Korean Chem. Eng. Res., 55(5), 690-697 (2017)
https://doi.org/10.9713/kcer.2017.55.5.690
PISSN 0304-128X, EISSN 2233-9558

SIS-SBS 7HEOIAEE HLAIEX| 24 £[H 5]

las|f
et sleky st}
38453 AAEE | F5 i dlE 201

AbA
=, 20173 92 222 A

Optimization to Prepare SIS-SBS Modified Asphalt for Waterproof-sheet
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£ AofM= WFAIEANE 93t o ~ZE 9] styrene-butadiene-styrene (SBS)%} styrene-isoprene-styrene (SIS)oll 2]t
TN QojA AT F7dE 7K TN-OABE BIAER| 9] A8 (softening point), 3= (penetration), A=
A5 (low temperature flexibility), 73 5 (viscosity) 2! 2135 (adhesion) 52 &S #&35kar, WS- EH Y
(response surface methodology, RSM)S- &H4-510] o} ~ZE 25k tn] SBSe} SISO AFRAS T&E3IaL AR
= 7= M EE WA EAY] S FAgRIglt el S4o] F3EE Ashdd A%E SBS e
SISO o] F7ghel| whha] -2J3HA ghol S7kskelth. 1eut g5 u] Askde) A% S7kE2 SBS 797} SIS
Brp 7o) I o#gh Al SBS9) SISO A&7 Ee] Ajo] wiiEl], SBSt Lol Ak AsS wit
3h= Alsk(gelation)’} Ho] 7t E7F AAY SISE AEAS ke )02l 852 AR (chain scission)
wjitol] ARE719) (chain entanglement)®] AJTA 02 Hojx]7] wjizo|tt, RbH| SIS-SBS /WO TES A2ofA] &
A= i]odr: HAM Sl 2] 5o r/Hg].oq OlAZE 63 gil 7]H o7 SIS 4~5 gjl]. SBS 8.5 gg] ZA oA
Hai TS UERo] A FYE 9 A AT A Ae=2d% #hs B3

Abstract — In this study, styrene-isoprene-styrene (SIS)-styrene-butadiene-styrene (SBS) modified asphalt was pre-
pared for waterproof-sheet to measure its properties including softening point, penetration, low temperature flexibility,
viscosity and adhesion. Then the properties of SIS-SBS modified asphalt imparted with self-healing were optimized to
seek for optimal compositions of SIS and SBS versus asphalt according to response surface methodology (RSM). As the
content of SBS or SIS was increased, both properties of softening point and viscosity, measured at high temperature,
were increased with a statistical significance. However, the increments of softening point and viscosity per unit content
of SBS added, were observed to be greater than those per unit content of SIS added, respectively. It was due to the dif-
ference of thermal properties of SBS and SIS at high temperature that the cross-linking degree of SBS was increased by
gelation accompanied with the increase of viscosity, while chain-entanglement of SIS was relatively reduced owing to a
chain scission of poly(isoprene) blocks causing the decrease of viscosity. To the contrary, SIS-SBS modified asphalt
showed a behavior of the least elasticity resulting in both the maximum of penetration and adhesion, measured at room
temperature, as well as the lowest low temperature flexibility at the composition of SIS, 4 g and SBS, 8.5 g based on
asphalt, 63 g.

Key words: SIS-SBS modified asphalt, Optimization, Softening point, Penetration, Low temperature flexibility, Viscosity,
Adhesion
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SIS-SBS 7i et~ g E WA B 54 #4s} 691

H o] ofkARE ST A} HojA 3 glony, of
EJ WA EE 204 A4 W3 (rutting), A-2ollA 22
(crack) BHAY, 12 E Hof| T3k -2 njn| 2 o [d3] W= 3k}

]lo] ¥z QITh1].

