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Abstract

The aim of this study is to investigate the relationship between microstructures and
mechanical properties of the Cu-7wt% Ag-0. 05wt% Zr alloy. The better understanding of
strengthening mechanism of this alloy will achieve the needs of high strength and high electrical
conductivity applications. Microstructural investigation reveals that continuous and discontinuous
Ag precipitates were formed in Cu matrix after aging treatment. The continuous precipitate found
inside the grain had aligned themselves on the particular {111} plane and <011> directions.
Conversely, the precipitates found in mechanically deformed samples are thoroughly dispersed in
Cu matrix. There was no modulated structure of Ag precipitates presented in deformed samples. It
would be suggested that the residual stress in crystal structures created by cold working disrupted
the Ag nucleation free energy. Histogram of precipitate size distribution shows that the 18 hours
aged alloy has bimodal distribution while the others indicate Gaussian distribution. The size and
shape of the bimodal distribution particles can be clearly seen from scanning electron micrographs.
After 18 hours of aging, Ag precipitates tend to form platelet particles. The fractography of CuAgZr
alloy after tensile testing was studied by scanning electron micrographs. The fracture surfaces of all
samples showed the ductile fractures with difference dimple sizes. It can be seen that the fracture
surfaces of 90% deformed samples were ductile fractures with relatively low % elongation. After
aging at 430°C for 2 hours, the strength was slightly dropped from the as-rolled condition. This can
be suggested that the Ag precipitates plays important role to the strengthening mechanisms even

with the non-modulated structure.

The size of Ag precipitates can be predicted by Small angle X-ray scattering ( SAXS)
technique. The X-ray scattering from the samples can be interpreted by mathematical models. It will
give the average size of Ag particles dispersed in the Cu matrix. Sizes of precipitate are crucial

information for determined mechanical properties of precipitable alloy. The calculated sizes of Ag



precipitate are comparable to the measured sizes from scanning electron micrographs if the Ag
particles are thoroughly dispersed in Cu matrix. However, the precipitate size prediction from SAXS
would be deviated from the measured size if the continuous precipitates presented in Cu matrix
structures. The sizes of Ag precipitate affects mechanical property of the alloy. The longer aging
time, the larger Ag particles presented. Strength of CuAgZr alloy was drastically decreased due to

the over aging effects and the Oswald ripening.

Plastic deformation prior thermal aging affects Ag precipitates morphology. The shape, size
and distribution of Ag precipitates were changed during thermal treatment. Ag precipitates in non-
plastically deformed CuAgZr were self-aligned on particular planes and directions. On the other
hand, Ag nano particles in plastically deformed samples were thoroughly dispersed in Cu matrix.
The mechanical properties of this alloy can be modified by tailoring Ag precipitates through the

appropriate aging process.
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2.3 1NAA Small Angle X-ray Scattering
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3.1.1 MTUN (Age Hardening)
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3.4 MINATDVANTATING

3.4.1 MINATOUANNNTS (Hardness testing)

< < N < a ¢
‘1/]@]E‘TfJ‘Uﬂ’J'IlIL!,GINGU@\16]51!\1'11!@ﬁll’lﬂlﬂ%’E]Q‘I/Iﬂﬁ@ﬂﬂ'31llll,"l]\u!°ljﬂulhiﬂi')ﬂlﬂ’é]‘i’(?f Future Tech
1 o { a ' < {
U FM-800 @Nﬂ”l‘Wﬁ 3.10 iaglj’JfJ‘lJu”IﬂLﬁ\iﬂﬂ 100 gf13871NA 10 'J‘Lﬂ’ﬁ !LﬂZﬁ?ﬂ']ﬂ’ﬂilllsllﬂmaﬂﬁnﬂﬂﬂ
Y
~ a T W ad a @ ~
nagaoy 10 0 Tﬂﬁll@lifJiJﬁlqu'luﬁ}’Jﬂﬂ'liﬂﬁE]ﬁ’Jﬁﬂu (mounting) ﬁ?ﬂ@Wflﬂ%Li“]ﬁu LAZUAN TSN

a £ aa 4 s o a
qu”|uﬁ’aﬂﬂszmymwmaﬂaumi”lm HAZAIUADZANUIVUIA 0.3 LA 0.05 llllﬂi’ﬂu

d' A o < a 4
HMNN 3.10 Lﬂiﬂ\‘]'Jﬂﬂ')']i]l,!.“llﬂullliﬂ'iﬁﬂlﬂﬂﬁﬁ



29

3.4.2 MINATOVUTIAG (Tensile testing)
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3.5.2 msmiansnnszag (Scattering profile) $asN13 M circular averaging

a

A I ¥ 9 A s aadé’ o A A .
woldlanslanudumsnszidanlananyu vzviinsmasuuienay w5e circular
averaging YOIANUITNUULHURINITNTLIDITOUYN azimuth A1 419 9 Tun159%1 circular
. A A a y A & ¥ 9 - & ¥
averaging 921800A3A0NNATULUIAT NYN 90 9T UUUIAIATUDU HIOYN 270 9T/ ULUIAT
9 ' [ A &2 1 o . . dy Y
ATUAN UTAAIAINTINN 3.18 YIAT parameter A9 €] I1NNI1IN circular averaging u%zgﬂﬂii"gl’h

