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Change of optical properties and microstructure of
an Ag—Pd-In alloy according to Ag content
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In this study, change of optical properties and microstructure of an Ag-Pd-In alloy according to Ag content was investigated.
For this purpose, specimen alloys were prepared by adding 0-100 wt.% of Ag to the 50Pd-50In (wt.%) alloy, When the content
of Ag was more than 40 wt.%, the color difference with pure gold specimen was increased(p<0.001). L* value increased as
the Ag content of the specimen increased, but a* and b* value increased until the addition of 20 wt.% Ag, and then decreased
with increasing Ag content(p{0.001). Ag-free specimen was single phase in the as-cast state, but when the content of Ag was
more than 20 wt.%, the phase separation occurred and two phases of matrix and dendrite or granular structure were confirmed.
The dendrite or granular structure was composed of the InPd phase, and the matrix was composed of the Ag-rich phase. From
these results, it can be concluded that the specimens with Ag content of 20-70 wt.% have the Ag-rich matrix which has a high
L* value and low a* and b* value, and have the dendrite structure which has a low L* value and high a* and b* value. As

the content of Ag increased, the color changed from light yellow to silver white due to the increase in the ratio of the matrix

to the dendrite or granular structure,
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<ol Fol A9 FHrEo] A B AgPd-InAl g0l
T8 e PR ARSHAL Utk AgPdAl T
o] A7teE In PdETH 27| Yo7 ] A
Age] FEAAE AR o] $-48itiaL Bty
o] JTHKim %, 2000; Hattori 5, 2010), ©]2]gF Ag-Pd-InA|
Shae] 7By, kel AEYAaE] LA 77k M-S
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Ag-AuPt-CuZ th-&3=3 Au-PtAl, Au-Pr-Pd-Al ils
el B 50 Belol 2ele] wad ) gl
(Shiraishi %, 2003; Shiraishi®} Geis-Gerstorfer, 2006;
Shiraishi &, 2009). Ag-Au-Pt—CuZ &35 AoE
Au/Ag QA 7F ST yellow-blue =47} S718)
of =gk AFE H7) Foal Barso] Itk(Shiraishit,
2009). Au-Pt-Pd-Al 539 v)EkdAie] st we
FeHA 570l Ak HaloM= e/avalue’} &5 W=
2 AR 7L Feetn R, GdbS FAshE Au-PePd-7l
AEehEe] Aol =8 As g "rjal Barso] vt
(Shiraishi®} Geis-Gerstorfer, 2006), Ag-Pd-In A $HF2
A= dAgol ofg NEAsEe A 240 Fato]
3P = o] QTHLee 5, 2004; Seol 5, 2009; Lee 5, 2012;
Pyo %5, 2010). ZLEut o]F Fae] 24 uhe FH
542 o TRso] g4 2k AgPdin A T 2]
wfe} SOl Qlgh wmakalA] o] Hhatel ek}
s, o) R vATEE dEdelEs B4
WA 72E YAstel 7)As) pelnE Aow FeA
S tHLee 5, 2004; Seol &, 2009; Lee 5, 2012; Pyo &,
2016). Pd9] dFako] 32 wt, %2l Pd-Ag-In-Audta< ARE-3F
AT YAY P F2 s} PAZ o] Fold] Pow,
7IAE T2 AgR o FoRl Zo= UEldthLee 5, 2012),

AgPdin A FHao] HEE WA pome Pl
Qelnel uge) A 44y T2 EE dselE

T2} 71A]9] Hlgo] FepA|aL, o2t 2| whE m|A

200

zo] WP} o] A4 wistd] A dFE & AL
28} 5 Zhze] Aol BoHH 4o vz
ge) vlge] FFAA) AE e Ao A2EIY
o mEp 2 ATl Ag-pdInAl Sl Ag, Pd,
n¢] e we 2ol Wsts FHstasl pds} Ing
SRR 112 3L, Agd] 3 0-100 wt. %= HH3IA|A
NHE Azt FH S EFFEAE ol8sho
Zatal 2] e Bt S0 wiste} vz
W8 o) s,