OFATE = bitumen©|2Fil e d A Qlow, A5 A Skl
WUE AT ol BAAfRE] AAE I e HE AR EA A
O % dojA|= HAANTES} Af A - DofA|= A fropnd
ER FEEL ofATEE ARoA] S22 nkaa)] A4S 7R
Aedo] ¢ e 9 Wapidso] geet Bxlo)r)h gt
ofATE L HFARFO] 500~2000 2] ZHE ©HElEaTE 4
wola 1ol 73}, Ak, Abas} wEke] F43HER o] o7l
speba o & vi-p- B TS TRITHR,3]. oOfABES Fo/43%
3 3}k 3}4= A~ (saturated hydrocarbon, [S]), 1< 3} 3H& (aromatics,
[A]), A (resin, [R]) ¥ ©}~Z -8l (asphaltene, [As]) O ZA], o} ~Z
H([As])S ALl gt Al 7FA] dF(SAR)S Zell(maltene) .2 -5+
s}, 22 0 7 ol AT E= /54 (polar resin)’} & of 2~
Zell (asphaltene)©] &3t vlo] Al (micelles)y= F/dskal @ YAke] 2
&l(maltene)ell #4tE o] Q= FZo|= 54& 71ItH4]. Ul 7H4]
3 ([SARAs]) [SI<[AI<[RI<[As] 9] =41 & Ao, Wad gl
3l Bl 2 (hetero) ¥AFE] ko] AXITHS]. = oFABE ApA| 9] &4
& AolA felstE o] A A, sl EeuEe] AA
ARgdell EA7F whrt. o] & Q13 1980y o] F A i AtbE &
431 7" o}~ F-E (polymer modified asphalt)el] thdt 57} 2k
3| R ojgitt. MF kAT E | 7p go] AMGE & A
styrene-butadiene-styrene (SBS)®] 1L, styrene-butadiene rubber (SBR),
ethylene vinyl acetate (EVA)9} 2] oll& 3= 2} 2~o] 31 Qlrh6).
ol 3t 1At el MHolATES] A 2fdo] S,
U 5 2olA] o E ] Fagkas 9§ zef| gk 43
o] ¥ TH7]. SBSE= Fig. 1agt Eo] 3-B=2FFIAZ o &
chof] ZE ] A Elo] H(polystyrene) &5 3 S 4ol Z2]FElt] <l
(polybutadiene) 552 2 3% 1 xjo|v | ZAElo]dl B50]
Z et el 52 AkE JF o ik F2E o] FaL Qlth
SBS-7i Aot EeA] SBSO| EejH-ElH Al E50] oA BE 27
1™ (oligomer) B== 28l (maltene)l| 2] 3l &3l 2! &% 37 SBSO]
| aEoldl £5-2 78 9] wieo|Alo] Hi=), o] u] F4l¥ SBSE
WA B AR, SBSS] §Hkel]l whet A d ok adE L] B4
GepRITHg]. $HE SBSO] EEFEH <l 50 EeAEe]dl 55
I} 27 ofATEL 948k A F AHE-S WQITEYL HATE| AL QITHS).
Dong et al.[9] N FAZE UlellA SBRo] H&H = 345 =
ARSIRAEH, Bae whE A STkl Bl mEelglal of At E
o] F-x}eo] 2k-& 73 A (light components)THo] SBRel| F4=% )
TRl Wkt BEgt i ol A T o B E L] Aol
28k A 31 (softening point)©] Ad53FL 14 (ductility) 2! %]
E(penetration)ﬂ- 7oty ¥ skt Sengozﬂ Isikyakar
[10]3= SBS-714 bitumens EH8ki= oF~ZE7} 7] bitumenTt
FHsh= ok~ZE nlsto] 4wl A3k T2 HEH 54
71A1A EAJo] A= AL, B A At A = 15731

bitumen Wil ILZAFIA7}F AR o] Ql oLt F TEAFAA =

a

—[—(:}12—<:H—]“—[—C\H2 /CHZ—]“—[—CHZ—CH—]H—

C=C
/ A\
H H
b.
/CH3 /CH3 /CH:,
HC=—C HC=—=C HC=—==C
/ / \
Polystyrene CHy HyC——CH, HyC———CH, HC

n Polystyrene

Fig. 1. Chemical formula: a. SBS; b. SIS.

aEARYe] Adg o w PR gtk Warsioitt, g SBS-/1H
OfATEO|A ok ATE F2F0] 10~90%3] Z-9-ol SBS-rich 0]
AEEE AT b, ok BE $eo] 92, 94 9 94%81 9ol
SBS-rich 7] #A4e] nlo|az AL FAATH1L].

