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Kittipong Wongwaree 2011: Bond Strength Modification of Polymer Pairs via UV
Irradiation. Master of Engineering (Materials Engineering), Major Field: Materials
Engineering, Department of Materials Engineering. Thesis Advisor: Mr. Somjate

Patcharaphun, Ph.D. 170 pages.

The aim of this research was to improve the adhesion strength between the
polymer pairs by using of UV irradiation technique. The polymers used in this work were
Polypropylene (PP), Polystyrene (PS), High impact polystyrene (HIPS), and Acrylonitrile-
butadiene-styrene (ABS). The analytical results obtained by Fourier Transform Infrared
Spectrometer (FTIR) indicated that the hydroxyl and carbonyl groups (polar) occurred at
the UV-activated surface of PS, HIPS and ABS, in that the longer the length of treatment
the higher the hydroxyl and carbonyl groups. This was mainly attributed to the photo-
oxidation of butadiene segments and unsaturated polymer in aromatic ring of PS, HIPS
and ABS molecular chains, resulting in the surface degradation. In addition, the
measured results of contact angle also showed that the contact angle tended to decrease
with increasing period of treatment, indicating that the increase of polarity at the surface.
From the adhesion strength obtained in this work, however, it was found that the shear
strength especially for the pairs of ABS and pPVC tended to decrease increasing length
of treatment, while in the case of PP no significant changes in photo-oxidation
degradation was found. Furthermore, by using Ethylene Vinyl Acetate (EVA) and Ethyl
Cyanoacrylate (ECA) as an adhesive, it can be seen that the adhesion strength of
ABS/ABS significantly increased with increasing length of treatment as a result of the

chemical compatibility and the occurrence of secondary bond between ECA and ABS.
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Mold closed and

Injection unit moves forward

Injection: Molten polymer is
injected into mold cavity

Applying holding pressure

Screw rotation and suck back

Injection unit moves back

Partis ejected
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Wy UBIUNANN (Rotary mold system) wialasardunannisafeunives duisnnulu

1 a 6'al @ a
LLUWHANRG @]GLL'@@NELRIWWVI 8

| T | [ e
:_ A T WA _ N[ iA

- molding of the preform in cavity A - transfer of the preform from cavity A to
- overmolding of the preform in cavity B cavity B by the rotary table
- demolding of the overmolded part

preform

overmolded part

(n)

— ] - ]

- injection of material 1 - shut-off core moves back
- second area of the cavity to open second area of the cavity
is locked by shut-off core - injection of material 2

overmoulded part
(V)

= Y a & & o A e
NINN 8 aﬂHMZﬂ’]iQ(ﬂ"ll%EﬂLL‘]JUIQLﬁﬂﬂ&la@\‘ii(ﬂﬂ (M) lﬁiZUﬁJﬂWi%&i%“Da\‘iLL&lW&IW

o @ a A a asf A ea
e (V) FL“ﬁ‘ﬁﬂﬂﬂ’WiLﬂaﬂ%‘ﬂ"UQGB%LﬁiﬂﬂWUSL%LLNWNW%@

fin1: Potsch and Michaeli (2007)
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| [T %
TPE Crvermold Subsmate

Fo]
1 \_

T Face Mounted Replaceable Insert
Magnetired to Hold Meml Insert

P o Y a & & v o A a
AMNAN 9 @nE]Uqﬂﬁuﬂ’]uaf]adﬂqiﬂﬂmugﬂLLUUI@L’]ﬂﬂwﬂ@]\jI@ﬂl?j%ﬂﬂﬂ’]fLﬂﬂﬂ%ﬂTﬂﬁ

dulRsnaeluuiAunia
finn: Overmoulding Guide, Total TPE Solutions (2004)

{ A [ { 1 [<3 %
2. naufinardasnuaanuaitnan Wil (Electromagnetic radiation) uaz39&

aans1l2lataa (Ultraviolet radiation)

< Increasing energy

[ITAVAVAVAVAVAV VAN

Increasing wavelength

>
>

0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm 1cm Tm 100 m
] ! 1 ] ] 1
Gamma rays Xrays Ultra- Infrared Radio waves
violet
Radar TV FM AM

_/////\;;si’;lehg}ﬂ\

400 nm 500 nm 600 nm 700 nm

AINN 10 LOUTIFVIARULNLAAN WA (Electromagnetic radiation) LazANNENINAY

(Wavelength) 614§ NaNWARITNLTA

f11: Zeus Industrial Products, Inc (2005)
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sulnasuudnanwwn (Electromagnetic spectrum) tuwuaussavasnauwLalnan
IAvASANE1IAEUA 9 T LRSI RALSEATNI0TI9TAA A INATWT 10 uER
AU TR TV DINSINULRTANNENIAEY TABAMULINAREN 9 1T $I5 wnus wWia39d
é’a@m"l,ﬂaLa@]mmmlﬁwé’amugdﬂdwmmmaﬂﬁiugd 9 LT ﬂﬁufmq udu Gsafuneld
IMNKUNIT 1 (Chi-Ming, 1994; Fabio et al., 1994)

E-hv-hc/\ (1)

lag E Aasnasnulnaan (Photon energy) (nasfa Electroratiogram; ergs), h fia
A1P9TVBINRIR (Planck's constant) Jeninril 6.6239 x 107 erg-s, v Aonud
(Frequency), A flaamugninan (Wavelength) uaz ¢ Aananuisauas (Velocity of light) &
Ay 2.9979 x 10 cm/s

=

JUNNIN (1) 31NN T AINAINUVBILGRzANNENIAA L TUselumivainis
° o A \ = o 3 vt | o o A & @
PINAINUWVDIAAUUN AR TN LAE RN TR uINNY 1% n1TsinTIFtansunldni9niy
6 ti a a o ] A o {d‘
uwng iaaTaganuialndvaseitiznmsluiiime wisiluamaens aUnsain
[ o J d'l a = e oA % v A & 6 o o Aa U
WU wAT0I0% AnEINIIaISEIaIvadazead laylTTIFang n1viinsIRAunILIe LUl
A o o A A o ' 2 0o @ A
TuuInsaumway mam"lﬂmﬂmﬂauimﬂﬂaUﬂaquﬂwmmuma6] FINTVNTIF
aaa7 hilawaunlFiNe LTI ARAINAIAANLAZ N INATE LN IRONRNTANIILGITBY
a ¥ & o = ° 4 ' = & [N
Wadluas (Photo-degradation) Avuindunitslumairaduudinan lwunlgldina
szlupitgiga (Chi-Ming, 1994)

(%
[ > ] > o 2 a a 6
21 mﬂ%’saﬁaamsﬂafaLam‘lm’ma'msumsﬂsuﬂsnﬁumwaamai
a &l 1 a Aad) v Ao
LLﬁ\‘iﬂ"l‘ﬂ(ﬂ&I‘YlLﬂ%LLVifﬂ\‘]Wﬁx‘ix‘i"l%ﬁi‘ill”ﬁ']@]'ﬂiﬁi(]ﬁaﬁ@l‘i"lvl,’ﬂaLﬂ(?'] AN

lowoale (SO standard: 1SO-DIS-21348) siUnasuvasnauuinan v lugrsvasnsus
%’aﬁé’amﬂﬂmamgﬂLLﬂaaaﬂ"l@T@"'omswﬁ 1 (Fabio et al., 1994)



td. = 1 [} = P
N3N 1 ‘5’]ﬂﬂ$L9El(ﬂ"llﬂx‘lLL@IE\]&“E’N"]J@G‘N&B@@ITIVL’JIQLﬂ@l

o anuIEe AMNENIAA WRIIUGa WD
Ultraviolet A, long wave
UVA 400 nm-315 nm 3.10-3.94 eV
(black light)
Near NUV 400 nm-300 nm 3.10-4.13 eV
Ultraviolet B
uvB 315 nm-280 nm 3.94-4.43 eV

(medium wave)
Middle MUV 300 nm-200 nm 4.13-6.20 eV
Ultraviolet C, short

uveC 280 nm-100 nm 4.43-124 eV

wave (germicidal)
Far FUv 200 nm—-122 nm 6.20-10.2 eV
Vacuum VUV 200 nm—100 nm 6.20-12.4 eV
Low LUV 100 nm—-88 nm 12.4-141 eV
Super SUV 150 nm—10 nm 8.28-124 eV
Extreme EUV 121 nm—-10 nm 10.2-124 eV

‘ﬁan: Zeus Industrial Products, Inc (2005)

‘Wavelengthim)
1013 107 107 1. 10 7 10 102 10

100mm 200mm 280nm  J15mm A00rm

ANN 11 B928988a71 bIlaLaa-La (UV-A), 8aasnhlataa-d (UV-B) 8aasnllatae-G

(UV-C) uazdaaThlawn-3 (UV-v) fidmnglumdnasuudmanlnvh

NN USHNFTA 123188 TWNAEE 317 (2003)
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e A o

o ' v aa " o
Jgaan hlawmadaduiiaaud (Reagent) lunguuasdi3iia (nitiator) 4

A a 6 A o o % o va & J ll %
\anaRwaiganaunatnuusidann hlawausrazilididnaseuduliagluszau

[ A ai 3 [ ai o v aql/ a A 1
wasinuuazeaiiaaafigsdn asuaasluniwi 12 Mliszuuiineawiosniw wisaglu
a1z ldlafios (Unstable state) 13nn3zuawnIiin nazuaunInIzdu (Excitation) #an

dya =3 n:i ] s L™ d‘» o Qs n:i;;
waiaianasaunagluszaunasnuassnusAuiauNA1ga (Ground state, So) 8199N
Y | P { [ v o o A /A A oA o @

nizguldagluaaiinaandnasiugeniosonuznszduirauninis (s,) Fadwldldnrlag

@ v [ A L & o Aa = . A o
TLAUNRIUAUAzI o ugIIwantes luyneNainasaunyu (Spin electron) Azdanwmz
\JudlusnuiBade) (Singlet state, S) Bidnasaungnnazduamannilfsunisnawleri
IWifaszuumuanidfoutha (inter-system crossing, ISC) luatiluaniuzana (Triplet
state, T) aouzidwasnugamanithirfssuszmansngnnazduldudiuwlifunduands

¥ v v a 1 04 & 1
FOTUSAUADLFUNIINILABE § NUDITINIINITZUIBNIITNIATNNIIUES
. A A A a a '

(Photophysical processes) Waldfinsasuudasmandaisnnisuazenasonin
NIZLIBNITLATN IR (Photo-chemical processes) (Fabio et al., 1994; Grassie and
Gerald, 1985)

ry
= r Y L T,
VR
r Y F i
s, =~ I5C
T‘I
E F
44— FD =
'—7'_‘ ¥
3

e F ﬁanaaLiﬁL%u@T (Fluorescence), P AawWaawasisqidua (Phosphorescence), S fia
WL BILAL (Singlet), T (Triplet) Aaanuzay, RD (Radiationless deactivation) Ag

dl T a . . . A c!ln =3 dl
ﬂizU’J%‘YIVL&JLﬂ@LLﬁG, VR (Vibrational relaxation) ﬂ@ﬂi:ﬂ?%ﬂ’]i“ﬂﬂLﬂﬂ@liﬂ%“ﬂ@g Dluamu:

nnae ] umaomsé’usluém”uﬁqam Cawen m&mé’ugﬂ FOUSNUVDINNTEY, ISC

D)

Intersystem crossing) A83zUUMILANILREUTIN Uaz E (Energy) ABWRINH

—

2NN 12 ﬂﬂiﬂ‘itﬁuuﬁﬂé’ﬁmiﬁvbiaLﬂ@ll%ﬂitﬂ?%ﬂ’]iﬂ’] ATNTITILLRY

‘ﬁ&l’l: The University of Houston, 2011
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2.2 NIZUINRNITINMYNINNILES

5Lﬁﬂmauﬁgﬂm:@jummmﬂé'umﬂ'oamu:ﬁ'uvlﬁ3 wusuAa nvonelan

Wad91% (Energy transfer) NIWHIIE (Radiation) WazAu3ak (Heat)
221 AITUIUNNTENSlauNEIN (Energy transfer)

% £ 1 o A ai é
‘wa\‘mmla\‘imiﬂizqummmmﬂIauvl,ﬂmaﬂﬂﬂmvl,@%ﬂ . Tmaqa
mulu (Intra-molecular) auluianavaiwefiwasiasmia v. szwirsluana (Inter-

molecular) ldgiluiananagluiuifon
n. Tuanamalu (Intra-molecular)

wasinudaan hilawwaanagnganaulasnylaslanasa (Chromo-
phoric group) Naglulutananafiaiuaziadendreldanluanalddneaunlismunm

] ]
a =

A v 094/ = a Aaana
ganauusiaaas llaiaaldlasas niuiaieljisenngenass

q

2. 3xn3luana (Intermolecular)

I@]UﬂﬂﬁuﬁfﬂuLaanﬂﬂuwa%&lﬁgﬂﬂﬁmmﬁamﬂﬂaLamlmwz
QI v v a a 1 Q [ = L= d §
Limma:gﬂm:@pﬂ@yﬂuﬁazm@mimmIauwaaaﬂuayﬁoia@Lia"LﬂmaﬁnIuLaqa%uaLﬁa
Y aaa . . Aa A A ot A A
ld3udjiTengiga (Ultimate reaction) luunensdizsilatuniaastiuusdiniganiuuas
@ a a i o a = 0 @
aamﬂ"l’ﬂal,ammLL‘:ﬂﬁ]:mﬂm‘smﬂIau‘lﬂmwaama%ﬁﬂummmg@ﬂﬁmmaa@m-

hlawaldiasudmansnnzduldndan daaums (2) uaz (3)
Impurity ——— > Impurity*
Impurity* + Polymer —————>  Impurity + Polymer* (3)
2.2.2 NMIWKIIF (Radiation)

NIZUIBNIININNILANTNY amaw:ﬁuq@mé’a gn13aa EJWE\T\N’]%I%

amuzgﬂm:@:fuﬁﬁmm HIARBIINNAL M ITEAUNRIIWNTA NN ARUEILAZLA
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duaneianas amuzBuanINgnnIzdu (S,) enaddasnssnunauinadiailunm
9 = 6 a ad a \ & € \ A @
10" 9 10 3wl Sai3und1 Waealaidud (Fluorescence) dauluanuzauignnizdu
, Y ) ! v o P A 3= a ad a ' o
(T,) 19tdaanasnunabunfautItInIAalLIan 10 19 20 U9 T958NIINITaN

fziflaUULUTINU (Raman vibrations) Ua48Ldnasau azaay wialulana
2.2.3 a@uTak (Heat)

NRIIWRIBNINILATEA U WA BHIBTUVDITEALNRIINY AITFY
FLNDULNDILANEDELATNAN LT UAII NSO luUWGﬂifﬁwé’wmﬁgﬂm:@j’umﬁ]ﬁﬂﬁﬁ@mi
Fassadmalasiafiivasluanautumalniuaia (Tautomeric) ANUWNAL 1ATIA 17 Uaz

A o Aa . o A o [
lqu@ﬁ]:ﬂmmﬂumwmaﬂumm:mmiﬂaaﬁwa\‘mu‘ﬂgﬂm:qu1u3ﬂ°uamaomu
< A o AN 0o v A o A A6 & P ° v a Aaaa
suazfianuazanusani lideliiinauany F3Aluunsnssonalinarhliiiadfizen

¥ o A A o @

#0uzAUIaU (Hot ground-state reaction) TI9ALIUNIITLFIA A INNNIANNTBULLL
'ﬁiiummﬂmimﬁmﬁﬂL’%;J@Tu@i”aﬁmig@ﬂﬁmma"’amﬂﬂamm Unseuuuiilviie
AMNUANFIITERININTZUIRNNINII AU ATNY DILFILASNTE WA TN AT UDILES be

L e Q( Crd
TALAU (RUANG ATNIARTE, 2547)
[ [ ay a a 4
2.3 Nanixﬂumnm‘smmaﬁaamﬂafaLamuuwumwaaLuas

a { 1 1 a aaa y N . a ‘g
a%aaai:ﬁ’saa"h@amsm@ﬂgmm (Chemically reactive species) \NaU%
[ 2 h p . d a 1 ¥
MYANINIZVIUNTINIIZQU (Excitation) (Singh and Sharma, 2008) ma%aamzmmﬁa:
\ianatanled (Crosslink) vavansldwafiwes niatialfizsnasndiagi (Oxidation

o

reaction) liinmIafmyWsdgunanadenlfouudasauti@nmaiail (Chemical
a aaa & A a J ¥ v o & = s D .

change) 8nujfiTomisnanaiaduldwiaw g duiu Aansaasolsluana (Chain

. . a J 4 1 a L s [ s
scission) iaduiilamulsluanavaswafinailaiunasnuanisddaanllawainn

~ dl o v [ L v 1 vV a dl e
Weswananelgluanazinsanannuld sanaldifienaifouudassuti@nig

. ' A X a A v oo A a da a &

MU (Physical change) nanfia Aufaf ldsusidanafadandanusyusziiuaniu

A ~ o ol A a A A A ¥ o Aa Al v o aa
wialuninydianahlinudufadunquniaduniu Saiminluananinai ld3usad
ARAAIAY RINAGDANUTILTINUII AW 1TUAW (Chi-Ming, 1994; Fabio et al., 1994;
Singh and Sharma, 2008)
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2.4 MSARNYNWSLLALLRAINRINNYDINITARNLNWEE

mm%awimLLaxmi@T@mUISﬁImaqai‘fuﬂ”mTaLLﬂwm 9 1 T% ThATaINDAINDST
LAz 9NN 39E Ludw lagmsaanevasssldnafiwatiidudosfnmngug
22INIFABWUTZAIL 3NNYadlnIas-a3led (Grothus-Draper) ladna1alii “Tuiana
%:Q@ﬂﬁuwﬁ'\mﬂ@mm WIDUAUMIRIINTZUIUMINFNENIUES (Photo-physical
process) LAANIIRAUW D (Bond dissociation) ‘ﬁ%aﬂ’]il,llﬁltlul,l,ﬂawndﬂi:‘i_l’mmimﬁ
N3RS (Photo-chemical process) L3 m‘smﬁiaummaqammad (Photo-rearrangement)
%aﬁi‘}mmuﬁ@ﬁumﬂﬂuLaqa” (UANG 2130INRTY, 2547; Rabek, 1995) N13uANaan
VoIWBz (Break bonding) 321319A1SUaU-A$LaN (C-C) wazaniuau-lalasian (C-H) 7
wuluanelonanvaswadiwes (Landete-Ruiz et al., 2004; Eve and Mohr, 2009) $.iudad
Iunsansssnumenan lagimsaaowuszrigasuaasliluansed 2

2t laAa I wigIaNA TN T WLARINR BT ITN TGN IR IIFa a1 I lataa i
mwmaﬂﬁuﬁ‘hﬂ”@agﬁ 300 nm (AWRINWLYINND 4.1314 eV) Lﬁaamﬂgﬂiaiéﬁu (Ozone)
IRTUUITEINIANTAI ITAININT 13 AIBWURIIANT I LaLaAaNNTITNTIAIEYIN IR WD
C-C uanaan latviniks WasInwlwn1siainzaasnmwse C-H luwaﬁmﬁﬁmgeﬂfhwéﬁmu

@ A af v o Qs v Y =) o v Y o 99//
INTIRDAAT 1 LaLRAAUTITHTIAI YA C-H latwIavinanslawas aatilu
cnuﬁwunwﬂ%’uﬂgaﬁuﬁaﬁlﬁmé’amﬂ'ﬂmam LRZNIINARALUNILRANIATWNILRIVD

a 6 =R o (% 2 1 s ni (% A 6
wadnas 395 TudaslTunaInasui lanraaa (Lamp) BIatalwas (Laser) (ANE17
AAUNAINT 300 nm) NANAINWRBINa NN IRLAGNTUANBBNVBINUEE C-C Uaz C-H |a
W%ﬂ&lﬂ it (Chi-Ming, 1994; Eve and Mohr, 2009; Fabio et al.,1994; Singh and Sharma,
2008)
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‘:; s L a 6
MN1319N 2 wmmulummm ﬂwuﬁzluw BRLNUBT

TUAVDINTE wWRINuELWRuszlanady
(Kind of bond) (Average bong dissociation energy)
7138 kd/mol nig eV
0-0 204 211
C-N 305 3.16
Cc-C 347 3.60
C-O 358 3.71
C-Cl 397 4.11
C-H 413 4.28
O-H 467 4.83
0=0 498 5.16
C=C 607 6.30
Cc=0 799 8.28
C=N 937 9.71

4 Qs Af L
NN FUANA 1TNIARTE (2548)

400 nm 700 nm
10 nm 300 nm J
Wavelength ()
‘ Energy (ev)
124 eV . 3.0085 eV 1.7706 eV
é
41314 eV

100 nm 200 nm 280 nm 315 nm 400 nm

AN 13 N9azA80TIANNNENIAALA 300 WlwuaTiuriUnaIuLAaN WA
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naadanT L lalaafilaiauansUsan (Mercury ultraviolet lamp) tJuwaaa

Urminnnisnipalglunudiudisduis mmeseuanuizesaninuaznIianuazaa
A’l’ a a 6 2{ 1 % o A o ai
WuAINaawes naaalszinniaunsalaadaasnasuwuassidoans lawwananuen

4 A Q 1 1 { 1 § { v
AR 253.7 nm T43AaEluT1Va4 UV-C @ua1if 3 wudanueiniui 253.7 nm 14
WRIITWLHNAY 470 kd/mol (4.87 eV) laswaaaunusz1a9 C-H uaz C-C Aanviny 413

° - 2 v 1 % ]

kJ/mol (4.28 eV) Uaz 347 kd/mol (3.60 eV) MURIAL TIBLINANRIBLNLINEGDNITUAN
Y1AVBINKBTL C-C waz C-H Lo (Grassie and Gerald, 1985)

