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zinc. The color level of this specimen was close typically to the sterling silver 925, with the
difference of Da at 0.236 and Db only at 5.268. Additionally, the higher copper concentration in the
alloy provided a value tentatively increased but b value decreased. However, more remarkable

results were that the zinc showed opposite effects from the copper.
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a2} Center lines of reduced section
and ends porallel but do not coincide

(¢} Two sides of reduced

section not symmetrical
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load 15 axial.
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Dimensions, mm.

Standard Specimen Small — Size Specimens Proportional to
Standard
12.5 9 6 4 2.5

G — Gage length

62501 450X01 300Xo0.1 20001 125301

D — Diameter 125+02 9.0Xo0.1 6.0 0.1 40%t0.1 25%0.1
R — Radius of fillet 10 8 6 4 2
A — Length of reduced section 75 54 36 24 20
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a),b), ¢) laneISUNTN 58.4% 58.45Ag + 41.55Cu

d), e), D) TaneISUHaN 58.4% - 58.67Ag +39.20Cu + 2.14Zn
g), h), i) TangRUNA 58.4% - 58.83Ag +35.47Cu + 5.79Zn
,%), ) TangRUHan 58.4% - 58.93Ag +31.57Cu + 9.57Zn
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p), P, 1) T %’"’»\’n‘ 59.44Ag 7Cu + 18.45Zn
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a an a

M3 4.2 Al3glavesrunaaet lungy Ag+Cu tlag Ag+Cut+Zn

Aa

Fnagou) ANJ391d CIELAB L a B AL Aa Ab AE
93.71Ag + 6.30Cu 65.146 -3.% 7.708 - - - -
58.45Ag +41.55Cu 76.426 -o.i% 13.152 | 1128 | 2.844 | 5444 | 12.844
58.67Ag +39.20Cu +2.14Zn 77.92 ﬁ 12976 | 12774 | 0236 | 5268 | 13.82

58.83Ag +35.47Cu +5.79Zn

14.056

58.93Ag +31.57Cu+9.57Zn

59.35Ag +26.88Cu+ 13.82Zn

59.44Ag +22.17Cu+ 18.45Zn
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g 58.87TAg * 39.20Cu 58.45Ag + 41.55Cu
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58.45Ag +41.55Cu Wﬁﬂuﬁ@g ) // 186 32.1 54.6
58.67Ag +39.20Cu + 2.14Zn 1205 3 196.5 34.1 54.44
58.83Ag+3547Cu+579Zn | 133.67 24433 200.67 167 | 5792
58.93Ag +31.57Cu + 9.57Zn 147.6 2732 256.8 4314 | 7682
59.35Ag +26.88Cu + 13.82Zn|  152.5 3225 2185 517 81.06
59.44Ag+22.17Cu+ 1845Zn| 19375 379.25 257.5 49.58 95.3
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ABNATA Atomic absorption spectrometer LUs x-ray fluorescence AULAAIAINATITIN 4.4 1NKA
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v Y H 9
M350 4.4 mamsanzinadeudukauNuniivesrunagouh lannmsuaeiugl dmsuy

TaneQuHay 58.4% laslilsuanmsnauayn (Sn) 1udni1 0.5% taz1%

FaaIUMIHAN (wt.%) .

. nain 1anmslinsgrinaaey (wt.%)
Sample Anmualuminaaes

Ag Cu Zn Sn Ag Cu Zn Sn

Agll-1 58.33 41.17 - 0.5 58.4 40.99 - 0.68
Agll-2 58.33 37 4.17 0.5 58.49 37.54 2.64 1.39
Agll-3 58.33 32.86 8.31 0.5 58.45 3391 6.26 1.42
Agll-4 58.33 28.69 12.4% 0.5 58.74 28.75 11.08 1.45
Agll-5 58.33 24.52 16.67’ \ 0.5 59.41 24.77 14.43 1.46
Agll-6 58.33 20.35 20.8% 0.5 58.75 21.67 18.16 1.47
Agll-7 58.33 40.67 - 1 58.36 40.09 - 1.6
AglI-8 58.33 36.5 435 1 5872 | 37.34 2.27 1.73
Agll-9 58.33 32.36 8. 1 58.9 33.61 5.82 1.74
AglI-10 58.33 28.19 S 1 5876 | 29.12 10.3 1.91
Agll-11 58.33 24.2 4 A 58.87 25.1 14.11 1.93
Agll-12 58.33 19.8 60.01 20.99 17 2.08
4.2.2 WamsIATIHINTIN ®

