERL TV Z tobh s, Ti-Fe ZTIRER X
I BEERFGHOBRETHIT LY @AT S LEER
BALE e a-Ti GBI HILERLTWS, F
£, ZEEOVFEML HETERE T 2 Ti/Ni 863
TH, 20 BEBRBEIHHOBRECHENITTHEEES L
729, ZOGHBETORERSIESOGEEE (K
EERTIE 773K $ TOBHEEAFIE 10K/s) (KT
THEEZLNBEHN Ti-Fe ZnROEMIRE 1T 863K
THY, Ti-Ni ZROENERE 1043 K & B LTI
FIAKR L, LR RS IR S h, SREC
Fe % [ L - #HIB T M DIRE, & Fe IREH T~V
FUHA VEREELLDDOEEZLND,

Photo. 1 O GFHMBEMBIC BV TRAESATIZH
B L THEBINLHTRIERE B ICHIETSHD
ThH»r.

B ALEWE 22\ Tid Photo. 2 ISR L&) IZ
“HEHOLONBIRICEE S, Photo. 3, Photo. 4 O
TEM #1285 5 Ti flic TiFe, Fe iz TiFe, 234K T
%2 EAHBALZ. TiFe i CsCl Bl & EMLE&W T
Hy, FOEFEHIX0.2976 nm & o-Fe DHEFEL,
0.2886 nm IZHEBIL ThTFHICKEVEITTH S,
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Photo. 5 IC/R L 7= X H KB FRFLAELLZ L2b
TiFe OB EMET A L HTE L. TiFe, i Laves
HeLTaMB A TWAEANF@EOERMEILEWTH,
Fig. 3 DB TFHRETIE O 2 7 L A T 20 5 TiFe, 12
v D a-Fe b N—F—2ADFERBTTMERERT I L
HHBIL 72, = ORFAE TiFe, 5 Ti -0 Fe skt
NOEBUC L > THER LS EFRBLTYS, —7,
TiFe & THICHET S B-Ti L OB IIFE LR A
BRI 18 S e 2> - 7248, Fig. 4 (27" L7z Ti/Fe-0.003
wt%C A FEH O TCHRIR 5 A 12 9% A BN E O KL
2RLTBY, Ti P~ Fe EF DI EL, Fe #~O
Ti BEF ORI & - T TiFe, DR L 72 2 & 23R &
nn., Zhid Ti PEREFCEHEED hep e #D 5 Fe J&
FOPEIT L 5 C a-Fe & FEED bee BAHICERET S Z

LICEELTwh., FHE, B-Ti D Fe B+ DOILHLR
it 1073K T 2.4X10 Bm?s 1 TtH VY, a-Fe
O Ti B OWEUREY 7.8X10" ¥ m?s ™! & ZH58EE
DELDR W,

Ti © BAHIZZERE L 7-#E3id Fig. 2a IS &£ 9 12°F
HRANC L722d o THRE L, BEERB P HEILHIZL 5
THEETALDTHAI EERLTWVES, L2rL, %
BEOHEIX B-Ti P TO Fe O HRE,HLFHIS 1
HE0L2h0EY. Vauerr 5V OS> S % 52
% W) BB O BT AU TR O R B 3 R b L
BBV HRE COPERESRICEES NS, &
DHFRED I2& 5 L RERORBREHPMICB VT, TiFe B
X O TiFe, B OMEAREIZ B-Ti B LUV a-Fe #OHL
BAREIC B L T—Hir S T b/hs v, 7, o-Ti
B O YL EUR BT Nakasma & O LS S EER T A-Ti T
DBV AP, KorNELUK & DS FERM TOR R Tz —
WIS (Y, S SIHOBECHOFTED £ KRE
HOBE*BELTWALDEBbh b,

SBEALAWH OB EZ Fig. 2 b IR L2 X ) I
B OTFHRIZH L TEBRW TR, REDHTHEL 2%
EBERT. SOL) REBIIEELY bEmELTBD
MWARMEABRETH S EHEEL TV D, L LAERD
TEM B85 Cid a-Fe BX U B-Ti @A FICih- 0%
BEALEMOREZROAZ P o7, wTFRIZLTH S
O Ti-Fe £ZBBLEMOBREEE XEE S B IO/
#ESD oy & R Ti/Ni #1285 Ti-Ni &
BRILEY OB EEE I B LU CIEFICEY. Ti/Ni #
GxtcirEBMAILE & LT TiNig, TiNi, TipNi #°
AR A, Bastiv 51 2k % & TiNi 7 CTOIEEIRE
Wak? 25k 72 Ti-Fe B HALEY H T OIHARE X
DHTHITEKRE W, 72, JITIRERNY 2 HEET 5 L,

a-Ti 5 Fe EEEIX NI BBEEICERTKEL, B
-Ti/a-Ti HHRHEIC BT HBEQERI/NELS 25, Zh
SAEK & % 5 T Ti-Fe &B ML A O K EEE 252
S rBdbDEFEZLND.,