A131971 3 WA IWNIIURTIRNANLIIARUEAN

ANNEINAT WAIIIUVBIANE1IAAY (Energy)
(Wavelength, nm) “8 kd/mol WU eV

253.7 470 4.87

290 412 4.27

300 398 412

320 374 3.87

350 341 3.53

400 299 3.09

Tudaatiulafinmsdszyndlgiaimesiiu (Excimer laser) 3nU3uyaiuin
a 6 6 = = 1 o A o é a
wadwas lagatrasidndanusiaisnlunidaatsasifoaaialaaa daauldlunig
NMIUNNGLNDINEN ITARINIILAZINEINIZANGN LatrastinduiaimasoiauLsILaLTasLin
10 v g =) { =) v &/ . o 1 . .
(lirliuingniawesifiannuiauiu) “Excimer” 113NN Excited dimer wunefis
MITINAIVBIBEARNLARABY (Inert Gas) LT% ATWNEK (Kr) 815nau (Ar) wiaduau (Xe)
ﬂVUﬁw;aIam \iu WiaaTu anaTu wialusdn luamazﬁgﬂmmju (Excited state)
d‘ tﬂl s q?: o ;:i ,3’ ‘ﬂl 1 nd‘;, o A 1 a
iwndeuf i luszduTunaiungIiu ieaznanniinauAuganidzUnd (Ground state)
wdaadaasnadinuvadlwaan (Photon) aaninluzisaani hlaiaandnadsnulnaan
. . . L e e y 4 e Y e ¥ ¥
ieswadaniaaamslgwefinasuaznidonlsaiiaaiang WInTuluuuiui
pndradnaaaiiiu i aSunaungas ladiaimasiiu (Krypton fluoride, KrF Excimer
laser) liAuE1IAdUN 248 nm a1$naungaa ldiaimatidn (Argon-fluoride, ArF Excimer
laser) liaueIndun 193 nm uazfuaungaalidiamasiiu (Xenon-fluoride, XeF
Excimer laser) Wau81308uN 172 nm lasdadvasnisitiammasidufaianuiadosng

(Good stability) uazangmslfiunuwiundy (lafoufisuiunaaadansllaiaad
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indauanTlsan) udiilasaniameiifumansnlaalsassanundusnsuzaas
fuEILALTDS (Laser beam) @”\1fu‘lumuﬁmmsﬂ{uﬂgoﬁuﬁa fgurnuvwalngifivly
rlinsliudyerildonuazd ﬂ%ﬁgﬁuﬁmmﬂﬁmuﬁﬂaj Wuhfiguanniin (Rytlewski
and Zenkiewicz, 2009)

MNN 14 LATa9LaLTasLau (Excimer laser)

AN ATINENEILAT 1IIWIILNAAIIT, 2010

U

2.5 U)nseInsIdaNanINNILEINILDaNTLIK (Mechanism of photo-

oxidative degradation)
2.5.1 TuI3NUHNIEN (Initiation)
waﬁma?ﬁﬂs:ﬂaﬂﬂﬁ’sU%QI@SNﬂW@%ﬂWﬂIuINLaqa wIaluIzning

IuLaqaﬁmﬂ%‘aﬂuﬁmmm@@ﬂé‘ml,m"lﬁ mmsna%“wa%aﬁmzluamazmmﬂﬂﬂﬁ

@oanFiauluszuy) aIgunIn (4), (5) Uaz (6) ANEAL

pH v O) . By HO, 4)
RH —WVO), R+ HO (5)
PH + R —> P + RH 6)

We P Aoauyadaizianfa (Alkyl radical)
M A a [ 4 A .
HO, ﬂaa%aaaszvl,aimmasaansﬁ (Hydroperoxy radical)
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auyadaszlalasefeendmunsnifayisendrotuadldidu
lalastamlasaan’lad (Hydrogenperoxide, H,0,) lag H,0, sansniiadfAzonmauss
(Photolysis) dialdiduauyadaszlansanda (Hydroxyl radical, HO) B9 HO' Yl fAsenmiu
sulswafiweidaldiduayyadaiziondy GIFNMIN (7), (8) Uaz (9) NG

HO + HOO ————> HO + O (7)
2 2 h 2 2 2

HO, ——> HO + OH (8)

PH + HOO ———> P+ HO 9)

v

TIFNUFN diwuadndug Naswadansanieyyadazadi

aaa Qo 6 6 6
. UGS MIuEIvINLDZAITUOU-ATUDU (C-C) UAZANSUDU-
lalasian (C-H) mussdaans lalag

WRIIWIUAITHENRITOFRNLAIVBINWTE C-C WANNY 347
5 1 Q A Q 4 5 Q H
kJ/mol WAzWIEY C-H LWiNAL 413 kJ/mol FIATINUANNENIAAUTBITIFOANT I lalaan
WiINAL 344 nm Waz 289 nm AIUWNILNALUNNTEINIIURIVINUEE C-C Uaz C-H 811130
a J £ % a aaa ni 1 £% U & A 1 a Al U
AU LA LAz EI a%aaaﬁzﬁnﬂﬂgﬂiﬂ’mﬂa’]ﬂﬂmmu ﬁmnmuﬁua%aam:mmmao

M33AAUJASEIAIRUNIIN (10) Uaz (1)

| oV

i
I
\J
— O
— O

! uv ) (11)

(@]
\J
(@]

2. ANIUANBBNVBINUTEURIRNTIB IFaUas (Photosensitized

cleavage)

snviashidauas (Photosensitizer) daiiuluianafifinnuiaslide

' @ \ = A - ] ' ¥
LLET(]E;JN&J']T] INLE\]QE]@%SL%&I‘ITJ&TWZ@J%Q danaisudladnansuss S9snTa ?JGVL'J@IQLLﬁx‘]ﬁ
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sy luvhd fAsennunefwe imeanusaninluminszdudinuas (Photo-

excitation) AIFNNTN (12) L&z (13)

hv
z —————> (12)
Z*
I . E ]
Z* + — CH-CH— ——» —C C + Z (13)

lwwulaflua (Benzophonone) 31nnWf 15 wuilasaainadng
aiuafia (Carbonyl) dashiuazganiuuaslad dsmumndnaduunlafluasdluly
a a a L g 1 ] ~
wadlas anuausalumTiineanFIaTUuNILaEITIATY uaasd lsRauATIANENT
T X o a A & o A ' ' AA o o
dszinnigsinnusiavaswaiwasoe thasanuulofluaduansias hasuasnasansy

wadlefiaau (PE) u bidswIuwadlniiNau (PP)

O

I
C

i 15 lassansvadiuulollug (Benzophonone)
A. @2L39UNTe0 (Catalyst)

mILdnindalans (Metal salts) Undafiaaslunadines vinniini

o ! v a a nl J o {
mﬁamﬁumLiﬂumimwaggaam:immu AIRNNITN (14) LAz (15)

hv .

Tcl, —— > TiCI3 + Cl (14)
hV . » .
To, ———» TiO, _O,.RH TO, + HOO + R (15)

Tnndlonlasanlod (Tio,) 3aiduansiashdausnladniy

MIFONRNNUBINDALE LG (Polyamide) wazwadladfn (Polyolefin) Telanuziunsalu
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MIQANARLEINIAINENIAAL 480 nm NIzUINNNINTadlIeauas (Photosensition) FManTn
siveuyadasziiiedhdeU fismlaununonasuuy 1w eznanvasaandiaw OH
OOH uaz O,

3. %yjﬂﬁuaﬁa (Carbonyl! groups)

] =) { v &/ a Aaa a Qo a 1
niasuefianaidulasdfiToneandiatuuainafinaizning
o 6 A 1 a o 1 1 g 6 dll ] 1 a
nIdTEEnIanivmIniaiaidunniitundashdouss uaziduunddluniaiia
a aa A 1 6 a o a A 1 a A
ayyadaIzIin miganduuaslasnyanivefiavhliluanafiaaniznliaiivmmiagn
nazgu Sowuld 2 uny Aeamundnd (%) wazamuzany (T) drulnganiveiaiidesl
dadjizenluan1iz T minniuazasiandueuyadasz 1§ wialluni ‘Biradical” 43

JUNI7 (16)

Y L’\C. o (16)

/

] =) { v e =) aQ t&l L=
%gmf‘u aflannululassaenanueswefinasniafiadumonas
MILFONTNINNIUEIA81A3808nBaT1 (Photo-oxidation degradation) FI&NNNIOLAA

YRS IITUDUN 1 uazuuuf 2

UFASEMasSTULLTA 1 (Norrish Type 1)

hv .
—CH,C—CH,~ ——— —CH,C + H_C

l

(@] o
—CH2 + CO + HZC

(17)

a o 6 v aaa A P v 6 [
HRaN nwlq@m tNl] aaﬂgmmuaﬁmmuw 1 VL@]@]’]T]J il aﬂvlfli@

(Carbon monoxide) WAz 2 ayyAdaTE AIFUNTN (17)
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UFASEuasSTULLTA 2 (Norrish Type 2)

H-- 0 OH
/ \\ I
—HC C > —CH=CH, + H,C—C—
H,C—CH, l
o)
[
H,C—C— (18)

aaa 6a A a J L Al ' 1 &
ﬂgﬂi&l’]uaii"ﬁLLUUﬂ 2 m@mumﬂumﬂ%nLﬂumyisﬁmumuu

MI&TLATIRIINRNLARLY (Six-membered cyclic) ¥nlAiAanisusnazaaylalasiau

(Hydrogen abstraction) 31nunuan (Y)-a13uaw tianssaunus: leidusnslowadwas
wijaenliguds wazaniuaiia daaunian (18)

a Aaa =y { a g . .
ludiseruaiouuun 1 uaz 2 1iaduwan Excited singlet (S*) w38
. A | = : a £ | o .
Triplet states (T%) a9 lsAey Triplet states flanmafaduninnin ezl “Lifetime
A 1 A Il & A 1 = a 1 aana [ A
wiatnfiluanaadluanusiuiivundusslionuaiiosnnnit Ujften wesSouuud 1
uaz 2 1wl ATeniiamafansnwmiusizasaywusalan (Ketones) uazwafiuaind
asuafialuanolaranvadnadines (Grassie and Gerald, 1985)

i %

Q. m'ﬂ'l,iJin‘faaﬂvl,sli(yir (Peroxides) 730wy l48u62 (Unsaturation)

u

o A €A o a A o o
NRIUINLFIDNN AT HNRIINWLNIINDN AAVIANUTL PO-OH LAz
P-OOH ¢ usiaawuss POO-H e mﬂLﬁaamﬂ@Taﬂ*’ﬁ”wé‘amulumm”@w”uﬁzﬁgaﬂdw o9
waad 1 luwa13197 4

A15190 4 WadwlunIRaNaWLse (Dissociation energy) Ua4 talasilasaanlad

wshavasnus: lalasiaseanlos WRINW N TRENE WD
PO-OH 42 kcal/mol
P-OOH 70 kcal/mol
POO-H 90 kcal/mol

o af

NN FUFANG ITNIARTE (2548)
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Wdz 0-0 "L&iLaﬁyiLﬁaIwLaqaaglisluama:m:@j”u([@ml,aa LB R L
a o 6 6 o ¢ t:al a Aaaa ‘ﬂl
iansaanewuse lalasieseanladiduaunutusnisnvasmafad jAsonszenanin
> a @ o &  Aa o a1 A .
nusIssaandiati lavaypWusinanidadndueuwusi liaiissmauas (Photolytically
unstable) F9tadloutuaatislfiseneanGiati (Acceleration of the oxidation) AIgANIN
(19)

h . .
POOH —~Y  » PO + "OH (19)

atngbsneny atialalasaseanlod lwsnaldwadinas a1adnng
Lﬁ@w”uﬁ:"l,aiml,am:ijﬂwLaqamaoVLaI@sLﬂa‘§aaﬂvléﬁ@T ﬁﬂﬁ”l,ﬁwaﬁma%awaﬁm:aaﬂ%
(Polymer oxy radicals, PO) LLazwaamaﬁ?mwaaaiuﬂa%aaﬂ% (Polymer peroxy radicals,

PO,) a9auM37 (20)

POOH
————> PO + PO, + HO (20)
POOH

fniunsdivasmolsluananiniseg (Unsaturated polymer) uas
AA o ]

o 1 { v o Aaaa o 9 aaa ¥,
9@314 Singlet oxygen ('0,) Walyhd v uniiwused (Sandfazeniti ‘ene

reaction”) a9 3utnal Jiseeondiatulusslada’ly assunisn (21)

O—OH
|
—CH=CH-CH,~ + o > CH=CH-CH—
Singlet Oxygen l
Radical formation (21)
via above eq.

2. UJNTe120980198WH (Singlet stage) WAERNN2NIEAU (Triplet

stage)

Ufsmnvasmydlanluan1iznazdu (Triplet stage) fuaandiauf
d? o A a J o A 1 6 a A VA A 1 ]
anzuaIaunIN (22) mansafiaduld Wesnnanvefanienyniianudiaslse
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LLaammsng@ﬂﬁuwﬁdmumﬂLLaaé”amﬂVl,ﬂaLamﬂTnvLﬂ LLazLﬁ@mﬂaufhUwéﬁmumﬂ%g
witdungnnizduinanit ludsezaanaandian inliezaaudnig vateandiaungnnizdu

aaa o ' A . M oa oA a = '
whugasennung e (Vingl) wienylidudaug iiadulalesilesean|oddadung

3w Lﬂ(ﬂﬂﬂvl,ﬂ?] BINIIRIN awaamzinmu

3 1
(R\C/R) * 02—’ (R\C/R) * Oz (22)
Il Il
(@) O
h
'o, + R—CH,CH=CH, ———> R—CH=CH-CH,0—OH (23)
R—CH:CH—CH2 O—0OH ——» Radical reactions (24)

2.5.2 THAUNIIUNT (Propagation step)

Ujfismnanluiueaumsiaioy Aanssivwediuesoyyadaszilas
2and (POO) NayyadaIzLanAI (Alkyl radicals, P) U JAzennuaandian aigun1sn
(25)
P+0 —> POO (25)
2
Ujfissnsusnianazaenlalasianeanmunsnifiad jisenueuya
mzilateand (POO) ldativdaliios wisunifineuyadaszuasd (P) uazlalanied

aanlod (POOH) Tuasaunsii (26)
POO'+ PH ——> P + POOH (26)

Qg: I&/ T a a L a Aaa
TuaaUNIUNITUE TS AN NN IR BN Uz DU fATEI MRS
. { a Aa & = [ a
(Photolysis) va4lalasilasaan’lad (POOH) iaiinauyadasziulna daldun wafiwas
a%aﬁmzaaﬂ% (PO) LLa:a%aSa‘iﬂamaﬂsﬁa (HO) A4gNNNTN (27)

hv or heat ..
POOH —— > PO + OH (27)
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waRlwasayyadaszaand (PO) uazayyadaszlaasanda (HO) axfia

mIusnienezaadlalasianean laadsaunisi (28) waz (29)

PO+ PH —> POH + P’ (28)

HO + PH ——> P + HO (29)
PO FigansnifadFAsonaug 1aan leud

n. Ujfsermiaesslounuiudn (B-scission reactions) twn13aa
D L% o v [ 6 a o A A e A Kn:i [l
navasmslswiaununissinmneniueiia digunnsn (30) niadad ladnnylaous:

a a A 1 1 a o o A
aasuaamﬂvigﬂmmﬁmmmﬂu PNRUNIIN (31)

R R R R
| | | .
—CH2 C—CH2 CH— ——— —CH2 C + H2C CH— (30)
. I
O O
H
| R
—CH, (IZH—CH2 CH, - - CHzﬁ * H,C—CH,- (31)
O 0]
2. NI8INnYAlan (Ketone group) luanele
R R R
| | |
—CH, C—CH, CH— > CH.C—CH.CH— + R (32)
» 2 2
O (@]
A. mMIgaunwus: lalasiasaan loa
R R R R

|
—CHZC‘;—CH[ + —CHZ(‘)fCHzf — —CHZC‘;—CH{ +——CH, C‘JfCH2f
0 o OH 0

[ l o

OH 0
(33)
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1. Ufitenewinseuyadaiziands 2 luanarh i ldnyansuefiauss

1 a a l&l U e Qo {
%%l"l,amaﬂsﬁammuwsaw N AIRNNITN (34)

R O R R O R

—CH-CH-CH— + —CH-CH-CH— ——> (34)

R O R R OH R
I [ I | | |
—CH-C—CH— + —CH-CH-CH—

wiiflaudia (Ketonic, CO) idumynifianudanlunalnms

\FausN NIl JisuneendiatuuaIwafiues

253 m”umauﬁuq@ (Termination step)

miﬁuq@maaﬂﬁﬁ%mmuﬁauamwmaawaﬁma% vinlag “Mopping up”

A o v a A ' aaa v a o 6 v A =
maLﬂuﬂ’nmlm%aaaizmaa"l,maﬂg]mm mﬁawammmq@mmmﬁnm Ima%a

dayz188A7 (Alkyl radicals) a1avualnwiNa litiamsidenlasnsatduieniu (Branch)

solsluana dmayyadasziaseanladvlfitunueyyadaszaug laidulaeadn

wasean'lwd (Dialkyl peroxides) Asuafia (Carbonyl) #3auaanadas (Alcohol) AIFNANT

(35) f19 (40) MNEAL

LB

P+ P —> PP (35)
P+ PO —> POP (36)
P° + POO ——> POOP (37)
PO + PO ——> POOP (38)
PO’ + POO ——> POOOP ——> POP + O (39)

(40)

POO + POO —> POO-OOP ——> POOP + o,

1 a aaa . . v X o ¥ o [
n&aNAe lufﬂim@]ﬂgﬂiﬁ’] Recombination mmuﬂuﬂwmmm A%

a . { a J M .
n. d3umwved Radicals NAadn (Concentration of radicals)
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€. Namz‘nwaomimmwgmzﬂ: (Effect of steric control) LLazN13
A A Aa a [
Lﬂaaumaaa%aamﬂuwaame

. “Cage effect’ LunansznunvliAanstavnsmaafenived

apyadasziinnnnsdaavamels aldiianisrandanulmg (Recombination)
a & A D
vasnafimainlaaaelds

3. NILWI (Diffusion) °uaaaggaﬁm:ﬁdaa%@iamnﬁ@ﬂﬁﬁ%m
a a a [
2. 1301038832 (Free volumes) AaIWaRLNDY
A A [ a [
a. mMIaaReunvasmalsnafiues
¥ A . . . . dl 1 Qs
T, J9RIMNUEI (Light irradiation) NLIWUASINRII

awaﬁmzl,aaﬁal,ﬂﬁaaﬂ% (POO) 1 @J’Imaqalum‘”uﬁuqmaa
Uinsendanuiduldlalunisifiamnindsn (Six-membered) asaunIn (41)

—HC_ _0—C— ——> C=0 *+ O + HO—C— (41

ayyadaszidafaandmunsaiiansniudinuldidu Tetraoxides 71
laafins asaun1an (42) uaz (43) ianssaowuszlaidu 2 ayyadaszuandand
(Alkoxy radicals) LLazImaqamaaaaﬂ%mu

2ROO0 ——> R—0—0—0—0—R (42)

R—O0—0—0—0—R —> RO + o, * ‘OR (43)
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ad A L% [ a {:;6[7 v ﬁ o Py . [ ¥ a
3. NYVHNINPIVDINUWDALNDIN LTL WIAAN® (Substate materials) uazdgnsanny

(Overmold materials) FINAIN (Adhesives) 17‘1%1%01%35’21
3.1 WadAlwINA (Polypropylene)

WaAlWIWA (Polypropylene, PP) iunadiwasnianlsnuaunn wazianw

o

v o A A A o % a v
|1 Lﬂuau@'ﬂﬂﬁqw Lua\‘ﬁ]’miﬁmg}ﬂ sﬁﬂaﬂLﬂiqzﬂﬂ@‘ﬂ"lﬂﬂ‘[@]ilﬂUNTW]']Q?-] I@Ulﬁ@l'ﬂlﬁﬂ

iy
UN381 Ziegler-type

e

——CH, CH-CH, CH-CH, -
nni 16 lassanaiadvasnadlwsinan (Polypropylene)

TassaroadvaswodlnsRanannnd 16 enuuandsnununasiafian
@”ﬁsm’liLmuﬁ"l,aImLﬁm@Taymiimﬁa (-CHy) N9 2 azaawvasanivanlulassainarhli
waslwsRandnuuTIsnndn udsauasiosas quJ'L&Jﬁﬂlﬂﬂidaﬁ”ﬁamﬂﬁﬂﬁlﬁu
qmwgﬁmnﬂﬁwamuma”’]:Ju,ﬁ"s (Glass transition temperature, Tg) Sarno AW AL
daflganaanmainazyarilidaudigeniwadiafian 919nnn3ld Stereospecific catalysts
Mlrausasiaesilalounadanad lwswan (Isotactic polypropylene) %aﬁﬁm
WRANIAY 165-177 °C ld andnadnaigu wellwsRauldviwianmeidng g luaamnnasu
VNI LN dsuanaura gl 1w nudossed vl,&ig]@m’m%u NUANNUITOW
& Senunuiuiugn (0.900-0.910 glem’) Aamihudsuazdizdinaedios uddanudan
Aleasale Taornluudr wedlwsAauioniinluldlunsuaauasltluinwuasasasls v

mMauzuy gunInlluiasd judns lvhiussauuaiae’ Idunuou luwe dudu

3.2 wadaba3u (Polystyrene, PS) LLazwaﬁavl,@%'uwul,mmumﬂgd (High Impact
Polystyrene, HIPS)

Aa a a o Adda ¥ a . .
wodw lawdunaadnananfovulsnuann lasrsazlsandn (Aromatic ring)
A A o A a a ) A A . . !
lunedalaIudadndungndanuaiosuszidunyjunuifiinzns (Steric hindrance) &4wa
v a 6 A gl’ B o A a v a o I3 e e e 1
TiwaRwesofiall lidaudrfigunpiivas danwuzuds (Rigidity) lavdutlszme udfana

v v

o & @, ' o @ A
Ll]i’]x @]G%%ﬂ’l@]a\‘iﬂ’lﬂﬂﬁﬂ’s’mﬂuﬂ’mmaLLiGﬂiZLmﬂBTWSJ’]?E]V]’]VLG]‘;T@]EJN&SJTIUEl’]x‘iLﬁEm 53
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1 a . £ o
L’%slmﬂwaaa"l,@l’%‘uwmmmumﬂga (High Impact Polystyrene, HIPS) G4lassaamiiail
209 PS az HIPS LRAIAIAINN 17 LAz 18 aNNEIAL

