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ABSTRACT

The purpose of this study is to design and development a new lead free solder alloy. In this
study 2 factor, melting point and cost of lead free solder alloy, are selected to design and development a new
lead free solder alloy. Also, Mixture theory and Design Expert software are applied in this study. Since Tin (Sn)
can improve the quality of soldering, Bismuth (Bi) can decrease melting point and Copper (Cu) improve
corrosion resistance. During design process, three basic elements (Tin, bismuth and copper) are used to be the
main mixture of lead free solder alloy.

Finally the best mixture of three basic elements for a new lead free solder alloy should be
95.18%Sn, 4.21%Bi and 0.16%Cu. The melting point of this new lead free solder alloy is around 221.22°C and
the cost is 17.57 US$/kg .



-
fafnssnlsema

Wygrinmifides maesnuuuuazian Tanzdand Wasnianialu cunsoduds
qa2 111840 nq'uﬁiii’u'uamm'uauwszqmunnnunﬂuﬁi’irhulﬁmﬂmdmﬂﬁﬂ?mmﬁmn'nﬁm‘f
w3 verysel

weasnssade Aol eSSy ndufituvensuveunsaa
dhuedrags dmFun WlemalunsAnmiBygrimidatui sahnd fuunh sawsemde
uazauenleldlunng Ansfidan

asefign lyonpadis srwndiSnumSoaiineg nguiitovensweeunseaauiiu
IR ﬂm%’umﬂﬂamﬂ'lumsﬁnmﬂ?qmﬁwuinﬂ’m‘f nuv‘n”qmmf fuuni Anuseimdeuns
n'nmmh'ltﬂunnqé’mﬁvhum

as.anud adesygdn er1w1sdnndyitnsuganms nguditevensiuveunszaa
Wuedegs dmumsiiaang fuueh mmsanvdeunzaomiel ldynadmnsdidmnan

owndieatani  Ainuugy  enndmadnimnssuganmannguiituvens
weumszqauiiuediegs dmiumsl¥mug fuush anudemfeuazanuelalduynadniiiman

vounauernnaudmiua T mie s WS ygiinudduisgaanlu18%e uae
asoifiutdsiiannenn

ww§ann amiandd
wwwindy  eyaouds
wwigadan! yuumun
o - o o
wsentng  Beaius



unfindenndangy

matly

nfRnsslszmn

unfl1  vmh

unii 2

1.1 anudfigwealasany

12 Sagilszaenveslnseam

1.3 veulvaveslnsaam

a4 u
1.4 dszloninamaiez 185y

nquiifineates

2.1.1 iududgvesszidioy WEEE fidewansenusednaning__

2.2 m3sthAgvess2iiioy The Restriction of the Use of Certain Hazardous Substance in

Electronic Equipment: RoHS

2.3 flufil RoHS AIBUAGY

24 tsfeaiiumusziiioy RoHS

25 ns e lfsumsondu

2.6 anudhununsiannlanztiand ¥msag

2

¥

4 N :
2.7 msweu laslddudteunvu¥msazia
2.8 Hhisniddglunisndalanzidand Wensazi

- d 3
29 n‘ﬁ“ﬁ’l’ﬂl11uﬂ1ilaﬂﬂﬁ1ﬂ“lﬁuﬂ1uﬂﬂu_

2.10 W0IBAYDITI
2.10.1 Tans@yn (Sn)

2.10.2 Tangnewns (Cu)_.

2.10.3 Tavziiodin (Bi)

2.11 MIDDNLLIUNMINANDBY (Design of Experiment)

nh

L D & D

0 ~3 3

13
13

.. 14

15
15
16
17

.. 18



M3y (ML)

2.12 R-Squared

2.13 AMIATNTOUAMNAOA.

2.13.1 t-Statistic

2.13.2 F-Statistic

o
2.163 DSC 114 T-zero Technology

2.17 Wave Soldering

2.18 Tusunsu Design Expert

2.19 Temnary Phase Diagram _______ . .. .

unfi3  IEmeduiivem

3.1 Aundieya__

P
3.2 Wenmgiidlumsinmsnaaes
3.3 PBPLUVUNIINABBA A28 1151NTN Design Expert

3.4 natsuvIiAnasumal lngds DCS
3.5 TinTevinaniimaaes #0115y Design Expert

3.6 denduHTINIMINZ

HANTIAUHKIY

43 03 Residual Plot

30
30
30
33
34
38



M131igy (ML)

44 oumsinnsganasIvan

4.5 03 Ternary Phase___

.48

48

4.6 AUNUIIMTWY

unii s apluazdinnzdramsduiiney

5.1 agUwantsfinu

.49

52

55




MIUYM I

nih
A1sd 2.0 amsimswenandus I e, 3
M3 3.1 AainuiRvesng e (b) Ayn (Sn) Tiotin (B neswAs (Cu)____ 30
a3t 3.2 WamTBBNUULNTIARRS S 32
AITNF 3.3 NORTIMARBMIgARRMAY 33
A1sft 4.1 WONTIATIMeEBARI67T Sequential Model Sum of Squares.___ 40
A1 4.2 HOMTAATIETINSTDARIOTE Lack of Fit Test . 40
a13197 43 HANTI AT IMINIEHAAIINT Model Summary Statisties______._____.______.._____.____ 41
i 4.4 nsSeuflousmvesudasdaumens 51



misiggl

wih
A2 Tomsmeauea 15
gﬂﬁ 22 TOMENMBAY e, .16
W23 TaMe Do e 17
zﬂ'fl 24 SBUUNBIDOE e, 18
wf2s HeatFuxDSC____ 23
11i# 2.6 mamsasmreuLLY DSC A4 T-zero Technology 24
i 27 asvlsgniunmafeuivesndeufugamgi 25
1 2.8 mythanveundes Wavesoldering 26
Ui 2.9 mifia Bridge TWN32UMNS Wave Soldering 26
71# 2.10 n32AIUNSY8s Wave Soldering. 26
¥ 2.11 Ternary Phase Diagram .. Vi ok e 29
11 3.1 matmunveuaveny . CL . | W 31
1t 3.2 magmungaiivintmanes LY (@AY A VAN, I Ty NPT 1 31
1 33 nudmuananeumiesfisrols : 32
717 3.4 womsinsazvinan1ImAnes gy Transform 34
11 3.5 maiaszrinamananes luuow Fi Summary - S .35
1t 3.6 wanshnsvinantsanes luuou Model .36
i 37 mansimaerinontmanes uuouANOVA 36
11l 3.8 wamsBinsievinanIsnanes Wuoy Disgnosties 3
717 3.9 wanmAnazvinanInAnes huuou Model Graphs. . 37
41 4.1 031 Normality Probability Plot ¥eserunsgahivy Cubic______ . 42
17 4.2 3™ Residusls Versus Predicted Younsgahuuy Cubic . 43
pl-‘f\ 43 pj‘?‘\ 4.3 03 Residuals Versus Run ¥8eramsgaituy Cubic ... 43
71# 4.4 03 Residual Versus Sn vesesmsgiluvycubie 4
71#t 4.5 3™ Residual Versus Cu vesoumsquluvy Cubic._______ 44
zﬂﬁ 4.6 N3 Normality Probability Plot ¥9381n 15 Jaliu) Cubic. 45
71t 4.7 nal Outtier vosemum sV Cubic 45
7111 4.8 031 Cook’s Distance wesemagqivI Cubic.________ 46
i 49 03 Leverage woamunsgiluvvicubic 46
U 4.10 N3 Actual Versus Predicted 983t 331 Cubic T
]ﬂﬁ 4.11 Box Cox Plot for Power Transforms %83014n13 plmm Cubic.. .. ... ... ... .. 4
§1 4.12 137M Ternary Phase Diagram e Sn-Bi-Cu 48



aigl (de)

nih
zﬂﬁ 413 3Uvo1w910N3 N Ternary Phase Diagram3$MiNSn-Bi-Cu___..____.._...._...._____ 49
Uit 4.14 n3misrnwes co hullegtu e e et e ee e e eeeeene 49
ians somlswwearbWllogd 50
wiaie somswweeNi iy 50
R 417 nswsmwes Ag WS 50
zﬂﬁ 418 aswswwessnailogte e 51
g1 5.1 05" Ternary Phase Diagram S¥W3WSuBi-Cu___.________ 53




unin 1

YN

1.1 anuthanuazanudfguealnsenu

Tuilepriuma TuTabieeq WdnnidnsnuFiadssirhanndu Seduideansinam
wighrmimudumaluled mldyeaiadeuiuthufestindessninenumzaindin Biniles X
Vi Wednfufudinuidiumentinainuni FadwwansenudeWiAailgmanmuasdeunuan
Tuiligiutsemanng Saldanudiguilefomedmgquam uneduasfonfifunimeelon Ffunald
n mandugls)iReensuflsuderiafuni1eg ¥y Waste Electrical and Electronic Equipment: WEEE dufiu
sudioudetiviuiinands nuamsmumisfiavemdndusisidosedind TnofndnssAesiudavounildiw
ﬁanumﬁmﬁun'ﬁ%’uﬁun‘?aﬁﬁ’ﬂmymﬁa'?:m?aauﬁﬁtﬁnmaﬁntfﬁwnmqvfmuﬂ oy The Restriction of
the Use of Certain Hazardous Substance in Electronic Equipment: RoHS aihuisziflsudetsfiufindnds n1séria
nsWmssuanouiinhmdnfus nfuozsidansetind e Manmiedsinanssnusedanniention
fign fufumifszatmSeRnfundatasitn Sasfindriiedant Wrmf bidwanssnudedaanden
uoz hidhisunswdequamussdifan Tl imaunmumsiihdindifiegin lundndos uensnilaies
frilsfansfianasns? luRondndud ﬁa%w‘fumxﬂwuﬂmqms‘l‘ﬁnu Tavhiliicuandauasdina
nsznudedaandey suddimldswlumsdidauasmslada higaauduly

1.2 Ynqihvaan

WefurdumauvesTangant ¥msacAaviinlnilne1838nseenuunveswen (Mixture Design)

1.3 vouivA

o A = P P -
1. ivsammizilefoTesganasuman (Liquidus) ves Tanziinn Wesazsmunzdunuessswmiilflunanta
2. Resanmginnseuiies 3 swiniu Su'ldud fyn (Sn) neaas (Cu) uazdioin (Bi)

3. sonuuunsnaassveway laol¥lilsunsuneununes



1.4 dszlonifimahe 1%y

1. annsoRandusaiin lnives Tanziand Wmsnsififguoudidmuzmmednsmuazyn
vneumal

2. diumadenluns 1 Tanztand Wannsia

™ a @ o
3. Wuamenistani Tanen 1 lunsdand Wersazin



2.1 mazdifigvesviiley Waste Electrical and Electronic Equipment: WEEE

flwazdidnmsedind (WEEE) ducfunmmidududaqndufu Recovery) unzmsl§dvmahnduntd
il (Recycle/reuse) TREAMIZUUNMIFURY (Return) UaznT3IMAUIIVTM (Collection) YOIFHAR unziftenn
audsuasnansznudedunnferdufaninntinnn  sufloviifanniu laserfeninaamiufavey
¥0I§jNAA (The Principle of Producer Responsibility) Iﬂutmmwqlsﬂlﬁiﬁmuﬂmm:mi';"m‘iﬂumi famsien
miefvewdafusiuasfmuadmuistudiluma Recovery/Reuse/Recycle taz 14nalnaamaithunielely
nsthduIignaam 35 lunssamsfusnmdadudifivuaey Afldszanamuazfutiiige Tasnsdmuald

o A P -
afloy WEEE HinguszmdtonanasmylumsflesfunmsiiuSinavessnndaiuai

L
fudndouiiudFufinveudildselumsiamafioun

fafuld uaz dfuus sdu IMfnssusaduliiu 1000 Trad wisuseduIwfinszueasalify 1500 Taad

a J - e e Jn’a Y J’ o’: ] [ o <A 1 A
SIUTUUATIVARUOINAANUNNINUA 10 NHU NNAAYUTIINDUUDISHAINIANTSUTLUILUAD

- o > i A o - - A
tszimvasndniasing 10 nfuidathusfedlFinthuosddnnseding WRaglumssiiy

d L] o 1]
a1319f 2.1 maviminemsnduun 14lva

, 2o ¢ ninonsAundu Fagndvan14nai
ngy nguNdAu
(Recovery) (Reuse/Recycle)
F ' o
wIeslduunlngfi 4 lunsadeu
1 80% 75%
(Large Household Appliances)
3 1 v
i ldmnadnilluaiadeu
2 70% 50%
(Small Household Appliances)
o
g3l Insnanny
3 75% 65%
(IT and Telecommunication Equipment)
Consumer Equipment 1wy Inaiend
4 . o 75% 65%
Iny HiFi ndesiRle
gunseiliumendne
5 70% 50%
(Lighting Equipment)




15199 2.1 maimdnensndunn 19na

, Come . ninensiundy Sugnauan¥ini
ngu nEuNDRTTIN
(Recovery) (Reuse/Recycle)
inFesile Milwardidnnseiingd
6 70% 50%
(Electrical and Electronic Tools)
vouduIAn (Toys) indadutitenan
7 . i - 70% 50%
TuflatazinIesfinm
8 qunseinsumd fahidmua falsidmue

insesifotanSoniuquaes
9 70% 50%
{(Monitoring and Control Instruments)

gunselvisvessalula

10 80% 75%
(Automatic Dispensers)

dounidu Gas Discharge Lamp 0 80%

2.1.1 szdudvessuioy WEEE fdwansznureduaning
1. fnandenseuaquiiedrdndufunsfindiduiily BU Aeefufumnveswdnfusigendriimuneigns 1
anuudrlnshifiayar Tihdubwindnezgniminlagitle Gadinsimienburesiin
2. Rusudt 31 Fumnu 2549 Audndoauaasivhimidfanmmunsedansfusdniusiamunaaidmun
dhmnedudwenimimnnsnduiu uazn dunmindun$imi anduanelunsed 1
3. Q’ﬂﬁnﬁami'luﬁ‘s’uﬁnvaumsthl%'wﬁ’eﬁ’u'lums§'ﬂmsmnm‘mﬁmw’f AauAn TRy (Collection)
amiminens msduaamnsmdvmnindun$lmi lndinmdiammdeis Tavedntes
nssrunsansfnaszdestzneudoduneuse il

3.1 undudaunieingiitiande lufivnannandasia tev lfdaedgndes (nsfindes

iiu'luw s BU Directive 75/442/EEC: Article 4)

Fufunseyiiions Tndnaeam-lutila (Polychlorinated Biphenyl (PCB))

o Sudnidifimmsen

L] llﬂﬂlﬂfﬁ.