=A==

L b

ERETE

1. M8i82 (Specimen alloy)

£ A5 9Jske] pdst n9] gHEkS 119 SR sk,
Ag®] TS 0-100 wr%= WSHAA ofef Table 1¢] &5
Azt ol S MAF HlAE 913) 100% Au
Al (Au-100) %= 37 Azt & AT-llA= Ag(99.9
%), Pd(99.9 %), Au(99.5 %), In(99.99 %) (Alfa Aesar,
USA) 43 AREste] BE AlHE ARt Ald
W10 x 10 x 0.5 mm) 2 F2317] 93 4R
] &7 (Galaxy, Talladium Inc, USA)E AR&-3}aL, 2
A73=527]Millennium R-HD, Reddish stone, Italy)S
AREBle] FREGT F2E AHE 2714 AW(bench
cooling)8F &, %2-3} A|2]7]|(Bransonic, Branson, USA)Z

308 Ee A=l

Table 1, Chemical composition of the specimen

Alloy (wt.%) Ag In Pd
Ag-0 0 50 50
Ag-20 20 40 40
Ag-40 40 30 30
Ag-60 60 20 20
Ag-70 70 15 15

Ag-100 100 0 0




2. M7= (spectrophotometric colorimetry)

A AR5 7] Sja) Ale] ERg el
E ArkEE20002 vkt 5 miAldvz|= B Avtslal
44 =) (spectrophotometer, CM-3600d, Minolta, Japan)
o]-g-3ko] Autalg E3HF2AIQ1 SCI(Spectral component

included) REZ ¥RAS(UR)S =A3tL, BE AJHY

Mo M

CIE(Commission Internationale d Eclairage) A<=, L*, a*2}
b*gk& ST ol Sl £ D6SE AHEskaL
Aok 10 SI4] AZ 4 mme] AT A A 2 RS
120° 4 S)I5t] % 381 Z4ste] Bitv FERAE T3
Sk A WK AE)E o] TS o) gt 4 -
(AL + (da*)’ + (4b571. o]i 7]F & (reference

alloy)= 100 % Au Al (Au-100)S AF&-3}SI T

3. HAYE FAIMXIE0|E
(Field emission scanning electron
microscopy, FE—SEM)

z273d wE Ao mA 2 WskE dEstr] sl
AAE AR R (JSM-6700F, Jeol, Japan)& AR
stttk FxE AJEY] BHE vAAnI=2 AW Ankgh
T AJH-E 10% KCN(potassium cyanide)+10% (NH;),S,0
(ammonium persulfate) -§N 0 2 FHE BAAZch TH
A | W] S AANE FARARER A S ARSS)
o 7}& A 15 kve] Ao 2 BEaEtgth

4, X—M 3|™ 2M (X-ray diffraction, XRD)

2ol me Agle] A4 25 B4 e FxE
o] AlEE XA 3 A (XPERT-PRO, Philps,
Netherlands) & AF83}e] X-A 318 AL g0 =4

1

Z7Ae #AAY 30 kv, FAF 40 mA, Ni HE|E B3k

Cu Ka & ARS8ttt FAF X+ 17 (20 /min)o| o},

i

5. OIL{X| AR Xx-M E2t 2A

(Energy dispersive spectrometry, EDS)

FxE A ATz tE dAEEE Lol

201

3 x| Bk XA 153 $417] (INCA x-sight, Oxford
Instruments Itd,, UK)S ARE-3} 71 29} 15 kve] Z2do
= EAser,

6. E7 2AM (Statistical analysis)

Pdo} Ino] $HakS 1:19] W2 3}ar, Age S 0-100
wt%= H3IAIA A2 2 AATET 100 % Au A1H
(Au-100)7+2] AAHAEHSE 2 A< 1*, a*¢} brghol]
tate] FAIAEE Attt AX el spss 22
(SPSS 23.0: SPSS IBM, Armonk, USA)S AF&-3F] one-way
ANOVAR 28] 47 95 %ol A A3, AR AR
Tukey HSD test® A|3§&}Sc},

2 I}

1. &2 =40 mE Aol Hat

Figure 12 Pd¢} In9] kg 1:19] H]Z &}aL, Ago]
S 0-100 wrw=E WH3HAA A2tE 2 APt 100
% Au AJA(Au-100)e] M=} 4E*E YeER)E Tz ot}
AZF, 4B 2 HEE BAA FYAE YERIATH

Colour difference, AE*

20 i i j
0 20 40 60 80 100

Ag content (wt.%)

Figure 1, The colour difference, 4E* between the reference
Au-100 alloy and each specimen alloy.