—CH-CH,-

NN 17 lassanaaiivasnadaladn (Polystyrene, PS)

= . a oA en oA by o P A ,

wanIMNinedalaIuaINauUAIawAD IRUNLLN NUNwGasnIaaN L e
lainudasslalasaisuanuazavinazanudunss iuwawiw Wi Vl,u'g]@mw%u LAA A
ghaladng ﬁﬂﬁg@ﬂua:aaﬂﬁﬁ LinudasgnmwaILIaaauA1Lwan LLa:"lxiﬂmiamsgﬂﬁ@
1 6 a = VU o a [ o‘a; U " Y (% 3’ U U
i matszgndvasnadalaiulihnianmeivialy laun dheaw wivi Teudey
A0 e o X ] o ea & a ¢ ' A ,
AlfudIMs ndasuITaamisuazka sl aunIniiannsafing vasidu vanIansznla

£ %ud’mlugﬁﬁu Iwuﬁ'w,l,@ma%m%’umsqﬁ'msﬁu,ammumwu%“au LA

HIPS was ABS a3 “Styrenic polymers” wiawaainasnia lasudu
6 o i a ¢ a A v a '
asflsznaumannavatlunafiweizfiadu anlassaiemuaiives HIPS amulgas
slaugnnywlanafiwad (Graft-copolymer) drawadiamladuniivszano 2-8
& & ! o Al en o [ X A £ o a
wasidudlua sanarhldlaudfdrumasuussnszunn (impact properties) Ng9du 179

P4 [l 4 a A .
ANURieInd ldudadssilafisuny PS 1iwgsafialden (Francisco et al., 2006)
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—CH, CH-CH,——CH——CH, C—CH_—CH-CH_,——CH-CH_ -

2 2 2] 2 2 2
ik
CI\-I2
CH
I

CH

/

CH,

i 18 lansaiaadvaswedalaiunuusanszunngs (High Impact Polystyrene, HIPS)
3.3 azaslabulasa-0imladu-alaSu (Acrylonitrile-butadiene-styrene, ABS)

2:a51a b baTa-0a la du-a'lan iuwadiwasUszinninaslanaizén
Aen33u (Engineering thermoplastic) laannsvindfAsenvesuanaiwas 3 odia fe
=) =Y d a § U
7134 (Styrene) aza3lalulasa (Acrylonitrile) waziinnladn (Butadiene) Tawafinasn e
& A A \ & A & & A AN o
NnuanaiNas 3 FialSonIn tnaswadies (Terpolymer) Naunatuasudazsian kiidu
[ a [ 6 09; = ] wn a al [ = 1 wa
JanaudaTed ABS uk fnadesutfzamanadn lavazailalulasdlinadesuti@nig
nuaNnNTouuara Tl dimleduinadesuifanunumudausinszunn (Impact
a = o v =) = dqj a Q/ % 1 a U 1 v
strength) uaza lasuiinariliwaadninudadudiun daudasiagldie uaztioandunu
13489910 ABS LOUWWARANN lea1nn1TinNauaLues 3 ThauINEe @”&ﬁuﬁmﬁ@?jammm
o ! o & A { % { o A <
UL R UFAFINVDINOWALN A TNIRNNTRALN 1A LA RNUAANNNGDINT T3 ABS lagrinll
Usznaudisazasla b bavalzunns 15-30% 091 la szt 5-30% ey & ba3n

Uszun 45-75% ‘%GIQEG@%’NW’NLﬂﬁLLﬁ@]dVLﬁ@vdﬂ’]Wﬁ 19
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-H,C—CH-CH,-
—CH, CH-CH, CH— CH=CH,
C=N C=N —CH,CH=CH-CH,CH-CH,-
Acrylonitrile units Butadiene units Styrene units

i 19 lassaimandvasezaslalulasa-dinledu-ala3u (Acrylonitrile-butadiene-
styrene, ABS)

ABS wandsanwaa@nia ) innzadunanadinfifdanuauqansluiias
~ & o v a i
ANMLDY (Hardness) Lazanuinkean (Toughness) S9vinldwana@ndan@nuusnszunn
@ wanandt ABS diflauifiduitu nudausnFuad (Abrasion) aaanngdingled
(Dimension stability) NHAUIDY NWFIILAN ﬁ*’ﬁqaqmﬂgﬁl"ﬁmuﬂ%a (AILG -20°C D14
X a Qs v a v o U
80°C) uazausndugtiduniadmailanaeds nsdszgndldinu ABs dmuihluldinn
& a A @ “ fa P =
lugamnnssnsnsud gamwnisanda ta3eald Invh gunsafidnnsefing saudls
wIadltdnnan iueu

34 mulanin (SantopreneTM, SAN™)

SAN™ (Junaslunara@ndaalawas (Thermoplastic elastomer, TPE) 11 b6
PNMINFNNUTTAIILNILaAEU-INTAEU-laBunanaLuas (Ethylene propylene diene
monomer rubber, EPDM) AuwadlwsAan (Polypropylene) luszazusnisunlainig
seanzinadwasainmvhuisonlanefiwas lstisznitsuanaiuaivadafawuss
Insiau ldwafiweindansuznsiaiesdvasluanauuuadmguuazausaiduens
a 1 1 A a nql/ 1A aid L a > Al o 1, R o
Foni EPM uditasanluluianavassnssiiai lifisuniiwuszauea (lidwuszg) davh
TpnaflzuifiidufonumudanIsiRaNRNININILES 8anTLan anuTan uazlalan ue
TaiFunanvadnns EPM faldmansaldmhazdulunsasgdle iwnlifivuszgluluans

A a Aaa o o ~ o X A o o a & o A A
afiad §Aseian luotu dagiudslddnawamndismudusenawaidan 3 e
laduasluianios (3-11% lwa) luszninsmafiadfisowadwe laiwru lvennlad

muﬁvl,&iﬁmﬁa%ilum UI‘ﬁI@JLaQQ 158091 EPDM

Iﬂix‘iﬁ%"]x‘i EPDM Usznaudianiisuanaiasianan 45-85% I&Iﬂ bR

Insiauuazdinanladu (Diene) 3-11% lua imzagszwivimalsnanidudnsueaols
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A o {a v o { ) A o
Astuanan lavladunilouldnianniga fia Ethylidene norbomene (ENB) G3lasiaing
NILANUEAIAININT 20

Propylene units Saturated backbone

Ethylene units

Polypropylene (PP) ___—Active position for crosslinking

ENB unit

i 20 Tassaamaadvesanulanin (Santoprene’, SAN™)
3.5 Wad hilanae havialdunanad koiwas (Plasticized polyvinyl chloride, pPVC)

wadhilanaalsad (PVC) Wuwmaslunanadn (Thermoplastic) ﬁﬁﬁgwaaumm
& wazanansnian3lodale fguaudaawnas g au 11w Ianuudiussd nuansiad
Uinnnia-aslad nudaluduuszuaanazed ganpiilunsldnulaiiv 80°c danw
uawiumaWwia snansofuasdiuud g Lﬁaﬂ%'uﬂgdauﬂ'ﬁmaaNﬁ@ﬁmsﬁ@%u@i

33 s =S 1 1 a A 1 v v
LLUJLLRSAIN fﬂumaam&mmzwmmgwqumﬂ 9 "melmu

Tu pPVC winfinanuosnaad lnaas (Plasticizer) Aawfialw PVC Sautian
dounn wianguadomd lapwana@ lmwesmansndh lunsnagluszniluanaues
sulgwafiwed Mlilswasnulunisnyuseuruszaasluanaionas waad lmaa
lu PVC finauviia 1w DBP (Di-isobutyl phthalate) DOP (Di-2-ethylhexyl phthalate) L8z
DIDP (Di-isodecy! phthalate) lag) DOP ﬁﬂﬂfmnﬁq@
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o CHj
o) CHj
—CH,CH— +
| o) CH,
o) CHj
PVC Di-2-ethylhexy! phthalate (DOP)

AN 21 lassanamaafizaswed hilanas lseuaswanad ka3 Di-2-ethylhexyl
phthalate (DOP)

lulas9a3193:nn9als PVC waz PVC dR8nilad avnaNvadnaaIuaIunm
witerThuardssiinasawdnnieies Fausasnnuiduilizaay (Negative charge) &iwa
IWozaouvasaniuouiduntsselsnan Lﬁmﬁuﬂszgmﬂ (Positive charge) w349
mﬁmﬁnﬂiuLaqaﬁﬁm%-"l,&iﬁm%s:wm 02AIUARDIHLAZANILONIIL AN WEDI3INT LTI
lalws-lalwa (Dipole-dipole forces) lunmausf DOP whldunandragznieanslduas
PVC @‘ﬁumﬁiﬂmﬂﬁLﬂumUisﬁﬂﬁuamtamﬁammvlajﬁm% (Non-polar part) 34121 1UiAia
uusslalns-lalnanuozneuvasnasin sruduiias (Polar part) ﬁLﬂuaypw”ufmaa
WInLaa (Phthalate) ieduusslalna-lalwamuidsiwiuazaansesnisuan aanwi

22

waﬁvhﬁaﬂaa"Li@TﬁNmema@vlfmﬁnai’mmsnﬁ’]vl,ﬂﬂszqﬂ@lﬁl,% % IWasilaas
6 d' a a d}’ (% + ) d' (> 6 o ] :’ %
WIEInBud 1aTssntufioy weru seari nanth levhywasansneud viviesin vasls

@199 Tt Ludn (Wdw ausANDUAzAtL, 2551; RNANA ATUIARTE, 2547)
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CH, CH, CH,
5 8l N -
" (l.‘,H—CI ---------- (|3H—CI 5 8 CllH-CI 8
CH, cle2 C|:H2
S~ + — + — 8+
5" CH-CI%----2 -<|:H—C|-§ ----- Q. I CH-Cl 5
CH, cle2 C|:H2
— + Q- +
8" CH C|§------6--C|H—C| 3 5*CH-cl-%--- 0.
<|:H2 c|:H2 C|iH2
Polar part Non-polar part
o CH,
N
o CHj
CH,

Di-2-ethylhexyl phthalate (DOP)

NN 22 WuD3znislalana (Intermolecular bonds) 3%319 DOP uaz PVC
fin1: PVC Europe (2010)

3.6 mMaefiaauhfiaazGian (Ethylene vinyl acetate, EVA) kazn1tafia kwen-
luazA3aa (Ethyl cyanoacrylate, ECA)

m1 EVA saiduinasTunanadin fivnlding 1A1YN sl g T irulu
gaanNIINTIT gamwnTInInsud Twiislunuiesine idudu miasztvainadu
WU “Physically setting adhesives” @98 dlustvasmainialuy UNVROUARILDZ il
N2V (Solid-state) AIBNTZUIBNITNINNILAIN (Physical processes) 111 113
321%e (Evaporation) N1IUT40231NVBILAAT (Solidification of melt) HI8NIZTUIBNITUNT
W1 (Diffusion processes) Fenannmsdouudasesddszneumaedvoslaseas

aeluzasnn (Landete-Ruiz and Martin-Martinez, 2004)
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s
o=cC
— 1
C—N O
1
0] CH
H2C¢K”/ ~_ M3 CH,CH,—-CH, CH
n m

nnin 23 lassaamand (n) nenfia loenluaza3iaa (Ethyl cyanoacrylate) uag

@) MLafiaauhfiaezBian (Ethylene vinyl acetate)

ECA \lunminanlasvialulugaminisdn fa aieing nia nmandhs
F9vaduninaslanaadnf LR (Colorless) Unaannaavinazany (Solvent-free) Las
MITEsvadarinazans lFnwlarainrais 1w luwnulans (Metals) Lfin
(Ceramics) 91w kil (Woods) uazidwle (Fabrics) Geaanaiiusnsguganisiasyidulavas

g a A A A o ) sy e & o ¥ e &Y va
\Tauuafiisy wiai3unin “Bacteriostatic” asuluanuaunInaIna1 dagiudalding
Hanlgnulumesmsunng (Medicine) AasnITUNANREN (Plastic surgery) LasNI1ike-
N33 (Dentistry) M31a (Curing) 389n1atinandfisenuanlesatanadiwa st
(Anionic polymerization) 78suauaiua’s ECA 641 24 lagwnj —CN uaz —~COO- fiinz
dunvsuaawnauan (Alpha-carbon) luny@aeaiinasaunianiiunin “Electron

. - té o v 1 a { o 1 v

withdrawing groups” SsvilAanunwLlsUaIdiinasaundILRILa1TUaY (Beta-

! val o . % & A o ! . a @
carbon) anad sInAlATIdurlUdanTuauitdanudadldanignland (Attack) dae
fadlalWa (Nucleophiles) L1 lutanazastiwialuianazasuaanazad (Alcohol) AIN-
nﬂy A a a al 6 dq, a dld et =) 1 v A n:. e dl 1 v
FunladSunaiiailaWsuuinindainznunii Hednduad3i3u (Initiators) Lalsala
adiseuenloasfinwadiwe lstsunwnzaziuivdasdvsunaiiiaanadansiie
Unsewedwa lseosi la sn3A93LuaINT2 ECA 9303 wdu “Chemically setting
adhesives” wialasasnanduasmaiadfisen lasldiianyszanm 24 Hrlusdmiums

mgﬂm 239N
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@OO OQO
) \o e o

Moisture

ATNH 24 N3UN (Curing) 289017 ECA

f11: Practical Guide to Adhesive Bonding of Small Engineering Plastic and Rubber
Parts (2010)

i 25 UfAsenanlesafiawadwelsisis (Anionic polymerization) 289 ECA

A31: Adams (2005)

luthagtiuna ECA gnviaimnatisdaiiias Wasananuae (Britte) 189

; - P - . vad
ﬂ’mﬁamgﬂ INNITANLI 10-15% 89 MILNALNUFNUANUNIWADLIINITZUND LAATW §I%
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NaN289n17 ECA UsznaulumeloenluazaSiaauanaiuas (Cyanoacrylate monomer)
88% miLﬁlum'mmeTu (Thickener) 9% mnﬁums"lmé’a (Rheological additive) 3% LLae
gANANNETEITANTa (Acid stabilizer) 0.02-0.03% MILANFIANANULTHLTH
U19A$I0193NES 25% LHasnnuenaweiianuniiad vldwudgmiseinsbanie
wazmitosauionsanluuwaaads (Vertical applications) nsurludamisssniudos
LENENTRNAMNTNTY 1T PMMA %38 PVA sn9lfiunnulafssiania o dainas-
lasan'lad (Sulfur dioxide) wiansawaanassa (Phosphoric acid) i l#gaduasLfiisen
wadwe lstuiAeduegenasadamainliiAaanizdunats (Neutralised) luszuu
wamsdus e NusassTianseiidteifode mqmﬂ%mumaamaawagum (Adams,

2005; Sina Ebnesajjad, 2008)
4. SAwIaNNBITDY

nwispndiudysiuiidisnianeisidaanhlawma uazldwaaa Mercury Ultra-

violet Lamp

Mathieson et al. (1995) Vlﬁﬁﬂmmiﬂ{uﬂ;aﬁuﬁ’maﬁmﬁaﬁu (Polyethylene) Lay
Waddnaioinesnlan (Polyetheretherketone) AaunTansLadand b lataauazlsuss
laloulunszuiumssandiasis (UV/Ozone surface oxidation) WU msa%v’mm;l;
Warduiifeandianduasdisznevlasd fisueendiatu Seldurnygesuaia
(Carbonyl, C=0), wijaniuandn (Carboxylic, COOH), Laginas (Ester, COOR) uazwyjla
@30NTa (Hydroxyl, C-OH) %%iwq:ﬁr‘i“*ﬁ'uﬁLﬁm‘fummﬁﬁﬂﬁmmﬁmﬁuuﬁuﬂaLﬁugaifu o9

! @ @ a . @ a < { A & o
ﬁ\‘]Nﬂl%ﬂ’l’]&lﬁ’]&ﬂiﬂ@’]uﬂ’ﬁﬁ@@l(ﬂ‘i::%’:l’]\‘l’]ﬁ@lwam&lai{tmzﬂﬂ’aawaﬂ% (EpOXy) LNUDUWAIE

Nie et al. (1999) la@nmnszLInMIR8TIFeanT L lalaauuiwiiNaunas-
TwsAaU (Polypropylene film) lialNant@aanatdan (Wettability) wasauy@ens
2K a a o c? Y v d' et 1 aaa 1 v ¢§
mitiada lasnuwishldltudalalowiiduaseljisoniuas wikluwansznuvas
UA30100nFaTUNILEINATIINY AaAUAILAANIRTINBUNIRNBTIWIALEN W38
A 1 a { a :’ o -;
Mounds @aidusiuzaswafiweinigneandladuazdiminluanadi (Low Molecular
Weight Oxidized Material, LMWOM) nm3iinduzasiianlunisanssadniaundliuialala
1 v g a a ¥ a - nl J
FINA AR UAIWAINUAAD (Surface energy) uazauitidanuidon (Wettability) RN gIdu

UszinTnwawnstafinvainadi aﬁatwugwum |
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Kaczmarek H. et al. (2002) ld@nsnisusudysduifaunadhilanaaled
(Polyvinylchloride) arenata Low temperature air plasma uaznatan I g TIRaaa -
T lalaananueInank 253.7 nm Nams‘n@maamaamﬁwué’ww”amaaﬁmuﬁuﬁawaﬁ-

A & o P~ , A o ) @ A a a X A
Tfiaasalyd arumaiand 2 wuin LaJammum‘[mmaamsﬂmﬂ;awummeu (59807

Q/I ' Q > 1 gl Qi Q. J
6 TL39) AN NENHE (Contact angle) Jenaadad aummwmﬁmmwquu LRZHANTT
Lﬁu%umumrmé’ama‘ﬂ%’uﬂgoﬁuﬁ%ﬁﬂmﬂﬁﬂwmmh WNUINTN U Asuasvas

[ = J v v o A A a ) s

Tassassnelusnels 6110a\‘iNalmwmauwmﬂ@ﬂ'}smaﬂml,ﬂm"lﬂmﬂL@m WG FIATL
nq’ ai ot 2[’ a U a o A a aaa a G a é/
Funwidiudssduiissimeiansansssg UV wumaiadfnseneandiatwiadnleln

& 1 R L ol Qs = Qs 1 { Q/I
FNNIZUIILINA ‘Iiﬂﬂ']&ql&la&lNﬁﬂ@]@ﬂﬂ\‘iﬂ’m%ﬂ\‘]ﬂ’]imﬂ@’mEl'Nﬁ 24 °E’JISJ\‘1

Murakami et al. (2002) vl,@i”ﬁﬂmmiﬂ%'uﬂgaﬁ?uﬁwaawaaavlm%'u (Polystyrene, PS)
WaTNERLNTAALNNNASIAA (Polymethylmethacrylate, PMMA) 3 N32UI%NNT ABM TR
Talau (Ozone) mianpisdsaashlowa (UV) uazmsldusalelouniaunsldnsanssd
saallatan (Ozone/UV) Wamsnasaunuinnaimsltufalalowniauralsnmsanssod
saarllaaaRndu AmyiayuduRazaanedalaTuiiuwliuanss madanzd
sadsznaumaefiaasesasauriiia (Attenuated Total Reflection Infrared
Spectroscopy, ATR-IR) ¥lwnauinwedslasu swsoiiadisennmadans (Ring
Opening) °11amomw‘ﬁ‘umUlulmaaﬁ”wuuu’%nmﬁuﬁaﬁ"tﬁ%’u%’aﬁLLazLﬁ@mia’s”N%i
WertuAeaniin (Hydrophilic) 11w wylaasanda (OH) uazwyaniuadia (C=0) TUDUARA
1ummi\m”u°1]”’mﬂ'wué’ww"’amaowaﬁmﬁaLumﬂ’%mmﬂﬁuﬁ@i’nﬁm‘]{u Fadunaanany

A a X & a ' & da A v T e & A
mgmszmﬂ@mmaawummmu IG]EJVLN&IﬂﬂﬁWﬂﬁ]’]ﬂﬂ’]ﬁﬁi’N‘ﬂHW(‘Jﬂ"ﬁ%U%W%N')

Landete-Ruiz et al. (2004) Ansnadsudysnuiidmomansiiddaanlaiae
vulawadiwasiafiauhfiaesdiaa (Ethylene vinyl acetate copolymer) tilasannlanadiaes
= a A o =® a o dql' A a a o a =
fiauhiinezfiaagninlubedanuizgiudnaiialasddadzmuiduny welasaliniu

(Polychloroprene adhesive) N1Usznaumawad ol loeniue 5 Lasiudlasiimmin
(Polyisocyanate 5 wt%) udLitaa9ngasiag ldanudinunameoninuazmaad asiu

v v R A K t; o a 6 ad a = o ‘fl/ a
sutdeunistiadadai Mlilanefiwesiendanhinezfiaauazingiuiianisngasan
HaNINaaaInLIINIUTuTsRRAT s Iansussdaa hlawaiduan 5 wfl dma
lﬁawﬂ'@msﬁ@@m:ijiﬂwa'ﬁmaﬁaﬁﬁuvhﬁaa:é?jmLLa:ﬂwagaﬁq@ lagANRNLIGANY

& a & 2 A o ¥ e Aa A & \

Wonuaziuiarmrzannds uislimisisnywsitundeangdowduesdsznen 15w

1 6 A J A‘i/ a 1 % Qs 4? a dl &/ o 9/4‘1/ a 1
niafuafiaduuwiniy winslsialunsusudpnuiafivuduildinuinnsdiugn
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o . [ ¥ a { . J’ ¥ a 1 )
11818 (Degradation) WRSRINNURINS DU (Weak thin layer) YUUUNUEY FINA AR

NagaUANULIILIINTHAAaaaad

Romero-Sanchez et al. (2005) ladnsnstiudysnuinaslunaadnaloiu-
amledualaIu (Styrene Butadiene Styrene, SBS) tNalANaNUAMUNIHARANLNEE-

