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ABSTRACT

The purpose of this project is to study on wettability and microstructure of Sn-Cu-
Sb solders. The composition of Sn, Cu and Sb was ranged from 89-100, 0-3 and 0-8 wt%,
respectively. Sixteen formulae of 5n-Cu-Sb alloys obtained from a mixture design were
studied. Wettability of the alloys on copper substrate was measured in terms of spread
factor and contact angle. Microstructure of the alloys and the interfacial layers were then
investigated using scanning electron microscope and energy dispersive x-ray
spectrometer. According to the experimental results, wettability of the alloys was
decreased when copper was added and increased when antimony was increased.
Thickness of intermetallic compound layers was increased when copper was added and

decreased when antimony was added to the solder alloys.
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Sn-Zn Sn-9Zn 198.5
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Sn-Bi-In Sn-20Bi-10In 143-193
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“: 1 s v E-'l A = ] =t =l
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seuulavemay 29AUTENAY (Wt%) TNYUUNIVABUMAT (A walTYa)
Sn-Ag Sn-2Ag 221-226
Sn-Cu 5n=0.7Cu 227
Sn-Ag-Bi Sn-3.5A¢-3Bi 206-213
Sn-Ag-Bi Sn-2Ag-7.5Bi 2T-212
Sn-Ag-Cu Sn-3.8Ag-0.7Cu 217
Sn-Ag-Cu-Sb Sn-2Ag-0.8Cu-0.55b 216-222

o o

4. naulavednniliansmeminguugivaeiinainnnnii 230 ssrnwaidod fanns1ei 2.6
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Qi 1 o =V v =l = ! =l
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seuulavenay 23AUTENDU (Wit%) THgUUNIaRIIMAT (e eaiTed)
Sn-Sb Sn-5Sb 232-240
Sn-Au Sn-80Au 280
Sn-Ag-Sb Sn-25Ag-10Sb 233
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635n-37Pb 183 0.318
425n-58Bi 138 0.316
77.25n-20In-2.8Ag 179-189 0.267
915n-9Zn 199 0.263
92.85n-3.4Ag-4.8Bi 208-215 0.272
905n-7.5Bi-0.5Cu 186-212 0213
95.55n-4Ag-0.5Cu 217-218 0.269
95.55n-3.5Ag-1.5In 218 0.268
93.55n-3.5Ag-1.5Bi 216-220 0.269
96.55n-3.5A¢g 221 0.368
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2.3 ANUEINITATUAITNTZEAD (Wettability)
ANENNTOLUNITNTEIUAT AD ANANENINTRIUNNTNTEANEFvalanzUanIULNUAD
lanzitu lagirrmuamnsalumsnszaedvedanedaniuiiangs uwanein TaneUanuilniu

|
= al =l =

= @ % Ao a - = . -di( =
1n13n3891867 (Wetting) N1 dn15ivia (Fluidly) 71d wazilussdnfin (Adhesive) vuiuialans

& oA a{\Lyd a a v ada
NWUNAT Hannae Lﬂ@ﬂ']'iL“UE)ﬁJU'iﬁaquuﬁ:jﬁ@ﬂUmﬂimﬂ‘UuwuN’ﬂawgwu

8/
= -

drArmnuansalunisnszatedaveslansUandvuiuialaneduaiuisoysuen
Auansnge lunstandls fady deisndunarssinstanidesiiislansdanifiiia
ANAINNTOLUNTTNTENF (Wettability) Uuﬁuﬁﬂamﬁqd FapauanIalunsnsyaei
vedlaneianitiuannsamly 3 33 loun

1. Spread test method 819843015571 JIS Z 3198-3: 2003 (JWES), Test methods for
lead-free solders - Part 3: Methods for spread test

2. Contact angle method 81484 M3§1 JIS Z 31984-4:2003 (JWES), Test methods
for lead-free solders — Part 4: Methods for solderability test by a wetting balance method
and a contact angle method

3. Wetting balance method 81989305511 JIS Z 31984-4:2003 (JWES), Test methods
for lead-free solders — Part 4: Methods for solderability test by a wetting balance method

and a contact angle method

2.3.1 75vAdaUN1INTENBAYB4lausUAn3 (Spread Test Method)
AINUINTZIUVBY JIS Z3198-3 : 2003 (JWES) 11%281304 Test methods for lead-free
solder - Part 3 : Methods for spread test

Spread Test Method Aia 35n1snadeuMIAIAINEINNTALUNTNSEANEMvedlanslang

14
U =

vuNuialaneiu Tnediisnisnaaausail

1. iemnenUseau 0.02 J88anT NIRANENANYRILEUNBILALLEEI 18 lansUansnaasy

q U

TYAFUINAIUULALNDIUAY

2. Winnufeu 100 ssrnwadea svezian 2 Wit Wievnlsimdndssimeesnly

3. fargamniiensdnndil 300 pwralies + 3 samivaldea

4. shusunadevdudatulavstnninassmadlusadnng wasidnduiidusonlasmuy
7 wilavsUnn3viaeuwaine Scrubber

5. ndandunduiaiulanedaninasuanlusetnnfifuszozinan 30 Jund Wilany

UANINLENAADUNADUBLA U UULHUNDILAS
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n1sMIAIAIINEINIsalun1sNIEteivelansUaniuuiiudlaveiulae Spread Test

@
@ =l

Method @nansamlagail

2.3.1.1 Arflsenaun1Inssaeal (Spread Factor, Sy)

s

waaanvitnsnegeulaveUansuuikunesunuaLas Useelilavedandidudinigumgi
9

e imsiadanuguasiduiugudnaredlavgdaninuldudielulasiimesdegun 2.

wazthedilgndunamaiUseneunsnsEanesn (Spread Factor, S AY&auN1S 2.1

D= 1.24V'/3
«< s

| H

NN NN

JUT 2.9 mugauasidsiugudnanswedlanedans

S¢= ? x 100 (2.1)

e H A Anugavatlavsianifiudnssane
' : 1
D Ao vwindusiugudnateatlanglanifignvnaey e D = 1.24V3

VA UsumsveslangunnIfldnnaau

2.3.1.2 M9N31d1unN13n3¥91887 (Spread Ratio, S,)

£

UBNANLAPIINEILITDIUNTINTERwMYadlansUnnISeausan U el ua SRS dIu

N13N329186 (Spread Ratio, S,) lansauns 2.2

Plan area of spread on the substate surface

= i
' Plan area of the original pellet 2
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2.3.2 MINARDUANNENEVEIN15UANT (Contact Angle Method)
ANUUINIFIU JIS Z 3198-4 :2003 (JWES), Test methods for lead-free solders - Part 4
: Methods for solderability test by a wetting balance method and a contact angle method

A1

Contact Angle WuisnisveaeulunmsteAyuduiaiusnalarevevredanstnns bio

1

o o o

1 = dl" ° o IJ 1 qﬁ/
HIUNIEUVIUNTINAEDU ﬁmS‘uﬁ]xqmmﬂwuauwamaﬂawum?mmn'a‘smwuwmummaau

be

Il
=l

NYAVBSLHLTUNUNAERUMIINSTuLAAvTuaneslans UanTuar Jufinuaiiinu Aagud

=t & ) ' = =
2.10 ‘Uﬂﬂ?iﬂﬂﬂ@UUUﬁ“ﬂUﬂ@umN‘]ﬁ]’]llﬁﬁ'ﬁ'NVI 2.8 LLﬁSEU‘W 2,11

_ __I\Cleasuxing part

Recorder Camera | |

: (reflection |

brightness: Test piece

{ |Measuring input) : holder

i |instru-

i |ment i Test piece

! Ra ! :
A = Heating

part
e L] bath)

Elevator
part

Controller

gﬂﬁ 2.10 Contact Angle Method (Japanese Standards Association, 2003)

YUNBUNITNAADU

o

1. waoulanzUan3lug1adani (Solder Tank) igaumgdl 200 parwaldoa + 3 o4m1
\walTua

2. langnanltlunmaaswnuannsguaduatunaaes (Petri Dish)

3. quiusumaasuadlundng anasly 4-5 Tadiunsannueu Wuna 5 3unit wdaeniy
iierhdnoonlusiiiamii

4. Thhdusnunaaouiiviinisgundndudn quasdlusratnnietredng dnadly 2 faduuns
fidliuszana 10 Jundt wanFuliindestufinearineu andutiufinuadigududa (Contact
Angle) MudswunUasly ai nauiley vaslaneUanIuuuiuiunaaeufitinnnsdausraufui

FvtvestuuluszInenisgy Wenandasuly
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E; o a o o
M5 2.8 amualunsafiunisneaau

Unit: s
Operation item Time Continuing time
(1) Dipping into flux 0 5
(2) Attachment of a test piece to a holder 15 —
(3) Removal of the oxidized film from a solder bath surface 20 —_
(4) Start of lowering of the test piece 30 -
(5) Dipping into the solder bath 60 or under 10
Time 10
(s) |
4] 5 0 15 20 30 within 60
I | [ | I I !
(1) (2) (4) (5)
Dipping  Taking Attachment Start of Start of Pulling
out lowering dipping up
i O &
' O
O
v\ Vo777
L 3)
Removal of
Flux L] oxidized film s
FTZP727F rorreiriyey | rrod

gUﬁ 2.11 @vutunaulutianaimadeu (Japanese Standards Association, 2003)

Contact Angle Method fa 35n13vadouniAIAImatInnsalun1snsyaedveslany

e

Uansuuiuiialanefiulaginaneyududa (Contact Angle, ©) lnayududalunisTanis
Usvauseminveanlauarvesnadlndaliunm Ayududaiintussiuegiurilnvesiuin
laniuuazzussveslanedanivasunas Swududanlatuaziinannisiveavmiienaiun

