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PROPERTIES OF COATING MADE FROM RUBBER WASTE. ADVISOR: VARUN
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The experiments were conducted to study the effects of mixing temperature,
rubber waste particle size, and rubber waste-to-asphalt ratio on viscosity, flexibility,
impact strength, adhesion and salt spray resistance properties of the coating. All
materials were mixed by stainless steel ball mill at mixing temperatures of 35+5 °’c
(room temperature) and 75+5 °C. The rubber waste particle size of 100, 300 and 600 pum

and rubber waste-to-asphalt ratio at 0:0, 1:2, 1:1, 2:1 and 1:0 were used.

The results showed that the properties of coating made from rubber waste
depended on the mixing temperature, rubber waste particle size, and rubber waste-to-
asphalt ratio. When the mixing temperature was increased, the viscosity, adhesion and
salt spray resistance of coating were increased. However, the viscosity was increased
but the adhesion and salt spray resistance were decreased when the rubber waste
particle size and rubber waste-to-asphalt ratio were increased. Lastly, under the
conditions used in this work, flexibility and impact strength of coating did not show any
dependency on the mixing temperature; rubber waste particle size, and rubber waste-

to-asphalt ratio.
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mmmLmz‘wmmummm‘wuﬂimmum\immmmm@ﬂumluimmu@mmuﬂﬁm LRl



= P a & a | | Y A oA = =
21381 I IUNNTHRRATIAAR LRGN TOLLNANNUUASANALS 2 THa AR @1s8annA
¥ a =K all 1% o g
1AaNNeITNTNG LAz ANz liannnisdanszi
=X dl v ad a a dJ [ a c A
4138 AN IHRNNEITNTNR AT TUFTINTR gafludanneainesvisadns
Tuanadaudelug) 1w duau idvanulasnuaauzsiasbinnius Wusiu Ineiallisdu
a = oA Y o' s dl 1 1
sesNTRAzNaNTTRAUANNaINsanInaeiiulasn Tidanvaammasnuiuey Tiavane
11 wazae LA luFan1azanadunas nuAmeTLaTwLAN Y
= Ay o Pt a P ) o a a
gastanenlfannnisdaninyfestudanssd iu darnsdu  (alkyd
) = a a \ s a = a - ,
resin) aNenTisTu  (epoxy resin) @lazu-Janmladulanwedwes (styrene butadiene
copolymer)  UAYENIAREIIAA  (chlorinated  rubber)  @asTudAmeininnn 1l
=

A a A a [ :l/ Y a ¥ Adl ¥ o A £
ARANUNTINANTLANDLNINURVEITLA muumﬂ‘ﬁLﬁ?sﬁuﬁlﬁlmmmmmmmmmamm%

WNIZAN ATANEINANINAIUI ARANUAZANIT A TUNA NN TE AN99R 2.1 WAAND

1
aaa 0 o ]

ANTANAATYA MR AaLUR10 s TURIATIZIUNNTRA - duR1T e 22 udaanng
won Msdudainssid LR anF1g 7

o o = A y o 9 A = A

2. Favinazand (solvent) ABTavmAINIZwWe LS Yinuifiazaraanstianigi

| [ aid A V| dgj = o o = a 1 ' A =

uresudantimnuviings iduiia e iU awazasmRNussIg ] anANNniageda

WamNazaanlunsnanLazdnamanis ki [6] Aavnazanadaulunfifluasaundd nns

wenldFarinazaadviuned mesisesduligniesianud Anet19Es uazANAINITD

lunnsazanaaassiainazaasanadwaiusazaialdviniu  dudenldsainazaeilun

Wannndeuionthdagtenlinuazugreantulidneg  davinazaandnililugmnaivnssud

LAAIAIANTIGN 2.3



A3 2.1 AR TUAILATIZ [1]

AR dann | lofia | @wend | Wl | Auedn | ensdamnsd | gEnu
(alkyd) | (vinyl) | (epoxy) | (oil) (phenolic) | (synthetic rubber) | (urethane)

ANNFALUUI LRI VG F E VG G G G
(adhesion)
AN G G VG F VG VG E
(hardness)
ANaauAalaile G E F G G G VG
(flexibility)
ANNUNUAEANTTAR G VG VG F VG G E
(abrasion)
ANNUNIA F E G P VG VG E
(acid)
ANNUAY F E - P G VG VG
(alkali)
ANTNNUKENWAN F E E F VG VG VG
(detergent)
ATNNUNTUAIAA TR G P G = G VG G
(heat)
ANNNUAINNAZANTULIN F F E P VG F E
(strong solvents)
mm‘wufm G E G G = VG VG
(water)
AmE N usenisaed | VG E G G G G F
(fade resistance)
ANNFNWYWABNSAREY | | G E F G G G F
(chalk resistance)
ANHUNNE: E mm@'ﬂu (Excellent) F wald (Fair)

VG Axn (Very good) p LA (Poor)

G 7 v9a 1aas (Good VB average)

NR ladusuuy (Not recommended)




;193197 2.2 nsidenlfiesdudunssidmiudaguazaninuandansing < [1]

anmaannden san | afla | Bnend | st | fuedn | ensdanmsd | g
‘vﬁ@f@@ (alkyd) | (vinyl) | (epoxy) | (oil) | (phenolic) | (syntheticrubber) | (urethane)
1 G NR G G G NR G
(wood)
ABUNTAWI NR VG VG NR NR VG G
(fresh, dry concrete)
Tane VG VG VG VG VG G G
(metal)
ALLENNE G G G G G G G
(interior)
ALILLFNANLIUAN
(exterior)
TUUN (rural) G VG G G G G G
IUNELA (seashore) G E VG G VG VG VG
VIRRAATINNTIH B E E VG VG VG VG
(industrial areas)
AAANe: E - eimmtBies (Excellent) F wa'ld (Fair)
VG ANAN (Very good) P 1A (Poor)

G 7 vi7e @A (Good YEG average) NR Taliguauuy (Not recommended)



;13997 2.3 TiiauazAuaniRIassinazans [6]

FaviNaTAne WiHmesnisazany | ANNLA AALADA qa9ulv
(solvent) (solubility parameter) | (viscosity)c | (boiling point) (flash point)
P °’c °c
‘Eiﬁ (water) 23.4 1.002 100 none

azandnlalasasuay
(aliphatic hydrocarbons)

-lalpaianimu

(cyclo hexane) 82 0.890 81 3

o al
tNasnu (terpene)

- lawwuiiu (dipentene) 8.5 0.975 175-190 32

azlsundnlalasasuauy

(aromatic hydrocarbons)

- Tng@u (toluene) 8.9 0.555 111 4
- la@u (xylene) 8.8 0.586 138-144 27
- s (styrene) 9.3 0.770 146 31

waanazaa (alcohols)

- WYEUa4a (methanol) 14.7 0.547 65 12-14
- W@ANiuaa (ethanol) 12.7 1.200 78 14
- Twanuaa (propanol) 11.9 2.250 97 15
- as7uea (butanol) 1.4 2.948 118 35

o
LRALNAS (esters)

- INYDARLTLAR

(methyl acetate) 9.6 0.380 57 -9
- lanaaaszdimnm

(ethyl acetate) 9.1 0.455 77 -4

AR (ketones)
- a¥@lnu (acetone) 10.0 0.316 56 17

- WY BALANIAAIAN 9.3 0.423 80 -4

(methyl ethyl ketone)




ATLUAUNNTAL AN UDLI T UTaNa AL e T AN azan i 11 FINNANNNTZUIUNNT

azanresansluanaan Ae wedwesazanalidindy uavatinuesaniazanaiainngg

o a

@xmm@ﬁmﬂﬂﬁﬁﬁmm LAZNIZLAUNITAZANENAANATINALTYW 2 dunau Af

¥ 1 1
o =

Tupaun 1 Wenannedmefuaziminazaednsosiuude Tanaassion
azaneazdnvizaundidnuninanazemedimefotned ) Mbiluanaeswediuefuenasn
a . =) o O v ¥
880 HiAN1TUN (swelling) Tnen1sgatsasianiazaadily
TUABUN 2 WORNASTILUANUAIAZIENFD  UAZATAATHAINNATAEINNTY
4 da oo NN o e e w s a o
Gy 7 AunIuiNivaananaldnedmesaintsanenlaaiuiuwaziulls Aantsuann
| A = a dg’ "
Hureaman Ae An1sazanainnaulneany sl

a

AYINAINNTNIUN7aEA BB NOALNE FIWAYTNAT AN AN NN TN BN N WY

u

[1,7] ‘Ecemmmﬁuﬁuﬁ%wdwmmmwLmzqmmﬁmmmL%ﬂuiéﬁ’ﬁmumi 2.1 [7]
AG = AH, -TAS (2.1)

AG AR NalAasunasINddsy (free energy) 2895 LL

=)

Tmel
dl a c Y o/ o o b a 3|
WALANNDANATENAUAINNAZANY (81 AG  NAIu

AUNAZNANITAZAN)

AH, A8 AAINFAUIRINITNAN (heat 138 enthalpy of mixing)
As  Ae nndasuweningt (entropy change)  @adusauania
A ldiluszidaulusziunedwes
& a o & nll a
T Ao guugRduysnl i apiianIsazans

'
o A a a

WHagnuuiiiaay AG azdAniuay duhe wedwafavavany uidninuguugl

TiAe? wodmafazazanansaila AH — fA1dasndn Tas

o

A. W8 (pigment) “luadAdsznauvianddy fuashldduaznnian
a o dﬂl a | = 1 o o 1 - a |
ANAINNT NI ATeNLRaMTe BN NRNNAeTeRLad  (hiding power)  EN@1ALTIN
an91lsznat@uyisdvizaafiundd aunsnazasluanstininicitasiinazans s
3. ANANUFN  (additive)  WngNTNANNLAMANAS M iNeantasdusy
diutlgsnmuninaedldiidulumuninsgiuinmen du fnldduiadaan  sinlidlkaun
Wl1dfia

2.1.1.2 9§ (varnish) ARANTLARALINANUTENAaLAQeIAN3E ALNENaLiNaLREn [8]
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2.1.1.3 uanines (lacquer) AagNsARaLRANNaNuluaNsazane [1,8] T4
15ann1sunanstiaNnazaNe luFaNNazaneaunas  ANAINNTD INNTAARLIRNAUA LSRN

N199EUETANFAINIAZANE

2.1.2 NISHARR (paint manufacture)
a a a d%’/ o d”
NINARA WLTegRaIUNIsH Niunausadl [9]

2121 nudN (premixing) Hun13tnee@nazdaudsznauiiduaeamnan
W A13EA FINAZANLUIBAINANLNNEIY HAN N8I

2122 m3UA (grinding) LHXA191N209NANT LHAINTUABUNTNANNILA
A o 1% aa < o = 1% a a =
e HaYN1 AL BIALANAIANAEINIT aaziduna insdinansianuaznszans
saluaesnanlan  ludunenilanannisindeuilszneuiduresnacnuasasllanvzalud
161

2.1.2.3 nUSuANNTLLAA9 (adjustment of consistency) un19iENaNe
= a 1 o O d‘ A
§n ANTRNWAY LazFaNNazaaNwaaad bl

2124 n9NELANARANS (color calibration) WlunnaufFeuaudaag
a o rall @ a
AR LA R P9MNANIATF U

2125 nIsAuANANNIN (quality control) unnsmaaeulidlaxiis
1 dl v v
N IZENRFCRIEE I ETEE

2.1.2.6 m3ussq (filing) un1sussq@nianiimgnsiesnuuinsgIuasly

NTULARIUIAG | PINFRINIS

2.2 8195 08UA
NNINAREN90EUsNIN taENNstneNIagIN T ALAzedRATIENN I IIAANT9AgL

v o o = dl ] U a dl 1 o o

goenszuauniadan ladulpaniamna it lifeansmenlaedduena 1y Auzdu

Tl A Mg mumau-udaria i hunssusuntstiugiuaanenidugnsaneus (3]

2.2.1 gN9899N%H (natural rubber)
a o a o‘alld 1 v o
8198 9u AT ua e Aas NI luana luny Usznausas tulumasanuay
pare s sadfeiy  Inluwwefiduanslalaniudailuansdsenavlalasafuani

HPfueu 5 avmenuazlalnsian 8 azman Ngmaluwanalu CH, [10] ©1989suT1ANTE
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= = = = ) = Y o ~ ax
Gennieadan wedlalawsu (polyisoprene) uarignslasaainefagilin 2.1 an98990TAN
a1 A o A ! a ¥ ' < o o v =
AuaNtRBAsaNNIINAUAUg LSRN FatNanEmAsangnusenseinlfiAag
e = £ 1 a o Bzddl a OI a ¥
(resiliency) HANEUMUAAN1IRNTIA AusnineelfANgmnRaY adnnsninzAndule
viralanzlin  HAunuseln wasnuAanIIAANTauIBINIALAZATN UNEITHTNRANA NN
wlatuan uzAdnauia (glass transition temperature, T) 71 —70 " WATHM)NNABNINAY

(melting temperature, T, ) davannd 28 %o [11]

Ho H CPJHS T
%T——c":c——c%
H i

317 2.1 Tasea¥a cis-1,4-polyisoprene [11]

7117 2.1 Tas9a¥13 cis-1,4-polyisoprene [11]

2.2.2 e195LAaN (reclaim rubber)

1
o

p ) 2 A ¢ ¥ o ° o \ Ao

2N9TLAAN (reclaim rubber) ABENITIdAAN lELAANGNINNALINNENUNTZLIAUN TN
Tiluana89e19nHlAs959m1908 (crosslinked network) waneaniuluanadn Hawnald
NulAaNARS Tnaluianaseseidan ludanaunneanlanaumilassiemdnavzans
Tuanavasensilé [12]

lunszuauniIsnIgnaTAaNea Nt ARINEaY UTaanalwands laiaas
(plasticizer) wnn@Wiaas (tacifier) waz 13198 lun153LARL (reclaiming agent) winlddae
[10]

a I L. ) 1% P % o = o

wananlaas (plasticizer) azvinutihfivinlianswessinesniiarinliluanazesans

] 5 -:4‘ a rn;lJ v 1 o a a
wANaaNIN8lY @9 ilunaan b siliun - masiu (terpenes) WLUNANT (naphthas) auAL
(indene) lalalaamumnlagu (dicyclopentadiene) \ufin  waziloduganszuaunvineng
~ o = ¥ o o & =
TIAAN FENASUNTRINANRaBNANNSTIAaN

wnnd Wiees (tacifier) uansndaelunisuiegtlons udannsliaanuFauunenudn
uanstaeiliuilgeannuuaiazanumidantesens  @arsmailiun Widuus (mineral

oil) WAL WNUAL (tars) TR
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a3taelunsTiman  (reclaiming  agent) WWuansldludiunouieadnties  H
Usr@nsnndqslinnsmeandulilacinegqndy AN IMINUATAUTINNA U1 3F9 gl
n1sdann udena anewantudaduansnwanlugy < [13] Ae

n. Nueadaradalis way ladalws (phenolalkyl way disulphides)

dd‘ Y o v dl 1 o a '8
ANFLARN IE A UNLULAD Wuansmissliluanavesensnaaanainiulaanisasnd lad
v o 1 Y o o o ddjl -] o 1 v b o
wiaw < Audsliiusyionzduunneanly aseiilaziinssiuseguesadon nasldandn
TaAuaendar ludiaaniugtu uaylunisinsusesdeandiaustsos

