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The enhancement of strength of a Cu-1.4 mass% Ni-0.25 mass%P-0.1 mass% Zr alloy, in which the Ni and P contents are
about twice larger than those in commercial Cu-Ni-P alloys, has been tried by means of combining accumulative roll-bonding
(ARB) process by 7 cycles and aging treatment at 350 to 450°C. For the sake of comparison, the mechanical properties of the
alloy conventionally cold—rolled to a reduction of 50% and 90% and aged at 350 to 450°C have also been examined. The grain sizes
of the Cu-Ni—P—Zr specimens deformed by 7-cycle ARB process and 90% cold-rolling were refined down to about 0.4 um and 4
Wm, respectively, and the fractions of high angle grain—boundaries in the specimens were nearly the same, about 45%. Initial
aging, subsequent ARB process or 90% cold—rolling and re-aging at 400°C produced the Cu-Ni-P—Zr alloy highly strengthened.
The alloy, initially aged, then ARB-processed and re-aged, had a tensile strength of 780 MPa, an elongation of 6% up to failure
and an electrical conductivity of 56% IACS. The differences in yield strength among the re—aged specimens after 50% and 90%
cold-rolling and ARB process are explained by the differences among the dislocation density, grain size and inter—precipitate
spacing.
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E2TH Y, RENLEEE - SEEEMETHh BRI
B Cu-Ni-Si %G8 ()Y v Ee) O CERERB A R
Cu—-2.0Ni-0.5Si 547D Ni,Si #T P DO % it 0.015 FED
THh.

2T, ABIECIEIEFAR LD NI & POEEH2 £
oL, 6T Zr #¥ ML 72 Cu-1.4Ni-0.25P-0.1Zr &4
I ARB (Accumulative Roll-Bonding) /in .56 & I %) AL FR %
L, MEOSLELM EER A, TbDb, Ni L PO
WEICE24VOBEEROMETIIEEICL Th, fHEOH
& A& SR OMHIEIC L A8EEOR AR 72D TH 5.
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Channel Angular Pressing) EO@ A # A TE 725, FH
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B4 EO ARB KNS Zr RN L 7= BB TH 5. Zr iwhn
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Z L2k D, i< ARB INTARDRERIC 5\ Th il %
HEL TE—= VR fTO LN TE, fRe L’C‘?l‘?ﬁgﬁé
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Cu-1.4(1.51 at% )Ni-0.25(0.51 at% ) P-0.1(0.07 at% ) Zr &

SHIEE L 7. D\WT 1000°C THELARE L, 80% D¥
FEZE %47\, 850°C T 1 h OFEMLALE B IKEE S ANEIT -

7o, COBMKLAHERFICHEEL2AE L, Samkitid 50
pm & o 7o BALAERE OFEHT 0, 50, 90% D AL
F/ZIEERTARBIN L #{T-72. ThbH0RBEZnTHh
CRO, CR50, CR90 33 LUF ARB & E&H L 7. ThHORE
IR L, OB % W T 350~450°C 1 CTRERhALEE %
WL7z. 7o, WEALAERICHE T 450°C T 5 min OF
Ry 2 T - 7o, 50, 90% DWW HIEL % 7213 ARB InT#% 17
57, ThBORKE ZhZ N P-CR50, P-CR90 5 L U P-

Casting of Cu-1.4Ni-0.25P-0.1Zr alloy ]

[ | |

[ Homogenized treatment 1000°C x 24h ]
[

(

Cold rolllng 80%

Solution treatment 850°C x 1h

[ Pre Aging 450°C X 5min ]

As treated —Designation CRO
LCOld rolling 50% —Designation CR50 [Cold rolling 50% —Designaton P-CR50 ’

Cold rolling 90% —Designation CR90 Cold rolling 90% —Designaton P-CR90

ARB 7cycles —Designation ARB ARB 7cycles —Designaton P-ARB

[ Isothermal Aging 350 ~ 450°C ] [ Isothermal Aging 400°C or 450°C ]

Fig. 1 Schematic process flow and designation of specimens.
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1h ORFRIRICTRE ML AR SN, SISl TS MK
TL7. 22T, CRI0 I LT ARB IZ DWW TIE kG a2 78
O BN 350°C T 30 min ORI AITO> 2 L & L7z, Fi
AL O T iiReRh G (450°C-5min) & & & HRE
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WHFECIE ARB I LA 794 7 )VE Tl > 72/, £ TRT
HE20NA5MHY0 T A 56 THDH. kBHEIEH CR50,
CR90 DBV T AIIENEN0.8,2.7 ThH 5.

