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Abstract

This research is devoted to study the soldering of Sn-Pb alloy on different part
(copper, low carbon steel, brass) .the Sn-Pb alloy produced in different percentage of
Pb and addition of Ag by casting, and show the effect on electrochemical, mechanical
and electrical properties. The mechanical and physical properties includes
microstructure, tensile, electrical conductivity and electrochemical have been achieved
for this research through tests that include microstructure test, tensile test, tafel
Potentiostatic, electrical conductivity test, X-Ray Fluorescent Analysis (XRF).

From results obtained in this study, a higher tensile strength was found for
(Sn97%+Pb1.5%+Ag1.5%) when its compared with other alloy, and the best result in
soldering was with carbon steel because it has higher strength compared with brass
andcopper. The electrical conductivity result showed that the alloy
(Sn97%+Pb1.5%+Ag1.5%) has higher electrical conductivity.

Keyword: - Microstructure test, Electrical conductivity, Tensile test, X-Ray
Fluorescents Analysis (XRF).
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Ay Al S Adua s et (97%SN + 1.5%Pb + 1.5%Ag) ASum ekl Liaf il 56S) Jua il
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Introduction 4asial

ool ALl Sy Ay Y Sl b Ll dega &l soldering ‘sl plal 2y

alal Jasin .[1] .(fatigue) <) i) 5 shear strength)) (adll 4alia g (tensile) 8l Jio Sl
anll o sl (package) deadls (chip) GV on Sl by ) ke b 'soldering 'yl
oAl SalKadl Loy 3l AKX ((PCB) W e (circuit board) 4uib <)) 3 il 5 (package)
Allia sl bl Jall a4 [2][3] - (printed circuit board) 325 jall 433l eI Ax ol 5 Gl el G
Y .[4] (a lead-free solder) . all jala il Jalsall alad Jlexind Jsa 488y clili g diee Jilie
LSl sl oad) Lyl s ASulaall e 2y el g add Jay N s (e plad g ol Sl alad ey
Gl (albads Jlealll 4 jre dal (e aulid) plalll JLEAY dage o285 ol Sl 335 3al) dalll
s eaY) aali Ll el Jlexiaal) @3l slal alia ) - paeadll alal ey o 445 5 400N (al a1
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b ) Al Jasinn 4] (183 °€) ) st 38 L ol 5l o iy (omliiils s Sl 5 i SN
ddga a5 (PCB) 48l el Anslll alad 8 (3 e s ) Luwd duadiie diglll da jo (5585 Lenie
Cmand Jal ey [5] s DAY Aall Sl s e g i e g s 4l sdle Galia sl of 4d g e
san) g eabiadl 03 o s Gl sl gl ualinl) ians Ailis) @ (Gbao e paaaill) il il s
Joms abm - gl s ) IS 3ile) i .[6] - (Ag) uaill (Ni) Sl s (cu) ooladl 5 (Fe)
al @l e Mad (Oxidation resistance) 52u8Y) 4aslia Lo gead 4SS0l ol sdl) G e
gkl daglie s 4, 8 (Soldered joint) alalll ddkaic (o Jang s Al 3 0lll Gl g3 Gaaaad e oy

[7]
[8] .uaba, - naall) dliluw (and ol sl AU J gand) G
Solder (wt. %) Tm (°C) Advantages Disadvantages
37Pb-63Sn overall g_ood structural coarsening; prone to
183 properties creep
. - strain rate sensitivity; poor
58Bi-42Sn 139 good fluidity Wetting
} good strength, creep . - .
96.5Sn-3.5Ag 221 resistance melting point slightly too high
i melting point too low; poor
49Sn-51in 120 good wetting ductility; expensive
i poor corrosion resistance and
9ISn-9Zn 199 good strength wetting
95Sn-5Sh 245 creep resistant melting point too high
creep resistant,
i corrosion hard and brittle; melting point
80AU-20Sn 278 resistant too high; expensive

(1) a2 Joaad
oaba )l e of () i L o€ Apaad) il Hall 5 da e Allise ey A3l 8 (alia Jl el plalll

[9] a5 A0 aladia) die € Hlad (K8 48 s daad JUAIFS

[9] slall & (alua )l s jo Auilygd 520 Jhay AN Jgandlg

b Solubility in water (g\L )

