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## 4670308521 : MAJOR METALLURGICAL ENGINEERING

KEY WORD: STERLING SILVER / MECHANICAL PROPERTIES / PRECIPITATION / SPRING
TRAKULSAK SUKREE: MICROSTRUCTURAL DEVELOPMENT AND MECHANICAL
PROPERTIES OF SILVER-BERYLLIUM ALLOY GRADE 935, THESIS ADVISOR: ASST. PROF.
EKASIT NISARATANAPORN, Ph.D., THESIS CO-ADVISOR: ASSOC, PROF. TORRANIN
CHAIRUANGSRL Ph.ID., 77 pp.

The objective of this work is to study the effects of beryllium and heat treatment, including temperature
and time in solid-solution treatment and in aging, on macrohardness, mechanical properties and microstructure of
the cast alloy 93.5 wi%Ag, 6.37 wit%Cu and 0.13 wt?aBe, comparing to those of the cast alloy 93.5 wi%oAg and
6.5%Cu without beryllium addition. The results revealed that beryllium increased the maxima of macrohardnes and
the mechanical properties obtained after aging. The macrohardness of the Ag-Cu-Be alloy, after solid-solution
treatment at 750 °C for 60 minutes and guenching in cold water at 10 °C, was 58 HV with the yield stress 60.95
MPa, elastic modulus 13.75 GPa and the modulus of resilence 135.08 KPa. Consequently aging resulted in an
increase of the macrohardness and the mechanical properties, The maximum macrohardness value was 162 HV with
the yield stress 339.70 MPa, elastic modulus 59.19 GPa and the modulus of resilence 974.79 KPa after aging at
350 °C for 30 minutes. Comparing io the Ag-Cu with no beryllium addition, the macrohardness after solid-solution
treatment at the same condition was 61 HV with the yield stress 73.35 Mpa, the elastic modulus 17.91 GPa and the
modulus of resilience 150.20 KPa. After aging at 300 “C for 60 minutes, the maximum value obtained was only
136 HV, 224.06 MPa, 44.45 GPa and 564.71 KPa, respectively. Regarding to the microstructure, beryllium had an
effect on modifying of the eutectic structure from the typical, pearlite-like lamellar in the Ag-Cu alloy without
beryllium addition to a structure with more sphericity in the Ag-Cu-Be alloy. The reason for an improvement in the
macrohardness and the mechanical properties after aging in the case of the alloy with beryllium addition is possibly
due to a fine precipitation within the primary phase. The likely explanation for higher macrohardness and the
mechanical properties in the Ag-Cu alloy. with no beryllium addition afier solution treatment and subsequently
water-quenching is the higher guantity of copper and the lesser dissolution of the eutectic structure into the matrix,
However, when considering the properties and the microstructure after aging, the cast alloy 93.5 withAg, 637

witaCu and 0,13 wi%Be is superior for applications such as spring in jewelry. /"’

Diepartment Metallurgical Engineering Student’s signature  —" W f@?"h_

Field of study Metallurgical Engincering Advisor's signature M

Academic year 2006 Co-Advisor's signature )
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Property Amount

Elastic modulus. GPa(lO() psi) 303(44)

Density, g/em’ (Ib/in’) 1.8477(0.067)
Ductivity, W/m.K (Btu/h. ft.°F ) 210(121)

Coefficient of thermal expansion; 10"/ °C (10°/ °F) 11.5(6.4)

Specific heat at room temperature, kJ/kg.K (Btu/Ib. °F) 2.17(0.52)

Melting point, ‘C ('F) 1283(2341)

Mass absorption coefficient (Cu K-alpha), cmz/g 1.007

Specific modulus; m (in.)(a) 16.7 X10°(6.56X10°)
(a) The specific modulus is defined (in inches) from the ratio of the elastic modulus (in psi) and the density
(in Ib/in.")
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3.2 m%aﬁﬁmﬂxﬁwamwmam
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Cu Be Ag Cu Be Ag Cu Be Ag Cu Be Ag
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As-cast(Ag-6.37%Cu-0.13%Be) | 5.11 | ND | 9489 | 97.14 | ND | 286 | 97.14 | ND 2.86 3556 | ND | 64.44
Solution(Ag-6.50%Cu) 579 9421 | 93.16 | - 6.84 | 93.16 6.84 9.61 - 90.39
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a d
4.3.1 HaMSNATDUANTNUTIVVINNDS (Vickers Hardness Test)
' < a s o 4 o
AT ITHLUNLDDINNBDIATNNIAT YT ASTM92-82 Gluamwwaamimiﬂam?mmmm
< a J an . :’ @ @ [~ a @
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A ' <3 a J A = ~ @ a ' ~ a
AITNN 4.3 ANVUVVUINNDT  (HV) maoseuneunulsaaIuHaNNUAlve I

