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Increase of Recrystallization Rate of Pure Copper by the
Trace Addition of Ti, Zr or V

Hisashi Suzukl and Motohkiro KANNO

Synopsis :

The present authors previously reported that recrystallization of commercially available pure copper
(oxygen free copper) was accelerated by the trace addition of Ti, Zr, Hf, V, Cr, Mn, or Fe. This study
was undertaken to elucidate this phenomenon more clearly. Three sorts of pure coppers including
the above and coppers with the trace addition of Ti, Zr or V up to about 50 mol ppm, etc. were used as
specimens. Hardness and electrical resistivity measurements, structural observations, etc. were made
mainly for coldworked or finally annealed specimens.

The results of electrical resistivity measurements suggested that the additives should interact with a certain
impurity in commercial pure copper. The recrystallization temperature of specially prepared pure copper
with a sulfur impurity below 1 mol ppm extremely decreased, i. e. to a value of about 370K. A small number
of dispersed fine particles were observed in the specimens containing the additives and a certain amount
of sulfur. Based on the result of EDS analysis, they were a sulfide of additives. Therefore, the phenomenon
was attributed to the fact that the amount of sulfur impurity dissolved in commercial pure copper was reduced

by the trace addition of Ti, Zr or V.
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Fig. 1. Hardness(HV) vs. annealing temperature

curves of cold-worked copper specimens. In this
case, Ti was added to pure Cu(Cu(l)) by the
amounts shown in the figure in mol ppm. Spec-
imens were cast, scalped and cold-rolled to 1.0
mm thick sheets (reduction, 949;). Annealing time,
1.8 ks. Impurities of Cu(1) are referred to Table 1.
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Photo. 1. Optical micrographs of specimens cold-
rolled and then annealed at 398K for 1.8ks.
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Fig. 2. Electrical resistivity Change(dp) vs. an-
nealing time curves of cold-worked specimens.
Refer to Fig. 1. Cold-drawn wires of 0.5mm dia.
(reduction, 999;) were annealed at 423K. Electrical
resistivity measurements were made at 77K.
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Fig. 3. The dp vs. annealing time curves of
cold-worked specimens with additional Zr.
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Fig. 4. The 4p vs. annealing time curves of
cold-worked specimens with additional V.
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Fig. 5. Electrical resistivity of copper (Cu(l)) as
a function of additional amounts of Ti, Zr or V.
The pp, as cold-drawn; pq, full-annealed at 1073
K and then quenched.
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Fig. 6. The 4p vs. annealing time curves of three
sorts of pure coppers. The curve of Cu(l) is re-
ferred to Fig. 2. Impurities of Cu(2) and Cu(3)
are shown in Table 1.

Table 1. Impurities in three sorts of pure
coppers{mol ppm).
Cu(l) : commercially available electrolytic copper, melted
in vacuum.
Cu(2) : Cu(l) was re-electrolyzed using HzSO4-CuSO4
solution, melted in vacuum.
Cu(3) : Cu(l) was re-electrolyzed using HNO;3;-Cu(NO3)2
solution, melted in vacuum.

Ag Fe S Ni O Others
Cu (1) 5.0 2.0 4.0 <1 8 *
Cu (2) 2.4 0.6 4.4 <1 8 *
-Cu (3) 1.0 1.8 <1 <1 8 *

* The arr;ounl of any impurity such as P,As,Sn,Si,AlL,Sb,Te,Pb
and Bi is less than 1 ppm.
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Fig. 7. The 4p vs. annealing time curves of
cold-worked specimens. In this case, a small
amount of S or S and Ti was added to Cu(3).
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CORERNDLID, Cu(3)ic Cu,S ML THE
EHRLSERHEMILLA, I CuS & Ti
(Zr, V) L%FEIRGINUARABE L, AN %
423K TR LU 7B dp BEIE L. Fig. 7 g,
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PEhDZE; SE TikrhFh 13 X041 ppm
SLEENE, Ca(1)=% S-13 ey X v Ebio%s
EBRFBLLEL B2 Erbhd. Cu(3) eSSk Zr ¥
7S & VERRHRM L3k oWTd, S& Tik
RGN L B f& L RO E RN S i, T7obb,
CHEORIY, FRRoBEZ RNRYTHD 2 LERTT.