PR OB FWCT, BESEER, BEERE, 55
Bafro/c. i3~ A 70ty A—AMEFHZ LD 29N,
10 s DEMFITTEIE L 72, 5RARE, “FATHA 200 mm X
6% mm x 0.25' mm OHCIRJE A = 3BT 2 v, HHES R
BRI L 0O AEE 3x 1074 s D&M TERKTF
IZTHT - 72, BRGNS WIS PATTH 5. ARB nL
TEWIED 1/2 fh i mFEam DA FEIET 525, Wi SEM
BETHLHMEL EOXRBIIRONT, HERESPRIFTH-
7o 7 OB I IZ BT A D LW L 2. E/, W
BIHAERERGC L FERAKPICCEERHE L /.

BRI % P 9 5 7o 0 X R EHT EBR A 17 - 72, (111),
(200), (220), (311)X&H DOV —27 OIE CHINE) 70 &, #HIE
S 7z Williamson-Hall #7% W COF Ax KD, TRAHEE
ICHALL 7210,

HL#% 812213 H a2 % H-9000NAR 7% & U8 IC H A& & F L
JEOL2000EX %@ M % F M (TEM) # BT, £hZh
IEE A 300 kV, 200 kV (2 THT - 7. TEM @4 it
BHE, YA VY vy FEICTHSPO, : CH;0H : H,0=2 :
1: 7(&R) 7 500C HNO; : CH;0H=1: 4 OFEH %

T, FIETIHE0CT65V, BETIE-25CTTVOLEHT
fERLL 72, &7z, TEMICHER SN TV 5L RILF—5#
X fg o brakiE (EDS) # V¢, Cu fHH ST HICE T %
AH L THRMIEROREZHEL /2. Vot —AEET 2
nmm THD, FAELKEEZH30m TH5. 51T,
SEM-EBSD (Electron Back—Scattering diffraction) #:i{Z &k %
MRRELE, KT A 1T - 7.
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B 72 7 1 (ND) ISR - 7o i fr2E 2° DL LR F O ~F- kg (ks
RS, TARZ M, KARNAOE G RT. RERhEisk
@ CRI0 O#EFHRELIZH 4 ym, ARB D Z it 0.4um TH
D, ARBINTIC & D #Edb A b S Tw%. ARB L
SNIHTHEURE S DT AT b+ KARADOEIEITOW
TiE, 694 7))LV ARB i L7z Cu-Cr-Zr &4 CORFR)
BitE T 0.25, #960% W L7 h  ehmbshTnwb. 2

Cu-Ni-P R &£ OFT HF LIS FUE 4 ARB s L O IFEAE 2 O 2 511

& L C Cu-Ni-P R A & 13RS fobr 28 = LIC < W E )
DI - . WENIC L A RHEMROK X B kit .

ARB LM B LU Z O # O TEM B2 OFER, Wikt
DOMBEOFEIILE > TR D, BEEOIKRNM A 5T, Fig. 2
@RI LI HE L 725 A SHME TR L Thie.
Rtk DERALEEEE DI L CO BT R BNk - 7z,

Ll ko> ARB InTH# & Z DOReshdr O EIE, TR
I ARB IN T L 72 MK & 2 DRI IZ & XN TRRD BN
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3.2 BIRFHECRF I REMRHMIEL & BB ORHR

TG ED BN RS, 7o & 21E CR50 % 450°C
T 1 EpfEBEsh L 7284121, Fig. 3 © TEM BlZICHlR+ 5
U, BRI WA S /. TEM 22D O
BT —LAHF T CuBHOL011Im H i & FfTTH
5. COBRRELT L EF BT XY (SADP) OFEHTIC L D
Ni,Ps BB &> CTH 5 Ehbr-7-. Fig. 3ICH S
N5 L D1C, LM & ARB 0 T TITHRAL EICEELMT H L
TOAFEFA LI LIFBE SN/, NipPs i oficis
WMHWIRDENT 5T SO Zr i3 Cu BHHIC

Table 1 Microstructural parameters obtained from EBSD
measurements of the Cu-Ni-P-Zr specimens, CR90 and ARB
un—aged and aged at 350°C for 30 min.