Ansianu 3 wa leiun vaewds (Solid, S) weaual (Liquid, L) uagfine (Gas, G)
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FlUid+' P u.. '-.

o a [ o o Aa o =l ny =
JUT 2.12 avwduiusvesuduianiidelavedant uiilaveuasusseinielagseu

(USA KINO, 2014)

P a oa =l 1 " P
1N3UN 2.12 yuiiinensrurvveundsuazvonunas (B) Sundn Wetting Angle n3e

2
= [

Contact Angle lneyuiiazaiuegiunanszanedveslansinnivuiuilave iy

total wetting partial wetting
hydrophilic

]
=]

JUN 2.13 enwdiudvesyuduianulag dunsnszatedvedlanzUani (Stave et al, 2013)

q

=

NFUT 2.13 azuansliiiufienn B wio Contact Angle fiyulaq Tnefi U7 2.13 (a)
Contact Angle Wity 180 asein Aedaliiinisnszateivedlanzdang (Non-wetted) 3alaliAin
nsUsgauvesiiuialaveiiu 3UN 2.13 (b) § Contact Angle 531314 0 fis 90 89rn 10991ni]

vsduvetlangUanIisuvasuaraty JUN 2.13 (o) il Contact Angle 53w319 90 i1 180 Baf

=l

& @ a a & e o v o« ] & o .
AslaneUaniisuiinisvasuazarsvuiuiilansudindvauluifuvewdadnass (Dewetting)

desngamgiilunswasuazatenias Jaliinnisuszauiuuuiuizlavediu 3Uil 2.12 (d) §

Contact Angle v11fiu 0 8471 Avdin1snsyatedveslanyianiuuuauysel (Total wetting) 9u

1
=

Watlududduduuuiivesiuiinlaneiiu 81908121677 Contact Angle azuUInnRuURUAT

o

AENNNIRlUNINIEeMTpdlansUnng
Tunszuiuntstanidanusyasae Uan3lwi Contact Ang[e Wiy 0 eerin Fadulaua

Al

'Luamuﬂmwuu Turruduaislunszuiunisdaniveurnistan3fii Contact Anele tounin 75
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[ 8

8
1 2/ @ = 1

oer1 Nfednlun1sUnninfiugs visil Contact Angle axuagfiunssdeiiaveslanyinnise &
ussfsiinveslangianiiainias 9e89ild Contact Angle dantioaasse

ArANaE1N1salunsnsEnemvedlansdansuuiuialanefiu aursonildannan

%]

Contact Angle Ingldnuduiusseninedall wazarugaveslansdnns dasuil 2.14 aantiuae

U

UNNAUIUMANNAUREMBENNS 2.3

2
Sinh = —— (2.3)
G+a

A

UL

2 Seflvadlavieunns

o)}

Lﬁa 5]
A

o))}

=l

h fia mugaveslanydnng

contact
angle

v W

JUT 2.14 anuduiudseninedmil mnugs uwasyndudaveslansiani

(WolframMathWord, 2010)

2.3.3 Wetting Balance Method

ANUIRNIZU IS Z 3198-4 : 2003 (JWES), Test methods for lead-free solders - Part 4
: Methods for solderability test by a wetting balance method and a contact angle method
NaN

Wetting Balance 1UwA%n1snaaeudmiuinAiatuasusslunninisalilen (Wetting)
voslaneaniunisynInaasy Tn1saluAsnsassdeunsinE i ULLELTLOLINAaDY 910
PvsHLTuUMAda Ui s fuLasAsTuansslanedan FagUit 2.15 uazuansralnenis

Guiinegreiliandudlsidureanasiniadesuuasdynin
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s -

Measuring part I

: Measuring
:| Recorder | [instrument |
: {Torque meter)] :

ooy A i

Heating part
(solder bath)
Elevator part

| |

v

gﬂﬁ 2.15 Wetting Balance Method (Japanese Standards Association, 2003)

JunaunNITNaaeU
o J @l =l A a

1. vaeulanzdanilug1adans (Solder tank) N1gaunil 300 + 3 verwalTed

2. Tavandaldlunsmnasmasnnsgiuaduatunnaes (Petr dish)

3. Juiuaumegeuatlundnd dnaaly 4-5 Tadwmsainveu Wunan 5 3uni udrendy
o o as fala 2/
wedneenluniiivi

4. hhduarumegeuniviinsgundnduds Juasdlugndaniogsdng dnadly 2 fadiums
Maliszunn 10 Junit wazduiinnanisnaassasuuunuginisidsunlasvedlvaaludlanan
7199 NYPRTuUNAFeUian1sEaUsa U TuNUnegauluIEnI1aNSTx

Wetting Balance Method fa 33n15MAd0UMIAIAIINEINITOIUNISATEIURIVRLaNY
v a & & o & - v v & v i v a o
UnnFuuiiulanziiy lngasthdusmlavsiiguiondng uduniuadhulanydanivasumaiiiegly
gwliand Memnuduarszezanudnlunisiuauiiiivug udnhaildsnnismadeusnaing

Wetting Curve lﬁﬁagﬂﬁ 2.16
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I I
state i
o) AL i8] "
S T F
Wetting start time (£p) Wetting finish time (¢;) s
\ / 3
e F T 3
£ § E
g | & E
T 2 ]
P = = B
-] =
<3 ek -
g S f E N . :E
< tari'; [ = "g
5 heating ™\ é = L_ =
s Zero line
Time ¢ —>
Minimum wetting force
Wetting time (¢} |

v <
g‘uﬁ 2.16 Wetting Curve fldniedemasey

(Japanese Standards Association, 2003)

9103UR 2.16 armrsaeduneldin Tudrsusniitununedeuiduduiafulansians
yaeumaiioguatlulanzdanidurussildaniumay erndesiinsmenswegranniite
lruzusaesiifivinaiivedanstanivasuman minduussiildezdudun wanileduay
Gududfarulanzaniaunseisduududadu 90 e Faefiussegluniizaunade Wetting Time
(t) wazilusafinszrigeanromizeiuiszuinafinvedlavenageuiulanstanivasumadfie

Wetting Force (Fmax)

2.3.4 AuduNUSVas spread Factor, Spread Ratio wa Contact Angle

2.3.4.1 puduiusyeq Spread Ratio Wag Contact Angle

1 S  Bist] S Plan area of spread on the substate surface
r atio : =
R r Plan area of the original pellet

Solder il A way a anuduiusluseamseydndvoslinnsedansdanivasy

arvane
Wi V= ina3 = %rch(h2 + 3A?)
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Pt a= %[h(h2 + 3A2)]§

4a?
GE S = ————
[h(h2+3A2)]3
ila A = Rsind, h = R(1 — cos®)
2
- 4(3) 4cot?d
azlein Sy = hr = .

2 2
(1+3%—2—)§ (1+3cotzg)5
<
1o 0°C < 0 < 180°C

2.3.4.2. pudURUSY93 Spread Factor wag Contact Angle

D-H
INFUNIT (2.1) Spread Factor : S¢ = — X 100

1
(h3+3A%h)3-h

1
(h3+3A2h)3
1
AZ L
(1+3h—2)3
1
(1+3c0t25)§
1lo 0°C < O < 180°C
2.3.4.3 puduiugyed Contact Angle waziifvedlanyinniviaeuaran
el R? = A2+ (R—h)?
=l a o =l v 2 — 2
Pnnquinilnda daseslniliidy - R= A+—$h)—

aglan sin@ =
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2.4 ununiiwavadlanzions
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JUN 2.17 unugfiiavedaveraufyn-mouas (himikatus.ru, 1996)
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Weight Percent Antimony
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gﬂﬁ 2.18 unupiiavedlazraufyn-wais (himikatus.ru, 1996)
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2.5 nM1Insasaulaseasegania (Microstructure)
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2.5.2 nda9ganssAUBIaNATOULULEBINSIA (Scanning Electron Microscope, SEM)
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Electron Gun
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JUT 2.22 Mavihnurendesganssrididnaseuluudensia (Chia, 2015)
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(International association of MicroAnalysis, 1935)
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(International association of MicroAnalysis, 1935)
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nsuseynAlinuves SEM-EDX

1. TdUsiilunmuinuugianig (Characteristic Evaluation) asnsagldainvuinuasnsy
(Grain Size) AUVFUSEVDIHT (Surface Roughness) AUNTU (Porosity) N15NTEANLAIVBIVUIA
aunA (Particle Size Distribution) uazanuduliieifeiuresian (Material Homogeneity)

2. MTATILWIAUANTD (Failure Analysis) arunsaglaannnisyuilouanizusion
(Contamination Location) n1sUssidiunalnnisiinairuidenne (Mechanical Damage

a A:J = ot at 124 & .