TanguUNaY 58.4% (NHAY

n. Taseasa

Ag+Cut+Zn+0.5%Sn)

311 4.7 Tnsead199an1 a), b), ¢) TavzQUNe 58.4% - 58.40Ag +40.99Cu + 0.68Sn

d), ¢), H) TanzSuUNaN 58.4% - 59.35Ag + 26.88Cu + 13.82Zn
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g), h), ) TanzSUNaN 58.4% - 58.49Ag + 37.54Cu + 2.64Zn + 1.39Sn

), k), D) TanzSuUNaw 58.4% - 58.45Ag + 33.91Cu + 6.26Zn + 1.42Sn
m), n), 0) 1aHEITUNEN 58.4% - 58.74Ag + 28.75Cu + 11.08Zn + 1.45Sn
p), @), 1) TanEISUNEY 58.4% - 59.41Ag + 24.77Cu + 14.43Zn + 1.46Sn

s), 1), u) laWEIQUNEN 58.4% - 58.75Ag + 21.67Cu + 18.16Zn + 1.47Sn
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vngd 47 delimsmavdynanldluTane Sundn 584%  (Amaw
Ag+Cu+Zn+0.5%Sn) A2e1511a1 0.5 wt% TagmsaalSunameandad 0.5 wi% UTamsnay
1 o 1 1 a = A 9 = o Y @ .
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9 a =) = o a d'
v, 1n39a5199a01Av09 TarizRw 925 nlssumenny lans Qunai 58.4% (MM

Ag+Cu+Zn+1%Sn)

511 4.8 Tnseadaganin
a), b), c) TaneISUNEY 58.4% - 58.36Ag +40.09Cu + 1.60Sn
d), e), f) TanzRUNEN 58.4% - 59.35Ag + 26.88Cu + 13.82Zn

g), h), 1) TangIRUNEY 58.4% - 58.72Ag + 37.34Cu + 2.27Zn + 1.73Sn
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15.934 10.63 1.668 8.226 13.544
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DATITIUNTUY
(MPa.) strength (MPa.) [point (MPa.) (%) (HV1)

58.45Ag +41.55Cu 209.25 186 32.1 54.6

58.40Ag + 40.99Cu + 0.68Sn 213 198 26 67.72
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M13199 4.8 HamMIBATIzHNATeUANTANIINAURI TaNIUNEY 58.4% (MHENAg+Cu+Zn+1%Sn)

. . Yield strength | Ultimate tensile| Breaking |Elongation| Hardness
DATITIUNTY
(MPa.) strength (MPa.) [point (MPa.)| (%) HV1)
58.45Ag +41.55Cu 100.63 209.25 186 32.1 54.6
58.40Ag +40.99Cu + 0.68Sn 127.67 213 198 26 67.72
58.49Ag + 37.54Cu + 2.64Zn + 1.39Sn 131.8 220.4 205.6 30.2 67.1
58.45Ag +33.91Cu+ 6.26Zn + 1.428n 143 268.5 242 48 69.56
58.74Ag + 28.75Cu + 11.08Zn + 1.45Sn 172.25 345.25 301 61.18 74.38
59.41Ag +24.77Cu + 14.43Zn + 1.46Sn 186.% 365 283.25 61.58 83.06
58.75Ag +21.67Cu + 18.16Zn + 1.47Sn 234.# \ 415.8 351.2 55.28 94.9
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fe e lAAdIMIUNMIHINNINVFVsZ] U Matlab

clear all,

filename = 'a.tif’;

a = imread(filename);

% @E@QE@@@E@@@ Crop Image QR@Q@Q@Q@
imagesc(a);

hrec_a2D = imrect;

