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Abstract

A study of effect of plasticizers on properties of acrylonitrile butadiene rubber (NBRY);
the first step was to study the effect of DOP (Di-2-ethylhexyl phthalate) on mechanical
properties of NBR. The highest points of tensile strength and %elongation at break were
achieved when 10 and 5 phr of DOP were added, respectively. The 300% modulus
reduced when the amount of DOP was more than 10 phr.. The more DOP was added, the
less hardness of NBR was obtained. '

The second step was to study the effect of CP (Chlorinated paraffin) when used as
a co-plasticizer with DOP on NBR. It was found that the addition of CP with DOP gave

almost the same results as DOP only. However, the cost of CP is cheaper than DOP.
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—_ CH
CH=CH
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CH,—|—
N
(L)
— CH, —GH—CH,—CH—\—
CH CH
Il {
i CH, CH,
N

CH,
CH=CH

(o)

|
—|—CH,— ?H~ CH,—CH —}
CH
Il
CH,

—|—CH,~CH ——|-

CH=CH,

(d)

-
CH
T
CH

11 2.1 Tassadroweslwdfiinladu (a) trans-1,4 addition, (b) cis-1,4 addition,

(c) vinyl-1,2 addition, syndiotatic, (d) vinyl-1,2 addtion, isotactic, (e) vinyl

addtion, heterotactic or atactic [1]

Lo o~

Property

cis-1,4

{rans-1.4

1.2-1sotactic

1.2-Syndiotactic

Typlenl catulysts

Melting temperature, °C
Entropy of fusion. J/mol-K
Heat of Fusion. k)/mot

Glass transition 1emperature. °C

Critical surface tension of
spreading, y,. mN/m

Density, mg/m* (g/em?)’

Dislectric constant. €. 25 °C

Loss factor. tan &

Cabalt chelne
AlEt,
Chlorobenzene
(98-99%):2
(98%): 33.5
251.9.2=0.5
(98-99%): —95
(“High™: - 102
32

(98-99%1: 1.01

VCIL AL,

(99-100%): 97, 145"
(99-100%): 26.8, 11.3"
4.184. 10.0 = 4.2, 4.60"
=107

(94%): —83

k)|

(99-100%): 0.97. 0.93
251
0.002 (30 Hz)

CrNCPhy,,
AlLt,

(AlCr>10)
(Y9%): 126
-15

25

(9% 0.96

CUNCPh),

AlE1,
(Al/Cr=2)

156

~15

25

(Y87 .96

“Madifications | and 11, respectively.
MA4F cis-1.4, 42% wans-1.4. 14% vinyl) ~0.895.
Source: Reference 4 and 9.
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2.1.2 swezadlaluniadaniladn (Acrylonitrile butadiene rubber, Nitrile
rubber:NBR) [3] '
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phosphomolybdate wIasunauszridean loduaslavasd lafudny waudludiuse
Ayniludadalfiten Fgumaf (2.1)

CH,=CH + NH, + 110, — CH,=CH + 3H,0
| | w(2.4)

CH, CN
hxes  Gudwnnufieneendietuvesiafiin  92ld  Acetaldehyde uag
Cyanhydrin a@melm‘lﬂa,ﬂﬂa'tumamum@u Toels Pd Lﬂumrsaﬂgnsmluﬂgnsm
S diFumsh (2.2)

CH,=CH, 2, CH CHO CH,—CH—CN —X CH —CH
, (2.2)
OH CN
adad [ a aaa ' ta a o P
e umsifedfitesevinlnsRiuussnsaluesn dssumsh (2.3)
4CH,=CH + 6NO —> 4CH,=CH +6H,0 + N, :
l | (2:3)

CH, CN

o [ 4 ~ P} LA %
mueTouuauainafvasdimleduurasluie 2.1.1
gaslanaiouazqmanifyzes NBR

™ o PV o
gaslassnienaluves NBR Hluasi

—(—CH,—CH=CH—-CH,+—(—CH2—(IIH+
CN
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2.2 A1ILANUAY (Additive) [4]