®  un92995 I (Printed Circuit Boards)

o afumiladund Feiliduniinmn: nilimaen (Pasty) suianiind

o waraAndiil esTusiiu ihuesdilszneu dleminimsdau

® vauduen uemuaen

®  vaBANN (Cathode Ray Tube)

o minnelsviges lamiveu (13 CFO), m3lalasnas svgeslsniueu (s HCFC), mslslas

e lsniiusu (13 HFC)

® ¥a9n Gas Discharge Lamps



iad 4 . P a .
® 98 LCD filitufinnndi 100 s tuyufuny uaseesiian 14y Back Light ¥1iA Gas Discharge

Lamps

e Irtfhiiegnieien (External Electric Cables)

e .y

Fud il Ceramic Fibers Amsfisz1ylu EU Directive 67/69/EC

| 4
- A o W
sudunlimsfulianmig

Fufnlszqaila Electrolyte flmsihinthuviae fiflvwiagend 25 fodwas dusguinaieing
nh 25 findms wieftffnasseAuieafu
32 uun'fmi'mn'a'lﬂﬁ’s}nmnninﬁ'mviivl Wedinmsfidanmitsey
®  ¥aBANM (Cathode Ray Tube): Aoausntmsifeunsiindousgeen
o qunsafiifimahnediiTolen u3ed Global Warming Potential (GWP) qand1 15 wuniie
TuTruuazaeesvhmamndu
i. Aowsnufieenuazihaivetamuizey
iLufafvhmedu Te Taudes dTunsininnuing EC No. 2037/2000 $ufl 20 fi.0. 2543 Feaersdi
Fnwdle Ty
®  Gas discharge lamps: ona1sUsensen
3.3 §Aniiunts Samsmnadafud uazaomdisans Aesdlueygnunsdesgnasasaeunnil
4. Fudiuit 13 Aemay 2548 WHudl GudndeseaniiFsrelunmsiafiy mstni msiminensndui
dmivendudnlszamadeddifheudmdoy  unsniienfuidmund nsssiidufudganinlu
Uszmecndn Iddndndesanmdngnudetsefumsfansnondasund madsziunndansnnndadaei
owthilugal nsalseiuntsd nfn (Recycling Insurance) wieiudlseAuilg Blocked Bank Account)
nsdiduiriindiganiadenuil 13 Ravinu 2528 (istorical Waste) WinaAnitegluaninluvaiciifiailée
Pt SwiuFuinsen audadafionnga uenfnsud nuimarn
5. Gnanimihiidestideynse il
51 1T'unaumsﬁuﬁuﬂmﬁawﬁnﬁmw‘fnuﬂmquﬁéw
5.2 Fimsusndudnuazdeyarwazdondoatuesdunseiieglunaias undinnd lndo
5.3 doyn veavin seanfiufu uasseanmhindun 14l udfyun



22 m3siAguedsziloy The Restriction of the Use of Certain Hazardous Substance in

Electronic Equipment: RoHS
sudioy Robs hussdioufhjutumsitans$asiidhufvdefundoufidumg Tne

$rfanis I suasisnalszian lusdasoalinfhuasBidanseiindg uasilimaiminnnindufiunazas
femnndndioiarintha dawansenudedwindeuesiign sznﬁuuﬁ'maunqunﬁnﬁmﬁn‘ﬁ'mﬁu WEEE tniu
mmendnsusiieglundy 8 uns 9 (adesdeunnd uaindesdeTauazarugy mudiy) Taoszifouiiimiel
Wrrsdunaunu msasia mdlsen msunadon o3 Insdivu-enazauaud v s TndTusiinm-
lw¥iia (Polybrominated Biphynyles - PBB) une @13 Indlusfiun-laWiia-8ined (PolyBrominated
Diphyny!Ethers -PBDE) Tu sifindfaitlrifha aolusudl 1 NINGIAN 2549 el bisnSudniindwaadend
A 2546 uslideunSumanzia Usen unaien uas Tnndlou-ensauand i) Tundafushnevingel
1. t31lsenlu Compact Fluorescent Lamps uaiFune litfiu 5 Sadnsuronaen
2. mistlsenlunasavigeeistaud nuuassdmiuldamatal Tas

2.1 waeaii1¥ Halophosphate Wilulsen' 18 liifiu 10 findnsudonasn

2.2 Triphosphate ¥ 933aunA Nithy 5 Hansudenasauns

2.3 Triphosphate H§i%29%3nem Nty 8 Tdnfudenasn
3. mstlsenlunneanasargesmaud uuuase dmiuldauiin
4. crslsemTuvnen i hildnan it
5. qunzifineluudmasanm Sudnsdnnetind unznasangoBIsMiaUA
6. taneiaf 18l Tanenan

6.1 Tumdn WitSameA 18R 0.35% Taoimiin

6.2 Wegiiion WiTinemsd218%0fu 0.4% Taednin

6.3 uazhmeauns WU eazA2 18Ry 4% Tasinnin
7. oz lummianiingenaemnage azfaians lu infesneuiunesinivie miedudeyn unzyady
foyn (Msumsonudistl as. 2010) asdatans ussuunfevionenfunedil¥dmivaindds Wdyam
deimdoya sadnmuinmniesolunsems uaransi Wusudssdndadomsetind
8. asunadionlunmafeuimduRedestunsfaniouluns Wmanalsziam
9. s Inalon-ensraud lumsflestunnianieumdnaiveuluszuumdeduveunfoainamudu



2.3 §uA"ii RoHS n3oungu

wdoaldinthitszgnaunuamszifion Rolis TRunindealdnthilgneenuuudmiuldiu
wsadu Iifhnssuaaduliiiu 1000 Taad uazus s Ifhinszunmselsifu 1500 Taad Taolussuzuan ssidloy
RoHS sefinafsduldiu nasa I Inw I ludw uasfudion 8 nquldun
1. n3ee1dInfhening@ildlunsaufeu (Large Houschold Appliances) 1¥u 4ibu infeednéh une
wdesutfuenme dudu
2. 3eallthwanmefillunsaifeu (Small Houschold Appliances) 131 indesgaiu uavindesvnals
dudu
3. qunsellefiuas InsauuIAY (IT and Telecommunication Equipment) (¥u AsyuRunes Insdwi Insms uaz
indesiiun ifhidu
4. BuRg11nA (Consumer Equipment) it Inavient Ing iwFesvnuios uazindesaun? dudu
5. gunsal Wuaeadng
6. 1n7eq I unzidanseiing (Electronic and Electronic Tools) 19y e ideuInith uaziedesdand ihudu
7. ypaay nFsudufteR TR nazAT B (Toys, Leisure and Sports Equipment)
8. 130V 1tves8n TR (Automatic Dispensers)
Faillismes Inai ¥ miuveunded Mivinitudwonteniud 1 NINGIAY 2549

sifioy RoHS 'lzimauﬂqu%’ﬁq/gudmﬂmﬂau 19 aduniinfiud uiudh uazhinseunqu

uummssunzussyiael  Felsudoummzmenivgueg dmimndedldihalszamdudiBnanludil

aaznITun I Eamashnsfnywosimiederaueitedudua i msnnmans luewna

2.4 msfie s unIzIiioy RoHS

Fusui 1 nangian 2549 @huduly ndedldvithilesiindiamaminmyTad Req
liwein azda Pb) tsen (Hg) uanadion (€d) Tnsdlousnazrwaud €vi) ndlusiim-1uitila PBB) uaz
TndTusdinm-1afiia-8med (eBDE) Wihezeglugilia sndumsl¥munmenedwnisey Wiudesndiu
dmiunsdl pBDE Fafhudesavesnduinduwedfiiny Tusfinm-1ediia-Bmed duwd 2 yasuhhiy
Aniens5u1Es Rieue 1uniiu deca-PBDE annnsnaizannds Fufl 2 fuwou 2548 uvenulfendu

- ‘ L) ,
deca-PBDE andiaionievssnaiznssuims Seeeiidsenmediadunianisdell



2.5 i ldFumaun3u
udBgeziriant ¥mssuasohunies Finfuasdidnmsetindifeuynyiia uafdsdinn
Sanguegrhe lunsdiffiqalln lrmsondidundifenaunmumsiiuifedamnzoy uazmie lu
nsdinRgaldhnmsdnidssndndwadereinpiunsdunademnanided tunsdman] sufou Ros
veadgldftmuanalaWididn18dmifls  sumaeuessnsmisumdnguimeinemaniiisyiesen
(W™ Internet Consultation) m‘a(‘:’mﬂuamﬁﬁ’vzqnﬁﬁdﬁnmsnsmmﬁmm‘iﬂ (TAC) Fwrsan nsdifitimile
niehifideynifivms TAC smmiehihnRnmuiuduld unzdlelfdord Tac Smhhineueduuzni
Wiunazuuniylnl Weduausdenmenssmsglsy Wensnznuwides nsdftfudihiyevedudiuen
Sun muznssmimsﬁzmmsﬂﬁzmﬂﬂaunﬁmfuq strathimunt ugilvesdwatunazninnioide
swnsnnldouncta dsen unadoy waezioud Tnsdion Indlustiumda Tt
(®BB) nie InaTusinmidn laftvia imes (PBDE) 7145 umsoniu
1. senu Compact fluorescent lamps Tuyf3uatliifiu 5 findnfudenasa
2. thienluvneargeemeuduuuassd mividauial Tao
2.1 naoaii 14 Halophosphate Wiitlson 18 hifu 10 fadniudevaea
2.2 nnenfi 14 Triphosphate 7159293%mIn@ Wilusen1d it 5 findnfudenasauaz
2.3 nnenfi 14 Triphosphate 715929330612 Wililsen'ld Lirhu 8 Hadniudenaen
3. dsenlunasanaenrgessmend uuuassdmin e
a. senlumaen i bil¥nd v lumasmanii
5. nzfh M1¥TuTaneSaneu (Alioying Element) dail

)
o

5.1 min Afasfhidu 0.35% Taevimin

5.2 oqiiflouitins i itiv 0.49% Taedbwntn uay

5.3 nosunaitinda hitu 4% Tanimiin
snziaintuluufaves nasanm CRT Sud udidnmsefind was wasengesisians
7. szfnlumstani viingavaeuinags (uazfadanifitineda 85% niegandn)
71 axiatanilu infesneufunedinidie miwdudeya uozymindeyn sruuinfedoneufinneiilg
dmsuaingds Wiy deindeya sudsmsuinmafesiolunniens
7.2 neda Syt usindaidnmseiing (14 Piezoclectronic Devices)
8. unadiounazesszneuunafioy lumiiduiome Wi (Blectrical Contacts) wazsmquindoua enfuns
Waondigndul$nelisudovasduane Guiioy 91338EEC ulvszdion 76/769/EEC) imfumsiin
msmmmauay Wrsuasmswiouidusunsouneriia
9. Tnsdlomenyzauoud andlesfunudandoumdnaiven lussuumdedulusfenhnmudulszinn
gAY (Absorption Refrigerators)



10. naiznssinEmsdestlszdiunts Wende Wil anduseufidmuatune 712)
10.1 Deca BDE
102 yenlunaearigoasauduuuassdmiulFanudiey
103 azfaluntsdant dwiusdounivie mizndudeyn uasyritudoya ssvunfevoneufiunes
Fdmiveindds Wiy deiudeyn sadnmuinmafednelunsdems eetmuet
ﬁ’uqﬁiwmﬁuﬂ’)
10.4 viasa A
11. Axff 193z Compliant Pin Connector
12. e idumandeudmiudunmindeuveslugn Coring
13. nviunsunadfion Tuuff 1§ S aues Optical and Filter Glass)
14, azfalusstaniiddunmannnd 2 w9 dmiudeudemialfhisonin Pin and Package u
lns Tehwaiwed Adduwmuneannn so% uatif 85% Taeimin
15. e lumsandide WndenrentaInfhsenin Semiconductors Die unzuALy M MININIIM (I0)
Asstam Flip Chip
16. avflunasa Wiuunss fnaemndeudrodaion
17. avirelodfi4iiumsnszerefs® luvaen High Intensity Discharge (HID) AmTums14am Professional
Reprography
18. rfaf 1dithams sz (Activaton Tumsdesums @azda 1% TaerininuTedind) Tunaen Discharge
@014 9 Sun Tanning Lamp fiitnadeswrsnlsvion BSP (BiSi205:Pb) wozlunasammizmi dmiy
Diazo-printing Reprography, Lithography, 1383311319, Photochemical 118% Curing Processes fiitnaiTaauas
Usz1an SMS ((Sr,Ba)2MgSi207:Pb)
19. nzfflu PoBiSn-Hg 10z PblnSn-Hg ludaummnamey dmiuiumsedafman uaz Pbsn-Hg dmimih
t1303i0fuYs 1 Very Compact Energy Saving Lamps (ESL)
20. azfeenladluuiilédmivdeunsiund unsusiuniivemaeargess uduuuuuy Mdmiy
Liquid Crystal Displays (LCD)
21. azfuasunndlosluniinfanidmiu1indov Borosilicate Glass
2. aefafiduenssudonlu ric (Rare Earth Iron Gamet) Faraday Rotators flddmivszurunsdons loud
viwers

