ERPRTE L K kg s R
2R R



093-301070000G3-024

ERPRTE L K kg s R
2R R



E 1
AEE AR NERAS R kL 2K
Bk e AT R AREP ~hiERA S BT b ok R R
R L AR RN A N L R S BT
FHRP RGP g o derm Rl 22 FARE £ RS A
AT LR 2R R K R AR B R R BRI

LL%%"‘ET‘I‘ e éi:f?ﬁﬂ?\ Bl _g;}'i}':t}_a _,‘E'_ ¢ é’;}é: '—%,J{,}i\ T&%[—ﬁ ;; ‘“’T-'J‘T%

e S ‘KTT%;%é)ixﬁﬂ";é‘%i}; %.‘]“i.o W Op e i —»F}%&E

TPk ~EHARE ﬁffﬁ’;'fﬁii" <
ARG AR R K?ﬂ‘?ﬁ—’ﬂ BT % R K Rl o A B B R g

DR

FlLRs o g
ePEER R TR D AT PHER SRR kR s

R FARNRE TR R L ERES R G5 R

\_},5%;?4 “l‘]‘*f’*ﬁth&’ F] L 2E 1 B:i_;/ﬁ.}ﬁj }%‘&)@‘ﬁﬁu@%
AFELFEE 2R E K BB R E A E 4 T HT R 24
R S LI EU

MR 2 il

l]‘i,
B2 o sk A A R B T

B R AR RIRT B &

MAES A F Dok R S aiEl HEER



Abstract

This study was to develop an exterior roof water proof coating with
the inclusion of nano-scaled SiO,. Low surface energy self-assembly
monolayer (SAM) formed on the nano-scaled SiO, surface after the
hydroxylation and CVD process. The molecular chains of SAM on the
SiO, surface produced cross linking resulting from the UV-oxygen action.
Thus molecular chains of the organic coating and nano-scaled SiOy
particles were bound together after UV-oxygen application.

Prototype of nano-scaled SiO, roof water proof coating was
developed and tested. U. S. and Chinese patents of specific coating
fabrication process was pending. Coating characteristics that fulfilled
expectation included water repellence, low surface energy, alkali
resistance, moisture absorption, adhesion strength, and freeze-thaw cycle.
Coating properties that needed further improvement included elongation,
tensile strength, and acid resistance.

The analysis of coating-substrate failure models revealed that the
Young’s modulus and coating thickness affect interface adhesion the most.
The lower the Young’s modulus was, the higher the failure probability
would be. Results of the pull-off test confirmed that larger moduli of
QUV samples produced higher adhesion strengths. Thicker coating
thickness would be prone to adhesion failure as indicated by our model
analysis.

The cost of our water soluble nano-scaled SiO, roof coating was
approximately equal to or higher than that of commercial water soluble
roof coatings. Maintenance cost of building that uses nano-scaled SiOy
roof coating, however, would save substantially in the long run.

Key Words: nano, water proof coating, weather resistance, adhesion
strength.
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delamination ) % 3#5% o v ZRE TR ? o 4oB] 2-5(@)9 7 0 B W 4t 2
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R AR FamE Y AR P RF-ZIATERS 20 A H
o T RESFZEI EREFERAMR e 224 42283 (debonding) » & H B
Baitvd REFo Rz o Righ EREF - @50 kE%Y > ol
2-5(0)#ror 0 EACE A - Fl3L o RUEMBF LI RENKEE- R4 E
A4 AR E > B TR ¢ s F RS stk o Baggehi (1994) % i *

A3 it £ T (debond energy, G) “g B kIR L j5 11 & 4 4r

() notch

W ,///;,/,/4’/;//

film

B 2-5 (a) = 54T 5 (b) Mo ¥ @ () B AR

pLoh s Bl N E R OB B G L 2R RT R AT ERY
(adherometer ) -~ 4z #& L' :85% * (torque spanner method ) % I AAEYH3E %
(pull off method) % o A" PI T RIL L Pl T % T 7 KE T o 2|35 %
srA A4 epped o o3 R ElAe ] 2-6 ST e bk SRRk Dok end e
A oa 2B RA d N ERPMFIFRIAER P TR LD
s s AR HPTRIFIZEE Lozl

%

v J;E:"j? t]‘if_l?_‘_ 3
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ﬁ’#ikléff‘mﬁﬁ°54ﬁ%%%%i%%$$(5%%%3%

S
o3

31070 52 ) » kg LA B & # Lkg 47 @54 7 pE2 &
Ao KBRS TR ERL O EF T EALE 1% 20k 2 F 3
FACEHE - ARE - PEIHEILLEE 2 A FRY = B A (TPT) &2 =
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AT EAFFIRZ 20 B2 KA G A - KA G2 p
A p % H » 3 K (self-assembly monolayer) - o E {2 #41R % F 3 s
RS FER Ryl ’i’ﬁw HEgH2ZpFE - PR -BE P

o~ E R s wiE PR dE R R KAk p AR B AT R BK

S0 e A5 & g s (surface energy) 2 % % BB 9 & 5 5 F FUR R

BE R RREE A kR N gR

RECEN A S R S & e PR R P i L

I 4% 7 5 »cB e bk & % bk 2 % S 3 de SiOx > TiO, » ZnO % Fe,0;
EIRL AT RRZ 2 F AR e B B A KR R F4eT [ SiO £ &
Fht R R T FAEERE LA TR 2 LG DT A RS
W § B dofl BAQR R 5 R B R AR SIO it R
Flo P30y A4cE Y 0 o B2 AR o T4 A SiOXT'—‘f’ﬁ ©A
Td » PR P Z HY R R AR E B 85% P RE K R E AN
SIS R S R ER S IVE: 1L l‘fﬁ&}ﬁ:f%? R XA g
Fo it o ¥ b 25 SiOE 5 )
R G R ARG E A & L s R BhE R ok A
o T b 2 H SIOEF X A5 s a7 Efoitl
fed PaEE R LI A VA 2 A e e L R R
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AL o 2 o TIO A m 5 > Gk & ™ > I 47 iE* 2 4
B R PR AU T (T o g R I PART BT T S 3
280nm~400nm ZnO 44> » Sz ¥ bR T 5% 4 T 3 5 #-10~15nm Fe,O5 4r »
e T SR S e LN ER A T U
20 B2 KRR A g M IEF R R AR G LR R R IR
(hydroxy ) » #-z K 3g#-% o L& 7 25 2L i* Chydroxylation )2 2L B 3-1 >