Mean spacing of Grain aspect Fraction of high-angle

Specimens bou&%réfﬁ;‘slong ratio boundaries (%)
CR90 4 0.35 45
aged CR90 4 0.40 46
ARB 0.40 0.40 45
aged ARB 0.4 0.45 47

(a) ARB

Fig. 2 Distribution of disoriented grains of the Cu—1.4%Ni—0.25% P-0.1%Zr specimens, (a) ARB specimen and (b) CR90 speci-
men. In the boundary maps, green lines represent the low—angle boundaries having misorientation 6 of 2° <6 <15°, while black lines
indicate the high—-angle boundaries with #=15°. The arrows in (b) indicate the fine grains.
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Fig. 3
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(a) TEM image of Ni;,P;5 precipitates on dislocations in the CR50 specimen aged at 450°C for 1 h. (b) [011]m selected—area

diffraction pattern (SADP) corresponding to (a). (c) Schematic illustration of the previous SADP: ll = Cu spots, O =Ni;,P5 spots.
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Fig. 4 Stress—strain curves of the Cu—Ni-P—Zr specimens, (a)
CR50, CR90 and ARB, (b) CR50 aged at 400°C for 1h and
CR90 and ARB at 350°C for 30 min.

FEEL CWA I ERTHINS. £ THIRMEALEE 450°C
T4h W)L 723k % VW C EDS #1247 5 72. Cu REHIHP
D Zr DEETH) 0.1 mass% TH D, ZHUITLHRIFME L —
FLTED, 7 NipPs friih2 603 Zr 3R S hisn
Sl INHDOT E XD Zr DIF &AL Cu BFHAPICENE
LTWa Efishs.

Fig. 4(a)ix CR50 & CR90 45 LU ARB, Fig. 4(b) iz = h
B ORFNBE D RFRIGTI-OF AR Th 5. Kzhiifd CR0
13 CR50 L D EE &AM IEmmIC/hS v, ARB I3
CRI0 L RAEEOBRE X FHLETRKE LM LR, W&
LI LB L L ZDOH S UNHAEL, H—HU & R
DEGIFABRETHS. ARBINTLHD D K 5 g,
i Cul? % Cu—0.85Cr-0.07Zr 541" ARB ¥ DL H1-0¢

Table 2 Grain size d, 0.2% proof stress gy, tensile strength
oy, elongation & and electrical conductivity E. for the Cu-Ni-P-
Zr specimens, CRO aged at 450°C for 4 h, and CR50 un—aged and
aged at 450°C for 1 h and CR90 and ARB at 350°C for 30 min.

Specimen d 002 Ou & B
(um) (MPa) (MPa) (%) (%IACS)

aged CRO 50 370 460 20 49
CR50 23 420 470 8 25
aged CR50 23 480 540 11 45
CR90 4 520 550 3 25
aged CR90 4 590 630 6 42
ARB 0.4 530 560 4 25
aged ARB 0.4 600 640 8 42

AR OB L 13 B> TE D, &MU 10%-E TR
HUREEAEHR LD, BN LD T CTORBOBE &
OB 525, W ORR L RRhHT & I aged
ARB (T aged CR90 & [MRRE OE # £, aged CRI0 &
D HKE LU ERT.