' ) v
Tu'1Wd Measparaxisx iioiimsmudaasaau TUsunsuazadalng output Nidlu'lWd Excel

I A 1 9 a g Jd v a o a
L‘]J‘Lllh\lﬁT]Uﬁiﬂﬂ1ﬂ’ﬂill"l]llﬂ1§ﬂi$Lﬁ]ﬂlﬂuﬁ\iﬂﬂfuﬂlﬂﬂyuﬂizmi LAZLINADINITNI LA

B mmscatprofile - X

Working directory C:\Users\MacPC\Desktop\20161122 Waraporn_SUT\SDD4300WAire\1 hr

Calculate scattering profile
e | SAXS/WAXS
,.,S;ﬁa.‘f‘:i ; [ Continue Browse pattern
#==53, | Data Processing
— Setup — Image size (pixels)

Nx X Ny
Pixel size (mm) 0.07959 ‘Q

Sample-Detector distance (mm). 444243 x_offset [ -16.0085 |

. W 5 yootiet | Za1551 |

s

Choose direction to calculate profile Desciacadis vl 525
(0-360 deg CW from left horizontal midplane)

X
Do circular averaging
Averaging range (+/- deg)| 10
Stepsize | 025
[ Use g-space Respacing factor | 3

~Valid q range
0.092401 am-1

0.8469 am-1

L

] Also calcuiate sample and background separately

| Calculate scattering profile |
20161122_cuwire.0024.mccd_SP_270deg xis.

cancee |

# Profile calculation completed #

MNA 3.19 MIMUIUNTINNITNIZR (Scattering profile) 1AZNIN circular averaging

3.5.3 nsuilswadoya

4 1 a { a g
TumsuilswadeyadieTisunsy SAXSIT iervnamasyoinzneuRunnadylu

a 4 = d’l Y o 4 .. A 2 A
TanzHaunowad-Nu-wo3 lailouil 92 19n1udu WU s Y09 Guinier (DINN 3.19) HIN 3

[

A [ 1 2
‘]_Ii$LﬂVWILl‘]JQW1113‘]_]51\1"11'6\161]14']@]@1&5“?1 JU
) [ <

1) FIMIUDYNIANITINAY naoans 1 q2 1ag Inl
) [ <
2) FIMIUDYNIANITINTSUDNYI wnaeans q2 iag In gl

) @ <
3) dmiveuMALUY 3zWaeAnI 1N g 1ag In ¢’1
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m3asnaeun mInszRwazmImmsal lusfuvesoymanuuaie  awisoly

Tisunsy SAXSIT ity Fitting B lumswivinasad lossuazideniaisanns i lugieid

'
1 =

o < < o {
q 19 Lﬂumamﬂmﬁ’umq LLﬁﬂQﬂﬂﬂ'l‘W‘ﬁ 3.20 (N) ta (v)

B mmguinier multidat

Working directory.

SR, Korat, Mar 16

Guinier and Porod fit

Continue from profile calculation

Read data sets from excel
Choose data format £ ix1y1x2y2..1 [Jixy1y2y3.] [ [xyl(in each fie)

Number of data sets| 1

Output filename

Choose valid data range

Output_flename xis

Read data
profie fle
1 il
Plot pr Choose data range for fitting
q I(q) [ Linear-inear Fitting
Og2 Oa’la D nescn Radius of gyration
Ogs ¥8 Oa2*i@ B Hien Cioar ouiputs [ Thickness radius of gyration
Oa3*ig) o [ cross-sectional radius of gyration
O O o) < Dl forsope
Guiner plot (sphere) || Guinier plt (cylnder) | | Guinier plot (dsk) Fit
Kratky plot Kratky-Debye plot —
Porod plot Porod-Debye pot Roload brotie

Save outputs

(each fie must contain the same number of rows)

MR 3.20 mmﬂiwa%’ayaﬁ"smm‘g Guinier and Porod fit

Message

1

115

-1M.251

datal

data2

MNN 3.21 A19819n TN InTZEIRAUInNIN T51nTY SAXSIT
Y] Y4 o [
(M) ANUANNUFUDYI Guinier AIMTUNITOUNANTINAN

@ v v v o ) [
) GI'J@EINﬂ15laﬂﬂcﬁ3\‘l‘ﬁl@yaﬂWﬂﬂ'ﬂllﬁllWH‘ﬁGU’tN Guinier @1HIUNITOUNIANTINAY

0.4

Q)

