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Recrystallization and Grain Growth in Formation of
Dual-phase Structure in Cu-4% Ti Alloy
Shigeoki SAJI and Shigenori Hori
Synopsis :

Fine dual-phase structure consisting of recrystallized «—Cu grains and Cu,Ti precipitates at grain
boundary corners is obtained in a Cu—49%, Ti alloy by the following processing : solution treatment, heavy
cold work and annealing. Details of deformation structure, interaction between recrystallization and pre-
cipitation and kinetics of grain growth in the dual-phase structure, have been investigated by means of
transmission electron and optical microscopy. The results are as follows. (1) The formation of the dual-
phase structure occurs at cell structure in cold-rolled specimems. (2) Recrystallization of «—Cu phase
and precipitation of Cu,Ti particles proceed simultaniously in the early stage of annealing at 750°C, and
Cu,Ti particles located at the grain boundary corners grow preferentially during further annealing. On the
other hand, high density of titanium rich zones first precipitate during annealing below 650°C. and recrystal-

lization process is retarded by the zones.

causes dissolution of the zones and accerelates recrystallization.

the finer dual-phase structure is formed.

Heterogenious precipitation of CugTi particles at the cell walls

The lower the annealing temperature,

(3) Relations between mean radius, R and annealing time, ¢ in

grain growth of «—~Cu and Cu,Ti phases, are both described by the following equation, Rt— R} =kt.
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(a) : 60% reduction in thickness (b) :95% reduction in thickness

Photo. 1.

As deformed structure of the quenched solid solution, OM. The density of deformation

bands increases with increasing amount of deformation.
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Photo. 1 (a) 1ZETE 60%, 1 (b) X 95% mMIHK

B0 EIET O EEEM K Ao~ EEH MR Lok dl
KNI EIES [ & EATMCAEREIFEETS. 9%
ML CREEOEE LR, H—HMmE LT
5. 95% MMLAKOMMEEL Photo. 2 \WRLIE
TR A D X 5L FRD 5 VIR D 2 4D
bR Y, FOEES B VI LRI 0.2~0.5 pm T
H%5. BT Photo. 3 OREHEEBIZASL X 5 IKEAL
NBEEBLHLENEOTWS. BET S MO
ERBEEBECRTE 2V T A R ABECETHD
WX EE O F b b T TRIER S8 5 HECRET
&, #9 3~15° DfERRLI. 60% IMIFERHFDOE
WML 95% MTRBOBATHATTED L /NS
Ve A BT A, IS vtz e Mg <
BRI BAS SR B VIR ER RO & L THEE
Ll IiHaBhTws. i, tABOBERVE
BT R HAE, B -CusTi OARE—BAERY 1 + &

Photo. 2. Cell structure in the 959 deformed
specimen, TEM.
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Photo. 3. High density of tangled dislocations in
the cell wall of the 959, deformed specimen, TEM,
Dark Field Image.
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(a): TEM showing #-CusTi particles (arrow), subgrains and recovered region.
(b) : SAD pattern with indexing of 3’ -phase.

Photo. 4. TEM and SAD pattern taken from the specimen annealed at 750°C for 20s after
959, deformation.
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Photo. 5. TEM showing subgrains containing g'-
particles within the grains and at the grain bound-
aries in the specimen annealed at 750°C for 10
min after 959; deformation. Misorientation be-
tween subgrains A and B is about 3 deg., and
the tilting axis is shown by X-Y.
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Ti CELH Y- VvThs. MILEIELHEE V-V
DEFIOFML Bl s HRARDS. 0L BE
CHETSE V—vDa vt FA DI BiHED 2
VIS AMIBECE. AU ESRBO —#cik
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Photo. 6. Preferential precipitation of 8'-particles
and nucleation of subgrains within the deformation
bands in the specimen annealed at 450°C for 1h
after 609 deformation, TEM.

(a) : TEM showing the characteristic con-
trasts (arrow) due to coherent spherical tita-
nium rich zones. (b) : TEM showing het-
erogeniously precipitated 8 -particle at cell
wall and preferentially recovered region at
the particle.

Photo. 7. Structures taken from the
specimen annealed at 650°C for 1
min after 959, deformation.
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Photo. 8. TEM taken from the specimen annealed
at 650°C for 10min after 359, dcformation.
Arrows show S'-CuyTi particles.

B/ — vE ICBEMAA LR, EERRD L VI
FEHELE ORI BT HEA TV L. Photo. 9(a) ¥
L (b)ix 95% Ltk 650°C T« Lh Bl L 7=kt
TR L BREcH 5. BETRES, Vv IRCH
ETHEHD AR, MIEMADRITTETERL, RE
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(a): TEM showing dual-phases structure composed of a-Cu
-CuzTi phases. (b)) : SAD pattern from the microstruc-
ture shows many spots in rings.

Photo. 9. TEM and SAD pattern taken from the
specimen annealed at 650°C for 1 h after 95%
deformation.
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precipitation and dual-phase Process : (a)—>(d)—(e) for annealiug at

recrystallization structure higher temperature

— 231 —



2022 % & M

% 70 4 (1984) 15

5. Fh, ZHEGERETR TS f-CuyTi 5100
a-Cu DFESBPOK E JIXFRFEM OB AT HTNX
(AN

—7, mRFEMoOSE, Fig. 1 (a)—(d)—(e) &
TN X o, a-Cu o [@fF - BiEED BERL p'-
Cus Ti OFTHAEST U CHEITS 570, EERRMAIR
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BRI KT ANABBLIMET s THA 5. Lk
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DERECAECEEY 52 5. FHONBEORE
BRNA = A AF —BIVEBHEER= % V¥ - D%
B ERH1HIAE LS. Photo. 10(a) XV (b) i
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(d)rx 650°C © 1h 3 X0¢ 81 h Hedl L 230kt D FEE
wEThHh, FRE CORNBEEOET R T. 650°C 5
#io B MHoOFEERX 750°C EMiozh L hkEL.
MEECTrhZh 81h BEgl U 2-30k o A K B
HBOBERET b bHEBERABET S & 650°C FE<
13 24.6%, 750°C Begiciy 15.6% THot.

Fig. 2 i3 95% pnL#k 650°C 3s XU 750°C -CBESH
L, “HESEEHRED a-Cu X0 f-CuyTi @
TR RY EABREE»SBIE L, £ OfE% B
HLT Ty FLAbDTHB. 650°C 35 X U8 750°C
PERL L & a HDREKEIL 8 Hozhiv k&L, £
DEVE 750°C BESCI h RKEW. ¥, BHOREE
EEEMBEoMmE L dbeRPToEHACH 5.

WHFE D kinetics (ZI—FICKATEINS.

(E)“-(E@”:kt ................................. (1)

(a) and (b) : specimen annealed at 750°C for 3 and 70 h, respectively. (c) and (d) : specimen annealed

at 650°C for 1 and 81 h, respectively.

Photo. 10. OM showing the grain growth in the dual-phase structure composed of a-Cu and

B'~Cu,Ti phases.
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Fig. 2. Grain growth of a-Cu and B'-Cu,Ti phases
in dual-phase structure during annealing at 650°C
and 750°C.
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Fig. 3. Plot of mean radius of the grains in a-
Cu and g'-CusTi dual-phase structure against an-
nealing time at 650° and 750°C on a log scale.
The n values calculated from the slope of the
straight lines, are indicated.
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Fig. 4. Relation between mean diameters of a-
Cu and 8'-Cu,Ti grain in dual-phase structure
during annealing at 650°C and 750°C.
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