Wumnefiflfidusdunesiefldvmeria  IduinasdnsfiamesTuon
(Thermosetting) uszinaslawana@n (Thermoplastic) TwisBmalawas (Elastomer) use
879 (Rubber) Lﬁaw‘i'w‘%amqm&uiﬁmoazhelﬁuﬁwaﬁma*f maduudiinrfiad
mmmlﬂﬁﬁ’uwmaanuazma%olﬁqmau%mﬁauﬁu wnzriiaflfiamziunasan
v3aevathslasthanils Wutfleznsndimandaussilsmumarndusulaun

1) Valcanizing agent {lussflddmiusine Crosslinking $¥WINILFURILARN
w3 loun Masdn waseanlod lanzeanlod ofiu uasisu Sludn

2) Cure activator ifumsildnsdulwiAaufAsenianlwady dnldifAsadn
dopudnlaifl  Activator asvilwlaiifelfiseriaenluadu wadhaesdasldion
wiwainn Activator fifielsldun sdanled wunfi@ousenlad wszaziisenlod
éﬁﬂ%’nng;mao Organic activator léurl Stearic acid, Palmitic acid, Lauric acid W3awan
Polyalcohol 'léluri Ethylene glycol sz Amino alcohol

3) ML39 (Accelerator) tumsiisuNFandan uotu mm’aﬂﬁﬁ‘%mi{ﬁmw
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4) Wawsad (Filler) HumsilfidmAediugSinm teaaduny udlaimaiing
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2.2.4 miudslszinnussnaadloigasauansmensifa [4) ldund shduus
. . a a a AN o
(Mineral oil) WRWEAINTITNTNA (Natural product) URSWAIEA Lot ldenns
AR (Synthetic plasticizer)
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2.2.4.2 HaNSANETINGIA (Natural product) uvadungulng 9 ldun
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. Qv A Qs [ L A =3
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) . . a ! o v
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4 . a
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1) Binafwanadlanoe (Ether plasticizer)
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Q) Qs o 1 A ] ] [] [

1910 NBR uaz CR dasawfivanzaufia 5-30 phr udezszmednsdeldinansiuniasoe
e o 2| a
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2) laRNaTWaNga Loias (Ester plasticizer)

unmidgrademnaivmad imgadldud - mafudpnmate Uiy

QAcy a - o A a e < [ a [
Ausulidlumniavielfiufigamniids  Wamniemmeinesd lesadezranny

-} a 4 P d 1aaca ‘a Qs
wilavasmsdsznauuszangumniimething - Swzaannuiiesiudideisn oty
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s a ¢ 1 VoK o &
osinaTwansa e suteldiliu 5 dsziandsit M
n. Waniea (Phthalate) uwwana@ lmaeinfeuldnuna g9 1u Tasldun
a y o4 ae @ o o
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Unénglalasmiven R) wfidwnezasuvasnivanagszning 4 fis 10 agaau ¥im
A Qs Qv Qs o 3 A [3 ] A’
wanldiululleginldurddaadedalyd

Abbreviation Phihalate

pBP Di-n-butyl phthalate

pIBP Diisobuty! phthalatc

kaP Di-n-hexyl phthalate

DNHP Di-n-heptyl phthalate

DIHP Diisohepty! phthalate

pop Di-2-cthylhexyl phthalate

DAP Prcdominantly branched C-7—C-9 phthaiate
piop Diisoocty! phthalate

L79P Predominantly linear C-7—C-9 phthalate
610P Linecar C-10—C-16

DNP ) Diisononyl phthalatc

gi0P Linear C-8—C-10 phthalatc

L711P Predominantly lincar C-7—C-11 phthalate
DIDP Diisodecy! phthalate

Lot1p Predominantly lincar C-9—C-11 phthalate

o o A o

mufenifiasnainaa® s sivanzsy 9eRanIonn 2 Ussnishe

- SuuazaaNvaImsuauluseltudazdnl

- psenwasana lsudssTns
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a a |
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A' 5 -] (v
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o o RER x
. NTIATMIHES (Processibility) &l48n2%
Qi b4 Qr ] ! iy “ o/
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&
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. anuanladiag