Ti/Fe-0.015 wt%C #4331 Tt 1073 K LLTOESR
ECTEREBRLERMILEMOAER IR O 2o 72
(Fig. 2). Z O#EAFHIZIE Photo. 4 ISR L 72 & 9 I2EE
REICH - T TiC ARV R O, ThrHENE %
PAZE LTwa (Fig. 4). & <%, Davis 5'” % Nimonic
0 AEOWBBESIIBVT, BERETICAERT S Ti
(C, N) ¥HEHBEFBET L L2HEL VA,
72, BTTIE, BREF S 2918 T & ERERIRE OBIKES
S OWHES BV TEERLA L) bAKBEH
I AV F =K TiC 2SR AR L, MEILE % H
EFTZIEABEL TS, 20X EAMNRAEIICS
7% TiC OERBEIOFEMIC OV TIHEHS 2 TR WS,
BiRICBWT Fe POREOHEBEEHMML, TiC 4
BLIZ BT EN1I23K KBWTHUMHEILHKE
HEU, BEREEXERHEILEYRBOERTER T L EE
2 TEWTHA .

4.2 2ERMLEYOREECEAWE

HEWICARRBEL, BEREICEHLEL VS
T, —MICHEARB IR 25 EBEATRE LN 5.
LA L, Ti/Fe A0 X ) CEAREICKEY &M
L& % EH T A%6101&, Fig 5 IORLAE KD KES
DI IITHEEAME <, WY 2B EEPE CHEI S &
n, BRI omNE LB ICHUBRESERT 5 &) B
%R, BAOMEIICIE Photo. 7a ISR &L ) ICHEIE
HIIRACHEL-LH) I hoTBY, BEEPATH
ThhHIEERLTWAS, HEASKMH 1123KX0.6ks
TREBELAWRES 0.8um BEICKET A0 E W1
DI H ORI K > CTHEEBREIHEMT 5. 612
AR AL 2354, S HoRECLLEEM
ILeECcOER L, BUMIEICL - THEEMETT%
2t % Photo. 7Tc i3/ RLTWA., ZOME, a-Fe &
TiFe, & O G AR R (Fig. 3), HELHESD
(Fig. 4) » 5o RmrE&BE itawor s ibb
TiFe, /TiFe REIMET A L EZON, L7255 TH)
PiESREOU RS EBHILEWOBIEICKECHEET
HIEFFREINSL, L2rLWwTFRIZLTYH, Fig5 D
ERIEBELAMPERT S XD % Ti/Fe EEXT
b, EASKMEENICERUSERILAYOE & HH] 3
LiE, 300 MNm™ 2 & Mgk 05 [FESEE (12 WA TR A°
BonsItERLTWVAS,
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5. #%

(1)fiF & > e fgkoPiBdEaFREICE, HEIRHC
£o5T a-Ti D B-Ti ~OEER, EEEILEY TiFe,
TiFe,ERZES .

(2)BEHRERIGHOMBEIZB VT, Fe £ HREIC
U SO T TRE L, Fe BEMEHBUZ
o' TilowNVF 44 VERET S,

(3)&BHEILaY TiFe, & a-Fe &L HS/N—F— 2D
ESAMBARERT L REAREICBITS Ti & Fe
DA h o TiFe/TiFe, R % TOEAREE L
THESHAELTWAE Z EAEELS L.

(4)MiSkICIRFE%R 0.015wt% BB TAEE, B4R
BEAT103K ITCiz pEBRBCERE{LEWE DL
FRRELAZV, ZoFs, BEFREIZHE->TTICO
EEARO LN, CThHPMHELEEEEST . BARE
A1123K Bl bic& s & TIiC MERLIZSLK 2D, B
FHEELSBHILEWOERVERONA LI k5.

(5 )Ti/Fe-0.003 wt%C He&x D RHLEYW
ROELMKE L, EAMICEHELBA TG00
B IRV AR B RE AW OE A D 0.4 25 1.2 pum
DOHPATIZIZIF 300MNm 2 DEFRTLHICRD,
CHhULEBETAEBUHENMET 5.
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