(p€0.001). Age] 7kl 7+ 20, 40 wt.%S] Ag-20 AJHT}
Ag-40 AlF©] 100 % Au AlHIE] Aap7E 7HE A QAL
Age] 7kl 40 w% ol 79 100 % Au AJH(Au-100)
Fo] MA7E HH AAE AR e

Figure 2= 7+ A31%a29] 360-740nm WA 335] &4
ato] dolzl WhAkg-o] gt FFUAE Ueie 1)
ot} 100 % Ag AH(Ag100)L EE I H9 ol Hka}
&0l & SAS WAL, pde} no] SHrE AlHEIA
= Agd] FHo] HoHEaS WRkEo] ot 53] dubd
o X 9] WhALE o] ol HA otk Pdé} Ing 22t 50
wt. %% ek Ag-0 AJFHO] Ag-100 A3} 7H BEARE-¢]
Zpo)7F Zitk. ol¢} HluLE 9I5ke] 100 % Au A% (Au-100)¢]
WSS S43E3Ith 1 23 Ag-100 A|H A o= &
g 2] Whabgo] =7 wrop th(Shiraishis, 2009).
Figure 194 A3eha & Ag-20 A3} Ag-40 AlH] 71
Au-100 AT} 7P7ke- Aol =T, o] FaEY] O
Au-100 AJHS] BRAREo 71 238 AT

Figure 3% Au-100 A|¢] 8RS 71 2338 =
A E(Ag-0, Ag-20, Ag-40)9] WHALES apo & mjEgh
A Tz Vel Aotk Au-100 AJHE| YRS RS-
H Aol mlEF A FFTHabsorption edge)©]
S00nmi-Zo|H, o] FZolx ] AL} w9 A Rt
Al F Ag0HTF Ag-203} Ag-40 AJA 2] 4] Au-100
AR Fdel T 7HIA ISiTE 53] Ag20 Al E T
Ag-40 Al 9] Fto] Au-100 AR 25 T 7SI

Figure 4+ Ag9] §ako] w2 CIE(Commission Interna-
tionale d Eclairage)Al<=, L*, a*2} b* 7ke] ¥3ts el
o}, WA WAl L2 A9 Age] ko] HolESE
713 tHp(0.001). g A M (+a* value) — =4 (-a*
value)&-& YEE AES a*& AgZ} 20 wew7kA] 371
85 okt SFsl o Agel FHFol T @olgldl ulet
A dashe A HAHp(0.001). FH(+b* value) —
A (-b* value)FS YERHE AES b= AgZt 20 wt.%
7 7 A 2 S7Fsk o Age] FHol T Bold
of wte} HF Fraste S EATHp(0.001).
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Reflectance (%)

350 400 450 500 550 600 650 700 750

Wavelength (nm)

Figure 2, Spectral reflectance curves for the specimen alloys.

Differential Coefficient, dR/dL

350 400 450 500 550 600 650 700 750
Wavelength (nm)

Figure 3, Spectral reflectance curves for the specimen alloys,
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Figure 4, The effects of Ag content on lightness, L*, and
chromaticity indices, a* and b* for the specimen alloys.

2, g=2| =40 ME njMIFt=2| He}

Pde} In9] 3RS 1:19] B Z d}aL, Age] S 0-70
wWtNE HSIAA AR 5E79] o nAlTEE A
WE FARIANER H o2 S thFigure 5). Ag0 Al
& FRAFHNA Gdds el Zlo] ERIESIT 19
H3 Age] FreFo] 20 wr.%gl Ag-20 AJA X & A El7t
dofu} 7179} W=l E Z2 YAY F2E o F 2740l
FRAHIA. ol Hl=gtolE 52 YA 729 HEo]
717¢] vHlgrTt A0 Edth olHE 24 el AR
Ag9] FHeko] 2FH FTet® FUEA LRt Ag-40,
Ag-60, Ag-70 A|H|ME 7|29} dlEglo]E 52 9171y
TZ2E UFolRl Zo] Rl el Age] FHgo] 70 wt.u7t
A SoldS fl=golE 52 I 720 ik 7149
H|&o] 718kl EgolE 729 = 7heal Fot