MADS A 935 HAYRUAADS A1 935-N0dad-tuTadenluannviae

Tamwﬁwgﬂﬁ ATUHTUNIUAY (Wt%) manuuianas (V)
Cu Be Ag
1 6.50 U Balance 66.07
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"o < a J a Ja S < U
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ANTULUIGIFAN 152.28 HV Tmhnaﬂumiuu 240 UINNINU m%mu‘lmwmmmummu

E4 v
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A ' < a J v Y A a o A o ' A
f1319N 4.4 AMANNLILVVINNeI Hasnmseu lituie@ednun 750 C UazgyuNunINY

udaTagmsanaznoui 250 °C 113a1 0, 7, 15, 30, 60, 120 1AL 240 U

- UUYI(°C) , - MANUUTIHY)

PUA = AUN(UIN) S S — — — -

<3 = ] @ @ =t o A v A 1 =
ouluila@en UY ATIN 1 ASIN2 | ASIN3 | ATIN4 | ATINS | AuRaY

0 59.7 60.4 63.6 62.4 58.1 60.84

g/ 97.6 99.5 95.9 96.9 96.3 97.24

15 109.9 108.1 104.9 104.3 106.9 106.82

Ag-6.50%Cu 750( 60177 ) 250 30 120.7 120 115.1 104.4 125.8 117.20
60 133 134.3 135.8 133.3 131.7 133.62

120 132.7 135.2 131 128.5 133.4 132.16

240 138.5 138.3 132.6 137.2 131.1 135.54

0 60.8 59.4 59.1 56.9 55.4 58.32

7 132.6 130.2 133.6 131.4 131.9 131.94

Ag-6.37%Cu- . 15 135.8 134.8 137.3 135.7 136.9 136.10

750( 60UIN ) 250

0.13%Be 30 137.4 145.9 138.8 141.5 140.2 140.76
60 141.4 148.3 151.7 143.2 143.6 145.64

120 145.8 149.2 151.7 148.3 142.1 147.42

240 154.6 153.8 149.2 155.3 148.5 152.28
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200.00

>
T
e 150.00 — — —
%] & —o —e
o 77 —— Ag-6.50%Cu
O
= 100.00
T
2 Y —— Ag-6.37%Cu-
< 50.00 7 0.13%Be
O
>
0.00

0 50 100 150 200 250 300

Time (min)

1 < a a J o 1 A < ~ a o
gﬂﬁ 4.6 ﬂ'lﬂ’ﬂlllﬂl\‘llﬂﬁfJL!,lJ']J’JﬂLﬂE]i‘ﬂﬁ\ﬁ]'IﬂUﬂJLWZJﬂ'J'I?JLHNIﬂEJﬂ'Ii@ﬂ@lzﬂ@u‘ﬂQmﬂﬂ”u 250 C

717810, 7, 15, 30, 60, 120 tiaz 240 WA

< a ¢ a éa =) d
4.3.1.3 wamsnaaeuanuudauinnesvedanzlumaeiae 935 uazlaviziuanes
a A A o VoA < a a P
249 935-N2INAI-UT AR HAWIUMIUMANANNUTI SN IANAZ NOUTYAUHAH 300 °C
~ a A Y I A 2 9
1INA13 1N 4.5 TanzIUAADI 09 935 (Ag-6.50%Cu) 1AMIANNLAIGIgARD 136.04 HV dalHiad
Tumstin 60 W druTanenauRy 935-noauAd-ITaaeN (Ag-6.37%Cu-0.13%Be) IR
<3 T o 100 e =& < Yo 3 a /A A A
ey 14834 HYV  lunaimsusimny - Feezmiuldnannundaiudaes asnas
A o a0 ' a Ja A 1 a a A @ :/I A d%‘ 1 1 1
wiaRenlmganlaneRudnesaeh idusaden  AaiumsmuIuyenInuLInINg
[ = < a a A a 1 = o ]
WU IMINNAZABUIUIAANYOIRU-IT ALY (Be Ag) Mo Tuma1lgugl wu@eIiums iy

a o & <3 A A a a A A 9y
gUNYu 250 C mmmmumqﬂqmmiamWﬁmqu‘nmmmmaau o 154.50 HV Iﬂfﬂﬂfﬂa’l

=)

