F18uIeaduaNy Tl

n1sAnIaN1EImaIzaNdvSuUN1sudaTuFUA oY
1AT9UsEAUansNa9v17 6k
A Study an Optimum Casting Condition for Manufacturing

Jewelry Setting of White Gold Alloy 6k

gswa  Insdena

NuTBlAsuuaTuayuaInIulsEInuiseTe Uszantaudssann

W.A. 2560 AMZIAINTIUAENT UMIINB1ABNALULATTIVUIAANTZUAS



UNANED

nsdeilildunisfnwiimuidiunanlaneneswna ek dmsuniswandniou
d‘l U = d‘ ] [ % U 4’{ L A d‘ U

w3BaUsedu lnen1sAnwmanizimingandmiunisvaedusudisauiaiesusedunay
AATIENDNENAVDITINTBLANE VDU 6k NINTIAIUHANAIY

HANITNABBINUINININNITNAADURALIATIEIMNUTUIUE NN TNANDTINIENTS
AATIENNIINTEILAIVDI579) XRF (X-ray Fluorescence Spectrometers) WUINEIUNEALN
wilvoslaneneswna 6k AUSHIUALANA1 U TeololUTous UUTuIUNDULAE YA
NTEUIUNITNABY HANIIAIIUTOUVBITUNIUNAABUNUIIAIAIINTOUIINGATNITIAE
25%Au+42%Ag+12%Cu+3%7Zn+18%Pd,25%Au+46%Ag+8%Cu+3%Zn+18%Pd,25%Au+
50%Ag+4%Cu+3%Zn+18%Pd hay 25%Au+549%Ag+0%Cu+3%7Zn+18%Pd WUIAIAIY
1% a Y = (% a 1 I v a a A
fouangalsusudssEAuaMUasuLUasEn e neunangiduveavanldonmaiingen 702.3
-636.7 p3pgaLTed MUAU agURaiuliIEesR e 25%AU+5a%AgH0%CU+3%ZNn+18%Pd
& A &g v o o § v N 2 & o a
Jugnsnisiedalvidianuieunvilinisideunlasaniugainvedadureivainiian

1 Y] a I~ | f:l'dd' dy o [ a Y]
WNU 636.7 8ANLYALYYH Lﬂumwwqmﬁummimamu WA NTUNS I UNTHARN AR

(%
=

ISauLATeIUTEAUTULHBMNINA NN SaVRNATAEIEN ST USY N1SVaRNATAIITTY
JUAIBLATRIINT wavduguiielie Ysuiuvessindeinzd (Zzn) enaluladedidglunis
Waguwlas@wlsiunssndadiuniiudugigaludidunisiieaning YTuiuin 3.58

Wosigus

[ v A

ARy : 1ATEIUTEAUTAENBIVII 6k, NTEUIUNIITUTY, TandlTouAToUsERY, 0

q

Napuasany



Abstract

This Research is to Study the Development of 6k White Gold Alloys for Jewelry

Production.The Optimum Conditions for Casting Jewelry and Jewelry were Investigated.

The Results of the Experiments Show that the Chemical Composition of the
6k White Gold Alloys is Slightly Different when Compared with XRF (X-ray Fluorescence
Spectrometers) Pre-and Post-Melting Quantities The Heat of the Test Specimen was
found to be 25%Au+42%Ag+12%Cu+3%7Zn+18%Pd, 25%Au+46%Ag+8%Cu+3%Zn+
18%Pd, 25%Au+50%Ag+4%Cu+3%7n+18%Pd and 25%Au+54%Ag+0%Cu+3%Zn+
18%Pd It is Found that the Heat from the Beginning to the Level of Change before the
Liquid is used the Average Temperature of 702.3 - 636.7 Degrees Celsius, Respectively,
25%Au+54%Ag+0%Cu+3%2Zn+18%Pd It is the Formula that Gives the Lowest Value of
Liquid State Change from 636.7 Degrees Celsius to the Best Value of this Experiment.
Suitable for use in the Manufacture of Jewelry due to its Melting Ability for Molding.
Melting for Molding and Formed by Hand. The Amount of Zinc(Zn) may be an
Important Factor in the Variation, which is Directly Proportional to the Maximum

Increase in the Final order of 3.58 Percent.

Keywords: 6k White Gold Jewelry, Forming Process, Jewelry Housing Material, Melting

Point
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2.1.1 nosF1UIaB (Pure Gold)

neadfi3enin nesiuiansasesdivsunumesiogistioodoue 99.99% Fuly ud
Tumansin TanefifuSanamesd 99.99% 3eni1“neadfifigayind (Pure Gold)” Famain
Amesmluiadlnetouseniones 100% ﬁﬁw%’uiudausuawmﬁwgﬂwamﬁ’mﬁwmﬁ’lL%aﬁﬁ
AU (Fineness) vouidlonasdlulTunasstunusinfiiuiidesnisvesmann iy
NoIANFUNTION 96.5% NesANgIA 18K, 14k, 10k, 9k WHugdu

2.1.2 @uURvDWIBIAN

audRvemesriidfyUsyneudie

1) audinnenenin nesandulanedmasaiuim Wusimuiuanuseuuaglni

e uduiuiu 3 5999NRULALNBILAY @unTadeaussEdunLsalang 97% Jaininisuen
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A5 2.1 FUUANMENNUBWBeAN [1]

LAVOLADY 79

sUpl A9 196.9655
1A59a3193 FCC

d NGRR
ANUAWIUNTIY 19320
ANNANIUNTIE 20°C (kg/m3) 19320
ANADNLUAT (°C) 1064.4
Lhen (°c) 2940
arufous e 1 c (/g o) 0.1323

FuUseavisnnsveneFudady (20-100°C)/ °c 14.4x10-6

ANSDULKSIUNITa DI (j/9) 66.2
AnuSoundslunisnaeadule (/9 1738

nsilnin 80%IAXS (Mo3uAs 100%)
AUATUNIUIUNTE (UQmm) 29

dsydvEmssunulifindoguvg (°0 | 0.0034

Adna Lt (Electrode Potential)(v) +1.498

U8R IACS = Intemation Annealed Copper Standard

2) autfniena vesdnlulavenfiaumieningweanuson i udus of i uuivld
YPWAUITEARS 1/5,000,000 17 ensnseinldlununaesmsiinssumssenaldganmin wu 14y

[ = dl' [ o & 2/ o = & o v Y ' o
NuUERAMNTIUS YNl RIUsERUTINTY asesuviu nla Fadunnsuiulaenalii e
Wgvistiu denugeuas deunninlugunssasasliamnsodnumuusnssyianneuents Jsse
Tivesriiefiazuiulsauifnnavemesnusavs nvuasnanalunasnd evllas g Nddgy

P A = & | Ay £ =2 2 1
ﬁ’]ﬂJ'ﬁﬂLLﬁﬂQl@]@]W]’]ﬁ’]\‘Wl 22 "?NL‘LJ‘L!WWII@‘\]Wﬂﬂ’]iﬂ/l@]ﬁ@Uﬂ’J’]ﬁJﬁ’]uLLiﬁﬂﬂLL@%F]’J'WZJLL“UWIE?JT]WG]’1\‘1‘]

M19199 2.2 audivnanavemesAIuIans 99.99% uly [2]

Condition Tensile Yield %Elongation Hardess | Modulus
Strength Strength | (in 50 mm.) (HB) Of Elasticity
(MPa) (MPa) (GPa)
As Cast 125 - 30 33 74.5
Wrought,annealed 130 - 45 25 79.9
60% Reduction 220 205 4 58 79.3
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3) audRdunskEn aulRdumsnantiddvemesUseneudie
. mmawmaﬂumaﬁugﬂ (Forbility) VlENﬁ’]LMNW%ﬁWM%Uﬂ’]i%ugUVI’NﬂﬁVJﬂ;J‘LJLL‘U‘U Y
msRtugy medaduusunasn SR dugUdume
9. ANAINTOVE U@ onUszaU (Weld Ability) nstan3sneiamestldiulane
Uranifsniunadlisidudeddiemsaueddldtulailiyneie nadnmdeueutaen
FordNau (Oxy-Acetylene) ldFudua aﬂ%ﬁwmﬂasmut,l,aﬂ:ﬁﬁ’uL‘UmlWﬂq nYAuENaING S 1Ensnsa
BouwuuAmus Y (Resistamce Welding) 191
A. gamgiimseusouil 300°C
1. gamnfinstugUSeusimingaviaasivian
2. gamgilivmideti 1100 fa 1300°C
2.1.3 1nsgrumsiaeuuiavsueamosdi
1) ﬁwmmu’%qwé (Fineness) #inei U%mmﬁuaqLﬁamaaﬁﬂﬁﬁa@wmgﬂwsam
viovesfido asiivusio 1000 dw vieealimiseTnauuiavsiiiussuuillivenyiun
mummgmﬁﬁaﬂdw“ﬂz%’m (Karit,K)” %amai’mmmu?qwéﬁgﬂamLLUUu“ﬁJumiLU?aULﬁau