9, ALANIFANWNATLANLNG LAz sNNANWNesLANLNYG  (aliphatic  Was
. [~ dl 1 = 1 o 1 v al A QI [ a dl
aromatic mercaptan) Wlug3n 1l lun19199n19 AN Et L waRdadapanaulufaus laad
a a o A 1 a a
wanazlsunAnasNaNtTRwteandNasanimn
A. a9dsznavuezily (amino compounds) 1flun1Ivinendsinanineen
e lfldrinnduluniadanalud lngaziundansuau 10-14 fa azfilsz@nsningegn
= [ Y @ 1 a al 1 a ol
gndTAaNazIanl LA 13n91819Un R e N ANNNUNILFAENIaaNT ATANIN ANa
a2 N s UM UAN TN AT AR N ABIHIUN LU UN RN T LAT LATNIIN Ii5a1

. 4 . s o T o 4o Y .
aunsvasnalasuulassalillfeanudn doasinady e19TAANTINANANAIUNI WAL
AawWinAL 1050 daussanisietia watinliaulideaui 100 asAmalded unan 5 41 Ax
ANANHAUNUFAB WA L Ag A [13]

Tuadeneaugansnlaninig iendGnaniadludataaani Funnisdanednd  wsl
flaqtiunisldendainauiiansiamnneedeelipnnazaanlunsssianisnanson  uldiv
RNFITHINFLNOAAA TN UATBIENAL  FnsenIaet lusEndnanszuaunIsHas  visaLie
goel5usnalilanuAnuiy (adhesion) Aunanlanlanteay wisaiadqs linan1wTien

a A

fnA (good tack) lunnsnnensdmsaetnluieniduanawny dusu [12]

2.2.3 NSEUIUNIFIAA LULETY (vulcanization)
o g o =) o vV = ) Y
nazuaunadaan lwdieduvsanszuaunasin e aeegd nenefs ngzuounismn i
a dl . d? 1 a dl o Y a
anafiansdante (crosslinked)  Tusznanelulanaaedeng Ingn1aANA1s NN IiAANNg
@anled 1w ANz 419719 Ne S (sulfur donor) wazyizaansilasaanlas (peroxide)
hugi Wl lulaseadgaesens [14] luilaqiiudeastionldiineduiuansninldinanng
A Y = P o o = ' N o
deanled Wesanisagn mldde aaunsndanludliiee ualilinasesisaiou - dn

nainRusruazAuaNTfvessvatnisnliulasulalaanisliunlaaudndonan
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fauzdu nsldiauzduadlusnsionldluddundegaananisuan wailasiunis
nAUARFE N MuA

TunnsnanNens mq%gﬂmiﬁﬁuﬁqmLﬁmmﬂmm?@um:mﬂ?ﬁ'@mmﬂL%\'m@ i
Wansnsananannindiaciuenslidniuiuifedestu Wesminasufeuiinasanisian
ludresens Aepnssinszdelumsldanaafiuazmaiinnisuanifanzan n1suanensd
quuunigadunaiuiy enainlferuinnisdaniludieuiiuus Geiluansznusie
navtnunsNansall nszuaunisinlingasgiflunnslfutlpantifdanauazidanive
819 HaTfifaauTRA"g azuanileuitoslatuegiuansyilhinliansnegd Tneallud
anLRpNa 7 ‘Ij'ﬂ\‘i?;l’]\?ﬂ\?gﬂ@ZLﬁlN%‘uLﬁ'ﬂiZﬁUﬂJﬂ\iﬂ’l’iﬁﬂuiﬂdﬂ’mi"ﬂm LANATB9EN (degree of
crosslinking) L‘Va\llwéu [14]

A 1
= o

grewugwia lilenlddmsunszuaunisinlviensasg [14] wanaldsiall

a9AlsEnau daulnsrinmiin
[N 100
BNANTLIBWAN (ZQ’Y;]‘L‘WIN) ANNARINT
ANzl vize a1sileseenlas 2535
GRETENIL TRRERP 0.5-1.5
ANINTLHUAINIY 1.0-5.0
anatae Isfenatiy 5.0-10
anatlaaunis@esdnin 1.0-2.0

AMNAIULANTRIANTFN 7 PINGAIIUg NI aziudnFunainisldansusiay
rHpTulda R LLWeY ALAUAUANTRT0NARS T AT HAR
o s = ° v a dl' . . |
nsdaanludenadunisvinliiinnadasley  (crosslinking)  lwszndsluianazes
e luanilf i liAnlased9mane (network) MinssiaBiasyndnstiananesanslisagl 2.2
dl a dl 4 = o % =
Fenafianiadanlasluszudeluanazeseneinani ienadaananngalunisluazes
= A 1 o ! a val dl Yar o = 1 %
aanad | Hadnddnveunduganwpnlihialafuusensziia | Aanidamusiancnien
annnsnin i ldeundenmniigeld Aausnumnusasainaraelén  uaziaaunumiu
FANNFADNANINANAILIAR DN NN
RN D UFNAIUHANTDILNEITNT A LAz WANLATIZT TneeinunszuaunigAagLl 91
TidananRnATwMsnziungldy willeldaunuseignisldamuds anssnesusdniiu

a2 a L Ao A o a Y o Uy i o e o
AR TUANUINNNALALIFIDAILIANDN Iuﬁ@ﬂuu»l,ﬂNﬂq?WﬂqﬂqNV\qxuqﬂq\j?ﬂﬂumLﬂqN’W]f]
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= a o P \ e | A o a o X v o Y v
unRaineiyaAitnInung [15-18] dwheaiuauddaiiasiiasensenausldudonn
fluanstinnizluansAaaung  HasRnNaNTRU9e198998T R TudeadAlsznanly
6 1 & o dl Y @ a [~3 = [~ [~3 bV~ al
£1990UA 111 NAFLAUANN M Ua RN AN LAIATN AN e Aaungn il

[ a A a v
A TUNIHA 5]@’1?Lﬂ@'ﬂ‘].lﬁ~l"31®

Unwulcanized

QEAY s
r \r'\ . Rubbier Motecules =
’{(@ 7

lSullur

&r

/. \ Crossfinks —___ ¢
mc&ﬂl‘ﬂ o

Network

uvvvvvw /

7171 2.2 msfinlasswmadae [19)

717 2.2 nastialagesremnding [19]

2.3 gN9NzmARY (asphalt)

%

BNNTReE  ABNARADAIUTIWADgATINENAIRINNIINAUNT WA TAsNg 7]

q

| = 3 al o 1 dl a a 2
AUNNLWNEABRLUAELNL ALY AN LLﬂQW’qmwQNﬂﬂm uarilsznavmiagnlsznay

lalasmnfueuninnantianisaiiazauanifdlaana (molecular property) NuaNFNg

o a 1 d‘d a . 4‘ o v a
i uariluanaudonnanganssniilulaing (dipolar molecules) TaNns0vinlifin

'
=

ANMZANARTNNNANUNRITBINIATIN  (aggregate) VTaAWTTINAATUENINEADY T
WUFNBIALILNDLURIL NN EADENANTNARDNITNALIIANEY FURINANIENUFADAINNAINITE
Tunnsdiannsaasenanznas [20]
2.3.1 @2ulsenauvanuassaNenag [21]
2.3.1.1 4139467 (saturates) d9uilsznautiaziaansiuiaandiganst TURa
= N - ! | ) ) | | 2X \
ALUANININWITIAU (parafinic) vedaiutlu naphthenic ring wazudautunananeane o
. < .
2119 (long chain wax) TIANNITDATANLAN b
2.3.1.2 #190x19815n  (aromatics) d@quilsznauiiludtuimiant  wilen

meluluanaazilsenausaanane aromatic Haandiau uayulnsauagarusuantas
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v
1%

2313 @13evlsundnuuuida  (polar  aromatics)  @aulsrnevilay
Uszneusaanans condensed e aromatic ring wikldanaavilsznausasaenTauLay

%4
=R

Tulnsan Tefidusauld Aty 8 wefidusdauld wazwanidlasaairaldnlnin

wanlansenda Afueta waz wenilung dousine o) manlilinuanRnTuetfunisazane

q

o

w9 lunesuaaainy (n-heptane) fail
IS . o IS dsj A ! dl | < al
N. 199 (resins) AaTullazazangluadmy Aaguniuaesuded
o 24 . 4 Y

WA TARTEDUAINDYNAINNTDY

2. wediany (asphaltenes) dauilazliazaneluadiny J@m1en
o dl 2 dld a al
WATAZAANLANEYNANNTAUEY  BNRRfiNdILuTaslaaaNugY  AzilAd ANl
nsRmuuleR

ANNTABNAIAINIUILUUBETZMIN 1.01-1.06 nFusegnuIATNAT HAUANTTR

o

| d’l [ d‘ v KR a o dl o o
Whumailszanu N@N?QNﬂ‘U’]@ﬂ‘ﬂMiﬂﬁ @quﬂummlﬁmmmq LL@féﬂﬁuL‘H‘ﬂNﬂizﬁquﬂUQ@@

q

w19 Fuld ngqm vizanae was lduans fillers Lay additive 114911619 I

2.4 NSINANAN (film formation)
=B & 2 = p a

nIzUaUNINSNANAN  Aennsulasuan nangsadeuRalun muzusey Tl
WaunAntauuuiuEadas waein oA NIEMAMANTY [1,2] Seanunsauisls 3 dunau
=
Af

241  n3e (application) dunisdnsaaauRaldwasuiiantn videnild
a v o a a6 49( % U t: 1 A 1
Aonihresdannadunanyne o 11 n1sldeuenalauilss gnnas nswu vizenisqu

2.4.2 mavinWiRALUY (fixation) lunasliausauiu livgaeanaintoninuas
el udunesiauin lufaenis faatnaey nranitugnsiaaauRa AN Nasasaun sl
Wudauilsznat aanaluiasdludunanunisni iR wtuazfia lna N9 81897970
ATANE WTRHNA1FAAALRIT UL LIS UL NN (latex) Tumaun1Ini lERaLUuaziialae
ANAEINITILAI VDI LTI1FT

243  n3Uu (curing) WWunnvn s AR uduneun1n ldRALLLLAY T AN

449{ dJ o Y v A 1 al 901 o v a 1
NUNIUATL T9ananl@laang gy ANEaU 1Iaa1NA |1 AtnduntinuasifiansLy
Tnansindgnsendueendiauluenis wasugnwanuawa il ulauLEadan R AN

NUNUANTL 139N19UN8N9AARL (enamel) NNNanwadiNestlamasiums (thermoset

polymer) ey fiflunnsUnanaznils
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a a & A a a 1o [~ £ a i’/
ATTUAUNNININANANIANATAAR LRI LT RA I AT uas 3 dumeuanaldl
Fnaeing WY wannasidunauni1en lERALULILAZNNTLNINTY TReanAsnI2sLIeUaIsa

NIRTANEITTNINNIT 91 TR

2.5 NNTUNITRIRITLARDLEN

a

2% A a [~ %.// o va) & A ] dl = £ % :J/ al
ANTUENTANATARALRY  Wudumaun1I ITNANRAALUY BN RT U AN
AurnA A lasNIINIEN 1 NANAYFanss A s NN

2.5.1 uialaanssudsn1eWand (physical drying) nMsufesineRsiiinannnsssine

=< a o A 4

28969 1aza8 Nldansiaaauiananailuddugafafuloutdnfoaiuseyfag

v '
c aa KR o

(secondary bond) atin9gaw 7} [22] wansAtgy 2.3 AsiudANAnasnsarae LA lusamN

a

o o 1 A a all £ aa a 2 ! '8 aldl o
ATAUUBAINU [f‘l')@ﬂ’]\i‘ﬂﬂ\mqﬂﬂ@@uN"J‘V]LLMQIﬂﬂﬂﬁ‘iN"JﬁV}’NW@ﬂZ{VL@LLT] LAaNLNas anniann

819AABILLAR (chlorinated rubber) [1]

TR
SRS

Stago i Stage 2 Stage

77 2.3 mswisresssinderiinTaanssidinaaand [22]

3171 2.3 NsuTiIesaNsAARLRA At INATNSWANS [22]

2.5.2 wifalpenssudanaaai-(chemical -drying) Waudldaannisuiasinlnedgnnsil

1
o a

tnmniutantideeius sl und (primary bond) anmaiaUfiseai [1] ST g
azudausauaTNLTusefaazany nsuislneaaiaaiialag

2.5.2.1 wilngiialgnseneendindu mim%@uﬂqﬂizmmﬁ%@m@@ﬂ%Lfom
luanAudainalinseneandindu v‘iﬂﬁmmm'aaémmmmﬁ@uﬁﬂmﬁu auzanFaly
AfuuFaudamudanis [1,2] Wy Andumtnufinanaindanaisty (alkyd resin) Lilusw

Aguialaenaianatsanialalasldansidewita (drier)
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¥

2522 wilaanafadjisenadl  arsedeulssinnildaulunjuseqly
mauzueniy newldAasiunanius N daungnanuuet  Talonanudoay

a aaa dd‘ a v = A a zl A a a 1 < .
Lﬂﬂﬂ{]ﬂ?ﬂ%ﬁﬂ%‘ﬂqm‘ﬂﬂuﬁdﬂ‘ﬂ\i LENANTLARDLNIUIN AVTLARDUNAITUALNLEY (cold curing

o

coating) FaEiNLTU ¢ FRsTU (Urea resin) WAALFLNUWLET (polyurethane resin) LiF ws

'
aa =

duinlfiseNgmgige Bunansideutatiiniidl ansedeutaTiiney (stoving 1i9e

baking coating) [1,6]