Assessment) Uihadinn1suaninluseaugalaseasng (Micro-Crack Location)

3. MIAUANAMATN (Quality Control Screening) anunsaglaainmsiUieuiisudiatg

aa 1 o O a € o A 2w
V]ﬂLLﬂBhJﬂ ﬂ']iﬂ']“uﬂﬂ']’]ﬂJWu’]‘UEN‘UUWﬁﬂJLLﬁ%‘UuLﬂa@U Wuau

2.6 Design Expert Software

TUsunsu Design Expert (lulusunsufivaglunismaiimvansauasndndusilngaziing
Mdeyannadflunmsesnuuuliegluveuiwnuasiieulviideants fsannsaswensenldiiy 4
stmwﬁﬂﬂﬁaﬁ

1. Response Surface

2. Fractional

3. Crossed

4. Mixture

Design Expert axlddayavsadalunsmaumsililunisinenalilndifsiuanna
Huatanniige Feaglidoyavaadassd

1. Sequential Model Sum of Squares

Sequential Model Sum of Squares L‘TJum'sLtamnwﬂ%’uﬂgaaxamauwiasmauﬁ'vﬁ'u

o

U1 19U Quadratic LaRIA1NEAENAYYINIY Quadratic ¥EITINAITAIUIIAT Mean LazAn

@

Block @7uf1 Special Cubic 9s3vyibaAguaInITfiunal Special Cubic WnlUda Quadratic

3 @
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o o A & o o
Block way Mean m4s1319n 2.9 Ium’l'iNUﬂ’J‘iLaEJﬂLLUURﬂaEN“ﬂ

o o

Aa v i o @ e o P
Prob>F fiflAtesninsysuuddeyfirnualinde 0.05

NS 2.9 Sequential Model Sum of Squares

=l o w

=l =
UN1a%gegn Lazaan P-Value 199

Sequential Model Sum of Squares

Sum of Mean p-value
Source df F Value
Squares Square Prob > F
Mean vs Total 150.4828 i 150.4828
Linear vs Mean 9.3941 b 4.6970 95695 0.0028 Suggested
Quadratic vs Linear 0.8872 2 0.2957 0.5383 0.6666
Sp Cubic vs Quadratic 0.4003 1 0.4003 0.7074 0.4221
Cubic vs Sp Cubic 1. 2511 3 0.4170 0.6512 0.6106
Quartic vs Cubic 0.9474 1 0.9474 1.6365 0.2570 Aliased
Residual 2.8948 5 0.5790
Sp Quartic vs Quadratic 0.4591 2 0.1530 0.2128 0.8845
Quartic vs Sp Quartic 2.1397 2 1.0699 1.8479 0.2507 Aliased
Residual 2.8948 5 0.5790
Total 166.2577 16 | 103911

2. Lack of Fit Tests

Lack of Fit Teats UM ALaRIILAaL LUV a0 LNy anunntesiesla T4l

nsvhulgranavauss nsnadaullunisiuseuiisussuing Residual Mean Squared fiu Pore

Error Mean Squared @3n13197 2.10 wuudnaaefidenaznasliiian Lack of Fit agrsidoddgy

= Y i a |
Faglanna P-Value Niunnin 0.05
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A15097 2.10 Lack of Fit Tests

Lack of Fit Tests
Source Sum of Squares | df | Mean Square | F Value prvalue
Prob > F
Linear 391.7612 8 48.9702 0.7005 0.6888
Quadratic 212.6684 5 425337 0.6084 0.7006
Special Cubic 94.6684 4 236671 0.3385 0.8419 | Suggeste
Cubic 1.3727 1 1.3727 0.0196 0.8940
Special Quartic 36.4022 2 18.2011 0.2604 0.7806
Quartic 0.0000 0 Aliased
Pure Error 349.5437 5 69.9087

3. Model Summary Statistics

- - l:J 1 qqal =) =l
Model Summary Statistics Lun15199ua@nsAmeadanldlunisiuIsuiiisualny

o e o] I aa !Je’j 1 4
WIHNEANYDILUUINEDY MINNT 1NN 2.11 ﬂ?ﬂ’lﬁﬂﬂﬁlﬂ‘ﬁﬂﬁﬂ'ﬁ%ﬂ@ﬁﬂ’m

- Standard Deviation L‘ﬁurﬂ'w{,‘D*ENLuummgwﬁLﬁﬂ%’uﬁnﬂmmﬁmwa'lﬂ'Luﬂﬁwﬂaaﬁa

v

a1 A
AIIUATNUDE

- R-Squared wag Adjust R-Squared (uAfuansfiansdlluniseauainlsainnismaass

TndiAetuAdldainmsnennsel amsilandlng 1

- Predicted R-Squared \Jun1suszanamuudsusiuvesioya aasiandlng 1

- AN PRESS (Predicted Residual Error Sum of Square) asiduaiiléiarnnisynuieaiiy

RANaMLANTU F9PsiiAney
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A19747 2.11 Model Summary Statistics

Model Summary Statistics
Adjusted | Predicted
Source Std. Dev. | R-Squared PRESS
R-Squared | R-Squared
Linear 4.3681 0.1961 0.0724 -0.3050 402.6620
Quadratic 4.3519 0.3862 0.0793 -0.6319 503.5245
__S_p_é—éial Cubic 4.0960 0.5106 0.1844 -0.4824 457.3723 | Suggested
Cubic 4.3993 0.6236 0.0591 +
Special Quartic | 4.3269 0.5752 0.0898 -4.6061 | 1729.7283
Quartic 4.8140 0.6244 -0.1267 + Aliased
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2.7 NNT99NLUUAIUNEN (Mixture Design)
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Cu(0, 1, 0) Sb (0,0, 1)
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sUkUUYRINTeRnwUUdNaN (Mixture Design) ausauuslagadl

o
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3.2 N15ATITUAUEIUTATUNITNSEAEA Y lanstanT

3.2.1 ANSLASEUTUIUNAFDU
-l v el o 1 1 d e v oo v &
wavulangtaninusenaulumsarumaunnsgaunivua e i duiiusnuneasuly

o o/ EJ.
N1Y11N1TINAEDINIAT1N 3.1

A 1 s =l
M99 3.1 mumauwmiamwﬂsﬂ"?ﬂumimaaU

- Composition (%)
Sn Cu Sb
1 92 0 8
2 97 3 0
3 98.5 L5 0
4 97 S, 0
5 100 0 0
6 89 3 8
7 92 0 8
8 90.5 1.5 8
9 97.33 0 2.67
10 94.5 15 il
11 93 3 a
12 93 3 a
13 925 1.9 6
14 89 3 8
15 95,13 225 2
16 100 0 0

a1



= - ~ a v ow ' w ' a v o
Tunswisuduanwialdlunisunasuisudunienisnaslansiansunaseiln lnaldidn

viapunT e fasudl 3.1

U

JUM 3.2 udiulaneldlunvas

FaguulangUanildannimvdessidnuasdugunsainssuonuunaduiiugudnany
6.5 Tadwns wun 1.6 fadluns mMunInsgIunsnad@euved JES Z 3198-3 : 2003 JWES) feguil
3.3

a2



EJ qv v 1 2/ e
E‘U‘Iﬂ 33 %mmﬁ\lmmnmwaamauuwuﬂaws

va o a a = o a 1a v o
5@Iﬂ%uﬂquL§Uﬂ1ﬁ\1wa\mﬁﬂu%ﬂﬂLLﬁ?ﬂQV]WﬂWSLLﬂSL@']IaWﬁUﬂﬂ%@@ﬂﬁ.l'm’]ﬂLLNWﬁJﬁ LLAUN

UG

K s LY P o Y v o . 1 ] =l o &
dwtinvedlangdanisieiasesdalmilngve Sartorius Ju BSA224S-CW ¢isguil 3.4 daTusiy

1 4 d : A:Jd g at G‘ 2/ o al o 1
Wﬂﬁ@l}(ﬂ’lﬂﬂ'iﬁﬂ'ﬁ';“lﬂi'lﬂLW@Iﬂﬁ“ﬁuﬂuﬂG]ﬁE]UVIlIU’]VIUﬂW]MWG]@ﬂﬂ’I3&’11/1‘5UV]'1H’]'5V]¢]E‘[€1U9’]E]1U

&

5U 3.4 adesdsthmiinge Sartorius u BSA2245-CwW

43



3.2.2. MIAIUULAUND LA
=l 1 = n( a a e :J d b7
ITUUUHUNDIUAIUTANT 99.99% VUM 30x30x0.35 fladiumssiagudl 3.5 ieldiulany
£ =l 0‘: o ) IQ’J 19 ﬂll A
UAn3gIuINuluiuneunwd1anae IPA (Isopropyl Alcohol) watialiuszanu 2 4alus 3Ud
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5UM 3.9 13 Inadivio LPKF Ju ProtoFlow E
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&l o 1 al s s 4 1 ﬂ]
Tansiu WAMUIAUTENBUNSNSER8M (Spread Factor, S) Aannaliluund 2
3.3 mylmnilassaiigananainisians

3.3.1 NISASEUTUIUNAFHOU

3.3.1.1 NSAATUNUNAAD?
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3.3.1.2 n15YABLSTY
o Q‘J A s -3 1 - d v (7] Q’J 70 L] at
TTuunagaunfawaluyiinisuassduie iraiusadudunulaazainlunisiilude
1 = 1 a -1 ] o 1 €
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=l Y A o oy '
3UN 3.14 MeELAIRIUnEne Struers Ju LoboPol-1

3.3.2. asaaeulassaiianiavastuasusenoudslavzuazesdusznaumaadl

minsaeseulanadganavesduarsUsznouiddansuazesiusznoumanil udady
2 dunou fe

1. nvasulaseaiiiganiadaadiufiendesgansemisuuuas (Optical Microscope,
OM)

lovinsiedeutunuideuiesudliiluasaglassadns fundesqanssmivuuua

(Optical Microscope, OM) E%a ZEISS u AXIOLAB Ul 3.15 Lilagdnuaislassiamesfiatuuy

1 =l ql = A T 1 = 1
’1'11J'5@8J1ﬂiﬂﬂﬂ'lﬂﬂ’l'i”lml.ﬁﬁ@@%ﬂ‘i@ll]

= v ¢ : ;
U7 3.15 NA9I9aNTIAULUULE (Optical Microscope)
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2. araaulaseddnganInfIunaeeanssAudIanasouLuUd0InsIA (Scanning
Electron Microscope, SEM)

lunsfnuduansuszneuiddansuazesdusznoumaniiveaaiintululansdaniud
avadin agiinisdnuilasld ndesganssmidifnaseunuudetnsia (Scanning Electron
Microscope, SEM) 88 JEOL §u JSM-6510 LV 3U7l 3.16 #2833 Back Scatter Electron iiie
vFeuUdnuuE Uil wé’amﬂﬁgu%ﬁ’]mimsqﬁ)aauﬂ%mmﬁmﬁwuuuﬁuﬁﬁjuuaﬁu
NAADUAILID Energy-Dispersive X-ray Spectroscopy (EDX) aw”Lc-ﬁ’waLﬁuﬂ%uﬂmﬁwaﬁﬁqéuaﬁuiu
uAazalUnAsy Faazuaninalanssmiifunutasneunaliuefidudlasdminuielae