SHH A9} AR o] Az dllo] AR A 255 A a1 o]
tigk 7o) 2ds] HaE|ojgitt. H AT FTIE] HEE
styrene isoprene rubber (SIR)3} styrene isoprene styrene (SIS) -l
theh vheket AlFro] BAkE AL It SIS Fig. 162}k 7o) SBS%)
TR R Q7R 3-ESE S A e AEoldll £50] &
glo] A ll 550 AR glel] #ake 7 o] FH, BE A
Efo]dll 55 1A} FollA vl 93 A7k 3848E 7 AL
HMA (hot melt adhesives)oll 2 AT 2 F-2Hd-50] $=35}}. up
2hA SIS7H N E B 0 v 7Mo% Q7 E = AP
$(self-healingyd W 953 24 & Aol A Rojat 5=
ek,

o] ¢} ol SIS A A ZA TfHot AT E S E4S Alarske] et
A=, SBSSE SISE oFAZE JfEA| A § 488 =) €]
A= A glrh # Aol = WFAIEAE §18h of AT E ]
SBSgL SIsell €15k el oA A A S 7= TR ek
E WA EA Y 9 3H (softening point), 3§ &= (penetration), #]
< =445 (low temperature flexibility), 3 5 (viscosity) 2! F
2}/ 5 (adhesive force) 52 E4S T3t RS EHEAH
(response surface methodology, RSM)S &850 o} AT E A=
tjv] sBs$ SISS] A 29-E TEshaL A 7= )

AokBE WA A Y-S AR5l

d
Fl

2.2 ©

2-1. X2

OFATE(AP-3[12])E SK llufA oA FHigktt, o~ T E )|
AAZ 43 SBS (LG Chemical., LG501; 0.94 g/ml, 13.4 cP (5%
Toluene, ASTM D445), 31% Styrene content)2} SIS (Zeon Chemical,
Quintac 3421; 200,000 g/mol, 10 g/10 min (Melt flow), 14% Styrene
contentyE 485131 0.1, 7hA| 24 = I A 71aA (S-oil, P-31;
0.8666 g/ml, 101 (Viscosity index (ASTM D 2270))Z AR&slt}.

2-2. AN

2-2-1. Glass transition temperature (T,) =4

OFATE, ofATE thn| SBSSE SIS WA A §Hake] gro] 7zt
7% (SBS, 3.5%,; SIS, 3.5%), 14% (SBS, 7%, SIS, 7%), 20% (SBS,
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Table 1. (a) Uncoded values of explanatory variables (X; and X,)

corresponding to their coded values

Explanatory variables

Code X, @ @
+2 8 10.5
+1 6 9.5

0 4 8.5
-1 2 7.5
-2 0 6.5

(b) Experimental matrices for central composite design: X, (g) (SIS) and
X, () (SBS) added to the mixture of 63 g of asphalt and 4 g of plasticizer

X, X,

Experiment number:

coded  uncoded(g) coded uncoded(g)
1 -2 0 0 8.5
2 +2 8 0 8.5
3 0 4 +2 10.5
4 0 4 -2 6.5
5 -1 2 +1 9.5
6 +1 6 +1 9.5
7 -1 2 -1 7.5
8 +1 6 -1 7.5
9 0 4 0 8.5
10 0 4 0 8.5