05 06 0.7

A 9y = v o~ <
L‘WE]TVWITITJOQ"IJH'I@??(N]I%L?“BH
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a
unn 4

a d
HAN1INAaNLLaZ NI HINANTINA AN

a (5% a 2 v a g d
4.1 MIAUAINNCHAIMNAUAN LAY U UVUUDITIALONDY

(K4

N

4.1.1 MIUNTUOIUNVUSUA I8 5HAD (as cast)

U

4 =2 it v a3 I . .
Lil’f)t‘lﬁ"EJ‘]JLVIEJ‘iJLL‘U‘Ug‘IJﬂﬁmfJ’JL‘U“LJ‘IJ@QNﬁLfJﬂ% (X-ray diffraction pattern) o3 lareHa
V]E]QLL@]Q-L?U-L%E]%TMTJEJN NYUAINITOVALANY LAZNIINAINITUN B Qmwgﬁ 430 B3F1

I ) ) { ' o g
l“ﬂal%ﬂﬁ L‘]Ju!ﬂﬁﬁl 2108 18 GI)"JT?JQ L!ﬁﬂ\‘]ﬂ\‘]ﬂ']wrﬁ 4.1 W‘U’J’]ﬂ’]ﬂ‘l’iﬁ\iﬂ’]ﬁ@ﬂﬁgﬁTﬂuuiﬂﬁ\‘]ﬁ%ﬁ\j

A o

- < A~ a
Waﬂm@QTaW$WﬁMﬁN S TSI AYIASTRY, fee YDINDILAINUANNNULAANY (lattice parameter, a)

4
a a

N 3.670 93dATON FalvuIalnaninNueaansued lane Noaus gnslszuia

< ' A 2 v A X
120 Wesidud TaghidsingfiavesTanziulunnugims@enuuvessadmdnd dauansli

< Y o qua < . . < <
LWH'J'Iﬂ'I‘i’E]’]JﬁZﬁ'IEIu‘LlW']El,ﬁlﬂﬂﬁ'liagﬁ']ﬂﬂl@\‘lll"u\‘l (Solld solutlon) L'IJH"UENLHNW\I?( auag

o ' o g ~ a & 4 Et . . = 0
NYVaINITVY 2 GB'JI?Nuuﬂi?ﬂ{]WﬂﬂJﬂﬁNu‘Uu‘ﬂﬂgNﬂTﬁLﬁﬂ'JﬁJu (diffraction angle, 20) W 38.15

= Y A Y=\ a a £ Y I 1 A A dg! dal g’/
FalnameanuinvedlanzQuuigns uaasliriun aznouimeyulu Tang Nunoanaariy

ﬁJumﬂ@uﬂJ@ﬂamﬁu

A 1 2 o ' Y A =2 .
WRITTYZIAINITUNNINUU (18 GB'JIJJQ) NUIANUNINNAIINFIATINA (Full Width
v E4 9 x
Half Maximum, FWHM) 409#ia U89 Inu tagfinueanouadiuvduaou (shift) lidaym
dy A Y A [ a £ d%‘ I o dy 1A
ﬂ15laEJT]L‘]JL!‘VﬂﬂﬁLﬂENﬂ‘]J'Wf"l“]J@QIaW3%@\1LM\1‘]J3§]VI‘§3J"IﬂGUH L‘]J‘L!Waﬂi"luﬂﬂ"llﬂﬂﬁzﬂ@uiﬁﬂz
2 dy dy ds! d‘ | QI da! d‘ [J a
NuﬁluiaW$l,u’EJ'Wu“l/l'E']\‘]LWNll'lﬂGUuLiJf]ﬁ$EJ$L'Jﬁ'Iﬂ'Ii1JlILW3J"Uu HAZIIDATUIUAITUINIILAAN
J 2 4 1
G]ﬁli’)QIﬂ5\1ﬁ%}1\1Vlﬂﬁllﬂﬁil"lﬂﬁﬂﬂ"liﬂlﬂﬁllﬂﬁﬂﬂ (Bragg Equation) LagANNANNUTIETHINANY

Y
EJTJLLﬁGI“VIG]fL!ﬁ%i%U$W103$W’J1Qi$u1ﬂ@ﬁﬁﬂqﬂﬁ
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nnaumsveanusns  2dyy sin By, =nA

ag dpre = dy, (‘\"rhz + ]:{2 + ].2::
Tagh  apee Ao ANNEIEANSVOAANYIUD FCC

dy, A0 3282H19TZHINTEUI hk

v
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a £ 49! A ] 2 49! [ A I 9 ] dyl A A
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(] 9 = gJ/ 9 9 = a I
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Y
ﬁTLLﬁuQﬂJGQHNﬂWiLES’JLUH

VNAAANBUDIND LAY

M30e19 (DIanI0N)
Meaviaansevazals (ST) 3.670
MEnEIMIN 2 ¥2)u4 (;T+Zl; I\ ML o -
MUKAIMIUN 18 PR (ST:rISh) 3618 -