IUIUDERNDL

U7 3.16 nApIgansIAiBLinAsoULUUABINTIA (Scanning Electron Microscope)
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Lo 1o o <
1. fuiinAwewnlannsanismaasdasiulsunsusigun 3.18

[I:.{E:‘\,Users‘l._Public'x,Dm:uments\.,DxlD dataSnCuSb.dxpx - Design-Expert 10.0.0

File Edit View Display Options Design Tools Help Tips

DB |22 9]¢ &2

(2] Notes for SnCuSh.dxpx Component 1 | Component 2 | Componert 3 | Response 1 | Response 2 | Response 3
‘EJ Design (Actual) A:Sn B:.Cu C:Sh Spread factor | Contact angle [Thickness of .
- % % % % degree micrometer
-[5] summary
T Grooh Cokione 32 0 8 66.1 £8.2745 231782
[&] Evalustion ™ 97 3 0 £2.5712 731934 3.86157
[T Constraints [ 98.5 15 0 67 6262 B5 B441 3.73082
.[E] Analysis ™ 97 3 0 65,5934 £54.2684 485767
[1] Ri:spresdfactorca | | 5 100 0 0 725481 575351 179258
-] R2Contact angle (A | &5 a9 3 8 66.1595 B5.181 3.86507
(1] R3Thickness of MC ™ a2 0 8 742729 544554 0933315
~[AJ Optinization 8 905 15 ] 69.7955 622715 2.39289
Eﬁ Numerical ]
: 9 97.33 0 267 65678 £4.1293 2.34671
-5 Graphical —
10 945 15 4 : 68, 50167
B Post An ™ £5.5638 5445 4
_[$ Poirt Preciction ™ kL 93 3 4 66.417 57 7754 3.668995
[0 Confirmation 12 a3 3 4 71.4844 59,3933 326416
@ Coefficients Table |__| 13 925 15 6 64.5116 70,7318 311784
| 14 89 3 8 71.2968 59.7171 257477
15 9575 2.25 2 71.9964 58.5039 290634
™ RE 100 0 0 81.5011 40 6068 270919

JUN 3.18 Tuiinwaniimaassaslulusinssy
2. \@enmudinrasmsiasgiaudieiioluiade Analysis 3niiulunau Transform 9

Hlmdanilanduvasaunis Falunismsgiasedaidenldsuuuvaunisuuubiiiflesidy (None)

Fagui 3.19
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i) c:\Users\Public\Documents'\DX10 data\SnCuSh.dxpx - Design-Expert 10.0.0
Fie Edt View Display Options Design Tools Help Tips

D|@| s|nle] 9le| 2%
[ Notes for Sncusbaxpx [ [[7] Transtorm | 2] Pt summary |l Model | ] anova = E
-L_J_Beﬂm(.\mm
1] Summary | gl
|| Graph Columns I T fonmation s ot o Eetlony
[X] Evaluation || & None Example Residuals vs. Predicted No Transform (1 = 1)
71 Constraints  Square Root
(el Lot » mdl.ng Tar ' '

_ﬂ&qﬂeﬂ
5% Post Analysis
|E&| Point Preciction

[E] Coefficients Table

(1] R2:Contact angie (A
[T'] RaThickness of MC A € inverse

B el |
t[:_'d Namerical |

" Inverse Square Root

F[] Ri:Spread factor ( \)r' Base 10 Log

" Power
" Logt
(" ArcSine Square Root

Studentized Resliduals

Predicted

Use with a typical response.

effect,

Response ranges from 62,8712 1o 81.5011.
Ratio of max to min Is 1.29632

| Aratio greater than 10 usually indicates a transformation is required. For ratios less than 3 the power transforms have litle

Coding for Analysis:  |Real vl

<l o
JUM 3.19 nsidenguiuuveasitandu

i <y . o a ¢ P
3. lunau Fit Summary 4 #2lUsunsu Design Expert asd1uiinazias1vsidoyad

Uaudnluiemzuuuvaunisinuneivanzau g lneasiiasiesiiamun 3 38Ae Sequential

Model Sum of Squares, Lack of Fit Tests wa¥ Model Summary Statistics ﬁﬂgﬂﬁ 3.20 uay

3,21

) ey

i-[1] R2Cortact angle (A
LT RaThickness of IMC
%] optimization
it

B4 Graphical

L5 Post Analysis

¥ Point Prediction
r@ Confirmation

[ coetficients Takle

[Bookmarks S8
[Ame |

|} R1:Spread factor ( |__|

[

- Source
Mean vs Total
Linear vs Mean
Quadratic vs Linear

Sp Cubic vs Quadratic
Cubic vs Sp Cubic

Quartic vs Cubic

Residual

|__[5p Quartic vs Quadratic

_fouwic vs Sp Quartic

Residual
Total

Sum of
Squares
76967.02

60.50
58.65

3839
34.88
025
11587

58.33
1518
115.87
727556

Sequential Model Sum of Squares [Type I]

df

1
2
3

w = W

Mean
Square
76967.02
3025
1955

38.39
1163

025
2317

19.44
759
2317
482972

F

Value

159

1.03

0.60
0.011

1.04
033

p-value

Prob > F

0.2420
0.4195

0.1647
06378
09218

0.4326
0.7351

gﬂ‘ﬁ 3,20 WATIWHIETE Sequential Model Sum of Squares
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‘:1’ Lack of Fit Tests
|1 Graph Columns —
[\ i m Sum of Mean F p-value
Eﬂ C 2 ™ Source Squares df Square Value Prob > F
"Df Analysis = Linear 13247 8 1652 omn 06812
{m Ri:Spread factor ( |__| Quacratic 7351 5 1470 063 06851
(1] R2-Contact angls (4 | _| Special Cubie 3812 4 818 038 08153 Sucested
(1] RaiThickness of IMC | | Cubic 025 1 025 0.011 08218
-k optimization i Special Quartic 1518 2 759 033 07351
tiiﬁ Numerical | Quartic 0.000 0 Aliased
& fi:'m N Pure Error 1587 5 2347
-3¢
IWY o0 proacton : “Lack of Fit Tests" Wart the selected model fo have insignificant lack-of-fit.
L’Ll_w Coefficlents Table | —
- Model Summary Statistics
i Std. Adjusted Predicted
™ Source Dev. R-Squared R-Squared R-Squared PRESS
—_ s} Linear 437 0.1961 00724 -0.3050 402.66
B" 4 ™ Guadratic 435 0.3862 00793 06319 503.52
= s == Special Cubic 410 0.5106 01644 -0.4824 457.37  Suggested
|Z] Sum of Squeres ™ Cubic 4.40 0.6236 0.0591 +
E‘ Lack of Ft il Special Quartic 433 0.5752 0.0898 -4.6061 1729.73
[¢°] R-Squared il Quartic 481 06244 01267 + Aliased
Pop-Out View |__|* Case(s) with leverage of 1.0000: PRESS statistic not defined
|| "Madel Summary Statistics* Focus on the model maximizing the "Adjusted R-Squared"
] and the "Predicted R-Squared". _{
-

g‘dﬁ 3.21 AATENAEID Lack of Fit Tests Way Model Summary Statistics

4. Tuwau Model ﬁ'ﬂw’fadLﬁaﬂaumsﬁaﬂ%’ﬁfluawmsﬁmwﬁqgﬂﬁ 3.22 laeundndrazldy

sUBUUANNSINAlUTUNTURUE U Tt URBUTILE

:—]’—Nﬁm for SnCuSh.dxpx E Transform ] Fit Summary Model I@ /]

«[**7] Design (Actual)

D Summary Mixture order: |t kel o Add Term | |
L Eveliaton Modeltype: [Schetre =
[ constraints

LI -
L{1') R1:Spread factor ( @ B.Cu
-[1'] R2:Contact angle (A ra) C-Sh
-[1'] R3:Thickness of IMC M AB

[I'] Outimization M Ac
“ on M BC
'[Eﬂ Numerical M ABC
5% Graphical AB(A-B)
.3 Post Analysis AC(A-C)
% BC(E-C)
[@5} Point Prediction -2
{1 Confrmtion ABZC
L[E] coefficients Table ABC2
A~ ABA-B)?
~ ACACY
~ BCB-C)2

U7 3.22 Wenjuuuvanmsiiveldlunisadeaunisviung
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a

d:li’ =3 € 1 1 1 t:l al
5. Tuwnu ANOVA ‘N'“'JBLﬂut’ﬁi%ﬂi’lgﬂﬂ'}ﬂ?WULLU'ﬁJi?Uﬁ'%ﬁ’JWQﬂWW‘lﬁ%’]ﬂﬂ']'i‘]ﬂ‘ﬂﬁ adNu
i