USinamesdnillunesddenianesdrzunssa lnenisinainuusgnsiiansdmsunisman

£ o

AUUIEND AD
XXX

000

Fineness xxx=xxx Fine=xxx% Au by Weight = x100%

TnediAn xo fio USinnidosavuesmeaSouiiivuiy 1000 du
2) N30 naneds maensinaiauuIansvemesdde Tnensiudsuiiiesuly
NBIRITANS (99.996% Fulv) Aty 24 nesn USamesiitandiasaniasdinissiun
ng3nlvianasn fegimesdngdn liuneadn 18 ng$n viievesdn 18k AevesdnieRduiuna
neafFofiuTinumosduIans 75% uazillanegdun nau 25% dmiulunsd vesdh 14 ng3n
vidovasdn 10k AevesAnIefifiusnumosduians 58.33% wazilavgdug naw 41.67% W
A
3) Hall-Markink nianefia yiaeailduansUsinamesduanadusuasmaien Tne
fsruslyinesduigys 100% fiAuvidy 1.000 Fsdidvinfud Fineness 1000
4) Vv vaneds mieTamaiwiinvessilutssmelne Tneveadmiin 1 um T
Winfiu 15.244 03y
2.1.4 11055 1ULALIIAYINDIAINESH
yesfngndunesditldiuanudengainimesiuiavdidesnauudusmuniugs
i nenaniifianunsndeunuuremesdiuiandladenisuuaudsulTunudiunausing 39

ilvmesdngIaduniunumununnesiiuTansluaiesssiu wazimualsunadiunay
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v

Y83579)61197 Tunasrngsadalidfisngiuimvuaiuiusuniadi wiaginuanusuiunese
U3gvnidumdn Fernmnuuiansvemesingsnanunsantseanioiiu 7 vliandng danslu
M1597 2.3

al = = ! a £ ° ° o
M1919N 2.3 ﬂ'ﬁL‘Ui‘c’J‘ULmﬂUﬂqﬂqu‘Ui?jmﬁ‘ﬂa\‘iwa\iﬂ'ﬂ,u‘maﬂﬂqﬂgi(ﬂ@qqS] [1]

USunamesdluidolany | Usinautlevesd | anuuiand Fineness|  waefanedn (0
(% Tagtiuiin)
990/1000 99.0% 990 24
954/1000 95.4% 954 23
916/1000 91.6% 916 22
750/1000 75.0% 750 18
858/1000 58.3% 858 14
357/1000 35.7% 357 9
333/1000 33.3% 333 8

2.2 TangIng1v0naeATaNIaNeIAINgIn
nMsdnwmaulangingvemesdnie udenesdingin Anwlinsziainiiugiu

WA TNEUAANAVRLANENANTEUY NOIA-RU-NBILAT WAEIANEHANTEUU NBIA-[U-
NoAS-FIngd Lﬁaﬁﬂmﬁﬁw‘éwamaﬂﬁmL%aﬁé’ﬂ (Major Alloying Element) FsUsznaudg
Fu veaunsuay dangd mesulangang iifinadeaniiniing lnssaiaganiauagseduyes
NDIANTD %ﬂﬂﬂiﬁﬂwﬁ%’duaﬁmﬁmumE"J’ﬂﬁﬁmsﬁﬂm%w%waﬁuaﬂﬁmL%aim (Major Alloying
Elerent) #1399 fifinadanisidsuntamisiiulanginewaznasoandiniang laseasn
qaniauarsrAUAvamasiiinausgdenan duiulunsAnuiunsdulangine 3eding
nan1aisanzdvinavess i ievan [u veswns wagdangd wihbu faelddnaueluiade
dousialy

2.2.1 N9 NBITTUUNDI-RU-NBILAY

31NN13ANEITATIERALTRTDNANEHANTEUY NB-RU-NBIUAT NeFulansInen
Tng PearsonW.S. Wilinsiuiaveulvnnisazarsvesusiazsiniinudusiuéiu feamnsn
wanwnunannalalussuy 3 ﬁﬂ@ié’éﬁ’ﬂgﬂﬁ 2.1 gﬂﬁ 2.2 LLang‘ﬁ 2.3

9n3UT 2.1 uanauuamannavedlavgnesdnisluszuy 2 5193Eninamosd-Hy
vinafiduavewdavaionfatuldidugaunaiuisfauysal aufsiouugivszana
200°C lutsdrudiunauifistniusening 30 3 40 wid Mé’nmﬂﬁmﬁaqmmﬁﬂizmm
200°C aziinnsuendudumaiians Ao AuAg Lilesanvaulunanisazatsdsuulaile

grunnilanas
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TuszuuveImaIAI-Moawns wansusavsunaiedfadulidugungiud

auysal Audsgamgiiuseuias 400°C vasInNUwiisgumngiansainil 200°C wLAANIT

wondduan 2 Tudrsmanfiuananeiu Wy AuCu 3, AuCu wag Au 3Cu FeidundrAnyivih

TnesrFotanundaiuundy

[ '
= IS a a

luszuuresiu-nesuns wansiseymadaniinduiliegungianadlneilgumgl

9 U Y

giafin 71 799°C Tuteniineuninaso 8.8

889°C

8

Temperature (*C)

960°C

083
1200

JUN 2.1 ULEAILKUNNELAAWANBINBIA TR IUTEUY 3 510 1189A-IU-N83uAT [2]

Au

RY-Red Yellow
=

Y-Green Yellow

=
ae
& 2
= > —
= = == %,
£ = e = = e
s = = =E 2 e T,
< = AN @y
= =
S5 h=

o 10 20 30 40 50 60 70 80 90 Ag
Silver Weight 2o

JUN 2.2 Lanan ARtk ST UIuYRIMNUA ENARINaNEIA LT lUTTUY 3 519 NO9A1-1RU-

NOILAY [3]
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Cas L0

TES CEni

S.AVER WEIGHT

JUN 2.3 uanaununnaunam@narniieluszuy 3 510neer-Ru-neuwns Nlnasenis
WaguwUasdveanesnae [4]

Temperature ‘C

v, 18 P
N(ME ,“g‘mw

00 s .
0 20 40 0 00 100 o 20 40 60 80 100 o 20 40 o0 80 100
Ag. % Ag. % K. %

JUN 2.4 MAdRluLIAd 18 14 Uay 10 N¥TH UNUNUAIWALAD NBIAN-[IU-NBILAT [3]

1N5UN 2.4 LansdnsrdIunaunIualveInedldaluseuy 3 519 (Temary Phase
Diagran) M89A-Ru- 99uae Nilnaden1siUasunlasdvemesdniile NonsiaruNauniggfuly

ANLAUS 18 14 hag 10 NESH MIUAIAU

nnadaRena Il ndawuifaaiiou 2 519 (Quasi-Binary Vertical Section)
U U 2.4 wing1alshiny ununasdeuurunInainaAUssuuiuvsensawns Wevan

USuradrunauniaailuniasasnanaiwaiiedagianeinidazhiazainminladn Tunns

™ a o & A o AR =V yva Y v A a
L‘UTEJ‘UW]?JUVI@Qﬂ']L"U@V]ﬂ%iG\IﬁJWHﬂu ANUU Pearson W.S. ﬂ\ﬂﬂﬂ@lﬂqﬂﬂqﬂL‘UN%U%@QSWG}LQ@NU-
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noaslugUraInsiUsHuANSATIdIUNaNTUNN TngunuAInduturesnRulusuluy
LHURILENTI@UNEN YU TnsuwnunA1Audutuvessnaiedydnual Ag’ allgnslunis

AR

Ag’ Ag(wWt%) 100%
§ = Ag(wt%)+Cu(wt%) X °

INFATHAAIIITTUUNBIANTD NOIA-RHU-NDIUAL UATNDIA-RHU-NDIUAL-FINL
ausawdadungusngg daefaudaliies 2 67 91N (%AU) KaTA Ag VBINBIANTE
1 < a A
aunsauUseanidy 3 vila Ae
. wla7 1 A1 Ag Tuga9 0-10% Lazaneae 90-100% AEAIUAINA 4 dIUNENTI9
i fgungfidiningavasuwmalsziiniluwalusvuvvaisazaisveuduilaned
(Homogenous Solid Solution) @siantAnienaseu Weniun1seussuliaiusavitliaiiu

& a £ vy
wdauule

a A 1

. wiad 2 A1 Ag lutag 10-25% w38%39 75-90% wawﬁﬁaﬂdmﬁ suiduansazaeves
dodenfigumgimningavasumannaudaieiitendt sanmaineuliaunsasansd
Freuld (Immiscibility Gap) wigUdeelinesduiofudsasuieg1edn aunseiade
gunniivios wladle Ao wadar (Q= Cu-Au) mnnznevlunesdieniineaungs (Capper
Rich Alloys) kazazla iladailn 2(a2: Ag — Aw)™ anngnausdlunasdniaiugs (Silver-
Rich Alloy) nosrdevindarilrugoutunandluaamiiniuniseudeu uansnsausuLin

o e~ [ T o
ﬂ’JWiJLL“U\TVLéﬂ@‘EJ’JﬁﬂW‘JUMLW@JWJ']MLLGUQ

e

a =

A. 3da9 3 A1 Ag” lurei 25-75% nesrdesialavildsiiduaisavansveaudaile

d' o ] ad a

Ferfgumgiisniiiganasumaiuazganigamaiiifatadiamsaazanedseiuldus
R Ausuuuaugaamfsgungivos wavewduiofeiasarareslubua o Cu-Au
uazina (a2: Ag — Au)™ waqﬁwL%%ﬁ@ﬁ%Lﬁummwﬁaqﬁuamwauéau Fauniseuseu
Fvaneuudsniddaunsovilieuudaiuiulflaonssiinsnduauuds