EH#26 2R BAREANE AL A NRPFE? P LT F
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%

LzFit-1>12292-w 2 4= % i*# % (tridecafluoro-1>1> 2>

2-tetrahydrooctyl trichlorosilane ; F13-TCS) z_ p Nk s+ F R 5 &) ¢

OH

OH OH
OH
o OH
OH OH
OH OH
OH
OH OH OH OH
OH
OH OH
OH
OH
oH OH OH OH
OH OH OH OH
OH
OH OH
OH

Bl 3-1 2 5k SiO 3Fdd o 2o 75 1 A
i itz ad vz gaplzt2 g FEomE Fiva (HCl) (8> 2 &
Fxitg (SiOg) 24w A%t mazp Ao XEL TR ALE32 3
i SIOcRERA B v w2 AFM BLZ L Bl 3-3 1 2 F SiOc 34 SAM {8 2 AFM
LB 340 1B 3-3 2B 345 SAM A F A2 SiO kAT o d 30
SiOc £ 2 p e a3 B EamiT SiO4m 2 p Ak 3 Kt FAL R
T4 BP R Al s @R OSIO B g F A dra B § B R

(agglomeration) » FR{s £ 225 W FRR - R EE WS ATy 2 kL%
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(= 2

- 3HCI

/.C:H'
@-Sigg+ CsF13Ha - SiClzs —>
<* ILJ\‘W Si/CaF13H4

S
CeF1aHa””

Bl 3-2 p A % 3 & F  tridecafluoro-1 » 1 » 2 » 2-tetrahydrooctyl
trichlorosilane ; F13-TCS 22 2 X 3% o OH A2 B ¥ F R

Bl 3-3 2 3 SiO %4> SAM 7 2 Bl 3-4 2 & SiO %4 SAM 74 2. AFM
B AFM %

T2 p AEEE LT R HRTER LT AT iR Bl
2 2 B f kL

Lz EL 151929 2-w & F A= F i“piz

[tridecafluoro-1 > 1 » 2 » 2-tetrahydrooctyl trichlorosilane ; F13-TCS] ;
L~z 3 = F %% [octadecyltrichorosilane » (OTS) ]

Y2 F it ¥ '=[Alkylchlorosilanes] ;

[ 72 = % # '=[Proyltrichlorosilane - (PTCS) ] ;
3'3°3-2F R A A=

[3 > 3 » 3-trifluoropropyl trichorosilane » (FPTCS) ] ;

= " A - % # ‘%[dimethyldichlorosilane - (DDMS) ]
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Lo Ll 10202-F Az F R

[heptadecafluoro-1 > 1 » 2 » 2-tetrahydrodecyltrichlorosilane > (FDTS) ] ;

£A 1.1—,
o

aa«

PRI R 2

AL 2T 1 4o
FRPF P (SI0, r x=1.2~1.6) % 34> H it £ 5 £ 9 226260
(m%g) > #4= 80+10nm » % *+ 20% H.O, (% k) -kiz ¥ > &7 SiOy
2 ¥z A it (hydroxylation) & i o #-se A Y 5B {8 2. 2 K34 §o 2 0 T
% FTIR B A RB~2 K344 6 e il 5 £ % 2 5x10"0H f/em’ -
1% L RITMT R %R IR MR 2 KRR

PR - %P2 HFe (petridish) » 2 x T F %~ #4 (hot plate) o

FTop2F BRIER LRICEE F 2 £ KE - B2FER (I0250C) 33 # 2=
(4 F13-TCS) 2.3 BT+ o dpetric BHE R L > BRFE LRI F R

BLU b s T ARP RS FAE S B2 mE L EFR 2 )FEE K

SiOx # & it fhee JF o B (S Po it SiOy 0 £ % ok he MR S R

Bfs SOk m )R MA G2 p Ao+ R (TpizsF k)
Mt ke g pARES TR E KRS WERE AR

5
R E R A R AN AR S B R ARES TR HF 5

=N
o
A
i

SER s R 2 ETRTIEY H R H 7 € ok 2 @

?&3\
'F_*
)
ie
i

oo A BT RRIEY T 0 G k- KRS

YoB3-5970 0 B R2-27 &R OKERAR R (R A 2 ARSI A
felizih o L ERE 7 p AR SRS WERY 2y
Fet M R R R REARp ek Sy WP A S

4 ¥4 (entanglement) > @ B & ZE JL 3 12 8 4 T (mechanical locking)= 3

L

BEA-42 & W LB 3-6% B 3-7-
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EHT = 2.00 kV Diate :25 Jun 2004

B 3-5Si0, 2 K 3p 3% v 2 353 &

Bl 3-6 % K32 o cHSAM & %54 B 3-7UV-3 313 SAM & a2
LA o AR R I 4EF R

SEe

-~

FEARARTT R HWY o £ H - AR E AR 2 K g

PE R L IF(insitu) B A S E o BRI EEG P A REST 2

jkpfi?,%‘a&lj2:

AT it SI0, )% F # R(FI3-TCS)¥ 4 3 f » &7 4 9172 ¢ £ (%) &
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R RN E R T SRS S S

ot % (%)
1.7k 9.27
2R A AR R ESR 57.53
3.2 K 3 1 5 (Si04 » x=1.2~1.6)%F ¥ 9.80

(T ¥ 4s 80+10nm » 12 4%+ F13-TCS # %

4% 7 7.21
5.4 £ 1.81
6.7 74 % # (butyl cellosolve solvent) 7.82
7.Z 4 f%i% 3= (carbitol solvent) 0.42
8. FRALS Ty 1.31
9. F4pde (10% ki3 %) 0.48
10.5 § 1 45(28% K 73 5% ) 0.33
11,3 72 & 0.26
12. %2 4 0.62
13. 0 & % 13 0.28
14 FLJ5 4 3 4] A 2.86