2.6 NSNARAUANLPFITLARALNA
2.6.1 ANUUA (viscosity)
nmegaLdaANutalunmagaLdfsAAaLRL ludn uzaaawan [1] dawdlunng
o I v a = A a 1
AANAINNANLNINNNT aae9a9waY IeelnfANuiinedg1 A Aa LRI be e
. % A a = o £% A a a aa ]
word (poise) fnansndauiadAauulingill aranliansindeuialantm limuizas

161 1w AAonudinuuilss (brush drag) gali vinlinasmansiaeuinasuuduwauinlfenn

2.6.2 Auaaumalaldse (flexibility)
A Naaufalullszaas i aNTe9E19AAe LR HILUN1INARALAINNUNIUGD

nsuanFnvzangaaauaNUNUNAget [2] Waga Nannsn ludiuanaausaliilang

a A

gaaildurasannadeufiadenuiainisnlasunlas ituiinisd nanenisldeau wienis
\RBUANTIARRL AN LRTI AN Y TnENAAeUANAAE. ASTM D522-93a duily
NIRTFIUNNINARALAINERUAY LTI (FaunansieniswAniin) 289ansARe LR EunTe
(organic coating) ﬁmﬁ@uuuﬁuﬁqiwz Lﬁ@gnﬁﬂﬂﬁmié’w@uLmumamwm(bending
test) UANAINNINIINARDLUAT 112’[51?%@?@ﬂ?ﬂw%mwzgmi@uﬁLﬁm%u lun1smenunag

NM9INAABLABIILIAUN T WALTNATNINUNIINT U NAULIN TN IR F19vTangARaUann

weiunagay wiaillinauuAudlesifusiatnutiaue (elongation) ANgauAAIINAITARDL

v
a o A

Aaudagusausaldilanzaesilaugs SwladWduaasansindeuiaazfaiuiaTuanuléa

2
A

A A Ao = vy
AU Zmll’]’j‘ﬂLﬂ@@uuuwumqmﬂﬂ’ﬂﬂﬂmﬂﬂqublﬂ

De

2.6.3 N1SNULFINTLHNN (impact strength)
dl [~ o va al 6 A a a al v
usangENLNIIAIa NN IR sNaNTsdsedeuRqfiaAN@engld  nns
NARBLNNINULINNIZUNNAR  N13TAANNAINLL BN ANTBIATIARB LN BN LTININTZUNN

[2] namageunlaatlasagninasnlinssunniuwiunageuatnmmis A1u3s ASTM
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2794-93 A INIUATIANIMARAL  ANNUNIUAALIINTTuNNNrdaeTutio-Uaus iy 1d
gnauvin 4 dews daesasninssnuiuuiunagauainszaznie 40 49 dsngdndy

all dl ° va| 6 a v 1 1 = 1 1A
sreenngeganvn i liinadounndes Wy nisuen vFenIIugaseun  LAANINHAN

FINANTHANNNNUNIUAALINNTLUNAVINAL 160 Tn-1laus

2.6.4 ANNAALUYU (adhesion)

ANNNAALUUTRIN AN 1DIGTAABLRY Lﬂurﬁqmﬂﬁ\wzﬁu mmmm’i@mmm@ﬁm

k74
v A Aa o )

1 al s a 1 al A a dslj a d‘
NNLITNINNANTLNURATAR [22] N19AAKEUIRIAANTDIANTIARR LRI LUNWRALT UANTHN
o o A a A a a d' ] 173 rd} o dgll a
dfnyrasansedetin  Iasenizansaaauartiangninunldlss Taniine dloaiuiuia
AMNAIUIARDN YTALAADLLADAIINAIENIN NIIAARULIBINANLUNLEFRIRAARAaAN1T 1T

o dld o o 1 o a | A a 1 a
U uariladenfaudAtsaRussnnmaudlaesdnseanuia u weflulaunindaes
NUFTNIIFAALUY  L309N196A UM e LB U99419RALYIY (adhesive) W ANTTNURITULDS

A a % % [ % a ] A a

AFARaURaN g ALTAY LTWE [23] TRN19NAR9UN19RALUUIENANTAARLEG ANN15D
nagaUlAuaneds IHeIeINAINAINNTD NNTAALLULAIAIHAN  TUAUTRATRINURLAY
aal = dgll a ¥ o o ¥ ac |
ABNIFFAFNNURIARE  LazduduniImedanlanegaumn Nas ASTM D3359-95 1flunng

- a o ~ e - = - o
NAADLNDU TN UANNIEARABINANANTARA LRI LBNURA N WIare  Tagldununiqwa

Talnlu MAnNMsRAuiuEe HELINA (pressure-sensitive tape) AvlasoRALILAAN AHY

AunAnAu@evng uazilFatinguNanIInageLaInAnelunInsgu

2.6.5 ANMANURZDAIUILNAD (salt spray resistance)
NMIMARALMIANNLAZARNUINGS  HInAndAnetreieduiuansimdauRaiu
n1snANgau [2] mmumﬁ%mmﬁmqmmuﬂﬁu (Wan.) 285 WNN 42 n1magaunning

1 dl v v % Yo o 1 v al 1 o

NsHunaaauRisuda lugnasaulivicaiuetgtiag — 30, ~mm- BENUNUNAABLNINN
1senns 15 a9 iULUIA Ine THAURF eI ITMAde UMt TLT LAY aB9UNAR WLHNINAS
ANNIIAININNA N BATLIAIUAIHUNAGRLIBBNNIFINALHY~ ReaagdaLnnsaIngd
:I/ 901 dd‘ 1 0 v a a dl a 1 d’/ a 1 o
aniutieinenaendn i WiAas iU eduIB NI LUNAGeL  fsIagIetin
1 ndla 1 dl al v b v 1 v 1 1 o/ 1 al
nfaunialanzdiunaandeanuan tinsaudqlinudeunnsesas udnsinfaetnmagaull

¥ A Yy
AIMHNNUACDANUN Lﬂ@ﬂimﬁ



UNN 3
NAITUIFENHIUNA

[ % [ o

NATENINT eIt UNTN gD aus NN UNARA T EN AR LR S9lilinng

naNaeNNtn  Aniwauddeiaznananaiunisiianssoeusindusn Il lueusing o

1%

X
U

Oliveira da Cunha Lima [5] lunenedanilud sne@anduaznineng Inetinds

Yy v ° e Y ° vl . °
N9TDEUR MILAY WINLENAANLAZEN IUABN N MANIWIA 5 wires/cm  WIENGHA 1
dounannusiazanalalnaasua 5 doulasinminuazasiRsifninalile
a o e‘-ni ¥ Y o % Adl a . ¥ dl =3
HARSTuTIMMNNzaN  warua NN useeATaUATia ball mil Iasldgnuaiiduman

[ 6

A = v uI/ o Y a [ dgj a o
wrauuenia ldnanlunnata 48 dalue wazin inaasusiidunamaaiulnanisua

o a KX a A o Y

pagithree-cylinder mill IAaAnAfiansaemleaviladanin1stnfian - Ununuse
& 1 al 1 < 1 ¥ U A a dld ﬂy a a A 1 al
Dunuduuuiumdnuaziauld 1Fatspaeuion BuulasNuiol A NE AR
yanantfaingedam ludunnanniaenadanlany 2 wiuldtafinnu Tnesinume
§192UNA 5 wires/em 1 Dlandn  saniazanelnsaaalsiensan  (tricholoethylene)
5 Alaniu waztindu (oil) 100 NN wanliesesuaTia ball mill 11 30 Glud LHN
ANz 10 NFN - wazAueaansTi (phenolic resin) 20 N3N nanlfiduilawmeaaiugae
three-cylinder mill” A NARAINAINTAUINITENLTE A UTENI L UNE R NS AUTTA

1 ¥ 1 4
AMUNUNLUUURE 2 LLN‘MDL@

Grant Crane Wwaz Edward Leo Kay [4] l&thidmensuwinansinanfiazane |4
Thetih 10 - 100 dou Tnariviinaeassedanlud aatu 100 dalaininaessn
snazanellalasnifuey | waglipnafeufiudaunanil 400700 °F wm:ﬁqmq@@jh
ADUZENTOTANY  NARAI Idaziinun Tniene [ F AR08 us WL

a -dl ¥ o Y a dl P2 é’
a‘m@m“l,mm’lmﬂmmﬂmuiﬂﬂmqmu
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Lee Timothy wag William Millns [15] laAnsnistintnenedannlut Taenisin
VAREIN9T0UATIUNA 40 mesh 300 NN NILARIELATELAKLIL two —roll mill 1uinan

10 19 BEldaumeng 0.12 Aaans Bxunsalaaan (oleic acid) 9 n5u RN TmAeIN L

'
=

psanlas (sodium hydroxide ) 30 N3N uaruAsiaLdaslung 10 WA Ngugd 60
a o r-dl b4 1 o 1 901 ] 4 a o
nanAusn liiduudwilany wavinliitunszuounisuanudiuazunsasiaiudn
. . Y a o e o [ = = A = % ) ¥ %
(grinding stones) lAnaRTWIiRANwUzTuATIWRENEA LATHANINAYAY TNIA9A0E

¥, 4 Ly g L : ¥ y

wnatinssaiesaunseiainneaniaddiaisiunsasnadunans uanuieen THanaus
aanuin Wuianeligeuenaa (100 Fadtumsdsen) 1 80 4 tdenadann ludniauin
aynatiaandn 20 Tuasan drlluaniuatenldlariunisianlud anauifaesesd

v 1 as a %’/ a
ll@@ﬂQ’]Qﬁﬂ’]??LﬂﬂNLLU‘Uﬂ\?LﬂN

Sainton [16] lPNENENTAANKNHARFREANIY (binder) Rantintednuy Tas
NANEWNTIAANKIAL bitumen MHNdundn (heavy oil) Waz elastomer &Nz 1ilusa
a ' o ) = o @ o R v A A o A a
Fnuwsialneindausing o navindlusadanie wuanliiduidenaaiungumni 175-
185 *a naudaunaNtiueaIuu 2 49l dennangmungiias 15-20 "1 azld binder @9

annsnuiuldls 10 Ju Inaaniaunia il aauulaq

Grant Crane Wwagz Edward Leo Kay [17] I@An®13g1nARenasn 99 @aInGa
uaznsldseTemdidu by-product taasintAseesnawin bl ldanuuds unlfaanufan
vsanmia A uANien uazazliidiaes Zn uazld titanium dundnsioel

waaeldannauIun1suInAUNN lE s

Hee Suk Lee, Hosin Lee,; Jang Soo Moon ag Hwan Wook Jung [18] 161
=2 v a Aa o o o dl 1 = a a '
Anen13linaasFimuniilu prepolymer AUFUEANARNGT R AR M NARA N AT
ARUNIANEENENadN 11 (Tire-add latex concrete, TALC) Tnsignasnasinldidnldazna

wihmiuindenaedeunanAaunss IngALANSAINEIUIBIINTLTNUALTINGAY UA29IN

¥ 1

ANsFaiauiuAaunIAN I9asAN wazAaUNTAAALLAY (latex-modified  concrete)

a

WU31 TALC azlipnmnnutiavefu (flexural) WAZAIMNNULINNTZUNN (impact strength)
1 = I's c ¥ dl Y @ o ol
49nd1ABuUNTANESILAUR (portiand  concrete)  Hayad laTuntsatiuayuaniinig

TANAARUALIENINARENSTLABUNTANASNWALS A9t TALC azddnaninlunistie

818N19 19 1UIDITAN MDA



UNN 4

N1TNAKRAY

Fanpulszinneing ) AFlumemasasinaazdonseliil

411  219708UREN (vulcanized rubber) 2u1A 25 mesh Waz 30 mesh ANLFEN
gLﬁﬂuﬁmuﬁ@ Anm Amdnaymnstlsnig TN AALNINARIEAIITAUATUNGY  (sieve)
ielldanm 90<d<180 [Im, 250<d<425 [lm AT 600<d<1000 Lm  (d=idurinu
AUINANNTBIDOUNA) HANIFILAPIZNNIAT uAzN 1IN a9e19an luduansdianiauuan
A

412 e199Aa3 (reclaim ' rubber) a1nL3EM gLﬁﬂuﬁwuﬁ@ e A9UIn
axN3UIINT NANTIATIFININARUAZN NN ATDI81ELAANLAAIAINIANWIN A

41.3 ng%u (toluene, analytical grade) a7 Fisher Chemical Uszinaganyw

414 snaNzAeg (asphalt) Tiln AC-80 A nLU3Em wias uilszwnalne ania nanng

?JLﬂi’]ZﬁVﬂ\‘]LﬁﬁLL@?.ZVHQWT]Z{‘II@QEI’NNZMQE]LL@ﬁﬂﬁ\iﬂ’]ﬂNu'}ﬂ A

4.2 ainsainisnaaag

ginsainldlunsvaaesdiseazidansssie il

4.2.1 wzasuANas (ball mill) &sintunnlus Aeg191 4.1

4 e A e . .
wiae  pall mill wAesusnitsznaudandeunginsanszuen  sinan
wannanlFatiu (stainless steel) ANgINI8TY 16.8 auAmmg dwnuAuTnatsniely 15.4
a a a 3| =3 % Yy Aa = A 13 1

IURNATUATIANINY 3.13- AT uazgnuatiugniudnndlialin § 2 awisake dunou
ARINANY 3175 WIURANAT 31U 25 40 UaTEUNILANENATN 2,210 LIUFALNAT AW 73

an magLl 4.2



2119 4.1 LATAIUANEN

717 4.2 gnuanazudausvinarninanndn¥atia

a

4.2.2  fdninefuianua 1000 Hadans anuw 1 1u e Pyrex Tddwiuldngau

423  dninefuftaum 250 Hadans auau 2 lu 8%a Pyrex Mdusuldana

22
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4.2.4  nezanuwiRnauaduliuAugngne 8 umwns auau 1 o Mddwmsuldens

Nepat

o a

31l 4.3 Tninesuaznszanuiinildingau

au

425 psasieimdnanaaniiumalulainudu fegll 4.4
'j:u Precisa 1212 M SuperBal_series
Wrin 1,212 nfy

ATNLNUE— 0.001-nFH

HEAG Swissquality
gz AVALTATLALA
IF

( ’

Precisa 1n a1 supario-ace

917 4.4 1ATasteuIuiin
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4.2.6 vaaalnaunsea IiAuFeun AU 2 uaen  §u OSRAM E 27, 250 W, 230

V, SUr uamanndsvina Slovakia pagd 4.5

917 4.5 vaanlWBuWILIA
a '8 dl a a i’/ 1 0 al
4.2.7  wasludined (thermometer) TNTWNYUNYRAIUS 0 — 100 "0 ANNATLBEA 1
g guFudngomniniguvdaun
4.2.8 wailuAlila (thermocouple) 4MFLTRgUUNHNEUAN