A O AW N~
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4 at 2
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Y v A Y A
msIaJLmqmg@ﬁnlﬁ&&iﬁmtﬁ@%qmqnngwhuaﬂm asanrhniaails
. & -
e MIgEIwInitalElusSunm 5-30 phr AUFNUANIMEMNTBIINILER

o o A
wanad e funsriausastiluaisn 2.2

4 a
A179N 2.2 qmauﬁmmamumwmmﬂmqLamwmammﬁa{ [5]

dhwinluians

o o e 23

ATHANER Np
AANNDWINNIE 23" 0/23 %

anunila, wwinesdn 23" 60 60 17 103
atulve, o 46 46 40 37
adauds,’ s -55 45 <-36 -53
anusule, wu. Usanf 200°s 1.3 1.0 9 0.3
90LA8A, " B/uN. Usan 231/5 236/5 340/760 261/5
W, @ 218.3 218.3 171.1 229.4

a P! vd a .' « . A4
9. wmam‘lwnaﬁwalmqmmum (Low temperature plasticizer) fimsld
A o -} t s 1 ar A no' A
Lwaﬂsuﬂgommﬂ@mquua:mumummnmnﬂnmaaTmaqaﬂqquum WatSey
=) [ al [ P el a .' ; as . 1 o [Y)
Weaudunwmae  wned loaefivaldiaamnidfesldnuenn fimssaneldg
azanedn bad uaslinnunnwldtasnin
\ ' a A ad a e . . . 4 a
- Tasdulngwansd lowgaiiialdNguupfidneziiluwan Aliphatic diester Gaifia
911 Linear dibasic acid luga.l
ROOC~(CH,)-COOR
. . . e o Y] .. . . . 4 o
Dibasic acids HlTun e Adipic (n=4), Azeiaic (n=7) W8z Sebacic (n=8) azlails
3 AA’ A (A [ & &2 ¢=| a ° v oa
HORNAFRRFEATI NN maqmmaﬁmaswvlmuﬂuwanﬂqquwga idiAadym
{ Qs o o 1 o A cwd P=% ; (7 )
SaIMTALSNEFNLREMT LT mamwmwmmvlsmsnaﬁwal‘mqmﬂnum‘lmm

¥
Vet o

DBS (Di-n-butyl sebacate) 1¥ulddnuenmmpyszinn wilidaifefionmauld
Mgl uasTanung

DOS (Di-2-ethylhexyl sebacate) fuszanEnwlunmislfnusnn Fnmswmedn
mianuseuuszin uataiEudanauna
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DOZ (Di-2-ethylhexyl azelate) finmiauiidadreiu DOS uddaaniudndas 1u
legiiumanvas DOZ §omn5\1ﬁmﬂfﬁa§'ummuﬂw‘ﬁafjmhn'h
DOA (Di-2-eyhylhexyl adipate) Sinmauiiaaseny DOS uss DOZ udilfadas
e ldine Jadafamauns
Bisoflex 102 (Triethylene glycol ester of linear acid) ai'lmumfuaumﬁ'ﬂlu
luanawiny 9 dnulddlasawsiuens NBR uss CR
Bisoflex 111 (Buty! carbitol adipate) 53w la@nuensnm pilssnnussiiesend
mIsEMeen FafltszimBnmluggomniinda
Bosoflex 120 (Aliphatic ester) IFnuld@inuens NR uas CR nuanuiouldda 3
mysznee liazanesi ﬁmwﬁ’umtﬁmﬁﬂuﬁuﬁm Fansalfuny DOS uss DOZ
qmé'nvwmmwmaﬁ‘lsmenaﬁﬁa‘lﬁﬁqmﬂqﬁéﬁ lour anadhnuld :en ms
wwneld (Volatility) LL&“‘ﬂ':’l&lﬁﬂmiuﬁﬂmﬂnﬁﬁ'h (Low temperature flexibility) 811150
aﬁuw"lﬂmnsﬂ*n 2.3 Imlwmaﬂ'lwmmaﬂlumLmuaﬂlnmaﬂuﬂnmmmaﬂumn 9

&lﬂmﬂﬂ'ﬂmwﬂﬁﬂﬂ'l'nl’m El{lil%

LOW TEMPERATURE FLEXIBILITY .