1Y 120 1N
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A J < a @ o g = o A 0 ' A
MITNN 4.5 ﬂTﬂ’ﬂﬂJLL“’U\‘lLL']JU3ﬂlﬂﬂgﬂaﬂﬁﬂﬂﬂﬁ@ﬂiﬁlﬂutﬁ@mﬂﬁ]ﬂuﬂ 750 C HagUUNUAIY

udelaamsanazneui 300 °C MIa1 0, 7, 15, 30, 60, 120 1AL 240 WA

- gaunigi(°C) - MANVUTAHV)
BUA - AMUN(UN)— - — — - -
auiluilomen |y AN Asen2 | asai3 | asei4 | asais | Aunde
0 59.7 60.4 63.6 624 58.1 60.84
7 100 102.8 993 975 1039 | 100.70
15 112.1 1125 120 125.7 1224 | 11854
Ag-6.50%Cu 750( 60W1%) 300 30 1192 1247 125.5 118.6 1253 | 122.66
60 136.5 1384 1345 1345 136.3 136.04
120 1272 128.5 1234 127.8 1249 | 12636
240 124.6 127.3 120.1 130.6 1212 | 12476
0 60.8 504 59.1 56.9 554 58.32
7 107.3 108.5 107.8 106.6 1089 | 107.82
15 110.4 1145 119.4 1152 1139 | 114.68
Ag-6.37%Cu-0.13%Be|  750( 60u1%1) 300 30 121.8 119.1 124.7 118.4 1229 | 12138
60 147.9 150.2 143 4 1483 1519 | 14834
120 157.4 149.7 158.2 155.1 152.1 154.50
240 135.8 1382 1412 1349 1398 | 137.98
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200.00
=
L
5 150.00 -
% . N +Ag—6.50%0u
0 °
?% 100.00 -
T —— Ag-6.37%Cu-
n %Be
o 50.00 O19%8
O
>
0.00
0 100 200 300
Time (min)

1 [ A a J o 1 A < { a o
E‘]Jﬁ 4.7 ﬂ'lﬂ')'lllLL"]NLﬂaEJ!.L‘]JTJ'JﬂLﬂ@ﬁﬂaxﬁl1ﬂ‘]J3JLW3Jﬂ'JHJLLGU\ﬂﬂfJﬂ'I‘NIﬂﬂgﬂ@uﬁ@qﬂ!ﬂﬂll 300 C

7810, 7, 15, 30, 60, 120 A 240 W19

43.1.4 pamsnageuANNUTIUINNeIveslanziumnesas 935 uarlaviziduanes
89 935-NBINAI-IUI AALH HAWNUMSVIANANNUTIASNSANNZ NBUNQUKHH 350 °C
{ a a ' <3
11013199 4.6 TangIUaInDTa9935 (Ag-6.50%Cu) IdA1AuLINgegane 130.50 HV
Faldarlumsty 15 17 a1 TansHauEu935-Nowun-1UITalae (Ag-6.37%Cu-0.13%Be) 11
2 A ] (Y 1 IS a Ja A a a A = 1
AU 13240 HV Tagldnaniumidu aanuudsdumaes asi@usadouiiaigani
a Ja A [N a = o u’;l A d? 1 [ 1 g =
TanzRuanesash li@uySaden aaiunisimuiuvesaianuudaniaindunsieingg

a

I a a a (] = ] VoA
ANAZNOUVLIAANTVOIIU-1UTAREN (Be Ag)Meluailyugil wu@enumstungumgil

u

o o g o 3 g A A 2 4 9 v S S
250 C 1300 C UBNINHIZNUIAINNVLVINLU TN VAN UL 1H0a LN UIUYY F9A1

a

<3 a { A a 4 o '
ANULAIgIgAUDd TanzNauRuMANIUS aldon Ao 162.54 HV Ngmwgl 350°C Tagldnaiiy 30
A A A 4 a A A < IS
Wi ienaunuIuAY 30 WA 15l 60, 120 1Az 240 WA MANULAIzaRaRTly 156.76, 154.30
1Az 149.52 AIWAIAY FUNAVINWAVDY Overaging 111 14AZNOUVDUTUIUTAIRON (Be ,Ag) LU
2 Jd = ld? = | = 4 Y di’ dy < =R
Tagisud Wnglvinalvgyuaugadonnuilulagisua (Coherency)  NUIHBNY ANUUID

6N



4 ' < a ¢ o vy A A o A
131N 4.6 ﬂ']ﬂ'J'HJU,“lNLL‘]J'U'Jﬂ!ﬂ@ﬁ1’1ﬁ\?ﬂ’]ﬂﬂ’]ﬁ@ﬂiﬁ!,ﬂuluﬂlﬂﬂ'lﬂuﬂ 750