Y
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~ < U A A a [
waznmnd 4.1 saaalffunaneuduinmavulu lanenaunowAINIeNnaIN3
] 3‘1 =\ < 1 = A A.a ,3 % ] 3‘1 A o I
vurudvinaanluganTumas mgmnginvediuimadunenaimstviulianyueilu
% g oA 4 { A
#ing N3 (peak broadening) Fuilusngmssinny laiovunanan (crystallite size) MtNaAN1S

9
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aged 18h
aged 2h
solution treated

Cu(200)

Cu(111)

Cu(220)

Cu(311)

20 30 40 50 60 70 80 20 100
20 (degree)

a 2 v aAxl J a o = A 1
MANN 4.1 L!‘U‘]Jgﬂﬂ”lilaﬂﬁlﬂumﬂﬂﬁﬂﬁlﬂﬂ%ﬂlﬂﬂjaﬁgNﬁJJVI@QLLﬂ\‘]-NH-L“]ff’JﬁIﬂmﬂNVIWWHﬂﬁ‘UN

a =

1 { < o o
agany, ﬂ’liﬂuﬁquﬂN 430 DA QLT e Wuan 2 GH’JIINU@% 18 (’]5'3111\1

U

4.1.2 MSUNTUOIUNHIUNTIAUEY (as rolled)

A a 4 dy =~ 4 i A é{ Y
mmmswwmimmmummsqmaﬂmmﬂ%mmﬂmumsmugﬂmausmwﬂa Tﬂﬂﬂﬁ
= A a 9 A @ J J dy
IAAAVUIA NYUNHUTBI I@ﬂhﬂiﬂ1mﬂ1‘iﬁ@ﬂ’ﬂﬂ'ﬂu15’)ﬂ 90 L“]J@il,“])'uﬁ (L!“]J“]J:.,iﬂﬂTil,ﬁEJ’Jl,Uu
v A 4 ~ Y @ = <  a a Aa
FDNYE CR NINWN 4.2) WUNTFUIUMNIHAINTIATUUUNANAVDINDIUUAINUUUIAAIIINYT
a I @ a g [ ] 1
uam‘nmﬂu 3.644 DG ATON Lm3"ll1”@ﬂ’ﬂllEJTJI,L’(?IGl“l/lG]f"llﬂﬁﬂﬂﬁllﬂﬁuuaﬂﬁ\iﬂ18‘ﬂﬁ\1ﬂ1§ﬂll“ﬁ

a I @ [ {
UNHY 430 i’)\‘lﬁ']l,"]fal‘?fﬂﬁ 11 3.621 DNEATOU !,Lﬂmmminﬁ 4.2

Y a o 3 < o v o ' [ ]
ﬂ"ﬁ]\‘lﬁ 4.2 "llu'l@llaﬁﬂ%ﬂﬂ\‘lllﬂﬂﬁW'luﬂ'li"ﬁuqilﬂ!,Elu’i]'lﬂﬂ'liﬂ'lu')mﬂ?'luﬁﬂwuﬁizW'J'NG]'IL!WH\?

mawumsgémmu

AI9ENY YUIALAANBUDINO AT (ITNTON)
MEriaImsIadiv (CR) 3.644
MendamsIadi ez 2 ¥l (CR+HT2h) 3.621

MEYAINIIAEY 1azUN 18 ¥2)N9 (CR+HT18h) 3.621
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Cu(111)
Cu(200)

Cu(220)

Cu(311)

Vil N T D U

CR+HT18h

Ag(111) Jag(20

)
CR+HT2h ¢ JLJ —
k A A

CR
1 E I Y | " 1 . ) y I Y | ! 1 U )
20 30 40 50 60 70 80 90 100
20(degree)

a X v ad J a 14 =
MNN 4.2 Llﬂﬂgﬂﬂ'lﬁmﬂﬂlﬂumﬂﬂﬁ\iﬁmﬂ“ﬂﬂl@\jiawgWﬁlﬂﬂ@QL!@Q-NH-L“D’@ﬁTﬂLUﬂN
o ] a & A a = < o
MEHAINIIAY (CR), TAUIaz NN 430 oersamed 1J1a1 2 9219 (CR+HT2h)

1az 18 93139 (CR+HT18h)

{ J [ = < g’; 1 =~ A
1NNINN 4.2 WUINBHAINTIALEY (CR) 1 lunumsuenveaiin (peak splitting) ¥ N

Y ] v
YUIAEUUUGA (higher diffraction angle) 15UN NAVDI Cuy,, N 89.22 DIAT HINUANUATLHINVD

~ A 2 a3 oA a = 3 o
NAU Elu"]fuq']u TARULLASUUNYUNHY 430 RNRISGIL TG L“]Julﬂa'] 2 (’15’3111\3 (CR+HT2h) itag 18

Y

& a 4

o . o < J
GH’JIIN (CR+HT18h) “?Qﬂ'ﬁl!flﬂ"’llﬂ\iﬁﬂulﬂﬂﬂ1ﬂ msLwﬂ"ummmElnﬂausﬁmﬂ“mﬂﬂizwu

