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Phase Transitions and Thermal Expansion Behavior in AuCu Alloy
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Thermal expansion behavior in a stoichiometric AuCu alloy was investigated from a point of view of a phase transition. Ther-
mal expansion measurement was carried out from room temperature to 873 K at various heating and cooling rate. The crystal
structures and the phase transitions were analyzed by X-ray diffractmetry and differential scanning calorimetry, respectively.
The structure of the casted alloy was a disordered face—centered cubic and changed to a face—centered tetragonal structure or
mixed structure of fcc and AuCu I after thermal expansion measurement. In the thermal expansion curves, break points were cor-
responded to order—disorder transition. During the heating process, three break points corresponding to three different ordering
stages were observed. The activation energy for each stage was obtained using Kissinger method. It was considered that first and
second stages are ascribed to the migration of excess vacancies induced by quenching, and third stage is predominated by self-

diffusion.
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Au-Cu R&aid, BRWRE, (LFR9Ett, mIsic
BN TNAZ LW, EMiH, TEMREL YD
NTW5b. COROERIT, SIRKTEEREEKRTHS
25, MBEIC L - Td, BAERELUTCHRAIASZRT 5
ERELmENTWS. b ERMAR AuCu 54 (LT,
AuCu &) OHA-TEABERICBEI L T, ThETic k<
FARLNTWAY . KIR CLREZHAME & L TIESH&ELT
AuCu 1) Bd 55, THIEPHEREO 6568 K TREMIHA
R (LR AuCu ID iz 4+ 5. & 512 AuCu 1113, 683
K TARBLAE O 077 (LT feo) IR 3 59, fec
i3, Au & Cul[RF2AARBAMWICEIIL T b DITHRL,
AuCuli¥k, Au & CulEFDOREH (002)EIZH L TR AICHE
AETr->THY, #Hhtk(c/a)id, 0.92 LHEINTN5BEY.
AuCu i3, AuCul #HEA L5 -~ RILERMEETH Y
0,1/2,1/2 0FnAw I LM HE &0, Bk

R LEFRFERF A LU IR RSBk A & (Gradu-
ate Student, Kochi University of Technology and Yamamoto
Precious Metal Co. Ltd.)

AuCul © 10 HS5ICHY 5.

— R 7R BG4, AuCu TEEOMBIC R 5488
DEEEIRINSNTEY, #FHE TSN, B2UEIZ L - T
WEAFHEINS. COLEOWLESICE, L1 T
AuCu Il OBRAGERELE L TWAWY, Zo&& 3 RAMIC X
> THMARE 23 B 5725, —H CIBRHEOZELD b7
LINER B E 556055, Tbbikit, Wi
BRICHARERZEAEL T flziEhRiEmcm v Sss,
TERARPAEL 50, THICBEL T, #RPIE, AuCu 4
DAB I J OB EE MR O B R MR 1 B8 S T DR i BY
HBoTWAEHRELTWS. 7, HASW®IE, Au-Ag-
Cu-Pt 4% H\, R OBE N XL 0 88 IHEOHEIC &
BISTIRR CEWZ R N LT 5 LT b. LaL,
D XS ESFROBMERZERICIT, HIRBICHE S R
B, BRI NTWS EHEBISN SR, T E TICHA-
THRIERR & 2R ZE) & OBIR A FEIC & & 2 /o e
A7z,

Z ZTCABE T, AuCu 54O HER & BZRZEE & O
BARA IO NI T 572012, ERERFHRZERL, o
FE, BESW S JCBZREROMIT A 1T /o
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2. £ B A &

AuCu 5412, B GEE 99.99% L1 ) D4t JUH%
v, COMBU & REFEINEYE 7 L I v RBES P TR
Liz. B6NEROLES W AT, Mtktld, Aub0.46
at.%, Cud9.54 at. % CTH - 7=. T OHBOFKOMEIT OV T
%, FEEFER TS,

Mo REE, XEd (LT, XRD)##E (JDX-3500,
NIHON DENSHI) % Hi\~, #igaR et oo il 4 e L /2.
WoE gy, |HE 30KV, &t 100mA, A5 v 7 A
0.006°, v 7 IVEER] 0.72 sec, [AIHH 20=30~55° & L
Jo. Eio, WNIEERR L TCSIAHVCTHE S FHIEL
To. BAESHIE, REEEBEWE (LLF, DSC)HEE
(DSC8230, RIGAKU) % Fi\y, 7L = v RSN T HER
WEE L, 2,5, 10K/min T823K £ THIEL S HICEEE T
BRI L 7o, BAEZsRMIaE s, BB 4 B2k & (TMAS310,
RIGAKU) # M\, FEER#EE 1, 2, 5, 10, 20 K/min T 873
KETHELIOICERETHEL 2. ik, BURAE
%, BbLaBi< 7290 1% DOKFEEZRE L /27 VI VERSAF
’Gﬁof:.