Anuudalagmsanaznoaui 350 °C MIa1 0, 7, 15, 30, 60, 120 LAz 240 U7
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°C UALUNINY

sin gamaii(°C) naniy AnnuudHY)
ouihudioRo faiu | (D adeit 1 | nsani2 | asaRs | afaiia | ateits | dundo
0 59.7 60.4 63.6 62.4 58.1 60.84
7 126.9 127.8 123.6 126.4 125.6 126.06
15 131.5 129.8 126.1 129.9 135.2 130.50
Ag-6.50%Cu 750(6041%) 350 30 120.6 126.5 121.2 124.7 122.4 123.08
60 116.3 121.9 119.3 123.7 118.6 119.96
120 1183 119.1 117.9 120.7 1153 118.26
240 105.8 109.3 107.8 103.1 110.4 107.28
0 60.8 59.4 59.1 56.9 55.4 58.32
7 125.8 129.5 138.7 122.8 131.9 129.74
15 138.4 132.7 129.9 127.6 133.4 132.40
Ag-6.37%Cu-0.13%Be | 750(60111) (350 30 163.8 161.4 163.5 159.3 164.7 162.54
60 158.5 161.9 155.4 1483 159.7 156.76
120 1525 156.3 149.8 157.4 155.7 154.30
240 150.3 147.2 149.4 152.9 147.8 149.52
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200.00
=
L  150.00 —m
wn
§ —— Ag-6.50%Cu
©
-(E 100.00
¢ —— Ag-6.37%Cu-
% 50.00 I 0.13%Be
g

0.00 —_

0 50 100 160 200 260 300

Time (min)

! 1 [ A a J  w 1 A < ! a o
gﬂﬁ 4.8 ﬂ'lﬂ'ﬂiJLL"leﬁEJLL‘]J‘U'Jﬂlﬂ'ﬁ]TI/TEN%Tﬂ’]JiJLWlIﬂ'J'IiJLHNIﬂEJﬂ'IiGIﬂ@]%ﬂ@uﬁ@]ﬂ!ﬂﬂuu 350 C

310, 7, 15, 30, 60, 120 tiag 240 WA

ﬂmﬂ'mmJuﬁqﬁqmﬁgﬁuaznm@mq TUAI5 190 4.4, 4.5 1A 4.6 s 3
AU aRouziaMIANALNEUYRINU-WSaden  (Be,Ag) MUVTABISUA  (Coherency) iU
Tassadruifeiu (Matrix) Fadamadermanuudsveasua Tasmseutiudivarmuifigangi
250°C  waz  300°C  vgldazeznatumseutindinamuudanunimseutudivanuudi

a

gaunigll  350°C e nfiguugiisinmsnasuiivesezaenazdniguugige  mldms

u Q U

v A

Y Y A q 9 o Y 1 < )
ﬁﬂ@]%ﬂ@uﬁ’ﬂﬂiﬂﬁgEJ%L’JaWHTL!LWE)ﬁlﬂhlﬂmu']ﬂ‘lJE)\iﬁgﬂ’f]uVILWNT&’ﬁiJﬂ‘Uﬂ'lillﬂﬂ'lﬂ’ﬂﬂllﬁl]\‘]ij\‘]ﬁ!ﬂ 01
1 A < a . aln o
T¥szeznalumsstninmnanuudauiunulal (Overaging) nazguvg limunzawzi 1 ld
" a =1 I = 4 @ di’ dy = Y <
GI%ﬂ’OHﬂIHT@GlﬁﬂJmuIl‘II uazqagmﬂmmgﬂuiﬂmiu@ (Coherency) NULHBNY FIM IHAIAIILVS

Y
VOIFUNUDADY



4.3.2 HANMINATDVUIING (Tensile Test)
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AANUAIUNIULITIAIGIFA (Ultimate Tensile Strength; UTS) AMMUAUIAATIN (Yield

' o A ! ' s 3 A o . =
Strength; Gy) ﬂ”lIiJﬁ]ﬁtTEJ@ﬁQH (Young’s Modulus; E) sazamlesruansanan (%Elongation) %

Y, A A o v o P Yo A
Llﬁﬂﬂqﬂiu@WiNﬂ 4.7 LLﬁZLlI’E]’L!111'I'ZﬂﬂﬂiTWLLﬁﬂQﬂﬂWﬂJﬁNWH‘ﬁﬁN‘]ﬂ%llﬂﬂﬂﬂﬁ'lwgﬂ“ﬂ 4.9

{ a Ja a Ia a
A5 190 4.7 Waﬂﬁ“l/]ﬂﬁ@ﬂlliﬁﬁﬂﬂlﬁ]ﬂlﬁuﬁm@iEN 935 Uag NUTIMDIaY 935-1/]6\‘11,&@\1-m'im§ﬂu