1Al o [ b=d I a
ALAINANN1ITIUNE SuTeAMNEDA

14

U U

o d v ﬁ!{
aunisyinunennslusunsulaas1etun

Dis(a| %2 9]¢ 8]2[%

9 o P vim va = I o
5UN 3.23 Lwa‘[ﬁﬁmﬁwf\]qimqﬂﬂﬂﬁﬁlﬂuﬂu&]qﬂ'\ﬂ

= Notes for SnCuSbeixpx | [17] Transform | 2 Frsunmary | 169 Mocel 7] anova | o
RLCliEeso) cectia) I [ I | [ -
% m | |Use your mouse to right click on individual cells for definions B
_Ej |__|Response 1 Spread factor
@ Corairatis ANOVA for Special Cubic Mixture model
—DJ Analysis il *** Mixture Component Coding is Real. ***
_u R1:Spread factor ( |__| Analysis of variance table [Partial sum of squares - Type lll]
F[tl'_l R2Contact angle (A | | Sum of Mean F p-value
Ej R3:Thickness of IMC |__|Source Squares df Square Value Prob > F
218 Optimizetion L |Model 157 54 6 26.26 157 0.2618 not significant
523 Numerical - 1 Linear Mixte. 60.50 2 30.25 1.80 0.2195
—iaﬁj Edm | A8 28.03 1 28.03 167 0.2283
¥ EJ Dokt - AC 38.87 1 38.87 2.32 31623
FEJ || BC 40.78 1 40.78 2.43 0.1534
FEI Cosfficerts Tatle | bl ABC 38.39 1 38.39 2.29 0.1647
|__|Residual 151 .00 9 16.78
Lack of Fit 35.12 4 a78 038 0.8159 not significant
| Pure Error 115.87 5 2317
__|Cor Total 308 54 15
— 1

A - 1 1 s 1 o
E‘LJ'VI 3.23 N15ILATIER ANOVA FEWINAIATANTITNNADINUAIIINTAUNTTNIUNE

6. lulau Diagnostics Hazidunisu

WrauiuranauauawnaeiiedlafIgun

Normal Plot of Residuals
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|
f a A
T m > dilk
®
o 704 o
e a8
o
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] 2 4 H
E B
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z 10 - B
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ool
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Externally Studentized Residuals

JUT 3.24 fregnsua

antranI1nsneqeitaunIsiientuiinaiy

3.24

Residuals vs. Predicted

Externally Studentized Residuals

Predicted

ananswluunu Diagnostics
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3 & a a A
7. luuau Model Graphs fagifunmsdrassununin Contour sanuiiaguunliiudnina
= ' [y <

veeninaienanauaueInagui 3.25

3] C:\Users\Public\Documents\DX10 data\SnCuSb.dupx - Design-Expert 10.0.0

Fle Edt View Display Optiors DesignTooks Help Tips 3 2 Syl
Dl 4 [%8| 9]c] &] 2]

] Transtorm | (6] P Summery | [ Mockl | ] anova B

Design-Expert® Software
Component Cading. Actual
Spread factor (%)

® Design Points

815011
628712

11 89 11
B: Cu (%) C: 8b (%)
Spread factor (%)

gﬂﬁ 3.25 9180uNunIW Contour Tulau Model Graphs
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UNN 4

NAN1ISALHIUITY

INNNTANWILALNAADURIAIAIIUAIUITOLUNITNSEANEAIUURINANENUNDILAGI8TE
@ [y s W @ a oA
Spread Test f'u Contact Angle LagnsiaaaulasiaineganiavedlansdnnindanisUaniiiie

a & = v o <
’JLﬂi"lzﬁﬁ"l(?}LLﬂSﬂ’J’]ﬁJMUW’UEN“UUﬁ’ﬁﬂ‘iS neuldalave lawa ATNAADIPINIT19N 4.1

A 1 5 ~
A13799 4.1 Han1sNAEeUNIAN Spread Factor, Contact Angle Wagmnunutuansusznauidslaney

Composition (%) Wettability Thickness of
o Sn Cu Sb | Spread Factor (%) | Contact Angle (degree) |  IMC (um)
1 92 0 8 66.1000 68.2745 23178
2 97 3 0 62.8712 73.1934 3.8616
3 98.5 15 0 67.6262 65.8441 3.7308
4 97 3 0 68.5934 64.2684 4.8579
5 100 0 0 72.5491 5.5251 1.7926
6 89 3 8 66.1595 68.1810 3.8651
7 92 0 8 74.2729 54.4554 0.9393
8 90.5 1.5 8 69.7955 62.2715 2.3929
9 |97.33 0 2.67 68.6780 64.1293 2.3467
10 | 94.5 1.5 4 65.8638 68.6445 4.5017
11 93 3 4 66.4170 67.7754 3.8899
12 93 3 a 71.4844 59.3933 3.2642
12 | 925 1.5 6 64.5116 70.7318 21178
14 89 3 8 71.2968 59.7171 2.5748
15 | 85.75 | 2.25 2 71.9964 58.5039 29063
16 100 0 0 81.5011 40.6068 2.7092




4.1 MFIATIZHAIANUEINNTATUNIINTZANBAIAI8TT Spread Test
o a ° a ¢y ; A
INNANTINAABIAINNTNA 4.1 aunsmirluiirsizvaaglusunsy Design Expert [iiafag
o v v SAa 1 o @ w
Mugaunsuazguulliuvasditeniinadennuauisalunisnszateivedansinnindens

s =
Uan3
4.1.1 MSAATIZA Fit Summary

4.1.1.1 Sequential Model Sum of Sguares
a = ' o . r '
INNANTSIATIERALAITI9A 4.2 9ziiuirbuudian Special Cubic i1 P-Value

v o w

1 al ::1! 1 o o 2 A A:I = o A:I
Wi 0.1647 FellatlndarTedrdgyfidmuald fie 0.05 wnfign Fadunuudrassivuizan

fian
AN9971 4.2 HAMTIATIEN Sequential Model Sum of Squares 984 Spread Factor
Sequential Model Sum of Squares
Sum of Mean F P-Value
Source df
Squares Square Value | Prob > F
Mean vs Total 76967.0174 | 1 | 76967.0174 - - Suggested
Linear vs Mean 60.5025 2 30.2513 | 1.5855 | 0.2420
Quadratic vs Linear 58.6526 3 19.5509 1.0323 | 0.4195
icv rati 38.3898 1 383898 | 2.2882 | 0.1647 | Suggested
Cubic vs Sp Cubic 34.8771 3 11.6257 | 0.6007 | 0.6378
Quartic vs Cubic 0.2465 1 0.2465 0.0106 | 0.9219 Aliased
Residual 115.8740 5 23.1748
Sp Quartic vs Quadratic 58.3308 3 19.4436 | 1.0385 | 0.4326
Quartic vs Sp Quartic 15.1825 4 1.5912 03276 | 0.7351 Aliased
Residual 115.8740 5 23.1748
Total 172755598 | 16 | 48297225
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4.1.1.2 Lack of Fit Tests

a < ' ° . —
PNUANITILATIETWAIUAITIN 4.3 28LARuILUUTIass Special Cubic innalusunsy
o 3 1 1 at ﬁil' U 1 ! ot o al A o oA v
wurttudlan P-Value Wiy 0.8159 FsilAsnninArdudfgiinmuald fie 0.05 aguladn
o i - 1l o o ot 1 & =& o !.h:J o qll’d
wuud1aea Special Cubic lufivedAyvesan Lack of Fit 3eflanudululanuuvusiassiifiainy

WiLnvausanIsuinuIeTsluasudaly

=] a ¢ .
M3 4.3 Han13IPI1En Lack of Fit Tests U89 Spread Factor

Lack of Fit Tests
Sum of Mean P-Value
Source df F Value
Squares Square Prob > F
Linear 132.1659 8 16.5207 | 0.7129 0.6812
Quadratic 13:515% 5 14,7027 | 0.6344 0.6851
Special Cubic 351235 4 780 0.3789 | 0.8159 Suggested
Cubic 0.2465 1 0.2465 | 0.0106 0.9219
Special Quartic 15,1525 2 7.5912 | 0.3276 0. 7851
Quartic 0.0000 0 Aliased
Pure Error 115.8740 5 23.1748

4.1.1.3 Model Summary Statistics

INHANITIATIERAINANTNT 4.4 9sLiiuduuusiass Special Cubic Aintslusunsu
wuztiufidndrudsauunmsgiutdosiianfie 4.0960 wagiian R-Squared Wilnd 1 saudaiien
PRESS (Predicted Residual Error Sum of Square) infiu 457.3723 Fadlanlaluinawiuluiile

Wieuiukuuinasdus) Jshbiuuudiaesiifinnumansauige
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ASNT 4.4 HanIATIER Model Summary Statistics U84 Spread Factor

Model Summary Statistics

Adjusted | Predicted
Source Std. Dev. | R-Squared PRESS
R-Squared | R-Squared
Linear 4.3681 0.1961 0.0724 -0.3050 402.6620
Quadratic 4.3519 0.3862 0.0793 -0.6319 503.5245
Special Cubic | 4.0960 0.5106 0.1844 -0.4824 | 457.3723 | Suggested
Cubic 4.3993 0.6236 0.0591 +
Special Quartic | 4.3269 0.5752 0.0898 -4.6061 1729.7283
Quartic 4.8140 0.6244 -0.1267 + Aliased

4.1.1.4 Summary

a ¢ P | ° . . i
ANNANTITIATIENANLRIT19N 4.5 QﬁLﬁUQWLLUUQWa@Q Speaal Cubic ﬁﬂ'} P-Value 210

. . ' = ] at = € 5
Sequential, Lack of Fit wagA1 R-Squared WNEAUNEAGINIUNITUATIEN Fit Summary

M1399 4.5 NAaNITIATIEA Summary U84 Spread Factor

Summary
Sequential | Lack of Fit | Adjusted | Predicted
Source
P-Value P-Value | R-Squared | R-Squared
Linear 0.2420 0.6812 0.0724 -0.3050
Quadratic 0.4195 0.6851 0.0793 -0.6319
ial i 0.1647 0.8159 0.1844 -0.4824 | Suggested
Cubic 0.6378 0.9219 0.0591
Sp Quartic Vs Quadratic 0.4326 QF351 0.0898 -4.6061
Quartic vs Cubic 0.9219 -0.1267 Aliased
Quartic vs Sp Quartic 0.7351 -0.1267 Aliased
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4.1.2 N531A5129 ANOVA
= & s:l ] 1 " ] 1=l o o w
INNNANTIATILRALUANTIN 4.6 LAAUIIAT P-Value 109 Lack of Fit tulaifivduddny
faLuUTIaes Special Cubic UuUAAMUMINEIN LUUTIE8d Special Cubic dANUWMINEALRRNS