2.2.2 vesAdofidssruunes-Hu-nesuns-danga

Anuduiusseninsdazdivemosiiiossuy nesi-Ru-veauns fauanslugud
2.3 frsiifudivdesaziAnlnduuvamesd FmiuaninlumesiunasAunssiniyuves
nosuas Aunadudfisuniiddu mszazddvinadsonaiudsuutasesdnie faziiuls
nosdnioliffuasanensmuromeanviniy urfudluianayuvomesidienis
Waguwasdluruinuiidunmiodeuunslinasiudeumassamisnvirldlnonisfs
Fangdasly Tnevhlulunsmel§on nadudangdidnldenafululdaute 15 wtd% deasing

inlminn1sanUsunavestinsiinanuliaisaasaradissfiulauumnunmaugaia 3
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579 1AgN158AAUN T IUNANNIAATTLANYIFINAINALANAIINFIVRIYINISARL

ansaazaedmeiulaliiedeuasiinioungiinaunesdvensSnene fagun 2.4

U

o a [ =

feu mafudsnzdaramarhliuuiliuvenindessuu nesi-fu-nowuns-dangd danuuds
fosnimesdiFossuunesi-iu-mewuns veluanneiiiuniseuseuuarluanizeudia
ANuLdalaen1snnazneu (Precipitate Hardening)
2.3 3vEwavessnian1en NinaneauiAvamasdn

sindeiithuwandlululavenesdnie wazlidvinasensiuasunasautiniana
YoanaaransanUseantiiu 2 ngu wane fie nausieidendn (Major Alloying Element)
Lars519de504 (Minor Alloying Element) s51913olungusineg finaroautfvemesdinaiu
Saarldnandaelud

2.3.1 519 3aman (Major Alloying Element)

sndevdniifenthuldnantunesduied 2 519 fe Fu uasnesuns Inefiugiuressie

Meaadlau RN A NA ARSI UA1SI9T 2.4

Idl UQﬂy a
ATV 2.4 FUUANUTIUYDILIULAZNDINAN [1]

-

A "y NOIAY
LYDEABY 47 29
uInpzaAouy 107.8652 63.546
Tnsaedrawdin 4 20 °c FCC FCC
it m 1A
yanneumn (°c) 960 1083
yaiden (°C) 2195 2600
A1 wE(kg/m’) - 1 1es00 8960
] Frilornoy 0.144 0.128
amganudeudune i 0°C (calg®c) T o0s99 0.092
amdeulunvaennzain 7 200°C (calg®c) \ 7y 5% 50.6
ﬁnﬂ:zﬁ'ni’mwmuﬁm%q:ﬁu(p in)in °C 19,68 (0-100°C) 16.5
A I Qem) # 20°C 1.59 1.673
mamuda (HB) P 7 % 37
AIMWA TG AR (10° psi) T 16
. Tugdrvesda (€ : GpPa) S _-",. &7 | 129.8 i
oA ugde (K : GPa) T s | 1378 |
Tugdmilou (G : GPa) ] 303 T a3
SAIMUVOINIFOIT (Y) 0.367 043
AIMMIIA (Y .cp) 39 336

s — — ——
n1swausIandnidlvlunesdniessnanadlululsuaun dmalvauddnina

lassasaganiavevesddelfsunlatiumuusunameinisnaniasusnainidwinlidues

o A a @) a1 1 a
nosrdaasududnngg lavaed i

=

fdu1 fvdes Avunuazduag Yueg

[ |

UFAIUNAUN
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\AHIYD9571951197) IngUnAlaneneddlIoTeul NaIR-[u-Nasund Fuadlansnaussuuiaiunse

QII [} a 2 d‘ L d‘ I 19 1% -&JU I d‘ QII
WURYULUAIAIUNANYDIIU LATNBILLAY @QIUEU‘V] 4 fannalIuLaD UDNAIMNULIUTINDU] Y

Tnanan15UasulkUadseaud waraluRAveaInlondbandlunnsen 2.5

M13199 2.5 wanspudNiusIENI19iinuedsnle wasauuRninTuvemas

ANa g a
- dnuasundasly . Do
Y1INYDI579) o UNUINABENURVDINDIAILADAN
(lunsaidismdoas)
= A A o a <
Y109LA AunaviSeduuy | AainANLD
LY Y17 FALNLANULTANDILAD) hAZANAUAIUNITAANTOU
{anyd U7 ANNISLNABBNTLATU
a A' [ 1 1 o v o [~3 = <
Dk Y17 WALALLTDE19UIN WAV bAEUDINBIA U UATIILSD
QI I3 1 z:l' a v a a 1 o Y
. WinAuwdaliunniawisuiuiniawayvinleaa
LNAALAYY U7

[~ = o I3 = @
Wuanaanduduitgn

a a a | o A a & A a < o A 1
n. dvdwavedunenesale Rudulavenviaiiuanuudalonauadivlunesnilown

~ v oA ~ ~ o 9 ! o v a 2 o d' =
HNAUBYNIUBDLUTIULNYUNUNDILAY ANYULNITAZANYTENINNBIAINULIU LUU@QEUW 2.5 94

[ o a Y v [ 6 . . o a
Wuskunmaunanavemesd-[&u aeladundaiaauysal (Solidus Line) nasAtiaz iy

aunsnavareifulaegauysailudnvazaisazatsveswdawuuuundaii v3eisenin

“ansavatsveudauuanysnl (Complete Series of Solid Solution)” nerFeRuniusuna

N89A1 60-70% LEUMAINNTIT 160°C aziinduansusenausinludduin fe AuAg fauansly

A Ha o a °o 8 wa o 1 Y a a a =
E‘UW 2.5 LLa:ﬁu@ﬂ‘U']ﬂuLQHEN@JNawqiﬁﬁcﬂaﬂwaﬂﬂﬂlaauaﬂLN@ﬂi@J"ImSUBQNuLWNNWﬂGUU
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= 900 |—
E “? 1
S 300 1 —
=
=
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200 —_ 1
AuAg : i
150 ot
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‘ | |
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GOLD, WEIGHT PER CENT

JUN 2.5 UHULAASALARLNEYINDIA-{UY [5]
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9. BVENATEMIMAIENENTe Nedwandaaunsadfinauudditunesiielneds
Oeder Hardening #3® Precipitate Hardening f\ﬂﬂLLNuﬂWWE{QJQaLW&VIEN?T’]—V]ENLL@Q@JQN]W‘?{
2.6 maazmmam%ﬁauuﬂmﬁ mmmwuﬁmmmﬁqmiw 410°C mmzﬁqmmﬁ@?mdw el
410°C asifaia AuCull Tu Fadumadiiuiinmumaauns 50 ato Soamgiansiniy 385°C
wla AuCull fAnTuBsuduma Aucul uaﬂmﬂﬁﬁqmugﬁﬁ’m'jw 390°C gLAnula AuCull 7

AUTINUNBIMAL 75 at% awandluzun 2.6

Atomic Percent Copper

~ ] IE 3_@ L "; .'33 OP T'} (‘k I") 190
Lo T T T T T Y T | T 10eLaTe
108443°C .----::'7—""—;5"
i L e
- e
0
o
s oo
@
5
YO0 4
® {Au,Cu)
@
s
Q.
E B0 4
[

00 -

200

> AuCugll
VA
f : AuCugl “on
i [AsCul L

M R R » P Py €

Weight percent Copper

200

304

IR

R RE L L e

JUN 2.6 WHUNNALARINENDIA-NBILAT [5]

'
L% =

1HIaNTUINOIANTD 18 NzSh TellneAn 75% 130 50at% Uagneuad 25 wid 138
50 at% vu18AIINIINNTIVANUTENI NN UNeULAIIgamAlaIndt 410°C arnauYeY

NOIAWALNDILA L UMUIERYLINSS gaiN b5 seLTaululasas1aNanwuy Face-Cubic (FCO)

F58n71 A1Tazansvelaiiseedllssziasu (Disordered Solid Solution) wazkile

& ————~§-— Cu layer
@

--— Au layer
0 ;

.:’J }I Cu layer
- ==~ Lu lay
" Q

A

UM 2.7 nsdsuudannnlassaiisszitoulaswaadissdey (5]
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I3 L% d' a ° @ a a LY} [l I % =

Wusaunieaumail 410°C exmeluansaratevesdainnissesinlnildlasiasiawdn Face
Center Cubic ﬂizmuﬂ’mmiﬁﬂﬁﬁmmié’fmL‘%Uqﬁmmﬂwwaﬂmﬁqgﬂﬁ 2.7 WANIANS
Wasuwlasanuuulians Disordered Wunuunilszidsu lassasreluidisendn aisazane

vosudenseaiuluszideu (Disordered Solid Solution) #3a gulasuaniia (Super Lattice)

WB99INANULANAIUBIVUINDENBUNDIAT AL NDILAYIN LA LASIE519 Face-Center

Cubic vo3a15aza8v0wdanltiseidouinn1sing (Distorted) Tuien1eivinlmAnlaseadnag
NANWUUFace-CenterCubic Face-CenterCubic N150A#290akanigyinlifalamdunasuni
aun dwalinasdndefinnisdeugdladuinauieniu mewsiasazaisvesudauuy
WusziUeuaianundand kdnsinii wazianumideitssniiaisazatevodudawuuls

P a I = ~ a A Y | Y
seleu NSRS ULUAIIINENSaLA18URIL I UULT USO8 UALNATINISEUFAI981991 910
aungiousou aun3vin1seuYuRl 410°C wawinn1sUuwls (Aging) gaungill 150-300°C
biAnuf3en1sdaseaiulussideou Oedered Reaction Msdniiessiavesezmouataniy