Salet 4 ]

2. axfrlunmiafeuviudniivecnziBon (Fine Pitch) 7 hil¥neumnAeiAiveI Iz Haw 065 mm
wiedn AlinsouR i (Lead frames) Wdho NiFe unzazflumsinfouyidudniitivonsBonihilynou
unAes Y93z niew 0.65 mm wiednh fffnseudninhidienewns

24, agfalumsdanidmiutang Machined Through Hole Discoidal 4t @auflutlszq uuy Planar Array
Ceramic Multilayer Capacitors

25. aziieenl¥Al Plasma Display Panels (PDP) liaig Surface Conduction Electron Emitter Displays (SED) et
Tusudwlnsendie; $918udlufuda nsdnnsnurundunsusunds Bus Electrode, Black Stripe, Address
Electrode, Barrier Ribs, Seal Frit 1402 Frit Ring 4028 #un (Print Pastes)



26. arivenlad luveuufIvemnen Black Light Blue (BLB)

27. neidnneeilifhumsianidmiy Transducer H18Mud1Inemifags Feonuuuihandadedunan
2T flsedumrduitos 125 dB sPL iegqand)

28. Insilonsnszanoud lunmnfeuuiulanziftedlesfuntifanseu uaz Fastener #1¥dmivtlostumsin
ndeuunedmiy Electromagnetic Interface Shielding Tuu3Austiiegidngu 3 vesszilou 2002/96/EC (T and
Telecommunications Equipment). sniu 184 1 nsngny 2550

29. azfirndaegluufniodonwildmua manuan 1 alszam 1, 2, 3, uoz 4) vewsziflounuzauAiA
69/493/EEC

2.6 anuthanhumaeonTavetanTBmnzi

ussndndusniaTantuanudesmsunuiims 1damn Wnzfaun: Tanswouvesne i@l
fiy  lunsWounngarmassyinngmewannTanedaniumda hiflnefa  uenvnarmidiufivees
azfuds Saiitlgmiduqduinenmsifon fyn (o) uazada eb) Fellsmgn Tanzdanidadinefauihu
astlszneuluilagtuvenrmanselunsfuwsadounozmudnnmdensfuuazaduidessn
ungiiunzusang ﬁ’amfulanzﬁan’s‘ﬁ16"5’11msv‘c"mmqmnmﬁﬁmdnvsﬂmmmﬁm Whuedrannly
QAT IMNITNTOOUH unzeRIIMATIIMITANY éqmm%uﬁmz&’aadmmssﬂﬁuuqmnqﬁwmuoiamwni’,q #n
Fadiakes¥uussduazitewsdiomin unedpsninandougstis 150 8 170 ssruraiFon Fawadndonni
sodpuRammiRonioluginssidng ﬁqnmm’:’qhmswﬁmqnu‘l‘ﬁamﬁunmuninfu CR LRI
lﬁumuluqnmnnisu'lfuq'l#

ameansafabenunmatanites so37pb 'u'nzﬁ']unnmv1nmnﬁﬂ€wmfummm

A "l Y - ) o L) 3 L) QU > d 1 i
riszneuniinnuiussnanusnafidusoves Tanziianidulansmiwnianiiu Whunieuleh

] - any o 3 1) o7 =8 Q’l A o 1L l‘l
msdszneumsTnaadudadids lunatanhifudivemilizneuimbzneudwdyndhimdn Tailenzia

t3lszneuAInanl U Cu, Sn, sndnduiimduines Tanstanduneumaatuimesunsiinndani
unumvessasialuntfiiuduniidndelunataniichidhfidlntn - admadnedninedownmn
'lun1mqnt7’m11uﬁqﬁwaﬂnnzﬂan§'nnaumm idyuduioves Tanstdaninasumarsu Taveiian
Senifdnlesas  dewaliinmanszedifiauasi it lumsdrmeznniu uennmf’uﬂﬁﬁ?m
vazudedves Se37pb AdaueddunaufiiinaaziBuaves ﬁummznzﬁafu Fasziitifnlnssadeild
amudusanedshiideiiatunndnnlszneuireudiinamseuneves Aynfunzin sntadamly
swrenmtupiifidumenienerd18ndae  Sufuneiilumseenuuy Tanewmeuiszaninmides:
ﬁmuﬂnﬂzﬁaﬂ‘i‘l‘?’mmzﬁams1‘s‘uv1nmsWﬁumﬂulauzumﬁugm eadrmmamnsolumsiiang ués
Sufindnnlsznevittemeruiie lWifantinszeeffifuazdsnngangivesnsvasummvesdyn
wnhfandadmvesdunmesmlszneufimnzauiie: Wida Inssadegamefiinounzdongedald
vT’emzmum-:§‘muauazmmﬁﬂncju'lunmﬁmﬁ'u

10



ninnatlumsesnuuy Tanztand WmsnefadsdesmanihFmminfeniiu
MNAWI0ves  So-37Pb  lunudnmumadanumennsediluInssoduneganndsssdanlisen
douannonernuudaussuacdumumrud WBulugangigs  wieluanmeiitinaifouuiaigungd
ndulindunid  Tnssaduvesseedouveslansianduuy sn-37pb SuvinenmiifinannsiBonunsiion
nosummd T heRyniuned uindanmiueson@euTassedenfinmmentuedwindada
denalfvanueumsolumadumusaden nufuunznududenngaumgluosusnn Tansdand1E
mmzﬁ'zmiez't%lmﬁﬂmmﬂmmuhﬂﬂ?heqnmﬂﬁwzﬁngqn‘mﬁnnwmznnﬁq U MImineniumanna
msthszneyTans lunlaficeuelWoduamumiasa WAy Matrix 'nmﬁummuﬁazmi’umumsv\ﬂﬂufwfu
wieianaudeivesmmiiinsniznedetnnduatuntosn W Bi Tassndhegamadndaumilsiians
'lﬁfumsﬁmmmiuﬁuﬁam:ﬁugafm1ﬁn1”;uﬂ1sﬁ1znau'(nm'mnzf‘;’mnzﬁun Faflilsz Tomisunsdani
Tureuusn  usmmiArdavestasneuthnndintl  seesiesswin lanzdanifmmencesdhafnudi
amuseuuBNAzsT I sIRATemn el momdeanfiuieiuvaiifewannTanzdand Wons
aefrdsfinszuunsniaunsrmind@osiu Tanedaniffidalisneuvesdynuasazth  udked1duns
dinljsamnififinaussamnaiosveslnsiadugann

vaisiinmgnamnin ¥imanmuesanhenlugtnsdnedanunenszuauntindad
fimmfadesiu lanedansinuieg  Anfunaiannlansiand Bamnefauunnidekes i dnamdn
IndifosduTaveiaciivudulfundge  lugaomnssylvifuordidnnselindinanfesnaSoafieninn
unit Tavetianduuy so-37pb Faiigauasumnadt 183 esmuadva uavsian Wudansfiesi U4 1¥edm
wrdnaenasll seadenih K qanneumadves Tanzttand Wanasfaxiinlmitinasdnd 280 e
oo ms1=:ﬁqmnqﬁ'ﬁnﬂuqmﬂqﬁqcﬁqmammneuinﬂzﬁnn‘?mu'ﬁammn worhuianifiléiyTons
Tanitiidanlszneuvestynuazazia Semgiidecdimdndidigenait 280 esmwniduaiidedunmide
maennufeufiquiuindvaziantds Tneh lunmdeuenimgenininduszn 25 § 30 ssrmuwadon

aunguilivesnuiion 1§ Taneianfuuy sn-37pb Aequimniiluntvasumaaiivendoy
TuvaziidonTanesia i vy vesuns, min, neamies, uaztimuian Sn-37pb svamsovaeuman [Edeuay
TaldvudiiGudanswaeumauitesniubifldrvesnavasumasiinte  nmianisdiiuszAninm
810 sna7py Taendudaszhesnsdasint avemdsamufsadmleaninfulunsfleshincenlediing
Tanzuazudundeseorelunamussnmasssurd dnju Tensinnd ranedauuylmidesdedddnn
m:111n-«aewﬁ’wTuﬂ’auu1ﬂqw'wﬁmﬁu5nﬁqﬁu1ﬁms1:'hviaﬂﬁﬁmaaﬂim'i}"u‘lummﬁﬁnﬁ"w

mwdsams lanetiand luganrmnssundeuanioumdsnunmdeu  ganmnssamile

<

4 - o A 1 v 3 3 A ﬂ v o
wooud sTuumugugamgil uasms 1 lugaamnssuminduqsu dedeviorimisay eyduunam

LI 8

S l¥mmanedannnigarmmndisendntanudfild  mefignemassumdiiing emms
azfannfideansindng e Tamedanififinsilszneuvesnsfrfiuenmilelilein sa-37pb dhudmiamnn
Taoimmiz Tanstianduuy Po-5sn Seernewssrdrgigangiisznin 305 81 316 evwnsnden Tanziiand
w1 Pb-5sn fiinsrgnifludumeuiufuvesnjundeuunumewnsveandesinamiou uassenniuia
shithwinmeandeaunzmdn  Tao sa-37pb seqgniddmivnudensesaniussunswuarfuneugaiy
winifu qmﬂm‘.‘l’ﬁvaasauﬁau’flﬂ1ﬁmﬁm§umﬂ§amluﬁnumzi‘fﬁammmnm AumINUABISIAN  uny

1



amhmndeu  delluves Possn  Aelidesnmudenifanieuussand lnsmvaemelfusedudl
waswlthn fqamgilszana 120 swnsador  Fudunamuind Wi Tonzdand Bmsnsilmiszhes
nounylein lsfamsmwesdeunnamlansdaniidhumdnnaaitiglunsfonen  Joilesyumudl
Pb-5Sn %ﬂsmmn'lﬁmmfmzﬁammﬁnlﬂﬁaduﬁﬂszﬁ'nimwmﬂq e lermnsouvsiy Po-ssa Wide
Arilsdedununisnda
rmi’gaw?nnfu‘lﬁiuﬂuﬂszmﬂu:nqﬁﬁ'uﬁmsﬂs"uﬂ;ﬂnu'lﬁ'ﬂmsionﬂaﬁuszm’unm
ninvesemiguazuningds lowa sate Wianndnnmuiidsznenliidae fyn Guuncnewm Saiiiyn
vasumanlsuie 217 swnivadsouaz Whnsendnitnsfiduveamingde lowa state Soudooud
Tanztiand WensasiaiifigavaoumandnlszneudasTansnm: 3 vilafie Snd.7Ag-17Cu
dhunitinsvesmmsyeninmanuay 5, 527, 628 Fe1¥eenAilesudl 18 Hquiou e 1996 Tanzinn3 3oy
zﬁﬁﬁqmnaummaq’ﬁ 217 samisadoruazeunel§lumstani1dun Tangnauii i Tansdans
é’uffui’nﬁﬂuﬁnvmzﬁmmm%’mnmnﬂnzn‘éummzﬁqmaanmmv'h Innrli"ummnmn'luﬁnumzﬂ’ﬁ
aruudusawinnhinssednvesanuuy so-pb ufihlonsnausin sn-Ag-Cu #Fildahine8Tunsnesm
unrmanes usanasnnmaeududud AT I hithumnsesgoinsdnl i Tanstians deidtudio
sthadnieiulensadefumdsznenlon:  1inadlanztaniduiniumeauns Tauamzediiben
gamgiiqe Sedadusuildhdsiinu i TanSant Wanasiinayn Pmnugaynds
BmsimnTanzdanifssnoudaoTanznea 2 tuves sn-Ag, So-Sb uas sn-Bi Wit
Tanztiani Wensaeds endaetrne Tanedanidifiduslseneuiy  96.55n- 3.5Au, 958n-55b, 43Sn-57Bi
Tnuzﬁan?‘l%’mmzc’%’amdu‘fﬁqmnawumﬂdﬁ 221, 245, une 139 seruvaifive Aty Feganasuves
Tanziianiuuy Sn-Ag 1{uqmﬁu‘lﬂtﬁm’a’eﬂwwﬁqﬂnnaumnwaﬂmzﬁnﬂ‘ilwu Swsb vugaiinly
wuty  dmdulensdaniuvy  soBi  udesiigemaeumaroudredun Inssodugamnvesiufinlfou
Tassedradiu Tnssedrsnummuetesnds Fotidiant Wlidunsddmudumudensuddndae
weneniidei TanzdanT Weaneiafitssnoufaodounay 2 dausiladudnd 183uns
Ranntindeiifie Tanziianduny so-n way Sn-Au etwlsAnm Tanzianisaesiiged dadore finamnlse
foudrann  Bmduszneuilifulinmgear bimamende WWlidnvayves Tansnoiilfomanudy
saniniu Tonedanduuy sn-Au dallgamanumaaiiqeita 278 semianidon Jagaun
Tanzianiituseneudae 3 daurlssneufle sn-Ag-Cu 'lé'i’um:ﬁ'mm’[nuqn«mmsuvimﬂ

ot

wu TanzlianInfidunmuves Ayn 96%, NBIUAY 3.5%, UATRW 0.5% Taonfmiindhudu Fafigannoumarii
260 ssruraiFue S linnzfugromnssuddnnseding iilesnniigamgliquuty

vaiziimaTuTod luInsdidmsetinddsumawanndides Tulas Tunsmesiitisudeu
unsiianadeude  dwnltivmrmnioaidesngengitifusendouiuinauusnses  wovinnsdi
Zesni ¥qUnreiddnmetindluannefpusannfindi mlkAamudesns Tanedandifuhidsausies