10%; SIS, 10%) 2 30% (SBS, 15%; SIS, 15%)2] /N Ao} ATE,
SIS 9 SBS®] Al 555 F4]7](Perkin Elmer DSC-8500)5 AH§-
&t Fref ol (T)E AL 54 S AlRsS 120 °Cel
2] 100 °C7}HA] 20 °C/min®] 5F7 02 7}43}kaL, 100 °Cll A
~120 °C7HA] 150 °C/min®] Wd7t2271 © 2 F1(quenching)A 7] =
HAGE AR T, FYE ABES 20°C/ming] $LX2ACRE
100 °C7FA] 22} 71 shH A 2472 7] oA DSC (Differential

Scanning Calorimeter)i-23-2 53513},

2-2-2. |- AT E 9] BAJAE]

Table 12] ¥l whetr] AA=ke) sfepa A 7haA47F H7F
¥ ofA~FEc) SBSS) SISE F4lskal °F 180~190 °CE 438k
800~1200 rpm&] WHHEERE &3kste] L3HER] MAUIAIRES
Azstal ZF EGAEY of| wheba] Al RS Az EGAES
F35F T, 91314 (softening point)< KS M22502] &7 A} 5 <]
Azp AP E[13]90] wheka] ZF AlEo] AstE o] b7t
Hhetel]l 2-& o] =5 S48tk 3 9 = (penetration)™ KS
M22522] AR 2] HUE AP 1410 wEbA] ZF Al ]
St 7 (2.5(0.2) g)9] AYE ArE SISt $HH, AL =54
35 (low temperature flexibility)i= KS F49342] A}2+4] 8 15
3l ol AR E W A|E Q] FA A T PR [15]e] whekA
0°C, -5°C, —10°C, =15 °C, —20 °C, 25 °C ¥ —30°C2] &&=
ol A ZF Al HS 180°2 wES uwl AlH ol b 2w d ]
WAl B EsleI), T3k 2] T (adhesion) S KS F4934 =}
22 153} of AR E W A|E Q] K25 P [15]0f
2hA] St 250 ks UnE e 3hs FaA T se®
ARESIATE PR RO 2 I (viscosity = E5E= 160 °CE A7
71 AzA187100 2 hF<t F=| Fof] FEA(Brookfield, DV-I
prime)% 6 % 79 AWES AMEsIoIA] ST
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SBS 15%, SIS15%

SBS 10%, SIS 10%

SBS 7.0%, SIS 7.0%

Heating Flow

SBS 3.5%, SIS 3.5%

Asphalt

-120 -100 -80 50 40 -20 0 20 40 60 80 100

Temperature (TC)

Fig. 2. DSC analyses in an ascending order of height: Asphalt; 7%
reformed-asphalt (SBS, 3.5%; SIS, 3.5%); 14% reformed-
asphalt (SBS, 7%; SIS, 7%); 20% reformed-asphalt (SBS,
10%; SIS, 10%); 30% reformed-asphalt (SBS, 15%; SIS,
15%); SIS; SBS.
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A+-47H (Response Surface Methodology)

YRS (X )5, OFAZE 63 goll 7FaA 4 go] b E3HEe]
gt S1S9] & (g)(X) 2 SBS2 () (X,)0lH, -2, -1, 0, 1, 2
o] thAl TAIE Table 1as} 20| F-& 3k(code)at, S AT/ AIE
oM SHF ] = 5 7He] THH(0, 0002 75k Table 169}
ol AAlEI. F3 8] = SHHEFX) 2700l 2R 0=
omn, FHA o E —a gh= A7 2 9 27 3kl F32 (0, 0),
(-0, 0), (0, @), (0, —)2 73Tt WH-g-EHEA ] ol 4] WH3-3E
W] HA 35S 135t T4 §Hd Al (central composite design)©ll
2k 107l APT= AP, oA BE S Bl thgh &R
(V)= A3 (Y), FAE(Y), A== (Y,) 2 AE(Y,), 72
e (Yo VeI 33] o) WHE54 ] Hagks 3734l
ARE-SFATE. ol 3] AR & 28 HHWFE2] AF S(linear
term), A5 &(quadratic term) 2! 3%} & (interactive term)©] 7]¢7
Sk Z42+e] ¢ & ¥ (main effect), A58 I} (quadratic effect) 2 1
& I} (interactive effect)el] Tt 22} 3] F a2 th33) Lot