= a v 1 U v L3 1 o 1 1 =
52108 UNENTIEIUAMNAUNUSIZNINI0LAOUNDIAT © 1DILAIDENNEIY AD 1:1 1:3 wag 3:1
lnaFenTanaduusuiamedn 50.8 wt% Wuvesifiogluyie 9 uay 14 nedn drunese
watdunesddeNTdd1unaunosni 83 wt% aealsAniumantasstlulaiuaiunds
~ = 2 a & a Y] A a ~ Iy A
LUB9NNSLJUENTaYa1gUBIL UM UUSELU8UNNAUN WaldSgunaunyu AuCu LUasnnnd
AuCu Wulpseadedanududounnnnin Ineiinnunsnd19velassasananiwansnaiuiies

2y =

WAnsekazanunsanazwudlaidu 2 wuu Ao AuCul Nilassas1ady Face-Center Tetrafonal
Mgamailisinng 385°C waz AuCul \iulpssadseasinsauda Orthorhombic figaumail 385°C
-410°C TunselvaamaIAide 18 NESANNATAUNVINDILAITLANANIN WS NalauURNaINa
= dy = 1 [y} ~ < o = a d’{ A a a c’{
warAvDLUalavElAIUA19N U TAETNANLLINBIAIIDLLNNLINV UL DUSUIUNDILALANLTU

wazuenINi Navesnsannildauinauudslaenalnues Work Herdening fidlumisiad 2.6

M131991 2.6 UanIMIIIHATRIsMMBAdluUTINAA19 TulavenesriTesyuy neer-Ru-

NDIUAY WHIINNIUNITAAVUINNDATINITANVUIA 15% 30% Laz60% (2]

Fuemeside| USunameanneds|  ANLdaRUU AL AU
USLUANAIN LUUUTLUANAS LUUUTLUaNST
N1UA1TAA NHIUNTT NHIUNITAN
YUIAANAY 15%|  aATUIARTS YUIARIAU 60%
A1 30%

WAL 2.50 143 178 202

LASAL 21.40 156 177 205
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ARDIDULA 16.7 166 176 197

N GRE 12.50 148 160 182
LARDI0LTEL 8.3 141 149 176
QIPRINIERN 3.6 114 127 138
L8IDULNABIN 0.0 69 78 93

a

a a dld ! dl wva o A
A. VINATRIRULATBILATNaRaN SR uLUaLWaLavauTReInanesnde Tu
FTUU NOIA-RU-N99UA3 N13ANBUABIAUNGANTINLAZUTINN1TIAATUAUNBIA T DIZUY
NOIA-RU-99UAS TN UIzIuNIsAnIAUNg AnTTuNIsOUINAULD a9 TLART
WU AuCul way AuCulL Faudumanisesdaegnaluseilou (Oedered Phase) lng@nwiain
N&999aNIIAULUULEAS Optical Microscope NaBI9aNssANBIAANTAURUUABIHIY tem NABY
fa | v = % 1 o o U = =
an3IAUBLaANTRULUUARINIIA (SEM) SslimsAnwinulduintn dwsulunsdlvesnisfine
dvdnaveaninduRoaN TR 1NNaYBIMBIAITBLUTZUU NBIA-RU-NBILAY 1NATTANE)
994 B.D.Razuvayeva Lagany N1%1n15Anw 1A UA1T589veyneNegadussila
(Atomic Oedering) Larn15anasUBIAIUNEL (Decomposition) Tuansazansassuds (Silid
Solution) tfiesa1nvaUIANITaraIETanaRlogavglanas seauufn1anavenesdie 18
Ny 3R NUAIUNANVDIRULAZYDILAIANAUTENING 5 : 21.3% waz 20 : 3.7% lagu1niin
AUy anansaasunaladadl
- langHaunoIf-[Iu-noaund 18 nxdn wamisaiiuanuudelaainnisuSudiunaile
Tangnanegluannaisavaisveanda (Solid Solution)
wva 1 1 [ a dg" a a Y 1 <
- gudAnI9ng WU A1ANuds azldsuesnonlulilelanenauiinnisisesdiegraduy
szidou
| a = o | I = = a a %
- gaainnisisesdledralulieu Oedered azanadiilonauRuiiuacly wagldian
Hovaslun1siin
- nsinRuasluludrunauue lang NaunoIA-IU-N19LAS LW UIANITAANTS

WHNS1INNUYBULNTU LLBLNANTES 89619058 Ty U

- USINNQUANTINKUULUTIEMNYOUNTY (Embitterment) @115080abAR8NTEUIUNIT

NaAuSaulpevinlminnisisasdlesnelsseideu (Disorderinf)

- U51n)MISLanTinLu U IEA v UNTUNTEMAINaNTUaTIY LU FanoU waznz?

Talanunsavinlianadlamenssuiun1snieaIusou

2.3.2 519138594 (Minor Alloying Element)
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A o, Ql' o & a o a
siResandusininauaslulunasanielulsuiutes n1suausimioses

a1unsonansn adlulovatevia wivsualunisldlinsiiundt twt% Tngusvasdvesnis

Wus9LA8504 WafeInsildsuwlasaudiuissenisvemeanie laeideaisiaisuinou
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ﬂ'ﬁLG]llﬁ'W!L"’U@i@ﬂ Ae ﬁ'W!L‘ﬂ@i@\?LLG]ﬁ%GUUWVINﬁlli‘u%gﬂi’ﬂﬁl,ﬂ@ﬂ']il,ﬂaUULLUaQaNUWGZJ@\TVl@Qﬂ']

Qau1nnd1 1 egekazsalenauadluaglvnanuaznadelunianfediny dewieg19203519)

F19°) NLERSLUAITINT 2.7 wagnIS9N 2.8

= Y A A [y A A & v A A aa o
AN 2.7 ‘VHJ’WIGUENﬁ'W!LQ@IU@ﬂ‘HﬂJ%ﬁWG‘]LQ@?@QWLUU@’JLG}M LLa%ﬁ?iﬂJﬁWUﬂL@Mﬁﬂu%@Qﬂﬂ

139 [2]
5 Vil il Usuugeen | shliusne | i | aneendiay
WNSUaLLEEA| WNSUKEIU | URN1SYaD AL

D31hu A - - - -
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Fanou - A - A
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{ined - ! A - - A
mﬁb’s A- - - - -
WULS e - : - - - -
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wnaLaey A / - A -
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luseu A - : - A
Woanosa . - A ° - -
Woawosa - e . | - A

wneme A = s1desesiildnauatiuilonesdn | = smsesludnvasiluaisuadiuluile

7194901

M19399 2.8 UansnafLavNaldevessInlesesiinauneslulunesiiie (2]

NAR

R

a

aanlannnau

Uuuganisivalanevaeumaiannisianedun

WRAMULUTIZL DN
vl

Isuiusauasnila ilnlavesdnadnaiu

0.3-0.5 wt% v lsinsulaway
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nslusgnga N1 25.0% v lvineadnddn
N
QR - 0.36-0.5% yilmmnsulaiay
NYIU
fngd | >0.2wt% anmsiineondnduromeag 1- -
2wt% USuugarilmanay wndsunawiiutu
LATVIOIUASTIENTUANYETIVNNTSR
avt | finAuuds AU 0.01 wit% ianIg
WRAMALUULUTE
Tusou | Winawmilouddneu fiusunadildwindy -
Jnfia | At wasdvemesrazdouns Tinay | dezseuatediesinida fina
YINDIAIU foR I IANDINITWIN
woavla3a | annsiinoonBiatuiiian afuannAulyazibiAnnig
wan$udleldsuninudeu
lAveaR | >8.4 wt% USUruanSuanad -
seulen | 0.001-0.1 wt% USuUssvuImnTuanas -
wwafity | Wfiuenuudasievhnsuuuds wasilianeswes -
VIONaNRIaEN
Ren | 0.01-0.1  wt% USuruiansuanadlunis -
0.01-0.2 vadnaDNLaZNITOUDDU
Tuvudlon | < 1 wtd fiupuudadiornisuuuds lunes -

AUIEND 990

=
ALY

< wt% Lﬁ@ﬂ’NNLL%QELUVIENF’T’] 99.9%
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JUN 2.8 Usunausadeviasineg Ninaseninuulaveamese [6]

UBNIMNTINTBNENKALTINTDTEN FaNlanaIT LAz SalisnDuY Nlldeaudang

NAYDIBIAIDNMANTLA TINAINLANDIAITAINULT LTS IALTUANUS U VDI THALS

N3 MAkanslugun 2.8 uazuansdinavedsnion1avlneie seUinanwanaiuinane

ALIIYBIMDIANTBE AT LAM1Y Wodnin15TugUiaswas dmsuludiuresdvinaves

519139579 31As99 LiadnI1N1sTUURsuLUAY dmsuludiuvesdninavessigiiavile

| Aa ! 4 = Y d'
AN NUNAFRDAITNATULLITIAN ﬂ']ll']ﬁﬂLLﬁ@\‘]l@ﬂﬂ@ﬂ?'N‘V] 2.9

= ! < o A P a J 1% a a J [y v
$13799N 2.9 A1AIULLTI HV 10 VBINDNANIBTIALIBUYUANT AYUIUIUNLANANINULAL DR IINT

Jugueing  [7]