Table 2 {Z, CR50 & CR90 ¥ LU ABR & ZDOB&)#IC
B DR d, 0.2%M T 002, IR gy, AU &
HERE #Rd. FEEEfTHOFICE— 7% 17 - 7 aged
CRO OMIEFER 1779, CR50 OR5 b £4E SEM B2 h 5
WEL. 5k, BRMEAEEZO Cu-Ni-P 4412 50% 4L
ZMz 450°C T1lh DY — 7Ry e (T - 7= & SO & 5|5k
#X2(3, Table 2 D Cu-Ni-P-Zr &1 5FN 5 &iF
ERLTHD, WEAND Zr ImMOMFEIIEEWICED BN
otz UL, Zrid Cu BMHICEE T 4700, BEXK
DIET & 7x - TH N

Table 2 {233 C, CR90 i CR50 L VBREEAE < U H
INEW. UL, ARB I3 CR90 & il U Tl dtbi 280 1/
10 THAHIC L b6, BELMOTIT LA EERND
CEFREVEEICTE W, BERIT CR50, CRI &
ARB TZ L. Bzhic L CR50, CR90 & ARB O3 h
Lk, BERBSIOMUPBH ESTS. LarLl, BB
CR90 & ARB @ 0.2%M )7 & 5| EM SITIFITFEL <, #idh
FIBAE OB RSB TOe\. BIERE & SN E TICHE
TN TV A% O Cu0.7Ni-0.13P-0.1Fe 44T 351F A1H,



o9 5 Cu-Ni-P /& & OHT HRLFEIC IT 3 ARB ik L OV R O 8 513
(a) I b I I I I 800 T T T T T T T T T 1 T
260~ (0) / ] @
P-AR
> @ 600 - i
I 40 - % P-CR90 P-CR50
g B
[0} o
c L | 7] 400 =
B 200 450°C aging g
e 7]
(<
(] - 200 - -
S O P-CR90 aged at 450C
s @ P-CR90 aged at 400C
A P-ARB aged at 450C -
A P-ARB aged at 400C 0 L ! ! ! L 1 L 1 1 1 1
o 0.05 010
| | | i I Strain, &
60
0 10 10° 10* 10°0 10 10* 10®> 10* 10° 800 T T — T T T 1
Aging Time, t/s ®) aged P-ARB
Fig. 5 Age-hardening curves of the Cu-Ni-P-Zr specimens, & oo 2ged P-CR90
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400 and 450°C. The arrows in (b) indicate the start time of )
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0
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[ P_.CRAN
200 -
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Strain, &

TRY— 7R E T AN ARAAE L, R BRSOy
BHALIE L AT 2 T o 7o k5 SR, NipPs (b &% O B2+ 5
TlixWwichtEzZzbN5.

ARBIMTID L D70 T AMTEIC L VIFR N/ -&B
FHRHT, — MO 13RO TEN A, BMIZEEMERZ L\
LWV REND D, BWIREEOSEICIE, RHEA I #H7x
B2 MR A B S & CERS AR R BRI BT S
BRSO R OB BN ks & 2 OB O FHE SRR O H 11 %
DL ERREHITH A, L L, CRI kLU ARB
T, KRR ISR S 7o i B4 DER L R dif AR DR B I %f
FTHE VDR Tl iz, ¥— 7 B ORI RS
mPEL S EEZONS. £ THE T 450°C €T 5min OF
TR & 1T - 7o RICH L % 7213 ARB L% 1T - 7z P-
CR50, P-CR90 #5 & Uf P-ARB % FH(* 450°C THF& L 7.
7%, 450°C, 5min OF KRN T, Y — & TOMNH
LB 1/3 OF{LEIC#E T 5 (Fig. 5(a)). 450°C OIF
T I\ T P-CR90, P-ARB Tid ¥ — 7 BEAH RIS FAS 5 28
&7, 400°C DR CRFEFRBMBNCE IO — 7 »4 L
7- (Fig. 5(b)).

Fig. 6 (a)iZ, 400°C TZ M ZMJEIC 1h, 30 min, 30 min
DY — 7 W) LI 4 5 §ij & P-CR50, P-CR90 35 L U P-
ARB @, Fig, 6(b) I3 — 7 Kighth O ARG -0 F &
AR d. Fig. 4(a) & (b) DAWIETI-0 9 AR & N,
W NOBR L BRE SR LA L T A58, RO
— R ELLL T 5.