<] Yo A =KX A 1 Y [ o
Cukq, tae Cukazuamzmuwallﬂmmmmﬂwaﬂmmﬂclwq; uamiwmmﬂamwfmwmms

S A

=] < g’; a A 9 1 . da! = 1 dy A 1
iﬂlﬂuuumﬂﬂiﬂiQﬁiNLﬂquJ@El (Subgram) VYU ﬂ\?UlllW‘]Jﬂﬁl,LEJﬂeU’ENWﬂ‘l/mmﬁi]’)muﬁ\‘i IUOWNIU

Q U

=KX A

Y Y
ﬂig‘]J’Juﬂ”li‘]JllﬁNllﬂ”IiH]iiUu"Uf’JQLﬂi‘L!LﬂﬂsldjuLlazlﬂﬂﬁgﬂﬂilll\iuﬁUﬂTEJGlUIﬂﬁQﬁ%HQGUi’]Q
g g 1 =) [ ay d'da! Y U [ 9 1 = ) A
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v g 2 a A ¥ ad X o v  w ] Y1
szﬂzmaﬂumi‘uuuuanummuﬂsmmmmmﬂ@umuuuﬂmmumumﬂ’u m%zmu“lmwm

9 Y v
Guaﬂawmuuuﬁmmvﬁ'u (intensity) qﬁu HAZAINAINITUY 18 ¥ Tug UNYN 430 DI
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¥ s o {
waded HulsIngiineen lsaveaneuas Cu,0 1ag CuO AAAIUAINA 4.2 NT1ZN13

auguusseImanielua hidwe shldinanmseendmduaclsing
4.1.3 TUQUNHIUMTIASOU (hot rolled)

2 v ag J a 4 = o
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3A50U o NUTTINIAUNA A9NINT 4.3 Ll,ﬁ'ﬂﬂﬁmu’l'llﬂﬂﬁzﬂﬂulﬂuﬂluiuiﬁﬁ%ﬂﬁu AanHUS
= o . . A o Y o £ ~ < a o 1
PYDINTLIYINIVDUNTU (orientation) UANHULAAYNVFUNUIALYU Iﬂﬂﬂizmumﬂﬁﬂﬁﬂuﬂ’ﬂu
Y =\ a ::911 v ad 4 2 A
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4.1.4 MIIATISHASIAE NUHVOISITONTNOMHANGN (in-situ high temperature XRD)
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Ultimate Approx.
Yield
Designation tensile Hardness Conductivity
Materials stress %Elongation
number strength (HV) (%IACS)
(MPa)
(MPa)

CuBel.7 CwW100C 200-1100 410-1300 100-400 35-3 30

CuBe2 Cwl1o01C 200-1300 410-1400 100-420 20-2 30
BuBe2Pb Cwl102C 200-1300 410-1400 100-210 20-4 45

CuColNilBe CwW103C 135-760 250-800 100-230 25-3 N/A

CuCo2Be Cw104C 135-900 240-800 90-230 25-3 45
CuNi2Be Cwl1oC 135-900 240-800 90-230 25-3 N/A

CuCrl CWI10s5C 100-440 220-500 70-185 30-8 80
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CuNi2Si CwWIll11C 100-620 300-700 80-220 35-5 40
CuNi3Si Cwli2c 120-780 320-800 80-230 30-5

CuZr CwI120C 40-350 180-350 40-135 30-14 85-90
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4.3.3 MIATIVAOUIVEMUANYN (Fractography)

i A f a 2 [ < ] 1 i
Lﬁamﬁmmwﬁummmmnmm%umumwaﬁmﬂuuazmi‘mJ U LINTNN 9 noe

Y da U @ A =y a4 Y = < £
INNADIPANTIAUDANATDULUUFADINTIA ANNINN 4.16 WUN ﬂfuﬂmmmgﬂmﬂmﬁmﬂuuu

) Y 9 =gy a3
1nunievessosuanganie (final fracture) Yszuar 77 luasou soouaniianvuziiluvigu
1 i1 Y
(dimple) vualszuaL 10 Tunsou (MM 4.16 (V) LALIBABWAINMTUNFUNU NUNTAB UL
Y Qy dy d‘ d‘ 9y Qy 1

voImsuaninvosrunutilasunlacly TasvuramdovessosuanganievosFuaIuiy

2 ¥ Tuanay 18 ¥ Tu9 MY 118 IUATOU 1AL 20 1UATOU AIUAIAY SNHAUSIDUUANYDI

Y Y

S (% 1 @ a <3 . . [

FUNUNEUAINITU T TIAINUNITIAANGUIAL TWIIVUIALIEN (micro void) Adua ATy
~ I 1 9 ‘a < 1 Ao o 1 <

MU 4.17 HUNNA1891NNA0I9aNITAUDANATOULUVADINTIA NAIAIVEY 5000 111 ILIHY

' 2 o & g 3 ' o
1871 vuavesrguuesrunuuy 18 % Tusiulvinaanduriguinaisdszaa 1 luasou