) 9
dasarazimisddesdinmudusmazdiimusrnd idunnhlavesianisisindnéon

12



a P v
2.7 museulavldfuvenuuulimazia
msihTanetiand Wasasiifiddunmuvemewnmiedniuduiiudesss Saudosms

& ' 4 &
ﬂulﬁﬂu‘mﬂﬂzﬂ71“01Q‘§0uﬂ0§1ﬂ73§ Wave Soldering l"ﬂﬂﬂiﬁunwﬂ1*1‘“”')1“"“”1‘"1‘0‘3730149"

2.8 HhiefiddeiunananlansanTimancia

Tonedianifidudunmusanie fynuacasidedunmitiiondoufe 63swa7ps HdeR
wawetha 31mgn yadandtimmudase uasivbidhWadhidy Fafunrfeimnndmennidbis

safhidnanlznenfunsfnedosduded
2.8.1 smidifudunmvesTansanFezdes bifinansenufuduondey Fermitidhuimsining vy avi
s higminndifludnummg

2.82 swillazdesifueannifisaneflezneumissnaudesns luilvgiuuozening
2,83 yannsumalvesTanztianinasdind 200°C niensindifiesiu aavnmmudy Sn37pb 7 183°C Myl
qm«mummﬂq«ﬁu'l\Juzﬁ‘c’lﬁ'{mﬂfm’:qqmnqﬁ'aauﬂgamaaunzﬁalﬁq«%’uﬁw o lWadan
iinmsetindifonio R niounsrresuldouitase miwgumgifiguiuly
284 seudeuit1Resinmmdassunsdnmmninemden  ilesinlums1fomvesginsaitidn-
nseiind il LildomAsedamgiiduene ldanifezidnnudewinWidgumgigetaiiunausnuses
BeuAnnmunioafithiseuq ilesinnsnideunlasvesqumngi
28.5 asiiidunudr WesnTansfssinnununednadhilanefim1onunslogedndiin wu Sudon
(indium) (34 (Silver) by Tnmamzesressdutiunts 1§ Tanedanuvuuria (Solder bar) dmsniaTes Wave
Soldering W3s lanzvianiuvuidu (Solder Wire) dmutinnidawile ezi‘nﬂ?mmmslﬁqanimzﬁomméq
TaoiahFnenianfurumiaeunudusziuhmunundafniunsidinud - deflmumah UK
Tunngramnssy
286 ponmmselunmih ihdesdinedies i biseinsammathannsesdidonsedindanns
287 anmaseluntemmndeuiifaningunsadidonseiinddesane
2838 msﬁqannaummmﬁ n‘}aamnlum:uﬁnﬁuﬁwﬂ?mmmnqnzﬁmﬁmsmuqu awiutlsaeg
mszvumsnandte i S inavesdeumandmnniiuly Sawwd Tavedanififidumeuves Tonedud 4
ﬁﬂfu'lﬂtzﬁgnnnsummﬁﬂﬁnumztﬂuhqqomQﬁ‘lﬁmﬁﬁqmuqﬁhqwnqﬁﬂﬁﬂ Sedueniddmmenil
amﬁni‘]mm'lumsN?m'lﬁunz‘lum:m'm'(n'nz'nmuqvﬁmﬁ'ﬂwﬁulﬁﬁé’mﬁauﬁmﬁuﬁuauluuﬁnznfaﬁ
Wlnnnhnnalonefowd 23 wiin  maviukcudAoudas liRsudndestersi qmid
TaszanlBenlunnSohifdaunmvesToans 4-5 viialidhuiton
289  Aesisnandimmmumslunmdenizanfsenislanetand Womnsftvaneiafloguuds
vesgUnsslunzumnesidnmseiindfodlessn  fvesqunislinsasesianedmaneiatudnalszney
afgy Fed bimumadentizanmfatewitiataniiubiudusafomedenn 1dim
2.8.10 aumah W8 unssuunundaiteghudegiild Tnehidedrulnanmmisderzuulmi

13



2.9 myReanlumudens g oy

Tvztinnd InovaWezdhud mnausznin lansdusresniindilu o fyn-neiadeien
Srmmnowlunmdnidmnzialaem TanesiasuymaumulunsRnsamsdensig laogeinats
1 1wmduildhe b SufenpmiilnumiiRlndifssfunmituidife aumudAismssmileusuanmy
unzmumenymiui s dmgiidoen huaaaden dail

Ag aumsam i wndnsenyufivimens hiden iifeswinilsnumng

Cu 3o Ifiie aza1e188 W S uasvunsdinnieuida

GamiRoniidesonunsenymiesunsininulse

i dulmerunsohldaasumanesausmanadldd  dednmoufuiyn
aeiAnumenmuazarmolunsdeulszondin - uddudeudulanzidinouiiie uozduvie
upautuilogiuhildiismge uasiidgenients oxidize ednsamialuszninnsmaeuhisendey
wsie

sn g IR etigaennifnumenmita i iR uosarndeu 18R g
umsderlszrmifauazdufugnidimad e

zn dhuTonsdifismganuni¥enifie uadeidoRedensiinljisotusendion 18T udn
WudsnzFeonlandeeenlani s Wonrmuamnolunsidembzamuasiifseadeue

Bi Wulawziawmohlfqanssumaivesdiunmuonndldi - Tesmniinmemenmuns
mwemselumsdeulssand@dinmiiiids  smlion  udideueiavzRantsvenesaunzily
astlszneuiididaen

cd fhuTongiifmmiuRudenuunzimmion

Ti i Tansitm Bend Wisnums

14



2.10 918AZIBHAVBIF )

2.10.1 Tanz@yn (Sn)

g1 2.1 Tanzmeuns

CLTEEEH 50 st 4 veany 1v lumsesg fadhiTans
Yiminezney 11871 amu

AnaBuMM 231.93°C

RIADA 2602'C

veRnFiATumr iy +4,+2

ugdynidie 18un Ayneenled (sn0,) Fendi Classiterite wiouaiifion Tin stone Tamz
AynidhuTanzdem vaziiulavedouiinswdununsfaniouge naslnumniadnudedu Aynmunso
waeusyzy Wnngumgitndssiilasendindn wasiTnuen dsdhulansnodm udideqamgiannani
sz 13.2°C Ayneziilasendandndhugruind Sl Tansifdm uarmsnlaounlasieziinsverods
Taowasusmanmuivnn 730 gem' Wik 575 gem' mlfidansuaniiussdadon Tin Pest us
po lsfimunmnlaeuudasles srdasmisdadust it deohidechl uddnibiiduedesnded
Temaiinldihe  mdethdaauiumpnidmsasdnmmunnlaanalad Falumalfiaaynines T
v s a/auuoinaldun

wesnndynidulanssmn Salilddyminedesinsna udsyniamdnmmudemsianieu
e Saiiou1$Rynindou Tovz Tnsmwizmanitedesfumin Tnotudunszdesssgems AyndeTadhiusiu
YN (Tin Foil) mutsoni Tl 18 sdsvesnieq edosfumudlda

15



2.10.2 Tanzneaual (Cu)

31 2.2 Tanzmesuna
1nYBZABY 29 husmusnveny 1B St Tanzuaz Tanensmddu
iminezaey 63.54 amu
L LUL LI R 1084.62'C
piAen (Taodszuna) 2562'C

laveendiayua iy +1,+2

vewsuih Tanzwiaisng fyuisndeninnléou newnudurginglulfinades
vuilan (Barth's Crust) udidiusguilsluinaudesrummivsnguuluanmus gni Taosssund Gonh
wuluanmiiihuTans (Metallic State) #3810 Native Copper 3313 IngMunseFAnTzaonmUnAIRNN ud
weaunsilsngmudnmnonmnnausiia insiegludesuvesining eonlad aifueiun Fama Fainn
uaziogludmuzsauiuasdaiuegfuuidug i usiinda iiu woas wostmin Uinuvemewasluuses
eglusehifudosnz 10 luSgnamnssurdanesns Tasmsagmeaninnlfinieloniesldnng
ufimemszitffuantoninn hudfenlan (Rssdosns 0.0001) Weidivudylowzdusduman (evaz 5)
wieoginiy (Geuva: 8 usmswmuihiTavgaazgadsannsonudislugisas: uarhiglmslszney 3
ensongaeenuniii lans 1830 mangaveaussluilegiiu szthRuninesia iy usalales (Chalcocite,
Cu ) uiynlatnlak (Chalcopyrite, CuFeS,) i wuenlueine ve MnesiinsiiimmnFqnivszum foo
ar 9799 winRw Ty Bndeniza IMfBnes el newaiinmnignimnei
Fovne 99 unziihilawAlfuniiqelansuilsluglveslansdmss marfimubaboumaosens wu ol
msi IR uazaaudeuiiader nusemsyns ou udauss AududunazAdhuwinane 1§
M3funy

Ttmznmunmﬂuﬁf"nﬁm{mﬁﬁnuﬂ::’Firmlm' uag1Adnmiunldlsz Temiunnds 6,000
gy  Swdezindngmoudranidainnyuifiniomestuazmannlélsy Tonideunewnas  unmidui
eI mesunsiidaudfyedissa lunssewanianss sy lumis Tus
ms 195z Tond

UszTomivemewns  iilesnnTanenesnaihiTangiiounsoh I dadusudui 2
seamnitu udlismgnainiuinn msiinesuasrusoh I IR I ansoaandsiigidely lugy
vesmameuvaiziinszua it nakmmeIl  wensniimewunsduihudunauiidwoveslansnammaon
¥iin 191 neamdey (mewunwmudanzd) dia (esunwauAyn) Tuua meauas dnifia min uazuuaniio)
s nmuiuuaznes eummudussveslansidmmanfudmivldiunienlzmazmioy

ATIA99
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duimmemyanan nzveunmaanl

yisuBnesmilivemauesine nusendanieulddun uiluanmzgnianiousin
33 1 hfmzannnsdaassndefiaegldnza
ns sz Tomi

ilpaninmeunsligueud® Ductility gauazdiaamfmamm iy fofu cu daznm
11NN 50% 191un1391 Alloy 1%u Brass, Bronze 182 Monel unz8nlszina 20% 1éiundssilodomamideu
19U Condenser, evaporator uagdu 9

Fethamsiir i 19wes Cu 19u neuianed (Cu + Ag) Judmhundosoud, Yaennzey
324914 (Cu + Sn) tlTaviinfie 9 Yenuseud Ayn nauremieda, miduswmes (Cu + Sn + Zn + Pb) Yyunz
uuds fudu Tanzwmmens ¥u viendu (condensortube) Unonnszauilu aenngue miognszymlal wu
wmIsgum uazdium newunsii 1§l InfhinerszResiinauuiqniungs 99 - 99% Snhl¥uSqmd 100

a o
nlefidun Aee1¥35uundao I desmsaruuigniiiius 99.5% 153 nasusssuaudniudae lian

2.10.3 Tanzmin (Bi)

7117 2.3 Taneiioain

J "

1avezABY 83 ihim il 5 esany VIA Yumstenig Saitulang
iminezaeu 208.98 amu
ANABUINAT 271.5€
yiden (Tavysganal) 1564'C
1nvesnFiatue iy +3,+5
mafiuny

Afuwy {inTamamz Suoen ninuax Tnfu Awsmloluse uindngnalivuda amassy

# 15 Basil Valentine 3ntiiT1 wismut tmeMAIssHA-16 Georgus Agricola At wismuth Tl
bisemutum FailuFeaifu narermassudl 18 J. Pott, C. Geofirey UBZ T. Bergman 'lﬁﬁmnﬂnunmx"fadwﬁai’a
sunilehiihur oA Tanssnils
nn1dlss Tond

¥ lugUvesmsilszney

1. Wlugnormnisundyiust amdsznevvesimimmoriialimni@innlinld Saldhnimn

Tsaau o131 indigestion ninu1 139 syphilis, gastric spasms LAY dyspepsia

2. gATMNITATBITON (cosmetics) 118w n1&un Timimeendanelsd 1ifudunmuvesduadn

(lipstick) 1M udY, eye shadow 404

83164 n



3. gAEMNISUIATIAMYT 19U QAT MATIUNAIAN MINAALM BN
J o ' ,
4. VY Tanzi@enilyamasumaddii (5ond "fusible alloys”
U - L J
5. 51 9 19u Wnernifu Tanz indouRa Se iunimana s uazyiMadini (semiconductors)

2.11 NM39BNUVUNIINARLY (Design of Experiment)

MIBBALUUMINARGY H30 Design of experiment ithuniosdlonaunmimilsdeazimah
mananesn gy 1gneenuuy e mmudiniusvesiunlsiig udedadumnimenda Fath
aufuusuuulsainunseninmduldassiuiudsa suszyrsnnnliz Tonflunsliy
n3zuumsiite Wradnsiidesns