Y, =Byt BiX X By X, B0 X Xty X, (D
A7 Y& FEHHT, X, X© SHHEST, e 29, B2 394

sFolet. BT, dA el Hhda} #H o] o P

o ol AR S Falo] AW T,



SIS-SBS 7i et~ g E WA B 54 #4s} 693

21 (D2 HESEAS WS- WA o 2] 3}o] Statistica (ver.

3-1. Glass transition temperature (T,) =

ORATES] DSC 4 ellA Tk 40 °CE 20 °C Atolofx] E4
3loict. SBS W SI1S2] DSC 4 ollA = 22} —93.4 °C9} —62.7 °C
o T7F ST, Ak ZelFed 259 Tola %4
© EgfolazA e Tolth 12fu SBS B SISO DSC 24 ol A
Ee|EteldlY] Taz 7 7HA A9 B B2 A gk, o)A
< SBS % SIS Z}7ke] ZejAsteldlle] A o AL kel
7103k $HE 7% 2 14% JN- kAT E ] DSC A oA &, oF
~BEL AP A T/F AR st Alebgigo] #EE g ou
WAIEARE] A2 O R opABER T T Yol T = #
w4 ekoket. vk 20% 7N okAZE S DSC Aol A= T
AEANA R Q1Eto] of B ES] AP AR T ML Stolxl —47.9 °Ce]
A ok S 30% 7l HokABE ] DSC B4 A= T2t
—75~48.8 °C2] W 9lellA wHE o] 20% /Aot FES] T H T}
stopbd vk ofue}, T,7F SBSO] YEFOR SISY| T, (—62.7 °C)X.
o o stopxlo] SR1E Gt} wheba A} FHtEe] SR
EA NHOTES] T} ok~ BE I1f-9) T, 2HE] Ze) el
vl = o]z l 559 T, WO vtoxio] =3l
T3 o) AHES SBS9} SISE /A a1itA} A Hop AT E o)A

SBS$} SISE] A-8-d0] RISt

32. 29 R HSEMHEM A}
3-2-1. A8} (softening point)
Ak (Y) S8A 3 gl sl ke mdEAis 288 317
14 (regression) A Taeizl 24F BlF A 2] ()¢} 2Tt
Y,=79.627+1.4396X,+2.8604X,+0.20260X >
-0.31250X,X,+0.047917X,* ()

Fig. 35 2] )l etz 22} sl el of w2 sk (Y))
o] RES-3H 0 24, SBS K= SISY] d&o] F7tstel weba A3t
AL 747 A8 9 a8k o 7 Zkelle). dhA, skl st
ORI E(AP-3)e] Tk SIS $HH| (X)) SBS] g I(X,)Ee]
& ¥H(main effect), A% & FH(quadratic effect) 3! 1 2}& Fh(interactive
effect)el] That W32 23} 3|7 7l #2418 Table 204 ¢} 2},

AR (Y) S gkl het ukg- ¥ 24} AR HA oA,
SBSS] sheFu|(X,)°] A8 F(linear term)ell th 3t §-2]FE< p-
value7} 0.0052A] 2| =3] #-28 Ay} =& Q)eh =8 SIse)

bb\\updﬁim
O R PR TN N, O
e
ISl g iy,
SO DO e

Fig. 3. Response surface plot for the model predicted softening point
(Y1).