DU IORIGE AT HY 10 ANLLDY HY 10 AILLDS HV 10
USinawesmside | 8n9insudssu (%) 0] dmsInnsuwdssu (%) 40| dmsmsuusgy (%) 80
Ag20 40 95 114
Ag30 a2 93 115
Ag25Cub 92 160 188
Ag20Cul0 120 190 240
Ag26Ni3 83 134 166
Ag25Pt5 58 106 130
Co5 92 126 154
Ni5 120 162 188
Pt10 78 102 118
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M19199 2.10 AANLLTIvaImaIAIionlasuulamInUsINuUeds IR0 [7]

WD | AIATIUATULTING| AIATINAILLTIAY| A1ATINATULSIRY| ANATIINATULTIRS

MPa Usuausng | MPaU3unusng | MPa Usunasng | MPa U3unasie
39 (%) 2 9o (%) 5 199 (%) 10 199 (%) 20

Ag 140 150 170 20

Co 240 - - 190

Cr 200 - - -

Cu 190 290 400 500

Fe 190 - - -

Ni 220 350 470 680

Pd 150 170 220 290

Pt 150 180 240 370

2.3.3 n@sA-nyn (Gold-Tin)
lavgiusyaudnnisougmadn Au-205n dyavaeuavalen 280°C ulavenay

aa < ~ wa Ay v v A & a
Panudwazianulsizweaumls lneaudininanledleuiannmainiduansusenoulde

langaamaaduaziynfiddesenii Ausn (0) uay AUsSn () Fawla C 1umlaniinuudegs

9
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Uszana 75 Um wazlalassadisganiadliiluszidou wiegrtlsinuaniiziireudiaazhl
d v [ @ v A a v L & L3 | =
\dgsuarATARuINSIAUINY N MR NN U UuHuloedn1elugIIa1 30 W9l
| ey v o wa o ' ' e aa Y i
wHunaanlatasiantAninanliwansnmnuaune e INgnaNIaN15e551A919° WU welass
nAnfldlaiuisansaninduladvszuin 1 9 d1vinnisquyuuaziiusnwiniald
lulasiawmad (-196°0) dwsulunsdlvesnisinusnwifiaaumgd -20°C Wl 1 ey lane

wauvfntianunsongtunyihnmstugUiduwiu Strip Hdansdinnumiles windwinTuguiduwiy

L = o

Strip karagAes Ui lunuliNgunall -20°C viudl slasaninanumiles wagusnaini

9 Y
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langnauvsiaidiauisanazunluudmdulangualdaigauiunis Gas Atomization n1eld

a

UI58IN1ARIDLA0Y wazarursarsan widunslauruluansdunsduiunans (@155unsendl

1
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drunanvesland) Ingluinisidenanin mewnilansiilszaiudaniseusiiniifaling
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Atomic percent tin
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Au Weight percent tin Sn

SUN 2.9 UNUNNENAaNBIAT-AYN (11111 : ASM International Handbooks) [8]
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Tangiuszaudaniseunildiunau Au-205n dtdedfgydessaunisivadiielminnis
= « = 9 Yo a a & -
Jundielanenasuavaiy dalunisussgndldivanudiaanseling 1wy n1sdaingudiulany
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Andulaen lavenauniludunaunneliiinguassadmiunisinasdiusenauig nosuns
finifa lasleunazlulasy (Nichrome) fasgseadlansnygliiannisivadilafdmsulany
Wail Au-20Sn Ao Waafeudeiaanfeuyigllavenay Au-20Sn Inadilaminenisaganenay

Tulangduszaunesd-fun Tutaveuanisazatedligannin wegnslsiny d1usiu

a

seeUnnInaUszaiutigninluunluaniizvesuds aziinn1snefi983983319 Kirkendall 7
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vshauwaidusesdeseninunassningiaafvuiliazals (anA1g) Auaisuseneuldelans

PdsSn, NHUSHIINLTUIE0Y ) tazdinalisesnalsya usoule ANNaILIsalunIsazais
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vaaaaufvululangiiszaulaniseu Au-20Sn Yuegivanmgil Tagaumgiidmiunis
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Aun gnimunTundmsumsaeUszauildaulangnvun Tluntvesndiegenisifiuiuuas
NOWAIULAVEHALNDIAN-AUNTHOUNUNNGIAT TITATININALTILNALLAEY U Tnaoy
= a oY 6o o w o a o A =i a o =
azaneliinsUawe willdewusihdmiunisandiunistiansseussaruiaaumgil 400°C Lile
wWigueuiulanenanszuuaesin Au-205n nlgungidmsunisaniudaniseuszaiui
350°C N5kANsIRuLaznaswnsiteivendgungindulldd miunisnasulaneds
Uszanudanigeunaiunsavilaluyisgumngilsening 300-350°C waguanani nsidulany
waunee Wlvlulavesiussanuiiorosuiulsaiueianuwmiletazanuaunsalunisiden

vadlaveiUszaruianigou faguin 2.10 egUil 2.12 muadu



Atomic percent antimony

0O 10 20 30 40 50 60 70 80 90 100

1100 bt

1064.43°C E

1000 E

900 3 E

L

800 3 E

g 3

= 7003 E

2 E E
g 3 F 630.755°C

= 600 3 =

5 E E

= E E

3 54.1 458°C E

400 5 356°C N E

E 25.9 2 Sb E

300 3 =z (50 E

= (Au) - E

200 S e e

0 10 20 30 40 50 60 70 80 90 100

Au Weight percent antimony Sb

gil‘ﬁ 2.10 UNUNNALAANDIAT-NA ({3 : ASM International Handbooks) [8]

Atomic percent germanium

0 10 20 30 40 50 60 70 80 90 100
1200 bbb e o  ARRRRass e Fr—r— R AARaanas R ARRARES! L
1064.43°C A F
1000 F

E L [ 938.3°C
Y 800 F
P ] [
E] ] F
& ] F
o) 600E s
400 361°C o
371 125 F
E (Au) (Ge)—-v;
200 T e e e e e e
0 10 20 30 40 50 60 70 80 90 100
Au Weight percent germanium Ge

gﬂﬁ 2.11 UNUNWELAANDIAT-LTBU e (3 : ASM Intemational Handbooks) [8]



Atomic percent silicon
0 20 40 50 60 70 80 90 100

1

1300

1100
1064.43°C

900

Temperature ("C)

500

3.16+0.1
300

- (Au) (si) —f

100 T T

0 10 20 30 40 50 60 70 80 90 100
Au ‘Weight percent silicon Si

JUN 2.12 ununwanganesi-ganeu (Man : ASM International Handbooks)

2.4 MifnesuTadayaingiuandiveadlanstiu uaslanziiuamnesas [2]

F1414°C

29

lavigRuamasa 925 viseuawasag 925 nunehs laveRuldenivsunanieduuiansly

Woendn 925 Tu 1000 dmdesindusimdugUsualddiiundt 75 dwlaginin 91nunsgu

SO 9202:1991(F) lafmuauuiusinlangilanieg lddmsunisvinasesUseaulivane

seauluySunasadudinlu 1000 d@u (Values in Parts per Thousand) 1364l

M1319% 2.11 USunausiglavedia1efiauinsgiuniee [9]

langdlenae USanausanlu 1000 duagnas

375 (Mo9AINESH 9k)

585 (Ma9ANsH 14k)
Gold Alloy

750 (Me9A1nsH 18k)

916 (M89ANYSH 22K)

850

Platinum Alloy 900

950

500
Palladium Alloy

950

800

Silver Alloy 835

925
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2.4.1 TanglRuu3gns

lanzdulusiglansinieinuazdsiniung Fesinedlunguveslansiiad
WuReatunesdn s1nlanedulidydnualiniaad Ag waziilassadmdnduwuy FCC (Face

Center Cubic) AaanUfvany vass9laneRuaiusaiieanlansiolul

n. AasauUANIenIen I (Physical Property) Snwazlneluvedanstu 1ulansd
g121fu7 deudly Aeulanziiuaunsafukniosaduuduuicy liuieds 0.00025 faduns
Tavhllanziuliiineenlediigumgiivies uraziinoonledfigamail 190°C fnvoslansiiy
grialfluornaigumgiesdunaiuiug wwndsududduiomnidames (Sulfur) gl
91mAn lavgRuuiavisiigavasuasaeiigumni 960.8°C yaieniigumil 2210°C Feagiin
Wnanedulodvaiu Tuvaesilane Rudsuaniurainvesnanduvesuddansduauise
AANGY (Absorb) san@aulauszana 20 Wi Aaaud@ne) mMemennveslaneRuaunsoasy

Tamans199 2.13

M13199 2.12 AaudAinenien nvedlaneiiu neuas dudey eanasa [10]

QVGRGEIRRE Fu(Ag)  veAd(Cu) Bufzu(in) Weanea(P)
LAURE MDA a7 29 49 15
nsdnEes Blannseu 28,18,18,1 28,181 28,8182 285
dhmihezmeu 107.868  63.54 11482 30974
ArassLvad (°C) 960.8 1083 156.81 44.3
Jaudien (°C) 2210 2593 2080 280.7
AUNUILUU (g/cm?) 10.5 8.92 7.31 1.82
Smilozmen (nm) 0.144 0.128 0.167 0.110

JGENGERNAGR fcc fcc tetragonal  triclinic
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ANNYAIUTOUT NN 0.0559 0.092 0.0548 0.1833
(cal/g. °Q)

ANusaulunTasuaraie 25 50.6 - -
(cal/g)

AsUNANUSaU 1 0.941 - -
(cal/cm?/cm/s/°C)