Inputs Output
>x1 Y
X2
) e — Process :

X4 —
*n

NS P X[ X2, XaakKa L. XAa)

4
31N 2.4 32u1983 DOE

gt 24 szt W8l Input (X, X, X, X)) A Aisswase v Fuflunaidnuazdm
AunMYeINszUINNT TunsesnuuuntnaassfesheiiudiussiemaiudiuiiFaadaves Y uaz X
a9 Taoldmiwens WillseAnnmaniiga

2.12 R-Squared

Smmnlndsuvesinaiianeanie Residual Judneinnimiii 14s3souiusil
Wonnmenssl seuqduoncstilafouiunulsls sy oo fezvi IWaamemnse lums
Fmnediavu dettu ShilmwdniEiare X f Y gofu Sanduvesmmuliuves
Residual ¥99 Y Aemauulsysiudaiuesaiiiy 181X fu v Snowduiudfuedumysel dafuseifis
Residual 8a31dmmnuulsydsmeaviriu o Tnuﬁ‘;‘lﬂﬁﬁszaﬁsznin 0 1 uaz &1 1 audae Sasdauilf
fief1 R’ 38 The Coefficient of Determination SATTIIAY 0.40 WueAIWIH AT 3 7uveI Y 3919
dunaneuiiy 0.60 phwesamstiuimusnieminsannesmmnsnesue1®feras 40 vesnaw
wlssudady dndeves 60 Munmulslsnduifnningr Residual efnuulssuduny R-square
Wudadhwuuyvesiinmmnz e (Fio ﬁuriwnmnﬂamimlnﬂ?aﬂunnnnnamfu
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AMANUNIIBYB R’ (The Coefficient of Determination) ﬁnd‘wﬁ'n&'mfuﬁqﬂéauﬁﬁa n
fmnusnaneglugiievay ndnfle Fmmfuiifanei (1ss) uskumsiiianns RsS) Rufis nracusals
drszlunumah iduminens fusald R? i‘nhq«fu wis maudaulsimid i IWmnsoscesi
sz @nBnm (Efficient) anng

nstifsnndeyadietuihinnldumsnenseiliswmnles @ < 30) msRvsand R #
Weonnmfmnasrdmgafunuhed uasfevistlgmiiiadinmifunin & Tauduni R Mk

ud (Adjusted R?)
2

humamgufinsiudualidaszuunlidna (nfinity) 90y Id R ffwriiu 1 Adjusted R
- —-2 v ; o v’ o o 4 -
nie R dummmewnnhWdeunnsesiigndesfienstfumisdusmuazdadiudaesiesmsese (Degrees
J @ v ) -
of Freedom) #sdifiuviniy
2 n—1
1= (0=R )pp— @2.1)

2
R unu Coefficient of Determinant

2
R unu Adjusted Coefficient of Determinant

N UNU Number of Observations
k 19U Number of Independent Variables

2
A0 dle R =09.n =100 uazk = 5

2 100 — 1
=1=Q0=09)"
100 — 5 — 1

~

99
1—(1~—09) 094
=1 ~ (0.1X1.05319)
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2.13 NINTIVTBUAMNATH
2.12.1 t-Statistic

t-Statistic iA® A1ANLTZANTN1IR 0 Standard Error Ve durlsz@ng i1 Standard Error ihy
#lszamiues Standard Deviation wessdunlsznt mhSanAouludusnid dduseiniiining
wnilerfiufiush Standard Error vesshues fitha b & iidantssandifuss hivhugud
2.13.2 F-Statistic

F-Sutisic  1manevdutlszantvestunligndmituguiviels wie dunlsedad
srwdinfuitududsanmie i Sufersmniyundnmmnesnrihiieselemilsdausfifinamduiug
fudutlsam
2.133 ndnanapwansinnednadi

nIMATBLMIAYINTNAGAR LR MATeuTEAII t uTe F eremenyiiuneulaoia 18
il
1. frouuAgnissnaneuimisdined
2. Aruaih t-Value 38 F-Value 11ndoyniiiiog
3. Amunszduiuddgvesmamfanain (@) wiearudesh (1-0)
4. 19af1 +-Table 0 F-Table 11nA3 15007 108 WY Degree of Freedom uagszAuiod gfidmun1ilude 3
5. 811 t-Value 139 F-Value Sifimioont t-Table 13 F-Table Yengiosuuemuyfigunan (Accept Ho) uosil
1

t-Value %38 F-Value IA110091 t-Table %309 F-Table Sesaglinifiarsmuyfignvdn (Reject
Hp) Sunarhdmisiineifinaneufinnnuandieiu

v\’qi‘fumﬁmumzﬁ’uﬁ'&ﬂﬁqﬁ 005 ugAavimsimeiiauumndieiuedaiiiudiy
(Significant difference) M indmusssinivdhdgf 01 uaashuandnecieiiiedfaBs (Highly Significant
Difference)
2.13.4 naapnamsinseinnaauninsiulaoldnouianes

Tunsagdramsdinreinmandasnsai dmumonssilfaranTavsmmen
srmnineidi (Probability) Aineyagedanne 31N Heilusuiudessnim +Value n¥o F-Vaise 10Y t-Table
130 F-Table 3911981 Degree of Freedom U813 1a Toetivumeuded
1. o‘i”eﬁuuﬁpumﬂwﬁmwﬂmaf
2. fimuaszganiodfguesnnfianaia () 151 0.05, 0.01, 0.10 11
3, gwsnaaniingiiu Prob winn F 3o P-value ninmaft idnnmsiingey lnvaeaianed
4. §1¢1 Prob 1nn 1 F 138 P-Value SAnnnndiszduludwgiitmun Ssrquiiwensummiigniman (Accept
Hy) ttardm Prob 1nnh F v¥e P-value Srnloeninzsumivddgyfitmun Ssaplinifosmadgnmsn
(Reject Hg) Swonsidinmusninlumsineifinaaey

Prob 11041 F 130 P-Value Aefwanninzdhifnnnit tvatue w3 F-value ifniansn
doyn Somnefemuninaiufisraginafanmnonmsdfiosouydgmdy
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y
anfudnaplhrmisilinesinuuanaetun A (Significant difference)
' o - 3 T R . |
szt asufaumefdnaiisedeslinnudiigniszdmivdigfidmun

2.14 Lack of Fit

nE3IAIEH Lack of Fit sztedutulimndsnammnyauvewuudiassdamiinasiia
Heuq Siaunnuansiil wuudeesrunsduiimngmunnnh

Y= b,+b, *Linear Term+ b, *Quadratic Term +b, *Special Cubic +b, *Cubic

Ho: b,=b, =b,=b, =b, =0 (ifi Lack of Fit)

Hy: athafes 1 mew'litiiu o
Suudnesiiiod iy uoaviuuuimesindie Bmunsauiuda usdhil Lack of Fit Significant AASUUEAIT
venvinuuuinesiiafeiuuddeduuvinssdufimnsaund

N3NAADY Lack of Fit

1. ¥11 Residual Sum of Square (df1)

2. ¥ Pure Error Sum of Square (df2)

3. Lack of Fit Sum of Square (df3) = Residual — Pure Error 1atf df3=df1-df2

4. Lack of Fit Mean Square = Lack of Fit Sum of Square / df3

Wudhfig¥es Lack of Fit natou Tay

F = Lack of Fit Mean Square/ Pure Error Mean Square Moudus F ﬁlﬂﬁﬂﬂmi ‘N'ﬁ df3 uazdf2

2.15 MINARBIVVNTN (Mixture Design)

misenuuuAmAnsLLY Mixture 1ilsfefidhuSeSinadind 2 Nefududuty Tnotlede
ﬂ:uq wiinruifeuilesiu Fulfinavewdazdeiudesufusady 100% ndnde ieilsdonilsiitsne
Wiy douiitlesudun Hdadiunnns Fuwndrvinnisnanesiihily Mixure Aidansusazdezdu
Srszninfunuurudmiy Mixtre tleswindaunlsyndas il 100% fuunnjuinsasuves Mixure

¥ 2 .
S liifidnedt vomey B , oz B ;X Tasuuujuildmnuduiuisenhefulsanuasdunlsdasedl
1

¥

afl
NS Linear
Y=Z(Bix,) 22
1
TUNT Quadratic

Y=Z(B.X.)+Z([3..X.X_) 2.3)
i i
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TIUN1S Special Cubic

(B X, )+Z(B xx )+Z(B XX xk) 2.4

NS Cubic
=L@ xH)+2P x X )+ZB XX X -X D+ZPB_X X X )
i i j i j j ot j i j jk i j k
(2.5)

2.16 Differential Scanning Calorimetry (DSC)

tuilepiuimsiinfesilodmiunsTinseri(Analytical Instruments) ¥iiafien ﬁdumn%‘!
uagenyu mqnawdaﬁmﬁaﬂn’ﬁuxmﬁmu1 Fundesdedsndn udosviinfimaiinntsdinsied (Analytical
Techniques) fuanatefiu maSins1zIaens1¥namdon (Thermal Analysis) Humafiantshinseisiianiled
SamnlAn1ann (Physical Properties)vesa g nfieudioufugamgimiena maiinsilaiintonidi
wnfigafle Differential Scanning Calorimetry w30iSondeh DSC #e3ngaingil uoe Heat Flow 9103
widsunlasnudeu (Thermal Transition) vesinquioudivuiugamagiinfenm il Wdeyafomedn
AN MUASUTuIe (Qualitative and Quantitative) fidevnmanideuamsmenmuazin mswiounlasd

sfdestunszaunisganientenanfeu (Endothermic or Exothermic Processes) Hiensi/Aeuuiiaaniy

yranedeu(Heat Capacity Changes) Sth1 sn§iflefinmonAfidhudnvasfmivesoaaeg 1un nfued o
913 UNZAIRENNNFIN SmBuniduazeiiunid dmumsitounziann nmunugan AN IsKin

UnAudansulfouutles (Transitions) #3n 18ue naremITud$u (Glass Transition,Tg) M3
MaBuMAY (Melting) NITUIUNMIANNAN (Crystallization Process) mifalfnTomaniivemaa@inines Ty
wainfAouninneeveanar lfuvewSwinmaden lowazadeiuns Iminuszoznamiegangii
{MINYaY (Curing) YOUMINATYBINT Cure (Cure Kinetics) §A onset N139BAFAYU (Onset of Oxidation) UAE
arwgnaudeu (Heat Capacity) ifiudu

Differential Scanning Calorimeter Tuiloguiufiléeniogh 3 vilaferwaziBonsie il

(1) Heat Flx DSC wowldfanniiqamseiifenfednimminaueveadu Baseline
(Baseline Stability) 0z Cell finenu

(2) Power Compensation DSC 1¥a1m1021988999 DSC Curve (Resolution) finunsiidasnm
urndeuunzmsbudifisanga

(3) DSC #1¥ T-Zero Technology Futhunaluladdadrsnisuedeaniednuaecia
g nmaTuTaBues Heat Flux DSCUAZPower Compensation DSC 141820
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2.16.1 Heat Flux DSC

Heat Flux DSC i3 0nziBonfaiine #1061 Encapsulate 8§11 Aluminum Pan (39071 Sample
Pan il Aluminum Pan 11)a1 i Encapsulate u8ai3und1 Reference pan TAtH pan quﬂuuluuﬁ'anti1ﬂ1aaﬁuu
Thermoelectric Disk fiogluin s (Fumace) ilegamgiin/anuuasszsh Waamideourn Thermoelectric Disk
Wl ludeduazasdrdah WifanuuAnA19Yesheat flowdaeduaza1sd e inlay

thermocouple U3 19ngvelewy (Ohm’s law) TaolFerunsmwaunsi 2.6)

DT
q= R (2.6)

q A Heat Flow ¥83@2881
DT fiB ATUUANANYBIRUNGIIHINAIBt NIz IS 198

R A1 AIUATUNTYYBA Thermoelectric Disk

o ¥ L] \J 4 L 4
o d1aduAIna 11 One-term Equation®819410% Witiufin Heat Flow Mifuiazesnsin
- v i . A
Sensor 1Az Sample Pan 1 Inafi 1Arsudwiiseziided) ARTee Bascline Flamess A 12 (Sensitivity) uag

AMUAZIBUAYBY DSC curve

e £
: \
e et ¢ =9
varH'i an ,; 1] _'—\‘ :
B N A
R -'ﬁ.:;g?::'f%z?:i- = -
[y ¥ Y S \‘:‘:' /~-‘“ G o
L LS NReIAS TN /
RN i,;.!ll #
\ o "'if\" /
< %.fl'
. Ej;_i_[ —

31# 2.5 Heat Flux DSC

2.16.2 Power Compensation DSC
»
J J - ’
Power Compensation DSC 5 10nziBunadatiAe dyguh 1Annaiuuandnvesgamgissnin
-« " - - ' -l J
#2061 uAzmMISNBIZYNIAIYUAIU Heating Power Tudauvesiiedeluiudfl TaoN Differential Heating