100%

L

1. PH=7.10~8.0
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%k =100~2000mpa.s

R gte 4

AEEWZ L=05%

5. PRI 2 4 K LR 3-8

6. AP 2 kA BR2HANFTE 6% nH - A KR E R L F e
02% 11 b o BB 3-9 Ft AR K- (L WV RLIEFT - PR
TE > FrAREERA T I RET > A% - REPRY AR 2RET 0 &

Wog 2 R AT EF PRS0 R W e o

nal

. e 4

2. WHEFRAT - BH
2R

G

w E 4 45~47(V)%

PHE=7.0~8.0

%k =100~2000mpa-s

ATENZ E£=05%

7

SN

B 3-8 3 e fLt ol

TAER S 2 RMEZ K F 3R K22 4 (pilotrun) -
arip f RKAEZRFRAHR A ARG ESI A I KE AR
B I kAT e FIH A HFALLMKZ B PH B2 FHS A
SR KGR ARSI A G o H2F B2 F
P AP R kR (R * L4
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AR AR AELLE AR
KR 4 kR g 4R
48) BT HH 4503 100 ~ 242 %

S
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B 3-9 P AR IT L PR 2 B (2B

B e KR A K AR G AR (RS A F R K E
B R G MEHT o B AR A G L p A REA TR FRF e T

A 4a g gt A 4 3 B(crosslinking )£ BAER A- A2 o dod_ 0 TR 3 K AR

o L9 R EA S R R RS T MAS PR - ARSI L L
ST TIE R A AR L S M R L b e A
VA AR T T S S - Sl E = BVAR T o S SR/ S LI B

AFETRREIFT o RRR  BIER MR EERARY
Foe AT RML PR ERRE S S KRB LA KR BT AR

EE ViR A FHREETAAHFA o Ew D
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ERW L F R M 5C 0 A B 38C  APEREF B3 85% 0 T oA &

A2 T #”ﬂgaéoﬁmkﬁhr, Rt Rom g RAE- BKFRF
A eg kR E K 10% > ¥ PH @) » 10 12§45 (£ #3551 o
T 3

F2RECEPFRG]L R > PR REREERIRRA R o

F
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2
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3. % 2 B FipEREARY 0 T A i b BB o

32 3 KR RH A E 0 RS

AP RARETARET o Db ARRIRHRE FIER >
Hsueh (20007, 2002°, 2003) #73% #2 mhif4 RN 5 4 > EL %k

L2 ee
AHGERGEERAR TR AL FBELEF L - KL LI
T F B B (strain energy release rate, G) & 3T R A7 H B At
£ (debond energy,I') B > %4+ ¥ & 4 %t F 14 pL3% o 1345 Hsueh (2002) #7i

2R R A S L R B (G T 253
Zoom
t ¢
G :4—€J_I(gy0'y +¢,0,)dy (3-1)
BY o 2o, AR EATERILRARAE LR 2B AR 6 2 g, 4 4

v

B B AP 2R ER o (SRR R - X 0t SERER R

3-10 8w W A2 EFA 2z BB XX E yARAE o F P
o, cosh(4Yy)
= A l——== 3-2
77| o wE, { cosh(ﬁ%)} (3-2)
s(1-v7)E,
Z:(l—uf)(l+us)0'b+(u2f —0,)o, (3-3)
t(l_Us)Ef
l-v,0,+———F———
SE,
e, =(o,—v;0,)/ E; (3-4)
g, =(o,-v;0,)/E, (3-5)

Ao B 2 E AN GENE A o R o YR
u,g\t£Sgﬁﬁizﬁﬁga?ggﬂﬁ@aa~&~w£%?%ﬂ

R SELTE SR L B



t§
Is 7 7 y

B 3-10 Ewn/fH2 Sepd B

b B Sl o, b EY e 2 A ¥ B+ (biaxial residual stress) o # &

2o A T AT

3 i 1/2 ]
ﬂ—{m[a—mEs/a—ufvs)Ef +t/s]} (3-6)
o, =—-E;Ac/(1-v,) (3-7)

9% Hsueh (2002) > Fdhe A TR o, 2 & 72 L &K% (mismatch
strain,As ) » @ Ae ¥ d Hsueh (2002) #7&E% 2 >384 7 » 4o 57

_ s?(SE, +4tE;)

3-8
6rt(s+t)E, (3-8)
2G84 r W F 2 {345 Hsueh (2002) 3% > f F L2 r ¥ A 4
é\v Jif’:% \#E_L%m ) la :‘—5,. .
1 &OE (o —a AT
T 3-9
r ; E.t; (3-9)

PP g B o A AR E 2 W0 Tk 8 (coefficients of thermal
expansion, CTE) » AT 53 B R:Z% & od 2 PN 2 5 g W ki m 3
AETTEH 2 R AW T AR - K E o & T 0 NB9)f T

1 O6E;t(a; —a,)AT

- = 1
r E.s (3-10)

éiﬂ [V ;‘L-;B-r ) %?j\fﬂagagﬁﬂu é_lg_)g%ﬁ LAk R T Ar g 4 m)@% L‘a*f?"?i
F(G) » FBHKv, 20, F tE A3 s PG @it aNT YL
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_toy { (d—v.)x (1 B tanh(ﬂf)j L _CXP(20) —exp(-20) + 4! } G-11)
E, B 4 Bi[exp(2 ) + exp(=2 BL) + 2]

}t ¢k 5 Hsueh(2003%) 7= i 3k @ * & %ek 2 &0 £ % P (energy criterion for
film cracking):* & Fa A £ Y 2 B2 AHBEF B HARET o

FdeT ol

Ef Ae 1:Ef
- - P,R, + P,R, (I 3-12
2ﬂ(1_uf)(1_l)?)2x 1+tEf x 1 1+ 2 2(+SES):| ( )
SE .
B P =(+0,)1+0?) (3-13)
P, =—2v,(1+v,)(1-0v3}) (3-14)