P Temperature (°C)

compounds

10.0 20.0 30.0
Pbso4 0.035 0.041 -
Pb(Nos)2 485.0 565.0 1150.0
PbCI 6.7 9.9 26.2
(2) i, dssa

2Pb + 02 —— 2PbO

Pb +H,SOs —— PbSO; + H20 (acid rain)
PbO +2HNO3z —— Pb (NOs), + H20 (acid rain)
PbO + 2HCI —— PbCl, + H20
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BTN RER PSP (B 1)) IIFXAP FPE DEPTA RPN g 1 P4 R RETU R B NS SN i
da o b HTie OS5 Ay ) ad) Al L(cubic crystal structure) 4s sl S eie caaSe 4l
a0 Ladie Cimyyg (tin pest) bl il i Ly (a-tin) ) (B-tin) oo Jsaall (13°C)
QS A B BRI Caay @l aaally 3ouS Bl Alasal (55 (13°C) Jiud amias b ) sl

[10] .(structure)

sl M ppaadll i ey Lexie(iSOLrOPIC) cplill camny 58y paadll (& (5 ) all 2adl

G oal sl 13a g Ay slll ssand) 8 S Gty calll o gl I (g ey Coga ) Sidll (g ) sl

sl el g (30-75°C) Gan sia o5& Gl e Ay all @l & Laadl §) sy

llia 06S Leie Ja iy audie (558 3 plalll & o paadl Hlal b sy (thermal fatigue)
[11] .(mechanical strain) SulSia Jlaii)

i) palic diihg **

[12] . il alal b Clide 50 Al juabial) axis

e ailin) Cuiat oy sl e 800 90 A gl oo 5 asilaly ANEIMONY (Sb) ¢ seiy) =
o Sy ) alalll oY el Goleal 5 o saadlSH ) )

Ll Ceay (Melting point) slea! da s Jiiy 4l xe Bismuth (Bi) cisesd =
il 336 a a3 Lels (4790) 0 Slels sl Sl dysla 055 ) eliludl L (WeTtiNG)
OSls aaadl) gai (e QU Cga 3l 5l all aadill @il aae alls & Jexian ) (S 4le 5 3 )il
olad¥l dgana (58S Al ja 0 e

<l 5l 4a slia Cany s (MEILING POINT) Jleai¥) ddats Lulaill misy Copper (CU) uladll =
Ll Lol s cuay Gl ((resistance to thermal cyclic fatigue) o U 4, i
i) e sulall Jaxy @3S (MoOlten solder) jeaid) caedl 3 (Wetting properties)
AL Gy paadll LU e

e Alla by . gaba )l alhadl o JIE GS3ASK G gliall Aadll j3e5 Silver (Ag) duadll =
Al oall sl 8 ol SN A glie (et alia
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Work Experimental (Jasl) ¢ jal)

O A )3 3l ) 3l 5 (A Azl 5 P alia 5 SN paaill) a3 se DB ld) &
Al i & e 5. (60%SN-40%Pb) A & Lol 52

Ll juaic ALl 5 clld ays (85% SN — 15% ph.) 4l A il muals

.(97%Sn-1.5. % Ag -1.5. % pb) 2 A Wl &yl g

Chemical compositions of the solder material (all in wt. %)

Sample Composition Sn Ag Pb
A Sn-pb 60 - 40
B Sn-pb 85 - 15
C Sn-Ag-pb 97 15 15

13 gl (i 253 iy Amalad /0 s Ftia RS 3 Autigl e b i) et
dllyg hlall 8 Jasind el jpull (e de gias gk g) )0 (A5 Sl Lehals @l ey juall 4o
23kl 381 5 Al el seyy QAL Gl Gl 5 S sas ¢y ) Jala L jean tie 3 sl Filad
£l ADB e AsKie Dy Jayyl alal 538 cllarind Sl g Aystladl i) e Jpeanl Letli o