L ‘ ‘l o
Power 921Y111 Differential Heat Flow Rate tiior)asundsan i uiuarwdou

23



2.163 DSC 1% T-zero Technology

DSC #14 T-Zero Technology hunaluladlmiveunies Dsc #185umsesnuuun
Taoiswiz lofiezdn Heat Flow Aidwazesnvindassiifgniesniasu deiiudasluziii 26 Taed
nonziBondade Wil

cell # 1#5un1seenuunlnifisensortlszneudan Constantan Body fineuuesdaygiuetie
32137 (Fast Signal Response) fit) Platforms waiastiuunzmsé’uﬁaﬁunqu‘m uazuoneenniu i liuonda
ataunzmsdrdseenaniu1&aTu nvsseaelinne Pan egludumisRnfumnaiadtenamuaiug
vesdoya uay Platforms ﬁmﬁm%miasq'ﬁujmsm Heating Block Tnoviefiiimisuaqiteiiszi Widanau
Amummnudou (Thermal Resistance) 3¥M 314 Platforms 1AZ§ 1 ¥D3 Heating Block W31 Thermocouple 'ﬁsd

$haldves Platform udazduh miii ingangiivesdediauazmsdeds

‘-» . .
vahn«'
F

ol o0 | wt |
LLIEAN +

i i | ¥

1B

= |

4

d‘,

e
5 e AL } =2k
NPt ‘.‘51"’_-?"" 1 3 ] [ 1
‘; e V2 | 3

4 o i
3191 2.6 N1503 900V DSC AE T-zéro Technology

etelafinmurzuuiiesd  Sensor finsaennliiouga  (mbalance)  vosnrmiuMy
(Resistance) 1121/ (Capacitance) uazyawveaam limunadsndn dmivaauhimugatiiina ¥ Baseline
Flatness, Sensitivity, 1182 Resolution wdnadati TZero Technology93 1413 Four-Term Heat Flow Equaﬁoni'\
tufinan hicugauazamuanaesasnsemdousswin s doulasmnden w0
VaBUIMA) (Melting) T 3n Heat Flow Aiduazeensindeiialdgndeannsu walsveamnluladuiiail
fin T-Zero Cell ﬁmhﬁnﬁﬁnqH’mnfuua:'hfnusmu:ﬁin’h (Superior Performance) TunsSaauuudt
Foudu (Heating) UAZIUVABUAY (Cooling) M3 EINTI AU ETRTIANITAYEIN1IOBNLLY Heat flux LAY
Power Compensation pscifdefiu
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HAYBININAREY DSC 9514 Heating and Cooling Curve Faammsol¥dnaansnlaouulas
W&497 Enthalpies asmidanariszdiulinmmins @7
AH=KA Q@
AH vy msnfasuudaamdsans Enthalpies

K unU Calorimetric Constant
: o
A unu Aunldnsmidulds

Cryswlization

-\

Glass Transition

Haat flow (mw)

Meliting

Temperature (*C)
§ r A . a -
Iﬂﬁ 2.7 ns‘Mszmnn1smaeuﬁﬂmmm§'auﬂuqamqu

2.17 Wave Soldering

msidoudelasmtand  seudeud WAeudssunzfuns  mmndentdunnilon
awmodumiminldnedunas  hidelWdeilgumiifseninimihduiansgatans  fafiSamny
dm3udeudeginaeld lidesms Tunthemendsnnnsyseneuniauds nistanifiasussiliifsesmedil
qmmm‘fu fuadﬁ'vﬁaﬂssnawﬁﬂ 3 dszmsfie
1. Innzﬁupu (Base Metal)

Tamsfigniianidn Ingjsuthundnuaznens dauaqﬁsﬁuuﬁmﬁq;mi1zﬁ1fmt‘i'mmu¢i
sriianienniundn newns uazdanesveunanfunewnwnidesfiildamEndinnsondaudeiinade
mstiani

Tanzfidhufiyn unedion wiwrenmdeunlszamvesTansdan? azdresifinoonleditin
sﬁaaq"luﬂmwi‘r’uunzmﬁﬁmﬁ1mmﬂza1nﬁaumsﬁﬁn‘§ neuniies NowAY UsBUS uazmAnszifinoen lua
TRL T L
2. ¥iinvesTonedaniilé

qnﬁﬂn‘i‘i:lﬁn-ﬁuﬂnm‘slﬂmzﬁﬂn‘itﬂuﬁ’onma‘lum:qnlﬁuu'u unzdendasenitlane
Aosmmdentaliandu  nmiandezdelidanindenlosfudmnamanivesTanziandfy TansAug
WuszseninTanedanisuTansfeedassinnniusamsinmnn Sefiferuns Tony Heewseszdanald

lﬁﬂﬂ‘)'lml;ﬂlﬁQﬂﬂiﬂ'ﬁaﬂaﬂ
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Towzdianifowso1914fy Tonzifeuynwiia Aelanznmmesiynuazazia tiesnndyn
munsoifialansuou18afy min nesuns difauazazia
3. msdszaunTerdny

Wingimhihnadaniazainty  Aevieliasiadaniina Jeidnddii$lunsani
priusiinvesds veunamieme e 185unmdeuszdhudas s W lanzdouda Tnonistiani

wansimtindndail

1. s Wamives Tane ity avemmenwanasuesn e

2. liazdaand na ldinnSuishima iRan1sdaan 18

3. Whudflesfunmsinaeendinduszninanstiani

Wave Soldering 1unszuaunisiden-ic dafuusiuaees i wie pcB Tamiwwiu PCB
mﬂauﬁrim'[nw'ﬁnn‘s'ﬁunaumaﬁqnﬁn"lrum Taolw19es IC itns it PCB HuuSnaennau nisidoud
Aeuils hifinndwvives ic unimmivcenndyldmemn: hithnmdulidedestunisdnees nie

o - ' e
AOAHUZNITUNI Bridge

S bt hoary

Tomiviayar L& rﬁrﬂ PWB _f( \‘ =

"
- = L=2
! R~ X l__] i
Pran Fea Ao

Lhawst
Froemenr

3128 s ivauRies Wave soldering

"""Q

W§ W (LaseT Al u2bwEn
e el ) U’& [
TS ot

bridge
717 2.9 n151fA Bridge Tun32A171in13 Wave Soldering

Conlacl w.ih

i Sednslont
Praeatog Amowed I anmeen 7 Sesion
Preheat time Wetling Solidification =
Time Time
Dwell time Cooling time
Soldering lime _!

_Process time_

-
7UM 2.10 N32UMUNITYBI Wave Soldering
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artumsARAtu I Wave Soldering 921/3zneu ldudmd e Fwadudumy
fou mﬂ’uqﬂmsuﬁaﬁwaﬂawzﬁnn? #«ﬂsznau'lﬂﬁ'amfummiwqﬁ'eﬁ’

Preheating 1ui1a€qquﬁﬂmuﬁu pCB axgnyiIfagi 45 ssruamiBon unzesgni 1t
qa#u‘lﬂﬁaumsﬁnn?ﬁ 85 esrruyoiuc

Wetting time Fhudanaszniunduianiausn veushu PcBuay Tavetianiivasuman
sufladaeit TavztandSumeztudsiadusendey

Dwell Time iShusaaamiaust msduiefunfausnves TanziianSunsusiu PCB sunseds
usnesNIINAU

Soldering Time tThid2arm193 99 flusiy pCB Auiadu Tanstaniunzduudein

Solidification Time ifhi¥2ara0'f Tanzanisusamuihuve s sdmidrevesuriu pcB

Cooling Time Husaafi Inngianiinasiumarfnegfuuriu PCB Funaguingiinen
quingiigege rileziusaeiiintumieningse Dwell Time Tusaell ernifaroauaniuld Slinsdudnfud

ad o
UANYIND

2.18 Til5un33 Design Expert

Tusunsy Design Expert iU Software fisasluntsmierfivmnscuveswansueinde
nsvuaums lnsmseenuuunisnanesdsiind ssfemeadafiiss Tembnmne

Factorial Designs  Whimsssyihieiicdyfadwwanssmufiunszuumsmsendafadii
Rosnmeriuilys

Response Surface Methods 138 lunfunszusunisite W imanenifine

Mixture Design Techniques Wlunsmigasfimnzadicn
dm3uTalsuns Design Expert rmnsaadaens i 3iavesumneumiedld Tnuden 1y Contour vuns 2
{iA eucminavosimevmIes

Mixture Design ifunsnanssiiianeisdal]

1. dhutlszneuilesaufuseiesldneil u a1 n G 10% wesdhuwey w15 v § 30 % uay
a1 n swiludwiimdede 0% dfumvesvesinalszneuniluintudninavesdnszneufimie
wwdesonas SnlSinavesdnseneu lifinadeuna92 14 Response Surface Design 1101131 Mixture Design

2. WomeumUesResTuBgiudaduvesdnlszney niuiamﬁ'am'laﬂn‘iu#uodﬁuﬁndw
woaduneu hils e lenndy  Swansumueshisufudadnvesdaunmunasld Response Surfce
Design Fumsuusnlumsndhs Mixture Design (190 New Design 910 File 14y uaz180nn13nAasaiyy Mixture
Fimhueziiisnnmorianmanesliiden wu Simplex Design éwzﬁdauﬂsznauaﬁuuﬁuﬁ Simplex
iHhugtnitsefigaeed pveuivad el Wn fimavesiufl Auitves Simplex 1 2 dautlszneusudiu
dumss, 3 dnilsnovusudiu 3 maoy, 4 dnilszneussifiu 4 mAew) dmIunIneaesuL Non-Simplex
a731fen D-Optimal Design UuniuanluTilsunsuszdesldBeveusardnlseney Winadgagene uas
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2.19 Ternary Phase Diagram

Temary Phase Diagram (ihumunmitiidulszneuvessy 3 wiia singnadeglugy
rumasud et uazesflszneuvesszuY Temary t:qnuﬂndu;ﬂnmxﬁwé’mﬁﬁf Taowalyl Temary
Phase Diagram TNz a3 1edufinwdunsiin 1 ussene

iﬂﬁ 2.11 Temary Phase Diagram
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A5 3.1 AUENUAYE B RT3 (Pb) AYN (Sn) Uesin (Bi) N8 LA (Cu)

119 RrnaBIH 91
o ($/Kg)
Pb 327.46 3.53
Sn 231.93 16.75
Bi 271.5 37.48
Cu 1084.62 7.44
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v
~ |D-Optimal Design
| Design for 2 to 24 factors that minimizes the variance associated with the co
| choose the polynomial model to fit and can choose fo ieave terms out of the
| unimportant.
| Totat |1w

Unts:  %|

MxComponerts: 3 v (21024)

'|N-=ll-wJH¢=|
P < el

I —

71 3.1 nsfimuaveuvAve Ty

4. fmuagaihinmaces il Tsunsuszuusihdunmd Wi imaoee ¥ Tasgeindaunmuiifing
ymsmaceuvies 3lulFgg e 18@ennnq qaf Ihsunsuunsi W ues 18520 18 douwm &
i 3.2
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4 ’ . g 1d
5. densnaunaneutmiesiiouls nimiudmusdeuazmizsveswaneumuesiiouls Al 3.3

-
317 3.3 nsfmuananeumuesiioule

o ' ' b ' >

6. waannmiuTlsunsusenmsesnuuunmsnaass i hmasiinsvenssetalesindwas luudazaiinlnih
J o

nrmAassidune 1 Riaiswd 3.2

=
A1313Y1 3.2 HANTTOBNULUMTNAGEY

Run | Sn(wt%) | Bi(wt%) | Cowmt%) { MP('C)
1 94.00 5.00 1.00
2 97.33 1.67 1.00
3 99.00 0.00 1.00
4 9500 | 5.00 0.00
5 96.67 33 0.00
6 98.00 1.25 0.75
7 100.00 0.00 0.00
8 94.67 5.00 0.33
9 95.50 3.75 0.75
10 94.00 5.00 1.00
11 95.00 5.00 0.00
12 99.00 0.00 1.00
13 99.67 0.00 0.33
14 100.00 0.00 0.00
15 96.00 3.75 0.25
16 97.50 2.50 0.00
17 98.33 1.67 0.00
18 96.50 2.50 1.00
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3.4 naaeymeanoesmallagis DCS
naneuMIyAvasuMmaIRaiE DSC viminhgavaeumaaf IfinldluTusunsy Design
Expert tite W Tulsunsadmazinamananes ¥ damsneit 3.3

ANN33 HAMINANIN YAV DBUNAD

Run | Sn(wi%) | Bi(wt%) | Cu(wt%) MP('C)
1 94.00 5.00 1.00 24423
2 97.33 1.67 1.00 237.14
3 99.00 0.00 1.00 234.67
4 95.00 5.00 0.00 226.50
5 96.67 3.33 0.00 228.80
6 98.00 125 0.75 22570
7 100.00 0.00 0.00 231.93
8 94.67 5.00 033 225.12
9 95.50 3.75 0.75 222.86
10 | 9400 5.00 1.00 24423
11 95.00 5.00 0.00 226.50
12 | 99.00 0.00. 1.00 232.50
13 | 9967 0.00 033 231.85
14 100.00 0.00 0.00 231.93
15 96.00 3.75 0.25 226.67
16 97.50 2.50 0.00 230.00
17 98.33 1.67 0.00 231.11
18 | 9650 2.50 1.00 239.00
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3.5 innzvinanismanes A28T1)sun3s Design Expert

1. 1@len MP (Analysis) sztlsnguirituoul¥iden 6 uou Ae Transform, Fit Summary, Model, ANOVA,
Diagnostics, Model Graphs

2. Tuuoy Transform WidengUuvuvesmunisiilfedsunie i wu enilflsiduves Square root, Log nie
Hedudua rhu'luﬂ?q;zy1ﬁwui’aﬁm‘ft50nnvu‘lﬁﬂﬂqﬁi’u Fag1lit 3.4

I Notes for LA 9516 4.25 A 1 | | I o |
= Desin i Wl il i Y
-— Status To analyze this response, click on the above icons in succession.
2, Evaaton
g0 Constraints
'! e ;Sq:mrou None - (lambda = 1.0)
=] Netural log
L} - S \Base 101og - y':y
g verse sqt ;
- Graphical Power &
LY pot hosa N T
: :
{ 0
Freduted Vame
Use with a typical response.