wiz Cu(3)reS & Ti(Zr, V) ZREIBEHEM L4
BeowtT, ok %#-X7-. Photo. 2 1211, S 13

T2 RIMGEBRIS LR L, W 2RET 3 (#R) oic,
HFhOEE SBBBAIL, ZOBERENDLL EE Cu(l) OSE
4ppm HTFIRZEDOTNWS T E%RY. 13ppmS & 4lppmS &%
AR LUISEESR Ti 882 007T, Ti OBNIEHEREE
THEEALLNSDH, Cu(l) iz Ti i3 110 ppm EALT S Ty it
Cu(l) LY {EL 22 2dbHoTWN3E5,

Photo. 2. SEM image of cast specimen hafing
13ppm S and 4lppm Ti (refer to Fig. 7).
Specimen was electropolished and then etched in
NH,OH-H,0, aqueous solution.

(b) |

(c)

i

Fig. 8. The results of EDS analysis on dispersed
particles appearing in the specimens in which S
was added to Cu(3) together with Ti, Zr and V,
respectively. Refer to Photo. 2. (a) 13 ppm S
plus 41 ppm Ti, (b) 16ppm S plus 16 ppm Zr,
(c) l14ppm S plus 12 ppm V.

ppm & Ti 4l ppm k%&b 2 BMFTEERRLIL o
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¥t (Fig. 1~Fig. 49) oW Th, HMTEREE Lt
Wk F03gRs Hbihviz. Fig. 2~Fig. 4 ofEBr k5 &,
S4ppmEHD Cu(1)x LT 5~10ppm DML
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CIoTHRL, FRERPIYER =X AF—-DBENchH
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FThi bRomEiic b inEsh, Cu(3) Liziz F £
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EMTCEN I DB ERRL, Thic IO THEES
B2 lppm LLFEnolcs L %R,

ZOXHKRERNLLELNTHD LI, ETIHI
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TERIERE, fisloBERKARENMET TS EWLSD
24 AWRROBF LB, X515 LHEHOBEREAE
BETeR LTl SORBNANELS. b0
S oEEE T BE LT LB ST, Ewuorr!d)

Iy, 99.999%Cu X3 S oEEEX, 1273,
1173, 1073, 973K ‘¢c# h % h 140, 52, 18, 6 mol

ppm r XN BDT, TI3KTikf lppm LAFE78%.
IoTEBOMEY 73K CRERRIFM T, BEN
E% LT 4ppm @ S 1 ppm L@@ L1,
Cu(3) rABRECEMABBEMETT2LEbh 5 7
5ChDH. FoT Cu(l), Cu(3)ngsisy 773K T
86~760 ks BEplith, AMELE, 5|EHX I >T ¢0.5
mm DM AEIED, 423K FEpliic X 5 HIEH £ 1L % 38
~, Fig. 9 %#Bf. chicXsl, ZOBLEE X

13 VIOWTRF — 2B RYIT5 05, 1400K sl 2AERAH
R IUFE—~DEIE, CuzS D —21300cal/mol &L, TiS Tk
—35940, ZrS; i —107 400 cal/mol.

1t FROMBICE S E, ¥ 4ppm O S IEERE TEEERREI
»3. ZUTSEBEDORYD, SROKBHEBETIES OFTHIZE
U9, RIETH SOEBRIIEDS v, ([ERMEMETOT L EHE
BRECET SR, B TRME2ET2 LEALNS.
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Fig. 9. The dp vs. annealing time curves of pure
coppers. Specimens of Cu(1) and Cu(3) were cast,
aged at 773K for indicated times, cold-drawn by
99% and then subjected to isothermal annealing at
423K. Broken lines are referred to Fig. 2 and Fig. 6.

Cu(3) Curpedliic x> CEH BT, Cu(l) TiLgEsing
M& g 5. 773K, 760ks OEghTIL ¥ Cu
(3) RRIwD, SLRERMBOBEMATTS &, Cu
(3) o< LEbhi.