. Y o A2 [ ~ Y a < v
G?\‘Iﬁ'@@ﬂﬁ’ﬂ\‘lﬂﬂﬂ'li‘l/l@ﬁﬂﬂlli\iﬁ\i VIGH‘LJ\‘H‘LJJHEJ’HQ\‘Iﬂﬁi@uuhﬂﬂ1ullﬂlilliﬁﬁﬂgﬁf}'ﬂ melﬂ’g'lll

'
Y = 1 Qy (%

' N ] v
MleIosNga aIUFUNUNFAIUMTUY 18 FITHAUY UANUKLIANTA WUANYULUDINT

1 Y
UANTNHU LI U I@‘c’lL“Lr%‘c’l“]JL‘VI‘c’l“]Jiﬂﬂ"ll’Lﬂ@m@ﬂiﬂﬂl!@ﬂﬁﬂﬁWULm%ﬂluWQﬂIﬂQWQMﬁLﬂﬂ%uiuiﬂﬂ

AN

' 2 A g o Aa = < 2 d a
muﬁvmmmumﬂunm 2 Gmhmn3Jmmmumtmzmmummm Lﬂuﬂﬁll'm'lﬂﬂ']ilﬂﬂ
a Yy A [ I o Y o A A o
GIZﬂ@ulﬂuluiﬂiﬂﬁﬁ’lﬂﬂ!'ﬂﬂ’l%ﬁﬂ aﬂyﬂlgﬂlﬂﬂﬁﬂﬂllﬁﬂ!ﬂuuﬂﬂNﬁiJV]'liWiJﬁiJUﬁL%Qﬂﬁﬂﬂﬂ\?ﬂg
<3 9 2 & 1 Ja 3 [ Ao o ]
mu“lﬂmﬂmw 4.18 "”]NL‘}Juﬂ']Wﬂ']ﬂi]‘ﬁﬂﬁiﬁu@Lﬁﬂ@]ﬁ'ﬂuL!UUﬁ@QﬂSTﬂV]ﬂTﬁQﬂJﬂTﬂ 30,000 N1

'
A a

o -1 = < 2 A 2 @
aﬂymzmmwqnmﬂwﬁummmaﬂamaﬂﬂ LAZWUBUNIANYALTNUDINTTLAN th’f@ﬁ@ﬁ’;{flhﬂiﬂﬂ

[

{ ‘a g [ 1 o [ H
Tuninn 4.17 (n) uazmﬂmwfgamsﬂuamﬂmammuammmﬁm U818 30,000 LN (ﬂ”I‘Wﬁ
Y I 1 A a da! kS = Y
4.18 (n)) uﬁmclwmu’gwummqunwm@muuuuﬂ’nuﬂanﬂizmm 200 —300
' 2 A A g < S A '
W Tuas @IUFUAUIANAUMIUNTunat 18 ¥ Tuauu (MINN 4.17 (V) 148 4.18 (V) WUN
g’/ ) = 1 Qy 1 @ a K dy
VUIAVNUQUUUNUATUANNINN N FUITUDY 2 ‘B’JI?N l,l,ﬁ$W‘Uﬁ%ﬂ@ulx‘]uﬂi$ﬁ]186§!ﬂ’31ﬂ1ulu@

] @ 1 [ £ {
Tavignaw lddsingeunianeluvay deandesnuainundwsidaresruIuianauay

A AA X
AT HYINNNUVHUIN



63

CR+18h

Q)

H ' /a ' Y 2L <3
fn‘Wﬁ 4.16 anﬂTEJﬂaﬂﬁiﬁu@mﬂﬂﬁ@uuUUﬁ@\iﬂﬁWﬂﬁ@ﬂlW]ﬂWﬂsllfNGIﬂ«lcﬂﬂﬁ@ﬂﬂ'ﬂulﬂl\ﬂli\‘]ﬁ\i
o A a o ] 1 o
(N,%) MINAINITIALYU (A,9) NYUAINITTAUYU LLAZUN 2 "]ﬂTlN

@ ] 1 <
Hag (3,n) ﬂ'lfJ‘ViﬁQﬂ'li%ﬂLflu Hazyy 18 6]57]111\1



64

SUT SEM EHT = 5.00 kv Mag= 5.00KX WD = 9.1 mm Signal A= SE2 Date :19 Feb 2017

Signal A= SE2 Date :19 Feb 2017

H U A < J @ 2 <
anﬁ 4.17 ﬂTwﬂwﬂamiﬁﬁmaﬂmeuummmﬂsmseﬂtmnwﬂ"um%u‘mﬁaummummﬁq

o 2 J ' o o Ao o '
NMIHAINITAUDULASUY (N) 2 GIf'JTiN uag (v) 18 GIf'JTiN NNV 5,000 N1



65

100 nm  SUT SEM EHT = 5.00 kV Mag= 30.00 K X WD = 9.1 mm Signal A= InLens Date :19 Feh 2017
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Abstract