.;d
pIDA i
&
3 DOA
Jb%. DL75A j
< pos 120 oz & §
DN bES &
" 102 £ =
g \ 111 5
é > g = 123 / Q
3 - g @ Slo ° >
- ~ [ 4 - Ia] - < 3~ < *
[ o -~ o U - 8 2 - | a -
5 2| “lgz .4 - ° .= 5
: DOA
= g Q sl A S g
@a DIDA S, ¢
/ S s z
/A  pLI9a b 8 8
Za 120 %
fal
s 723 Q‘Qz,
11
102
DOz
bBS DOS
COST
Bisoflex 102 = Tricap = Harwick SC
Bisoflex 111 = TP9S
Bisoflex 123 = TP90B = BCF

o o | 1 e
71U 2.3 qudnsmzyasvemmad sz fieldfgmugiian 7]
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f. wmaﬁhmaﬁﬁal%a'mﬁqmwgﬁga (High temperature plasticizer) 1%
am‘l@ﬁﬁqwﬂgﬁg\‘l fudUnininmiooniivhnien  wssmssmedn  uafinany
wiesdoUizensondiatu T .

DTDP (Phthalate ester of tridecanol) UszEnSmwiwnais mwwﬁﬂga nusin

Bisoflex DUP (Phthalate ester of predominantly linear undecanol) fuszdnSnw
WRZMINUANUTAUANTT DTDP UasTIuAINUENIFUATIZA LoR

TOT (Tri-2-ethylhexyl trimillitate) NuaRToWlHANI DTDP uae DUP fiany
dumumsrndtuweiiwe Sefiaduuasi '

TL79T (Trimillitate ester of predominantly linear alcoho!) ﬁém’;um{uaumﬁﬂ
C-8 fiUnfninmwénit TOT uaznuanusaudinidnies Jaudumudamssy
ftunefiuefrfieauuaziin

Vulkanol OT (Ether thioether) ﬁmwﬁwziuﬁqmwgﬁ@‘iﬁ uanuanusoulad 1
nwlanuenmaneriia Svaefamaiunsann

3. msilesriums@al (Flame retardant) saulngjiluanswanwesna aels

Wwwanad lowwesluenssaunseh w‘flalﬁmqﬁqmamﬁﬂmﬁ’umsaﬂw 15vimann
fudss uasduln udu uiemnansadlooedeluldtuensindnsalsndn s
mnﬂaa'%u%eLﬂumuﬂs:nawaﬂuLaqaﬂﬂﬁ’[maqaﬂaaﬁ'umsﬁﬂ‘lwagjué"'z

9. 7iafiinaunmuaIs.(Permanent) JWuinswanindiosina$

3) Chlorinated Hydrocarbon

9218 Chlorinated paraffin NUgN9UsZ3nGe 20 phr Lﬁaaﬂqmam}?laﬂ‘lwmmmo
:T"nl‘ﬁﬂs:mmmnn'hi{mw:gmLﬁaqmmﬁ‘ﬁmamamw snsffinnsdwiiussdiszney
B CR aasaatSanasslddinin 10 phr anfinisusa Chlorinated hydrocarbon NU
Antiminytrioxide

4) Polycondensation-and Polymerization product

Hunwmnadlmaeiiduiuniasusinn§itenismuuinussnetiue lnodu
furidtnagaealudt

Polyester of adipic-and sebacic acids uag 1,2-Propyleneglycol uwangdles
wweiirmesnusslandeuda Tagannldtu NBR Lwin'lsﬁ@mjuﬁqmﬂqﬁeimﬂsjﬁwh
monomeric ester