Table 3 1=, P-CR50 P-CR90 35 & UF P-ARB @ 400°C &
' — 7 Wi OFE b d, 0.2% T 71 002, BIRRE oy,
iy e, EMBEBRE, 9. Table 2 OFEFR L H#EL T, W
FTNOFEHZ W CHIRARRERh L O T KIRICHEMmL, &
BER, MUELAELTWS. BEANDOTFHIFFNDOLNEIT P-
ARB & P-CR90 TiHFZIZR L TH D, aged P-ARB Ti35]
R X 780 MPa, HUF 6%, HEKS56%IACSICHEL T

Fig. 6 Stress—strain curves of the Cu-Ni—P-Zr specimens, (a)
P-CR50, P-CR90 and P-ARB, and (b) P-CR50, P-CR90, and
P-ARB aged at 400°C for 1 h corresponding hardness peak con-

dition.

Table 3 Grain size d, 0.2% proof stress gy, tensile strength
gy, elongation &; and electrical conductivity E. for the Cu-Ni-P-
Zr specimens, P-CR50 un—aged and aged at 400°C for 1 h, and
P-CR90 and P-ARB un-aged and aged at 400°C for 30 min.

Specimen d Vi Ou & Ee
(um) (MPa) (MPa) (%) (%TACS)

P-CR50 23 490 540 6 40
aged P-CR50 23 570 610 8 50
P-CR90 4 640 670 3 40
aged P-CR90 4 730 770 4 56
P-ARB 0.4 650 680 4 40
aged P-ARB 0.4 740 780 6 56

W5, CHNETICHRE SN TV BERIE O Cu-0.7Ni-0.13P-
0.1Fe 541C B 5 FN 5 Dff, 670 MPa, 7%, 65%IACSY
RN, BEERIIECAHCERAEETHD, 5EEMRSE
110 MPa & kK &\ .

4. & £

KPR OAREEITE & L-CTiiisRl, In Tk, &5 dk i
MEBRILIC k- Tt ST 5. DUF, KEICkiT 5k
RIETI~ND NG 3 DORFOHFHFIZ OV THRFAE ML 5.

KO CEZE S 7z NipPs il e+ 5 & &, U—
7RI DR EG S ORRIE NI A BT VERIC X - TRl S
N5Y. AT VBT Aoy &R TRkE 2 i3k OB %
W 5.
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MERR LS. £, —fRICEMEE p LEIRIETT dog
& OENC T Bailey—Hirsch OEIRYW BN 5 2 LRGN
TW5b.

Acg=Aoub|p (3)

CITA L old@ER p 3R, bIN—T—AXT L
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L. BT, BRIST dog PREMRNER dICRZTKREFT 5 &
& Hall-Petch OB #R1516 1 )

Agy=kd 05 )

ERING, RRTEHTHS. EREN NIV ERILE
3N %.

Table 4 i CRO, 50, 90 35 LU ARB ORZIHI#£ TD 0.2%
77 602, 3 (2) 2 HEFE S N HIRIEEEE 4, X SRR
2 HRE S NIZIEALERE p, fEARE d ZRd . CRI0 &
ARB ORFEh T — 7 REh CTld e, itk s
TCRODZENEBHEVERP T &, NipPs T &
Cu FHHOMICIIEFO—R—DRIER W & D, 41
TR Y o TR T % LRE L /2. F/z, WSRO IRAL
R A Table 4 OEMHICRT. WIFNOREHT BV T,
RhIC L VEEMEE SR L LSS, 612, f,
r, M OREE N=f/ (4nr/3) & 573, T TAFUTF
DXL TRDIz. P T OBEBRAOHETIME T
BHAEEPNS VDT, HRF OBITRFNIC X 2 WEIRE
B E LT TN, ThIZEBRBERZEELLRBEL S &
TE5. 3.2HTHRN/A L DIC Zr 13FEBEMIC Cu RHEHICE
BLTWABDT, BRI, Cadhod Zr B E & BEEEROM
RONE, Zr EEIC L AEBROET MO\, £
LT, CufH & NipPs IO FEEKY, Cu DEEIK
NONi, POFGS NS fOfi% BfEdL - 7. 7xis, Table
LIZRBENSG L DT, KT CR50 OBRALEEE L D CR0
F 7213 ARB D ZFNIT 3 FERE KX WETH 575, Table 2
FRORERIRTO SN HRARIOBERITEL WO, ROl
(LEEE OB & HEEROINFIMHE S 5 LN TES.