% kpos_a2D = uint8(wait(hrec_a2D));
kpos_a2D = wait(hrec_a2D);
xmin_a2D = kpos_a2D(:,1);
xmax_a2D = xmin_a2D + kpos_a2DC(:,

ymin_a2D = kpos_a2D(:,2);
e ——\

v) 9 {(CCCCEOPIINNNTQ (v,
g\ N —

A

ymax_a2D =ymin_a2D + kpo

figure();
nbin_a2D = 20;
N2
KeepCUT _a2D = a

AN
on
AT
% Keeph f(:,:) 7

[h fh intC]=h

S

figure();

subplot(121);

hResGfilter=surfc (double(a), DisplayName', 'ccc');

%  hResGfilter=surfc (double(KeepCUT a2D), 'DisplayName', 'ccc');
figure(gcf);

shading interp;
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lightangle(-180,90);

set(gef,'Renderer','zbuffer’);

set(findobj(gca,'type','surface),...
'FaceLighting','phong,...
'AmbientStrength',.3,'DiffuseStrength',.8,...
'SpecularStrength',.9,'SpecularExponent',25....

'BackFaceLighting','unlit');

axis off;

view([0 91)); QOTO

set(gca,'DataAspectRatioMode','
subplot(122);

contour(double(a));

images = a; [a,b,c]=size(images);

method=questdlg('Do you want to separate Roughness and Waviness components', 'Image
selection', 'Yes',No ','Yes');
if method=="Yes'

prompt={'Enter the size of the Gaussian filter:','Enter the Standard deviation for filter:'};

name="Input for Filtering';
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numlines=1;

defaultanswer={'100',20"};
answer=inputdlg(prompt,name,numlines,defaultanswer);
answer=str2double(answer);

fori=1:c

PSF = fspecial('gaussian’,answer(1),answer(2));

handles.waviness=waviness;

handles.roughness=roughness;

end
n=a*b; A
e A ——————\
) PICCCCECININ A (v
for i=1:c I PARRAYAARAL

09‘.. ¥
~ 0
\©
S S DA

N

RkuW(i)=sum(sum(waviness(:,:,i)."4))/(n*RqW(i)"4); % kurtosis
end

rough_param(:,1)=RaR;

rough_param(:,2)=RqR;

rough_param(:,3)=RskR;

rough_param(:,4)=RkuR;
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rough_param(:,5)=RaW;

rough_param(:,6)=RqW;

rough_param(:,7)=RskW;

rough_param(:,8)=RkuW;

rough_param=dataset(rough param);
else

n=a*b;

for i=1:c
vector(:,i)=reshape(images(:,:,i), [1,n]){F

Ra(i)=sum(sum(abs(images(:,:,i))))/n;dzz5%

—— i ——————
) PICCASIININS

R A TR

W N IGRGGY AT ©
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gﬂﬁ V.6 INTD (Micro Hardness Testing Machine)
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Ag1l

Stress-Siruin curve

Stress-Strain curve

% elongation

Yield po\\\

1 110 2‘3\_454// 30.6

2 100 206 203 26.3

3 108 193 158 30

4 66 172 132 32.2
96.00 193.50 161.75 29.78
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Ag 2

Stress-Strain curve

Slress-Slrain curve

//—_\

NS
/

Yield point W breaking point | % elongation
112.5 225 202 33.5
90 198 165 30.1
98 205 188 325
102 209 189 323
100.63 209.25 186.00 32.10
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Ag3

Stress-Straincurve

Stress-Strain curve

15

P72 3 o

i
112

Yield point | Ultimate | breaking point % elongation
1 122 254 212 40.4
2 117 234 180 30.5
3 115 248 203 39.8
4 128 238 191 26.6
120.50 243.50 196.50 34.33
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Ag 4

Stress-Strain curve
200

Yield poin£ % elongation
1 51 50.3
4 \1 7 46.8
(OD
5 %’ 9 ‘\\\g. 279
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Ag5

Stress-Strain curve
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% elongation

28.3

353

26.1

47

S

T

96



Ag 6

Stress-Strain curve

\ Sy
Yield | Ultimate | breaking 1 Q ield | Ultimate | breaking %
point poin ga 0 poirit point | elongation
t, el [ o
51 192 1
12 284 ,4(0\? W 284 232 50.4