31N (Polyurethane) Niiun1? 6‘1?\1ﬁ'l"lﬂgl,‘*ﬁammaéfmqmmuﬂssmaawTw laglinaila 3
%d

¢
U
5560 lFunzlalawngsasn9ias M9F UV INg90819La87 wazmIkaniuialalamas

€

o

soaan hlawa Mmanassswuimsldudalelawiavasgadaaialjisonaandiag
9 A A o v A o ~ ' a A v o
dapunn Wansunumslossdsann bhlawaiissagades wianslonouialelauuss

=Sh.

o A

‘B 1 o v e = Oq/’ AI &’ dql, a a
s9Faaa i lawaa N 2 mamiv\awwmmLﬂﬂmmzmmumqugﬂimu WWHLNANTT
A ) wn a Al a Aaa @ y A &
wasnuaslasasuszautamaad Safiaandfisoimsaasmaldwadiwes uazns
WU N300 nTaTUUUNUAD I@]Uwudwﬁuﬁ'sLﬁ@mm%ﬁm%ivlaman%a (Hydroxyl,
e 6 6 a A 1 % I3 v 2K A a a
C-OH) uazanWnbTadnIuas Fagamalnanuudsusssumstafavadalainiim
a A o a X
ladualasununiadn

Oosterom et al. (2006) lad@nsnMIdsuLaiuimats g inafiavasnadiefiadud
wminlulanagauin (Ultra-High Molecular Weight Polyethylene, UHMWPE) Liavinlufia
Ganudluudnizgn (Bone cement) 1711310 PMMA lapdidatszanudia wiiaiuneiiaa
(Methylmethacrylate) HANINAaINLInafialalsin (Corona treatment) Lazinaiia

[ 6 . 1 < o Y @ 1 = a 1 |aia a
Inad@as1ia (Glow discharge) dnafvhlidyududaaaasatmIaTuRoud AT
wd UV/Ozone @adbtiianwiuidu 10 ¥l Haannanuudsusinmsdafdanuinnnsuaineyin
Tiudiaanusrszduna 10 Iwnfuszanudiomaiialnadassiadn 90 Junfl

ANIUANUTE AN AN WS EAAAUaI UHMWPE/PMMA mﬂﬁfgm

Eve and Mohr (2009) Ansn13UsULUTaA%AY PMMA da8mansSifaaas-
A o ¥ Y & X a & v v o
Talaae wath ldlmunsswansaioan (Optical lenses) uazwaftasiaulouiiiugs
(Polymer optical fibers, POF) Han13naaadwuinwadiufiamasianianatnitan
J Q ™ > 1 =)
(Ductility) 8@84 @NuLL (Brittle) ¥1NTU NMBRFINITVIIF 2 udaaaidudiias
2 @ A a o % [ a & A o Ao

(Jem') Madsudysnuiarh ldininluanaveswefiwesanad iasnnisddan-
hlawaldifiansdamnevesasls haduiuffigniany (Surface damage) WiA7
\iannupyvee iungy uazsesuan Sesanalidnlugaaaddi (Young's modulus) U4

a a Aa 4 nl @ d J
WORLNTIALUNIATLAAAARY LW alWINIITUTIENUINT Y
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Daniloska et al. (2010) Vl,@i”ﬁ,ﬁaﬁmadmiﬂﬁ'uﬂ;dmwwzvﬁuﬁwaomimm%’dﬁ
é’amw"lﬂaLammﬁn”a@lﬁﬁmmiaavl,'mw‘fi"smw (Bio-activation) Lﬁaﬁﬂﬂﬂi:ﬂqﬂmﬁlﬁam
1uwﬂaﬂ13LwaﬁI@ULﬁaﬂl"ﬁﬂﬁuwaaLaﬁﬁuﬁmﬂmeLﬂugd (High density polyethylene,
HDPE) G9il0:51afllua (Acetophenone, AcP) 1luda5I5uM9uas (Photo-initiator) wasd
2-aminopyridine (AP) W& Benzocaine (BC) Wuarieshimeiinw annwansnaass
WUINAERAINIIMYIIR 817 AcP °ﬁ’JUﬁﬁlﬁLﬁ@lﬂ’]iﬁ%’Nﬂi}QﬂSﬁiz wounslians AP
WaT BC RINNIOLNYINMINIINNeRWES (Graft-copolymer) vuiui HOPE 1o ﬁ?uﬁaﬁgﬂ
ﬂ%’uﬂgaLLﬁaﬁwmsmaﬁmmzﬁwaﬁaym'%iaa FTIR nagd3ansIAiaianasausiiagainia

(SEM) UaziaI83iay NFUN

Kowalonek J. et al. (2010) lav¥innsdnswed bhlauaanaaas (Polyvinyl alcohol)
UWWANY (Pectin) WAZNINEN (Blends) °11aawa:uﬂ%aaamﬁﬁmsﬂ%ﬂ;dﬁuﬁaﬁaﬂmﬂﬁﬂ
Low temperature air plasma LLa:mﬂﬁﬂmsmU%’dﬁé'amﬁ"lfﬂaLamﬁ'mmm'mﬁu 254 nm
wunmslEinatenanauniidssansnmdaniuacldiaasosnin sutidanuivaia
gai‘fu anuudsusslumsfadanuiuiigas 1w nawasas (Glycerol) Ruandn 1ia
WgunumslEnsanssiannm 56 Talug LANBRaINILAUAIBENIT 44 Tudnsums
IHnafiananann wohdwnuwiemsdswulssnavauvesansiannu e uin
(Hydrophobic properties recovery) WANNTANBIIF UV ﬁmmmmu@iamﬂﬂﬁwuﬂm
AN Felumsnanszninawadhiiauaanasaduazinniiv sswuinaslawaduadig 2
shamanIniinduasisen (Interaction) szninalutanadionusz lalasauld Bagonald
Aamstntosiuiinnwaainuazsd uv

NNIENTINUILAIUAT A.¢. 1995 aunad @.¢. 2010 WU wu lain1siinnaaa
a ai £ 2 & a o gl‘d 1 o a

wedvlWlfszlomilunas g du Sswissidaagamanslumsiunaiianisaisws
aaa 1 lataa I@Ufmaa@L:uaﬁﬁLﬂuLméiowé’omumﬂszqﬂ@ﬂﬁﬁaﬂ%ﬂyauﬂ“ﬁmiﬁ@
=) 1 a 1 a &/ g v
darznianefwaiiisfialunszuiunsdedudunulanailuds ufsudumsta
A v Y v & = o oA o v A
faa28n17 smaawvl,maamuﬁmmiuuLLazmmLﬁuvl,ﬂvl,@ﬁmvl,ﬂlﬁmﬁﬂumﬂq@lm‘ﬁ-

= ;:i = &< X
N334 A9 luwNuwaInIAnE LTI
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I3 a o
qﬂnimuamﬁm‘s
1. \309iia, a0 uazalnint

1.1 lanadlniRan (Polypropylene, PP) LnsansAannuism taaniid shna
(¥n171) (IRPC Public Company Limited)

1.2 1anadala3u (Polystyrene, PS) tNTANIANNNLSEN 7inla Iwdn 110
(W) (TPI Polene Public Company Limited.)

1.3 laezasla lulasa-0in ladu-a'ladu (Acrylonitrile-butadiene-styrene, ABS)
LNIAMIIMANLSEN AW L IWAn 37170 (N11aw) (TPI Polene Public Company Limited.)

1.4 Lﬁ@‘waﬁavlm%'uﬂmmmumﬂga (High Impact Polystyrene, HIPS) tn1aN136"
NnaunuIrelulszna

15 e mlaniu (Santoprene ", SAN) InTanIenaNanuiielulszina

1.6 LUAWARA LTANIT (Plasticized Polyvinyl Chioride, pPVC) tn3ANNIAIATN
US1N Thai Plastic and Chemicals (TPC)

1.7 nmaafiadulfiaezdian (Ethylene vinyl acetate, EVA)

1.8 naniia loenluaza3ian (Ethyl cyanoacrylate, ECA)

1.9 n3asindiassasaniilalalaa (UV source reactor) lagldnaaa Mercury
Ultraviolet Lamp m”mm?ﬂfiiu 253.7 WluLNAT

1.10 m‘%iaaﬁm‘fugﬂ (Injection Molding Machine) (2840310 ARBURG 500-
320°C)

111 1aesaduin

112 n3asdeiaziosddsznaumaefidasdunaise (Attenuated Total
Reflection Infrared Spectroscopy, ATR-IR) YAIUTEN: Bruker Optics g'u, ALPHA

1.13 ﬂﬁaaﬁ;amiﬂﬁﬁLﬁﬂmaw‘ﬁﬁ@daamﬂ@ (Scanning electron microscopy,
SEM) $14 JSM-6380LV, England

114 19389TayuaNIE (Contact Angle Meter) 1a3ilWa Dataphysics OCA 15EC
(DataPhysics Instruments GmbH, Germany)

1.15 Lﬂéaaw@aaULauﬂﬂizadﬁ (Universal Testing Machine, UTM) ju H50K5
0809, Hounsfield
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2. MSLATYNTIIH (Sample preparation)

[
s A [ v [ u

- . 4 ¥
TraNuLAzIFgTaunUdILEadlum TN 5 gniasuudasnIaddadugy (Injection

q

, e - v a A X e a4
molding machine) A4 W7 26 laslFudNanluiaIosdadugdainini 27 Sagunud

PYPIANIY 50 FAFLNAT 8717 150 FARNAT LAY 3 UARLNAT AININN 28

AN 27 UINUN (molding)
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A o & o ) o A Ao
139N 5 ’Ja@lwuuﬂz?ﬁ@leﬁauwu‘yﬂﬁfluﬂqu'ﬂﬁ]U

2
[ ~ [

N aa TN

azasla bulasa-0an ladu-alasu (ABS) .
. TIHLANWIU (SAN™)
WaRF lATUNUULIINTZUNNGS (HIPS)

WoAR A% (PS) W e
R WANRA LTAWIT (pPVC)
WaAlWINAY (PP)

AN

P Ly Y A a X ' A a
NAINN 28 mu']@ﬁ]ad‘ﬁuﬂ’]uﬂi@%’]ﬂtﬂiaﬂﬂ@mugﬂ (%u’JﬂLﬂuNﬂﬂLN@i)

ABS PP PS HIPS

A o X A a @ 4 a X
AINN 29 jﬁ@lwuﬂLﬂiﬂNvL@%qﬂLﬂja\‘)@o@"ﬂugﬂ
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3. NNFPBNRULIEUUNIRILSIROanI1blatan (UV irradiation system)

l:l di ) a v A o v v dl v v dl
N7IWN 30 (N) LﬂsaamLumaaaamﬂﬂam@ (V) IURUIVBILATBY (A1) AIUVINVDILATDI

Laz (9) naaaLNadll (Mercury lamp)

in3asiuiiasidsanilalawa (UV radiation reactor): é’aaam%mmgmwvl'ﬂu
3asrfiassd UV Tasnelweseslszneudionasnuadis (Mercury lamp) 17w 6
waaafdanusmusalunsUaaldasnasmiianugnaan 253.7 wilwwas lagudas
180 IWNASWYINGL 7.2 TaduAsTzHsH193E R I19MAaaL BRI LT W UAI N ILYIN AL
30 fafuns anvianlasiadofifadusznitemsanssddszanm 70°C Taniadasmiiia
¥ UV gmﬁ'mn"h”mﬂluﬁﬁaaﬂLmumLﬁaﬂaaﬁ'ué'umﬂmnn%’aﬁua:mmmmuqulﬁ
558 UV Usadsaswasnuldadoaduaue wi’m”unﬂama:ﬁﬁ’mﬁmaau ANJEENLUL
w3a9rifiasE uv lddnsdhedetayamainagiu ASTM 653 Ssluauisoilldls

UL IUNNIRYTIF UV adud 15 Wi D9 4 1219
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4. N1IDANUVUNITINAADS

41 ANBINANTINUVINTANLIIR UV um”a@;ﬁ'u

a"’aqﬁfuwg\a 4 Bha AouwnIanssIF uazHIwMIBIL3IF UV fistwiudalus (30
wifh, 1 52lu9, 1 $alug 30 wift, 2 Talws, 2 Talas 30 wfi, 3 Falug, 3 Talws 30 wifi
ez 4 52134) Twuranuain lUas9 e MR RN EATWEIELA309 SEM Uas
@m%fmgué’uﬁmuﬁuﬁaﬁamﬂ'%iaafmgué'uﬁa wazdinsiiuaegsuanaanidn 2 8NN
ldunanzgyaina wazanizusienmea lasnsamadenziasddsznaumaaiiun
WiBLA3ad FTIR S0 Tehanussasinai 0 3, 3 3%, 5 1% uae 7 Tl 2 anz

a & o o o & o A
JUBADBNITILATIEHANANTENUUDINIIRNYIIR UV Uu?ﬁ@lW%LLﬁ@ﬂ@ﬂﬂqwcﬂ 31

eLGHI
(ABS, PP, PS Liaz HIPS)

A \ 4
laeiumsansdsd uv ENUNTANLSIR UV

A 4

& &

MTILATITRNRAIA 8809

Y A A

Contact angle SEM LAUGIaE9

<
<
<

\

H#NISUTILINA HNTIZFUTYINA

FTIR

l=; & a 6 e A [ gl/
NN 31 VUABUNITUAIEHRNAINTENVVBINITANYIIR UV ‘IJH'JQQW%



49

42 NMANTZRALaRI aaa”a@;ﬁum YRAINIANLIIR UV

a 6 gl’ a o dql/ o o A o ¥
MINATEALBDAIVBIITOWY NURRINIAILIIF UV susavinlalasls
ﬂ”@ma%g@u'%mmfuﬁa (Surface layer) 8an wazkia3ad FTIR lunmsasiadianzi
lassanamaafivastuiuazladauia (Under surface layer) lagiuaannisiainziiiie

AILRAIAINTNND 32

Jaq
(ABS, PP, PS uas HIPS)

A

NN I8 TIR UV

Ree
=
)
o)
—
3

‘_-.i oqj a 6 dq( a s ‘jl’ > o A
NN 32 mu@aummmm:'ﬁLuammama@]wumWmmimmda uv

"""" > {7 (Surface layer)

/0m00

Y o g » bETWAL (Under surface layer)

P (g ' [ . < A v & A
NN 33 @I8LINAIWAAVINN (Cross-section) ?lﬂd‘ﬁ%ﬂ’)LLﬁzl@]‘ﬁ%N’)

43 dnmanuudinslunmidadaszniiznhelzgiu (louusznainime

v o e ¥ &
uv) uaziagtaurvlunszuiumidedugdunulanesluds

18QWL (PP, PS, HIPS Uaz ABS) 113 4 78la (ManuaznaInsangai Uv) an
o [ Qs v a v a &’ A‘y
m"l,ﬂianaﬂuaﬂmaqsﬁauﬂumUﬂszmummmugmmubnaﬂumua:maaumm
uwhawsslunsafasznieizginuazizgdaunudoinlaimasatioundszasd Ginuaan

a [ o
NIILANTH LRAIAINTIN 34
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N
TAANH

(ABS, PP. PS uaz HIPS)

v

Taisiunnsanssa® uv

A 4

FIUANTaNsTe® UV

a X
naznumsiadugy
uuvlavafluéia

PP (Untreat) / SAN™
PS (Untreat) / SAN™
HIPS (Untreat) / SAN™
ABS (Untreat) / SAN™

PP (Untreat) / pPVC
PS (Untreat) / pPVC
HIPS (Untreat) / pPVC
ABS (Untreat) / pPVC

PP (UV Treat) / SAN™
PS (UV Treat) / SAN™
HIPS (UV Treat) / SAN™
ABS (UV Treat) / SAN™

PP (UV Treat) / pPVC
PS (UV Treat) / pPVC
HIPS (UV Treat) / pPVC
ABS (UV Treat) / pPVC

NAFAUMIA U UFALTILRDN
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2NN 34 m"’u@]aumimaaumwLL‘ﬁaLLialunﬂiﬁmam:mﬂﬁa@gﬁ'u (MaULAZRAINITANL

& UV) LLamamaumlumzmumiﬁmugﬂu,mﬂanaﬂum

4.4 myeNzieNULluTIreINiadaizningg ABS/ABS uaz ABS/ pPVC

AauLAzRaINIIAYIIR UV) lagldnin EVA uaz ECA ilwiratBanisza
q

nmsdnsanudullldlunsans 38 UV 1umsﬂ%‘uﬂ§mmwﬁ'uﬁwaoABS

laglgnna 2 slladuiaquentszau ldun naefiadulifiaezFian (Ethylene vinyl

acetate, EVA) uaznilafia koenluazasiaa (Ethyl cyanoacrylate, ECA) 13130 baanu

AUAAWNITIATIZAAININN 35
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ABS pPVC
L W
lairhumsansad uv UM TaeSIE UV
EVA ECA
ABS (Untreat) / EVA / ABS (Untreat) ABS (Untreat) / ECA [ ABS (Untreat)
ABS (Untreat) / EVA / pPVC (Untreat) ABS (Untreat) / ECA / pPVC (Untreat)

ABS (UV Treat) / EVA / ABS (UV Treat) | | ABS (UV Treat) / ECA / ABS (UV Treat)
ABS (UV Treat) / EVA / pPVC (UV Treat)| |ABS (UV Treat) / ECA / pPVC (UV Treat)

NARDUMIATUIUADUTILRO

2NN 35 m”u@auﬂﬁ"il,mwzﬁﬂ's’mlﬁamomaamsﬁ@@mm@j ABS/ABS Ilaz ABS/pPVC

(Mouuaznainsaesad UV) laofinna EVA usz ECA wiaqiBautszanu
5. 13093811 1% 1hN13ILATIEN (Instrument analysis
y

5.1 @384 Fourier Transform Infrared Spectrometer (FTIR)

WHATIRGNY TAULAZRAINIAETIF UV Lazdagfauiuaaninasg
JinzdilenanuailasiasamaaiivesiuinuaiatnieiaieIad Fourer Transform
Infrared Spectrometer (FTIR) G3nW#l 36 Tuiunasoaugne L iuuuiuiBun lag

¥ a o { o a o { o A \ = a . o @
Aufdunidasmaiienzignaludnsuenaihes Saluriwmannadiadalilduuuniy
#10137970 (Sensor) ARBAMIATINIATIZA 1ATad FTIR aglugiiduszunDauszddim
g [ v & dl ¥ Q dq‘ dl v =) Qs %

wadusmsgeaanuduagdulugiiy hadasnuanuiundrliinzuinaiienaious:
Warduadusuninluaidnasy lasiasas FTIR ¥asBsssadunsnise (IR) adundunu
Mot uiIadSNUIFENNAaNan (Absorbance) #3anarIuaanun (Transmission)
v % % ' 4 - i, 4 -1 'V
RUNUTNLTIIANULNIAAUVBITIFNTIANNL1IAAYK 400-4000 cm RANNNTVBINNT

[ s Y a iy o . ) A ) o A
ATFBLLENANBINNIlATIRANvaITWI U9 8IaTad FTIR andunIas (Ha
w30 98) VaINUBNiTanTzninvazaauda g mululuanazasans Waldsunainuan

4 1 ~ s a n& a a 1
ﬂﬁuLLﬂJ FARNLLAITII ﬁaw\hﬂ L34 %Gﬁ?i&l‘ﬁ'WWl'NLﬂﬁl%I&lmf}ﬂ"ll BIRNINIBEIY RINID
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=\ (- % Q 1 Wdl d’ 1 Q Qq: 1 a qq;
ganauwasuana lanieuadudie g nwld iszasuulumsszyiuduassialauu
U137 LA Las i a U NaTUa IR INTINNNTIATILHWIaA2 “Unknown” MIiauny
UNATNVAIRIINNTIURIBAD “Reference” Lo tin@Lnibiaun ALAzI T WINIAIFLUNATY

A39n% Y lvnuladuanssiatasini

AN 36 LA384 Fourier transform infrared spectrometer (FTIR)
5.2 Lﬂ%ﬂd’i’@yuﬁuﬁa (Contact angle meter)

%yumumaaugmwa”ﬁummmw%mm (Stage) TagfinAIfdoINM AR
Niludnsuznnsdu MINAFIUIAYNFUHETIN A9 13 1% ASTM D5946-04 Fole
r‘imumaamm"?‘i’l‘fmﬂmil,ﬂuﬁ'mﬁluu"??qwﬁr(Deionized water) UazINARANIIHEAUN
NARIILNTRINUNaFa UG e AN 38 TasiSuduiidutasduuurnmslse aneasin
(Dispenser needle) d88a3103157 1 lulasAasdaiug %as:uumiﬂdammﬁwgn
AugudLAaNNIaeT alinoatinudasraavasminasaudsunaninns lagdsunes
yasnsasnlummagauyinny 3 lwlasaas mowasmstsasnoainanfidanody uris
ma%mwngﬂLﬁau%utﬁam%umﬂﬂ%'wmﬁ’lﬁﬂuuu WRIINIL U TUITIE S
LAROUTRI Db AUNIILAY Iﬂmﬂimam’hmaﬁaﬁwmsﬁwmmﬁ'@gm@w”aﬂ%aaaﬁmmao
waai uazihudueiass sﬁaa"wmuﬂ%mamﬂ@msvmaaufm‘!ué’uﬁaﬁmmvﬁﬁ 10
wea miﬁmmwamimaafiaﬁ’]@iwué’uﬁawﬂ 10 Fna LR "L@?Lﬂu@h@iwmé'w”mooﬁs