75 &

aged CR50 Difif 73 LA aged CRO L D &\, HriH
YRR & RS R II RENCEDL LRV OT, ThidEs
L CHEAZLBEE OB 5 <. aged CRI0 DI 71T & 61T
E 7o T b, COMEOEINEEEEL O S 7 580
Iz, MriEEEREOEA & AR O WA ISR A
5. LT AN, aged CRI0 IZ H-~ aged ARB D5 Fki 48
NIV D6, WaEORICIE LA EBEOEIT
V. THYHEBEREI 2N O OREIRI TIIER B T VRD LN
DD T, WIANOPTHFE(EOTFEZITIERL a7 &
MTEA. L LEMEET aged ARB O Ji AMEV. LRk
200D A=2, «=0.57, u=46 GPa, »=0.256 nm, %L T
Table 4 ® aged ARB & aged CR90 D#EA7 B4 % 5\ 3L (3)
75, aged ARB O[5 75#) 40 MPa < 72 % & 4 5 &
EMTES. —J, Gertsman L2Vl Cu DREIRIE T DR
R EZHREL Tk, ZTOKRELD 4um 75 0.4
pm E TORE SR B X 5 BERRE O - F135 60 MPa
FREL BN, CORERBAMEIC X A5 ORI 38R
PLREEEMEN T E I X BB DR ERE L. fE- T
aged CR90 » aged ARB ORERIEEICKE L ETRD LN
oo lo BRI NA.

Table 5 12, P-CR50, 90 35 J U P-ARB % 400°C Tt —
7 RERHALERE L 7215 D 0.2% T ) 002, HTHPIREIIERE 2, $RAL
B p, ARG d BT, f, 7, N, RERhETO p (B &
Y. =7 R O &R OB RSB O TN LD
KEL, BT VBELFELABAL T LI L8N 5.
aged P-CR50 k& ¥ aged P-CRO0 OREEIZ B\, Chidis
(LBEFE ORI Iz, FriiRIEREO R & & SR O ML
IZ&kA. i, U=tk D aged P-ARB Diiit 7713 aged
P-CROO D ZN LIZIERLETH Y, ChiZ Edo kDI,
aged P-CRI0 & LE~FEBL AN CTH 5 C & LERALFEE )
BV T LR S NIFEREEZ L ENTES.
Table 4 DFER LT 5 &, WIFNORRHTEBWTL, K
B OB A R\ RN EE A SO, iR
(L DFEEY T RN & > TS N A HTHMIC L D #k s
N, BRADPFER LIS K Eo/cl bili b EE2ON5.
%7z, Table 5 O TR O AL 35 L O ARB fn L
DIt F11% Table 4 hOFHREN /R L DTN HIZIN, ThZ
190, 140, 140 MPa K &\ TN i I ORI B 5 L
OB & YRR OB IER T 5. &R W T
TG D> LN Lt OF551E, K@) »brhzth

Table 4 0.2% proof stress gy, volume fraction f of Nij,P5 precipitates, precipitate radius 7, precipitate number density N, inter—
precipitate spacing A, dislocation density p, and grain size d for the Cu-Ni-P—Zr specimens, CR0 aged at 450°C for 4 h and CR50 aged at

450°C for 1 h, and CR90 and ARB aged at 350°C for 30 min.

Specime J02 f 7 N A p d
pectmen (MPa) (nm) (x10%/m~9) (nm) (x1014/m~2) (m)
aged CRO 370 0.0114 7.0 8.0 85 — 50
aged CR50 480 0.0103 6.5 9.0 82 &gig% 23
aged CR90 590 0.0094 5.2 16 69 T 4
aged ARB 600 0.0094 5.0 18 66 ATt 0.4




o9 5

Cu-Ni-P RG @O HILFEIC KIS ARB 3 LU HELE OB 515

Table 5 0.2% proof stress a2, volume fraction f of Ni,P5 precipitates, precipitate radius 7, precipitate number density N, inter—
precipitate spacing A, dislocation density p, and grain size d for the Cu-Ni-P-Zr specimens, peak—aged P-CR50 at 400°C for 1 h, and peak-

aged P-CR90 and P-ARB at 400°C for 30 min.