4 = v v A ) d 3 o A o v A =
I ANNUATUNIULIIAN [ANHAUIANTIN Ihﬂﬁﬁﬂﬂﬂqu Lﬂaﬁt“ﬁuﬁﬂ'ﬁﬂﬂﬁ] Iﬂﬂﬁﬂﬁﬁ‘l“ﬁ!ﬁﬂu
ANSHAY

guae (MPa) (MPa) (GPa) (%) (KPa)
IAg 6.50%Cu (As-cast) 236.2 95.0 25.0 36.5 180.8
IAg 6.50%Cu (Solution treated) 229.8 73.4 17.9 38.9 150.2
IAg 6.50%Cu (Aged) 315.5 224.1 44.5 273 564.7
IAg 6.37%Cu-0.13%Be (As-cast) 228.5 81.5 21.5 36.9 154.4
IAg 6.37%Cu-0.13%Be (Solution

216.8 61.0 13.8 45.1 135.1
treated)
IAg 6.37%Cu-0.13%Be (Aged) 387.7 3397 59.2 18.6 974.8
250 TaNgHEN

1000

900

800

700
. 600

500

400
300

200
100

“Ultimate Tensile Strength and Yield Strength; MPa, Young Modulus;GPa,
%Elongation; %

Ag6.50%Cu (As-

cast)

Ag6.50%Cu
(Solutiontr eated)

Ag6.50%Cu (Aged)

Ag6.37%Cu-
0.13%Be (As-cast)

Ag6.37%Cu-
0.13%Be (Solution

treated)

O AN UMIULSIFIFIFA
(MPa)

B anutduinann (Mpa)

O Tuadadangu(GPa)

0 ulasdiudnsiadi (%

B ugad®ladau (KPa)

Ag6.37%Cu-
0.13%Be (Aged)

A v o J v a Ia a Ja
sUn 4.9 PSMNANVTUNUTIZHINAUTANNNAVDIIUAADT A 935 LAY RUANDTAN 935-

u

NOULAS-LUT AR
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NANITNARDINUI LUSAASUNNANUAIANTANIINAVD JaNLHANISU-NDILA-

P o < & A4 a4 ~ < A Y
L‘Uﬁamflll“riﬁ\‘]ﬂ”lﬂ@‘lllﬂ‘l!ﬁ’]iﬁ&’ﬁ"IEJGUENLL*UQLUE]LﬂfJ'JVI 750 DIFULH AT Lﬂunm 60 UIN Lm')ﬂqll

[

oy 2 A a = A 1w =
guasluingunguugil 10 osrraded A NUIAUIANTINIINY 60.95 MPa taziia Tugdd

q

A 1 [ Y ] 1 o Y vAa Qy 1 A é’ d! Y
ANNBANGUIIINGI3.75 GPa M3tiuae llvzsh Idauiianenavesfuauraomuiv Feaz 1aa
ANUIAUYAATINIINY 339.70 MPa taziiin Tuadannudanguminy 59.19 GPa Nguugiu

~ I =1 =1 =1 @ = a ~ ] a a =
350 oeAuwarBod Hunal 30 wi wlieufieudunsal lavenaudu-nowasi T ld@usadon
o I 3 dy = A =y o = 9 [
nate Ul uaIsara1eve I UNeIAEINAN1IAEINY UAIANWAUIAATINNINY - 73.35 MPa
uaziin TugaaaudanguIif17.91 GPa wadnntufiguygi 300 eeruvaITad UM 60 WI¥
Feldmanudugansinuaz luadannudangugagaliion 224.06 MPa. 11az44.45 GPa AR
A va o ' Yo o 4 42} AA A a A ] a
msauianenarannmsiulasumsisvilgeligaulunsai@uuiadeon dezman

< a a = 9 dy g 9 <3
N1TIANASNDUVUIAUANUVDINU-LUT ALY (Beleg) maiuimmsmuawu uaﬂuiﬂimingmﬂ

a 1

§ wa § 1 a a % I
an daudunafduianiinaveslavenaud hilinsAnuiadey vasanewiuaisazaie

=N, v

< { = ' 3’ < A~ a a a 1 g
‘ll@ﬁl!ﬁllx‘]iﬁ’@!ﬂﬂ’)lm$QN%U@QiHHTLﬂHMﬂTQQﬂ’N%@QIﬁ‘ﬁ%NﬁllV]llﬂWim&lﬂJi’deJll a3t u

a a ~ 1 Y IS A 9 I a [
LW51$‘JJ1]33J1E11‘1/1E]\‘]LL@]\W13J1ﬂﬂ'311ﬂ5\1ﬁ§1\1§mﬂ{5]ﬂLL‘UUaMNaaW uazTﬂﬂﬁingmmﬂazmmau

Y Y
Wl lwdlediuilosnin

433  wamsnaaeuWIAINAaaEanEgY (Elastic Modulus) Me3Emsduazimoumana
[ v A 1 9 an o A g ax 1 v A VoA
a1 lugaasangualeIsmsduaginounienalluisnisma lugdadanguind