3. £ B & R
3.1 =E=RE

AuCu &8 OEHERZ EIE L, Bb & L7ct, #10x10
mm [ZYWT L 7. BRIEIUF A B WTlRM A2 7LV 3 FEHA
DHESRLHDIEH, 1323 K TR M L S BB (1) 12 $5iA A
MAREOEEARTFRL 72, SFHEAORmHEE, XRD &R
D fecc BETH A C MR L. EEKBmAMEL SO
XRD flga ML /2 & 25, (111) & (200) [pliHTfgo— 7
15 S b (Logo/T111) PZEAL L, RWID 549 0.2 mm OFE X Tl
EF—EDLKICE-72(Fig. 1). TOT b, EHr 0.2
mm BRI L 72308 Gk © 3.8 X 3.8 X 20 mm) A I3k & L
7o, BEiEdEIE & XRD e, F—o#k %MV, DSC
WL, F—gEks 588 L 72/ (10 mg) % AV TE
L7z,

%7z, fec HIs LUBAEOR FER & BIE 3 5 72 DIC Tk
DOEBOLI R EH W=, AuCu &4 8&E k0 59 100
pm O RAVEE L, BEEAI S L ORI 41T - 7.
823 K T 1h VLI, JKKEA L 73Ukt 2 i (AL ALEERARY
L, BMRMEALEEES, 623K T2h B L 72 4 O & Kigha
R E L7z, TNHDOREHOETER % XRD /XX —V/
FORD. BAREMEZEHT foc B TH D a=0.3875
nm, RERPALEEEEHT AuCul M TH Y a=0.3959 nm, c=
0.3679 nm %7 L 7. fcc>AuCu I ~NOHIERIC &k 5 Fif
AERIL, BFERPD 0.3%TH- 7.

3.2 REXEEHERN TR

Fig. 21C 1, 2, 5, 10 K/min FR&iE# O DSC i & =
3. FEGEETIE, £9, BEAVY—7I1CHVT2 DORE
v— s BB Nz, 550 K fHRIcBn s 5880 — 713, #AHE

®oT2 &

1200/1111
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Fig. 1 Change of the XRD intensity ratio (I5y/I11;) against
the grinding depth in the rod sample.
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Fig. 2 Change in DSC curve by the measurement conditions
of the rod sample.

ICRIGL TW5 EEZBNSED, WP ESL /-0t E
FURTRELYRETHZ LT TE A 7. Battezzati
S, WEEA L 723 ko DSC g o 373-623 K T
HMEIC L AR BB — 7 iR L Tk, TOREL
FE—FHL 72 5lEHWTHENLREY —27 05 BIKRAO
NS —27 1k —7)iF, AuCul —AuCu I O H#x

BUWC, 2L TalRflorY—7 (2 kE—2)id AuCu I
fcc DMHEBITHIGL TW5H. RED 1 kE—2713/hE <,
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10 K/min ML O FRHEE CHEARE L k-7, SO &id
AuCu T & AuCu T3S T2 EML TE DY, Fi
AuCul »AuCu IOMERE DO TV 2 )V E—EHH /NS WD C
EBREL TCWAHEEZLNS.

Rl B OREME — 71, BEHREW® LERIC1 STHY
fcc>AuCu I DR ICHILT 5. FEEBRE T, fcc—
AuCu I OMHERITE S T EE fcc>AuCu T ICHER T 5 C
EDRHREIN TV AW, F - ERE T fcc>AuCu T O
LR A & 5 720121F, 663 K TR\ERK A LETH
HTELMEINTWEIZ &b, KWFFED DSC #IE 5
BT, feemAuCu TOHER IR LW EEZ LN
5.