(om0 SN (mdiie Y gill g uladll) s
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3l e A5 gy Ll o g clibucd) jpan Ja s guin gy JS

das Leilaiiy Lagalal 3 el (pisgiiall Sla juasd i The method of welding  alall Ak
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Bl L degaldd) o gal) e Ao gl&I Gl 5 AU oy oSEY Cane ) gually 5 alall 45 5K0 Jlaxiad Sl
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aladl) dxlaad A3ilgdl) Jal jal) 4ilgl) alaldl) 333
[ alalll ddae il ghad ]

Electrical Conductivity 4l <) 4la gal)

_ L
V= T R+A

Where

Volumetric conductivity (Ohm.Cm)™ OV <l Jpasill
Volumetric resistivity PV daeaall da glidl)
thickness (cm) L elad)
area of the specimen A Al dalae
Volumetric resistance (Ohm) R kil caas

Chemical composition analysis (ks Judadl) il

Packaging sections using a X-Ray Fluorescence Analysis (XRF).

Sample Pb Sn Ag
A 47.73 51.95 -
B 0.21 95.45 1.28
C 15.17 83.68 -
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Al U A dasiioial) 3 gall CilaS g Al b Julal) Fiay A J gand)
Microstructure 4 gaall 435 -

(Eutectic with Brass at interface

(Filler at interface).

optical microstructure for sample soldering (400X), a( Eutectic with L. C.S. at interface),

b(Filler with L. C.S. at interface), c( Eutectic with Brass at interface), d( Filler at interface).

4.1 Mechanical Properties (tensile strength) &) 4aglda

am ESCI’IptIOH ensile Test a verage
S Descripti Tensile Test (MP A
ples
60 PhAGY 155.63
1 NGOSGFDA0% 157.86 155.27
(Brass)
152.33
. ) 188.77
2 Sn60%+Pba0% 189.65 187.78
(Cu)
184.93
. ] 197.64
3 Sn60%+Pba0% 201.84 201.04
(L.C.S)
203.66
Sn97%+Pb1.5%+Ag1.5% 203.93
4 ' ' 207.65 203.85
(Brass) 20088
Sn979%+Pb1.5%+Ag1.5% 229.58
229.85
> (Cu) 231.74
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228.23
] ] . 245.80
6 Sn97%+Pb1.5%+Ag1.5% 251.73 248.97
(L.C.S)
249.39
. ) 102.34
; Sn85%+Pb15% 105.87 106.55
(Brass)
111.44
. . 114.79
g Sn85%-+Pbh15% 119.04 119.38
(Cu)
124.33
. ) 132.75
9 Sn85%+Phb15% 138.93 138.10
(C.S)
142.63

(4) b, dox
e A3 sSal Aidl 8 el A3 Al el ) il 80 A glidd (5,88l pandl @G DA (e B
382 ey iy (L.C.S) (S midial ) Aai e Ao saldl s (SNO7%+PDL.5%+Ag1.5%)
Al diaie A0 e s (53 Aadll i

Electrical Conductivity 4 )_al) dila sall

pv ov

sample Description (ohm) (Ohm.Cm)™
A Sn60%+Ph40% 2861.56 0.000349
B Sn97%+Pb1.5%+Ag1.5% 1524.91 0.000655
C Sn85%+Pb15% 2127.34 0.000470

i sl e Adlal) Aadll yaie A (i ASd) Al se 30k 5 ) ol Lae A0l 1) dadl

Corrosion test (Polarization tests) (Jiu) Jstal jLaal

Illustrates corrosion parameters (E corr., | corr.) in sea solution.

sample Description I corr (nA) E corr (mV)
A Sn60%+Pb40% 1.12 -269
B Sn97%+Pb1.5%+Ag1.5% 1.14 -444.9
C Sn85%+Pbh15% 4.27 -446.8
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Potentiostatic Polarization curve of sample (A) in seawater. Fig (1)
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Potentiostatic Polarization curve of sample (B) in sea water fig (2)
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Potentiostatic Polarization curve of sample(C) in sea water fig (3)
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Conclusion: <lalidiuy)

LA Al glda sy (Sn-Pp) 4sum ) (Ag) iadll paic ddLa) e

oal ol daiia e alalll e dad el (5o Sl hal g paall daia o jal uall alad G adl) da sl
ol

Aol s gl e 2 % (SN-Pp) A I (Ag) Aadll juaic Al o

(JSU A glia (e 2835 (Pp) paball A ol Jedan (el Jilaill o
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