Augndeaiud I’ F99zn 1a91nn1iAAu0 555 UIA (Natural Frequency) #39guniy

'
v W J A

dredaanal £ nldainmanaaeulumsnan 4.8 wunuasluaums 2.1

b3

f =(1.875"/ 2 ) *(EVpALY)"” %50

E= (2nf /1.875°) *(pAL'/)

<3 J @ ] @ ~ I~ G a ~ ] a a A
ngldm Tugdatanguaensieh 4.8 vzmiuldiTumaesas 935 2l ldAuuSadoy

v A 1

o 1 o < < { 1
lluﬁﬂ'lwﬂa\1ﬂ'li1’1a@uaxﬁﬂ']‘w(ﬁa\1fniE]llLﬂu?ﬂiaga']fJGUE]\1LL“U\nﬁalaﬂgﬂZﬁﬂWINﬂaﬁﬂﬂﬂquqq

a
'
@ A a J

NIRUMADT A1 935-nouAs-TaRen vziia Tugdadangugan 59.19 GPa vz iuanes A

q

935 Ml ldAuusadeniian Tugdatanguiiies 44.45 GPa
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434 wamsnaaevananiuad3e (Spring Properties Test)
CZ A o a 4 CZ [ a
Nndeyadutaaie q 1ldanmsnageusaziininsaiemantiannuiueailsa
~ 1 ) o Qy a 1A ) I % ] dyd A 1
yod Tarigmmzauaensthuiaualsa Tasarnazthuududiiddennumnedy as
Tuqdas lwdou (o,"2E) (uaaalumisnei 4.8)
A o 1 qa: ~ =1 v o ~ [ a
Wohmnanuanlssuisuiudaaaaluaisngi 4.8 WU TangHauRu-no -
a a @ < 4 = A ~
WSaIdoy (Ag-6.37%Cu-0.13%Be) wasnno vl uasazaoveuiaiomedii 750 ssruvados
| = Y oy R a A A v A P! 1w
Wunar60 i udrguauaslumindunguugil 10 eerisaFod Ja1Tugaas lsdewminy
1 a sa A 1 a a = @
13508 KPa aaugalanzifuaaesash lu ldi@musaden (Ag-6.50%Cu) ndsnnouiy
& A& a4 = o A v A a Vo A A
MsazarvedutiomeInanzfenny vziin lugaas lwnaouniny 150.20 KPa oo Uiy
3 o I =% a A =
AU 350 °C 1T1UIA1 30 YA TaKREWANRIU-NDIA-LUT AN (Ag-6.37%Cu-0.13%Be) 921
1o, 2B qaiiga Ao 974.79 (KPa) dukinzauioxiwiadse ssuieudunsal lanenay

a AN 1 Y a A o o 3 2 & a A = Y oA
N‘u-‘ﬂﬁ]duﬂﬁﬂh],llllﬂmllmiaLaﬂuﬂaﬂﬁ)mﬂu’m’iazmﬂﬂl’eN!,LelNLu’é]mEJTVIﬁﬂTJzLﬂEJ?ﬂu LA Uun

QKRN 300 DR IHAITYE UIW 60 WA N1 Tugaas lAsugangaiiiod 564.71 KPa
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Elastic
Width | Thickness | Length Mass | Frequency | Density |Beam Length| Elastic
Sample [Number Average
(mm.) (mm.) (mm.) (Kg.) (Hz) (Kg/m3) (mm.) (GPa)
(GPa)
Ag 1 |88x107| 33x107 [6.95x107(2.50x107| 1.80x10° [9.69x10’| 8.89x10° | 258
650%Cu| 2 |93x10°| 3.1x10° |6.95x10°(2.50x10°| 1.63x10° [9.82x10°| 8.83x10” 243 24.96
(Ascast) | 3 193x10”| 34x10° |5.85x10°(2.50x10°| 2.50x10° |1.02x10*| 7.74x10° 24.8
Ag 1 [87x107| 3.1x10° [7.20x107(2.30x107 1.30x10° [9.71x10’| 8.78x10" 17.5
650%Cu| 2 |88x10°| 34x10° |6.95x10°|2.40x10°| 1.58 x10" [9.03x10°| 8.89x10” 17.5 17.91
(Sol) 3 192x107| 3.1x10° [6.96x10°[2.30x10°| 1.48x10° [9.13x10°| 8.83x10” 18.7
Ag 1 |85x10° | 33x10 (7.10x10°[2.50x10°| 222x10° [1.02x10°| 8.78x10” | 447
6.50%Cu| 2 |88x10° | 3.3x10° [6.95x1072.50x10°| 2.34x10° [9.69x10°| 8.89x10” 43.6 44.45
(Aged) | 3 193x10°| 3.1x10° [6.95x10°(2.50x107| 2.22x10° |9.82x10°| 8.83x10° 45.1
Ag 1 |7.8x107| 3.5x10° {5.40x107(2.10x10°| 2.93x10° |9.99 x10"| 7.70 x10° 228
637%Cu-| 2 | 96x10° | 3.3x10° |6.30x107{2.80x10°| 1.90x10° |1.01x10"| 8.79x10” 20.1 2150
0.13%Be \
hsasy | 3|96 x10” | 34x10° [620x10°(2.70x10°| 2.11x10° [9.92x10’| 8.34x10° | 217
Ag 1 |86x10°| 3.2x10° [6.40x10°(2.50x10°| 1.42x10° |1.03x10*| 8.78x10” 13.2
637%Cu-| 2 |9.8x10° | 3.5x107 [6.12x10°[2.80x10°| 1.82x10° [9.29x10°| 8.79 x10” 13.5 13,75
0.13%Be 3 3 2 E) 2 3 2
(S0 3 9.9x107 | 33x10° |6.40x10°]2.60x10°| 1.61x10° |9.54x10°| 8.34x10 14.6
Ag 1 |89x107| 3.3x10° [6.70x107(2.60x10°| 2.87x10° |1.01x10*| 8.78x10” 59.0
637%Cu-| 2 |97x10° | 3.4x10° [6.15x10°[2.90x10°| 3.56x10° |1.00x10°| 8.79 x10” 60.0 919
0.13%Be 3 5 = = 2 3 2
heed) | 3 9.7x10° | 3.3x10° [6.30x10°[2.60x10°| 3.29x10° |9.74x10 | 8.34x10 58.5