Table 1 12 7 RRE I FE S BEBIRE (Tc) & PRl %
T BRBIRE (Tanes Tomet Tecoo) 13, FHAFBAMAIREE & L
721620 TN ZNOEBIREL, BBdnBEHAE s —%L
7o Ei, FREROEBEBIRE (Tanes Tonea) (&, REXS
DIERBIRE D 6568 K(AuCu I ~AuCu II), 683 K(AuCu I
—fcc) kD EL o/, ARBEROEBIEE (Tame
Teonea) 13, AREREEIC L ST ETHLOICKHL, KR
R OEBIRE (Tocon) IHMERANC TN 7. FRAROEKRE
REOTNE, BREREOEBIRED TN LD i T
BHTEPRESINTEDY, KFETLREL TH- 7z,

3.3 EERHRE LU X #REHT/NY — >

Fig. 312 1, 10, 20 K/min O 57 B B 12 £ S 2R #h
Ay, R RS, BA-ARHANERICRRT 5 EF 256
N5 RS (Rl LU BEE SN JRillsE, 7k
TR OREK & & I FHREE CTEIRANC, RERER TR
iy 7 P L7z AEROBHSIC T2 D 508, HERE
EEFORTFBENC L DRI S &0, REmENZ Lk
D7 OAMEFRTINAELEL /LD THAH D2,

Fig. 4 ICBWZRMEFH O XRD R 2R+, Mbo
Azooc Qi, fcc D (200) @}i%h‘— 7 Eﬁ%?@ L, AZOOT;
Agozr 12, AuCu T @ (200) & (002) DRV — 7 B = %
9. PIERT T fec BETH D, 1 K/min O H GR35 & T2
fZARIE L 7-#813, AuCul O#M &7 -7z, L»L 10, 20
K/min OFBEEEE OB S TiE, AuCul & fcc OEM & 7%
D, ABEEEEZEOH KL & LI fec AHEINL, 20 K/min
Tld, fec MK 30%RAEL Tz, BEEEE D E LS,
EBROREHTH 5 fcc HRBRETEALDEEZ BN
L. BERIEB ORGSR, 0.21~024%THV, FiC
RO TPIIRRBFEED 0.3% LD/ NEMETH 7. TOH

Table 1 Transition temperatures (7,) obtained from DSC
measurement.

Auwhors  Mass s gl fedS Lk
Bonneaux!® #5, 5 694.7 639
40-50 pm

Feutelais!® 200-300 mg 0.2,0.5 670.5+1 695.1+0.5

This study 10 mg 1 667 691 654
10 mg 2 667 691 649
10 mg 5 669 691 643
10 mg 10 668 691 637
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H & L CRADEIE RO LR /2 & OFENRE 2 bn
5.

Fig. 512 1, 2, 5, 10 K/min FRHEEICF 5 sk lhin 2 7R
9. DSCHETIERETE a5 7R, ZOBIZEMERIC
i3, ERALAGH 600K BIC 3 >OREMAABZEINS. O
noid, fec 2 HOBAMEA 3BTRS 2 L IR L
TWwbEEZ6N%. 1K/min FR#EE ClE, 400K, 455
K, 548K io/h i miABlE s h, KEM»H5 1 A
F—V, BLAT—Y, BIATF—VLThH. HFAT—V
DS, FEEEORK L & bicEEMCy 7 L.
%72, 1K/min FEEE THE, £ A7— VO 57 5

i 4 |
£/
i [+=20K/min
— | .
o «—10K/min
<05 ﬁ_
S /
7]
c
S
u>j Start —1K/min

300 400 500 600 700 800 900
Temperature, T/K

Fig. 3 Comparison of thermal expansion curve with change of
heat—cooling rate for the rod sample.
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Fig. 4 XRD patterns of the rod sample after thermal expan-
sion measurement with various heat—cooling rates. The C/T +
C denotes the ratio of Azooc to (AZO()T +A002T +Azooc>,
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Fig. 5 Change of the three stages in the thermal expansion
curve with heating rate.

ICHN 7P FIREE OB K & & B I S B RHIRRIC 2 - /2.

4. % =
4.1 BFoRIR & AERRE & ORI

Fig. 6 (3 AE:8®#2, Fig. 7 [3BEREO B R 1K/
min) ¥ J UF B R il 4R DR B i o il g, DSC AR (1K/
min) Z#/R9. T b & XRD OfEED 5 BRI & sk
EOBRELTO LSRG TE 5.