CuAgZr alloy is well known for good compromise between high strength and high conductivity. The strengthening
is mainly contributed by the self-aligned nanosize Ag precipitate on {111} planes in the Cu matrix. In this study, the
nature of Ag precipitate in Cu—7wt%Ag—0.05wt%Zr during thermal processing is characterized to understand the
alloy microstructures and thus improve its mechanical strength and electrical conductivity. The solution treated
CuAgZr alloy samples were cold rolled with logarithmic strain of 2.3 and subsequently aged at various times. The
complementary small angle X-ray scattering (SAXS) and X-ray diffraction (XRD) techniques indicate the evolution
of precipitate size during different thermal routines. The radius of gyration of precipitate estimated from SAXS
measurement agrees with the measured size from TEM investigation. This paper discusses the effect of plastic
deformation on the Radius of gyration size of nanoscale Ag precipitate.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(hup:ficreativecommons orgflicenses/by-nc-nd/d.0/).
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1. Introduction

CuAgZr alloy has been recognized as a high strength and high conductivity copper alloy (Gaganov et al., 2006;
Sakai et al, 2009). This alloy can be strengthened along with increasing electrical conductivity through a
precipitation hardening process (Lin and Meng, 2008; Xu et al., 2012). Therefore, it s important to understand the
precipitation sequences and hardening mechanism during the aging process to suecessfully gain a good compromise
between its strength and electrical conductivity. Precipitation mechanism in Cu—7wt%Ag—0.05w1%Zr has been
characterized by High resolution TEM in our previous study (Pivawit et al., 2014). It suggested that Ag precipitates
were formed by clustering of Ag atoms on {111} planes of Cu matrix and maintained cube-on-cube onentatation
relationship with the matrix. Precipitate formation on particular {111} planes can be explained by the minimal
disruption of lattice fit. The previous work suggests that the thickening of nanoscale Ag precipitates appears to be by
« Corresponding author. Tel.: +66-4424-704 ; fax: +66-4424-482.

E-mail address: wpiyawit@sutac.th

1875-3892 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(hep:iereativecommons. orgllicenses/by-ne-nd/d V).
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the ledge growth mechamsm. This s resulted by msfit dislocation networks on the Ag-Cu interface (Piyawit, 2014).
Small-angle scattering technique wsing X-rays is a powerful tool to quantitatively characterize the nanoscale and
mesoscale materials (Garrido et al., 1999; Fisk et al., 2014; Gilles et al., 2014; Rashkova et al_, 2008; Rosalie and
Pauw, 2014). The mvestigation of the nanoparticle evolution in a bulk sample by small angle X-ray scattering
(SAXS) 15 very powerful compared to the transmission electron microscopy (TEM) in terms of the observation
volume. Moreover, the SAXS study of the CuAgZr alloy has not been reported. The complementary small angle
X-ray scattering (SAXS) and X-ray diffraction (XRD) techmques would indicate the evolution of precipitation
during different thermal routines and the effect of deformation on precipitation behavior might be clarified.

In this study, the evolution of Ag precipitates in a plastically deformed Co—Twit%eAg—0.05wt%Zr alloy with
loganthmic strain of 2.3 will be characterized in order to clarify the Ag precipitate formation and growth.

2. Experimental Procedures

A 15 mm diameter cylindrical ingot of 92.95 wt% Cuo, 7 wit® Ag and 0,05 wit¥% Zr was melted in an induction
furnace and cast i a graphite mold. The ingot were homogenized at 850 °C for 5 h followed by water quenching.
An ingot was sliced into disk samples with the thickness of 3 mm. Samples were subsequently deformed at room
temperature by rolling with loganthmic strain of 2.3. The final thickness after cold rolling was approximately at 304
pm. The rolled samples were successively aged at 430 °C with various times in tube furnace with controlled argon
atmosphere. The X-Ray diffraction (XED) measurement was performed using a conventional X-ray diffractometer
(D ADCANCE, Bruker AXS). Diffraction profiles were measured in Bragg-Brentano geometry (20-0) utilizing Cu
Ka radiation. The SAXS measurement was carnied out using the beamlhine 1.3W at Synchrotron Light Research
Institute (SLRI), Thailand. The beamline delivers a photon flux of 3x10° photons/second. All the SAXS data were
normalized to scattering cross section per unit sample volume I(Q) and corrected for the background scattering using
the SLRI in-house developing software SAXSIT. The wave vector transfer or the scattening vector () can be
defined by the scattering angle (8) and X-rays wavelength (i)

sinf®
Q= m—f £ )

The SAXS measurement using the CCD detector offers the scattering vector, (), ranged from 0.05 to 40 nm
SAXS specimens cut from rolled samples were prepared into 5 mm x 10 mm plate. Samples were mechanically
thinming to the thickness of 70 pm vsing 1200 gt 5iC abrasive paper. All the measurements were performed with
the x-ray energy of 8 keV, the exposure time of 100 s and the () range from 0,07 to 0.83 nm™. Specimen for
transmission electron microscope (TEM) was prepared by GATAN PIPS ion milling using 3keV. TEM
charactenzations were camied out using JEOL JEM-2000FX. The microscope were operated at 200 kV.