71 3.4 wanmsimnninoniimaags Tuuey Transform



3. Tuuo Fit Summary Tuduil Isunsussyinsdins g heunsasiizuuyla Linear, Quadratic, Special
Cubic ¥3® Full Cubic 1nt143% 3 33 Al 1) Sequential Model Sum of Squares 2) Lack of Fit Tests 1aY 3) Model
Summary Statistics fag1fi 3.5

P | e e | s | 5
I

R

L Constrants Sequential Model Sum of Squares
r T -~ j Sum of Mean F
fl ] Sowce  Squares oF Square Value  Prob - F
Mean  OSB4E+00S 1 9BB4E005
i- Nurmencs! —
p— [l Linear 20946 2 10473 353 00556
L ¥ Pont Predction || Quedatic 328 51 3 109.50 1nzs 0.0008
Specisl Cublc 73 1 7% 074 0.4085
-
4 Cubic 10543 2 B4 B254 < 00001 Suggested
|| Residml @ 8 056
Tots S B70E+005 18 537MB8
-

“Sequeptial Mode! Sum of Squares”, Select the highest order polynomial where the
adcftional terms are significant and the model is not aasad.

L

}nt of Fit Tests
= Sum of Hean F
- Sowce Squa es OF Squal e Value Prob  F
A Lineer 4343 1 4028 6844 00005
- Quadratic 114562 8 1433 2434 00039
Special Cublic 10726 7 1632 2603 00035
j Cubic PAE] 4 ) 099 05378  Sucgested
. | PureEmor 235 4 Dk

“Lack of Fit Tests” Want the selected modei to have insignificant lack-of-fil.

3104 3.5 nams AT YIKANISNAADY Tie Fit Summary
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4. Tunoy Model MWidengtunuoumsit Tusunsumsh TavluSggiiwufatuiidenguuvmumsuuy

Cubic Aag1lil 3.6

1 Notes for EUpA 9516 4.25

= Design

L g Constraints
@ Analysis

i

L

.1 Optimization
L

Numerical
Graphical
Y Point Prediction

5. Tuuou

it sy [ Mo || 55 |

Mix Order: Cubic v

Add Term o
Modet [Schefte |

[vanuat R4

!

l

AB(A-B)
AC(A-C)
BCB-C)

SITIIZIIINN

3107 3.6 HomsAins viHON 1IMAReY Tuunt Model

ANOVA - Tilsunsussrimmiiansipliuumemisiiden  uazdniemimunsdildhinne

waneumuspenith dagiit 3.7

_l:ﬂ;:‘&ﬂluuz l & I r m -
[ = 1 1 | £ e | |
P‘ Svebation Hummmmmbm.
E Constraints _"m T

.L g | AROVA for Mo Cubl Medal

i ! | {Anstysin of vastance Lable [P tial sum of squad es]
| Sam of e ¥

Graprcel |__[Sewee Sopim es [ Squate Value Piob F

LY portProdcsn | [Mooe 85048 s nn 12898 <0000 - sigrificent
- Limeor Muture 222 2 "ese 200 83 = 0 000
- A8 85 * %51 5w = 0.0001
.l AC 3959 ’ .59 159.88 « 0.0001
- BC 1.94 ! i 19 0.1981
=] ABC 8104 ? e pE T 5 = 0.0001
- AB(A-8) 7685 ’ s 1%.79 = 0.0001
L_ AC{A-C) = 1 Y] 1328 «0.0007
|| BCB-C) 455 1 48 an 00215
| |Rewous 448 8 058
)_ Lack of FR 213 4 [EL] %0 05378 ot sigadicent
| | PueEmor 23 ‘ 0%

Cor Tolel 654 94 17

—

71 3.7 wonBinsrzrinamanaaes Tuioy ANOVA



6. U0V Diagnostics 92iin3isen wnneite 4Busuheunsi WWindauminzmuunaneumuemie i
TaoludwswaziBoavesnsmludauilszefieluunde Ty Fagui 3.8

T ] | e | e [ 8|

DESIGN-EXPERT Plot
W A L4

Normal Plot of Residuals

Normal % Probabilty
8 288
.I.

- P am—

Ouellier T

Box Cox

- - >
7104 3.8 mansnsTAiNan IR Tuiou Diagnostics

7. Tuuoy Model Graphs Tudnl lfuntuszdrnesmunizeenunthinamf Tnoifhins W Temary Phase
Diagram 3211319 A0 (Sn) Timin (Bi) npauns (Cuo) gl 3.9

o ] o e | s e

| = Ses
- Pmution

@ Constrary
’-lm

| Ll

g —

- tumees

- Gmoticsl

LY port Preceson

DESIGN-EXPERT Plet

MP
@ Design Points

Xi=ACu
X2=B:Bi
X¥=Cign

717 3.9 mansBinszsinansmAnes Tuuoy Model Graphs
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3.6 Bonduneufitmnzay

mmadendunmifiminzay Tasfivsanen 2 ede Ao 1) ganaeumas uoz 2) Aunu
Tronmmiftenyamasumanifudeudentiiiyanaenmareglusie 183°C - 200°C el ndvsfuraegemei
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UNN 4

HaN1INaa9l

o m -
NNIBMEA RTINS 3 1dvnsfnumaznessd ldTilsunsi lumsndumauves Tane

T
Pl

L4 A .'l 1 - ) ‘
Tan3 Wesnzia fitldunauves s, Cu, uag Bi uag 18ldAeTennmsiii Dsc itovinadinsiey #siinants
F 4

AWTUUAST

v
).

4.1 fens i lunsnmulansiianT i mIaci
ToihnmsRnsandensig 3 51 Ass 18 lumshintmanes $uldud Ayn (so) deiin @i

uaznawas (Cu) Taoiidledulunsifentio ganasumaluazsimuswrnssig

4.2 finsangduuuvesaums

vinmsnanssasengytiuuvesaumsidithuuy  cobic FellsunsaFinioumag
nandantsylombnnnedsawne Widenuwubnesfionnsauiigald  udwalisunsussiinuunh
smuimmﬁmmzuuﬁqﬁ1‘51ﬁ'lum'nmnz'luuNmtii'hhuﬂsuEquumuuuimmﬁtﬁﬂwmsﬁmlmmq
(Aliased) FaufnamiinsnanssLitfivane

TsunsussAnnunnvesusnziui1aesdinzeenun lugIvesfnada 1 F Value, Lack
of Fit uaze R Squared #20 a1 lumaSrudiuudazuuusiaes Tnollsunsusvunasmisemendaly 3
"3 fio
4.2.1 Sequential Model Sum of Squares

ﬁ'luﬂ11uﬂmmsﬂ'i"uﬂ;qﬂzﬂwwtdnzmeuﬁtﬁm‘fuu1 U Linear uopaAnivdhigues
W9 Linear M3391NN13AMUINAT Mean a1 Block ©aus1 Quadratic vzszqﬁﬂuﬁﬁmmmﬂﬁnmﬁ
Quadratic 1411188 Linear Block 8% Mean 'lmmm‘i’msu‘namwnimmﬁﬁﬁﬁeqaqmmzﬂﬁ P-Value 30
Prob>F AAmtesnszdmlvddgiidmual’ Afe 0.0s
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MINA 4.1 HONTANTIZHNNAOARTT Sequential Model Sum of Squares

Sequential Model Sum of Squares
Source Sum of Squares DF Mean Square F Value Prob>F
Mean 966392.8971 | 1 966392.8971
Linear 209.4591247 | 2 104.7295623 3.526363564 | 0.0556
Quadratic 328.5080618 | 3 109.5026873 11.23322191 | 0.0008
Special Cubic 7.360019493 | 1 7.360019493 0.738571472 | 0.4085
Cubic 105.1344941 35.04483136 62.54081305 | <0.0001 Suggested
Residual 44328111 | 8 0.560351387
Total 967047.8416 | 18 53724.88009

o a o . .
vna It 4.1 hvsnmaemuuioesiigaiganee 18 2 uuudiaes fe Special Cubic

. & = . & 13 v o o a 4
ung Cubic unzilefiesend P Value fidontooniisedmistfig 0.05 fvzlduvudnesiimnzay e

Cubic

4.2.2 Lack of Fit Tests

hd A ¥
M5 Lack of Fit senaatiuuudaeideniinamuminzaunmisoudnu nmsnadou

i o J
Lack of Fit 921ilun1su/Furnfiensen1q Residual Error Mean Squared f1) Pure Error Mean Squared LyU$1a890

»
ion szdvshifis1 Lack of Fit sdnihiuddy Auuudiassladinf Lack of Fit iiledAguiaiuuuineniu

13 J 13 i 1
lifirauumuz o 939 1A81nM P Value fifoundt 0.05

19199 4.2 HANMTIASITYINKABARIEIT Lack of Fit Test

Lack of Fit Tests
Source Sum of Squares | DF { Mean Square F Value Prob>F
Linear 443.1309365 | 11 40.28463059 68.43998486 | 0.0005
Quadratic 114.6228747 | 8 14.32785934 2434175172 { 0.0039
Special Cubic 107.2628552 | 7 15.32326503 26.03285698 | 0.0035
Cubic 2.1283611 | 4 0.532090275 0.903973794 | 0.5378 Suggested
Pure Error 235445 | 4 0.5886125

¥
1) L J - 13 @ @
wimiuf Lack of Fit hifhludgy
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4.2.3 Model Summary Statistics

#1519 Model Summary Statistics sziihi@nmsimilsfineasmmeedanldunsnB ooy
uuvineutui AmareRAnlszneudae Stndard Deviation HhimmsiiisaniitadunnasuAananly
mInaoesdafinasfianiets fmium R-Squared unE Adjusted R-Squared 3 2 sriimasieudnind 1
ioswinitiiy 1 uoasinsdilunsgaundneni 3 mnsnanesdinmindifissii WWnnnmemnselitga
Am3uMm Predicted R-Squared iHunsdssinainiuvesnuutlilouvesdeya Seirinmstinudilnd |
1wufiu 1agA1 PRESS (Predicted Residual Error Sum of Square) seiumsimnudmfananiidatu Fenas

fiAnTouq
- - o - ot . .
AN 43 Nﬂﬂ'\!’llﬂ‘n%ﬂﬂ'\ﬂﬁﬂﬂ#’m’m Mode! Summary Statistics
Model Summary Statistics
Adjusted Predicted
Source Std.Dev. R-Squared PRESS
R-Squared R-Squared
Linear 5.449681253 | 0.319812016 0229120285 | 0.018674642 | 642.7136565
Quadratic 3.122196405 | 0.821393534 0.746974173 | 0.598677554 | 262.8439332
Special Cubic | 3.156772016 | 0.832631157 0.74133906 | 0.579932949 | 275.1206092
Cubic 0.748566221 | 0.993155434 0.985455297 | 0.955776503 28.9639367 | Suggested

= /A -
910913190 4.3 leAnsauuudiass Cubic wuiiia1 Standard Deviation LnZA1 PRESS Yoy
<

d 1) 3 o 1] T A L] @ ' [

figauaziieReisan R 3 daudmuhiisnd Ing 1 gasuiu Ssaql 18 hdmiumsn Model Summary
o . : 4

Statistics 11U$1084 Cubic TAmumngaunImuuinesdug
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4.3 N3 Residual Plot
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15 Residuals vs. Predicted
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71 4.3 N5 Residuals vs. Run ¥93erm3gaituy Cubic
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N3 Residual vs. Factor
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Residuals vs. Cu
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N3 M Cook’s Distance
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n3 M Actual vs. Predicted

1] 1 - J 1 J -
dunsmszniesniei 1dnnmImaneauazai Ianmssinnosnauns 33 1éiiednem
QHaAIYBINARBUMUBI TR MU I i IonTa i

Predicted vs. Actual

Predicted

Actual
P .
31U 4.10 n3 1 Actual vs, Predicted ¥93mun13 g1t Cubic

N3 Box Cox Plot for Power Transforms

= . 4
Wuns i 1¥sTunsdendmanidounaavesunts (Transformation Model) itiow
] » »
fiqativeniv 1 Taodriildieri IhuSonifoniumt Residual Sum of Square 1HeqTigUuyvBITMITT
anumnzauwiohi Taof1 Lambda AeAnmudeimnnilawiady 1| mmmadlesiuseiiu 100%

Box-Cox Plot for Power Transforms

196 — |

1645 — ]
7y
2 |
[}
3 176 o |
w
@
3
[
- )
1606 —
o P
T T T T T T T
3 2 1 o 1 2 3
Lambda

3104 4.11 Box Cox Plot for Power Transforms ¥03an1531/i111 Cubic

47



g i ] a J . a U’ 1
vnnshiamuaszituiumye: hifiinuazns win hifiae Sutlumsduiudnaivigluuy
» .
aunsuuY Cubic vudhiguuuiinnzeufumumsinnoyarasumalvesmstszney 3 # 18ud Ayn (Sn)

Vein (Bi) UAZNOIAI (Cu)