1A 9ENnIsYInungY

&l a ¢
M19199 4.6 NANTIATIBRAINUUTUTINVDA Spread Factor

Analysis of variance table

Sum of Mean P-Value
Source df F Value
Squares Square Prob > F
Model 157.5449 | 6 76.2575 1.5650 0.2618 | not significant
[1] Linear Mixture | 60.5025 | 2 30,2513 1.8031 0.2195
AB 28,0330 | 1 28.0330 1.6709 0.2283
AC 38.8673 | 1 38.8673 2.3166 0.1623
BC 40.7756 | 1 40.7756 2.4304 0.1534
ABC 38.3898 | 1 38.3898 2.2882 0.1647
Residual 150.9975 | 9 16.T175
Lack of Fit 351235 | 4 8.7809 0.3789 0.8159 | not significant
Pure Error 115.8740 | 5 23,1748
Cor Total 308.5424 | 15

o g | | 1 M v o o o .
NN 4.7 IELRUN ﬂ'lLaaEJ’UEN“UEJ%Jua‘mW«J’]ﬂa:Jﬂ’]i%’lu’lﬁﬂﬂﬁfl‘mmumaaﬂ Speaal

: & 1 & A | el a1 P 1 e
Cubic YN¥UA 16 AFUNAN UUUAWNINY 69.3573 LATUATFIULUEIUUNINTFIULNINY 4.0960

sufalansmaugmsaiiiiaUsenaunisingula

A5 4.7 AediAUeIaNnIsinuIeas Spread Factor

Std. Dev. 4.0960 R-Squared 0.5106
Mean 69.3573 Adj R-Squared 0.1844
CV. % 5.9057 Pred R-Squared | -0.4824
PRESS 457.3723
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2/

1 L =y ﬁg EJ o 1 Vo =l
ANdUUTEANEAINAT19N 4.8 ANLnT0asNEuNISVIUNIAYD Spread Factor loeadl

Spread factor = 77.0542*A + 13731.8244%B + 3912.8292*C - 14443.6249*AB

- 4266.6292*AC - 179758.6210*BC + 185275.5110*ABC (4.1)

Taofl A = USunosesiyn (%)

B = USunavuaanaulad (%)

C = J3uadunanans (%)

a5 4.8 nan1TATIEiELN1SYEAY Spread Factor
Coefficients in Terms of Real Components
Coefficient Standard
Component df 95% Cl Low | 95% Cl High VIF
Estimate Error

A-Sn 77.0542 1 2.8179 70.6796 83.4287 6.7637
B-Cu 13731.8244 1 10823.4650 | -10752.5544 | 38216.2033 | 47524.0358
C-Sb 3912.8292 1 2570.3909 -1901.7990 9727.4573 | 16347.6037
AB -14443.6249 1 11173.9076 | -39720.7601 | 10833.5102 | 44177.8603
AC -0266.6292 1 2803.2141 -10607.9400 2074.6816 | 16174.2604
BC -179758.6210 1 | 115306.3014 | -440599.5967 | 81082.3546 | 13640.2654
ABC 185275.5110 1 122482.4662 | -91799.0772 | 462350.0993 | 12514.3702

4.1.3 N15A5129 Diagnostics

4.1.3.1 Normal Plot of Residuals
9n3U7 4.1 asiiudinisiFesivesdeyatuidnvasidudunse Sanuratandouly

]
=

wniln wazlinsinignguinuuidunss wansdmnuminzanvesteyanaviluldlunisadi

auni1svinune
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Design-Expert® Software .
Spread factor Normal Plot of Residuals
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4.1.3.2 Residuals vs Predicted

a
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Design-Expert® Software
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4.1.3.3 Residuals vs Run

A 1 et 2/ G.j 1 1=l v 4 st =
’i]’lﬂg‘lJVI 4.3 '{IﬁLﬁuqqﬂqiﬂiﬁﬁ]'I&IM’]‘UEQ‘LIE]SJ“ﬂHULﬁULLUUE!N IMSJLLU')IHQJW’UWWN LLEIRNDY
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4.1.3.4 Predicted vs Actual
NFUN 4.4 AWiuIAN Y ugIINaLISwaTATLE NS NAaR tulA LA AAAeY

AUNDFUAIT TIAINANDANULNUEVDIANNITYINUNEY
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4.1.3.5 Box-Cox Plot for Power Transforms
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D -Expert® Softwa
Spread factor " Box-Cox Plot for Power Transforms

Lambda 54—
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gﬂﬁ 4.5 N5 Box-Cox Plot for Power Transforms 984 Spread Factor

4.1.3.6 Residuals vs A: Sn (%)

NNFUN 4.6 auiiuh Teyaiidnvarldinienguiu wansferumunzanvesdoyaiayly

Tunnsaseaunisvinuena
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4.1.3.7 Residuals vs B: Cu (%)

al (=1 1 8/ =l o 1 @t = 1 2/ A=| v
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4,1.3.8 Residuals vs C: Sb (%)
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4.1.3.9 Cook’s Distance

v aa y ) E a | v W '
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4.1.3.10 Leverage vs Run
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4.1.3.11 Summary Report

o 7 A\Ly a ¢ o
#1579 4.9 LLaﬂ@‘U@ﬂ&aV] MATNNITILATNIEWAUNITVIUNEY

Internally Externally
Run | Actual | Predicted Cook's | Standard
Residual | Leverage | Studentized | Studentized
Order | Value Value Distance | Order
Residual Residual
1 66.1000 | 69.8923 | -3.7922 | 0.4550 -1.2541 -1.3015 D.1875 9
2 62.8712 | 66.3878 | -3.5166 0.4297 -1.1369 -1.1583 0.1391 2
3 | 67.6262 | 68.4712 | -0.8449 | 0.4302 -0.2733 -0.2587 0.0081 10
4 | 685934 | 66.3878 | 2.2056 | 0.4297 0.7131 0.6921 0.0547 1
5 725491 | 77.0542 | -4.5050 | 0.4733 -1.5155 -1.6556 0.2948 q
6 | 66.1595| 68.4583 | -2.2988 | 0.4804 -0.7785 -0.7600 0.0800 3
7 | 742729 | 69.8923 | 4.3807 | 0.4550 1.4487 1.559T 0.2503 6
8 |69.7955 | 69.2604 | 05351 | 0.4521 0.1765 0.1667 0.0037 7
9 |68.6780 | 68.5920 | 0.0860 | 0.7850 0.0453 0.0427 0.0011 12
10 | 65.8638 | 66.4858 | -0.6220 | 0.3312 -0.1857 -0.1754 0.0024 8
11 | 66.4170 | 69.4897 | -3.0727 | 0.4296 -0.9933 -0.9925 0.1062 16
12 | 71.4844 | 69.4897 | 1.9947 | 0.4296 0.6448 0.6225 0.0447 i}
13 | 645116 | 67.2781 | -2.7665 | 0.2670 -0.7889 -0.7709 0.0324 14
14 | 71.2968 | 68.4583 | 2.8386 | 0.4804 0.9613 0.9568 0.1220 5
15 [ 71.9964 | 67.0654 | 4.9310 | 0.1985 1.3447 1.4182 0.0640 15
16 |81.5011 | 77.0542 | 4.4469 | 0.4733 1.4959 1.6271 0.2873 13
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4.1.4 N35A51%%4 Model Graph
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4.2 MTAATIEIAIAMNEINNTIUNNTNTZIBAIA8T5 Contact Angle

4.2.1 NM5IATIZA Fit Summary

4.2.1.1 Sequential Model Sum of Squares

a ¢ = | o % . r
NHANITIATIERAIUAITIN 4.10 22 UIWUUTIa09 Special Cubic {1 P-Value

Wiy 0.1565 @asiAndrlndrdedrdgiimualife 0.05 uinfign Juduuvudrassiivanzan

Pan
9
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30T 4.10 Han1s AL Sequential Model Sum of Squares ¥84 Contact Angle

Sequential Model Sum of Squares

Sum of Mean F P-Value
Source df
Squares Square Value | Prob > F
Mean vs Total 62941.4624 | 1 |62941.4624 _ _ Sugeested
Linear vs Mean 190.2933 2 95.1466 1.6686 | 0.2265
Quadratic vs Linear 179.0823 3 59.6976 1.0618 | 0.4081
Sp Cubic vs Quadratic | 117.9999 | 1 117.9999 | 23907 | 0.1565 | Suggested
Cubic vs Sp Cubic 93,2957 3 31.0986 |0.5817| DAL
Quartic vs Cubic 15727 il 13727 0.0196 | 0.8940 Aliased
Residual 349.5437 5 69.9087
Sp Quartic vs Quadratic | 176.2661 . 58.7554 1.0657 | 0.4227
Quartic vs Sp Quartic 36.4022 2 18.2011 | 0.2604 | 0.7806 Aliased
Residual 349.5437 5 69.9087
Total 63873.0606 | 16 | 3992.0663

4.2.1.2 Lack of Fit Tests

PNWANITIATIENAINAITI 4.11 8RUIUUUTIaBS Special Cubic Nn19lUsInTY

WUEURUIAN P-value winnU 0.8419 F95iAININNINATNE

]

o o
GRITT

Auualife 0.05 agulad

WuUd1aes Special Cubic ldfiadrAnyussan Lack of Fit 3afimudululanuuudtaseiifining

WilNraunan1sia s Eluasusal
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31971 4.11 nan15AsIeY Lack of Fit Tests va Contact Angle