ANULDS (HB) 30 37 - -

ANUMUIMLL (Density) TangRuuIgnsiianuruiniuminh 10.49g/cc Ngaumgil 20°C
AANUrLILLUYeatlaneiud@uediunseuiunsuan n1sTuuuazn1sTugUludnunzsneg
917U NMIuadusU N33R N1FFALAENITNAAINTLIY wenanilAAnuruwiugRuegiu

ad k% ! =t [ wa ! < & o '
n3suIoMIAuTeuie Nldlunisuiuusnauands Wy mseuluilerisn nseugeu uas
N159ULINAINLTSY ArALNIRTUTelans dulUdsuwlatugunglianunsoaguling

M997 2.14

a ol

= ! a =
f1919N 2.13 ﬂ’NiJ‘VI‘Ll’]LLuu%@ﬂIﬁ‘ViBLQUM@BMLM@’JV]QMMJ]@JWN"] [11]

Y

gaungil (°C) AU (g/cm?)
960 9.30
976 9.285
1,000 9.259
1,043 9.210
1,070 9.188
1,092 9.200
1,094 9.170
1,145 9.150
1,195 9.100
1,250 9.050
1,302 9.000

. AuandAn1ena (Mechanical Property) lun1s@nwiauaudanianalang@uiuy

4
£ Y oo A

rapsrilafarziuauuIgnsvedlansiu lnedmualilane RuuTansazaeaiiloliuegg



o8 99.95% lasunAusuIuuesasiaauu (Impurities) uiazstininanlulislanziuazrao il
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a

Ysunaluifuimvuenuanasgiu ASTM dalauanslilunigan 2.15

A13199 2.14 USunasansiledululaeduusgvsauannsgiu ASTM [11]

GREKLI USnaensiaevu (%) USaugagn ASTM (%)
Silver - 99.95 (min)

Copper 0.05 0.08

Lead 0.004 0.025

Iron 0.003 0.002

Nickel < 0.001 -

Indium < 0.001 -

Magnesium < 0.001 -

Silicon < 0.001 .

Bismuth < 0.001 0.001

31NN1sNAaeilansIuUTans 99.97% 119n15TuIUEUNgRIIN1sTUUAeY Ay

! v Y] A o 2 a a ) ei
PWUNAINATUNIULTIAG DRTINTITIAALLALANULYINNTIUALULUAIAIRNNT1N 2.16

M15197 2.15 AauaudininavedansRuuIans 99.97% Nonsn1siugusine fu [12]

§nsnstugy (%) AnuduLssis (MPa) AIUEA (%) AT (HV)
0 150 50 26
10 180 30 54
20 230 10 65
30 260 5 70
50 290 3 80
80 360 2 90

A. AauURnIwAll (Chemical Property) Ruazanalanlunsalun3n (Nitric Acid) inidu

915lauialumsy (Argentic Nitrate) nseninsiuiuniluAeguisasaia (Lunar Caustic) du

nsndan3a (Sulphuric Acid) Wuduiifeuavarsduldagietng \Wudueisufndain

(Argentic Sulphate) fulvidamaslaeanlun (Sulphur Dioxide) nsadan3aLdaansliausayi

Ufn3eniululaludnuazves@aasdama (Silver Sulphate)
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nsnlalasaasia (Hydrochloric Acid) ¥iufn3enfuiutumnnuaziAniiouaniz i
wintu Tneazinmaslssindaulanyls TWadeslvenlug (Potassium Cyanide) @snsaazans
Guld Samdalsivhufnienduduiemnil Whvaeuduladumndaailad

nIsnnagNauYeIlu nnlelasrassauazraslsavinitumaslsannasnaududuiguy
Fedlimnsounazaulivi asazaneaziidnuasidugsuasannznousgnesngs Wegnivuas
pznoutriidimenthdusazAesufite aulufianandudthmaniedm

2.4.2 TangIngnlanziiuainasag

Tavziiuuigndilddmivindundniusiniosiu Tquantinianaseuis
anuaunsalunsasguilivangdmiunssuiumsnanuaz s luldou eesiinigde
sdeadliieuiuusinmantiviena @mauﬁaéfmmwéa%ugﬂLLazLﬂ'mmmﬁmmumi
vies FasmideiIodluasedhivilviauauazarumenuvedlaveiuanas s19dendni
foulilagiialufe neauas nsevedua dauaudafiannsoarareruiuRulaludnuus
ansazaswaIuds (Solid Solution) KaguUdl 2.13 uazuenaini neswnsdsdinmautiraediy

AMuLduwseliiulangidu 3nn1sanaznou (Precipitate) UDINDILAIAIBNTEUIUNT

Precipitation Strengthening

LIQUID L 1083

(%)

L1

ol 7 e L e

10 20 30 40 S0 &0 i a0 ag 100

Ag A Cu
aagivysineiuai

JUN 2.13  uHuANELRAlavERU-Nowag [13]

N3UT 2.13 wansliifudsnmanansalunisazansvedlavs Ruidorunesuasly
annransazaneveaudavedlanyiudenaauns (Solid Solution of Copper in Silver Alloy) &
laveynounaiadu (Silver in Copper Alloy) e?fqﬁamql,wﬂaﬂéﬁ 28.1 LS UANDILAS
ANENINsaYBINsazateveansluiugiand 8.8 Wesldusinasuas Tasauaunsnvesnsg

azangnawaslutuazanawmun1sanaveuugil dniulunsdlvedlansiuleneuasiy
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USUNUVBINadAg 7.5 Wasidudlagtninuselanstuawasa Wevinn1svasuazalesiui

asfufianzaugawdangurgiasuioungivessdeding lassairasdsznouniey

'
a A

Primary Silver-rich Solid Solution (0L), Secondary Copper-Rich Solid Solution ([3) #1LAn

Ly

MnvewasenNanaanukasdlidundulassiiingn Silver-Copper Eutectic 53108

gaunnlgeuszunas 745°C Aululaseadneazidu Primary Silver-Rich Solid Solution (QL) Wies
Wanfed winmngumnaiianasnindl 745°C anuanansavesnIsazatenawadlulanestiu

dugnaainliiinlassadne Silver-Copper Eutectic waznaunsuenudniulassadna
Secondary Copper-rich Solid Solution (B) Fadainsuveslaseasne Secondary Copper-rich

Solid Solution (B) Aldazdaunlng wardinavinlilansiuiionsswnsfiniuundansesii
lassasuazauaudivedlansduidsanuisausulsudisundadlamenssuiunisvuguiu
waENITUIINIAIINToU (Heat Treatment)

2.4.3 11ATFIUNAANUINATDIRU

a 1% [ ) d{' [ A o a sa <

durgeamnIsudyudikaziaseslseauvednefiianlansRuawesas (lu
HaKARTLAAINUYIET e uAaUmanssuLant s inussTHveUAlnglagany 39
QA Y dve o ! [ Aa ! v % Y1 [J !
Juuandnduunsvaiy wasilunfeuvesrisisuseimanilan dulaindunismeunsau
a o aa [ b3 VY = < v = =
Aauimanssu FWnsnssusarinusssulnglivnilanlaidnuseinalne weilun1sshuveides
voUszma lunisdseanduaiaiesluiindnainlavsduame saslidauamaliuinsgiu
A1 UNINIFIUNER UM YAAINNTTUILAAINUANINTFIUHEN A9 gRaIMNTTULATRIRY
wan.21-2515 Faldin1siunldsusesnunimduiiasesivaudalagiu waziiolunnsgu
HanuATRIRUN IS UNSYRNSUIINILAN [2]

WINIFIUNEAS U gRamNITULIIMIEToiMUANEINUTTALALA MG N BUENFBIN VBT

PRI LTIV NTVRdRUATBIR UMALE LU IlaveRuUSans Fsenunsoasulansialull
(3]

[

d‘ a = o d‘ o v a = dg( a < 1 o
n. 1A3eIRu mnefiedagnvivielaveRurseusenauiuanlaveududd Ay
. TaneRuunsgiu nuneidansiunenaiilavesinauduliiiuiosas 7.5 vaaumiin
A. lavieRuu3avs vneddaveRuienaillangduuliiiuiasas 0.01 vaumiin
= dd‘d a a Qf [~4 | [ Y 901 v}
3. 8103 nuedsanseindlaneduuignsiludiunanlidesninfesay 8 vesmin
dwmsulalunisasenay
a = aa o [y =)
2. 918 yunedsansanaansulslunisasend
2.4.4 anwauznluvaduldauseianeng [14]
Ag950 TFNuwULIIWALITURUUTANT warAUNISANDNTATY NSIN1TRUMTHEIRE
a ¢ aa P o a | v & X a v & I3
\Aneanled ARweniievlzisinly wagavlisiududuleferiuturetoanles yavasian

Pgavzmnziun1sguRs eg1alsinu laveasfianuudainduluuiansuaranunsarinduwiy
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£

U9 9 wazdugulad wasdaanunsavitliunslans 75% Tuseninniseunilouazsioiioadu

o 1
v nl

iszaziuianluuiziunistugy (Ag950) uazaunsadniduainlad druanuudavsisusiu
1NgUNIN 600°C wazdndudaadumiiod 195In5IMdN13 NasumaIkazaumiled fdatuy
ANNANNTAIUNMTNUNTALALVIALANRY GNURIEAREYDI AgI50 AaNITLdugUIIde [9]