71 FLUKE K/J type
doennsdn 200 " DN 760
AONNAZIREA 0.1
Uszind anigalIng
4.2.9 mm?;mé@umumq e Retsch VS 1000 UszmAleasduil ananiii
walulatilnudu anansauiuAawElunsdu waraansasaealunsduld Gulszneudnn
AZUNINTAUBUNIA (Sieve) mu’]mﬁmjﬁq‘ﬁ 30, 40, 60, 70, 80 mesh (FENAINLUANAIN

o o ¥ ' = [ [
ATNAIAL ATUANNNITULIRITL.(pan) ﬁ\ig‘ﬂ 4.6



7U7 4. 6 TALATDITOUAZUNI

4.3 dN19EN1TNAK/RIUAENITAIL AN
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4314  QUUONNITUANAN IAEVAARILANANT 3545 0 (AOIMANHE) UATT 75+5 4

432 dmadaulaeinminazuineensldudafeseuznas InanaaasNansdiu 0:1

1:2 1:1 2:1 uaz1:0 (8n9l9udn Asanadanilud - andTipan Ndndau 1:1 aesnuin)

433  wweeynIrrestwldude  laanesediuna  100-200 uAseu  300-400

lupsau waz 600-700 luAsal

ANNENINARBITIMNAT L lunnsmaaesagl lifam e 4.1

ﬁ]’]ﬁ"]\‘iﬁ 4.1 MN’WEILZWILL’&ﬂ\mﬂ’ntﬂ’]?‘ﬂﬂ@’i’)\‘iﬁl‘fﬂ%ﬂﬁﬁ‘%ﬂ@@\‘l 30 @an1e

annae nsdnalpeninmin TUIABUNIAELIN GRIVIRY NAN

nmasesd | geldudaresneusmns (lupsaiy) nauanaN (o) | UANAN
(%Tm)

1 0:1 100-200 3545 36

2 0:1 100-200 75+5 36

3 1.2 100-200 35+5 36

4 1:2 100-200 75+5 36

5 1:1 100-200 35+5 36

6 1:1 100-200 75+5 36




R399 4.1 NUIELATLEAIANIIENIIN AR 1 1iN1IMAaed 30 aN1ag (5ia)
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BRINAIUIALIWNNLIN

ANNIY IUINBUNIALIN RV EFY IR
mimm@m‘ﬁ g9 AR FRENINTADE (Mm@u) NITUANAN (Osﬁ) UANAN
(%Im)
7 2:1 100-200 35+5 36
8 2:1 100-200 75+5 36
9 1:0 100-200 35+5 36
10 1:0 100-200 75+5 36
11 0:1 300-400 35+5 36
12 0:1 300-400 75+5 36
13 1:2 300-400 35+5 36
14 1:2 300-400 75+5 36
15 1:1 300-400 35+5 36
16 1:1 300-400 7545 36
17 2:1 300-400 35+5 36
18 2:1 300-400 7545 36
19 1:0 300-400 35+5 36
20 1:0 300-400 75+5 36
21 0:1 600-700 35+5 36
22 0:1 600-700 75+5 36
23 1:2 ©600-700 35+5 36
24 1:2 600-700 7545 36
25 1:1 600-700 35+5 36
26 1:1 600-700 75+5 36
27 2:1 600-700 35+5 36
28 2:1 600-700 75+5 36
29 1:0 600-700 35+5 36
30 1:0 600-700 75+5 36
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4.4 EMSNARDY

nanaaedldiiunmnaeseeliudouazansuznas 150 ndu waziBunningau 700
a aa aa A o é’
Hanans nn1Imeaes tedanImaaeaAll

441 sgnuaniavnsldadluniaun

442  Fealdudouazesuznas AINA19NT 4.2 uazianld lundausdeiignun

1 %
GH[G

;113999 4.2 BN ndRg AU lunnImeass

Fnndaulnginminaed vivin (9)

TN (I TR NPt g19dan b SNGTLARN AN ARE
0:1 0 0 150
1:2 25 25 100
11 < 73] 37.5 75
2:1 50 50 50
1:0 75 75 0

443 wingduasludninesaruau 700 Hadans wazsinllmaslundaun

444 adwdevn ladenliuiy dudaualisiwnugu  fanudausiuuny

nyunagt 4.7

dl = & o
Eﬂ‘l’] 4.7 NNTUANHDLANLLNUUHNL
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14

4.4.5 dlenyundeusnavlundunn 10 A ialdansnialunaniulénaw
4.4.6  Aeadad lHununyuinunaNieeuAiin 76 sauseuIN (NIAIULY

waA9lNALLIN 1) BuAULan e ldnanlunnsun 36 dqlug

a

447 Wenairsy 36 dalue Ueadedliiasasiganyu dadvdeun dnguingd

a

YAIATHAN AATTUANAN

448 wansnannldaslunsvilasagiitondagl 4.8 Uadliuuu wazinhineseu
sl

5117 4.8 nMamansnanadlunszilas
449 @uwiunisingamninisuanan  ldusealwaunsee 2 vaeadlusomu
% a :l/ | 4 a v dla
panFeu Inednseraanln visanudauntlszann 1 wusims deasvaen Tnaans it
nauenvesnsiann deuduneusie ) AduReiuiuneunmaseigun)ines (4.4.1-

4.4.8) WazinIipg M RTRIneuenudatann - daliadasmesinAtilla
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4.5 PSNAHAL
4.5.1 NSLATENLEUNARAL
WWITINANNNIATFIUGAAMNTTH (NBN.) 285 1an 3, 2521 [23]
4.51.1 ULNINA&AL
n) WHWan (steel panels) IngwanNuunssnatesnansiludl awluone
yaaNeanuum Latildenunngaasiu (fully killed cold reduced) NRTWNATRHBIUAN (grain
size) ldunnndn 0.03 RaAwms wazsiesdlA1aanauAdTle (Erichsen cupping) WeLWINALATA
lsiffaandn 10 RAaRNATVIULNBMANTNANNYLY 0.8 NAAWAT LHUMANAZFRINANUENL
a all a v dl 1 a a 1 a
we9RauaznsilaLuAdeaiign AranmenLasRaarsian iy 1.5 Tuasew
| @ 2 = | o | @ 2 = =<
1) UWHULanNtAdaUALN (tinplate panels) ﬂfmﬂuumummLm@@mqﬂmmu
N77NATIALEIN (cold reduction) AANNMLITELELMANTALa 1L 0.3 NAAINAT WAZAIINWLN
a dl A a = 1 o 96’ o o 1 1
PDIAYNALARDLR AN UIVINALEIMIN 24.0 NINFABAIILNAT ANHUUILAZIUIATDILHY
wianidauaynfiiuhlnaunszyldlusandsneasy
4.5.1.28answeanipenanisdag

v o

linseasnaiednguiunaga e liieninzay uazindnaananilsnill

' %
a o

aunsananlalasnisldarinazans AvRuIBeANTNIgNANAR ITUA AN T IR LY
wianian uslaevialuipasiiAnsesndn 0.7 Tulaswms Gedndiauanntnuiniime sy
N (Avsmu 0.7 lailpsins AAnuszanm 5 B 6 nfsignemms) N139AgALINILIIN
wuunisdauielagldnszasdaneunslusaiaandAImInANAL 220 (220  silicon
carbide grit)

nsdnguinmannszinlilaeiriesile Aamanududy . o
< dpguluuadunselufAnsianuiod s ue ey
- ﬁmgLﬂuLLuq[;TamnﬁuﬁﬂmqLﬁmumzﬁﬁ@ﬂgméﬁqLwﬂmﬂ”l,ﬂ
- Angdlumiasnanlas W dusruanudnanadszunni 8o 891100 Hadwas
aunszidldsengiglanandetueg

- Wadnguaia dasinAnuazanaununauldfesianiazais
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4.5.1.3 N13LFTeINLLELFIN
THUNUNARDLILIALTZNIDL 200 HARNAT X 100 NAALNAT X 1 HAANAT

%4 ¥

= 4’1 a ad o o © £ % 1 til £ % 2% % A A a
TANNUEL A TTAD desnasaniazaneliazatn daaaialiuriy LaAaaLATARaLIND

U

Foate Al duilouis 250-300  lulaswes neldngomgi 27 + 2 x

(gruuivieq) uan 150 daluanaliuds sunigamnd 50 + 1 %o unan 24 dalug

Q u

|
A %

waliauiaatin wdninldnaaay

4.5.2 ANNUUR (viscosity)

NARDLANUBAAIILATENIAAINURALLILYIANAR (brookfield viscometer)
AIgLN 4.9 NNPIT1TARAIERT AUEANLIAIERT AR AINTAINUNTNENAE

4.5.2.1 @en spindle TUIALLAS 5 uFUnAdeL N1 1 91 LazAedn UL
UHUUDILATDY

P =2 o ; X o P 4 a

4.5.2.2 18eULNUEAFA spindle 11 waztinnsvlasussansaaauile 119
TAumUs spindle agjAsananaan gy wazli spindle quasllluasindsuiaauiislinuan
ANLUUILIU spindle

4.5.2.3 Funyunawmas i spindle vy Iaaldaauiasan 100 sausaIuIn
o a = 1 1 dl % 3 dl o K 1 2 o [ 1 6 o
JU1an 30 3uP duAtnlidainuiilnueaases unnan udainigaiiuAwamefaassn

. (=3 dl £ P A A a 1 a . .
spindle WAZANITIIA LN 1mmmmuumﬁu@mwmmumslu‘wufm mumwmﬁ(oentmowe)

717 4.9 PFasinANULALLLLZANAR (brookfield viscometer)
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4.5.6 ANNNUALADIUILNAD (salt spray resistance)
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AN999 9.1 HANIINARBIANNTLIA

ANAINUTIA (CP) ANPAINUTIA (CP)
ane T 3 T 3 annae T 3 T 3 3
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100/11/75 1560.0 158(5.0 1560.0| | 600/11/75 700.0 740.0 720.0
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300/21/75 2860.5/ 2899.5| 2880.0
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ANINATNITD AYNNATNIED
an1ny Tunnmuussnszunn an1ny Tunnmuussnszunn
(5q—ﬂ@uﬁ) (i‘zq—ﬂ@uﬂ‘)
100/01/35 160 600/01/35 160
100/01/75 160 600/01/75 160
100/12/35 160 600/12/35 160
100/12/75 160 600/12/75 160
100/11/35 160 600/11/35 160
100/11/75 160 600/11/75 160
100/21/35 160 600/21/35 160
100/21/75 160 600/21/75 160
100/10/35 160 600/10/35 160
100/10/75 160 600/10/75 160
300/01/35 160
300/01/75 160
300/12/35 160
300/12/75 160
300/11/35 160
300/11/75 160
300/21/35 160
300/21/75 160
300/10/35 160
300/10/75 160
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AN

ANTLALINNTAALUIL (B)

AN

ANTLALINTTAALLIL (B)

Wiuf 1 | win@i 2 | Anede Weiuf 1 | win@i 2 | Anede
100/01/35 5 5 5 600/01/35 5 5 5
100/01/75 5 5 5 600/01/75 5 5 5
100/12/35 5 5 5 600/12/35 5 5 5
100/12/75 5 5 3 600/12/75 5 5 5
100/11/35 3 = 3 600/11/35 3 3 3
100/11/75 4 4 4 600/11/75 4 4 4
100/21/35 3 3 3 ©00/21/35 5 5 5
100/21/75 4 4 ...... 4 600/21/75 5 5 5
100/10/35 2 | 2 ........ 2 600/10/35 5 5 5
100/10/75 3 |0 3 ......... 3 600/10/75 5 5 5
300/01/35 5 9 5
300/01/75 5 o 5
300/12/35 5 5 5
300/12/75 5 S 5
300/11/35 3 | 3 | 3
300/11/75 4 4 4
300/21/35 3 3 3
300/21/75 3 3 3
300/10/35 2 2 2
300/10/75 2 2 2
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AMNAINITD N9t AR WA

ANAaNNIn Tunntlasiuatia

anNg (%) ANy (%)
WiUf 1 | wiufi 2 | Anede Weiuf 1 | wiufi 2 | Anede

100/01/35 100 100 100 600/01/35 100 100 100
100/01/75 100 100 100 600/01/75 100 100 100
100/12/35 75 L5 75 600/12/35 50 50 50
100/12/75 100 100 100 600/12/75 100 100 100
100/11/35 25 25 25 600/11/35 0 0 0
100/11/75 50 50 50 ©600/11/75 25 25 25
100/21/35 0 0 0 600/21/35 0 0 0
100/21/75 0 0 0 600/21/75 0 0 0
100/10/35 0 0 0 600/10/35 0 0 0
100/10/75 0 _O ..... 0 600/10/75 0 0 0
300/01/35 100 100 100
300/01/75 100 100 100
300/12/35 75 75 75
300/12/75 100 100 100
300/11/35 0 0 0
300/11/75 25 25 25
300/21/35 0 0 0
300/21/75 0 0 0
300/10/35 0 0 0
300/10/75 0 0 0
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RP-QC-002/R.00

UNION COMMERCIAL DEVELOPMENT CO.LTD.
RUBBER RESEARCH LABORATORY

TEST REPORT

R.T. 25 oC Lot No. : 440116001

R.H. 55 % : Date Of Collection : Jan.15,2001
Samplie Name : UCD - Rubber Powder 26 Mesh Date Of Test : Jan.15,2001
Made By : U.C.D. Date Of Approval : Jan.16,2001

TO : MmadmInanssunil 91w1ainsel ngamna  Shipped on January 16,2001. (20 kg.)

PARTICLE DISTRIBUTION| NO.I NO.2 NO.3 |TOTAL(g)| %

{6 MESH ON - = . - -

16-25 MESH 9.02 9.00 9.00 27.02 4.50

25-30 MESH 81.00 81.05 81.03 243.08 40.51

30-40 MESH 72.00 72.00 71.97 215.97 36.00

40-45 MESH ' 14.52 14.49 14.50 43.51 7.25

45 MESH PASS 23.46 23.46 23.50 70.42 11.74
TOTAL 200 200 200 600 100.00

Moisture Content 0.00 0.00 0.00

Fiber Content 6.00 0.00 0.00

Apparent Specific Gravity 6.47 0.47 047

Specific Gravity 1.65 1.05 1.05

APPROVEDBY : .../ ...
CHECKED BY @ ciiiiieiecmnnnencnannnn

TESTBY : 6\"““
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RP -QC-001/R.00

UNIGN COMMERCIAL DEVELOPMENT CO., LTD.