Lack of Fit Tests
Sum of Mean p-value
Source df F Value
Squares Square Prob > F
Linear 391.7612 8 48.9702 | 0.7005 0.6888
Quadratic 212.6684 5 42,5337 0.6084 0.7006
Special Cubic 94.6684 4 236671 | 0.3385 0.8419 | Suggested
Cubic 1.3727 1 13727 0.0196 0.8940
Special Quartic 36.4022 2 18.2011 0.2604 0.7806
Quartic 0.0000 0 Aliased
Pure Error 349.5437 5 69.9087

4.2.1.3 Model Summary Statistics
a ¢ = ' ° % v
FINNANTITUATIERAIUATITINN 4.12 %Lﬁu'mwumaad Speoal Cubic ‘Vl‘lﬂ’NIU‘iLLﬂ'iﬂJ

o & a1 = o o ! %) v & al
LLUSuunﬂJﬂqﬁ?uLUHQLUuuqﬂiﬁquuaﬂﬂﬂ‘@ﬁ@ 7.0254 LLﬁZfJﬂ'] R—Squared L’U'ﬂ,ﬂa 1 s2un9dAn

PRESS (Predicted Residual Error Sum of Square) i1y 1367.9169 deilalsiunnauauluiile

Wisuriuwuuinaesdu Ishliuuudraesidfieumunzauiign

ANINT 4.12 NEN1TIATIEN Model Summary Statistics ¥89 Contact Angle

Model Summary Statistics

Adjusted | Predicted
Source Std. Dev. | R-Squared PRESS
R-Squared | R-Squared
Linear 7.5514 0.2043 0.0818 -0.3015 | 1212.4694
Quadratic 7.4981 0.3965 0.0948 -0.6156 | 1505.0605
ial i £.0254 0.5232 0.2053 -0.4684 | 1367.9169 | Sugeested
Cubic 7.6476 0.6233 0.0583 +
Special Quartic | 7.4253 0.5857 0.1122 -3.5785 | 4265.3140
Quartic 8.3611 0.6248 -0.1256 + Aliased

i




4.2.1.4 Summary
=Y EJ 1 o o > 1
INHANTNATIEWAUAITIN 4.13 wLiuiniuudiaes Special Cubic fAn P-Value 270

Sequential, Lack of Fit WwagAn R-Squared wingaunandmiun1siasest Fit Summary

= =
A1597 4.13 WaN1TIATIENR Summary U89 Contact Angle

Summary
Sequential | Lack of Fit | Adjusted | Predicted
Source
P-Value P-Value | R-Squared | R-Squared
Linear 0.2265 0.6888 0.0818 -0.3015
Quadratic 0.4081 0.7006 0.0948 -0.6156
Special Cubic 0.1565 0.8419 0.2053 -0.4684 | Suggested
Cubic 0.6771 0.8940 0.0583
Sp Quartic vs Quadratic 0.4227 0.7806 Q1122 -3.5785
Quartic vs Cubic 0.8940 -0.1256 Aliased
Quartic vs Sp Quartic 0.7806 -0.1256 Aliased

4.2.2 N5LATIZA ANOVA
PNNANTIATILRAUATIN 4.14 9213UIAY P-Value U89 Lack of Fit tuliifivedany
ABLUUY1a0Y Special Cubic WUHAMLUMINEIT WUUTNE8R Special Cubic IAMUWINYANABNIT

UuNasauNITVIIUNeY
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M99 4.14 LARINANITIATIZINAINUUSUTINYEY Contact Angle

Analysis of variance table

Sum of Mean P-Value
Source df F Value
Squares Square Prob > F
Model 487.3861 6 | 81.2310 | 1.6458 | 0.2406 | not significant
[1] Linear Mixture | 190.2933 | 2 | 95.1466 | 1.9277 | 0.2010
AB 85.6779 L | BEErS | 1.7559 | 02202
AC 121.2294 | 1 | 121.2294 | 24562 | 0.1515
BC 1253669 | 1 | 1253669 | 2.5400 | 0.1455
ABC 117.9999 1 | 1178999 | 23907 | 0.1565
Residual 444.2121 | 9 | 49.3569
Lack of Fit 94.6684 4 | 23.6671 | 03385 | 0.8419 | not significant
Pure Error 349.5437 5 | 629087
Cor Total 931.5%82 | 15

a | | = v M v ° o ° .
NAITNN 4.15 921971 Aederesteyailannaunisviunslaslduuuiiass Special
Cubic U 16 dunay Tudauninu 62.7203 uasiandulswuuninsgiuwiniu 7.0254

FudansmdugnaianeUsznoun1fndula

M1399 4.15 LanIAanATeauNITYinuIeYed Contact Angle

Std. Dev. 7.0254 R-Squared 0.52%2
Mean 62.7203 Adj R-Squared 0.2053
CV. % 11.2012 Pred R-Squared -0.4684
PRESS 1367.9169

2 o

1 L = Q‘ A o ! H‘J
ANAUUTEANTAINANTIT 4.16 aUNT0a3NaUN1sYINUNEAIUes Contact Angle ARl

Contact Angle = 49.12%A - 23823.3087*B - 6724.2045*C + 25250.8376*AB
+ 7535.2318*AC + 315196.0812*BC - 324826.3164*ABC (4.2)
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lagn A = USunauwesdayn (%)

B = USU1auueamang (%)

C = YSunauueanad (%)

= a ¢ o i
AN 4.16 WaMINaNITATITUMFUN1INIUIEAT Contact Angte

Coefficients in Terms of Real Components
Coefficient Standard
Component df 95% Cl Low | 95% Cl High VIF
Estimate Error
A-Sn 49.1200 1 4.8333 38.1865 60.0536 6.7637
B-Cu -23823.3087 1 | 18564.2170 | -65818.4851 | 18171.8678 | 47524.0358
C-Sb -6724.2045 1 4408.6893 | -16697.3525 3248.9436 | 16347.6037
AB 25250.8376 1 | 19165.2900 | -18104.0605 | 68605.7356 | 44177.8603
AC 7535.2318 1 4808.0235 -3341.2731 18411.7366 | 16174.2604
BC 315196.0812 | 1 |197771.3419 | -132193.7765 | 762585.9389 | 13640.2654
ABC -324826.3164 | 1 | 210079.7737 | -800059.7812 | 150407.1485 | 12514.3702

4.2.3 A15A51¥Y Diagnostics

4.2.3.1 Normal Plot of Residuals

1n3UN 4.12 %Lﬁu'a"m'riL'%EJ&ﬁwaa%’ayaﬁ'uﬁﬁﬂwmzLﬂutﬁuma fnuratawmasulil

WINEN waLdin1NENFURUUEUATY LEAINIAIMINLANYDITRYA

AUNTTUNE
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Design-Expert® Software .
Contact angle Normal Plot of Residuals
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4.2.3.2 Residuals vs Predicted
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4.2.3.3 Residuals vs Run
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4.2.3.5 Box-Cox Plot for Power Transforms
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4.2.3.6 Residuals vs A: Sn (%)
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4.2.3.7 Residuals vs B: Cu (%
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4.2.3.8 Residuals vs C: Sb (%)
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4.2.3.9 Cook’s Distance
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4.2.3.11 Summary Report

= v = ¢ o
®1519n 4.17 LLﬂﬂﬁ‘U@Hﬂmﬁ'ﬂqﬂﬂqﬁq LAINEUFUNITNIUNY

Internally Externally
Run | Actual | Predicted Cook's | Standa
Residual | Leverage | Studentized | Studentized
Order | Value Value Distance | Order
Residual Residual
i 68.2745 | 61.8471 | 6.4273 | 0.4550 1.2392 1.2829 0.1831 9
Z 73.1934 | 67.7466 | 54468 | 0.4297 1.0267 1.0301 0:1135 2
3 65.8441 | 64.1147 | 1.7294 | 0.4302 0.3261 0.3093 0.0115 10
4 64.2684 | 67.7466 | -3.4781 | 0.4297 -0.6556 -0.6334 0.0463 1
5 57.5351 | 49.1200 | 8.4150 | 0.4733 1.6504 1.8634 0.3497 4
6 68.1810 | 64.4287 | 3.7524 | 0.4804 0.7409 0.7209 0.0725 B
7 54.4554 | 61.8471 | -7.3918 | 0.4550 -1.4252 -1.5270 0.2422 6
8 62.2715 | 62.9725 | -0.7010 | 0.4521 -0.1348 -0.1272 0.0021 ¥
9 64.1293 | 64.0912 | 0.0381 0.7850 0.0117 0.0110 0.0001 12
10 | 68.6445 | 67.8041 | 0.8404 | 0.3312 0.1463 0.1381 0.0015 8
11 | &l 7754 | 625525 | 52231 0.4296 0.9844 0.9825 0.1043 16
12 [ 59.3933 | 625523 | -3.1590 0.4296 -0.5954 -0.5727 0.0381 11
13 | 70.7318 | 66.4534 | 4.2784 | 0.2670 07115 0.6903 0.0263 14
14 | 59.7171 | 64.4287 | -4.7116 | 0.4804 -0.9303 -0.9226 0.1143 5
15 58.5039 | 66.7000 | -8.1961 0.1985 <1.3031 -1.3640 0.0601 15
16 | 40.6068 | 49.1200 | -8.5132 0.4733 -1.6697 -1.8948 0.3579 13
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4.2.4 M3AT1%94 Model Graph
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4.3.1 AN5ATIER Fit Summary