FEBTOBEEOR LML, XRD AR LY fcc HTH -
7o. f€-> CABRIL, fcc HOBRETHSH. ZOHDOAEHA
2T, DSC ifi T RBY — 7 L 2R iR Ol
FEM o R OB SR TWA T D, BC I, fec
—AuCu I OMEER ORFEICHE T 5. COREXEE, %
b7 3 EED A7 —V T, B, B, B"BEDHEIATH
%. CD M, AuCul HOIEE % ”d. Bonneaux 5223,
¢3mm DK A A In—situ 12 X AEFBAMEBZ T 1K/
min FIEEEOHE, 623K T AuCu I OHEBBIAED
689 K CT# T, 689K Tfcc DMEBBIAE D 696 K TH T
LTWAI EudBRNTW5. ABF9EL 5, DSCHifRE T 2
DOWRENY — 7 & BEAR AR ORI i 5 BhAR DA #E 255
LTCW5AZ &,5, DE M AuCul —~AuCu I, EF i
AuCu I —>fcc OMHEBICHYS T :EZONDS. T/, B
AR AR & DSC fhiiC X AHBEROREOTHOFKF & L
Ti, AROKREVEWRO S PREOBNZZIFLd W
EMEZLNSL. FELEER, fec HOBEETHS.

Fig. 7 OFBRRBREO G M E T, fec HORMETH 5. B

25 25(2008) g 72 &
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Fig. 6 Comparison of break points in thermal expansion
curve, Al/AT and DSC curves during heating (1 K/min).
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Fig. 7 Comparison of break points in thermal expansion
curve, Al/AT and DSC curves during cooling (1 K/min).

EBRRIC IS 5 fec D HOHERIL, 2R TR OIRE M
SrFEOZE L & DSC iR iIC kW T 1 DD —27 TH 5
Z b fecerAuCu I ANMER 5 C & ki~ C
NoOT &b, GHEIL, fcerAuCul OHEEBIZHIGT
LrEZONS. BIENEHET, XRD &R LD AuCul
HTHhHAHZ EEAMRELIVERL B b, H2HI
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DR E TIE, AuCu I HOBRRIZHE S —E DR L =T &
Wz A iz, BREEBETE, HICROXE WEERO S
DAEERE L VREOENZZ LT W EhEZOLN5.
Db Eh 5, KBRS I\ TR R O 8 ih A
TN THERBICHINT A EVNMHERTE/. L2L, 1
F2 WA BB DA LT % X DI DO RBUS RHE
LEMZRIROZELT R ONp - 7o, KPR TR, $ilgs
ENCHAREOIRICERAA ZFER ZRA LIz, DD
HOBEREL V512720 ThhHEELONS.

4.2 3 ERPERANL

FEAN L 72 AuCu G OBAIEERIC OWT, BZRMRE
DWE T 2 Bl D22 D RIEPTHIE T 3 BERE DA (k2
DEIN TS, 3EEOHAMEE, oOBAIEEIZ\W
THMEINTED, CusAu O HEHIEZ 2D CuPt DES
EHMES 2 2 E P SHROEN TS, RFFRICEWT, #
i EZaR AR D EEE R OB AL, 3 BEDOZENTHS
LR T E .

AR BNZR R O 3 BEREBEAMEOEE LT L F —%
FHilid 5 Z EATE 5. HbZ V¥ — E ¥, Kissinger
BN ko TRADLBE LN S.

dln (@/T2%)/d(1/T)=—E/k

CCTCOQRAREE, TRAT—VORE, ki
Boltzmann ¥ CTH 5. Fig. 81, &1, #£2, 3 A5—
VICHT A5 In(@/T2) & 1/T ORtRE R, Gk L
F—i¥, 1, F2, HI3IATFT—VTENLN, 558, 644,
99.3 kJ/mol Th - 7=.