Y] (X)) A8 (linear term) 2! AF5- E(quadratic term)E-°ll
3t 5212541 p-value?} ZH2} 0.097178% 0.09009924 218}
Ao} SBSS] ] (X,)] 413 &(linear term)©] 73R} 72
BFA] okt kA &3l Fig 30149 At Ao 2A, 2
TN ZE ] Aslro] SBSS] gHegH|(X,)ell A3 0= Hla|sto]
7 A=3] f-elabH, SIS | (X )ell A3 Bl Aol H]
glsto] S7FRS Frelstthar sl Sick.
SBS-7i Aot BE oA SBSO| Ee AEfoldll £ ) 3t
Hof| gJato] F33to] OFAFE YjoflA] mlo] AR Er1 0 F A
4] 7t Als Fsh, et e E5-2 o~ ES] wl
g8730] 9le1A Fig. 491 2ol BEETH11,16]. SBS= A7H4
&Hd A (thermoplastic elastomer)Z A1 2] EA1Q1 Zg]~Elo] E5
I ZE e A E59] ARl st 27 284 7t
(physical cross-linking point)¥} A& 77%] (chain entanglement) 2.2
TAY UEY A 725 945t SBS/NH AT E|A of A
E A& A7, 9RbE o2 SBS $Ho] S71shdE EE]4
7t o] S7veka IES A F-329] R} olxix] SBS Y%
o] T7VETE Asghrlo] Srheitta dj At o312 SIS B¢ =
A 2 A gETk Teu W HEA S A gato] Ee
3] 42 (regression) A 2= g O] Ak S7HES SBS ¢
7} oF 2vl] A= Fo] FAE It o] gt P12 SBSS} SISe] €A
AE2 Ao w1, SBSE A-2ollA] AL A5 srRkshs A
Sh(gelation)7} = o] 7t =7} ARG SIS A EFAE 28

o é“‘:t{oﬁt

¢

floox R oM 2

1 o

Table 2. Analysis of variance for the response surface quadratic model of softening point

Terms SS df MS F p-value
X 7.84083 1 7.84083 5.68825 0.097178
Xlz 8.40672 1 8.40672 6.09878 0.090099
X5 70.56750 1 70.56750 51.19426 0.005622
Xzz 0.02939 1 0.02939 0.02132 0.893168

X X5 1.56250 1 1.56250 1.13354 0.365113
Error 4.13528 3 1.37843

Total SS 96.35556 8
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maltene Polybutadiene

Fig. 4. Swelling of modifying polymers(a, b) in asphalt: a. SBS; b. SIS.

Zol el EE 2] AREE-E] (chain scission) W&ol AFEZI Y 0]
02 #ojx]7] witolt}, o] 7 Ejo| U EE2 vd
712 QE A7 F2E 7HEA7] wiizell 2SRl 7191
S s A =, A7FA 2 E VA & UARE SBSTF A
SBSH.U} iAol 2 1ste] ' AIF(G)ake] At Kal[17]

o} AA|7IT}

3-2-2. }1% (penetration)

A=Y S784d 3% gholl sl vh& A S 283 3
T4 (regression)elA] 7oFA 22 Bl A 2] (3)7} gt

Y,=-9.3821+0.10625X,+17.715X,+0.41302X,2-0.28750X, X,

~1.2896X,°

Fig. 55 21 (3)ellA -3todx 2a 57 2ol e A= (Y,
HRS3EH 0 2 A, SBS $Hgo] TS A Thasigict. o) 9}

< A9 FAFA= Sengoz®} Isikyakar[10] 2 Chen et al.
1819] ®.arel AX|3FALt. 1 o] SBSS] $Hgo| Skl wh
SBSitAtel] o3l vIEL A 29 ot SrketaA 1A
FABES] ' A Fo] 7] wiEolth, R SIS SISEE©]
7P E AR EE Tt A Ak oS Bl ol st
5738 SISV} ZElaEloldll £5 aiA) FollA| 71 AEr) vhof
A st A7 38738 7RI vt SIS §Hgo] SRS A
A=7t S7VstchL, SBS9F @] 7t MES A 30 UES
SAsPEA A7k BRI A 22 ©A-S el gk g a)
7} ATl mhE HSQE Fhakof] 7118t} ofof] wheba] 34
2 (regression) A Z}of| 4 SBS®} SISS] &-Fo] 242} 8.5 g3} 5 g9l
ZAJ oA AYE7F Hzke) 5.5 mm oS B3, vhdol| SBS-

1T

m\l

—

}‘\l.

i

iz

o
&

b maltene———>@§),

e

CH, ~, Qé——————- polyisoprene

e

Polystyrene

AN
Q0 Q0 e b M
[T = e

(uand) VORR AR

Fig. 5. Response surface plot for the model predicted penetration
(x10) (Y2).