AN
168 35 /é ’))’r \% 50 251 57.7
o o)
\&/ \/,

165 3 . : 38 251 55.1
165 318 9 Hl}a b [ b 140 43.6
o~
&5#50 218.50 5170

=
132.20 296.4\& 3

97






29-30 JUNE 2010
PATHUMWAN PRINCESS HOTEL
TOMSK BA*K[IK, THAILAND

STATE
UNIVERSITY

99



The 2" RMUTP International Conference 2010 Page |V

E-032(p) Influence of Electrode Force Affecting the Complete of 237

the Resistance Spot Welding
Prachya Pearsura

E-033(p) Development of Smart Monitoring System for Wind Energy System 242

Warunee Srisongkram, Boonyang Plangklang, Chaiyant Boonme,
Krischonme Bhumkittipich, Nattapong Phanthuna, and Wanida Pusorn

E-034 (p) Fluctuation Voltage Control of wind Turbines Via STATCOM 246

Warunee Srisongkram, Krischonme Bhumkittipich, Pramuk Unahalekhaka,
Nattapong Phanthuna, Wanida Pusorn, and Kittiwat Chiangchin

E-035(p) Influence of Plasma Treatment on the Flexural Properties of 253

Geopolymer Composites
N.T. Xiem, D. Kroisova, P. Louda, Z. Rozek, and O. Bortnovsky

E-036(p) Green Power Zone 260

Wuthikrai Chankhamrian and Krischonme Bhumkittipich

E-037(p) Competency Assessment for Administrators Under Jurisdiction 267

the Office of Vocational Education Commission
Kajohnsak Sirimai, Ravewan Shinatrakool,
Teravuti Boonyasopon, and Phadungchai Pupat

E-038 (p)  The Study on Microstructure and Mechanical Properties of Silver 273

Alloy 58.4% for Jewelry Manufacturing
Thanatip Salanay and Sirichai Torsakul

Topic S

S-001(0) Improvement of Efficiency in Biodegradable Packaging Process 278
K. Sritarathorn, I. Phung-on, P. Mounjun and E. Warinsiriruk

S- 002 (0) Optimization of Infrared Radiation Heating in Disinfestations 283
of Organic Hom Mali Rice
Withaya Insorn, Sukangkana Lee and Adun Janyalertadun

S - 003 (0) Calculation of Thermoelectric Properties of Doped SrTiO; 290
T. Chanapote and A. Yangthaisong

S—004 (p) Development of Electronic Test to Measure Students” English 297

Abilities of Rajamangala University of Technology Phra Nakhon
Watchara Phothisorn

100



The 2 ™ RMUTP International Co nference 2010 Pa ge | 273

The Study on Microstructure and Mechanical Properties of Silver alloy
58.4% for Jewelry Manufacturing

Thanatip. Salanay, Sirichai Torsakul
Department of Industrial Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi, Pathumthani 12110
*Corresponding Author: 1aihoo2009@hotmail.com*

Abstract

The research involved the characterization of the properties of silver aloys -bearing
copper and zinc. The alloys composed of 58.4% silver 20.85-41.76% copper ad 0-20.83%
zine, respectively. When comparing the characteristics of this alloy and sterlirg silver 925,
the alloy specimen had mechanical properties better than the sterling silver 935. The alloy
tests presenting the mechanical values of the hardness, shear bond strength, elaticity of the
specimen were in a range of 54.6-95.3 HV1, 209.5-379.3 MPa., 100.6-193.8 M?a. and 32.1-
51.7%, respectively. While the mechanical values of sterling silver 925 wer2.8 HVI,
193.5MPa., 96.0 MPa. and 29.8%, respectively. Besides these, the microstructure of the
alloy specimen showed the dendrite structure. We found that this structure deceased when
the concentration copper in the specimen increased. After adding zinc into thalloys, the
high amount of zinc caused the zinc-rich (alpha) phase changed to Eutectic phse, together
with the significantly increased area of alpha phase. These effects, therefore, bought up the
better varrious mechanical properties of the alloys. At the same time, theinother test
specimen composed 58.67% Ag 39.20% Cu and 2.14% zinc. The color :l of this
specimen was close typically to the sterling silver 925, with the difference of Da at 0.236 and
Db only at 5.268. Additionally, the higher copper concentration in the alloy provided a value
tentatively increased but b value decreased. However, more remarkable results were that the
zinc showed opposite effects from the copper.