(Average contact angle)
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NN 37 1A389IAYNFUNE (Contact angle meter)

dispenser

needle
\\l /water

sample
surface

a. Droplet dispensing b. Droplet transfer ¢. Droplet equilibrium

AN 38 ANBILNIIRIATNRILUNUAINNNIAII3 1% ASTM D5946-04
53 napdlanIIEdianateuTiiagaInma

rm@mﬁ]amﬂ,ﬂidaﬁ”ﬂdmdﬁ;amﬂuuﬁuﬁaﬁauuawé’amimU%’dﬁé’ﬂ@m’]-
hlawamunsarldlaslindesnansseidiinasausfioganaa FINWA 39 Teaaagng
ﬁ?\mmgnﬁﬂﬂmﬁauma (Gold sputter) nawyinMINATIEA Yaile3as SEM vimsasa
?Lﬂsﬂzﬁﬁ?uﬁammlﬁama:gzgmﬂmﬂ lasaNaIanise (Accelerating voltage) wae

fasuene (Magnification) luanu3pimviua MAWinAL 15 kV uaz 3000x aNEGL
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ATNN 39 mﬁ”aaqamsﬁﬁ&ﬁnmamﬁ@fiaaﬂﬁcﬂ
5.4 LA384NaFaULEWNUTERIA (UTM)

mMInagauaNNudusslunisiada (Lap shear tests) luanmaeanudumu
fausiiian (Shear strength) smdwi’aqﬁmm:'J”ﬁ@yﬁauﬁmﬂ%m%iaw@mauLauﬂﬂs:mﬁ
189 Hounsfield 31 H50K5 0809 eisnwl 40 Tasnwdl 41(n) usasiuiilumsiiade
(Bond area) °11aamﬂanaﬂuai’a@ﬁuﬁamﬁqsﬁauﬁu (NAFDUAWNINTZIN ASTM
D3163) uazn Wil 41(1) ugeIRuAlLNIEafau89n11 ECA Waz EVA (Nageuey
¥19997% ASTM D3164) Jevinny 19x25 was 12x25 an3sdadiwas awsau lagls

< = ' @ A a A ' =
ﬂ'ﬂllﬁ’?!l%ﬂﬂi(ﬂ%ﬂﬁﬂ%ﬂa 1.3 YARLNUATIADUIN

2NN 40 Lﬂ%iad Universal testing machine (UTM)
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Q@) ()

P o Y A Ao o 2 a o o o &
NINN 41 YWIAAIDLINTUWITBLUIENUNRIRIUNITLAAA (N) aqﬁiﬂﬂqﬁianaﬂNaja@lwu

MuiFgiaunuuag (1) MWIUNIIadaaIn1l ECA uaz EVA
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HWHALLASIIIIW

a v =1 ay a s ‘:{” v
1. ﬂ'li'!Lﬂi']z‘l/ﬂ:ﬂi\‘lﬂi']\‘i‘i’l']\‘iLﬂNU%W%NTBB\‘DﬁQW%ﬂQH FTIR

mﬁmﬁ:ﬁﬁuﬁ’maﬁa@;ﬁm (MaWNIaN8TIR) 4 Bia laun wadlwshaw (Poly-
propylene, PP), Waixlaiu (Polystyrene, PS), WaRalaIunuusinszunngs (High Impact
Polystyrene, HIPS) wazaza3la lulasa-0ann ladu-a'la3u (Acrylonitrile-butadienestyrene,
ABS) Iefmnainesning 42 Gsiiedaanasle

]
AdA o Q/ [

ﬂﬂ‘lJ‘Y]’]\‘]LﬂﬂJ‘Ylﬁ’]ﬂﬁy@d@'ﬁ’Nﬁ 6

2952 { ‘r‘\ 2019 1456 |//‘|376
| 2840 N
i |
|
1492 N
2919 1692 /f 1451 /‘\ 1
@‘7 el NS A e '/\,,\ n ) 41 Wr}!m 4"\ J(:,i_ B A A,_«“ !
14 965 }
911 |
2919 1602 | 1451 \ dali
Q) n |- B -ay AW
14/92 965
1451\ 911
/ = 2238 1602 J J\ M \
(\j) o TGy “’u‘/\ﬁ\;«_._A_JC_um,._ﬁ/\//)‘“n \ \/\'Rm&,"l"{\‘ s
T T T T T T T T T T T T T
4000 3500 3000 2500

HIPS uaz (3) ABS

N 42 FTIR alnaivesiagiu (dauwmiansisdaaanlalawma); (n) PP (1) PS (9)

2000

-1
Wavenumber (cm )

1500

1000

56
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P o \ A & Ado o - A~ P
M19191 6 @]’]LLV\%GLamﬂauLLazaﬂﬂﬂizﬂaﬂﬂq\‘]LﬂuwaqﬂfyTaﬂ’Jaﬂwu‘ﬂﬂ 4 %uﬂﬂﬂ‘i’lﬂgiu

FT-IR s1Unasn

k2

YBT3k VAN LAUARAK e nFun19LAf
(Repeating unit) (Wavenumber)
CH,-CH PP 2952, 2919_1 Asymmetric ez Symmetric
éH bae 2840 cm U8y C-H Stretching vibrations
3

fCHZCHj PS
n

HIPS
CH, CH=CH-CH{CH,—

\ n
fCHz[CHfCHZ-In

*[CHZ ?H—}] ABS
C=N
n
Acrylonitrile units
CH=CH,

I
—E:Hz CH:CH—CH}ICH—CHZ—
n

Butadiene units

n

Styrene units

1456 cm’”
1376 cm’”

3000-2800 cm’”
1602 cm’"
1492, 1451 cm’
3000-2800 cm’’
1602 cm"
1492, 1451 cm '
965 cm”

911 cm |

3000-2800 cm '
2238 cm’ |

1602 cm’”
1492, 1451 cm”

965 cm |

911 cm’’

—CH3; Asymmetric deformation

—CH3; Symmetric deformation

CH, Stretching vibrations
c=C luisazlsunén

C-C lwatundn

CH, Stretching vibrations
c=C lusazlsnén
c-C lursazlsnén

Wiszg lUNI (Trans)-
1,4 Saimladu

w”uﬁz@ﬂuvlfaﬁa 1,2 g ladu

CH, Stretching vibrations

i lulasd (-C=N)

c=C lwsazlsnén

c-C lwrsazlsnéin

Wszg lunu (Trans)-
1,4 Samladu

w”uﬁz@jluvl’sﬁa 1.2 Gam'ladn
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2. MAINANLALANFEIWNMIATUBABRIDEI I TaUIUAIY FTIR

MyANzRRRAIIaTERTauL (Meun1sanaad) 2 oiia laun sulaniu
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(Santoprene ", SAN) wazWaad ke Waa (Plasticized polyvinyl chioride, pPVC) et sun-

o o P 4 . A= & Ad o
AINNINTINN 43 Gﬁ\‘illx‘]"ﬁﬂ\‘iﬂ\‘]ﬂﬂizﬂa‘ﬂ‘ﬂqﬂlﬂu‘ﬂfﬂq

[ a

AUAIAINNIN 7

2924
2853
1464
N 1377 ﬂ
/ A
AN
(n) J | A
h \ B VAN L .1
/,/"T \ |
- 1720 |0
| 2018 | 1462 | | ""H‘\ \ "
532 | N i
| 2840 ‘J‘ AWARLY i
() E A
T | ' | T T ' | T T y T T
4000 3500 3000 2500 2000 1500 1000

1
Wavenumber (cm )

NN 43 FTIR sunainvasiagmouny (MaWNIMBTIREaNI 1 LaLaa); (N) SAN™ Lay

(@) pPVC
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v

A ° i A & Ado, o o o A
M1319N 7 GILRUILAVARBLAZDIAUITNOUNIILANNEN @Tﬂﬂ’;&@ﬂ@%ﬂhﬂﬂi’mglu

FT-IR s1Unasn

2 (>
Hdawnu

a
LRUA[K

waiWa Nz

SAN™

HHILT V40
(Repeating unit)
CH-CH
2
CH
3
n
\
CHaGH PR
Cl
n
o CH,
o CH,
O\/D/VCH:"
o} CH,

2924 18z 2853

-1
cm

1464 cm’”
1377 cm’’

2930, 2918 uae
2840 cm’’
1720 cm’ 1460,
957 cm |
700-800 cm’’

Asymmetric LLaz Symmetric

PDINUTEANTUOU- I LATIAN
(C-H) Stretching vibrations
-CH,- scissoring vibration

—CH3; Symmetric deformation

CH, Stretching va3a18le
nanwasuas
DOP (di-2-ethylhexyl
phthalate)
C-CI Stretching vibration

3. Namzﬂuwaamsmﬂ%’dﬁé'amﬂafmamnui'aqﬁu

3.1 WadlwsNau (Polypropylene, PP)

3.1.1 MAENAIAUTzna UM TUnNLRITaY PP @aainafia FTIR

ﬂ’]i’?Lﬂi’]zﬁNﬂIﬂ‘Nﬁ%ﬁdﬂﬂdLﬂﬁﬂ' AUUASRAINIIALIIR UV UUNWAD

a oA oA A X A &, Y o A '
PP 37nnYNn 44 W‘]J']']LN@L']@"(L%T]"I?%’]Ui\jﬁLWNfﬁﬂmu NNNINDULREHERINTIRNIIIN VLN

a o % ~ A A \ a i Aa
WUN TR WU Luﬂﬁ%qﬂiﬂiﬁacnﬂ‘n’NLﬂumﬂﬂ PP VL@J@J%H‘Y”E]\‘]VL?@@LLQQ Vﬁa“a{rﬂw

v a aaAaa =) Qs ¥ =) a &’ v
ﬂmua’]mmhmsgmlm"l@ ﬂ']iLﬂ@]‘]_lg:]ﬂif;l']E]ﬂﬂ%L@]“lT%Y]’]GLLﬁGU%ﬁ%N’J PP ﬁdLﬂ@]“ll%vL@]

g7n
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(M) Jf Ulwi )’(\\\J Aot A

y T ) T X T p T 'MMWI} ! T ¥
4000 3500 3000 2500 2000 1500 1000

-1
Wavenumber (cm )

AN 44 FTIR sldnasuaad PP (MILAUeane 5 4%, &N122UT58Nne) (n) baieuwms
PWIIF UV, (T) HIBNITANBIIF UV 30 w9 (A) 1 TU. (3) 2 TX. (3) 3 TU. WA
(@) 4 TY.

N = A A =< o o A oA A
289NN LUANINIDNDINAIIIIWNTILTIR WLINNANNLIIARY
253.7 nm InaswiNgswalwniszananwus: C-H la laguwi lbaulunszausnInni9uas
¥ a a o & o ' Aa a .
UUNWAL PP mmmLsmmwmnmmeamaﬂﬂmwwaam‘i‘uaumﬂ{}u (Tertiary
y e A A a A Y a
C-H atoms) neluanalsdnan sﬁoLﬂuamamwIamammmnaauamwmaLLmVL@mn'ﬂq@
A = 1 1 a aaa . . L2 o % c',
avaniianudashdansiialfisen (High reactive) uazlawassulunisasiawinozen
(Rabek, 1995; Grassie and Gerald, 1985) myaiduamelsndeyyadasznionaansiy
wasuNIIFaaa hilawaiazfieduld sulefugadfisensizenaninmauss

v ' 6 a A v a & o
Iﬂix‘]ﬁi’]x‘i"ll ﬂx‘]ﬁ%l@ﬂ?ﬂ Q%E‘]NLL%']I%&JLT]G]‘IJ%@N RUNIT (44)

CH3 CH3 CH3
[ [ hv / O2 [ (44)
—CH-C—CH-C— > —CH-C

® ® K

Tertiary hydrogen atoms fin: Rabek (1995)
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a ¢ & a . & a @ A o
3.1.2 miumﬁ:muammama@;‘wummaamimmmaamﬂﬂam@]

gl/ a ai 1 d'l o A A' &/ Afl’ a 1
WY PP 91nnWA 45 Wudnlanamiang SRR gl Wi L
WUTHRIFLARDINTALAY LIh0I9NNANBAY PP la3UNANIENUANNNIRONRATANIILRIADE

Un3uneandiaduid SIgeansoInuNasad FTIR asninand lldhsein

PP
Untreat 15 min. 30 min. 1 Hr. 1 Hr. 30 min.
2 Hr. 2 Hr. 30 min. 3 Hr. 3 Hr. 30 min. 4 Hr.

AN 45 NWAD PP NaulasiadnIIagsigoanIn i lalaaauszasiia1Nnnnue

Lﬁaﬁ’mé’adﬁgaﬂiiﬂﬁmmad (Optical microscope) mlﬁﬁia?mi’]:ﬁm
anuanfinuineawasldsunanznunmnFensn W MILsIdB U fiSsneandiati
1 st fwissiinngnensimaans$HF uv Suwneunafuniiiianu
mManIneInFesganIIminausssInsadtenkle uasdadiavendasiiimasueod
NNANA 46 ﬁo"léfﬁwmiy@Lf:aﬁ’saaﬂLLa:ﬁwmﬁmﬁzﬂmaa‘%“wmaLﬂﬁﬂ%dmmauﬁa

77 utslarwialasldinadia FTIR
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4 Hr.

2 Hr.

NINN 46 msyjmuamuuwum PP mwaoﬂ’ﬁmmaaaamﬂﬂaLammmzmna’m

MRUG

@ A

fIN

A

=) a A =Y L= ¥ =Y { =) &/ v
nnmafiadfiseneandiatwmanssuninis PP Aiiadulasnn
NI

. o o - oA o o A & & X A .
ﬂmavl,ﬂmmu IMNNTINN 47 W‘]J’J']Lll@ﬂ"liﬁ)o’]&lix‘]ﬁL‘W&Jg\‘]“}.l% mmamuazmmaﬂ@

PP 33lunumadfsunilasaad FTIR silna

T ' T d T
2500 2000 1500 1000

4000 3500 3000
A1
Wavenumber (cm )

NINN 47 FTIR stdnanuunuia PP laslusidnasy (n) Nudaf liswnsana i (),
A A a4 o a o o @ A o &
(@) AadniihaAINANUTIF 2 Uaz 4 T2LUIANNEIAL (3) Uag (3) AadInUadlaTis

FANBNETIF 2 s 4 THludenuaaL
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3.1.3 MAATIEANBAIVEI PP NauLasnasn1ianysid UV a21g SEM

a 65 a U U ] ‘ﬂl
M NATIZHAUBRINIINLANNAIDNREI SEM WUTN LaanIans
FIFANTY NANWN 48(R) N 4 T3 189 WHAINANNVTVILUAZAWENUTU WIDNIWLIWIY
. = > & a = A a
(Micro-pores) 7WaLANNIzNLBLIMUUNKAL PP Saidunansznuiiinannnizuim ns
4 v aaAaa a Q/ A v { U Q a W
LONENIWNILEIA 8L Ao anGieTi SananInasasduwd liiungaansasnUniag
2849 Martin O. et al. (2005) ﬁvl,ﬁv‘hmiﬁﬂmNaﬂs:wumaamsﬂfuﬂgaﬁuﬁmaa"LaIsnmﬂﬁn
WaAlWIWAY (Isotactic polypropylene) daamsanssid UV lasltinias SEPAP 12.24
irradiation device N132NOLAILNADALNDTAITINWIUNINNA 4 A NTILNINTILTIR
LANENIN® WUINNTILNINIABTIF 240 T2 1N9V8ININARAL uanmﬁamﬂmsa%wmg
=) ﬁ/ a { ﬂl ; Q/I > v kg > 1 aAaa
P29 3UaRAUBABEIMRNT U TILNITEINIBNDIIRUSY wananHOInun UHATen
di o tvdql' a a . ni v &
MMILFBUFNINNILEIRINN TN IAN BRI AAIasUAN (Surface cracking) NUvng Al
DENITALIN

1SKUe X3, B88° -»sm.,,' 17 48 SEI
L g <

(9)

NINN 48 AUHI289 PP 19579710502 Ra1a389 SEM (n) NN llHwnnsans S98

@) NUFIMEUNITANUTIF 2 THLNILRT (A) NWAINHIWANTINBTIF 4 T2 139
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3.14 mﬁmﬁzﬁ@iwuﬁww”auuﬁ'uﬁwaa PP ¢a81h384 Contact angle

a [ L C= gl/ a [ ai
MNHAMTAATZRA YU TUHFUUN A1V PP AILEAIlwAWN 49
1 g a 1 Q 1 Qs % ' > A 1
WUINWBEY PP Aawn15ansI9n UV ﬁmaguawwmmﬂu 95.03 a4¢n FauaasnIny s
2AUDINKAD PP lagmenadin1saigsdd UV 210 15 wiine 1 T2 lad wu kdwuniy
=i ' o o & a Ao = o A A o =2 o
wWasnulasuesiyusNHELUARAINTALIY lupmeNnIIanaI8N 2 TlN9D 4 T2
o o o o o Y o £ a 0 A { &
ﬂauwmﬂm&guauwaﬁuu’ﬂuua@maaLﬁﬂuaﬂ mm@ﬁnﬂ%gm‘s’uauaﬁuamﬁammﬁm
a g =3 v ¥ a 1 R Lo s 2’ 4 a
LAQUWLANUR I UNNWED PP Namﬁmmaams,qmaule,azam:rmzmaommmuuﬁ'um PP
MW 50 ugadliidauiiianuseaasasnuransiianzilasseiimaaiaisnada
FTIR

110

100 -‘
90 :M
80 :
70 :
60 :
50
40 :'
30 :

20

Advancing contact angle (degree)

10 4

0 | I | | I I

Untreat 15 min. 30 min. 1 gir- 2 Hr. 3 Hr. 4 Hr.

Length of treatment

NN 49 ANFUNFLAAY (Advancing contact angle) W84 PP
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PP Untreat PP treated 15 min. PP treated 30 min. PP treated 1 Hr.

PP treated 2 Hr. PP treated 3 Hr. PP treated 4 Hr.

AN 50 anwazvasneaiuwindl PP Waldiianlunsansss® UV deg nu
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3.2 WadAw AU (Polystylene, PS)
321 MAIAANAaInlIznauMILANUWN LRI T8I PS drginaiia FTIR

ANNANTALATIER LA TIRININ AN A ULAZHAINIIILTIR UV U
¥ A o { . 4 o a & ° ' d d
WNWHAY PS aILaad lbnINe 51 wmnﬁanmmimmaﬁmugwu FILRUILRVARUN 2919
-1 [ ) { ° 4 ° '
cm UBINWIEATUAN-balaTLanduwl ITNNandad tiadandiuniiazaai lalasianuas
& A PN . A = ° A A o A a
asuauadund (Tertiary C-H atoms) danuudsussdinindaifisunuiadfiadu
(Methylene, -CH,) WazWisz28429821501&n (Rabek, 1995) inTzasuinazaa lalasian

°11aoﬂﬁuaumﬁﬂgﬁﬁf\‘iLﬁuﬁg@L‘%@J@Tumaaﬂﬁfﬁmmmaa (Photolysis) 11 PS @3gunsh (45)

1750

7\ //\J\Jufbﬂ”&“ﬂx
w a)/
) ;y \/\J\JMM

J)

f)

M ) 1492

T T T T T
1800 1600 1400 1200 1000 800

T T
4000 3500 3000

Wavenumber (cm”)

AN 51 FTIR stUnaiwes PS waz (MSALMaHNS 5 1%, 8ANIUTIENM@) (1) taien
MIMYIIF UV (T) HBNIIRLIIT UV 30 w11l (A) 1 B0, (3) 2 TW. () 3 T4,

LY () 4 4.
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Tertiary hydrogen atoms

@ OH O
hv/O2 | I

—CH-C—CH— ————> —CH-C'  —CH-C

2
(45)
#A%n: Rabek (1995)

kg A % v & 4 A o v A a X
#BNINNAINNANA 51 HIuaad iAot NN TanuTITNNTY
. A Y o \ A A = a 4
ldwumsdfsuudasvasmdnainluduniaasaiuiuaadiaisazlsandn daduxaun
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mensinsanssid lagmolonefuasansg Miadu sonalwanuudousouaztinen
I&lLaqauuﬁuﬁaﬁumiﬁwam‘ﬁaa \AaLdusuiafisasiie (Weak thin layer) UL
Taudn48991n 9133889 Eve and Mohr (2009) filednafsanusuwusvasdsingnisot
Pa9mIeaeasas lsuazanuudussuniuiInes PMMA WUNMenasmIanssos
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\unainmidaevasmalsluanases wadiweinendin1Iau i UV uasnuisy
U8y Eve and Mohr (2009), Nie et al. (1999), Murakami et al. (2002) waz Romero-Sanchez
et al. (2005) &3lenaaf ﬁyuﬁawaﬁmas"‘ﬁmuﬂﬁﬁ%maan%mfummmLLa:ﬁﬁmﬁn
INLaqa@:h‘fIﬁa “Low Molecular Weight Oxidized Material (LMWOM)”
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% a 6 A a Aa A 2K A o L% a o A &
Tagwadwa’ naiinlszaniawlunsdadanulaslinig 2 sie Wudndentszau 9
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A { = 1 Aq/ { o = { v

(Ethyl cyanoacrylate, ECA) #9annwil 85 uaiataiunuivininsdsznuliagi 1 dg
% til =1 o di & a 6 ~ AKX A 1
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ATINN 85 miﬂszﬂwaﬁa@ﬁuﬁ 1 WazBun 2 lagin11 EVA uaz ECA Lﬁm”a@y,%au

Usza

5.1 NINAFAUANNLTILTIVEINNIEARATEINS ABS/ABS uaz ABS/pPVC (fiat

uwaznAIN1IRB IR UV) lasldn1i EVA iiluizgitantszanu

PNAMTHN 11 LFAINANINAFBLUNTEAAATZAI19 ABS/ABS Laz ABS/pPVC
wialdnia EVA Lﬂm"'aql,%auﬂszmu WUINIZLZIRINITUTIAIVAIND 24 TN Han
AIMB3IF UV 19 ABS/ABS uaz ABS/pPVC "L&immsnﬁ@ﬁ@ﬂ‘”mamﬁmmmq@aaﬂaaﬂ

a 1 ) £Z 1 = ¥ s ci o v ~ =3 a
INNWAaWIN INagaLANUFIBNKEaLIIa% lagtlaganrinlvanuudiusslunmstada
321319 EVA nU ABS 138 pPVC ldasn tiia9annny EVA laiaunsarianuszlunsiae
wikarszwingluanany ABS waz pPVC |d (Landete and Martin, 2004; Adams, 2005) &n
NINNNNTANTIRANTATIVNATILALATIEINAT Va9 EVA @In NN 87(N) HINL

v @ [y a . ol o ' a & o Ao o & 2

AN nlanaad (Chemical compatibility) 71319 WadlwasnUN1IN adnudadn
mm@maamsm@aam:quam’; EVA luguas ABS/ABS uaz ABS/pPVC G‘Eaazm"l'sﬁ@nw
PERAINTANETIF UV UuARA? ABS/ABS ez ABS/pPVC anuiitauas ABS meamu
Taon1 EVA Sumliufiaunsafiadanunediweinigadle Luaaﬁnﬂmwumaauq A
Tmaqamaa"lfmaazsmw waluanuiduadaudindainunimgasanaansznitanadiuainy

1 a d ~ s aidn a 1 1 = 09: ai a J =} 1
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ABS
(UV treat 4 Hr.)