Ag925 Tapvillazisondt Quawesds Faduiizdnduunndnaniminiloudu Ag9s0 &

'
Y

anwauzmilauiuduusgrstenagldlugnaivnssuasensed daudununisiineanndy

o a

a¢ Tangnanvdndlflunuisidesiunsguindouinldfuintu Ag950 Sasinisifuiad
uansnafuarlldinuanTRTuAn A un LA NFDInTS

1. msumnilendl 650°C usiirazianmsuanvingnesnsinsind 42%

2. Mseumilenit 650°C udad (uniasedalued 350°0) aziinnisuaniin ¢
dasnsiingadl 25%

Ag835 UnRazldlunisinadasdssiu uadnvasdves Aes3s azliv1iazain
wiloufuRuuigrdunnin melfnuamusadinieeuiumunsinusefinnty

Ag800 Tavzwausiatimunzfunisiluidugunsaivulfizorms wu Fou fin 1av
idesaniinuandinisnadi waziianmuudegs uasinadeuindiunaflodiouiulanswand
nannandsdiu esndivesidudvesiviidennd uilavgsiintasisnuureanfudivies
gouq ilasnniineenled agslsinuazihuvinnmsyuiiameiu Aelansiifivesidusdveiu
a1 wardndudeshnmseumdsidnadmiouiunstelfaiiiumandudiu Wewedidud
noauAsgenty v liiAndufiv Wodudadunsnems dedraru aduderiineauns
Copper Acetate Tutdudugu dlanznaufinnsdnuing ‘vﬁa:ﬁmiﬁﬁugﬂfﬁ%i‘]uéfmﬁmsau
wiled eg9lsfinnu Ag800 anunsaiiaznasunaznasldieninlanenauiifivesidudiuly
USinautannningaviaesmanazetfil 800°C dslaviluldgamaiinisvasuimaddi 900°C luns
vasuaraslanenauiannsofinauudsldain 40-100 HB lasnisyuudedl 725°C Udesiia
15 17 dlas figaunindl 280°C

M13197 2.16 wannaanURvestulaUsHInnene [4]

. RINVELH AT | AUPIUNSIRY | AuEe | AnuTUILUY
lane¥uLae
(°C) (HB) | (MPa) (%) | (g/cm?)
Ag 1000 960 35 180 49 10.39
Ag 925 910/ 779 68 300 29 10.29
Ag 835 840/ 779 76 300 33 10.16
Ag 800 820/ 779 79 310 30 10.13
Ag 720 779 90 330 27 10
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2.4.5 3N3Nava9I9TelulanziRy
s dennandUulans Ruvilinaudinienasng o veslansduUdsunuasiy
A P o aAada a ' a o W ' ~ ' &
swilegranesmmeiuniisvsnadelavsiu fwieg1aiagnanlull
Jniia (Ni) anunseaznauadbuludassetu-nadknd Lang 1% dniaau1sadeeanunns
AN BULNTULALAZALNITAIUNIUNISAANTOULS LA THNLABNINATT 2.5% 29T
wa o 1 v [} 5 = ya o a a v v ~ A § &a a
AuaudRfinadosas Anludslatinisiriinifaluldiosas iesnileliivesigudiiniiags
ynazynlrinnaluauiseazanglutnlanewaile wagvinlildausatnluldaula
pen (Pb) Wianauludaans azvinlmusiziilsalasuainusau wananinenliaiulsanae
wonNRUle N9anaeumal Eutectic aumgil 304°C U9ATIREADINANATAIND 86D
n3fneu ( Machined ) usaglianunsaviinisusudssienssuisnenanusauls
P a a = 2 v 2 0§ v ° a a S ~
Ayn (Sn) Vsunafuniiieadndosnagyiligavasumainiad Quuians awnsanvsuay
AuNlANINGY 19% danpeNilAunlziineandiadulosndl 9aassiu-NoIwas Azl
Wodaaosly wavduluduldd ddaunmauuinndt 9% azvinliin CusSn Feagyilviiusne
1 o Yo a v o Y a <
warluseninanIsuasualazyloanTautnauvinlmiady Sno,

a a

palilley (A) 4-5% aglilinaranmaudisneg wavnsldauvesdaass witnllegiiliey
Wnvuagy Ay AgAl LazaziinlroaassiUsgluseninenIsnanuinaIninnise
wilenazifnegiidoueenlyd (ALOY) waziRnnznouULIaUINTY Faduameliinguely
JEMINNTEY
denzd (Zn) Ussana 20% awnsadzazatelaluaniuzaoids uwalunsufifauise
wanlduszana 14% Saavsfldanunsndumunsineendindu wagdanautRidusiun
annsadafunliig unsdeannisraivesiufuoandinuuasyinliilansvadldfuasy
fidnsnsBaigein
Faneu (Si) ifevazhissarelutu Faneuszsilvisanssudaaziung Jsazingneu
vurauInTY wagifeuilagilidasesldnulild uaunsnanyinauvesdaneuld lnonsld
ﬁurﬁymmq;mu (Quarts) asluivaey
weave¥a (P) MflUiunanfisndntiesfinefazyilvsanseiuszld Inudaneesd
d1uUsEnau AgP, 30 CusP Feasiinznaufivouinsu Suinldaasslsiy \ineandindu
Antudity WoaleSaanusavzilvigavasuvalanas dmiunesas-eanesa dn1sgn
\e1eenTiaueenliauysalagyiiiiianauaseanlyd
2.4.6 dnEWaVaIsINTRAMANTAVRIlaNsUTD
s definandlululans Gurilviauauifivanavedane Suidsuuiadly iy

[y

ATUANRTIAZAMULTILTY Fedognatesinaieduiddninadelans3u dwanslugud



37

= @ Y a aa o i ! v a [ a o < a
2.14 ‘UQ"USW]UIW]'] Uiuﬁm%@ﬂﬁﬁﬁl‘ﬂaﬂE)uf\]’]u’JuVleiJll’]ﬂumJNﬂ‘Vl’]Iﬂﬁ“W%L\‘]L!llﬂ’)’lilLL“UQLWN
& v = & A ] ra o [ A [ a 1
wnTunazdaiineuns sedusnimiraulawasdilvgfendwndusigidendnlulans fued

wams1zielunisnasvasukaraIuIsnazatafukules Tusiuanuudassvadansidy

=

\AeTINANS9 A0 vTA 197 TUSnTIHANVRISINAD 2%, 5%, 10%, 20% wanslunisei 2.18

q
[

a 1 < a & A
A19597 2.17 AIANLDLTRslans U NTY

LY A 1

AUFRLADANNE [12]

9

ANAINUATULTIAS (MPa)

59430 USU0u59130 (%)
2 5 10 20

Au 160 170 180 200
Cd 160 170 180 210
Cu 190 240 280 310
Pd 160 180 210 270
Sb 190 240 300 -
Sn 190 240 300 -
Zn 180 190 200 -

ALY (HV)

100t

50t

Y3unus19138 (%)

JUN 2.14  USinasadenilasnee Adnasennundwedlavedu [12]

Y
[

M1919% 2.18 AL (HV10) vadlansiuidenivuiudnsinistugluasdndiunessisie

NOILAY [12]

ANULTa (HV10)

510438 §n9n158uzU (%)
0 40 80
NBILAY 5% 58 108 134

NBILAY 10% 76 126 158
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NoILAT 15% 98 136 177

dmsurnuuiwedaneiudeifinsdonswadudndiusing LLazﬁé’mwmﬁugUmm
wandluns1edl 2.8 uenanamauiAvInand nuszasdvensHausmdoriag Wlululy
denTamanisdnudug Snitu mandetugy (Casting) nsiiniilwi (Fire Staining) wagaau
FUNIUNITUNBS (Tarnishing Behavior)

TughunsudetusUdmiulaneiiuanodas fuanuagusznaunisfeanistuenu 7

b4

a N v Ql' A a ! 4 Y Y ad af
A finsgaydedesiian uazuonainilansiuldausotuguldaneisnshituguseu

(Forging) inselaiinunlaifiiiasaniinialug (Fire Staining) ladeann dwiunisvasdugy
Toevludsuldvoanwardinsadusuiu 1 wWasibus nIauinninuunauiinlumeieniua
NIAIUNT AR INT UV AR tazdlganiiwaandiau (Deoxidized) Tulangdunasy

azany
2.5 auauURvasWIALAYY

wianfenfslavzyianieiilulangnddvndanumiwuulansduasiBunnnauiinig
nenmwIanfeuiigasnivad Pd Wusiifiiavesneu 46 Uminevaeu 106.42 §iy
wapULaY Wiy 1552.0 asrigaiid waziigaiiion 2927.0 esrwaidaa [ulansinumy
SITUPAAANANTUTINNEUNTOS] DU LU Vowad Tiausen uazunafitdy sundndnegly
+ . = I L3 1 1 o
sULUUgNIen (Cubic) kaglAULIIMNLINTFIUAINBUNTHUVBILLN 2.5 — 3 AIAIUANTUNY
i

yowesUIavsia 12.02 Jusnhuvinduedesusziu wazgunsainisuwnd [18)
2.6 WINIFIUENBIAINLIA

UINTFIUTUIDITEAVANDIAINETA UTeNaun18u1msgIu NIHS-03-50 11915514
CETEHOR-07 Wwaganmsgnu DIN 8238 fildenadaszuunisindnseiudnuszuy CIELAB uazilu
unsgruildunissensulasinluialfifuumnsgiuglsy AFeninunsgiu DIN EN 28654
paonuinsinlidunasguana AiFendnmesg 150 8654 th IiutsrseRuAnos
neSmaontdu 8N, ON, 1N, 2N, 3N, 4N wag 5N e?fa'iwazLﬁamaqﬁﬁzﬁuﬁmummgm DIN