R, =4tanh(f(/2) - exp(fl) —exp(—=pB0) + 2 ¢
1 exp(fl) + exp(=p) + 2

_Ztanh(ﬂg)_'_lexp(2ﬂ€)—exp(—2,8€)+4ﬂ£ (3-15)
2 exp(2p0) +exp(-260)+2

R, =2tanh(///2) — tanh(() (3-16)
FEM et BATESNEG1DE XG2S P E R %

(G) M2t (T) » wFHFREGFEFBIFARR -

Ly

3-3 i FEcAs AT

AT RG] R B R LR B R £ SR
EHHHmEAFEDEE M2 FHBABEP AT !
BREEE CEMESIOR
FAERM®: Imm 5 AT ARQ):10mn ; AHEE(S):40mm
% W4 < Bo#c(Ep) ¢ 2524kg/em’
A H 1P S (B, * 30000kg/cm’
#htp (v 025 5 Adtpdt(vy) - 015
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%R T l(ar) ¢ 0.00008 mm/'C
KR adi(a ) ¢+ 0.000012 mn/°C

03

B, 40
i

7

—~

0.30
——e—— Energy release rate
L |— < — Fracture energy p
0.25 |~
;(\T 0.20
£ .
=
>
>
2 015 z
W 4
Es=30000 kgf/cm”2
0.10 Ef=2524 kgf/cm”2
vs=0.15 vf=0.25
| s=4cm I=5cm
Delta T=-10 degree
005 | I | I | I |
4.0E-004 8.0E-004 1.2E-003 1.6E-003 2.0E-0
Thickness (m)
Bl 3-11 2 K& § spR R 2 B s R ¥ F L3
0.19
= O =8 — — =6 — O— =8 — O0— =
B —e—— Energy release rate
— < — Fracture energy
0.18 I~
~
< 0.17 |~
E
Lap]
>
2
) =
u‘—] 0.16 Es=30000 kgf/cm”2
Ef=2524 kgf/cm”2
B vs=0.15 vf=0.25
s=4cm t=0.1cm
0.15 Delta T=-10 degree
014 1 I 1 I 1 I 1 I 1
0.0 0.2 0.4 0.6 0.8 1.0
Width (m)
B 3-12 2 4 7 § AR 2 BT RQOBHFE
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0.6
—e—— Energy release rate
| — < — Fracture energy P
05 7z
i /
S
. 04} /
N Ve
E B Ve
S
- 03} 7
>
=g
5 =
c
w
0.2
Es=30000 kgf/cm”2
0.1 vs=0.15 vf=0.25
s=4cm |=5cm
B t=0.1cm Delta T =-10degree
OO 1 I 1 I 1 I 1 I 1
1000 2000 3000 4000 5000 6000
Young's modulus (kgf/lcm”~2)
B 3-13 % K F F 38 2 S E) i F L B
0.32
—@— Energy release rate
B — & — Fracture energy
028  Es=30000kgf/cm”2 7
Ef=2524kgf/lcm”2 t=0.1cm )
- vs=0.15 s=4cm I=5cm v
—_ Delta T=-10degree e
[\
< 0.24 |~ /c/
;
>
o
2 0.20
i
0.16
012 1 I 1 I 1 I 1 I 1
0.20 0.24 0.28 0.32 0.36 0.40
Poisson ratio
B 3-14 % 4 & §3RE R 2 et (V)R F B2 B
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o) 3-11 #7571 o F FEeE R 0 G BT AR 4 o A [ B4R
FoFrE- THEAF BRTVAFLGFLAR > FLFRAAFTLA
B RBciE 22T 0 B E BT 1.8 mnfF o B FRR B AT 4 o B 3-12
T ER R PRI TERANGE 2T aPMERRLET - %
2 N EFALRET RE A o B 3-13 #rom o e g < o BURA 4 7
FAL B 3-14577 o fp P RN HFEMRTA L o SRR BT oo
B E B A E Ao W HCH R F AR BB PR § s R R
FE o B e FREAHR TR £ 0 B B2 A o PR R
BB~ ATHFEGTA > g RIRT o ERE R R g i EF AU

MRS WA HE Y - Sl B a 3 nd SRR
Al FOR R R VE SO it R R E S Ee R SR

-
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4-1 B *HAp B SRS R
TR EALETRE B OREEHEAER S e el
FoRp P RFASIRBRHRFELPN Z7ARED BB 2R o &
e~ 3 REFR > wAERPN R RERRE  FRERP
BTEE R R EAR L & R AP MR P T
LI A R e e
ASTM D1653-93
Standard Test Methods for Water Vapor Transmission of Organic Coating
Films.
ASTM E96-95

Standard Test Methods for Water Vapor Transmission of Materials.
CNS 10757

B - BB (7 BENZHIT 2 2% )
L I S e
ASTM E96-95
Standard Test Methods for Water VVapor Transmission of Materials.
[ U i S
ASTM D570
Standard Test Method for Water Absorption of Plastics.
W Afdeft AR
CNS 10757
B - RS E (F ML BT  F R k)
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LG RV AT e
CNS 10757
B - BHeBE (7 BENZHIT 2 2% )
L BT A X el ) R e
ASTM G53-96
Standard Practice for Operating Light- and Water-Exposure Apparatus

(Fluorescent UV-Condensation Type) for Exposure of Nonmetallic Materials.
CNS 11607
- Bz (7 MBS EPat A 2 k2 )
W okitR
ASTM G53-96
Standard Practice for Operating Light- and Water-Exposure Apparatus
(Fluorescent UV-Condensation Type) for Exposure of Nonmetallic Materials.
CNS 11607
gl - ez (7 MY Z RPat A bz B2 )
[ IR
ASTM E313-73
Standard Test Method for Indexes of Whiteness and Yellowness of
Near-White, Opaque Materials.
ASTM G53-96
Standard Practice for Operating Light- and Water-Exposure Apparatus
(Fluorescent UV-Condensation Type) for Exposure of Nonmetallic Materials.
CNS 11607

oA e seiE (3 OME 2 KA A 2 252 )
L R e
CNS 10757
R - Stk skiE (MO PIE N B R )
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Wt BERE (2 ZER)
CNS 10757
o - Btk (3 OM B IR B PUi 2 k)
B s (60°C)
ASTM D412

Standard Test Methods for Vulcanized Rubber and Thermoplastic Rubbers and
Thermoplastic Elastomers-Tension.
ASTM D1004

Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting.
CNS 10757

- itk (F M BN T E FP 2 RskE)
CNS 8645
ERD KT R A %
W AR
ASTM D2240

Standard Test Method for Rubber Property—Durometer Hardness.
CNS 10757

Al - Gtk (3 ML IT B P 2 gk )
B F R
ASTM D3359

Standard Test Methods for Measuring Adhesion by Tape Test.
ASTM D4541

Standard Test Method for Pull-Off Strength of Coatings Using Portable
Adhesion Testers.
CNS 10757

AL - ek (7 M I B B2 EkE)
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CNS 9007
B - R (PRZ % - i
L IS S e
CNS 10757
B - e (7MY I P F M2 ER2)
CNS 10785
FRAMAE ER e BRI (FEAE)
B 3% @ (Erichsen)
CNS 10757
B - BHeBE (7 BENZHIT S 2 2% )
B ofedo:
CNS 10757
Bk - a2 (7 MY I P F M2 ER2)
CNS 11607
g BdeskiE (5 Mg R E A2 SRR
LRS- R A
ASTM B117
Standard Practice for Operating Salt (Fog) Apparatus.
CNS 11607
A - etk (5 MY R B At A 2 2% )
W AR
ASTM D2247
Standard Practice for Testing Water Resistance of Coatings in 100% Relative
Humidity.
CNS 11607
g - BfeskiE (5 Mg A A2 SRR
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LN YAy
ASTM D146
Standard Test Methods for Sampling and Testing Bitumen-Saturated Felts and
Woven Fabrics for Roofing and Waterproofing.
IS
ASTM E154
Standard Test Methods for Water Vapor Retarders Used in Contact with Earth
Under Concrete Slabs, on Walls, or as Ground Cover.
W ARyl
CNS 10757
- B eSE (7 MY PFIT S 2 3 %)
CNS 9007
B - sk (PR 2 R AR

4-2 R AP 8wl ig 1R

ZRAFETRE B ORE R TR B2 ST A RN - B K
CECBRBRIEEA G AR L) EFAPORERRRLI S RETRS 2
L4e ik F BEE  BoRME S AR s SOk F s AR s de s AR A
R miE B R F R AESE s WA RERE (I ARG
) BT (FRERAE S VESF S BARR BV RFE) H
B~ i s s F AR E R R A B R E o Fed s BORAE R
B AFE R T A A EER R ELRPIED o d RPN e
2L YRR 0 A A S H A ERUGERT . A ERAEK
BB AFTRREN > EEA RSN FTRERIED T R RAS
PR FEA R A EPED Cp kP A a2 Atz £
BoMTAMBERFLIEH AL TRKED
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PERE
FH R BRI Y - S R MR R R AR
FE 2 A AP AFT L 945 CNS 8645 (Z A B -k % ke skiz ) & (7
M LRI RREAF DR BRI A AP R% D 2
e EF AL B E B A - B A HE ARFLRE F RS
2 EHARET R EAF T D0 B2 R E R - R T
AR FHEP AT L ATE R B G P B L o o
Hr EF 2 A2 B8 3 EPERERNIE FEFAFREY L5 EHES 60
BoEEALY MEFILE (CNS) ¥ $ RAZEHEB B RE  wAFy
M ERAEK TS HEN 60 BB AR B 2 A A 4 LRI
2wtk ~ i 4L
g AR 2 FH AL L & B RS TR AT g XTI F iE FF R
T4 F G T Y U PR B EEKF A FT T (0
FE LR ELR o FHpa a7 - 80 & b A Bk B ST 3 0 4

FRH R A R R - KRR BEEF R RE RS B EHR L F

Bt b IR RHEL LI RAFRERRER I AFEES: > &
A — f;?ﬁ%ﬁ?]j’a ;_’*'ﬁ"ﬂru"‘ D 1 rﬂt}tpf;ﬂ;@’ﬁuﬁx,k Frjltﬁf
ok BT S IR R A gl AR F AN AT R 4

LRSS SE TS ARE I £ T 3 g Atk s LR L RN
ﬁ’ﬁ%%W%ﬁ%$*r@ﬂﬁ@%ﬁﬁu%ﬂ%ﬁﬁﬁﬁé%iﬁﬁﬁﬁ

Bl B ratiEty - MR e AP 2 mIERE%RLE RpERY
e p$5é?T%€ (ASTM) z LM?; G53-96 & Tl o 1% £ WE 2 QUV #
XTI ERBIRE T REKE -

42



3. Bk Hids

Fla c@i-A53PRFe o d ks m AP RGBT B RE F
Wk BB P FEn g% F Haliz sk A& P DA ORISR ORI
BERAORE AP R PBURE T o - Bn T o PR F RN WA 7 AR
oo TR E r B FREHBRY > RRRRRIFFTEAIRTEFH
BEFUFREF RN CSETERGS ) AN BNR AN A AHR
2RI, 0 T F G v if Bk o YR E P 20 (1998) Tk R i S B iE(67
W), P BB GREFTEL 20 F o PEFRENAAR D2
E2Z U A o AP Ry B B 7% 2R = CNS 11607 & 2 R &%
% & 445 ASTM B117 4p B 2R %8 (7 Bk of ik

HEEE T F R AR

o R B AR A 2RI i BT SR BUR R o
bowh G ootk 2 By d Rk w4 iR sk ~ ERICHSEN @i/ sk 2 2 238
B PAGEKRE 0 TR RBE D 2 S RA L e RERE > H gk
FITOEA LR BRI E R - B 2T e F R AT
PR F R R R F L R R 2Ty Y ABERER X g
AEF B ITLHFL MK AR 2 P kip? BF 7GRS CNS 10757
2 2 B RS P § ASTM D3359-95 & 4p b AR T 17 T hidsk o A3 TR F
%m0 Fl e —ﬁpé‘fé%a@}ﬁ‘éﬁ%fjﬁé‘ﬁ{}’ﬁﬂﬁéﬁﬁfﬂ*’?% e 2
T ARAFERT S AL A EET PR KA LR T @ iE T e
ST Tl FERPRPFHRCIGTRAL LR RHLE S F Bk
B B 7d% 2% CNS 10757 £ £ 44 8L 2% 1 € ASTM D4541-95 & Fit (7 % ¥ 5
BZ Bl sBBEYHEEAMF L GERAM G ¥ REBFERKZY
Bk sk o i MRS (S R IR TSRS JE BB R X