Specimen (MPa) 4 (o) (X 10/m-5) () (x 10 /m-2) <J;>

aged P-CR50 570 0.0112 5.4 21 64 aoEdd 23

aged P-CR90 730 0.0124 3.8 37 16 S3i03 4

aged P-ARB 740 0.0124 4.0 36 45 T 0.4
60, 80, 80 MPa L R4 5 LA TE 4. B#oni.

V— 7 BN X OIS N AT OREE # E$ 5.
FHEEERD, 9705 450°C T 5 min ORI THT B ORE
AT Lol BRETSH. COLEHMHEBEOREEIDL,
Table 4 # O FEAEH (aged CRO) DT HI# O RS & i1
ELWEEZOLNS. 5T, 2EHORRHIC L - THERS
NAMEHORFERE L, aged P-CR50, aged P-CR90, aged
P-ARBIZBWTZxhZn 1.3x1022, 2.9x1022, 2.8x102%
m B3 EMETLIENTESL. T OfEIL Table 4 D
aged CR50, aged CR90, aged ARB O¥EEEDE L 1V 2 {52
JERKEZ V. 2EEORRNC X DR SN AT HE®IE 1 =720
ORI L 5 & D LD B 5 I EBEIFIE MEWIREE TR S
NI DTH5S. ZNUZH b5, 2B HORREKICH
B OMT Y OBEE N E N OIL, BLERALE b 7% A%
MOEMBEABWC LICESEEZLNS.

Table 5 T, aged P-ARB OV — 7 W& i O#E (L 5 B (55
A 1% aged P-CR90 Oz L D&\, COJRKIZHG
TlE7e\ 25, ARB LM rh OB EE % i 13K 90 % O F4E
MUV ETEFS I ERTEND, FFRIED ARB I TH
ORI I B Ed 5139 Thb. ARB InLIN/z#f Cu
2 Al P OEMEE YOS AIKREST 52 L AHESH
TEO2, f-> TARBMIMICEZ LT AEYE X
B I ko TIRAEENEMT A0 EERD 5. CDOT &
b ED THERFFTH 5.

5. #&

i

A7 CTIEEM Cu-Ni-P R &5E&0OBFHMAR L O Ni & P
ORI 2MHICHELL, S5 Zr ML 72 Cu-1.4Ni-
0.25P-0.1Zr #4127 9 A4 7 )LD ARB hnL & 350~450°C
ORI % O LR O R k2l A/, HigD -0, 50,
909% HEIE & REZhALER % OF F U 72 Al & £ O BEIRAI M E & 3~
7o, BONIHERBLUTO L ICERHINS.

(1) ARBINTE7213 0% FELIC LD, KARNAOEIEH
EABITHI 459, SEERS SRR AN 400 nm F 7-1d 4 pm D%
IR D72 % 5 A SHBEATBE S .

(2) TIEHEZIH% ARB In T %713 90% EAEA 1TV, X5
I 400°C OV — 7B % i+ C LI kD, MEOS VR
S A LA TE/. BICARBIM T2 #A L 72 & &,
53R X 780 MPa, {H{UF 6%, EHEK 56%IACS D25

(3) 50% & 90% FEIEHM 75 5 UM ARB MOV — 7 Bpshtk
DOREARBE O, REE, ks, frhwiaEgEo
FEWPOHRET L LN TES.

RIFFRO—TIL, CHRHFEEmP a4  X—
aVAIEE [T/ 57 /ny— - 2y F7—7]) OFES
ZT, 5 - ewmd /T UREERy P — 7B\ T
LSl tefiil, #EZETSH. £/, FEEHEO—I
GFH, i, SCREHFE R TR ) & 8- IR 5
[V 7 ) AR V=% B H L WS ROR: | O
By %% 7.
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