RUBBER RESEARCH LABORATORY

)T a5 C

R 35 Y

SAMPLEY NAMIZ - UCD-105 Reclaimed Rubber.
MADI BY : U.C.D.

SAMPLING BY © UCD. Inspector

TEST REPORT

LOT NO 440016012

CDATE OF COLLECTION - Jan.15.2001

DATLE OV

DATE OF APPROVAL

TS s Jan 152001

©Jan. 16,2001

BATCH NUMBER

Sample 10: mAddmns sundl pnRnTel nTaMmng | vass or rau “fest Method
Test liem Shipped ou January 16,2001(10 kg.) .
Chemica!  analysis Result Specification
Acclone extract Y 15.50 14.00-20.00 P . ASTM-D 297
Chlorofonm extract % - do -
Total extract %Y - da -
Carbon black % 25.00 23.00-29.00 P - do -
Ash Yo 6.00 4.00-10.00 P - do -
Rubber hydrocarbon % 50.00 45.00-51.00 P - do -
Muoisture %
Physical Properties Cured 20" @ 287 R
Moaney viscosity
(ML 1" +4' @ 100°C) 440 35.0-65.0 P ASTM-D 1646
Specific gravity (25°C) 1.16 1L13-1.17 p
ftarduess (Shore A) 50° 50°-36 r ASTM-1) 2240
Tensile strength (kefem’) £2.00 0 min P ASTM-D 412
Elongauon % 330.00 300 min |4 - do -
Modulus al 200% (kefem’) 1775 - p - do -
[] EsT RECIPE [~1 oSt RECPE
Reclaimed Rubber 100 (RHC)  100.0 (PUR) Reclaimed Rubber 100 (RIIC) 100.0 (PHR)
Zinc Oxide ' 506 Zinc Oxide 5.0
Stearic acid 1.0 Stearic acid 2.0
Sulphur 3.0 Sulpiu;r 3.0
Santeeure 1.0 Mercaptobenzothiazole (MBT) 0.5

Dipheny! Guanidine (DPG) 0.2 )
/7 / S

APPROVED BY @ ¢ / ........ . CHECKED BY fiiiiiiirecsrrmreseeneens TESTED BY @20l
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The Shell Company of Thailand Limited

SPECIFICATION
-, SHCLL MEXPHALTE R.83/23
Test Test Method Limits
Ductility @25°C cm.min ASTM D-113 3
Flash Point {COC). °C min ASTM D-92 200
Loss on Heallng % wi. max ASTM D-6 0.20
Penetraiion @25°C r 0.1 mm ASTM D-5 20-30
Softening Point R & B °C ! ASTM D-36 §0-80
Solubility in 1.1.1 Trichloroethane % wi. min AST™ D-2042 99
Specific Gravily @25/25°C ASTM D-70 1.01-1.06

For : THE SHELL COMPANY OF THAILAND LIMITED

On behalf of Salds l/d(\ﬁ(ral ‘Manager

*The Company reserves the right to change the information contain hercin without notice.

10 AUURUNTIATY ARBARE NTUNHUKIUAT 10110 UFD & L.ALA. 345 ATUNTEINILAT 10501
ns. 2490601 Tnnaw @ twed oANT T 87324 SHEWL TH  InTens @ 2490503
10 Soonthornkesa Read, Klangloey, Bangkok 10110 or G.P.O. Box' 345 Bangkok 10501
*.‘- Tel. 2490491 Telegram : Shell Bangkok Telex : 87324 SHELL TH Fax : 2490503
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qn‘ﬁ Designation: D522 - Q3a

Standard Test Methods for

'Mandrel Bend Test of Attached Organic Coa‘t_i'n_gs'l

This standard is issued under the fixed designation D 522: 1he number immediately following the designation indicates the vear of
ofigin2l adopdon ar. in the tase of revision. the yeas of last sevision. A number in parentheses indicatss the vear of ket reapproval. A
supencript epsiion (¢} indicaies an editonal change since the Jag revision or reapproval, -

This standard kcs been approved for use by agencies of the Depaniment of Defense 10 replace Mdlwd 6322 of Federal Tesl AMethod
Standard No. 141. Consult the DoD Indn o Speaj cations and Standards for the specific Year of issue which has been adopied by the

Dcpartment of Defense.

+ Scope
1.1 These test methods cover the determination of the

esistance to cracking (flexibiliry) of attached organic coat- .

ogs on substrates of sheet metal or rubber-type materials.
4.2 This standard does not purpont to address all of the
ety problems. if any, associated with its use. It is the
esponsibility of the user of this standard 10 establish appro-
wiate safety and health praciices and determine the applica-
ility of regulatory limirarions prior 10 use.

h

!, Referenced Decuments

2.1 ASTM Standards:

> D823 Practices for Producing Films of Uniform Thick-
ness of Paint, Varnish, .and Related Producrs on Test
. Panels” .

D 1005 'I':s' Methods for Measurement of .Dry-Film
Thickness of Organic Coatings Using Micrometers?

% 5 D 1186 Test Methods for Nondestructive Measurement of
- Dry Film Thickness of Ncnmagnetic Coatings Applied

+ 10 a Ferrous Base”

%D 1400 Test Method for Nondestructive Measurement of

7. Dry Film Thickness of Nonconductive Coatings Ap-

5, plied 10 2 Nonferrous Metal Base?

3¥ Summary of Test Methods ]

:r3.1 The coating materials under test are applied at uni-
form thickness 10 paneis of sheet metal or rubber-type
materials. After drying or cunng the coated panels are bent
ovcr 2 mandrel and the resistance 1o cracking of the coating
is determined. In Test Method A the coated panels are bent
over a conical mandrel. In Test Method B the coated panels
are bent over cylindrical mandrels of various diameters.

CI

4. Sigpificance and Use i

. 4.1 Coatings attached to substrates are elongated when the
_substrates are bent during the manufacture of articles or
Fhen the articles are abused in service. These test methods
“have been usefu! in rating attached coatings for their ability
10 resist cracking when elongated. They have been useful in
evaluating the flexibility of coatings on flexible substrates.

! These test methods are under the junsdiction of ASTM Commitiee D-1 on

Paim and Related Coatings. Marcrials, and Applications and is the direct N

i ibility of Subx itice D3I 23 on Physical Propenties of Applied Paint
Ums.

Cunrent editien 2pproved Sep~ 13, 1633, Published November 1993, Originalh
. Published a¢ D 522 - 39. Last prevsous edtion D $22 - 95,

dnnual Hook ol 1STAM Standzrzs. Vol 0601,

5. Test Specimens

‘5.1 Substrates:

5.1.1 If the purpose of the test is 10 determine the percent
of elongation of the coating material, the substrate shall be- -
cold-rolled steel strip V4= in. (0.8 mm) (22 gage) thick. &

5.1.2 If the purpose of the test is to rate the. coated

material for resistance to cracking. the substrate may be any ™ -

type of sheet metal or rubber-type material (for example;
steel, aluminum, tinplate, or synthetic rubber). The thickness
of the sheet metal may be less than Y32 in. (0.8 mm) and the
thickness of the rubber-tvpe materials may be as great as ’/2
in. (13 mm). K,
5.1.3 The recommended panel size is 4 in. (100 mm) m:"
width and 6 in. (150 mm) in length. The nraximum size that
the conical mandre! can accommodate is 4% in. (113 mm)
wide and 7% in. (190 mm) long. g

5.1.4 The surface preparation of the substrate shail be

agreed upon between the purchaser and the selier. Prior 10
the application of the coating. round slightly the edges of..
metal panels to remove burrs in order to eliminate anoma-
fous edge effects.

Note I—If dongatious are 10 be detsrmined for coatings applied to
substrates other than %2 in (0.8 mm) thick cold-rolied stecl. they must
be measured with a special mandrel jig as dcscnbed in Appendix Xi.2

5.2 Coated Panels:

5.2.1 Apply uniform coatings of the materials under test
1o the substrates in accordance with Practices D 823 and air
dry or bake under condinons mutually agreeable to the
purchaser and the seller. If percent elongation is w0 be
measured, a minimum thickness of 1.0 mil is required on 142
in. {0.8;mmj thick cold-rolied steel. Perform a mimmum of
three determinations of coating thickness on each of the
specimens in accordance with Test Methods D 1005,
D 1186, or D 1400. -

5.2.2 From precoated sheets cut at least three specimens

-of the size given'in 5.1.3. Use only plane (flat) sheets and

round the edges of the panels slightly as in 5.1.4. The coating
surface shall be free of oil and other foreign maner that
might increase the flexibility of the coating or interfere with
the observation for cracking. Measure the film thickness as
o 5.2.1.

6. Conditioning and Number of Tests

6.1 Condition the test specimens for at least 24 hat 73.5 =
3.5°F {23 % 2°C) and 50 = 3 % relative humidiry. and test in
the same environment or immediately on removal therefrom
unless otherwise specified by the purchaser and seller.

6.2 Test at least three replicate specimens in Test Method
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'FIG. 1 Conical Mandre! Test Apparatus

A and at least two replicate specimens in Test Method B at
each mandrel diameter of interest

TEST METHOD A—CONICAL MANDREL TEST

_7. Apparatus

7.1 Conical Mandrel Tester® consisting of a metal cone. a
rotating panel-bending arm, and panel clamps. all mounted
on 2 meta) base as illustrated in Fig. 1.

7.1.1 Cone, smooth sieel, 8 in. (200 mam) in length. \mh 2
diameter of ¥ in. (3 mm) at one end and a diameter of 14
in. {38 mm) at the other end.

8. Procedure

8.1 With the operating lever of the apparatus in a hori-
zontal position, slip the test specimen between the mandrel
and the drawbar with the finish side 1owards the drawbar.
- Rigidly clamp the specimen in 2 vertical position adjacent to
the mandrel by placing the long edge behind the clamping
bar in sach a manner that the panel is always set up to the
narrow ené of the mandrel. Slip two sheets of No. | brown
kraft wrapping paper. substrate 30, thoroughly lubricated on
each side with 1alc. between the specimen and the drawbar
and hold in position only by the pressure of the drawbar
against the paper.

8.2 Move the lever through about 180° ai uniform ve-
loctty to bend the specimen approximately §35°, If the
purpose of the 1est is to measure elongation, the bend should

be 15 s. To determine Crack resistance under more simulated

use conditions, the bend time should be about 1 s unless an
aliernative time is agreed upon between the producer and the
user.

8.3 Examine the bent surface of the specimen immedi-
awely with the unaided eye for cracking. Having determined
and suitably marked the end of the crack farthest from the
small end of the mandrel. which shall be considered as the
end point. bring the drawbar 10 the starting position and

*Conical mandrei 1wsiez. or equivaknl. available from BY'K-Gardner. Inc.
2:23F Linden lane. Siiver Spmeg. MD 20910 znd 1rom Pzul N, Gardner Co.. 31¢
N. E. First St. Pompan> Bzach. FL 330630088 has been found suiable for ths
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ELONSATION IN PER CENT

FIG. 2 Distance Along Cone and Corresponding Mandrel Size
versus Percent Elongation for Specimens on Cold-Rolled Steel 142
in. {0.8 mm} in Thickness

o 2 4 & B

remove the panel from the mandrel. Measure the distarice
from the farthest end of the crack to the small end of the
mandrel. This distance is used 10 compute the clongatio
The mandrel diameter at which cracking ceased is mkcn as
the resistance 10 cracking value.

Note 2—In some cases, the measured distance is used as a mcasure_
of crack resistance. o

. Calculation

9 1 When required. determine the elongation of thc ﬂmsh
from the plotted. curve in Fig. 2. This curve represents the

_ relationship berween the percent elongation and the diam-

eter of the conical mandrel for a 1.0 mil coating thickness.
The relation between the distance along the conical mandre!
and the corresponding diameter has also been plotied on this
Curve.

9.2 Adjust the percent eiongation value obtained from
Fig. 2 for coating thickness by adding the correction obtained
from Fig. 3.

NoTE 3—Exgmple—Suppose visua) examination of the finish on the
bent cold-rolled steel specimens %4z in. (0.8 mm) in thickness shows that
the end of the first crack io the ooating is at a distance of 3 ir. 75 mm)
from the small end of the cone. From Fig. 2 determine the percent
elongation of the film from the measured crack distance. in this example
5.2 %. To correct for coating thickness 2dd the value obtained in Fig. 3.
At a crack distance of 3 in. the correction per mil (25 pm) of coating
thickness is0.3 %. If the film thickness in the example is 2 mils (50 um).
the actual percent elongation is 52 + (2 X 0.3) = 5.8 .

10. Report

10.1 Repont the following mformation:

10.1.1 Mean and range of coating elongation or resistance
to cracking values for each specimen.

10.1.2 Meanr and range of coating film thickness for each
specimen.

10.1.3 Specimen preparaton procedures used.

10.1.4 Test conditons. and gy

10.1.5 Mean and range of elongation or resistance to
cracking. and film thickness for the replicate specimens.

11. Precision and Bias?
11.1 Precision—On the basis of an interlaboratory test of

< Supponing daiz a2tz avzilable from ASTM Headquanizrs. Reowss: RR:
DQi-1045Y.




75

I 3
- =
2o 15
.~ 5 Lt 11 v e
o x ] 13 o =
=z ! H=2
x T 3 47 &
-1 Jjz 2
- o 1 z
3 =
sd 3 os
Sz S
<« 3x 4 oo
g: / 123
gas i 5=
<2 -
3 = 2
na € 1 r:
n=7 | Ez
s J 4 22
© I~ =
. ife

© 01 0.20.3 0.40.50807 08 05 .0 LI 12 (3 1.4 15 18
CORRECTION YO BT ADDED TC PER-CENT ZLONGATION

FIG. 3 Cormection for Thickness of Film

limited scope® in which two coatings differing in their
flexibility were tested at two different times by operaiors in
three laboratories, the intralaboratory standard deviation was
found 10 be 1.5% clongation, and the interlaboratory
standard deviation was found 10 be 4.0 % ¢longation. Based
o these standard .deviations. the following criteria should be
used for at the 95 %. confidence level judging the accept-
ability of resulis:

111t Repeambz[m-—'l‘wo determinations each the mean

of duplicates . obtained by a single operator should be

considered 10 be suspect if they differ by more than 6 % in
elongation. .
11.1.2; Reprod-wcibility—Two determinations- each the
Fazzn of Juplicates obiainced by operaiors in different lavo-
ratories should be considered to be suspect if they dxffcr by
more than 15.% in elongation.
~11.1,3 Bias—Since there is no accepted reference material
suitable for determining the bias for thé procedure in these
test methods for measuring ﬂcxxbxhty bias cannot be deter-
mmed

<

TEST METHOD B—CYLINDRICAL MANDREL TEST

12. Apparatus [ -

2.1 Elongation Test Equipment,® consisting of rods or
surfaces. including cylindrical steel diameters of | in. {25
mm), % in. (19 mm), ¥ in. (1.7 mm), % in. (9.5 mm), ¥s
in. {6.4 mm), and ‘& in. (3.2 mm), mounied on a metal base.
An example of an acceptable form of this device is illustrated
in Fig. 4.-

13. Procedure .

1 13.1 Place the test panel over a2 mandre]l with the
uncoated side in contact and with at least 2 in. {50 mm)
overhang on either side. Using a steady pressure of the

fingers. bend the panel approximately 180" around the

mandrel at a uniform velocity in a time of 1 s unless an
alternative time is agreed upon between the producer and the
user. Remove and examine the panel immediately for
cracking visible to the unaided eve. If cracking has not

* Suitable appacatus or its equiralen: from BYK-Gardner Inc., 3435 Linden
L2ne. Silver Spring. MD 20910 and Pav! X. Gardner Cp.. 316 N. E. First Si.,
Pompane Beach, FL 33061-6688 has been found suitablz for this purpose.