3. Results and Discussion
3.4 X-ray diffraction analysis

X-ray diffraction (XED) patterns of the deformed samples to examine the composition and structural evolution
during different thermal routines are shown in Fig. 1. The reference patterns used in the analysis were PDF# 85-
1326 for copper. 87-0720 for silver, 03-0884 for CuQ and 050667 for Cuy(, respectively. The rolled sample
without thermal treatment, Oh sample, has a face-centered cubic (foe) crystal structure with the lattice constant of
03644 nm, which is larger than the calculated lattice parameter using Vegard®s law (a=0.3636), assuming all Ag
was in solid solution, by 0.22%. After two hours of aging, the Ag(111) peak appeared at 38.147° which was not in a
good agreement with pure Ag (20 at 38.318%). However, the slightly different lattice parameter of Ag precipitate and
purz Ag could be affected by the variation of size and shape of Ag nanoparticles (i and Wang, 2005). The small

7
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and broaden Ag peaks revealed the low volume fraction and small size of Ag precipitates in Cu matrix. This would
be suggested that the size of Ag precipitates could be in the range of nanometer scales. Also, Fig. 1 shows an
increase of the Cu,O(111) peak intensity at ~29.5 20 with increasing aging time. The longer aging time the sharper
FWHM of Cu,0 peaks, suggesting that the copper favors the growth of Cu,0 phase against the CuO. The difference
of height ratios between Cu and Ag peak results from difference in rolling textures. However, the existence of
surface oxidation would be originated from the atmospheric oxygen in aging furnace.

Cu220)
Cult1)

Agi111)

Cu 0113

Cud19y

=}

26 (degree)

Fig. 1. XRD pattems of the deformed Cu-Twt%Ag-0.05wt%Zr following by
isothermally aged at 430 °C with various times.

Additionally, the Cu peaks shifted towards the pure copper 20 angles with increasing aging time in accordance
with the decreasing lattice parameter of the Cu matrix with longer aging time. After 18 hours of aging, lattice
parameter of Cu reached 0.3621 nm which was only 0.16% different from that of pure Cu. This indicated that the
Ag solutes precipitated out of the Cu lattice.

3.2 Small angle X-ray scattering analysis

Fig. 2 (a) shows the log-log plot of SAXS intensities of the CuAgZr aged samples, which were corrected by
subtracting the SAXS profile of the non-aged sample. The solution treated sample, 0 h, showed no contrast due to no
Ag particle presented in Cu matrix. The SAXS intensities exhibit the humps that shifted to the low Q values with an
increasing aging time. This is suggested that the Ag precipitates have coarsened over the aging period. The effective
size of the precipitates can be derived from the Radius of gyration (Rg) which is obtained from Guinier
approximation from the very low Q region as cxptcsscd by equation (2). This equation shows the relationship
bclwccn the mdms of gyration and geometrical size of precipitates. The slope of the fitted straight line in the plot of
ln[Q 1(Q)] wvs. Q shown in Fig. 2 (b) can be conferred to the radius of plate-like particles .

1Q) = "L exp L] @

where 1(Q) is the scattered absolute intensity at detector and Q is the scattering vector.
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The radius of gyration (Rg) estimated from the Guinier approximation fits to the slope of SAXS intensities of
deformed samples subsequently aged at 430 °C for 2 and I8 hours are 33 nm and 40 nm, respectively. The
transmission electron micrograph in Fig. 3 shows that the morphology of deformed CuAgZr aged at 430°C for 2
hours. The average size of Ag particles decorated in Cu matrix is 31£14.43 nm. The measured size of particles
agreed with the SAXS value.
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Fig. 2. SAXS analysis
(a) SAXS profiles of deformed samples with various aging time.
(b) Guinier approximation of SAXS profiles of deformed samples with different aging time.

Fig. 3. TEM micrograph of rolled CuAgZr and aged at 430°C for 2 h.
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4. Conclusion

The chamctenizations of plastically deformed Cuo-Twit%Ag—0.05wt%Zr with logarithmic struin of 2.3 were
carried out by using XRD and SAXS analysis. XRED and SAXS results were in good agreement of presenting Ag
particles found in Co matrix after heat treatments. 3AXS profiles showed that the nanosize precipitates were formed
during i1sothermal aging at 430 *C. The radius of gyration of Ag particles derived from SAXS measurements is in
good agreement of the precipitate average size measured from TEM analysis. XED results showed the formation of
Ag precipitates after aging treatment. The shift of the main Cu peaks in the deformed solution treated sample
confirmed the introduction of Ag in the lattice of Cu matrix. The amount of Ag presenting after aging treatment was
increased with increased aging time. This was in good agreement to the SAXS analysis that the coarseming of Ag
precipitates was hkely to be due to the Ostwald npening.
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