NGRS S L
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PR BT AR F G R 2 BRI W R A BTG K e
B ] e A LTS Bk A @R e bk
Ak G A d it o NPT d FEd b2 FiLiRR fj*u»{g i g R K
Flwl g L efe R o W R T A Ew L T A E KB FREK o B
BT APITFTE - BAGSAHGFERZ RS P RANBERETAIFER
ZtARPEHET T2 L5 EG 0 Y EEE MRS hiERFI
AoV kBRI EL R o

HoRR

T ERR? Adg ki B R 2 - 6 B R F R ER R Y
R LB R R K F RS R A% E s
Ry P BRI RIEE CNS 10757 2 & f:E 7fsk > H@sk2 1L & p 3 5B 0F
SRR A AL RE - PRk BL 0 SR BHE Ak
R - RBEI T - R T3 24 (a3 BIERASZ RS
L L KA -

[

Sy

Ik

4-3 HH gAY R G TR

AR AR R FLERE S EGESRREMLGFE L A
CNS 10757 2 x*7 fAbF 2 i€ 735 » £ BREFABURED) » k354 41 22
BABRITE BEAS  ATEMFULT AR S AT IRAER
#% (Pull Off Method ) ~ & plaf iz ése 2 B-kep Fead® S B2 AH o 2
HEE SRR 0 R e R R ERRY o
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4041 XA E R B

ST % i X7 B3R 25k B weo%
10 # 1F P 2] 5% eI % o -l
8 | MEHE > fxBIIOA G - BLAE A
6 d x> 2FR R Bh @ S e g 1.5mm o po2 )| T
4 | xEIARA B E R e 3.0mm o2 ) 5E| e
2 R AR X BN A RS AE e
0 | BIFSHA 2 HE K %Eﬁ%

- &R
1. " F #%

W9 ? BR FRE R4 CNS10757 % 6 | & h i 2 & 345 2 #
E X BZEFEE B RAEFE c AFETHEIxTHAFE AR K
B2 B P LWIT S k12 8 2 R EURAR R F R4 CNS10757
o & SR A A
2. £#4¢ (Pull-Off Strength ) &5

3 5 CNS10757 % 8| & TR T2 & 5 Rk » ML HFILKERT
g AR el B L 2 EY A E k¥ A (PuUll-Off Strength)
BERIRE o R AR T Y L RN A PR FRE
A0mmx40mm - 7= & Bl4cB] 4-1 0 B 4-2 B 5 4R R T8 0 5 B R
B2 RSt o gt A R E R R P I R ES 2 R AU

2R % Ry pe CNSL10757 » fw & - PR 'it45- B -
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B A7 © mm

40 L _
! M9 NAOBRAE LT
[ 2 3 W R
(AN = Ly
\Zammib -
=t
. I S 7
70

Bl 4-1 £4 %107 2B

£y el Fy
B El R =

O I
- % ol B 2] @
==I1¥=1 B
B
L—
62,
Bl4-2 PIFHRPIIEECFTEFRRZ L 4

3. QUV mf g |48 5%

YR ST LR SRRl RS RS EH Y QUV atiEs
Sk BRE 168 ) pF (7 %) ~336 /) (14 %) 2 504 ] pF (21 =) » &
RV T E

REEART Sl R AR ¥ S 60C R 0 &
7 Pull-Off Strength 2% > B~H T 3o > L BOGER B2 b o fpan o Pk
3 odphl o R @Jf’r IR N2 e AR R Y 2}{ %%

ERE S E N &1
CNS11607 > ‘w & 4c*4s C #7577 o
46



4. BoKep KA
BB E O BoRE FRRBY 0 KBREIE - RF O Bk RiF*r 168

JPE(T =)~ 336 (14 % )2 504 ] pF(21 = ) o £ B~ 2122485 i Pull-Off
Strength 25 2 't F M85k » W IRE M FR BRI, o M F A B3 K
B2 P L WIT k12 2 Uk AR R F R AR CNS11607
o &SR D o

CFREATERRRE

FHEITLE SR E QUV A i@k 0 A FEE A # 110mm
(%) x75mm (57) x40mm (5 ) & A% > A rokire e @+ - Aok
B Rz fRt SPRARTE A (1995) 5 1:20 ¥ wH KA L 0.6 AR
4 | pEdvie s FEERAR? FET X RERIFEHEEERIERY
3% > @A gk B 10% 0 % WP oR g 2mm kR g SR o e 2
TEFICE S RBFITIHEE o R Wi

HRHERRBLREY J F o %02 sc2 Pull-Off Strength 385 & % ~ ) i<
MEFA LG PN P Sk T2 QUV i iF R 2 Bk HiRsk s o
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5-1 & 3 LA R FRIRE S
AEFTFE2ZZ AP PR REER RS 8 BT 7
ASTM 22 CNS Ap B 24 & (7 42 F ipI 38 -

1. ASTM D2240 Standard Test Method for Rubber

Property-Durometer Hardness.

N

. CNS10757 # 4 — S5 th Sk i (F M % Wit T2 1V 5 Juld 2 Ha k%)

3. ASTM D412 Standard Test Methods for Vulcanized Rubber and
Thermoplastic Rubbers and Thermoplastic Elastomers-Tension.

4. ASTM D1004 Standard Test Method for Initial Tear Resistance
of Plastic Film and Sheeting .

5. ASTM D570 Standard Test Method for Water Absorption of
Plastics.

6. ASTM D1653 Standard Test Methods for Water Vapor
Transmission of Materials.

7. ASTM G53-96 Standard Practice for Operating Light- and

Water-Exposure Apparatus (Fluorescent UV-Condensation Type)

for Exposure of Nonmetallic Materials.
8. CNS 10607 % - #te iz (7 M B2 L Pt A (L2 ek i2)

9. ASTM E313-73 Standard Test Methods for Indexes of Whiteness
and Yellowness of Near-White, Opaque Materials.
10. ASTM D3359 Standard Test Methods for Measuring Adhesion

by Tape Test.
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11. ASTM B117 Standard Practice for Operating Salt (Fog)

Apparatus.