4.4 uMMINBYANAsNIMAE
vinmInaaesrmsaaglaumsi 1 umsiniegamasummvesmalszneufidaninsg
3 ﬁm‘lﬁé‘qﬁ'
MP = +1.07024E+006(Cu) + 1745.89380(Bi) + 2.31868(Sn) - 15815.24489(Cu)(Bi) - 16124.15798(Cu)Sn)
-26.88799(Bi)(Sn) + 105.22966(Cu)Bi)Sn) - 50.90352(Cu)Bi}(Cu-Bi) - 54.22091(Cu)Sn)(Cu-Sn)
- 0.094707(BiXSn)Bi-Sn)

4.5 n3ml Ternary Phase
vinmsnaae i W 1%ns M Temary Phase i o mmintavinnoganaemmng dauanslugalii 4.15

6.00 0.00 100.00
B: Bi C: Sn

714 4.12 N3 Temary Phase Diagram 32437 Sn-Bi-Cu

48



Prediction 221,22

95% Low 218.96

95% High 22349

SE mean 0.635145

SE pred 0.981713

X1 0.61

X2 4.21 e 3

X3 95.18 231499 — 229 443® 22@? =

= (221221]® 222 666

[227.387) (229443}
: , :
—o o o

7% 4.13 3Uv01091n3 M Temary Phase Diagram3¥¥ 319 Sn-Bi-Cu

yinnsmil yadunsiirudugeitidinenanes FaTsunsuszih dnnauenlzne
Wuithtun  Fuduifudoudissdismeumedimls  Nidmwmilaq  fanuudinfufie i
womeumuBuABIA ALY Tunnnaneslfifengaroeumorigmgenidultld daide 22122 ssmiaiFon
ung Tsunsui&dmunniudulniifigamamimanii 22122 semivaden 9y 1difendunmudieg
vuiduiiu Inodenyaiidumuyessmiiige azgamon Wd unmuiionnz ouite 95.185n 4.21Bi 0.61Cu

4.6 AuquIIANIEN
vnnisfnndunivdeynvesimemluiligin  wudhmngasaiinnudoualag
uanssiu lala s zdunsednuazaImnInve s wuAaz A T Rumme Bl uns mdsil (10)

Copper
20242007 - 272452008
; o 11 "H-I.‘ .,l}?',“

3.50 __Tﬂ‘%,; :;‘,,s’_‘{‘ 1‘;
3.00 ‘Il-'- r}':“,&-:,"' e
¥ '

2501
T
usom § 2 3 8 2 2
& 4 3 &8 8 ¢

U 4.14 namsmves cu Tuilegiu

49



Lead

212442007 - 2/24/2008
2.00
J __}",“._
1.50 ARal Voo
100}—
er—
4
050 . e
usom & 2 § 2 3 &
£ 4 4 8 & ¢

Ul 4.15 n3mizmves P Tuilegiu

Hickel
27242007 - 272472008
30.00
26.00{ %24
20003\ 373
15.00 PRI\ P
P A = F_ SN
10.00] v e
5.00 g ind
UsSDMb S % '3; % e
& \v' o g w
310 416 ns i Imvea Ni Tuilagiiu
Silveln
272442007 - 272442008
20.00
18.00
16.00 4 i .r_,l:""
1400 ~ ‘:;_iguﬁqr
ol 7/
10.00 L r_".;h -
USDloz ¢ 2 g % 3 2
£ 3 2 & 8§ &

717 4.17 naminntwes Ag uilegiiu

50




Tin
252452007 - 272452008

8.00; A
. =
7.00 ’_"1,;;;-‘-"'&"“
ﬁ.m H-:V >
5.00 il
vsom 5 § & 5 8
£ 4 g 8 & ¢
31 4.18 n3 s 1nves sn Tuilegiiu

nnnsmiuansdernsmaeg Ehnsulaanislieglugy Ussig uazdnnusmsm
wqmin:qnnauﬁemqmﬂqﬁimudnsdwﬂtmuﬁn11mﬁwi'uﬂaﬁ1m:1ﬂiuunﬁwnt\'wui1&mnﬂuﬁ1‘
vnmInaaes Inmeghuszduil ligunmileiieuiy dunmsdidofe 96.5sn3Ag0sCu Faiismegit 32.08
Ussikg Tuvaizitueal® 17.57 Ussig ievinaniiganasumaiae heghussavi higenuiu )

- - '
A1379% 4.4 AN 1l sufisus imvedaza Ny

Tanzvani IIMUSS/Ke PAMaeNnn°C)
95.185n4.21Bi0.61Cu
17.57 221.22
63Sn37Pb
11.86 183
96.55n3Ag0.5Cu
32,08 218
99.35n0.7Cu
16.69 227
96.55n3.5Ag
34.69 221
42Sn58Bi
28.78 139
90Sn7.5Bi2Ag0.5Cu
28.51 210

vinransnaaesii namndiduaunsoagl 18 dunauitaiigaii W ldye
wasumauazAuNuATIga 14U drunmuIzN i 96.5513A0.5Cu Tnoe: Wyanasumanii 221.22 eem
W uaz AUNUBINIW 17.57 USS/Kg

31



UNiN 5

agiluasinsizvinamaduiinay

5.1 ayUnanisfinm
a'ulszﬁuf‘lﬂﬂ'lwmzi':tﬁmﬂmﬁ’un'ﬁmsasnuuuunzﬁmuﬂnuzﬁan?1§’ﬂ1mzf’i’wﬁﬂ'lmiﬁ

dsznoullds  sn-Bi-Cu Inmi‘lunnﬁ1151q7fmmm‘muM1msNﬂuﬁ'mﬂutnﬁhznauw‘mﬂ'lmsﬂﬂu15«191

noeumaafidatu W8 IndiRusiugamaeumaaiy Afadinsda (o) dhimsiazney sadlimadiidam

midsefidathato lunSoudouiu Tomziiand W aasfiifeguialuilegiu luneenuuuneiann

Tonzsians Wmsasdasiinlmi TumsAndumsmiesinndudmnmvesTanzianideshintsfinnn

qumniRvessquAnsd sl nmanny Tasiiménns lumsidensm Faofl

1. it Widhuduneves Tansiiangsedes hiffnansemusuunnfen Semgiiiumsfuieg i asi o

Tigminnliudune

2. s Weedesiffuneannifisemeiszaumiesnufesns lullsgiuazeuinn

3. yanneumavesTangtianinasdind: 200°C nierasIndiftesiiu dauneAy Sa37pb 1 183°C mawdiiga

wmummﬁquﬁu‘lﬂwﬁﬂﬁé'enli’ugeqmnqﬁﬂaam‘s‘emnamzﬁ'ﬂﬁqa{uﬁau o Sudy

SidnmseiindiRonuld nFoumasanlfeud finse mazqumgiiniquinl

4. antiiduqud desnnTomsilseinmumussdnaiuloveiinl8omunsogeduiria wu Suden

(Indium) {u (Sitver) HuduTnommizesndeduiiuns1dlavedansuumuvs (Solder bar) dmiunTss Wave

Soldering w3 TanstianTunudy (Solder Wire) dmiutanidaeile sefifinnsWgenimedanasds

Taoa lWBnaansuuumimdeuvudusdiudumpmmriadnfunsitupd  Aefiomsnh 918

lunngaamnssy

5. inumnialndifseiu TanztanTitasneiafid o

wiwnmsfnumaiminie ves nmudasyia Whemdentmiissinminamanes1ddd

sn g IRdwiigamuiAmemenmitd i infhuazmwdenldd fgumnialumsidenlszoniia uas

duiugnveslanziandumumnaiia

cu asomifiw azawldd lu sn uaznunsiinnseulas

Bi i Tamgiannsom W yanasumnavesdnnmuonne 183 SnamniAnumonm uaslnammusoly

msFentszandifanmi 18R smhiums uddeudeianifamsvresunziumalszneviifiaen

52



wdnfsmitssinmihmsneaes deshindmuaveusmiinuvessmudazaiinioz
vhnsweas T luTansdan asasia Tasfmuaveuwan e lnezunsy uasdSinavessmuanyaii
ag luileqiiu suflasmvesniquiazeiia o munveuvausazd 147l Sn 94-100% Bi 0-5% Cu-1%
dievinsdmuaveuvadoudes thveuvait 181 6 udmuveaTulsunsy Design Expert lunTimeneauuy
Mixture D-optimal Design yhnisfmuagafiszinmaneshnligygniimid  atuillfinnmanes 18
daune

Tuidenwoneunuesiiculsde yanaeumas wasnmiu Tisunsy ssvhniesnuuunts
nnesiMIMNINARBIAATS MEININeBNLLLNINARY ihibhnsemuuaznaneuviganasumadfeds
DSC uazihanasumadii iannimanen DsC inldluveswaneuausaite W Tsunsuhinsdinswrina
nTMARes MinA Ay 1'uri'mi'ﬁﬂsunsmzﬁmu’imuﬁqimumsmsﬁzﬂuuu'lﬂ Linear, Quadratic, Special
Cubic, 139 Full Cubic 1ao1475 335 Ae 1. Sequential Model Sum of Squares, 2. Lack of Fit Tests, a2 3. Model
Summary Statistics 91N INAABITMAIONGITUNVYE seM 1T Cubic Falsunsu1RwSoumsne
mardanlsy Temfumanedsenmse ldidonuuuinesionnemuiiqald  udawlsunsusshmauunh
uupdnesiinzauiige 13 ums s hunensd Tusunsudwaawnyi e sidamunsgusaud
(Aliased) Funanmimsnaceslifiosns TsunsuszAnnawavesisasuyuinesdwseennlugve
MWD 19 F-Value, Lack of Fit 41 R Squared 428 #1314 unmsiSouioundozuunines Tasii Tsunsy
VUTAIATTHNNADA 1T 3 M 1334 AD
Sequential Model Sum of Squares, Lack of Fit Tests, Model Summary Statistics tNeW 1013 a1z aun1s it
ey Aeeun gy Cubic Faliaun1s iuogavasuma e silsEnewiinensin 3 wiin fail

MP = +1.07024E+006(Cu) + 1745.89380(Bi) + 2.31868(Sn) - 15815.24489(Cu)Bi) - 16124.15798(Cu)Sn)
-26.88799(Bi)}Sn) + 105.22966(CuXBi)(Sn) - 50.90352(Cu)}BiXCu-Bi) - 54.22091(Cu)(Sn)XCu-Sn)
- 0.094707(BiXSnXBi-Sn)

11nN151A00a 1405 ™ Ternary Phase i 140 INFUN 1S MBYAMADLIMA?

A:Cu
6

6.00 0.00 100.00
B: Bi C:Sn
MP

31 5.1 N3 Ternary Phase Diagram 321314 Sn-Bi-Cu

53



vingilit 5.1 qafivhuilugeitl@vinmanes Salilsunsusshlldnosunsdsznandud
i Fuduifudezdussihrmeumiesiiouls  Widwwmidaq  dAemnuduiufe i
wansumueuRiteufien luntmanesldidenganaeumaafidwigaiidhlulf deife 22122 swnwadon
une TsunsufI¥dmumndaunanfude 95.18sn, 4218i, 0.61cu imfufenhmsardAmnfurtmifeya
v luilegiu endunueesasilsznenilflulanetani Wonasth Fennndnnufanamg
veserstlsznoviinsu 18 17.57 US$/Kg

vz Tonfi WninTanstinnd Bansfiia il lidTifRvausivss lomineduandon
winifu udedialsy Tomfnedmurm Safirmhigonndefouty Tawedans 1msneiof 19egilegided
597049 32,08 US$/Kg uazedemsimemsnilssneuiiesiniwan Tanztand Woansfaviind sl
dhuemalumsiannlanzdans Bmsaeiasiialnise 1 lueuinn

54



s & -
Y11909019949

[1] thsust @, MaeenuuuNINARBINIAINIsY. njamna: dninfiuiurspmasnssiuniinede
ASM Handbook Volume 3 Alloy Phase Diagram
[2] Darrel Frear, The mechanics of solder alloy Interconnects, New York: Van nostrand reinhold,

[3] http://patft] . uspto.gov/netahtml/PTO/search-bool. html

[4] http://gb.espacenet.com/search97cgi/s97 egi cxelAction=kFommGendlemplate=gb/en/advanced.his

[5] http:/thairecycle.igetweb.coméindex php?mo=3&ar= 14343

[6] http://v3.espacenet.comiexidoc? DB=EPOPOC & DX WO20061297 1 3&F=10

[7] hup://web ku.ac.th/sehovinet’snet$/topic2/Bi bt}

[8] http://www.chemicslelemenis:com

[9] http://www.dmr go.th/Interest/ Data/T124n LD, htm

[10] hitp://wwwiinfomine. comvinvestmentmetalprices

[11] http://www thairehs,org/index phipToption=com_confeni&task=view &id=55&emid=98
[12] http://www thairohs org/index.php?option=com, contentdtasksview&id=65&Itmid=98
[13] http://www.thairehs.org/index. php?option=com, content&inskyicweid=68&iemid=98

Claskinyiewdid=7 | &hemid =08

[14] http://www.thairehs.org/index.phpoption’¢or

[15] http://www thairohs.org/index php?option=com. confent& Ask=view&id=72&temid=98

[16] http://www.thairghsfrg/index phpaption fcom), éonent&tasksviewd id=t04& ltemid=98

55



	Title Page
	Abstracts
	Contents
	Lists of Illustrative
	Chapter  1
	Chapter  2
	Chapter  3
	Chapter  4
	Chapter  5
	Bibliography