© b

. FIG. 4 An Mustration of a Cyfindrical Mandrel Test Apparstus

TABLE 1 -

Elongation
* Mandre! Diameter, in. (mm) . Elongation. %
) 1 {25) 33
¥a {19) 44
2 (12.7) 6.75
34 {9.5) ; 9.0
Ya {6.4) 140
% (3.2) 280

occurred. repeat the procedure using SL'IOCCSSiVCi_\' smaller
diameter mandrels on previously untested areas of a spec-

" imen until failure occurs or until the smallest diameter

mandrel has been used.

13.1.1 This procedure can be applied as a ““pass/fail™ test
by determining whether cracking 15 produced by 2 specified
mandrel} size.

13.1.2 The resistance to cracking value for a coating is
taken as the mandrel diameier a1 whick cracking ceases.

13.2 To determine elongation of the applied coating.
follow the procedure giveriin 13.]. usine a bend time of 15s.
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TABLE 2 Correction for Film Thickness
Mandrel Diameter, in. {mm)

Correction Factor

1 {25) 0.21
3. (19) 0.26
va (127) 0.38
34 (9.5) 0.50
e (6.4) 0.71
A (32) 1.40

14. Calculation

14.1 _Detcrminc the elongation range of the matenal from
Table ! in which the elongation of 2 | mil (25 pm) thick
coating on 32 in. {0.8 mm) cold-rolled steel is given for each
mandrel diameter.

14.2 If the coating thickness exceeds | mil (25 pm),
correct the determined elongation for film thickness using
the factors for each mandrel diameter given in Table 2.
Calculate the total elonganon of the coating as follows:

E=e +1

where:
E = total elongation, %,

e, = elongation from Table 1. &

t = thickness, mils. and

¢, = correction facior from Table 2.
15. Report

15.1 Report the following information:

15.1.1 Mean and range of coaung elongation or resistance
to cracking values for each specimen,

15.1.2 Mean and range of coating thxckncss for each
specimen,

15.1.3 Specimen preparation procedures use¢

15.1.4 Test conditions, and -

15.1.5 Mean and range of clongation, resistance to
cracking, and film thickness for the replicate specimens.

16. Precision and Bias

16.1 Results are not available to determine the precision
of these test methods These test metheds have been in use
for many years and are considered acceptablc for cva.luzmng
the crack resistance of attached coatings.

17. Keywords
17.1 cracking; flexibility; resistance—cracking

APPENDIX

{Nonmandatory Information)

X1. RELATIONSHIP BETWEEN ELONGATION AND MANDREL SIZE

X1i.1 In the mandrel test, the specimens are clongated
considerably past their elastic {imit. Therefore, the elonga-
tions obtained are considerably higher than elongation
values calculated from a theoretical equation that is based on
the assumption that the elastic limits of the specimens are

pot exceeded.

X1.2 The elongation values corresponding 1o mandrel
diameters in Figs. 2 and 3 of these test methods were
obtained by direct measurements with a special mandrel jig.

The American Sociely for Testing and Materials takes no position respeciing the validity of eny patent rights asserted in connaction
with any Rem mentioned in this standard. Users of this standard are expressly advised that determinstion of the validity of any such
patent rights. end the risk of infringement of such rigits, are entirely their own responsibility.

This standard is subject Io revision &t any time by tha resp

ical fitee and must be reviewed evary live years and

i not ravised, edtter reapproved or withdrawn. Your comments are invited either for revision of this stancerd or for sdditions standards

and should be aocressed to ASTM Headqusrters. Your comments will receive carelul

ation &f & ing of the

P

technical commigree, which you may attend. if you feel that your comments have nol received & fair hearing you shouid make your -
views know fo the ASTM Committee on Standards, 1916 Race S\., Philadelphia, PA 19103.
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Standard Test Method for

Resistance of Organic Coatings to the Effects of Rapid

Deformation (Impact)?

This sundard is issued under the fixed desig D 3794: the

diately following the designation indicates the year of

origival adoption or. it the &ase of revision, the year of last revision. A pumber in parentheses mdxczl:s the year of last reapproval. A
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1, .:cope

1.1 This test method covers 2 prowdurc for rapidly
deforming by immpact a coating film and its substrate and for
evaluating the effect of such deformation.

1.2 This test method should be restricted to testing in only
one laboratory when numerical values are used because of
the poor reproducibility of the methed. Interaboratory
agreement is improved when ranking is used in place of
numerical values.

1.3 This standard does not purpont 1o address the safety
problems, if any, associated with its use. It is the responsi-
bility of the user of this standard 0 éstablish appropriate

" safery and health practices and determine the applicability of
- . regulatory limitations prior to use.

2. Referenced Docurnents

2.1 ASTM Standords:
* D609 Practice for Preparation of Cold-Rolled Steel Panels
" for Testing Paint, Varnish, Conversion Coatings, Lac-

quer. and Related Coating Products? 2

D823 Pracuices for Producing Films of Uniform Thick-
ness of Paint, Varnish, and Related Products on Tcst

. Panels®

D 1186 Test Methods for Nondestructive Measurement of
Dry Film Thickness of Nonmagnetic Coatings Applied
10a Fa'mus Base?

3. Terminologw

3.1 Descnpuan of Term Specific 10 This Standard:

3.1.1 impact resistance, of a coating—the pumber of
inch-pounds (kilogram-metres) required 1o produce cracking’
in the deformed coating. )

4. Summary of Test Method

4.1 The organic coatings under test are applied 1o suitable
thin mewal panels. After’ the coatings have cured, a standard
weight is dropped a distance so as 1o strike an indEiter that
deforms the ooatmg and the substrate. The indentation can
be cither an intrusion or an extusion. By gradually in-
creasing the distance the weight drops, the point at which
failure usually occurs can be determined. Films generally fail
by cracking. which is made more visible by the use of a

} This 1est metbod is under the jursdiction of ASTM Comminee D-1 on Paint
an¢ Related Coatings. Materials. ard Applications and is the direct ibiliny

magmﬁer, by the application of a2 copper sulfate (CuSO.;
solution on steel, or by the use of a pin hole detector.

5. Significance and Use

5.1 Coaungs attached to substrates are sub)ccted 10 d2m-
aging impacts during the manufacture of articles and their
use in service. In jts use over many years, this test method for
impact resistance has been found to be useful in prediciing
the performance of organic coarings for their ability to resist
cracking caused by impacts.

6. Apparatus

6.1 Tester. consising of 2 vertical tube 10 guide 2
cylindrical weight that is dropped on 2 punch resting on the
test panel? :

6.1.1 Guide Tube, 24 10 48 in. (0.6 to 1.2 m) long mounted
- --verticaily in a base plate, A slotis cut 1cngthmse on one side
of the tube 10 act as a guide for a cvlindrical weight that fits
inside the tube. Graduavions are marked in inch-pounds
along the slot. The base is construcied so thai a thin flar
panel can be inserted at 2 in. {50 mm) below the wbe.

6.1.2 Weigh:, metal cyvlinder, made 1o fit inside the guids
tube. A pin is fitted into one side of the weight 10 act 2s 2
guide by riding in the slot of the tube and 10 serve as a handle
by which the weight can be raised and released and serve as
the indicator of inch-pounds (kilogram-metres). ’

6.2 Indenter—A steel punch with 2 hemispherical heac
having a diameter of eitner 0.500 in. (12.7 mm) or 0.623 in.

. {15.9 mm). The head rests on the test panel and the punch i<

held vertically by a guide ning.

6.3 Panel Support—A steel<fixture with a 0.64-in. (16.3-
mm) diameter cylindrical hole centered undcr the indenter
for supporting the test panci.

6.4 Magnifier.

6.5 Pin Hole Detector.*

7. Reagents
7.1 An acidified copper sulfalc {CuSQ,) solution prepared

3 Suirable instruments are the Gardner-SPl Modified Variable Hapm Impac:
Tester. available from BYXK-Gardner. Inc. Gardoer Laboratory, 245328 Linder
Lane_ Silver Spring. MD 20910. 2nd the Universal Impact Tester Model No. i72.
available from Paul N. Gardner Co.. Inc.. 316 NE. Firn Si. PO Boa 10%§¢.
Pampano Beach. FL 13061-668E. :

4 Syjuable mstruments are the Elcometer 204 Pinhole Peiecwor. avaiiabis oo
El Inc.. 1893 Rochesicr Industrial Drive. Rachesier Hills, M1 SE3(9. Gie

of Subcommitiee D01.23 on Physica! Properties of Applied Paint Films.
Current edition approved Sept. 15. 1993, Pubtished November 1993, Originally
published as D 2794 - 69. Last previcys editioz D 2794~ 92,
' 2 annuci Book of ASTM Stancards. Vol 6L,

M/1 Holiday Deiecior. availabie from Tinker and Resor. P. O. Boa 28!, Sz-
Gabricl. CA 91778, the K-D Bird Dog HoBliday' Detector. svaiablz ffom
BYK-Gardner. Inc.. 233 Linden Ave. Silver Springs. MD 20916, and w2 Paui N,
Gazrdner Co.. Inc.. 316 N, E. Firs: Siwreel Pompene Beach. FL 3306C.
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by dissolving 10 g of CuSO.-5H.0 in 90 g of 1.0 N
hyvdrochloric acid (HCI).

8. Test Specimens

8.1 Apply uniform coatings of the malerial to be tested to
24-gage (0.025 in. or 0.63 mm]} stec! panels treated with a
conversion coating in accordance with Procedure A of
Practice D 609, unless otherwise specified. Prepare 2 mio-
jmum of four coated panels for the material.

Note 1—The coatings shocld be applied in accordance with Prac-
tices D 823, or as agreed upon between the producer and the user, Other

gage stee] pancls may be used if agreed upon berween the producer and
'Lbc I.lSCI
kK 2 8.2 Cum the coalcd panels under oondmons of humidity
and femperature. agmed upon between the producer and the
user.
¥ Nore 2—The thickness of the dry coarings should be measured in
T ccordance with Test Methods D 1186,

9._Condmomng

. 9.1 Unless otherwise agreed upon bctwocn the producer
:and the user, condition the coated test panels for at least 24 h
at 73.5 £ 3.5°F (23 #+ 2°C) and 50 + 5 % relative humidity.
Conduct-the test in-the same environment or immediately
oo removal therefrom.

-10. Procedure
. 10.1 Install the punch havmg the head diameter specified
-or agreed upon. Place the test panel in 1he apparatus with the
coated side either up or down as specified or agreed upon. Be
sure the panel is flat against the base support and that the
indenter is in contact with the top swface of the panel
.Lightly place the weight on the indenter and adjust the guide
~p1bcsolhatthelifting.pinisatthcmmark.Raiscthe
weight up the tube to a height where it is expected that no
sfailure will occur. Rdmsc the weight so that it drops on the
mdentcr

10.2 Remove the 1est panel from ‘the apparatus and
observe the impact area for cracks in the coating. If no cracks
are evident, repeat thé procedure at & greater height, in-
creasing | in. (25 mm)-at a time. Once visible cracks are

observed, repeat the test five times at each of three hcxggns- .

slightly above, slightly befow, and at that determined in the
gimmal.Tstmamndom&shxonsoﬁmanxmpamsﬁom
one height are not made in succession or on-one panel.

10.3 Examine the impacted areas for cracking by one of

the following methods:
- 10.3.1 Usc 2 magnifier to examine the area for cracks.
10.3.2 Hold a white flannel-type cloth saturated with the
acidified copper sulfate (CuSO,) solution (7.1) over the
_impacted areas for at least 15 min. Remove-the cloth and

The Amecican Society for Testing snd b

examine both the test areas and cloth for evidence of coppar
deposition or iron-rust staining respectively.

Note 3—The copper sulfate solution will not perform properiy on
zinc-phosphate-treated metal unless the conversion coating cracks.

10.3.3 To detect breaks in the film with a pin hole
detector, first connect the ground lead from the instrument
to-the bare substrate and connect the instrument to an
electrical power source. Moisten the probe sponge with tap
water and slowly draw the probe over the impact area. The
presence of cracks will be indicated by an audible alarm.

.10.4 For each inch-pound (kilogram-metre) level, tabulate
the number of times the coating passed or failed. The value
where the results chapge from mainly passing to mainly
failing is the xmpact fa.zlurc cnd pomL
i1. Report =

11.1 Report the following for each coating tested:

11.1.1 The inch-pounds (kilogram-mectres) at the impact
failure end point, :

11.1.2 Whether intrusion or extrusion was used,

11.1.3 Diameter of the punch used,

11.1.4 Thickness of coating,

11.1.5 Substrate thickness and type of metal,

11.1.6 Method of panel preparation, and ~ _

11.1.7 Atmospheric conditions under which the coated
panels were conditioned and tested.

NoTe 4—Because of the poor mproducibﬂny of this mcthod. the
reporting of inch-pounds (kilogram-metres} in comparing coatings for
impest resistarce - should-be - restricied 1o ope labosatory. For .
interlaboratory edmparisons, rankings of coatings. for impact resistance
should be reported.