S ."‘-\}jJ'

o 8

Figure 5, FE-SEM micrographs of X600 for the specimens.
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3. g29|

. g2 =40 mE ZF Fxof Hal

Figure 62 F2%
Ag-0 AL TS oFa Sen, AAgET=
(body-centered cubic, b.c.c.)E& WYERHATH B/, X-A
v a AT AREFE an0=3.25 A°I3UTh Ag-20
AR M= LA} Qo= HAIHEZ(face-centered cubic,
fc.c)e arfo] okelA AAFHIIT ol ARG

ay0=4.133 A°|Ut}. A1 e Age] gkl TRkl whet
B2de] =] g st FAIHEA e de] o] g
=7t ARk Age] Freko] FUNshe wtk pAde] T=
A= Ao HePE gllot e/de] HaE 1AESo R
274 o]F3te], Age] o] 7FY & Ag70 AJHIIAME
AAFFIE a00=4.097 AL E AT

A3 7 Aw-100 AT 7 AR A4S ERYL
H Ag40 AJES] ofuiR] Bk xa B 28-S A8

s THTable 2. Figure 7). ¥=¢] 7IA(M+ T2 AgE

' W ' ' ' ' o] Fo]A g1J o} Pde} Ino] ZHzh 7 at%, 10 at.% A%
! 245j0) ek, WEE Fe YA T2E . gl
| peo BRP)o| A= Pd7} F 50 at%, Ino] <F 40 at %S 2FA|5H
L .
i a1, AgZh 9F 10 at.% 8= o] It
|
= f \k Ag-20
< - /\ Table 2. EDS analysis at the regions marked in Figure 7
2 \
.a J .
2 Iy, \\ N Ag40 N Region (at.%) Ag In Pd
[=
= [ M1 83,20 6.83 997
A
J A Ag-60 M2 84.29 5.36 1035
110> | 1108 0 M3 8371 5.71 1058
" A 200a
A Ao7d 2o P1 12.40 49,42 33,18
L 1 L | PR IS Y SN SR NN TR S S T SN T S S |
a0 3 % - % 5 % P2 1350 4758 38.92
Diffraction angle, 2 6 (deg.) ) : :
_ P3 1259 4956 3784
Figure 6, XRD patterns for the specimen alloys,
o #

Figure 7. Elemental distribution by EDS analysis in the Ag-40
specimen,
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<ol S¥=Y ey R AREIL A=
AgPAInZ] TS 247he] ARALTo] LM e] 77k
WFE Hn Yol BEHT YU vigE T2 ol
0404 G1g A7) Aol
Fel v ATEE dedels
71Ae} FElEe Ao g Y
A 9t Lee &, 2004; Seol &, 2009; Lee &, 2012; Pyo
5, 2016), AgPd-InA|l 5o TLFS PR For =2

el AEAse] Hlgo] HHE HEalole S 94
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T8} 71A]9] vl go] YA, o]Hgt nAlTRe] WS}
o] A wsle] 7] Ao g A=Eink & 2 A
o] FeH EAo] tzr g 7} o] Hjgo] T HA <
WS 9k Aoz AZEEQTE mEa] 2 dTelA]
Ag-Pd-InA| Faol|A] 24 whE Aol WskE sk
2} Pds} Ing] S 1:19) H] 2 3laL, Age] S 0-10
WLWE HBIAA AJES A xste] FehE SAS B
AE o]&ate] SAskaL Aol W B3 599 wisk
v AT zoke] BAS Lopr gt}