Elastic Value From Vibration Testing

60 7

50 -

30

20

o

Ascast

u

Solution

Age

= Ag6.50%Cu

B Ag6.37%Cu-
0.13%Be

517 4.10 naluaass lugaadarguainmanaaey Ingdsa1unsITUmNA
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5.1 agiwanisnaaeg
a a A a Ja A wa < a dg}
511 madusamevaslu@uameias 935 annsamiuauiiannuilueasanniu
1 & 1A wva 1< a @ a Ja A ]
Uszmnudoum Fmaudasauiannmiuails o Tugaas lmdou Taelanztumaosasn b

IS v A

Aa a [T A < { A 1
@usadeylugnwvastmiuanuuienin Tuaads lmdeuiies 564.71 KPa a1mnsomiua
v A = I 4 = a = g’ @
Tugdads lwdewilv 974,79 KPa illaimmusadeon 0.13% Tagiimiin
a v A < a Ia Aa
512 QuugNluMIBUULINNANUUTIN0I laneRUAINBTad 935-NDIUAI-ITAREY
[ Y] ] | < 4 ~ ~ = = I
nasevUuuaTazaeuRwIALDIRAIIN 750 paRUFAITIA Ao 350 DIFrALteE 1unal 30
=
YN
A a 7Y 9 ’a 1 1 1 a
513 W9UATIZHA8NA099aNTIANDANATOUIUUAOIWIY  (TEM)  WUIFHAUDY
q' a ¥ a Ja a ~
aznountnavulularz@uamesas 935-noduad-USamey Ao azneuvedaTlsznou
wiamen-{u (Be Ag) %99z lliaviemsmaounvesdalandu (Dislocation) ld laaduia

v
anuduadSannuu

5.2 Yotauonuy
al e = v v Y v ¢ o
5.2.1 MI3eNFUNUNIE 190579 IAsaa3 19gama laglsnansgans sainuudoInIuAI3
) A e ) A A A A a P q 2
vz 1nadin Ton Milling tnums 15asail ilenan@esmainalaseas 1wen lasnluguau
o a Ja a A A A va | a dgl
522 aslivlyalaneQuamesaslaamusigous oyantiannuilualswniuy
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CulL
Ag L
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Spectrum 1
cu
Lk i
1] X 4 G g 10 12 14 16
Full Scale 330 cts Cursar: 0.000 ket
Weight% Atomic%
81.09 87.92
18.91 12.08
100.00
sal A Tﬁﬂ?mﬁill?ﬂlﬁlmﬂg’ﬁd 024 -ﬁnﬂalmq-glﬁmaﬂu ﬁﬂjWﬂﬁQﬂ]jﬁdﬁ]
Spectrum 1
24
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Element Weight% Atomic%
CuK 87.59 92.30 :
AgL 12.41 7.70 e
Totals 100.00
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Tag R D 3282910AFUINAN (000) DIgA@REIUVY (hkI)
d,, N9 AITEIZILTHINTZUIVVO0ADN (hk)
4 ad @ ) o ' @
A Ao ANUEIAAUYRIBIANATEN (A = 0.0251 d3dAToN FIMSUAUAANG 200

Alallad)