12. Precision and Bias
12.1 On the basis of an intérlaboratory test in which
operators in six laboratories tested three paints having 2
broad range-of impact resistance on two metal substrates, the
between-laboratories coeﬂiacnts of variation were found to
be as follows:
Cocfficica of Variation

Intrusion, Exurusior.
" %, *
Brinde coating (less than 6 in.-Ib) 25 100
Average coating (berween 6 2nd 140 in.db) 80 100
Flexible coating (more than 140 in-5b) 10 ’ 2%

{0.625 in.-dismeter punch})

12.2 Bias—Since there is no accepted reference material
suitable for detérmining the bias for the procedure in this test
method, bias cannot be determined.

13, Keywords
13.1 cracking failure; evirusion indertation; intrusion
indentation; impact failure
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qgﬁj Designation: D 3353 - S5

Standard Test Methods for
Measuring Adhesion by Tape Test!

This sizndard is issued undar ine fixed demgnation D 3159; the number immediately following the designation indicaies the year of
original adopiion or. in the case of revision. the year of 1257 revision, A number in parenihesss indicates the year of iasi reapprovzel. A
superscript epsilon (e} indiciies an editorial change sines the last nevision of reapproval, :
These matiods have been apprared jor use by cgencies o the Deponiment of Defense. Censsd the DoD Index wf Specificorions ané
Standards for the specific year of izsuc wiich has been ocopied by the Deparunent af Defense,

1. Scope D 1000 Test Methods For Pressure-Sensitive Adhesive.
Coated Tapes Used for E!ccu—iml' and Electronic
Applications? :

D 1730 Practices for Preparation of Alummum and Alu.
minum-Alloy Surfaces for Painting* -

D 2092 Practices for Preparation of ch—Coalcd (Gal\z_
nized) Steel Surfaces for Painting®

D 2197 Test Methods for Adhesion of Orgamc Coaunzs b\
Scrape Adhesion®

D 2370 Test Methed for Tcnsxlc Propcrncs of Ommc

1.3 These test meyods cover procedures for assessing tne
adhesion of coating films to metaliic substrates.by apph-ing
and removing prcssurc—scnsm»c 1ape over culs made in the
film.

1.2 Test Method A is primarily intended for use ai job
sites while T2st Method B is more suitable for use in the
laboratory. Also, Test Method B is not considered. suitable
for films thicker than 5 mils (125 um).

NoOTE 1—Subject 10 2greement between the purchaser and the seller. Coatings® .
so Method Bican herused for thicker flms if wider-spaced.cns are 93330 Test Metbod for Pecl Adhcsxon of Pressurc-
emp Sensitive Tape of 180° Angle®

. 1.3 These test methods are used o establish whether the D 3924 Specification for Standard Enwronn«cm for Con-
adhesion of a coating 10 a substrats is at 2 generally adequate ditioning and Tesing Paint, Vamnish. Lacquers. and

level. They do not distinguish berween higher levels of Related Materials?
adhesion for which more sophisticated méthods of measure- D 4060 Test Method for Abrasion Resistance of Orzan..

ment are required, -Coatings by the Taber Abraser™ -

NoTE 2—h should be recognized that differences in adherabiliry of 3. Summary of Tat !\'Ie:hods

the conting surface car afectihe results Oxalned Wil cOHUnES B8 3 1 T terhod A—An Xecut is made in e fim 1o the
" substrate, pressure-sensitive tape is applied over the cut and

1.4 In multicoat systemns adhesion failure may occur  then removed. and adhesion is assessed qualitatively on the 0
between coats so that the adhesion of the coating system 1o 10 5 scale. ‘
the substrate is not determined. * 3.2 Test Method B—A lattice pattern with either six or - -

1.5 The values stated in inch-pound umits are 10 be  eleven cuis in each direction s made in the film 10 the -
regarded as the standard. The values given in parenthesss are  substrate. pressure-sensitive tape is applied over the lamtice
for inforrmation only. and then removed. and adhesion is evaluarted by companvon

1.6 This standard does nol purpori 10 address the safery  with descriptions and illustrations.
concerns. if any, associated with its use. It is the responsi- 3 - :

- bility"of the user of this standard 10 eswablish appropriate 4. Significance and Use
safety ond health practices and determine the applicabiliry of 4.1 I a coating is to fulfill its function of protecting of
regulatory: limitations prior 10 use. decorating a substrate. it must adhere 10 it for the expected

service life. Because the substrate and its'surface preparation

(or lack of it) has a drastic effect on the adheston of coatings.

a method.of evaluation adhesion of a coatiag to differcnt

2.1 ASTM Standayds: substrates or surface treatments. or of different coatings 10 .

D 609 Pracrice for Preparation of Cold-Rolled Steel Panels  he same substrate and treatment. is of consxd:rabk uscl’ul-
for Testing Paint. Varnish. Conversxon Coatings. and e in the industry. .
R’da“d Coating Products® . 4.2 The limitations of afl adhesion methods and the

D 823 Pracice for Producing Films of Uniform Thickness specific limitation of this tesi method to lower levels of
of PainL Varnish. and Related Products on Test Pznels? adhesion (ses 1.3) should be recognized before using it The

' intra- and inter-laboratory precision of this 12st methed is
similar 10 other widelv-accepted tests for coated substrates . .

2. Referenced Documents

T These 1est meathods are under ihe jurisdichon of ASTM Comminee D1 on
Paint and Related Coatings. Matenzlk. ané Applications and ars 132 direal

responsibility of Subce i D(1.23 or: Phxical Properties of Appit2d Paint - .

Films. 3 Anauct Boow o AST M Stanaards. Vol 161!,
Curreni edition ﬂDi’ro\ed Fet. 2 1¥9%. Published Apn! 1995, Onginally < 4nnuz! Boew ot ASTAS Sianacrds. Vot Q205

m.’»hshcd 3s D3R50 -71 Las "’r\)aus edition D 333y - 03, ! Annus Boek o ASTM Stgndardy. Vol (6.0

2 Annuct Book 0 ASTAS Stcndand., Vot iv e, ~ Amea! Bovsh 0 ASTA Stz W33 O,
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dfor example. Test Method D 2370 and Test Method
;p 4060). but this is partly the result of it being insensitive 10
kﬂ but large differences in adhesion. The limited scale o 0 10
§:was sclected deliberately 1o avoid a false 1mprcssxon of
$eing sensitive.

TEST METHOD A—X-CUT TAPE TEST

E_‘App'a'ratus and Materials

‘5_1 Cutting Tool—Sharp razor blade, scalpel, knife or
gtbcr ‘cutting devices. It is of particular i 1mponanoc that the
;unmg edges be in good condition.- - .

5,2 Cutiing Guide—Steel or other hard mcxal sumg_htcdgc
piepsure straight cuts. . -

3 Tape—Onc—mch (25-mm) wide scnumsparcm pres-
urascnsm\c tape with an adhesion strength agreed upon by
=y supphcr and the user is needed?. Because of the var-
Elny in adhesion. strength from batch-to-batch and with
ﬁc, it is essential‘that tape from the same baich be used
when.tests are 1o be run in different laboratories, If this is not
#&sible the test method should be nsed only for ranking a
Fies of test coatings.

5 4 Rubber Eraser, on the end of a pencil

‘5.5 Jlluminarion—A light source is helpful in determining
ibethcr thé cuts have been made through the film to the

1e.

lgfi‘&st Specimens -

51 When this test method is used in the field, the
«pecimen is the coated structure or article on which the
' Ahesion is'10 be evaluated.

6.2 For labozatory use apply the materials 10 be tested to

snels.of the composition an@d surfzcs conditions on which it -

adcsm:d to determine the adhesion.
Nore 3—Applicable test panel description and surface preparation
are given in Practice D 609 and Practices D 1730 and D 2092,

Notz4—Coannpshou!dbeappﬁedmaccoxdancevthucuce
1823, or a5 agreed upon between the purchaser and the seller.

Ncrzs—lfdmmdorsveaﬁcd.xheoomdmmdsmvbe
ub,caedwaptdxmmxryexpommmchaswawmmmon,nhspmy,
;Eibigh humidity before conducting the tape test. The conditions and
'meofaposumuiﬂbegovuncdbyummmngmotsha.lbc
ismcduponbctweenx_hcpumhascrmdscﬂcr i

| & Procedure

7.1 Select an area free of blemishes and minor surface

Iinpcrfccuons. For tests in the field. ensure that the surface is
3ean and dry. Exwremes in temperature or relative humidity
’nay affect the adhesion of the tape or the coating.

7.2 Make two cuts in the film each about 1.5 in. (40 mm)
long that intersect near their middle with 2 smaller angle of
;xtwecn 30 and 45°. When making the incisions; use the
r&raxghmdge and cut through the coating 16 !he substrate in
Pue steady motion.

7.3 Inspcct the mcxsxons for reflection of light from the
l’ctal substrate 10 establish that the coating film has been

E’Pcruncd”mnufactmadbyhrmLleBrmwick.NlO&NB and
vailable from various Permace! tapé distributors. is reporied 1o be suitable for this
Mposc.mmanu{mumohhuupemdzbemnu{mo(meupeuzdm

penetrated. If the substrate has not been reached maie
another X in a different location. Do not attempt to deeper.
a previous cut as this may affect adhzsion along the incision.

7.4 Remove two complete laps of the pressure-sensitivs
tape from the roll and discard. Remove an additional length
at a steady (that is, not jerked) rate and cut a plccc aboul
in. (75 mm) long.

1.5 Place the center of the tape at the mu:rsccuon or‘ ths
cuts with the wape running in the same direction as the
smaller angles. Smooth the tape into place by finger in the
area of the incisions and then-rub firmly with the eraser on
the end of a pencil. The color under the transparent tape is a
useful indication of when good contact has been made.

7.6 Within 90 + 30 s of apphwnon, remove the tape by
seizing the free end and pulling it off rapidly (not jerked)
back upon itself at as close 10 an angle of 180° as possible.

. 7.7 Inspect the X-cut area for removal of coating from the '

substrate or prev:ous coating and raie thc adhmon in

accordance with Lbc rollcwmg scale:

SA No peeling or remow.l.

4A  Trace peeling or removal z.long incisions or at Lheu' intersection,

3A  Jagged removal along i mcxs:ons up 10 e in. (1.6 mm) on either
side,

2A  Jagged removal along most of incisions up 10 ‘h in. (3.2 mm) os
either side,

1A Removal from most of the area of the X undcr!hc 1ape, and

0A Removal beyond the area of the X.

7.8 Repeat the test in two other locations on each test
panel. For large structures make sufficient tests to ensure that
the adhesion .evaluation is representative of the- whole

- surfacer” =

7.9 Afier making several cuts -examine the cuiting edge

.and, .if_necessarv, remove any flat spots or wirc-edgc-b_v——--

abrading lightly on a fine oil 'stone before using again.
Discard cutting tools that develop nicks or otber defects that
tear the fiim.

8. Report
8.1 Report the number of tests, their mean and range, and
for coating systems, where the failure occurred that is.

‘between first coat and substrate, between first and second

coat, etc.
8.2 For field tests rcpon the structure or article tested, the

location and the environmenta! conditions at the time of
testing.

8.3 For test panels report the substrate employed, the type
of coating, the method of cure, and the environmental
conditions at the time of testing.

8.4 If the adhesion strength of the tape has been deter-
mined in accordance with Test Methods D 1000 or D 3330,
report the results with the adhesion rating(s). If the adhesion
strength of the tape has not been determined, report the
specific tape used and its manufacturer. =

5. Precision and Bias®

9.1 In an intedaboratory study of this test method in
which opesfrs in six laboratories -made one adhesion
measurement on three panels each of three coatings covering

ib¢ interlaboratory study (see RR: DO1-1002). have advised this subc that
é:pmpauﬁofmu;{awmdungcd Users of 1 should. therefore. check
whether current material gives comparable results 1o previous supplied material,

J‘Suppoa"txng dai are mailable from ASTM Headouanerns. chucsl RR:
D0I-1008.
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a wide range of adhesion. the within-laboratories standard
deviation wes found 16 be 0.33 and the between-laboratonies
0.44. Based on these stzndard dewiations, the following
criteria should be used for judging the acccptzbilitv of results
at the 93 % confidence level:

9.1.1 Repearability—Provided adhesion is umform over a
large surface, results obtained by the same operator should
be considered suspect if they differ by more than | rating
unit for two measurements.

8.1.2 Reproducibiliy—Two results, each the mean of

triplicates, obtained by different operators should be consid- -

ered suspect-if they differ by more than 125 rating uaits.
9.2 Bias cannot:be established; for these test mcthods

TBT M'ETH OD B—GOSS—-CUT TAPE 'E'EST

-10 Apparatus and Materials
" 10.1 Cuming Tool—Sharp razor blade, scalpel, knife or
other cuting device having a cutting edge angle between 15
and 30%:that will make either a single cut or several cuts at
once®. It is of particular importance that the cumng edge or
cdges be'in good condition. . °

"~ 10.2 ‘Cutting Guide—~If cuts are made manually (as op-
posed 10 2 mechanical apparatus) a steel or other hard metal
stralghwdgc or template to ensure straight cuts.

10.3 Ru[e—Tcmpu'od steel mule graduated in 0 5 mm for
measuring individual cuts.

-10.4 Tape, as described in 5.3.

. 10.5 Rubber Eraser, on the end of a pencil.

10.6 Ilumination, as described in 5.5.

10.7 Magnifving Glass—An illuminated ngmﬁcr 10 e
used while making individual cuts and examining the test
area.

11 Test Specxmens ]

11.1 Test specimens shall be as described in Section 6. It
should be noted, however, that multitip cuners provide good
results only on test areas sufficiently plane® that all cutting
edges contact the substraie 1o the same degree. Check .for
flatness with a straight edge such as that of the tempered steel
rule (10.3).

12, Procedure

" 12.1 Where required or when agreed upon, subject the
specimens to a preliminary test before conducting the tape
test (see Note 3). Afier drying or testing the coating, conduct
thz t2pe test at room temperature as defined in Specification
D 3924, unless D 3924 standard temperature is required. or
a: - :
12.2 Select an area free of blemishes and minor surface
imperfections, place on a firm base, and under the illumi-
nated magnifier, make paralle! cuts as follows:

12.2.1 For coatings having a dry film-thickness up 10 and
including 2.0 mils (50 um) space the ants | mm apart and
make eleven cuts unless otherwise agreed upon.