Pd9} Ino] kS 1:19] B2 s}aL, Age] TS 0-100
wt. %= HSIAIA Az 2 AR 100 % Au AJEH
(Au-100)7}+2] Mz} AE*S Yol A3 (Figure 1), Age)
A7}kl 20-40 wt %21 Ag-20 A|HT} Ag-40 A|HS] 100
% Au A WA 7P AAaL, Age] H7bEFo] 40
wt.% oY 789 100 % Au AlETRe] MR} HH AR =
Ao 2 YERHTHp(0.001). 7+ AR3=<] 360-740nm H$]
oA e] WS &3 A¥} (Figure 2), 100 % Ag AJH
(Ag-100)2 A3pF AL A BAREo] w2 5A4S YER
A3, Pde} o] FHFE AJHENME Agel Tl oS
= WAL o] ol th 53] dupgolre] whAkgo] o
g7 Fokxth Pde}t Ing 7+ 50 we.% X ek Tl
Ag-0 AlHo] Ag-100 AlAM 71 B2 BRARES] Aol &
YERRSIE o]2e] BlaE $15ke] 100 % Au A% (Au-100)
o] RS S7g3 A7} Ag-100 AJRoA e el T
orMe] WARge] FA] YeRE 2s & ATk AEE
T Ag209F Ag400] Au-100 AP 7 717kE el Sl
] (Figure 1), o] FFE<] W] Au-100 AlHS] TARE:
o 7bE 28 de s ¢ T ATk

T4 HE A EHe Ae F7) ol witE =
radiation®] “}FE-E o] )8 A K Callister JR, 1985).
wEbA F5Habsorption edge)] $]xeF 7L FH ] BEAL
79 71E71E w59 A 2A 93 = Aotk
(Shiraishi &, 2003). °]& ERIe}7] ) H&o=27H 4
H e wo 2 ek Aa(Figure 3), Au-100 AJHL]
HARE 2 RE] doj7] njEA s Fhe] 500nm
<ol o] RZofA 9] BA} wig- FA YERETE Ag0
AlARTE Ag-209} Ag-40 Al ] F4ho] Au-100 Al

R

=)

o
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Y 7HA AT 53] Ag-20 AJHETH Ag-40 A 9]
FTEe] Au-100 Al 25 T 7MhRlth

Ag?] Stgko] wlE CIE (Commission Internationale
d Eclairage) A4, L*, a*9} b*gke] W3k(Figure 4)5 4 E
A3}, AR 1 A9 Agé] FHgo| oS St
S EHP(0.001), 3HA A (+a* value) — =4 (-a* value)Z
& vEhliE AEQ at= AgZh 20 we.% 7HA] F7kE A
STVt o Age] FHe] o welld whet A3
2FATHP(0.001). B4 (+b* value) — A (-b* value)Z
UER= 232 b AgZF 20 wt.% 7HA] AH7HE A
A S7rkA o Agel FHe] © el wet A3
BT (0.001). Wb Ag-20 AJH¥} Ag-40 A<

%, Figure 19 YERH Au-100 A|#HI} o] A2} 4B
ARG I, are} brgke] A tRes & & ATk A
WE FARIARARE B A, o]gk Alol= AlHe] mlA)
T2 ApololA HEE Ao ERTE
Pde} Ino] $HES 1:19] H] & &}ar, Age] S 0-70
R WSIAA AR 5EFO] ] AT RS A
1 FARIAIAN F o2 kst Ak (Figure 5), Ag0 AlH
TR A GAFE YR Blo] RIS 19
3l Age] BHeFo] 20 wr. %%l Ag-20 AJH M= e}
ojuf 7129} tlEgolE 32 QR T2E o] F+= 2430

Atk oluf Ql=gto]EAFe] Hlgo] 7]A|9] v &R T}
=T olefgh 24 o] e Age] dho] 2
7Fetod e FLBAl LE Ag40, Ag-60, Ag-70 A|H oA
T 7|9} H=gto|E Ao 2 o]l Flo] 1AL
Je} Age] FHeFo] 70 wtw/HA] Eo]ESE dEilo]E
T2l thek 712]9] H]&o] S7FHAAL, RIERo|E 29
FAE 7haal Fopth olef 22 d=golE Fxe
Ag-Pd-InAl gF9) Zn, Sn, Au 5] w2 a7} HArtE
Aeox #FEE Ao g Buyo] gltkCho %, 2011;
Lee &, 2012).