4.3.1.1 Sequential Model Sum of Squares

a € =i =1 1 [ . a1 I oas
AINHANTITUATIEUATINUATITINN 4.18 ELUUILUUANADY Linear HA1 P-Value Ltn1nu

=1 t 1

0.0028 #dirtesniAnivdAgyinualife 0.05 Jaduwvudraesfinzauign
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<l a X v ‘ a
M13797 4.18 HAN1TIATIZH Sequential Model Sum of Squares Ua3AUMNTUATTUSENOUT LAy

Sequential Model Sum of Squares

Sum of Mean P-Value
Source df F Value
Squares Square Prob > F
Mean vs Total 1504828 | 1 | 150.4828
Linear vs Mean 9.3941 2 4.6970 8.5685 0.0028 Suggested
Quadratic vs Linear 0.8872 8 0.2957 0.5383 0.6666
Sp Cubic vs Quadratic | 0.4003 1 0.4003 0.7074 0.4221
Cubic vs Sp Cubic 1.2511 5 0.4170 0.6512 0.6106
Quiartic vs Cubic 0.9474 1 0.9474 1.6365 0.2570 Aliased
Residual 2.8948 5 0.5790
Sp Quartic vs Quadratic | 0.4591 8 0.1530 0.2128 0.8845
Quartic vs Sp Quartic 21397 2 1.0699 1.8479 0.2507 Aliased
Residual 2.8948 L 0.5790
Total 166.2577 | 16 10,3911

4.3.1.2 Lack of Fit Tests

- (2 d‘ 1 o ¥ A:I o
INNANITUATIENAIUATT1N 4.19 f\)ﬁL'ﬁU'J"ILLUU"I]'Wa@ﬁ Linear 1v19lUsunsuuug1intiull

2/
@

3

A1 P-Value winiiu 0.6573 GadlAnunfigailleifisuiviuuiiassdunasiidunnniafodfng

mmualide 0.05 agulaiuuudiaes Linear Liififadndyaesrn Lack of Fit Fsilanudululed

WuuIapaliianuwmuirausanisuiiuiies e rlugsudaly
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o a i & a
A13799 4.19 HANNTILATIEY Lack of Fit Tests YaIPUNUITUEITUTENOUIT lany

Lack of Fit Tests
Sum of Mean P-Value
Source df F Value
Squares Square Prob > F
Linear 3.4861 8 0.4358 0.7527 0.6573 Suggested
Quadratic 2.5988 5 0.5198 0.8978 0.5457
Special Cubic 2.1985 a4 0.5496 0.9494 0.5063
Cubic 0.9474 1 0.9474 1.6365 0.2570
Special Quartic 21397 2 1.0699 1.8479 0.2507
Quiartic 0.0000 0 Aliased
Pure Error 2.8948 5 0.5790

4.3.1.3 Model Summary Statistics

= ¢ o =1 i o & P o & a
AINHANTITUATIERAIUATTIN 4.20 BLUUILUUINEDS Linear WW?QIU'SLLH'E@JLL‘UEN']MUJJ

Ardrudssuuinasguiesiigadio 0.7006 uarilAn PRESS (Predicted Residual Error Sum of

DL v =

Square) WU 9.3579 FaliAUesNgaidlaiiisunuuuudianidug 3vinliuuudiaseiifiaiig

9

W zaNgn

M13199 4.20 NAN1TILATIEY Model Summary Statistics T84 UUITUasUTENaURlans

Model Summary Statistics

Adjusted | Predicted
Source Std. Dev. | R-Squared PRESS
R-Squared | R-Squared
Quadratic 0.7412 0.6518 0.4776 0.1146 13.9671
Special Cubic 0.7523 0.6771 0.4619 -0.0303 16.2530
Cubic 0.8002 0.7564 3911 +
Special Quartic | 0.8481 0.6809 0.3161 -2.2109 50.6510
Quartic 0.7609 0.8165 0.4495 + Aliased
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4.3.1.4 Summary
a € o] @ | o § a1
VINHNANTITAIATIEURAIUATITIEN 4.21 92 LRUILUUANED49 Linear A1 P-Value 910

Sequential, Lack of Fit wavAn R-Squared msnzaungndmiunsiATIeyt Fit Summary

= a ¢ & a
M9 4.21 Nan1TIATIEN Summary W@Qﬂ?qﬂ‘lﬁu’]’ﬁUﬁqiﬂigﬂ@UL’UQIa‘Vw

Summary
Sequential | Lack of Fit | Adjusted | Predicted
Source
P-Value P-Value | R-Squared | R-Squared
Linear 0.0028 0.6573 0.5333 0.4068 | Suggested
Quadratic 0.6666 0.5457 0.4776 0.1146
Special Cubic 0.4221 0.5063 0.4619 -0.0303
Cubic 0.6106 0.2570 0.3911
Sp Quartic vs Quadratic 0.8845 0.2507 0.3161 -2.2109
Quartic vs Cubic 0.2570 0.4495 Aliased
Quartic vs Sp Quartic 0.2507 0.4495 Aliased

4.3.2 N1594A5181 ANOVA
= € al 1 1 - 5 1 @ 0o @
INHANTTIATIZANWATIN 4.22 9E19UIIA P-Value U0 Lack of Fit WulsiflTediny
ABLUUINEDY Linear TUIAIUMNNE71 WUUINABY Linear HAulunsalaon1suiuIgs19aunis

YUY
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A13199 4.22 HANNTIATIEVANULUTUTIVUDIAMENUITUEISUSE NaUTalane

Analysis of variance table
Sum of Mean p-value
Source df F Value
Squares Square Prob > F
Model 9.3941 2 4.6970 9.5695 0.0028 significant
[1] Linear Mixture 9.3941 2 4.6970 9.5695 0.0028
Residual 6.3808 13 0.4908
Lack of Fit 3.4861 8 0.4358 0. Ta27 0.6573 not significant
Pure Error 2.8948 5 0.5790
Cor Total 15.7749 15

= C 1 ol [ niuLv o o o 5
INAITIN 4.23 98LURUN ﬂ']LQﬁ?J'?J@Q‘U@Ha% ﬂ"’a’mauﬂ’l‘iVl”lu’lEJIﬁEﬂ‘ULLU‘leam Linear

2/
9

o aa o v A
ﬂ']@'u‘]‘Vl’Nﬂﬂf‘]LWBU‘SSﬂBUﬂqimﬂﬂu‘lﬂ

A15197 4.23 ANENRYIEANNNTYITUIe LRt Ua1TUSE N ULT lany

Std. Dev. 0.7006 R-Squared 0.5955
Mean 3.0668 Adj R-Squared 0.5333
CV. % 22.8446 | Pred R-Squared | 0.4068

FRESS 9.3579

I n‘j =i I a0 H -‘J 1w =f
PNUUA 16 druUNaN UULAMINY 3.0668 HaZUATFIUUEILUULINTZIUVNAY 0.7006 37UDILEMY

ANATNI 4.24 aU150a519@UNISYINUIEAIPNLRUNTUa1SUSE ne U lavie Taeiall

ﬂ’mwm‘ﬁy’umiﬂi:ﬂaw%ﬂa ¢ = 2.5956*A + 57.2651*B - 8.2738*C

e A = USunauwashiyn (%)
B = USuneuuesnoaag (%)

C = YFuauuaInang (%)
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N199N 4.24 Nﬁﬂ']'i']Lﬂ'ﬁqgﬁﬁqﬂﬂﬂ']37]']11']ﬂﬂ'lﬂ?']uﬁu']‘ﬁUﬁ']iﬂigﬂ@UL‘U\ﬂﬂ‘lﬁz

Coefficients in Terms of Real Components:
Coefficient Standard 95% Cl 95% Cl
Component df VIF
Estimate Error Low High
A-Sn 2.5956 1 0.3562 1.8260 3.3652 3.6951
B-Cu 57.2651 1 13.7888 27.4763 87.0539 2.6365
C-Sb -8.2738 1 5.1788 -19.4619 29144 2.2683

4.3.3 AN5ASIZY Diagnostics

4.3.3.1 Normal Plot of Residuals
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4.3.3.2 Residuals vs Predicted
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4.3.3.3 Residuals vs Run
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4.3.3.4 Predicted vs Actual
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4.3.3.5 Box-Cox Plot for Power Transforms
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4.3.3.6 Residuals vs A: Sn (%)
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4.3.3.7 Residuals vs B: Cu (%)
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4.3.3.8 Residuals vs C: Sb (%)
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4.3.3.10 Leverage vs Run
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4.3.3.11 Summary report

a o .-J\ly a ¢ o
M1319% 4.25 ﬂa%aw MVINNIIAAINEUAUNITNIUY

Internally Externally
Run | Actual | Predicted Cook's | Standar
Residual | Leverage | Studentized | Studentized
Order | Value Value Distance | Order
Residual Residual
i 23178 1.7261 0.5918 0.2706 0.9890 0.9881 0.1210 9
2 3.8616 | 4.2357 | -0.3741 | 0.2286 -0.6080 -0.5926 0.0365 2
3 3.7308 3.4156 3157 0.1536 0.4890 0.4742 0.0145 10
4 4.8579 | 4.2357 0.6222 | 0.2286 0 1.0121 0.1010 1
5 1.7926 2.5956 -0.8030 0.2586 -1.3311 -1.3761 0.2060 al
6 3.8651 3.3661 0.4989 0.2329 0.8131 0.8019 0.0669 3
7 0.9393 1.7261 -0.7867 | 0.2706 -1.3149 -1.3567 0.2138 6
8 23929 | 25461 | -0.1532 | 0.1618 -0.2388 -0.2300 0.0037 s
9 23467 | 2.3054 0.0413 0.1787 0.0651 0.0625 0.0003 12
10 | 45017 | 2.9809 1.5208 0.0633 2.2429 27528 0.1134 8
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