Bl F Eﬁ:“ Ao

PUSLA P F T

B

25k % % (QUV-504h PR

SpgALE )

w2 2 5 (QUV-504h PR

ST ALY i )

AR GGS A R)

3H

6H

o 1 S

ks 1%

4 # KR (-20C 3

80°C ¥ % = =)

B RN B

BILE A

ok

£ |5 120 o) Atk 0 &

A~ mAH - m g

it fik 14 (3%H,SO,)

B4 4 B

2k 48 ] B 0 F A G

87 4F 4 R

itk 1 (3%NaOH)

zie 48 /] B IR

BEH S mAA

=€ 48 /) pF

-

&£

BEH O AR

@ F 4 (m)

12

12

= &

142°

90°

RIFZSEET > AT FAEL NP F AR RE R

Bt B AR E G T
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1. 34 % %A B (Hardness) % i) 2
§OTAAUE N ZR R R B AL M
gk Fla W o oaxfeak Rz FEERA 0 ¥ b 3 KR R
BHEZHED AR 6 22K G2 kg & v B 4ok R B2

i i fde B F A RS E T 1Ed R AT AN MARBKT §i2(7

AW o G RH 4 0 TR TR LR 6H A

B LR 5-1 %2 B 5-2 -

Bl 51 %% %8R Bl 5-2 % (s 4H R

2. 3~ £f§ & (contact angle)
MM e BB FE S PR PR Pk
okttt 3 OK MR % e g A 473 A 2 i 70 sk s (Lotus

ESEIAE FaAE I I &R/ ) S

—_\\
G

effect) o z 5 SiOy K% o sxfd
el 6.3mJ/m211~§_;§‘§;g » B % 5-1ooflj’}r ARG A TR &%
N I ONE TR AR W s o R I ER A R S L4
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Boea kB3 AEGeE 142" LRI53 AT p M
PRSP REE S GABIOERT 0 TR & < Ok B g
Feff & Ok E g TR TR AL RN S
ki AR SRR PR B FREEF R FEAE AN

14 52 % 4 530§z drfreokF Ak F 2

‘—\\
«_.

L4 5-45d 3035 K SiO353 A4 %A ap d B ¥ 3
FIERA G S BT A G A AT ERAR) 0 T R ok eh
?]§‘511i53_6 o § 4 }’ﬁ I,f"-’—if %‘—-14}5;3.;—»;‘);\:/')\2}"7](&1;!

B Fiad 2 UV RSP RBBHT 5 R G WYX A R

KL H R TGN F WY o

142™

b
s

A D iy s W ety W W ARG e : —

%ws'%p ESNEY R R
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551 B RPEELe N

RS
Kk CHy, % i mm?

Advancing 142 128
Receding 138 125 - 6.3

r,6.3mdm?2=r952mJ/m? +rpP 1.1 mJ/m?

[ % 4 (Teflon; PTFE) 2 4 & & 3 22 mJ/m?

_ 10 20 30 . 50 60 70 80 9 100 110
Begin : - X 40 mins ? . ; ; i ) :
mins mins mins mins mins mins mins mins mins mins
0.1802 0.182 0.1851 | 0.1858 | 0.1867 | 0.1871 | 0.1876
308 0.1783 2.1 28 0.1818 v 01840 fz 34 7.9 79 39 36 §3 62 9.8 94 0.1877°1 0.1876
. . . ) . . . . . . .
M/Me o | 37:23% 45(3]2)4 60.64% | "o ” ” % % 100% | 100%
0.1902 0.193 0.1965 | 0.1970 | 0.1978 0.1985 | 0.1985 | 0.1983
402 0.1874 2 2 0.1924 8 0-1948 '1 ; 4 ' 019851 1 096 | 100% | 100%
M/Me | E,f% 3 | 45.05% | 57.66 | 66.67% | © 0)(?8 8(;) o 93;);59 100% ’ 0 ’
%
0.2420 0246 0.2490 | 0.2501 | 0.2507 | 0.2512 | 0.2515 | 0.2517
S0 0.2378 29 58 0.2441 0 0-2477 7I8 87 ée 62 éo 85 §4 37 S:)G 48 §7 89 0.2520
. . . . . . . . . . N
M/M., v | 44:37% 522)4 67.81% | " % ” o % o 100%
0.1806 0.185 0.1865 | 0.1865 | 0.1858 | 0.1858 0.1851
0% | 1759 | 4 0.1836 | 4 0.1860 | 01865 | 005 | 100% | 100% | 100% | %2855 | 100%
M/Me | 4‘3%34 72.64% | 89.62 | 95.28% | 100% ’ 0 ’ 7| 100% 0
%
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£5-3 XA A RELE RS
Begin 10 20 30 40 50 60 70 80 90 100
9 mins mins mins mins mins mins mins mins mins mins
30% | 0.2647 | 0.2660 | 0.2665 | 0.2669 | 0.2674 | 0.2677 | 0.2680 | 0.2683 | 0.2686 | 0.2686 | 0.2686
AM 0.0013 | 0.0018 | 0.0022 | 0.0027 | 0.0030 | 0.0033 | 0.0036 | 0.0039 | 0.0039 | 0.0039
M{/M s 33.33 | 46.15 | 56.41 | 69.23 | 76.92 | 84.61 | 92.31 100 100 100
407% | 0.2779 | 0.2795 | 0.2802 | 0.2808 | 0.2814 | 0.2817 | 0.2820 | 0.2823 | 0.2823 | 0.2823 | 0.2823
AM 0.0016 | 0.0023 | 0.0029 | 0.0035 | 0.0038 | 0.0041 | 0.0044 | 0.0044 | 0.0044 | 0.0044
M{/M s 36.36 | 52.27 | 65.91 | 79.55 | 86.36 | 93.18 100 100 100 100
50% | 0.2648 | 0.2666 | 0.2676 | 0.2682 | 0.2687 | 0.2689 | 0.2691 | 0.2693 | 0.2696 | 0.2699 | 0.2699
AM 0.0018 | 0.0028 | 0.0034 | 0.0039 | 0.0041 | 0.0043 | 0.0045 | 0.0048 | 0.0051 | 0.0051
M{/M s 35.29 | 54.90 | 67.74 | 76.47 | 80.39 | 84.31 | 88.23 | 94.12 100 100
60 | 0.2208 | 0.2236 | 0.2243 | 0.2245 | 0.2248 | 0.2251 | 0.2252 | 0.2254 | 0.2257 | 0.2261 | 0.2261
AM 0.0028 | 0.0035 | 0.0037 | 0.0040 | 0.0043 | 0.0044 | 0.0046 | 0.0049 | 0.0053 | 0.0053
MM 52.83 | 66.04 | 69.81 | 75.47 | 81.13 | 83.02 | 86.79 | 92.45 100 100
+ B sy 3 2 - ,
%54 %k AL2 b fosok S
Je o 0
v L frw -k & ESC(%)
v -\
[ ;
gk " X {L X L
30C 2.66 1.47
40°C 2.24 1.58
50C 3.13 1.93
60C 3.24 2.40
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2 KRR35 b %2 p d R F (free volume)ié -k F it ™