ABS
(UV treat 4 Hr.)

pPVC
(UV treat 4 Hr.)

%

ANN 86 ﬁ'uﬁaﬁﬁmqumaﬂmaa@j (n) ABS/ABS Waz (1) ABS/pPVC lasfina EVA
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A19°99 12 GunidaananiazadnlznauniaedngiayuaIn1 EVA uaz ECA 71

Usnglu FT-IR sudnas

(% I t!l' 1 6 o
Tﬂﬁ'\‘i'di'l\‘i"ﬂ'l\‘il;ﬂ&d N1 l[YAaK ﬁﬂﬂ\‘iﬂ%%
CH, Ethylene vinyl 2916 -CH,-, -CH; Stretching
0=C acetate (EVA) LAz 2849 cm’’ vibrations
, 1737 cm’’ -C=0 Stretching vibrations
CH, CH CH, CH
{ 2 Z?H 2 E’{ 1464 U8z 1371  —CHj Stretching vibrations
n m ]
cm’
1237 cm’’ -C-O Stretching vibrations
C=N Ethyl 2987 C-H Stretching vibrations
H C%K”/O\/CHa cyanoacrylate WLz 2940 cm'1 (Symmetric LLazAsymmetric)
2
o (ECA) V89hY -CH,- Uz -CHs
2246 cm” wyflwlasd (-C=N) vibrations
1747 cm’’ -C=0 Stretching vibrations

1615 cm_1 C=C Stretching vibrations
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5.2 MINARIUANNUDTILTIVBINTEARATZNINS ABS/ABS Uaz ABS/pPVC (Ran

waznaIn1Ia$IF uv) lasldn1 ECA luiaqiieadszau
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I a & o P o '
lunstia@ana LikadsannaNNEau89n1? ECA T,@almuluiﬂioaSWGwNLﬂuﬂizﬂaumﬂw
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v & 1 s =S a 1 = v n' n&’ ] d'l o A
TWAwIRNLIGN1IEAAAT=n319 ABS &JLLqumwugamuamamn Waa M Iang s
o . y . . ; _
RTEGS I@ﬂmmmmumummmLﬁauﬁmg\‘lﬁa 3915.50 kPa luamwef ABS 7 laiHums
% 1 1 > o Q QI ‘; a 1
AETIR FAMNNY 2242.5 kPa m@;Nﬂ&ﬂﬂ@hﬂﬂitwumumaaauﬂ'ﬁmsﬁmmzmn ABS
WazN1? ECA uanmitaannanutnnulanaiail (Chemical compatibility) Lazn13LAALTS
lalwa-lalwaszninaWuia ABS wazn11 ECA gadsmaananng Wi suniidauuiuin
) ) o @ o o ' & a
ABS MgnaInIIaNgIIF UV mmsn‘nﬂﬂguauwm:mnma ECA UWN1A2 ABS &
o A 3 0 o 2 a af & Y e dad
L IENNAAGad INALRANNEINIID NI AR AT WY WIRTuNie dszian
a a a L v s
laasanda wmwmmm’l.umim@wuﬁzvl,aimwu"l@nUI&JLaqa"uaama ECA LAAIAININ
{ v & o f @ N & [ @
71 91 muummmmumumaLLiaLﬁauﬁaﬁLLquuqugwu MYURAINIRNLTIR UV

kT
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ATNT 88 Tuw (N) ABS/ABS Laz (1) ABS/pPVC Bteinnsnagauanueuniuaa

watdan laudni ECA uadiTantyesn
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ANN 89 ANANMNAUNUABLIIADUTEI ABS/ABS Uaz ABS/pPVC MankilazhadnIsang

IR UV Nuanenans laginia ECA wuaidauilszan

Dipole-dipole forces

H . . d a &/ ! & S
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Operating Light- and Water-Exposure Apparatus (Fluorescent
UV-Condensation Type) for Exposure of Nonmetallic

Materials’

This standard is issued under the fixed designation G 53; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

l. Scope

1.1 This practice covers the basic principles and operating
srocedures for using fluorescent ultraviolet (UV) and con-
lensation apparatus to simulate the deterioration caused by
unlight and water as rain or dew.

1.2 This practice is limited to the method of obtaining,
neasuring, and controlling the conditions and procedures of
:xposure. It does not specify the exposure conditions best
wuited for the material to be tested. Specimen preparation
ind evaluation of the results are covered in ASTM test
nethods or specifications for specific materials.

1.3 The values stated in SI units are to be regarded as the
tandard. :

1.4 This standard may involve hazardous materials, oper-
tions; and equipment. This standard does not purport to
wddress all of the safety problems associated with its use. It is
he responsibility of the user of this standard to establish
ppropriate safety and health practices and determine the
ipplicability of regulatory limitations prior to use..

! Referenced Documents

2.1 ASTM Standards:

E 220 Method for Calibration of Thermocouples by Com-
parison Techniques? ;

G7 Practice for Atmospheric Environmental Exposure
Testing of Nonmetallic Materials®

2.2 CIE Standard:

No. 20 Recommendations for the Integrated Irradiance
and the Spectral Distribution of Simulated Solar Radia-
tion for Testing Purposes®

i. Description of Terms Specific to This Standard

3.1 irradiance—the radiation incident on a surface ex-
ressed in W/m?. Irradiance is the total of the incident
adiation at a// wavelengths. Forty watt fluorescent lamps of
he UV-B and UV-A types generate similar amounts of

! This practice is under the jurisdiction of ASTM Committee G-3 on Durability
f Nonmetallic Materials, and is the direct responsibility of Subcommittee G03.03
n Simulated and Controlled Environmental Tests.

Current edition approved July 29, 1988. Published September 1988. Originally
ublished as G 53 - 77. Last previous edition G 53 - 84.

2 Annual Book of ASTM Standards, Vol 14.03.

* Annual Book of ASTM Standards, Vol 14.02.

4 Available from Secretary, U.S. National Committee. CIE, National Bureau of
tandards, Gaithersburg, MD 20899,

irradiance. However, since this irradiance is distributed at
different wavelengths, the photochemical effects caused by
these different lamps vary greatly. Therefore, irradiance
should not be used to compare UV light sources.

3.2 spectral irradiance—distribution of irradiance as a
function of wavelength. It is expressed in W/m? per wave-
length band. The spectral irradiance of sunlight is often
shown as W/m? per 10 nm band. The spectral irradiance of
fluorescent UV lamps should be shown in bands 1 or 2 nm
wide. Spectral irradiance is the proper method for comparing
sources with different energy distributions.

3.3 spectral energy distribution (SED)—general term for
the characterization of the amount of radiation present at
each wavelength. SEDs can be expressed by power in watts,
irradiance in W/m?, or energy in joules. The shape of the
SED would be identical in all of these units. Fluorescent
lamps are frequently described by relative SEDs which show
the amount of radiation at each wavelength as a percentage
of the amount of radiation at the peak wavelength. Fig. 1 is a
relative SED. "

3.4 ultraviolet regions—CIE Publication No. 20 (1972)
divides the ultraviolet spectrum into three regions: UV-A,
radiation in wavelengths between 315 nm and 400 nm;
UV-B, radiation in wavelengths between 280 nm and 315
nm; and UV-C, radiation in wavelengths shorter than 280
nm.

3.5 fluorescent UV lamp-—lamp in which radiation at 254
nm from a low-pressure mercury arc is transformed to longer
wavelength UV by a phosphor. The spectral energy distribu-
tion of a fluorescent UV lamp is determined by the emission
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FIG. 1 Typical Relative SED of UV-B Lamp
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spectrum of the phosphor and the UV transmission of the
glass tube.

4. Summary of Practice

4.1 Specimens are alternately exposed to ultraviolet light
alone and to condensation alone in a repetitive cycle.

4.2 The UV source is an array of fluorescent lamps, with
Jamp emission concentrated in the UV range.

4.3 Condensation is produced by exposing the test surface
to a heated, saturated mixture of air and water vapor, while
the reverse side of the test specimen is exposed to the cooling
influence of ambient room air.

4.4 The exposure condition may be varied by selection of:
the fluorescent UV lamp; the timing of the UV and
condensation exposure; the temperature of UV exposure;
and the temperature of condensation exposure.

5. Significance and Use

5.1 The use of the apparatus under this practice is
intended to simulate the deterioration caused by water as
rain or dew and the ultraviolet energy in sunlight. It is not
intended to simulate the deterioration caused by localized
weather phenomena, such as atmospheric pollution, biolog-
ical attack, and salt water exposure.

5.2 Variation in results may be expected when operating
conditions. are varied within the accepted limits of this
practice. Therefore, no reference shall be made to results
from use of this practice unless accompanied by a report
detailing the specific operating conditions in conformance
with Section 11. !

5.3 Any report correlating results from use of this practice
to results from a period of natural weathering shall specify in
detail the conditions of natural exposure, since sunlight and
water effects upon materials exposed to the weather will vary
from year to year and also vary with location, latitude, time
of year, temperature, proximity to water sources, etc.

NoOTE 1—Practice G 7 lists the information required to describe a
particular condition of outdoor exposure.

5.4 Correlations established and reported in conformance
with 5.2 and 5.3 shall not be extrapolated to other test
conditions permitted by this practice, to other conditions of
natural exposure, or to materials other than those tested.

6. Apparatus®

6.1 Test Chamber, (see Fig. 2) constructed of corrosion-
resistant materials enclosing eight fluorescent UV lamps, a
heated water pan, test specimen racks, and provisions for
controlling and indicating operating times and temperatures.

6.2 Lamps, rapid start, medium bipin fluorescent UV
Jamps with a length of 1220 mm, and a nominal rating of 40
W when operated from a ballast providing a controlled
current of 430 mA at 102V.

6.2.1 Unless otherwise specified, the lamps shall be UV-B
lamps with a peak emission at 313 nm and a spectral energy
distribution as shown in Fig. 1.

5 Apparatus and lamps from Q-Panel Co., 26200 First St., Cleveland, OH
44145, and from Atlas Electric Devices Co., 4114 N. Ravenswood Ave., Chicago,
IL 60613, have been found satisfactory.

Fluoresc ent UV Lomp

Specimen

Vent

FIG. 2 Apparatus Schematic Cross Section

6.2.2 Other fluorescent UV lamps meeting the size and
electrical characteristics in 6.2 may be used, provided that
the lamp and spectral energy distribution are reported in
conformance with Section [1. .

6.3 Lamp Spacing and Arrangement—The lamps shall be
mounted in two banks of four lamps each as shown in Fig. 2.
The lamps in each bank shall be mounted parallel in a flat
plane on 70-mm centers.

6.4 Specimen Mounting and Arrangement—The test spec-
imens shall be mounted in stationary racks with the plane of
the test surface parallel to the plane of the lamps at a distance
of 50 mm from the nearest surface of the lamps, as shown in
Fig. 2.

6.4.1 The test specimens shall be exposed within an area
210 mm in height by 900 mm wide on each side of the
apparatus located as shown in Fig. 4.

NoOTE 2—It is possible to mount specimens above, below, and beside
the 210 by 900 mm area, but specimens so mounted will be exposed to
lower UV intensities.

- 6.5 Condensation Mechanism—Water vapor shall be gen-
erated by heating a water pan extending under the entire
sample area and containing a minimum water depth of 25
mm. Specimen racks and the test specimens themselves shall
constitute the side walls of the chamber. The back side of the

SO
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FIG. 3 Lamp Rotation
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FIG. 4 Limits of Area of Uniform Intensity

specimens shall be exposed to cooling effects of ambient
room air. The resulting heat transfer causes water to con-
dense on the test surface.

6.5.1 The specimens shall be arranged so that condensate
runs off the test surface by gravity and is replaced by fresh
condensate in a continuous process. Vents along the bottom
of the test chamber shall be provided to permit an exchange
of ambient air and water vapor to prevent oxygen depletion
of the condensate.

6.6 Water Supply, with an automatic control to regulate
the level in the water pan shall be provided. Distilled,
deionized, or potable tap water are equally acceptable for
purposes of the test, since the condensation process itself
distills water onto the test surface.

6.7 Cycle Timer, a continuously operating cycle time, for
programming the selected cycle of UV periods and conden-
sation periods.

6.7.1 Hour meters shall be provided to record total time
of operation and total time of UV exposure.

6.8 Specimen Temperature Measurement:

6.8.1 Specimen temperature shall be measured by a ther-
mometer with a remote sensor attached to a black aluminum
panel 75 by 100 by 2.5 mm thick. The thermometer shall be
precise to +1°C through a range from 30° to 80°C. The
indicator dial shall be located outside the test chamber.

6.8.2.The black aluminum panel with the thermometer
sensor shall be positioned in the center of the exposure area
so that the sensor is subject to the same conditions as the
specimens.

6.9 Specimen Temperature Control:

6.9.1 During UV exposure, the selected equilibrium tem-
perature shall be maintained within +3°C by supplying
heated air to the test chamber.

6.9.2 During condensation exposure, the selected equilib-
rium temperature shall be maintained within £3°C by
heating the water in the water pan.

6.9.3 The UV and condensation temperature controls
shall be independent of each other.

6.9.4 Doors shall be located on the room air side of the
specimen racks to act as insulation during the UV exposure
and to minimize drafts. Such doors shall not interfere with
the room air cooling of the specimen during the condensa-
tion exposure.

6.10 Test Chamber Location:

6.10.1 The apparatus shall be located in an area main-
tained at a temperature between 20°C and 30°C. The room
temperature shall be measured by thermometers mounted
on interior walls or column approximately 1500 mm above
the floor level and at least 300 mm from any heated
apparatus. Three or more thermometers located at various
points will show any temperature variation in the area.

6.10.2 It is recommended that the apparatus be located at
least 300 mm from walls or other apparatus. Nearby heat

- sources, such as ovens or heated test apparatus, should be

avoided or shielded, because such heat sources can reduce
the cooling required for condensation.

6.10.3 The room where the apparatus is located shall be
ventilated to remove the heat and moisture produced and to
maintain the temperatures specified in 6.10.1. Two to four air
changes per hour will normally provide sufficient ventilation.

7. Test Specimens

7.1 Replicate specimens are desirable to provide a record
of degradation at different time intervals. Retention of an
unexposed specimen is recommended as it is difficult to
mask a specimen to prevent exposure to condensation.

7.2 For specimens of insulating materials, such as wood,
plastic, or porous laminates, maximum specimen thickness
should be 20 mm to allow adequate heat transfer for
condensation.

7.3 To provide rigidity, flexible specimens may be at-
tached to a backing panel made of aluminum or other
noncorrosive heat conductive material.

7.4 Cut edges of coated steel specimens shall be protected
so that rust does not contaminate the test surface.

7.5 Holes in specimens and any openings larger than 1
mm around irregularly shaped specimens shall be sealed to
prevent loss of water vapor. Porous specimens, such as
textiles or wood shall be backed with a vapor barrier such as
metal or plastic. ;

8. Calibration and Standardization

8.1 The thermometer or thermocouple which indicates
test temperature shall be calibrated by immersing the sensing
element and a liquid-in-glass thermometer in water heated to
approximately 70°C and comparing the two temperatures as
in Method E 220.

8.2 The formation of condensation may be observed by
using clear glass or plastic blanks in the specimen holders or
rack. One large sheet of plastic may also be used for this
purpose. The condensate that forms on a given area during a
period of condensation may be collected and then measured.

8.3 The fading and other changes caused by the fluores-
cent UV lamps may be observed by exposing lightfastness
standards in the apparatus using UV alone without conden-
sation.

8.3.1 The AATCC Blue Wool Lightfastness reference
materials® may be used to measure the changes caused by
UV. The L2 Blue Wool has been found satisfactory for
evaluating fluorescent UV lamps.

8.3.2 Other lightfastness reference materials may be used
by agreement.

8.4 Reference standards for calibrating the operation of
the apparatus in alternate exposure to UV light and conden-
sation may be prepared from painted metal, plastics, or other
materials. Painted metal specimens produced by the coil-
coating process have been found suitable for such reference
standards.

9. Procedure
9.1 Mount the test specimens in the specimen racks with

© Available from American Association of Textile Chemists and Colorists, P.O.
Box 12215, Research Triangle Park, NC 27709.
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FIG. 6 Daily Horizontal Sample Rotation

removing the replicates sequentially at intervals equal to one
third of the test length.

9.7 Conclude the test when either a mutually agreed-upon
number of total test hours or a mutually agreed-upon change
has occurred in the test specimen or a standard test spec-
imen. For convenience in inspecting and concluding tests
during normal working hours, the following test durations
are recommended:

96 h = 4 days
168 h = 1 week

336 h = 2 weeks
504 h = 3 weeks

672 h = 4 weeks
1008 h = 6 weeks
1512 h = 9 weeks

2016 h = 12 weeks

10. Interpretation of Results

10.1 This practice is intended to simulate the deteriora-
tion caused by natural weathering. However, the rate of
degradation in natural weathering varies from year to year.
Laboratory accelerated weathering is more consistent in rate.
Therefore, in comparing natural and laboratory weathering
one should not attempt to predict the number of hours of
laboratory exposure that might equal a year of natural
weathering. Even if the details of the natural exposure are
fully reported as required by 5.3, any time to time compar-
ison would apply only to a given year at a particular site.

10.2 It is possible to correlate the deterioration resulting
from a period of natural weathering, such as 1 year, to the
deterioration resulting from a period of laboratory acceler-
ated weathering. Spearman rank correlation, which is dis-

cussed in most basic statistical texts, has proved to be a
useful method for this. A minimum of seven variables must
be ranked by both test methods to obtain statistical validity
from Spearman rank correlation. Ranking 10 to 15 variables
by both methods will improve the reliability of such correla-
tions.

10.3 It is frequently not possible to predict how many
hours or weeks of accelerated testing will yield the best
correlation to some period of outdoor testing. Therefore,
laboratory tests should be measured periodically, such as
weekly or biweekly, so that the correlation coefficient may be
calculated at several points during the accelerated test.

11. Report

11.1 The report shall include the following:

11.1.1 Manufacturer and model of fluorescent uv/
condensation apparatus,

11.1.2 Manufacturer’s designation for the fluorescent UV
lamp, the wavelength (nm) at which peak emission occurs,
and the short wavelength at which 1 % of peak emission
occurs (for example, FS-40 313/280 nm),

11.1.3 Cycle of UV exposure time and temperature,
condensation time and temperature (for example 4 h UV/
60°C, 4 h CON/50°C),

11.1.4 Total exposure time,

11.1.5 Special conditions of test, such as rotation of test
specimens, and

11.2° A sample report form is shown in Fig. 5.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Determining Strength of Adhesively Bonded Rigid Plastic
Lap-Shear Joints in Shear by Tension Loading’

This standard is 1ssued under the fixed designation D 3163; the number immediately following the designation indicates the year of
original adoption o1, in the case of revision, the year of last revizsion A number in parentheses indicates the vear of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval

1. Scope

1.1 This test method 1s intended to complement Test Method
D 1002 and extend its application to single-lap shear adhesive
joints of ngid plastic adherends. The test method 15 useful for
generating comparative shear strength data for joints made
from a number of plastics. It can also provide a means by
which several plastic surface treatments can be compared.

1.2 The values stated m SI units are to be regarded as the
standard. The values in parentheses are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 907 Terminology of Adhesives®

D 1002 Test Method for Apparent Shear Strength of Single-
Lap-Joint Adhesively Bonded Metal Specimens by Ten-
sion Loadmg (Metal-to-Metal)?

D 2093 Practice for Preparation of Surfaces of Plastics Prior
to Adhesive Bonding®

D 4896 Guide for Use of Adhesive-Bonded Smngle Lap-
Joint Specimen Test Results®

3. Terminology

3.1 Definitions—Many of the terms used in this test method
are defined in Terminology D 907.

4. Significance and Use

4.1 Due to the increased use of adhesive-bonded plastics as
a result of the inherent advantages afforded by bonded rather
than mechanically fastened joints. particularly the alleviation
of stress raisers and stress cracking, there 1s a need for standard
tests by which joints of various plastic substrates and adhesives

! This test method is under the junsdiction of ASTM Committee D14 on
Adhbesives and 1s the direct responsibility of Subcommittee D14.40 on Adhesives for
Plastics.

Current edition approved March 10, 2001. Published May 2001, Onginally
published as D 3163 — 73. Last previous ediion D 3163 — 96,

2 Annual Book af ASTM Standards, Vel 15.06.

Copyright & ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2050, United States.

can be compared. This test method 15 intended to meet such a
need.

4.2 This test method is limited to test temperatures below
the softening point of the subject adherends. and 1z not
intended for use on amsotropic adherends such as remforced
plastic laminates.

4.3 The misuse of strength values obtained from this test
method as allowable design-stress values for structural joints
could lead to product failure, property damage. and human
injury. The apparent shear strength of an adhesive obtained
from a given small single-lap specimen may differ from that
obtamned from a joint made with different adherends or by a
different bonding process. The normal variation of temperature
and moisture 1n the service environment causes the adherends
and the adhesive to swell and shrink. The adherends and
adhesive are likely to have different thermal and moisture
coefficients of expansion. Even in small specimens, short-term
environmental changes can induce mtemal stresses or chemical
changes in the adhesive that permanently affect the apparent
strength and other mechanical properties of the adhesive. The
problem of predicting joint behavior i a changing environ-
ment 15 even more difficult 1f a different type of adherend 1s
used in a larger structural joint than was used in the small
specimen.