Table 212, TNETITRKD LN TV BHAMEIC L BiEM:
bV —msl# L 7o, A EOE N, HANMERE O
WRREHEE, BANREOREIC LD R > ThWHLD -
RIS, AMERICLORDOONIE 3 AT —VDiENKE
b F—i3 99.3k]/mol TH%. AuCu &4D fcc HD
I OTEMAL T F—F, 771-1059 K T 94-115 kJ/mol
EHMEINTEOD, I ZATF—VOHEITIhIZIW.
1, F2AF—VOERILTRVF—lTZThZh, 5538,
64.4kJ/mol TH YV, I AT—VDOEBLZ 1/2RETH
%. 26 L7 CusAu < CusPt OFAME TREMIC S S T
WA K5I, RIS RS S MR ZE LSRR IO
ELTw3bDEE2LE, CNOHLDOHEIZZEYTHS.
Dienes 539 Ot fEi, HERE N O 3 A7 — VDA
BICHIRT D EEZLNLD, BEOLORDIMEL DK
T, B, BEANWMIE A 873 K (B (AL ALF R 1
min) 2» 547> TEY, REAMLS 5 ICHEIT L k- 722
EHE 26N %5. Kuczynski 52, Chandra 539, Khobaib
LI OWMEMIT, HAMLRE L% /D Rie 5 BARFIETRD
728 1 AT —VOEICEV. Kuczynski 52 OHETiL, &
Ml rbF—%, BEANREICHE T4 <, 688K
(20h) &0 923K (20 h) DI AMEW &R ~X T 5. Chandra
5304y, [EUBEANTE 923K (20 h) THLEEL 7- & k4 H
WTE D, Kuczynski H2OFEME L I1ZIERL Ch 5. EFE
LBRRDI3I ODDOAT—VOFEHEAL T F IV F —IiL,
Hisatsune 529 DEIZ 227 DT\, #5513, Stage T 13 @ F

AuCu GROMIER & 2RSS

315
—10} o _
1st stage
55.8kJ/mol
—11F .
?1: 2nd stage
= 64.4kJ/mol
-
= [ 3rd stage
— 99.3kJ/mol
—12} m ]
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T17103K’

Fig. 8 Kissinger plots for 1st, 2nd and 3rd stages obtained

from thermal expansion curves.

Table 2 A list of the activation energies related to ordering of

AuCu.

Authors Method Tem;()g)ature Acmélit]l;)rrrll Oelr;ergy
Dienes?® Resistivity 523-633 122.2
Kuczynski? Resistivity 373-673 41.8-58.6
Chandra®¥ Resistivity 423-573 38.5
Khobaib3® Diffusion 573-623 44.9
Hisatsune?¥ Resistivity 293-380 79.5

Resistivity 350-460 63.6
Resistivity 460-600 110
This study Thermal expansion 400-457 55.8
Thermal expansion 455-519 64.4
Thermal expansion 548-602 99.3

Z2fLOBE), Stage MITHZZFLOE), Stage T it Stage I
FVENMETHL D, BEMHOBLLDRETHS
EEZOLNDL EBRXRTWS. L2LERD, APIFETRD L
NIE2 275 —VOfEIF, BLAT—VIDKRELFELD
RPUCIIZE /NS . 1 ATF— VDA S O Stage I O
& D/ PSWEEH & LTiE, RIFFETIE, BabRRED b B
SENCEHIAA TIE L TW AT ERAFEL TWHEE2 LR
B. TabbahaE T (1162 K)O TO 22 L1 104
DF—F—THY, FOLOERDK 30 HFRERE V. Z0D
FER, #RE D4 < OMBIZILAEHE S, KWiEE LT %
IWE—=RROOLNIARENEDRD 5.

5. #&

il

(b Eim MR AuCu & & OB R OB AI-TE R 4 3
BRI ARIC & > THEFT L LU T OfssR 2 157,

(1) DSC O MRED 2 DOWEL— 7 1%, AuCul
—AuCu I, AuCu I >fcc OMERRE, BREBEOFE — 7
i3, fcerAuCu TICRIE L7z, £/, AEBEOEBEE
i, FEEEIC LS T, BREBREOERIEEILZOH
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KIZE V&R 7 F LA

(2) BuiZaRih A ICHRI-NE AR R SRR 4 % 5 ih s (R
E ) g SN, ARBRREEOHEK S LIS, miRfl (R
HEAR) o L OMRIR M (BERERE) Ic v 7 b Lz, &/, Bk
BIERT O AT fec FHTH D, BIZERAIERIT AuCul b
At feec & AuCul DREMETH - 7=.

(3) BJZEMBOFEBEOEA S, fcc>AuCul —
AuCu I ~fcc DHEBBICHIGL, BEEEREE, fcc>AuCu
I OMEBICHIEL TWb EE 2 b,

) fcc>AuCu I OMANLBRET, 3 DDATF =V B
L. G TRVFE =6, B 1,2 A7 -V T, HiES
NIBREZELOBE), H3 25—V Tl E IR LR
tEZ BN,
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