12.2.2 For coatings having a dry film thickness between

" Multiblade cutters are available from 2 Jew sources that specialize in testing
quipment {or the paint industry. Ooe supplier that has zuinted in the refinement
\f these methods and of Test Methods D 2197 is given in footnote §0.
10 A -mukitip culter {or gomted prpe surfaces is pow available from Paul N.°
jardnes Co- 316 NE First S, Pompzno Beach. FL 533040,

2.0 mils (50 pm}) and 5 mils (125 pm) spacc thc cuts 2 mp-
apart and make six cuts. For films thicker lhan 5 mlh Use
Test Method A.-
12.2.3 Make .all cuts about ¥ in. (20 mm) long Qu
through the film 1o the substrate in one sieady motion usip;
just sufficient pressure on the cutting 100! fo havé the cunine
edge reach the substrate. When making successive single cu
with the aid of a guide, place the guide on the uncut arez.
12.3 Afier making the required cuts brush the film lighty

“with a soft brush or ns.suc 1o remove any dcmched flakes of

ribbons of coatings.

12.4 Examine the cutting edge and, if necessary, remove
any flat spots or wircedge by abrading lightly on a fine o3t
stone. Make the additional number of cuts at 90" to ang
centered on the onginal cuts. .

12.5 Brush the area as before and inspect thc incisions for
reflection of lght from the substrate. If the metal has no:
been reached make another grid in a Adiffersnt Jocation:

12.6 Remove two complete laps of tape "and discard.
Remove an additional kength at 2 steady (that is, not jerked)
rate and cut a piece about 3 in. (75 mm) Jong.

12.7 Place the center of the tape over the grid and in the
area of the grid smooth into place by a finger. To ensure
pood contact with the film rub the tape firmly with the erasers
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a0 he end of a pencil. The color under the tape is a usefu}
{nd,cauon of when good contzct has been made.
£:12.8 Within 90 & 30 s of application, remove the tape by

,ﬂz]nq the free end and rapidly (not jerked) back upon itself

4t as close to an angle of 180" as possible.
?,p 9 Inspect the grid area for removal ofcoating from the
ubstrate or from a previous coating using the illuminated
m;g_mﬁcr. Rate the adhesion in accordance with the fol-
ing scale illustrated in Fig. i:

The edges of the cuts uc compietely smooth; nope of the squares
'%, of the lanice is detach:
- Smal] flakes of the coaung are detached at inursections; less than
“* § % of 1he area is affected.
>-Small flakes of the coating arc detached along edges and at
i intersections of cuts. The arca affected is 5 10 15 % of the lattice.
34 Tbc has flaked along the edges and oa parts of the squares,
¢ arca affecied-is .15 10 35 & of the lanice.
Ihcmnngbasﬂakedﬂongtb:edgsofcuvsmh:gcnbbousaud
‘whole squares have detached Thc 2rea affected 15 35 10 65 % of
the lattice.
-y Flaking and detachment worse thag Grade ).

EEZXO Repeat the test in two other locations on each test
=) .

E"Repon

13 1 ‘chort the numbcr of 1ests, their mean and range,
for coating systems, where the failure occurred, that is,
een. first coat and substrete, between first and second
et

3.2 Report the substrate employed, the type of coating

d the method of cure.

13.3 If the adhesion stréngth has-been determined in

accordance with Test Methods D 1000 or D 3330; report the .
results with the adaesion rating(s). If the adhesion strength of -

.the tape has not been determined. report the specific tape

used and its manufacturer.

14. Precision and Bias® ) ‘

14.1 On the basis of two mtcrlaboraton tests of xhts test
method in one of which operators in six laboratories made’
one adbesion measurement on three panels each of three
coatings covering a wide range of adhesion and in the other
operatots in six laboratories made three- measurements on

two panels each of four different coatings applied: over two . -

other coatings, the pooled standard deviatons for within-
and between-laboratories were found to be 0.37 and 0.7,
Based on these standard deviatons, the following criteriz
should be used for Judgmg the aoocptabx]xt) of results at the
93 % confidence level:

14.1.1 Repeatabilitp—Provided adhesion is umform over
a larpe surface, results obtained by the same operator should .
be considered suspect if they differ by more than one rating",
unit for two measurements. .

14.1.2 Reproducibility—Two results, cach the mean of
duplicates or triplicates, obtained by different operators
shou.d be considesed suspect if they differ by more than two = .

14.2 Bias cannot be established for these 1est methods

15. Keywords

15.1 adhesxon. 1ape; crosscut adhmon Lﬁt method; taoe-

" adhesion test method; X-cut adhesion test method

APPENDIX

(Noamandatory Information)

X1. COMMENTARY

K!J Introduction- \

,‘XI 1.1 Given the comp.cxm&c of the adhesion process,
adhesion be measured? As Mintal (1) has pointed out,
e answer is both yes and no. It is reasonable 1o state that at

physical str{:ngth of an adhesive bond. But it can also
2 sud that it is possible. 10 obtain an indication of rclanvc

0 types: :mpIzed" and “direct”. “Implied” tests include
tation or scribe .techniques, rub testing, and wear
ing. Criticism of these tests arises when they-are used to
uantify the strength of adb=sive bonding. But this, in fact, is
not their purpose. An “implied™ test should.be used to &ess
ting performance under actual serviee - conditions.
Direct” measurements, on the other hand. are intended
expressly to measure adhesion. Meaningful tests of this type
are highly sought after, primarily because the results are

11 The boldfzce numbers in parentheses refer 10 the {int of reicrenees at the end
of this test method.

he present time no test exists that can precisely- assess the .

expressed by a single discrete quaumy, the force required to
supture the coating/substrate bond under prescribed condi-
tions. Direct tests include the Hesiometer and the
Adherometer (2). Common methods which approach the
direct tests are peel, lap-shear, and tensjle tests.

X1.2 Test Methods

X1.2.1 In practice, numcmm types of tests have becn
used to attempt w evaluate adhesion by inducing bond
rupture by different modes. Criteria deemed essential for 2
test to warrant large-scale acceptance are: use of a straight-
forward and unambiguous procedure; relevance to its in-
tended application; repeatabllity and rcproduabxhty‘ and -
quanuﬁabdny, including a meaningful rating scale for as-
sessing performance.

31.2.2 Test methods used for coatings on metals are: pecl
adhesion or “tape testing™; Gardoer impact flexibility testing:
and adhesive joint testing including shear (lap lomt) and
direct tensile (butt joint) testing. These tests do not strictly
meet all the criteria listed, but an appealing aspect of these
tests is that in most cases the equipment/insirumentation is
readily available or can be obrained at reasonable cost
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X1.2.3 A wide diversity of tests methods have been
developed over the years that measure aspects.of adhesion
(1-5). There generally is difficulty, however, in relating these
tests 1o basic adhesion phenomena. '

X1.3 The Tape Test

X1.3.1 By far, the most used test for evaluating coating
“adhesion” is the peel test. In use since the 1930%, in its
simplest version a piece of adhesive 1ape is pressed against
the paint film. The test consists of observing if the flm is
peeled off when the.tape is removed. The method can be
refined"to measure the force required for flm removal.
However, if the coating is removed simply by pulling off the
tape, the strength of the adhesive bond is at such a low level
as 1o be practically useless. Consequently, in most cases to
assess coatings of apprecizble adhesion, crosses or a cross-
batched pattern are cut into the coating, a tape applied and
removed. The coating removed is assessed against an estab-
lished rating scale If 2 coating debonds from merely ciitting
an “X” and not applying tape, the adhesion is also very poor.

X1.3.2 The current widely-used version was first pub-

lished in 1974; two test methods are covered in this standard. -

Both test methods are used 10 establish whether the adhesion
of a coating to a substrate is at an adequate level; however
they do not distinguish between higher levels of adhesion for
* which more sophisticated methods of measurement are
required. Major Hmitations or the tape test are its Jow
sensitivity, applicabiity ooly-to coatings of relatively low
bond .strengths, and non-determination of adhesion to the

substrate where failure oocurs within 2 singlé coat, as when

testing primers alone, or within-or between coats in
multicoat systems. For multicoat systems where adhesion
failure may. occur between or within coats, the adhesion of
the coating system to the substrate is not determined.
X1.33 Repeatability within one rating unit is generally

observed for coatings on metals for both methods, with

reproducibility of one to two units. The tape test enjoys
widespread -popularity and is viewed as “simple” as well as
low in cost. Applied to mezals, it is.economical to perform,
lends itself to job site application, ‘and most importantly,
after decades of use, people feel comfortable with it.

FiG. X1.3  Peei Profite (6)

X1.34 When' a (lexible adhesive 1ape is applied 10 ,
coated rigid substrate surface and then removed, the remava
process has been described in terms. of the “peel phenop;.
enon,” as dlustrated in Fig. X1.1.

X1.3.5 Peeling begins at the “toothed™ leading edge (5
the night) and proceeds along the coating adhesive/interface
or the coating/substrate interface, depending on the relative
bond swmengths.. It is assumed that coating removal occurs
when the tensile force generated along the latter interface, -
which s 2 function of the rheological properties of the
backing and adhesive laver materals. is greater than the
bond suwength at the coaung-substrate interface (or cobesive
strength of the coating). In actuality, however, this force is
distributed over a discrete distance (O-A) in Fig. X 1.1, which
relates directly-to the properties described, not concentrated
at a point (O} in Fig. X1.1.2s in the theoretical case—though
the tensile force is greatest a1 the origin for both. A Significant
compressive force arises from the response of ‘the tps
backing material to being stretched. Thus both. tensile and
compressive forces are involved in adhesion tape testing.

X1.3.6 Close scrutiny of the tape test with respect 1o the
nature of the tape employed and ceriain aspects of the
procedure itself reveal several factors, each or anv combina-
jon of which can dramatically affect the results of the test as
discussed (6). *Eis :

X1.4 Peel Adhesion Testing on Plastic Substrates

X1.4.1 Tape tests have been criticized when used for
substrates other than metal, such as plastics. The central
<issues are that the test on plastics.lacks repredusibility 2nd
does not relate to the intended application. Both concerns
are well founded: poor precision is a direct result of severzl
factors intrinsic 10 the materials employed and the procedure
f1self, More importantly, in this instance the test is being
applied beyond its intended scope, These test methods were
.designed for relatively ductile coatings applied to meta!’
substraies, not for coatings (often brittle} applied to plastic
parts (7). The unique functonal requirements of coatings on.
plastic substrates cause the usual tape tests to be unsatisfac-
tory for measuring adhesion performance in practice. . .-

X1.5 The Tape Controversy

X1.5.1 With the withdrawal from commerce of the tape
specified originally, 3M No. 710, current test methods no
longer identify a specific tape. Differences in 1apes used can
jead to différent resulis as stall changes 1n backing stiffness
and adbesive rheology canse large changes in the tension
area. Some commercial mapes are manufactured to meet
mipimum standards. A given lot may. surpass these standards
and thus be suitable for general market distribution; how-
ever, such = ot may be a source of serious and unexpected
error in assessing adhesion. One commerdially available tape
test kit bad included a tape with adhesion strength variations
of up 10 50 % claimed by the manufacturer. Also, becaust

" tapes change on storage, bond strengths of the tape may

change over time {7, 8).

X1.53 While there are tapes available thar appear. 10
deliver consistent performance. a given tape does not adhert.
equally well to all coatings. For example, when the peel .
removal force of the tape (from the coaung) used earlier by -
Task Group D01.23.10 10 establish precision of the method.
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by 3IM No. 710 was examined with seven differem clectro-
" magnetic interference/radio frequency interference (EMI/
" RFI) coatings. it was found that. while peel was indeed
consistent for a given coating. the value varied by 25 %
petween the highest and lowest ratings among coatings.

‘Several factors that contribuie 10 these differences include

coating composition and topology: as a resull. no single 1ape
_is likely to be suitable for testing all coatings. Further. the

‘1ape 1est does not give an absolute value for the force.
srequired for bond rupture, bul serves only as an indicator -
#that some minimum value for bond strength was met or’

ceeded (7, 8).

§X1.6 Procedural Problems

X1.6.1 The1ape test is operator intensive. By design it was
tmade as simple as possible to perform, and requires a
wpinimum of specialized equipment and materials that must
Emeet certain specifications. The accuracy and p.ocision
iepend largely upon the skill of the operator and the
pperator's ability to perform the test in a consistent manner.

steps that directly reflect the importance of operator skill
clude the angle and raie of 1ape removal and the visual
E.ns&mpm of the tested sample. It is not unexpected that
different operators might obtain different results (7, 8).
“.X1.6.2 Peel Angle and Rate: The standard requires that
he free end of the tape be removed rapidly at as close to a
380" angle as possible. If the peel angle and rate vary, the
Jorce required to remove the tape ¢an change dramatically.
earfy linear increases were observed in peel force ap-
foroaching 100 % as peel angle was changed from 135 10 180,
. §ndsxmﬂarlargc differences can be expected in peel force as
rate varies. These effects ars related as they reflect
Fertain rheological properties of the vacking and adhesive
fhat are molecular in origin. Variation in pull rate and peel
Sngle can effect large differences in test values and must be
minimized to assure reproducibility (9).
" X1.6.3 Visual Assessment: The final step in the test is
eisual assessment of the coating removed from the specimen.

which is subjective in nature. so that the coz2tings can vary

among individuals evaluating the same specimen (9).
X1.6.3.1 Performance in the tape test is based on the .

amount of coaling removed compared to a descriptive scaie.

"The exposure of the substrate can be due 10 faclors other

than coating adhesion, including that arising from ths

“requirement that the coaung be cut (hence the synonvm
. “cross-hatch adhesion iest™). Justification for the cuttipg siep

is reasopable as cutting provides a {ree edge from which
peeling can begin without having to overcome the cohesive
strength of the coating Jayer.

X 1.6.3.2 Cutting might be suitable for coatings applied to
metal substrates, but for coatings applied 1o plastics or wood,
the process can lead 10 2 misleading indication of poor
adhesion due to the unique interfacial zone. For coatings on
soft substrates, issues include how deep should this cut
penetrate, and is it possible 10 cut only 10 the interface?

X1.6.3.3 In general, if adhesion test panels are examined
microscopically, it is often clearly evident that the coating
rermoval results from substrate failure at or below the |
interface, and not from the adhesive failure between the
coating and the substrate. Cohesive failure within the coating
film is also frequently observed. However, with the tape test,
failures within the substrate or coating layers are rare because” -~
the tape adhesive is not usually strong enough to exceed the
cohesive strengths of normal substrates and organic coatings.
Although some rather brittle coatings may exhibit cohesive
failure, the tape test adhesion method does mot make
provision for giving failure locality (7, 8).

#1.6.4 Use of the test method ‘in the fi€fld cad lead w0~
variation in test results due to temperature and -humidity
changes and their effect upon tape. coating and substrate.

X1.7 Conclusion )
X1.7.1 All the issues aside. if these test methods arc used

within the Scope Section and are performed carefully, some

insight into the approximate, relative level of adhesion can

be gained.
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