4.3.1 The apparent shear strength measured with a single-
lap specimen 1s not suitable for determining allowable design
stresses for designing structural joints that differ in any manner
from the joints tested without thorough analysis and under-
standing of the joint and adhesive behaviors.

432 Single-lap tests may be used for comparing and
selecting adhesives or bonding processes for susceptibility to
fatigue and environmental changes. but such comparisons must
be made with great caution since different adhesives may
respond differently in different joints. See Guide D 4896 for
further discussion of the concepts relative to interpretation of
adhesive bonded single-lap joints.

5. Apparatus

5.1 Testing Machine. conforming to the requirements of and
having the capabilities of the machine prescribed in Test
Method D 1002. The gnips are self-aligning and capable of
securely grasping the specimen throughout the test, without
allowing the specimen to slip.



129

{l D 3163

5.2 Temperature-Controlling Equipment, capable of main-
taining the test temperature to *=3°C (*£5°F). If ambient
laboratory conditions are employed the same degree of control
1s required.

6. Test Specimen

6.1 Make specimens that conform to the form and dimen-
sions set forth in Test Method D 1002 where possible. How-
ever, due to the low vield points in plastics compared with
those of metals, it may not always be feasible to limit test
specimen geometry to that called for i Test Method D 1002.
Therefore adherend thicknesses and joint overlaps must be
chosen so that failure occurs preferentially in the joint and not
in the substrate. Thicker adherends allow the stress on the
bonded area to be increased, before either tensile failure or
yield occurs in the adherend. Recognize. however, that depend-
mg on the surface treatment and adhesive used. the bond
strength may often be greater than the tensile yield strength of
the adherend. Use data collected by this test method only for
comparative purposes when the investigator 1s certain that the
specimen configurations and joint geometries of the specimens
being compared are identical.

6.2 The surface preparation used on the adherend depends
on the subject plastic adherend. Procedures such as those
recommended in Practice D 2093 serve as a useful guide.

6.3 Apply the adhesives in accordance with the manufac-
turer’s recommendations. Choose adhesives such that the cure

temperature does not adversely affect the mechanical proper-
ties of the adherends.

6.4 Cut test specimens from the bonded panels pictured in
Fig. 1. Cut the specimens without overheating or otherwise
physically damaging the adherend or bonded interface. Indi-
vidual specimens may also be prepared if desired.

7. Procedure

7.1 Place the specimens in the grips of the testing machine
so that the applied load coimncides with the long axis of the test
specimen. Load the specimen to failure at a rate of 8.3 to 9.7
MPa (1200 to 1400 psi) of shear area per minute (approxi-
mately 0.05 in./min cross head speed).

7.2 Condition specimens for definite periods of time undes
specified conditions before testing if desired. After condition-
ing. it is recommended that all specimens be stabilized in the
test environment for 1 h before testing.

5. Calculation

8.1 Calculate the bond area to the nearest 0.06/cm? (0.01
in.?). Record both load at failure and type of failure (percent
cohesive and apparent adhesive). Calculate failing stress as
megapascals (pounds force per square inch) of shear area.

9. Report
9.1 Report the following information:

GLUE LIKE
1 ¥
]
|
u—— o
|'
SELYAGE |
|
|
|
f=——— (U1, B MM % U,%54 + l.—l—--l'- 25,4 HH £ 0,254
(4.0 IN 20,000 + L) | 11,000 IN £ 0.010Y hr
| i =8
| 3
|
| =
| e
I EC
b
| 0= £ 1= TYPICAL
I
|
|
1
|
SELVABE |
| -1

FIG. 1 Standard Test Panel and Specimen Configuration
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9.1.1 Complete identification of the adhesive tested, includ-
mg type. source. date manufactured. manufacturer’s code
number. form. etc.

9.1.2 Complete identification of the plastic used, its thick-
ness, and the method of cleaning and preparing its surface prior
to bonding.

913 Method of adhesive application (brush. spray. roller
coat. tape, etc.).

914 Conditions present at time of bonding (temperature.
etc.).

9.1.5 Length of overlap used.

9.1.6 Conditioning of joint prior to testing.

9.1.7 Maximum, minimum, and average values of the fail-
mg load.

9.1.8 Number of test specimens tested.

9.1.9 Type of failure. Include estimated percent cohesion
failure, unbonded area. apparent failure in adhesion, and failure
i the adherend.

9.1.10 Test temperature employed.

9.1.11 Average thickness of adhesive layer after formation
of the joint, within 0.0127 mm (0.0005 m.). Describe the

method of obtamning the thickness of the adhesive layer
including procedure. location of measurements, and range of
measurements.

MNoTE 1—The length of overlap, [, may be varied where necessary. The
length of the test specimen in the jaws, however, nmst not be varied. The
distance from the end of the overlap to the end of the jaws should be 63
mm (2%2 in) in all tests.

MNoTE 2—The thickness of the adherend, t. may be varied to strengthen
the adherend relative to the strength of the bonded area. A maximum
thickness of 4.76 mm (}isin ) is recommended, however, to minimize the
effects of offset.

10. Precision and Bias

10.1 The precision and bias statement for this test method
has not yet been determined. Archival and round-robin infor-
mation i1s being reviewed, and the results are expected by
September 2004.

11. Keywords
11.1 adhesive bonds: plastic; shear strength; tension

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subiject fo revision at any time by the responsible fechnical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional sfandards
and should be addressed fo ASTM Headguarters. Your comments will receive carefil consideration at a meefing of the responsible
technical committes, which you may affend. If you feel that your caomments have nof received a fair hearing you should make your
views known to the ASTM Committee on Sfandards, af the address shown below

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19425-2853, Uinifed States.
Individual reprints (single or muitiple copies) of this standard may be obtained by contacting ASTM at the above address or at
B10-832-9585 (phone), 610-832-8555 (fax), or service@asim.org (e-mail); or through the ASTM website (www.astm.ong).
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Strength Properties of Adhesively Bonded Plastic Lap-Shear
Sandwich Joints in Shear by Tension Loading’

This standard is issued under the fixed designation D 3164M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method is intended to complement Test Method
D 1002 and D 3163 and extend its application to single-lap-
shear adhesive joints employing plastic adherends. The test
method is useful for generating comparative shear strength data
for joints made from a number of plastics. It can also provide
a means by which several plastics surface treatments can be
compared.

1.2 The values stated in SI units are to be regarded as the
standard.

Note 1—A soft metric (conversion from English) companion to Test
Method D 3164M has been developed - D 3164.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 907 Terminology of Adhesives®

D 1002 Test Method for Apparent Shear Strength of Single-
Lap-Joint Adhesively Bonded Metal Specimens by Ten-
sion Loading (Metal-to-Metal)*

D 2093 Practice for Preparation of Surfaces of Plastics Prior
to Adhesive Bonding®

D 2651 Guide for Preparation of Metal Surfaces for Adhe-
sive Bonding®

D 3163 Test Method for Determining Strength of Adhe-
sively Bonded Rigid Plastic Lap-Shear Joints in Shear by
Tension Loading®

D 3164 Test Method for Strength Properties of Adhesively
Bonded Plastic Lap-Shear Sandwich Joints in Shear by
Tension Loading?

D 4896 Guide for Use of Adhesive-Bonded Single Lap-
Joint Specimen Test Results®

' This test method is under the jurisdiction of ASTM Committee D14 on
Adhesives and is the direct ibility of Subx D14.40 on Adhesives for
Plastics.

Current edition approved Aug. 10, 2003. Published September 2003. Originally
approved in 1998. Last previous edition approved in 1998 as D 3164M - 98.

2 Annual Book of ASTM Standards, Vol 15.06.

P

E 4 Practices for Force Verification of Testing Machines®

3. Terminology

3.1 Definitions—Many terms in this test method are defined
in Terminology D 907.

4. Significance and Use

4.1 Due to the increased use of adhesively bonded plastics
as a result of the inherent advantages afforded by bonded rather
than mechanically fastened joints, particularly the alleviation
of stress risers and stress cracking, there is a need for standard
tests by which joints of various substrates and adhesives can be
compared. This test method is intended to meet such a need.

4.2 This test method is limited to test temperatures below
the softening point of the subject adherends, and is not
intended for use on anisotropic adherends such as reinforced
plastic laminates.

4.3 The misuse of strength values obtained from this test
method as design stress allowable values for structural joints
could lead to product failure, property damage, and human
injury.

4.4 The apparent shear strength of an adhesive obtained
from a given small single-lap specimen may differ from that
obtained from a joint made with different adherends or by a
different bonding process. The normal variation of temperature
and moisture in the service environment causes the adherends
and the adhesive to swell and shrink. The adherends and
adhesive are likely to have different thermal and moisture
coefficients of expansion.

4.5 Even in small specimens, short-term environmental
changes can induce internal stresses or chemical changes in the
adhesive that permanently affect the apparent strength and
other mechanical properties of the adhesive. The problem of
predicting joint behavior in a changing environment is even
more difficult if a different type of adherend is used in a larger
structural joint than was used in the small specimen.

4.6 The apparent shear strength measured with a single-lap
specimen is not suitable for determining allowable design
stresses for designing structural joints that differ in any manner
from the joints tested without thorough analysis and under-
standing of the joint and adhesive behaviors.

3 Annual Book of ASTM Standards, Vol 03.01.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

1
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4.7 Single-lap tests may be used for comparing and select-
ing adhesives or bonding processes for susceptibility to fatigue
and environmental changes, but such comparisons must be
made with great caution since different adhesives may respond
differently in different joints. See Guide D 4896 for further
discussion of the concepts relative to interpretation of adhesive
bonded single lap joints.

5. Apparatus

5.1 Testing Machine, conforming to the requirements of and
having the capabilities of the machine prescribed in Test
Method D 1002 and has an accuracy of *1 % when calibrated
in accordance with Practices E 4 requirements. Likewise the
grips are capable of securely grasping the specimen throughout
the test without allowing the specimen to slip. The grips are
also self-aligning.

5.2 Temperature and Relative Humidity Controlling Equip-
ment, capable of maintaining the test temperature to =3°C and
the relative humidity to =3 %. If ambient laboratory conditions
are employed the same degree of control is required.

6. Test Specimen

6.1 Make specimens that conform to the form and dimen-
sions shown in Fig. 1. It is recommended that the test

AREA IN
TEST GRIPS

specimens be cut from the test panel depicted in Fig. 2, but
individual specimens may be prepared if preferred. The rec-
ommended metal substrate is Alloy 2024-T3 aluminum, 1.5 *
0.1 mm. A surface treatment such as Method A of Guide
D 2651 is recommended for the aluminum. If a metal substrate
other than aluminum is employed, then one of the other surface
preparations in Guide D 2651 is suggested. The recommended
length of overlap is 12.5 * 0.2 mm. The thickness of the plastic
in the metal/adhesive/plastic/adhesive/metal sandwich con-
figuration may vary depending on the type and manufacturer
but thin films of 0.35 mm or less are recommended. An upper
limit of 1.5 %= 0.1 mm plastic thickness is suggested.

6.2 The surface preparation used on the adherend depends
on the subject plastic adherend. Methods such as those recom-
mended in Practice D 2093 serve as a useful guide.

6.3 Apply the adhesive in accordance with the manufactur-
er’s recommendations. Choose the adhesive such that the cure
temperature does not adversely affect the mechanical proper-
ties of the adherend.

AREA IN
TEST GRIPS

N
A\

20.0 mm

N
N

—= 20.0 mm |[=—

18y [== —= 20.0 mm f=—

(———70.0 mm

r1.5 mm

140.0 + L mm

180.0 + L mm

METAL-\

| 70.0 mm ———=

PLASTIC

—]

BOND LINES

\— METAL

FIG. 1 Form A—Dimensions of Test Specimen
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I

| seLvace

~—|-—100 mm * 0.25 ———

90" £ 1°
TYPICAL

\Q

140. mm % 3.0

20.0 mm * 0.25

-¢—-|—12.5 mm £ 0.2

SELVAGE

FIG. 2 Standard Test Panel

6.4 Cut test specimens from the bonded panels pictured in
Fig. 2. Cutting the specimens must be accomplished without
overheating or otherwise physically damaging the adherend or
bonded interface. Individual test specimens may also be
prepared if desired.

7. Procedure

7.1 Condition the test specimens for definite periods of time
under specified conditions before testing if desired. After
conditioning, it is recommended that all specimens be stabi-
lized in the test environment for 1 h before testing.

7.2 Place the test specimens in the grips of the testing
machine so that the applied load coincides with the long axis of
the specimen. Load the specimen to failure at a rate of 80 to
100 kg/cm? of shear area per minute.

Note 2—The thickness of the plastic insert used will influence the joint
strengths obtained in this test due to the added offset. Thermal stresses
introduced in the joint by elevated temperatures bonding dissimilar
materials will also offset ultimate joint strength. Direct comparison of
results is possible only for the same thickness and composition of insert so
as to minimize differences resulting from offset or thermal stress.

8. Calculations

8.1 Calculate the bond area to the nearest 0.05 cm”. Record
both load at failure and type of failure (percentage cohesive

and apparent failure in adhesion). Calculate failing stress as
megapascals of shear area. It should be noted that while the
results are given in terms of the average shear stress, the
maximum shear stress may be far from this average and the
cleavage stresses in the joint may be even larger. See Guide
D 4896 for more detailed information.

9. Report

9.1 Report the following:

9.1.1 Complete identification of the adhesive tested, includ-
ing type, source, date manufactured, manufacturer’s code
number, form, etc.

9.1.2 Complete identification of the metal used, its thick-
ness, and method of cleaning and preparing its surface prior to
bonding.

9.1.3 Complete identification of the plastic used, its thick-
ness, and the method of cleaning and preparing its surface prior
to bonding.

9.1.4 Method of adhesive application (brush, spray, roller
coat, tape, etc.), amount of applied adhesive, open-time,
close-time, press pressure, and press-time.

9.1.5 Ambient conditions at time of bonding (temperature,
humidity, etc.).

9.1.6 Length of overlap used.
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9.1.7 Conditioning of joint prior to testing.

9.1.8 Maximum, minimum, and average values of the fail-
ing load.

9.1.9 Number of specimens tested.

9.1.10 Type of failure. This should include estimated per-
centages of cohesive failure in the adhesive unbonded area,
apparent failure in adhesion, and failure in the adherend.

9.1.11 Test temperature employed.

described including procedure, location of measurements and
range of measurements.

10. Precision and Bias

10.1 A precision and bias statement does not exist for this
test method because resources necessary for round robin
testing have not been forthcoming.

9.1.12 The average thickness of adhesive layer after forma- 11. Keywords
tion of the joint shall be reported within 0.01 mm. The method 11.1 adhesive bond; lap-shear; sandwich joint; shear;
of obtaining the thickness of the adhesive layer shall be  tension
SUMMARY OF CHANGES

Committee D14.40 has identified the location of selected changes to this standard since the last issue
(D 3164M - 98) that may impact the use of this standard.

(1) Added Practices E 4 to Section 2 Referenced Documents
(2) Added to 5.1- a statement that refers to Practices E 4.

(3) Added to 5.2 — a relative humidity tolerance.

(4) Added to 8.1— a statement of information and reference to
Guide D 4896.

(5) Added to 9.1.4 — more application method data for the test
report.
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1,2-addition
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Trans 1,4-addition
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a { Q H Q { A Q Qq//

WOALNDINWUTLUBI CH,-CH,, MAGNNNTA (6) KIaWuse C-H luaunsi (87) TINUBENI
2 Im‘hLmti,m"'aﬂa'nl,ﬂu@@ﬁﬁmmLL‘ﬁaLLid@iﬁLﬁﬂLﬁﬂUﬂ”ﬂﬂmuLLf*ﬁa w39 lua e lEnanas
waﬁmafI(ﬂﬂmsmé“aﬁl,ﬁ@a%aszmnmi@”@mmaamﬂIﬁI’iLLéh aandlanluaning

=S EZ o AaaAaa 1 v A a aaa a >3 a J a £ dld aq/'
ussgmeadaidfisendelasnui iedjioneandiasuiadn waslinsssenidan

WUNBAD AIRUNNTN (88) D19 (A14)

——CH, CH=CH-CH, CH, CH=CH-CH,~ v

——CH, CH=CH-CH, + CH, CH=CH-CH,~

(26)
hv .
—CH, CH=CH-CH,- ———> ——CH, CH=CH-CH— + RH (®7)
+R
o)
|
o)
. I
—CH, CH=CH-CH— + O, ——> ——CH, CH=CH-CH— (28)
o)
I
o O—OH
| | .
—CH, CH=CH-CH— + PH ——> —CH,CH=CH-CH— + P
(3450 cm™')
(29)
O—OH o

| | )
——CH, CH=CH-CH— hv —CH, CH=CH-CH— + HO (210)
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o)
I
——CH, CH=CH-CH-CH, CH=CH-CH,~ ———>

0
/ .
——CH, CH=CH-C” + CH CH=CH-CH_-
2 N 2 2
H
(®11)
/0 /°
—CH, CH=CH-C — >  —CH=CH-CH.C
N 2 7N
1 H H (»12)
(1696-1699 cm’) (1718-1731 cm’')
o) 0
| Il .
—CH, CH=CH-CH— ———> ——CH,CH=CH-C— + H (@13)
(1685 cm’')
0 OH
| | .
—CH, CH=CH-CH— + PH ———>= —CH,CH=CH-CH— + P
(3450 cm’') (214)

2. My FauRNINNLEI8U Jseneondiatuaay 1,2 Tamladu

lassgomaadinay 1,2-Tamledu maReusnwmanssdo fisen
sandiatuisuduanwuszdludinladuldiunmslanmionasnuainisd uv uazvinms
% D a e o [ A < a =3 Y o aaa
aapauaIsslonafiuaiAnus: C-H asgun1in (815) aanuuwaandlandadni§isen
daviufl ifanyeandianlalasidasean’lad (Oxygen hydroperoxide, -COOH) a3aan3fl
A L A = o | a o ' ..

(216) Badunyndanuudussduazldiaiios Jafanmdauiavesmslsuuy p-scission
didlu Oxy radicals (CO) asaumsfi (17) mendidugadisen wudldimaasmy

12

& A a X & a A v oA o A
ANTUARALNADVUUWBNBNINIIYIIR QIRUNITN (D18)

-

+ H

—CH_, CH— —CH_. C
2 2
[ hv [
CH - CH
I I
(15)
CH2 CH2

(910 cm™)
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. . +PH
—CH2 C + 02 — > O — > OH
| | |
CH o) O
[ | [
CH, —CH, CI3— —CH2 CID—
CH CH (216)
[ [
CH CH2
OH
| .
0O 0]
! hv ' :
—CH2 0 — « B 22 —CH2 C— + HO (R17)
| |
CH CH
[l [
CH2 CH2
OH
| .
0] 0] 0]
| | Il .
—CH2 C—CH2 Gl —CHzC + HZC:C— + OH
| | | |
CH CH CH CH
[l [ [l [l
CH2 CH2 CH2 CH2

(218)
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MANWBIN D
Namﬁmﬁ:ﬁé'@mdmmmig}@ﬂﬁuuaa

U3 -OH/-CHLae -C=0/-CH maai’a@;ﬁu (Substrate materials)
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¥

3§mﬁLﬂﬁmzﬁé’mmé’;%@hnﬁ@ﬂnﬁmtaa -OH/-CH uaz -C=0/-CH B3I anNn

NIMEATNFEIUAINIIQANEUUEIVEI -OH/-CH Uaz -C=0/-CH azidumsiiayei
% a a . . . 6 A d'l (% a 1
TayaiB9UIunm (Quantitative analysis) aaLlazsadAaiiadainamyianmuesny lansen-
A 1 6 a A a J ,&' a a R a e 6
FausznyanivefiafiiaduuwiufnfiounudSinuueswuszaniveu-lalasiau (-CH)
Y 4 4 1 =) 4 _1 1 ~ {
laglgdmiganduusiniarninuasnylansanda (-OH) 71 3450 cm ', naAuailan

-1 o { -1 Y o a 1
1750 cm LRSWWEZANSUaU-1alasiaw (-CH) 71 2919 cm  anlgdwimfisuduaanaiu

WORALWINA® (Polypropylene)

AN INN 21 ﬂﬂ‘iaLﬂ‘iﬂzﬁg@liﬁE&'Juﬂ"]ﬂ'ﬁ(g‘]@ﬂa%LLﬁ\‘] -OH/-CH 183 PP luamaz

UIFYINEA
A1 naw ANYFIF UV
nsaney - L 17, 2 %a.
. " 30wl 60 wIn L 27N, L 37, 4 %3,
M 59/ 30 Wi 30 w1

0 M 0.1113 0.1972 0.2168 0.2012 0.2142 0.2144 0.2281 0.2324
3% 0.1113 0.1332 0.1528 0.1273 0.1276 0.1387 0.1464 0.1711
5% 0.1113 0.1597 0.1788 0.1834 0.1933 0.1828 0.1877 0.1881
7% 0.1113 0.1500 0.2008 0.1924 0.2143 0.1933 0.1878 0.2033

AT IHIINN 22 ms’imsw:ﬁé’mwd’m@hm‘sg}@ﬂﬁmma -C=0/-CH a3 PP Tusnaz

YITYTINH
a1 naw ANYFIF UV
e - L 1T, 2 %4,
. . 30 w1 60 Wi L 2% L 3. 4 %3,
M 59§ 30 Wi 30 Wi

0 M 0.1565 0.1778 0.2112 0.1883 0.1987 0.2047 0.2327 0.2340
3% 0.1565 0.1368 0.1657 0.1376 0.1475 0.1525 0.1756 0.1848
5% 0.1565 0.1672 0.1896 0.1938 0.2125 0.1960 0.2019 0.2100
7% 0.1565 0.1517 0.2220 0.2010 0.2384 0.1937 0.2003 0.2232
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AIINWINN 23 ﬂ’l‘ﬁLﬂ‘i’]zﬁé’@]T]E&’Ju@hﬂ’]ig}@ﬂﬁ%LLE‘Tx‘i -OH/-CH 183 PP 1uamax

gINA
a1 naw A18598 UV
nsangy . L 17, 2 %a.
. . 30 w1 60 Wi . 27N, . 37, 4 %3,
M S9& 30 #n 30 wn