L A9 A21U81INA04 (Camera Length)

' I A Y 2 o Y o 4
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Name : Silver

Wave Length :1.54060 A’

Angle Relative
d-value (A°)|  (20) Intensity (h,k,D)
2.3590 38.117 100 111
2.0440 44.279 40 200
1.4450 64.428 25 220
1.2310 77.475 26 311
1.1796 81.539 12 222
1.0215 97.891 4 400
0.9375 110.501 15 331
0.9137 114.928 12 420
0.8341 134.890 13 422
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U a éa a éa
Nfflﬂ1iﬂi?‘i]i’l’fz]‘lJiTN‘lJﬂTHQﬂﬁﬂlﬂﬂiaﬂ%!ﬁuﬁ!ﬂﬂiﬂﬂ 935 (Ag-6.50%Cu) uaﬂamnumﬂmm

935-N0IUAI-IUI AN (Ag-6.37%Cu-0.13%Be)

' < {
AMIN Al ﬁqi1quﬁﬂ\1ﬂ1ﬂj1uumﬂlﬂaﬂ (HV)

manuusunds (HY)
nan Ag- Ag-637%Cu-|  Ag- |Ag-6.37%Cu- Ag- Ag-6.37%Cu-
Uy | 6.50%Cu 0.13%Be ~ |6.50%Cu| 0.13%Be | 6.50%Cu 0.13%Be
()| (250°C) (250°C) (300°C) | (300°C) (350°C) (350°C)
0 60.84 58.32 60.84 58.32 60.84 58.32
7 97.24 131.94 100.70 107.82 126.06 129.74
15 106.82 136.10 118.54 114.68 130.50 132.40
30 117.20 140.76 122.66 121.38 123.08 162.54
60 133.62 145.64 136.04 148.34 119.96 156.76
120 132.16 147.42 126.36 154.50 118.26 154.34
240 135.54 152.28 124.76 137.98 107.28 149.52
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50

100 = 150 200~ '250° ~300

AT

—— Ag-6.50%Cu
(2500C)

—— Ag-6.37%Cu-
0.13%Be (2500C)

—4— Ag-650%Cu
(3000C)

—&—Ag-6.37%Cu-
0.13%Be (3000C)

—8— Ag-650%Cu
(3500C)

—8— Ag6.37Cu-
0.13%Be (3500C)
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9 =2 Y
A1 A2 AT IUAAINNNATUNMULTIANGIFA (UTS (MPa)) ANUAUYANITIN (O, (MPa))

I3 g A o . 1 o A I .
Woskuanmsean (%Elongation) 48 ﬂﬂilﬂﬁﬁﬁlﬂ‘ﬁqu (Elastic (GPa))

Sample Number| UTS (MPa) o, (MPa) %Elongation [Elastic (GPa)

1 236.19 94.99 36.46 2.91498
Ag-6.50%Cu (As-cast) [2* 147.66 - 18.82 9.09231
¥ = 49.47 49.72 6.35185
L 3 55.86 52.60 8.66945

Ag-6.50%Cu (Solution)
2 229.81 73.35 38.89 8.26490
S 164.90 53.05 - 8.16354
Ag-6.50%Cu (Age) 2 31547 224.06 27.28 1.388200
3% 304.82 - 19.51 1.411710
1 228.45 81.49 36.89 3.36166

Ag-6.37%Cu-0.13%Be (As-
2% 157.49 & 23.14 6.72691
cast)

o 120.13 = 14.79 4.52692
Ag-6.37%Cu-0.13%Be |[I** = 58.75 40.04 5.19401
(Solution) 2 216.78 60.95 45.14 7.34544
kool 348.53 311.21 - 247180

Ag-6.37%Cu-0.13%Be
DLy 359.45 320.18 - 2.09442

(Age)
3 387.65 339.70 18.61 3.19992
NG sanuAugansIn ey luld iesninns s iaduaue

**3UIOBUANTTUT UL TOIUANT AT

65 TIUTOUUANNINT U

u q

4
FEFEGUNULANUDN Gauge Length
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gﬂnmﬁmﬂ:ﬁiq ok Banui

MIAUIUA Young’s Modulus 910g#3

172 I~

£=(1.875"/ 2 m) *(BUpAL") " 3
E= (27if/1.875") *(pAL'/)

A d' a
wo  f =ANUDTITUYIA (Hz)
E = Young’s Modulus (GPa)
1 = Moment of Initia (m 4)
Y
p = AUHU MU UVDIFUY (Kg/mS)
A 4 9o Y 2
A = NUNUHINAVDITUIIU (M)
Y
L = ANYIVOIFUIY (m)
I =1/12bh°
v 2
b = ANUNINUDIFUIIU (m)

9
t = ANURUIVDITUIIUY (m)
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