MAotrZES] M2 WA = wlg]Ql SBSTHo] 9.5 g3l 24
oM HAE7} 4.3 mm 7S B} wheba] SBSS} SIS e
o] 747} 8.5 g7 5 gQ1 A ellA] SBS-SIS Aot FE] Eu] 4]
7t ARER ] o ® 3R Tk HIES A H Tt HAsE S
thar s At SBSS} SISe] gHaFe] 747} 8.5 g7t 5 gQl el
SBS-/NHotABE WA ES] A A wjgn] Ae-Rrot IYert
28% 7FeFRIaL, ol st FU e S7h= 2 SBS-SIS-7f ok
E ] A7} fr(self-healing) 5&0] /IAH A& Rt

Table 3. Analysis of variance for the response surface quadratic model of penetration

Terms SS df MS F p
X, 27.3008 1 27.3008 2.302662 0.226436
X,? 34.9361 1 34.9361 2.946648 0.184559
X, 112.2408 1 112.2408 9.466844 0.054271
X,? 21.2867 1 21.2867 1.795408 0.272721

XX, 1.3225 1 1.3225 0.111545 0.760376
Error 35.5686 3 11.8562

Total SS 213.1489 8
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3, A=Yl tigh o ~FE(AP-3)l] Uit SISS] §Hegn]
XSt SBSE] #HH|(X,)E S T & H(main effect), A5 a2
(quadratic effect) 3 1 %} & Y}(interactive effect)ol] o 3+ HH-&-¥ ™
22} 5] 25l 412 Table 37 22t}

HARJAE(Y,) S %kl thek vh-a-32w 22 3] AR g Aol A, A
3 (Y )R v IA 2, SBSO] ] (X,)2] A3 P(linear term)
off thet 218521 p-valueZ}t 0.0542712A] 2] 8t A2} E& 5]
Aok, 13y g &9 3|AAGFEY p-valuet: 0.2 T 24 vl
A Fol w7t Ao
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Fig. 6. Response surface plot for the model predicted low tempera-
ture flexibility (Y3).
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Table 4. Analysis of variance for the response surface quadratic model of low temperature flexibility

Terms SS df MS F P
X, 14.08333 1 14.08333 2.700639 0.198853
X2 20.26756 1 20.26756 3.886534 0.143247
X5 1.20333 1 1.20333 0.230753 0.663819
X,? 17.17422 1 17.17422 3.293352 0.167193

XX, 5.29000 1 5.29000 1.014418 0.388043
Error 15.64444 3 5.21481

Total SS 59.74222 8
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Fig. 8. Response surface plot for the model predicted adhesive force
(Y5).

Table 5. Analysis of variance for the response surface quadratic model of viscosity

Terms SS df MS F p
X, 29243774 1 29243774 96.4828 0.002243
X2 1949793 1 1949793 6.4329 0.084953
X, 170743352 1 170743352 563.3265 0.000164
X,? 2771153 1 2771153 9.1428 0.056593
XX, 4422 1 4422 0.0146 0.911494
Error 909295 3 303098
Total SS 203918935 8
Table 6. Analysis of variance for the response surface quadratic model of adhesion
Terms SS df MS F p
X 0.022533 1 0.022533 0.499384 0.530713
X2 0.165620 1 0.165620 3.670475 0.151253
X, 0.010800 1 0.010800 0.239350 0.658214
X’ 0.040500 1 0.040500 0.897562 0.413330
XX, 0.014400 1 0.014400 0.319133 0.611615
Error 0.135367 3 0.045122
Total SS 0.351600 8
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