W, S O FERS SRE SR E O T S i X o>T
K ER LT toBRES>WTE 2 5. 2 h
i, BERY o bRImR L oS LR, BEEIREED S
2%, BB, ERERAOBER, KMABE LS 2H)
HF 20 0TV L EHR%. Photo. 3 izik, Cu
(1) & Cu(3)gkhc o, 373K Higlitho TEM §
BPlZR L. Cu(l)Tix 60s BEBIEEIZIZ & A EINT
Mo ECchy, 1.8ks Pt RN EE
2% Cu(3)Tik 60s BESTDEIpECCIt 1~2pm o
MR A TS, £ LT 1.8ks BEdi 3R

1.8 ks

(a) Cu(b), (b) Cu(3)
Photo. 3. TEM structures of
specimens cold-rolled and then an-
nealed at 373K for indicated times.

A2V AL L, RAKtof 1/2 AERBEERE 5.
398K pEshifgo> TEM MBS ERIc X 5L, Cu(l)
i 1.8ks BEMICHAERNEELTED, ThIXEEA
FERELTWE 2. Lol Cu(3) 3dbrAans
& Cu(l) & Ti(Zr, V) 28L& R 8he, LRkt
P CHBR OTERE SHRL L /oo T3 (Photo. 1 £R).
Tichb, BEESEEELROBERIEND T, BR
BELIMET S 2 E23b2 s, L LEFDFEMITSHBE
AEDBETHD.
DEo#ERZEREZ 95 L, BRERRENME: (EKit
FEomBh3) MBS DL DhERES
Eb2 s, i, (1) BFoEBFKSc Ti, Zr,
Vi E B ERMT 5, L TCT&hiE 1073K &
DOl TEEH T 5, (i) MO M ER (Bl X 773
K) CREFRBEML, BEES 2HH &%, (ii) HNO,;-
Cu(NOy), BEXFAVCHERL, 25 SEOE-HiE
wEL, HEDHETHD. LHrLID 5 (i) okl
% H,SO,-CuSO, B x H\ 28B4 b NEHSE
2MEV, PH OBFBERHE LW EDRENSBDT, E
EBRICn X 5 ThB. (i) oFkix, MR (@R
T Ed X\V) HEBUBET AT TCL VO THET
BB, P RIEMLZETS L, ¥ EREMBK
ERCINET 2 L SHFREETA RN RS, hbic
L (1) oFEz, BENCEREOTEYRMNT S
R CTtn T, TEMCXL L LERAEE WL
FE5THD.

5. ¥ El
3 o BRI o FLZEWS IR L C 18 b B JEER SREA (FgH)
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(2) TEM% HSO-CuSO, E#w % B\ C HEMR
L, o Ag, Fe rualb e, Miom
ERREREL LA, HNOp-Cu(NOy), B % %
AWCHEB#ET» L fito S &5 4>1mol ppm  F
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TL.

(3) S& lmol ppm KiEGOMENTS % ¥ n 3 %
&, WINE &R FR&ZBR B2, Zhic Ti(Zr, V)
BEHMT 5 &, BOBHEESEL /oo, S Ti(Zr,
V) EAHRMLCSh BRI b1k, BeimTHEo
it ot iz, 7, i ED Ti(Zr, V)
EWHMULCEE» B, BMLROFIEWR R E X h
Yot
(4) DEwXvy, wiglcmgEo Ti, Zr, 50
AV EREMLCHS AL 5 BEREETES T, MR
DAY S LRMTTHE &M FEE LU THI LR L,
BSEXBADIRLLDICAE USSR INL. BT
R L OTHEAFOEBMRENBRI LA-ELTE, h
R ERROBSICEEL I,

(5) FHBOMIBNCHANTEL < FHEHEE OK

WAEE L5 L5, Mg Ti, Zr, VR EF0BER
TR BHERINT %, @R OMEE Y R T 5,
HNO,;-Cu(NOy), B % A\ o B V5 7o &
DHEDOH B Z EHRLT.
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