FxE 7 Al X 318 £4 AF A3 (Figure 6),
AALE AR B AM = & 5 slxol,
AgZ}F F7bE o] QA @Al Ind} pd7E TR E 1:10] S
Ag-0 AL SIS o)FaL Sllen, AT E

(body-centered cubic, b.c.c.)& YERIJATH L), X-A

o oy 19

% 2

rlo

=

ol o
= o

n ofy



s|-dua BAAY AAPFE 410=3.25 A°Qth ol
FaEF G g CsCl 729 InPdde] 44
a=3.26 A%} AL AARTFZ27F ARIEHe] mPd S
& 4= Ak Villars and Calvert 1985), Ag-20 AJH 0| A+=
InPdA} o]9]of] HAIIH-Z (face-centered cubic, f.c.c.)€]
a’go] oFeHAl BT o= ARPFTT; aw=4.133 A
2l Agrich a’o 2 FAM=Q) FarEdelA gzl Wl
QJHF- % (face-centered cubic, f.c.c.)®] Agite AP G
7} 4,071 AQlH], £ AFo|A Aofzl gho] & o= Agdl]
T-gH pde] FAAE(2.7511 A)L Age]l A7 (2.8895
AT FAFSEAIRE Ine] A} (3.2513 A)S Agit) A
& Aol 71dgar B2 Cullity, 1978). AlH ] Age]
stepo] SNt Wt nPddre] ¥ =] A st oksfA|
WA Agrich’de] ) A9] et AR Th Agel dEke]
7 sl whet BAFe] I A= Ao Wt gllovt
a}e] vaE wztezo g 2FA o)Fsta] Age] FHeko]
7P w2 AgT70 AN AP an=4.097 AL R
stk o= Agel FHeFo] molRl o= QIdte] a )
AAFT7E gk Age] ARPEe 7k 21 A 71Q1%
thal A=) A ARE 5 Au100 Al A
7 AR Ag-40 Al S oA Ak X-A R
242988 A3 A3(Table 9. Figure 7), 2] 71A1(M)
= T2 AgE oFolA SIle} P9} Ino] 242} 7 at%,
10 at.% A= g0} U d=go|E & YAd
TZE g3 Y= FEP)NA = Pd7} &F 50 at, %, Ino]
oF 40 at,%E 2FA|BFAL, AgZ} ©F 10 at.% IL-8-F o] 919,
InPd 7% T In®] Ao Ag7h FEA o= Xghd Aes
A=A} Ag-Pd 29 E| =l w2 Agel PdE BE
B &AM AME == ALu8AE epdth(Massalski,
1990), Z2jy} Ag-PdAd] Ine] H7}ol] o3l InPdd3}
Agrich’d o 2 A7 M= AE & AT
oo 2RE AgZ} 20 oA 70 wt.% THHE AlEL gk
o] EaL a*9} b*gko] W Ag 7|9}, Lrgho] $ral a9}
b*gko] & InPd HEgtolE 2 4y 271 FA%
27 Fxolm, Age FheFo] FUIRFE HEEE S
PR Fzel] gigh 719 Bl&o] oA gk ek

o4] L] Ago Aol e 2E & 5 A

o
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©

2 QI8ke] Ag20 AlAT} Ag40 AJHIA Au-100 AJHZRe]
A}, AE= FYUSHAINE LY, a*9} brgko] A thes &

4
AT,

Hy &

-

2 A7olM= Pdst Ine] FE 1119 ¥ = 31l Age
SHEES 0-100 wt, %2 H3IA|AH Age] FHefe] whe FeHH
579¢] Wstel ole} A wAlF2Y WstE ZALSHY]
R e ARE Ak

1 BEAR] I MRS Age] Fho] woldas S7Tsh
Ao}, asok b= AgZk 20 weo F7HE o 7RE Skt
7h Agel el B Suhete] whet sk B
H A THp(0.00D).

2. Age] FeFo] 2070 wt.o H7hE A4 B3 54|
3] t& Agrich 7]1A]¢} InPd 7de] HI=glo]E S
A TR o FolA 9lo], Age] ool TR TE
HleglolE 52 A Tz tigk 71#)9] W&ol
AAr] ARE Aol 2o R o] wiskelgitt.

ol’do] AR Ag-Pd-InAl T2 7|A| 9} W]
o JAE Fxo) H|ES A o] WS st

L =
ol LA w5 e AEE A9,

o
rar

=
AT
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