Key words: Sterling silver, Silver alloy, Copper, Zinc.
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1. Introduction
Silver sterling 925 has at least

92.5% (wt/wt) silverasam  ajor alloy
component whereas other additional
metal alloys usually are less than 7.5%.
Among tthem, preferably added alloys
are a copjpper metal.  Copper alloys
provide ssignificantly better hardness to
the metal as well as it is low cost, so the
copper metal is mostly preferred to be
added in the silver sterling. More than
that, to olbtain preferable properties, not
only copper base alloys, but other alloy
metals can also be added. The sterling
silver 925, in view of the fact, is low-
priced amd is usually used as the main
component of the jewelry and
accessories. Additionally, its reasonable
cost catclhes the attention of practically
all consumers.

At the present of crisis situation,
the high ¢ cost of most raw materials
seriously affects the increase of the
productivity cost. These introduce
numerous works on searching for the
possible ¢ alternative  approach in
reduction the upcoming cost of the raw
materials. In the most case, for
example, the alternative silver alloys
was made by using lower silver content,
silver alloy 58.4% (14k) used in most
Jjewelry accessory production. Since this
alloy stilll preserves major acceptable
properties, those are mechanical
properties and physical appearance
(color level), close to sterling silver 925,
this alternative silver alloy type can also
be signifificantly another new optional
material ffor the customers in which its
product obtained could help increase the
possibly pick up the pace of the business
based cormpetition potential. From all
above, therefore, in this study, we aimed
to understand the characteristics of siiver
alloys 58.4% com posed of copper and
zinc. This alloy type will be f urther

nference 2010
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utilized for silver jewelry and accessories.
2. Procedures

1. Make the alloys by fusing 58.40% silver
together with 20.85-41.76%, copper, and 0-
20.83% zinc with the vacuum casting
machine.

2. Find all chemical components in the
alloys by Atomic absorption spectrometer

3. Test for the mechanical properties
including strength test, tension test and
microstructures of the alloys.

4. Measure the color level of the specimens
and thus estimate the color differences of the
alloys with the control sterling silver 925.).

3. Results and discussion

3.1 Characterization of the chemical

composition of the alloys
From Table 1, the results showed the

chemical characteristics of sm  en by
Atomic absorption spectrometry. W e found
that there was at the average 26.2% of
zinc content loss. This caused the increase of
the chemical compositions osilver and
copper in the alloys.

Table 1 The results of tm ical
components characterized in the alloys

Specime | Chemical components (%owt)
n type Cu Zn Ag
AgCul 6.30 - Balance
AgCu2 | 41.55 - Balance
AgCu3 | 39.20 | 2.14 Balance
AgCud | 3547 | 5.79 Balance
AgCu5 | 31.57 | 9.57 Balance
AgCu6 | 26.88 | 13.82 Balance
AgCu7 4.7 '7 | 1845 Balance
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3.2 The test for mechanical

properties : P g M3
3.2.1 The test for hardness 150 5
From ‘tne "nigure' 1, wé obraihea 300 we ey 7

the speciimen has the hardness between 20 | g 293

54.6-95.3 HV1, in which the specimen 20

59.38%Ag  22.17%Cu 18.45%Zn 128

showed the hardest. The sterling silver "

925 (93.71%Ag 6.30%Cu) could provide SE | _ )

the hardness only at 52.8 HV1, however,

E 93.71% SEASYAR SROTRAg SEETGAp SROINAg SO5%AR S9AAg
more addded zinc caused the hardness we :
- . 630 41.55%0u WMCu AS4A™Ce J1ST™0e 2688%0w 22 1™Cu
tentatively increased.

LI4%In S79%In  95TGZn 13EM%Za 1R4S%Zn

vy o3 Figure 2 The graph representing the tensile
- force of the alloy specimen (MPa)

76.8 81,1
a6 a4 519 In figure 3, the data of all specimens showed
the yield strength between 100.6-193.8 MPa.
The specimen  Particularly, t specim en
59.44%Ag 22.17%Cu 18.4n also
provided the highest yield strength, whereas

sterling silver 925 showed the alue only at
DINAE SRABE KA SEAg Somag apag wamag  96.0 MPa.  More zinc addirentatively
630NCs 4LSTWCu Cu 3SAmCu 3LSTae dsms 2imae  caused the yield strength increase.

