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Copper alloys, which are mostly used as conducting materials, high electrical conductivity and high mechanical strength are
required simultaneously for many applications. Pure copper is very conductive, however, soft and heavy. Addition of alloying
elements increases strength; however, it decreases electrical conductivity. Therefore, strengthening by the deformation twinning
is discussed for copper alloys in this thesis. This is because not only deformation twins act as obstacles of dislocation glide, but
also the electrical conductivity through twin boundaries is low. In a copper alloy with low stacking fault energy (SFE),
deformation twinning occurs at low strain rate under ambient temperature. Meanwhile, high strain rate and cryogenic temperature,
i.e., high Zener-Hollomon (Z) parameter deformation, are required to induce deformation twinning in alloys with high SFE.

First, it is confirmed that the formation of deformation twins in copper alloy with low SFE induced by the low-speed rolling at
room temperature is effective for strengthening. Secondary, the cryogenic high-speed rolling with high Z parameter is proposed
and applied to copper alloys with various SFE. The following remarks are derived.

(1) Multi-pass cold rolling of the Cu-15at%Al with extra-low SFE was carried out at room temperature and low-speed (5
m/min) to show the deformation twinning actually contributes mechanical properties. The relationship between strength and
elongation was improved in the processed alloy. That was similar to that by severe plastic deformation and annealing in literature.

(2) A novel rolling process, cryogenic high-speed rolling (C-HSR) was proposed. The proposed rolling process where the sheet
cooled in liquid nitrogen is supplied to high-speed rolling with rolls at room temperature. It was confirmed that a high rolling
speed (> 750 m/min) not only contributes to the increase in strain rate but also reduces the contact heat due to the shorter contact
duration, so that a synergistic effect can be expected to realize high Z deformation.

(3) A case study was carried out to verify whether C-HSR can improve strength and electrical conductivity of Cu-5mass%Zn
sheets with high SFE (50 mJ/m?). The estimated heat balance showed only the C-HSR was able to keep the sheet temperature
below the room temperature throughout the rolling process. The low-speed rolled (LSR) sheet showed the tensile strength of
520MPa and electrical conductivity of 52%IACS after 80% rolling. On the other hand, the C-HSR processed sheet showed
improved properties with 580MPa and 54%IACS, respectively. Deformation twins were more frequently formed in the C-HSRed
sheet. The C-HSRed sheet showed the typical brass-type rolling texture.

(4) C-HSR of the Cu- xAl (x = 3.1, 6.7 mass %, referred to as 3Al and 7Al, respectively) was carried out as another case study.
C-HSR is found to be more effective for the Cu-3Al with higher SFE in both balances of (strength — ductility) and (strength —
conductivity). It is predicted that dislocation density, as well as grain boundaries and deformation twins, increase mechanical
strength; meanwhile, dislocation density is a single factor to decrease electrical resistivity.

It is concluded that the strength — electrical conductivity balance of copper alloys is improved by deformation twinning. The
deformation twinning can be induced even in copper alloys with high SFE by the proposed cryogenic high-speed rolling. The
effect is stronger when the SFE is higher. As the C-HSR realizes high Z deformation without cooling of rolls and rolling mills, it

is advantageous for industries.
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EThHEETEORIME, BEXEEEOBEE KT 2L ZOHAESIC OV TEIRETHDH. £ 2 TRMIXT
%, SHAE0EEELTIEE L TEEMRORAZ BT LD, MERESTIEAEE) OREE & 72 0 ki &5
T BN, MSISRRTH 572 OICBRAENE DK T/ E W, B8 K= 1L X —(SFE)MEWERA 4 Tl =EE O
O P HEERMFICB O THEEREIRIT 508, AERMEN/NS\WE SFE S48 TiE, mOT B »>f
iR, T 725 E Zener-Hollomon [K7+(Z K1), ST O EE) S N EE 70 5504 T L OVETE BRI RBL L 70 v . K5
1%, 1 SFE A4 0 == iR E4E (Low-Speed Rolling, LSR)Z L - TETE M & DIEE DA & O Eif ELICH T
bbb LEMREL, WITE Z KT THRIN LA F]BE 7o AR IR 558 E 4E (Cryogenic High-Speed Rolling,C- HSR){% %
BREL TV O OHEEITHEA L, TOAMREHTHS.

(1) HE SFE @ Cu-Tmass%Al &412%F LC, R T/ SADIRHEMLLSR) AT H &, MLEOME &bz, %
FER G DFEEL, AW OFA, AW ORI K D RSP OMHIE & 5 JERE L3 B, EIEM X7
PR —HEMENT R BT I E R R LTV,

() BN I 2R EREFRIREICHA LI%IC, FIROEEERICH L TELEAZTS C-HSR Z#ELTWD. £
DOFIEE T, OTHEERRKEI N EITMAT, BMTH & a—/L O3 EL< 25 2 & T, #nTs~
D r— LG OBBEOINH S AL, FEINIHMRRICRZND ZEEH LML TS, ZOZEICKV&EET
RBERMIIZEBNT S, FIEFO ZETFAE LS Rch, EBEREPFEETHZ L E2RLTND.

(3) & SFE @ Cu-Smass%Zn &4:2xf LT, ETF=HR 80%0 LSR A9 5 & ELENITIRE 520MPa & EHER
S2%IACS %7k L7278, C-HSR JEZER X, JIE 580MPa & EEZE SA%IACS Z 7R L, 8 L EEROM I HEN 5
ZEEMLMTILTNWS. R, C-HSR EMEMITITEE RN L0 SHEIC RO, SaMEAMHMENFET
HZEHRLTND.

(4) 1% SFE @ Cu-3mass%Al & #{K SFE ¢ Cu-Tmass%Al 1Z%F L C, C-HSR ¥ 7213 LSR % L, C-HSR [EIEHf D
23 LSRJEFEM L 0 S ENTZIRE R R 2 L, ZORRIE, Cu-Tmass%Al 12T Cu-3mass%Al D 5 23 HxHYIC
RKEWZ EERE LTV D, LM OFE % L9E Hall-Petch D% AW TELL L, LSR OF{LEERIZE & L CTlisin
BEEOHMTH D OIZx LT, C-HSR OFEITITHEE O, ZRR R R b il %5
FTHZLEEHOLMIL TN,

LLED X 51, Rimstix, BERRBEMRAESICRIASED 2 & TlE LEBERAT VANRKESND Z &2
ML O THERRICH T 5 L ZANKE V. EERESNBIKIESETEEL, - 20HT5
TERLK B ZHRF AT CORETFTE2ERTHIMISGELE LT, MBTRCIESTDHLEIARTHD.

Lo TR NI LR E L TlifES 2 b D L5ED 5.