0 M 0.1113 0.1613 0.1517 0.1725 0.1372 0.1454 0.1624 0.1495
3% 0.1113 0.1617 0.1489 0.1801 0.1489 0.1526 0.1532 0.1515
5% 0.1113 0.1746 0.1665 0.1867 0.1708 0.1886 0.2161 0.2011
7% 0.1113 0.1529 0.1459 0.1483 0.1453 0.1655 0.1540 0.1629

ANIIHIINN B4 ﬂ’]i’AJLﬂT]zﬁ(éV@]iﬁﬁ"]uﬂ"]ﬂ’]ig]@]ﬂal%uﬁ\‘i -C=0/-CH 183 PP Iuam’sz

FORINA
a1 naw A18598 UV
nsangy p L 17, 2 %a.
. . 30wl 60 W L 2. L 3. 4 .
M 59§ 30 w1 30 w1

0 M 0.1565 0.1846 0.1657 0.1762 0.1514 0.1475 0.1853 0.1688
3% 0.1565 0.1831 0.1540 0.1912 0.1541 0.1637 0.1696 0.1862
5% 0.1565 0.1862 0.1788 0.1860 0.1630 0.1790 0.2140 0.2030
7% 0.1565 0.1611 0.1530 0.1433 0.1476 0.1716 0.1610 0.1787
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naRalaIn (Polystyrene)

ANSVIHWINN %5 mﬁmﬁzﬁﬁmﬁmu@hmig@nﬁmm -OH/-CH 2183 PS luaniz

YITYINHA
a1 naw AYTIF UV
nsangy - K T 2 %al.
5 " 30 W1 60 W L 27N, . 37 4 %3,
M S9& 30 w1 30 #N

0 M 0.4088 0.3963 0.5039 0.4621 0.5354 0.4199 0.5682 -

3% 0.4088 0.4455 0.5587 0.6342 0.6521 0.6581 0.6650 0.6750
5% 0.4088 0.4393 0.5531 0.6020 0.6688 0.6132 0.6680 0.6676
7% 0.4088 0.4377 0.5117 0.6322 0.6188 0.6419 0.6077 0.6256

AT INWINN 26 ﬂ’]i%LﬂS’]Zﬁﬂy@li’lﬁ?%@i’]ﬂ’]‘i(ﬂ@ﬂﬁ%LLﬁ\‘i -C=0/-CH 283 PS Tusnaz

YITYTINH
a1 naw ANYFIF UV
nsangy / L 1z 2 %a.
. " 30 w1 60 Wi L 27N, . 37N, 4 %3,
M 59/ 30 w1 30 Wi

0 M 0.6122 0.6479 1.0479 1.7401 1.8389 2.2726 2.3861 2.5405
3% 0.6122 0.6443 1.0285 1.4537 1.5657 1.7153 1.6839 1.7076
5% 0.6122 0.6588 1.0672 1.5574 1.5655 1.7288 1.6538 1.7007
7 0.6122 0.6402 0.9298 0.7640 1.3127 1.4386 1.1990 1.2120

ANIINWINN 27 mﬁmm:ﬁé’@mmu@hmig}ﬂﬂﬁuum -OH/-CH 183 PS Iuamaz

g
a1 naw A18598 UV
nsangy . L 1. 2 %a.
. . 30 w1 60 Wi . 27N, . 37, 4 %3,
M S9& 30 wn 30 wn

0 M 0.4088 0.4404 0.5532 0.5982 0.5525 0.5536 0.5736 0.5678
3% 0.4088 0.3507 0.4267 0.4493 0.4153 0.3691 0.4714 0.5777
5% 0.4088 0.4176 0.4674 0.5202 0.4296 0.4207 0.3724 0.4415
7% 0.4088 0.4602 0.5411 0.6024 0.5133 0.5037 0.4114 0.5475
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ANIINWINN 28 ﬂ’l‘ieJLﬂ‘i’lzﬁé"ﬂiﬁE&’Ju@hﬂ’]ig}@ﬂﬁ%LLE‘Tx‘i‘IJa\‘] -C=0/-CH 1843 PS 1%

RAMEFYYINA
81 naw ANYTIF UV
Ay . L 17, 2 B
5 53 30w 60 wIn 301 2 7. 3017 3 7. 4 7%y
0 M 0.6122 0.6478 1.1093 1.4897 1.4365 1.5369 1.7303 1.8767
3 0.6122 0.5503 0.8426 1.3012 1.4543 1.6534 1.7090 1.9758
5% 0.6122 0.6101 1.0819 1.4396 1.5395 1.7544 1.8455 1.8804
7% 0.6122 0.9162 0.6641 1.2371 0.9127 0.6760 1.3986 1.1522
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WORH ATUNWIIINITZUNNGS (High Impact Polystyrene)

AIINWINN 29 ﬂ’]iﬁLﬂi’]z‘ﬁé’@]iﬁ’d']uﬂ"]ﬂ’]igmﬂﬁ%LLﬁx‘i -OH/-CH w843 HIPS Iuam’sz

YUIFYINE
a1 naw PYIIF UV
nsangy - L 1T, 2 %a.
. . 30 w1 60 Wi L 2% . 37N, 4 %3,
MW S9& 30 w1 30 #N

0 2% 0.4289 0.4960 0.5511 0.6385 0.6322 0.6187 0.5454 0.5602
3% 0.4289 0.5200 0.6015 0.6714 0.6508 0.6595 0.6621 0.6883
5% 0.4289 0.5525 0.6296 0.6528 0.6355 0.6381 0.6505 0.6838
7% 0.4289 0.4789 0.6202 0.6536 0.6433 0.6529 0.6843 0.6312

A3 IHWINT 210 ﬂ’]i’?Lﬂi’]Zﬁ{é’@iﬂﬁ?%ﬁ’]ﬂ’]i(ﬂ@]ﬂﬁuuﬁd -C=0/-CH 1a3 HIPS lusnaz

UIFYTINHA
a1 naw ANYFIF UV
nsangy - L 17, 2 %,
5 Y 30 W1 60 Wi . 27N, . 37, 4 %3,
M S9& 30 w1 30 w1

0 2% 0.5217 0.8312 1.1435 1.5514 1.8947 1.9949 2.3759 2.1447
3% 0.5217 0.8850 1.1608 1.4212 1.6288 1.6890 1.55692 1.6123
5% 0.5217 0.8388 1.1830 1.4433 1.3722 1.7659 1.8318 1.7500
7 1% 0.5217 0.8198 1.2225 1.4919 1.7509 1.8617 1.8950 1.5634

AT IHWING 2511 mﬁmm:ﬁé’@mdm@hmi@@ﬂﬁuua@ -OH/-CH 283 HIPS Iuama:

GRTLTRLRl
a1 naw ANYFIR UV
nsangy . L 1. 2 %a.
. . 30 w1 60 Wi . 2% . 3. 4 %3,
M S E 30 w1 30 Wi

0 % 0.4289 0.5362 0.4137 0.6432 0.6923 0.7225 0.6732 0.7158
3% 0.4289 0.6022 0.6260 0.6884 0.7260 0.7245 0.6877 0.7146
5% 0.4289 0.4710 0.5133 0.4506 0.4353 0.5374 0.4920 0.4634
7% 0.4289 0.5665 0.6222 0.6586 0.6998 0.7768 0.7011 0.7185
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ANIIHWINT 512 mﬁmiw:ﬁé'@mahummig}@ﬂﬁuuamaa -C=0/-CH 284 HIPS 1%

RNMEFYYINA
a1 naw A18598 UV
nsany . L 1. 2 %a.
. . 30 w1 60 Wi . 27N, . 37, 4 %3,
M S9& 30 wn 30 wn

0 0.5217 0.8729 1.1762 1.8479 2.2624 3.3163 2.4049 2.6273
37 0.5217 0.8774 1.1513 1.7126 2.3056 1.9962 2.2658 2.4610
5% 0.5217 0.8577 1.0854 1.4154 1.6274 1.6115 1.7042 1.7289
7% 0.5217 0.8494 1.1474 1.4319 1.6510 1.7361 1.7120 1.7151
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azaslalulasa-imladu-alasn (Acrylonitrile-butadiene-styrene)

AIINWINN 2513 ﬂ’]i%LﬂT]ﬁ’Té%ﬁ’]ﬁ?%@hﬂ'ﬁ@@]ﬂa‘uuaﬂ -OH/-CH 183 ABS 1%E<Tﬂ’1’3$

YIFYTINEA
a1 naw ANYTIR UV
NIy . L 1. 2 7Ha.
. . 30 W1 60 Wi L 27N, . 37 4 %3,
M S9& 30 w1 30 wn

0 M 0.3778 0.5272 0.4963 0.5472 0.6120 0.6007 0.6056 0.4508
3% 0.3778 0.5319 0.5292 0.6195 0.6593 0.6378 0.6682 0.6503
5% 0.3778 0.5625 0.6447 0.6848 0.7309 0.7313 0.7424 0.7674
7% 0.3778 0.5690 0.6324 0.6639 0.6932 0.7142 0.7127 0.7584

ANTIHWINN 114 ﬂ'ﬁ"jl,mf]:ﬁé'mm’mmmig@nﬁuum -C=0/-CH 183 ABS luan1i

YIFUINA
a1 naw AYTIF UV
nsangy . L 17, 2 %a.
. X 30 W1 60 W L 2% . 37 4 %3,
M S9& 30 w1 30 #IN

0 % 0.4576 0.6944 0.8338 1.0424 1.3665 1.2953 1.5665 1.7363
3% 0.4576 0.7992 1.0533 1.3395 1.6909 1.6778 1.7863 2.0543
5% 0.4576 0.8519 1.2165 1.4112 1.6543 1.6515 1.7853 2.0324
7MW 0.4576 0.8709 1.1748 1.3764 1.6376 1.6119 1.7050 1.8885

AT INWINN 515 ﬂ’]i’imi'}:ﬁé'mﬂd’m@hmig@mﬁmma -OH/-CH 123 ABS lusnaz

GRTLTRLl
a1 naw PYIIF UV
nsany - L 17, 2 %a.
5 . 30wl 60 wIn L 27N, L 37, 4 %3,
M 59/ 30 Wi 30 w1

0 M 0.3778 0.4595 0.5110 0.6189 0.5266 0.6150 0.6040 0.5942
3% 0.3778 0.5389 0.5106 0.6225 0.4688 0.6076 0.5744 0.6021
5% 0.3778 0.3590 0.4209 0.5639 0.4224 0.6160 0.5670 0.6433
7% 0.3778 0.3553 0.4957 0.4589 0.5151 0.6453 0.5342 0.6104




156

AIINWINT 516 mﬁmﬁ:ﬁé"@ﬁ’lEhuq-?i’]mig]@ﬂﬁuum -C=0/-CH 183 ABS luam’s:

g INA
81 naw ANYTIF UV
Ay . L 17, 2 B
5 53 30w 60 wIn 301 2 7. 3017 3 7. 4 7%y
0 M 0.4576 0.7314 1.0300 1.6318 1.4438 1.9084 1.9952 2.0622
3 0.4576 0.8048 1.0557 1.7057 1.4713 1.9413 1.8924 2.0311
5% 0.4576 0.7026 1.0921 1.7284 1.4047 1.9813 2.3203 2.4267
7% 0.4576 0.8044 1.0301 1.6593 1.3589 1.8796 2.1011 2.2326
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NANWIN o
wam*mmaamﬁme:ﬁé'mﬁmumms@@ﬂﬁuLLm
284 -OH/-CHuLae -C=0/-CH

28978G N1 (Substrate materials) USt nuilafwefiuas
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ANIINWINN T 1 ﬂ’]iﬁmiﬁtﬁa‘l’@i’]d?%@hﬂ’]iﬂ@lﬂﬁ%uaﬂ -OH/-CH 283 ABS, HIPS, PS

wae PP A1y ﬁ'\amiy@ Lﬁa Afp

1287 , 5 aa39d UV
. NOWNIIAYIIR UV
M 2 BA. 4 5.
ABS 0.3778 0.6232 0.6249
HIPS 0.4289 0.5478 0.5320
PS 0.4088 0.5606 0.5365
PP 0.1225 0.1520 0.1327

ANIVIHIINT B2 ﬂ?iiLﬂiﬁzﬁﬂ%ﬁ’]d’J%ﬂ"lﬂﬁiﬂ(ﬂﬂa‘%LLE‘N -C=0/-CH 284 ABS, HIPS, PS

Lae PP n18% Eti’\‘lﬂ’]iy@ Wain

1287 , 5 A1Y3IR UV
. NOWNIIAYIIR UV
1) 2 5. 4 %y.
ABS 0.4576 1.0064 1.3081
HIPS 0.5217 0.7598 0.8942
PS 0.6122 0.8816 0.8672

PP 0.1690 0.2135 0.1960
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AMAKNKIN B
HANMTIATIZHANUTUHE (Contact angle) VaITaaNY

(MAUATHRINIINUTIF UV) Uaziagmauiy
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P a [ @ o
AIWAWINT D1 ﬂ']i')LﬂT]ﬁﬁ’J@lgﬂJﬁ&JNﬁ"ﬂa\‘] PP

Aauns AYTIF UV
No.
ay39q 15 w17l 30 w1 174, 2 5. 3 7. 4 %5.
1 96.73 87.17 99.52 99.30 99.74 94.29 83.16
2 97.85 87.49 96.30 98.69 91.17 96.79 89.57
3 94.05 98.55 96.10 90.89 95.98 92.63 86.37
4 93.50 99.76 96.70 93.22 93.95 92.16 79.96
5 98.47 95.58 93.27 97.53 92.13 93.82 81.30
6 92.40 93.82 93.06 96.78 92.11 91.29 87.26
7 93.43 92.22 91.32 03.88 92.00 90.49 90.68
8 93.81 93.57 91.30 94.27 90.8 91.15 91.62
9 - 94.24 91.18 - - 87.46 92.16
10 - 95.50 95.62 - - 84.06 89.45
1 - 98.88 - - - - -
x-bar 95.0300 94.2527 94.4370 95.5700 93.4850 91.4140 87.1530
SD 2.2973 4.1739 2.8287 2.9502 3.0253 3.5847 4.3608

P a [ @ o
AITINWRINTN D2 mnmm:mwmmmad PS

nawn3 MNYTIF UV
N PR 15 W 30 w1 1 74, 2 5. 3 7. 4 %3,
1 96.22 95.31 76.91 81.98 82.60 51.27 55.69
2 92.39 85.17 80.49 75.18 83.66 43.38 48.73
3 94.11 87.30 83.97 82.26 78.67 44.16 47.06
4 91.80 88.68 88.90 82.10 76.81 44.03 43.37
5 94.36 90.22 87.31 78.95 71.45 44.79 42.71
6 89.42 89.04 80.49 75.09 72.82 47.13 44.00
7 89.02 83.18 87.06 74.54 75.10 50.29 56.54
8 91.57 81.67 80.69 75.60 76.58 52.58 46.30
9 88.85 79.32 85.60 68.10 81.47 47.21 -
10 - 98.75 85.04 - 77.05 48.93 -
1 - - 83.26 - 76.65 48.74 -
12 - - 82.00 - - - -
x-bar 91.9711 87.8640 83.4767 77.0889 77.5327 47.5009 48.0500

SD 2.5899 5.9854 3.5045 4.6956 3.8417 3.1484 5.3689
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= a ¢ o o
ATIWHWINGN D3 ﬂ']i’JLﬂi’]Z%’J@lgﬂJaﬂJNﬁ“Da\‘] HIPS

nawn1s ANYFIF UV
No. o 4 a
(e 15 ¥ n 30 N 1 BN, 2 BH. 3 Ba. 4 B3.
1 92.39 77.59 79.84 72.65 74.21 68.07 37.73
2 88.2 80.98 81.09 61.36 78.69 65.89 31.09
3 77.86 81.56 79.82 73.7 76.88 67.02 36.48
4 76.29 81.39 79.99 78.96 78.48 58.13 31.97
5 82.07 80.5 78.55 76.79 77.52 61.89 45.68
6 84.42 76.99 81.07 70.9 78.84 57.95 44.79
7 91.45 80.54 73.77 71.47 76.65 67.08 37.95
8 87.41 80.84 80.24 75.87 74.03 72.24 -
9 84.59 80.47 79.6 76.65 78.09 - -
10 86.11 81.51 74.85 77.85 77.57 - -
11 86.61 79.93 78.54 - - - -
x-bar 85.2182 80.2091 78.8509 73.6200 77.0960 64.7838 37.9557
SD 5.0149 1.5319 2.4011 5.0988 1.7277 5.0319 5.6505

ANSVHWINT R4 mfham:ﬁi’wmé’m"’maa ABS

NOWNIT 218398 UV
No.
18398 15 w7l 30 w1 1 74, 2 5. 3 7. 4 .
1 81.4 79.83 73.22 79.22 66.62 58.02 47.48
2 87.17 83.6 71.94 82.13 69.79 62.1 43.96
3 82.91 83.54 73.64 74.7 76.48 64.45 44.34
4 82.94 81.83 71.05 731 76.35 63.23 -
5 85.78 84.63 77.01 78.03 70.23 60.32 -
6 84.64 85.3 79.92 76.77 71.06 61.74 -
7 83.73 85.59 75.42 70.28 76 - -
8 81.6 83.05 73.14 74.73 - - -
9 83.64 78.47 76.93 80.73 - - -
10 - - 76.49 80.62 - - -
x-bar 83.7567 82.8711 74.8760 77.0310 72.3614 61.6433 45.2600

SD 1.7679 2.2876 2.6011 3.6080 3.6238 2.0613 1.5774
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ATTVHWING RIS MINATEHIAYUFUNFYEI Santoprene ™

No. Santoprene™
1 109.68
2 105.77
3 107.08
4 102.41
5 107.09
6 103.35
7 102.45
8 101.36
9 98.92
10 98.00

x-bar 103.6110

SD 3.7571

o o

c{ a [
ANIVIHWINT 6 ﬂ’]i’JLﬂiWZ%’)@&g&Ia&JNaTE}O pPVC

No. pPVC
1 84.41
2 79.36
3 84.24
4 81.54
5 81.43
6 78.88
7 81.06
8 80.39
9 78.99
10 77.65
11 83.90
12 83.91
13 82.52

x-bar 81.4061

SD 2.2816
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AYNTNAFDDI SAN™ Uaz pPVC

lassaavas SAN™ A'linuanuienluaalawafiwes nawxwIngd a1(n)
AnyuaNdEaindafiangeiis 103.611 asen lusmzfinnuddninasaiuszaan (Chlorine
atom) Melulassansves pPVC Mlireaiuunuiivas pPVC ey uRUNELYINAL

82.009 FINTWHWINT 1 (3)

(n) (2)

ﬂi 01 g’ ni a J J a a 3 o
MNAWBINN 1 am:rm:mamﬂ@u’mm@muuuwummamﬁ@yﬁauﬂu (Over-molded

materials) () SAN™ W&z (2) pPVC
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AANWIN 7Y
NANNINARDINITLATIZR AT MN AU AL TILRD W

284 ABS (Aauuaznain1ianssid Uv) laslatasluauu pPVC
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l:l 1 ¥ ' = 1 a o A
ANTVHWINT U1 ANANUAITUNIUABDLIILRDWVDI ABS NAULISHANINIIRUNT UV WAz

laviasluauu pPVC

, 5 a9 UV
No. NawNIIRIYIIA - -
15 1N 30 w1 124. 2 B.
1 113.50 26.50 15.00 18.50 13.50
2 113.50 18.50 11.50 1.67 11.50
3 98.50 36.50 11.50 21.50 -
4 - 45.00 51.50 - -
5 - - 8.33 - -
Max force
108.50 31.62 19.56 13.89 12.50
(x-bar), N
Force/Area
) 228421.05 66568.42 41178.94 29242.10 26315.78
(N/m”, Pa)
Shear
strength 228.4210 66.5684 41.1789 29.2421 26.3157
(kPa)

NNEINA Lo WUNEUHE (Bond area) HAMNNL 19X25 A1 3aAINATAIBLYINAL 475

A A ' o -4
ANTWNURALNAT (LNINU 4.75X10  A1LNUAT)

- RN %ummﬁ@qu@aanﬁm"mmﬁaﬁé’uﬁmm
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l:l J v ' = J J 1 a @ A
ANTWHWINN Q1 ﬂ?ﬂ’ﬂﬂJ@ﬂ%‘ﬂ']%@]BLL‘NL%f’Juitﬂ’J’]\‘]ﬂ ABS (NaUULAITRIINIIRNYIIR

V) lagiin1a ECA iluiaqlunsifendszanu

AYFIF UV

No. NanNIIAYIIR
2 BA. 4 5N.

1 375.00 528.33 842.00

2 1046.25 699.75 1294.50

3 597.00 1113.75 1198.75

4 - - 1368.00

5 - - 1170.00

Max force (x-bar), N 672.75 780.61 1174.65
Force/Area (Nlm2, Pa) 224250 2602036.66 3915500.00

Shear strength (kPa) 2242.50 2602.03 3915.50

ANTHWINNG 2 A1ANNAUNIUADLINRIUITAIN ABS (MDULBLHRINIIRIYIIF UV)

uaz pPVC lasfin ECA iwiaglumudantszau

ANYSIF UV

No. NawNIIAYIIR

2 3. 4 5.
1 223.50 165.00 101.50

2 108.50 173.50 -
3 135.00 118.50 96.50
4 - 121.50 82.50

5 178.50 - -
Max force (x-bar), N 179.62 144.62 93.50

Force/Area (Nlmz, Pa) 598750.00 482083.33 311666.66

Shear strength (kPa) 598.75 482.08 311.66

¥ '
A o

NNEIAA LB WUNFUHE (Area) HAWYINAL 12X25 AT INAWATHIBLYINAL 300 A3
A A -4
afuas (3X10° a719LNAT)

- wNNEDd %ummﬁ@mmq@aaﬂﬁ@‘hl,mmﬁﬁ]”u%umu
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