A

%o B RFTE A Kz 4 2 B %#k(solubility parameter) ook 2. £

NG

B4 E&A BRI

#Hov 3o ok B o N SiOy
LB FFTMATEZ AN EE LSS BRES B R 2

K3 AARF 0 e AAT T 1245 CNS 10757 ¥ #r3 %2 ik A 5% 4

EE TR

Y

TG KR G 568.02M eday A F
B E TR L2 S KR B 454420 eday > d HT A0 KR FATA

BB K F B SRR L

i Y

% 5% 9 (3% HoSO, » 48N) AL 15 2 R e 4 > A B 54
% % 5K % sk 14 (3% NaOH - 48h) rd® {5 2. %EZ%I(J%#;& » LB 5-504d
W WERY T RIS A 3LLEFHRN 2228 E 0k
FMBEBETEIAL Vol Bond 4o B2 34 MBI F 2

Ba M IRE T OB T E R 0 R E U o
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Bl 5-5 2 i % ek 22 SEM R 3
5. Fuig S 43 1% ¢
1 A48 22 KRR AL G5 WY o & g -
Rl R S S S A SIS U RS B R S
P FeRafigft st T2 5408 > 2 [ EAME o £
WE RN ERLRE REE%H LA 554 562 H 564

BE B AR KRR E ke F R B EY PR Fla

55



BE Rk HERFAF S T H L pREC DG -
255 Eiw A RRLRERE BIE%
Test conditions Wo(g) Wi(g)| To(mm)| Te(mm)

Hot
-Normal- 0.1363
Cold 0.1364 20.07% 0.75 0.75
-Normal
Cold
-Normal- 0.0936
Hot 0.0939 -0.31% 0.5 0.5
-Normal
0.0908
Hot-Cold 0.0914 -0.66% 0.5 0.5
0.0867
Cold-Hot 0.0871 -0.46% 0.5 0.5
% 5-6  QUV-504h P &4 4 A4 ( it 13)4 B AR F B F5%
Test conditions Wo(g) | Wi(g) | To(mm)| Te¢(mm)
Hot
-Normal- 0.2525
Cold- 0.2526 -0.03% 1.35 1.35
Normal
Cold
-Normal- 0.2553
Hot 0.2556 -0.12% 1.38 1.38
-Normal
0.2586
Hot-Cold 0.2587 -0.04% 1.32 1.32
0.2071 1.40
Cold-Hot 0.2704 0.11% 1.39 +0.72%
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B 5-6 ()% 1+ %5 (D)% 1 15 2 o B HLA BETRF Bidskisz B Y

ASKRERIDG AR SR o R H B R gt S o E 4

VOR DR R E o & Ex*’m?f%i‘fi7 CCES NN ER St

’i\t'gw‘]“}f&-lz”of’}’d’“i”-ﬁ—iét,‘T", IR g o

6. i AL pL it ¢

90 A K AR S AROTE R TR LB TS 4

€ FIF AR MBS A2 B G o ¥ 258 SiOx #F hd B

B 2R oG R A2 AE PR 0 FA <

FPLRERTL -

5-2 7 A B H wiF LRI
R R 2 F AR TR AL R R Y 1ot et

Foro et FREEF QUV Al VR X M BB (T
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§OA R P R A% X BT 62

{w
w5
=\
=
IS
I
-
B
N
~=
By

BHE2 LB 0 kSR FReT o

5-2-1¢ X%k 5%
*FA T R SR ERERE > F1r AE = (ALHAA+ABY)Y ¢

2.

AORPESLE T B0 RRET ] AR RAR hEfE

i

Mo g M S B FAABE R HEpd 2T ARE
(L,AB) =(90.52,-1.2,-1.2)

AREE e s § RIS R A L R 2 ¢ 4K

Hkhi CEiRo 45 stk ik > 0Bk ik o P3R5 % Bcdhir i 5-7

PTIR

%57 ¢ LAR%E%

g g ER R AR
LR AL R
¢ £ /AE E AN =
L 69.68 0.21
&= QUV BREf= % 68.25 -
FQUV RREttL e X 65.36 --
L QUV BRRE- L+ - X 64.35 8.47
FQUV RRET- L+ A X 62.00 --
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AETET 2 GARRS SRESS D LA IEY
K i il 0 AW AR o ARG LB o a AFE LA 2
AR TR R 8 k) Y R 0
e d ¢ o9 A 5T 4 B2 P BRFE R KT IRG R

EQUV itz oW R A2 I LR AR i#ﬁ&@v‘[ﬁ%i#ﬁ:

Eo g AL GRPRE LT o

foa

AR GRS R AR TR R QUV K i e
SR WL AR Sk 589 a o) 49 T ILIEY HAB
PR RER UL SR R ¢ P O 7R L) § SRR

R e R -

%58 PUMEE N EFEKLE

R Es 54 AR
B A N | FpawR | WEZ | mpwa | @£
(kgfiem?) (%) (kgficm?) (%)

L

A fedZ 33.1 910.6 11.8 209.7

2 QUV B sf= = 40.1 664.2 - --

£ QUV BBitLn x 41.4 591.2 -- -

EFQUV R E - - - % -- -- 43.8 38.9
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