8238 UsznaumeaduInIgIukasiiinAnuieaf19e) wandlaninisnan 2.20
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(Y [y o J

A15199 2.19 dydnwalseavanedd ANsinLasiinAULEen L1955 IU DIN 8238 [18]

G| MaNATIIN
ATINVINTI Y L a b
dudnya ) = =z oy
’ 5 NIHS-03-50 l1az T e TG
CETEHOR-07-07 ANNIAD ANMIAD ANUIHD
SN W1 - 1:2 0.9 1.6
— t0.2 103
ON | lWemiang & 24.8 1.6 12
IN | mifossau 1.7 1.7 1.2
N | desan 1.8 1.8 | Foa | 1.3
3N | maeq / 2.0 +0.1 | 1.8 1.3 | Fo.is
4N WU 2.4 1.6 1.4
5N 1A 2.6 1.5 1.4

2.7 ATEneItes
auiln Tuuesena wavane [2] vihnsfnynieseiandinina, nssuisnieming

FoU, ANUMUNIUNITNNRILAE NIV UTUR IS D ULATRUSEAUMIEITN 1 Tvaelane R u+

a a

NoWAL+ Fangd+3anau MmewmaliansrasluevaewRewuUaNYINA LagfinuadIuNay

Yailangiudenatl A 93.5%Ag+4.5%Cu+1.6%Zn+0.1%Si Failn1suUsiu yumanuilang

A3 (A Sasoulun sryuies) wargamgivinas wull Araduuliulidsunnges

a =

Meluunutesiian Ao yusm 65° AALSE 10G uazaaumgiinvge 1050°C MNHANTITETN

q 9 Y

Va o

H1un AeIdeiivedunainlulasinisdendnliaiunsavinisfinwusunanessinioses
(Zn,5i) Plnadenuaniunds Jsmseiudeaidbvesiusznounns SMEs MvhnsnandaiEeu
iSasUsERUmaRSawRauiilimuSeus e fidesdinsiudined vionsanioaudn
Wllanefuilevihniiidusn Deoxidized videlaufalutilane

navs wavawe [5] laAnwnavesdansusdoauianisiuniunisnueuazauUa
manaveslanstuanesasdmanisAnemuidiofivuiunaudansuazyliausuniunis
wuoRR uLardanoudieldinnunde a1t ugInnifve W uuisann
FaneulasmaiinUinadanewillasaiuganadsudulassmdieiinanimayes
NoIuAs-Fansuiiveuinsudazinldnnumistanasegadiulddn USuadaneufivnzauas
oglutas 0.02-0 29% sl dedinavhlildarudumiunisuesuaransinenadia

g3 13sauds [3] vinnsfnwanvugdaunniodradlans Iuonaad 910

(%
=2 v a

NI5UATNABLINLINIANUTDUAIBI I WUINENWULVDUNNIBIMLDATUAUTUITUNADEINTD

asUdnvazdounnisiuazannguaanisiinesnilu 3 Ussnndsilfie 1) dounnsasniidaiiie



40

LY

ngdunanvedlaneauanlsnvedanskasUisenseninaielane fuyukuundasnse

Y
U358N1ALUN1INEONADUAIRY AN WL TBUNNIDITAATUITUTNTUNRITUIIUNTOR1UA
HIT LT N BUEHAUASANTOUUANIIIIINNITRENAIVDITINTORALNITNARIVBLANE 2)
TaUNNTINAAIINTUABUNTINT UL UUNARERIINTHANYB R AUY U ldviuuundel
wingauszezattunsiauyulimunzaniibiyuinsdadineuiinzmasnszusnyuiiioi
wuUnaen1saudziouresuunaevaziyuidadnfifiegeanvuzdeunnsesiinuigy
.z « ¥ a2 e 2 & y o w
ABuuveUiinT Ui iU usesguniTuuLazilay uldlugunundaldusiuuag 3)

ToUNNTRIMLANIINTURBUNITUdavaoNlanzaungiveinIsvaslangldmuizauuasy

UssIMAlunIsrae LA 19 NwE TaUNNIBINAR LU TN TUNRITUNUTS oA UA
n1siinnowAaluTuILTae1IINNITHENAIVDI5 10 TETOUNNTDITR

(%

WU UAN UL AAY

ABNNZNAIUATOUIUNRITUITULAZEITUN UL N B RIAUASAN [ DUAY



UNN 3
ASN1SAN LU

Mnnsudunguiiiedouaruinnssudousesuisnavaans aznandstuneuves
nsnaaesIdIunanimuizanlun1sHaanesnn 6k iietuindninIesUseAulid
UszAnSnmdnisdsannsoanalddielunisudnedosseiu Tnensadaununisufifieu
dioauouuzuanduuumamsuiinuiivnyas

3.1 WAUNISADUIU

ANSANRUINUANLINAUIEIUNANLANENDIU17 6K ANNSUNISHARFIIOULATAIUTEAU

lafmuaununsadunuie iussq InguagaaAlagluvun M syiuaunivug

[ JURBUNISHISEUIaNY ]

4

FURDUNNSYAULUULUAUNE LAy

YURBUNTVNAULUUWax

4

{ JUABUNITNAGDU
[ ;

4

I UNDUNITNARBUAN SN ZEUNIIAIIUT O

4

asunanIsALLOUY

UM 3.1 UHuANLEnINIsA LUy



42

3.2 quAdUNISIAsNlans

n1siwseulanglun13usuuaunesnd 6k agdadlddiunauveidansslazgninis
naaes 4 gaslaeiidlelavendnludenisnagey dell nesAu) Ru(Ag) nodwaa(Cu)

o

d1nz@(Zn) wvasieu(Pd)
3.2.1 o4

yesiadimuuanmegiaue nesdliviufizentueendiaudeiy Wodua
gnomAdvesmesarlivaeauarlsiiinaiy Sanusoush nesddulavefaugousauin
flan fevesUszinm 2 v asadaooniduduaialdonts 8 Alawns vieerafdy
wsiuuleiie 100 ms1eve Wusthluiiia

UM 3.2 nmuansnuuglavenasinldnismaaes

Tnglavignasihunlddmsunisnaasuiulansvesnnnuuians 99.9 wWesiguandl
anvaziludadniiedieninisde



43

3.2.2 ¥y

langdulusiglaneivieinuaziisiniune Jedneglunguasslansian
Wuieaiunesi siglanetiulidgdnvalniendl Ag uazillassadrawdnduiuy FCC (Face
Center Cubic)

5UN 3.3 uansdnuaslaneRuinldlunismaaes

InelaveRumhunlddmsunsmeasadulaveiuanuusgns 99.99% niidnvaziiu
dindiadniiedieniniside

3.2.3 NoAY

A LY (% 2= va A -
sAiliavezney 29 uardyanuaiAe Cu nosad AnauURveINISITBLNENTS
nagouasatilagliinuansafuALLT STl neawasiihunlddmiunisnaaes
\Juveuasrnuuians 99.9% fdnvusidudaiiaunsadinniieldaznan



44

3UN 3.4 uansdnuaizlavenaawasildlunimeass

3.2.0 WLARYL

= = a = o g Ao = = =
nuatigy Aslavzyianilamidulangniidvniiiauinuuulansdniaziden
AuantRnneamnualieuignsniunil Pd auaudRvesnisiieienisnaillaglvdl

v A= v 2 v o w
ANNANTAAY AUInaLazBnTeviaieadsauiludyiliuinesys ek dmiu
N3398UARIRIFUN 3.5



45

5UN 3.5 uansanuaznapenililunisvaaes

3.2.5 danyd

& Aa 1 aaa a LY a a9
Jusmussnnlansifienulsisufisenaineauasiuosndiauuwazsinitily

lave dnzddlovinujisendunsalisanasiassinelelasiaueen simviaiidulangsinid

Q@

(% S a L < aAa o dl' & 2 =
anwauedudsu duin Wuilsudunldluniresavnssuielulaelasaiivselany

A

naniulangdudmiuussgndldaudiudug Ssnimaaesaisiiiefioriuauannsadiu
nsuaoNavay Woldesndnsdgnmniinisvasuaratsasiias euinstuginunasld
ogelivszAnsnmnmmnansadsiideldansuinvasdruiefifionwasmniasnisiany
rsuvdotineliduusuagmnuanslinuuansiasuil 3.6 Tadngafianlddmiong
naaouludenydusy



46

3UN 3.6 uansdnuaizdaneanldlunismaaes

3.2.6 NM398NUUUNITNARBAIDT IR IUERTIH LA

nsalunIInasulans 9N IEIUNELRA1Y BANYIILATIZRLAZATIVEDY
TUUNAFOUAIYIATOINAABUUTUIMEAIUNAUNILAT XRF (X-ray Fluorescence
Spectrometers) WardAsganNIsRvIzaNd UM IasTuIUfISeuATasUsEAUlaNE

N93U717 6k LNBLUTULNBUNANITNAFDUAINAINDATIAIUAILY AIRI1T1T 3.1

A9199 3.1 DRTIAIUNANAY) V0ITUNUNAFRUlANENDIUT 6K

L fndrunisuan (wt%) Arfvualunsnaaes
Q[ G IGH
Au Ag Cu Zn Pd
25%Au+42%Ag+12%Cu+3%2Zn+18%Pd 25 a2 12 3 18
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