L4NZn STRZn 9STRZn LSMWZn 1842

ocB8882323388

G (MPa} 193.8
Figure 1 The graph representing the :ﬁ ] g 152
hardness (HV1) of the alloy specimen 0 - e 1
120 96.0 100.6
3.2.2 The test for tensile strength " 1
From the: data test of ASTM ESM-99 ol
[1],t he (data represented in figure 2 o |
demonstrated that the tensile strength ’: 1

was betwztween  209.5-379.3 MPa.
Particularly, the specimen 59.44%Ag P T SLITIAS: RN LA 1A DANEs
22.17%Cu  18.45%Zn provided the P YL SN wm RTINS n"":ﬂ'
highest tensile strength, whereas sterling pes S e
silver 92:5 showed the tensile strength

only at 193.5 MPa.  Additionally, more Figure 3 The graph representing the yield
zinc addiling caused the tensile force strength (MPa.)
increase.

From figure 4, the data of 1e specim en
tested for the elongation revealed that the
elongation was between 32.1-51.7%. The
specimen 59.44%Ag 22.17%Cu 18.45%Zn
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provided the best elongation value,
whereas sterling silver 925 showed the
elongation value only at 29.8 %. More
zinc addizaing ''couia ' cause peuer
elongation, but adding zinc more than
13.8% coould not help make particular

different.

%)

3

£

e
=

[*]
=4

214%In S579%ZIn  95T%Zn 138M%ZIn 1R45%In

Figure 4 The graph represents the
elongation (%)

3.3 Microstructures of the specimens

From figure 5, the specimens showed the
microstructures in the dendrite structure
like since the specimen was quick cooled
down fasaster than at the balance
condition. This situation thus caused the
alloy conontaining poor mechanical
properties. Nevertheless, more copper
added to the specimen, it showed the
dendrite « structure tentatively reduced
(b), in wkhich we could clearly see the
grain struictures and 3 phase, eutectic,
and o phase. When comparing the
microstructures  of  silver alloys
composed of silver — copper with the one
composed of silver — copper — zinc, the
gradually adding zinc at small amount
causedn no  differences in the
microstructures. However, adding zinc

caused sign ificant chang e of « phase to
Eutectic ph ase and in crease o p hase

LU
a7 4l
: I I
0 l I I :

9371%Ag SHASHAg SHETRAg SRRI%Ag SRUINAR S93S%Ag S944%Ag
630%Cu  41.55%Cu J920MCu 354T%Cu 3157%Cu 2688%Cu 2017%Cu

104

39. 20%Cu p 14%Zn 35. 4?%Cu 5. ?9%Zr1
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area in the specim en. These res ults were
possibly explained that zinc added could
affect the decrease in m elting temperatu re.
As a result, it caused tne dlioy ®oling down
at better balance condition so obtained alloy
harbored better mechanical properties.

2 93.71%Ag - b)58.45%Ag
6.30%Cu__ 41.55%Cu

<) 58.67%Ag d) 58.83 A:Ag -

h i \
e) 58. 93%Ag ) 59.35%Ag
31.57%Cu 26.88%Cu
9. 57%21‘1 _ 13 82%Zn

g) 59. 44%A 2. l?%u 18.45%Zn

Figure 5 The microstructure of the alloy
specimen



The

4. Conclusions

From the study, the characteristics
of silver : alloys 58.4%, used for silver
jewelry and accessories were composed
of copperr and zinc as a major and a
minor allloy. All these results could be
concluded as follows

L.

The data of  chemical
compositions by Atomic
absorption spectrometry

indicated the more zinc lost,
especially at the average 26.2%,
due to the fusion method.

The alloy tests for the mechanical
properties including the hardness,
shear bond strength, tensile force
as well as elongation of the
specimen were in a range of
54.6-953 HVI, 209.5-379.3
MPa., 100.6-193.8 MPa. and
32.1-51.7%, respectively. If
more zinc was added, the alloys
would have better mechanical
properties.

The microstructure of the sterling
alloy 925 had the dendrite
structure like, but more copper
added to the specimen caused
the dendrite structure reduced.
When added more zinc caused
aphase change to Eutectic phase
and uncertainly increase o phase
area in the specimen and finally
made the obtained alloy had
better mechanical properties.
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