Alkyd resin \RuaMumunzsulwiy NBR lun1svih Extrusion

Polymerization product 91n Croten aldehyde ludataelvRasasnizansdm

: &
sdsualuiaang
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» Qs A J A‘ o e
BR, SBR, NBR, Uaz EDPM i#a3 s 3130 lanuenudsnasgramsdaudian
& a ¢d o M o '
Wunwangd losasnana W lduastieaan sy
Takifler LHaINENIRAATIEANULIIG G0 anINeIsITuTa Sedaeiinmnay
= A a e & o« . 4 a a P w P
msmum‘lﬁLwamefgmauwmmu”Lﬂun Takifier SauRuaNumiluazgeuiuniefiya
1 § * o Q A Qo ‘e Qo [ Qs
daianszninemey ssasldanuwiisnanssaefadhivnmsianlus wdnss
a Y a & a o “ e de o o [
s bududensesianumiionRuduanias drasn9uag Takifiers AN TINTU
NBR uaz CR fia Xylol-formaldehide-resin uaz Koresin  msldisdulalasansvew via

LITUSIATIEN (5% Alkyd resin 9zgaeWenshulda
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T T TR YRR BT N

'Y} ) ')
2.3 lasvaswnaldsasnalnnanad loasn 5
a 4 [ a s a ar A
sunnNAagNuUNR INWaNaA Lol TupaL IS % m:uammlugﬂ 24 Taah
a ¢ @ A o . . A d P2} ° o
wailuainanasdisnwmsananned Fringed micelle lagasfisufiiusifavduwantos
| ' A . o« o 4 a & ' . o @
ananaunbiiusadeoy fsflagnaly vdmasluanarmalngsndany
N s Qw A Qs Qv [ r A’ Id [}
ptiansetuluaneaefissdaduimdule snwniezlanuiusidouwssamalng)
A v a . [y o K e © o A
Wesnafinzyh fifiandn (Crystallite) uirnudaduda nslundnazinalvwaiiue i
~ A’ A 0 A [ s A 1 ] <2 [ VIr-3 -] 4
anuudnty  lwunefsmidueiugs magsszmwamzﬂ'xlﬂm@mnuquu
‘g y ' A« a LY ) 1 ' c:l <) . '
Runestasivvessiuniivesugweslisasiuannnindiufiliundn

Polymer

Antiptasticization
Plasticizer

Moderately Plasticized Highly Plasticized
Polymer . Polymer

U7 2.4 nalnwanadlowsunansdn 5]

038642
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fusunasd losasmwtasdhliluedny  wfusrlvsinastesnaiia
! P} A A A:l 1 dd o [ o o
A LmﬂuLaqa&l'[amamnmsmnam LA lUNTINWARA ke s wiwtiasun WaNse
] Qs Qv o Qs o *~ ] A G o/
lmwaferlimunsadhiuldiuedudousids 9 Simatisiunlalonaudin Taeesd
(%] - s -3 A cl a ] b
um‘[uulumsmnﬂmmamlumsmaauﬂmaﬂmaqawaaL&las‘ wazinadanT Ity
Qo Qs ® [ 74 o A T a ¥ Q =3
wasung  sudinaesyildisfunfinnauds Seamnadumuusfgenidanediaes
Qo ) o ] o [ Y] ’ ar ) A‘
#aN  udeslinnudumudausinssunnussdnnudiumuusiiiadesndn Snuasttud
' A‘ a) Qs . . s . o ; a
Funimalnuonawanad kot (Anti-plasticization) nalnsneaisswyldlunefiue$
473N Polycarbonate (PC) Polymethyl methacrylate (PMMA) sz Nylon 66 S%SUnIn
=3 d Qs [ ¥ o -3 ) 3 o Q A
wawasnninaulaun #3%i58u uszlawefiwa$ing eewuidiwiu5anm DoP fif
(] v Lo o o J ] A nl
fi1 10-15% laeshnin ﬁwaﬁﬂwmﬂmﬂuwﬁngwu uelowmy luauty 25% viinaia
Ly « P-1 ] A a = A’ - o s = A’
Wanulluninaass 611\1mam'mLﬂuwangwu'«a:mamlmmﬁumumumamgwu Ua
] as . = d J 1 Y '
fitasTriiinin (Refractive index) i T, §9UU udanuduMudausINIZUNNAAR lunns
[ -J o [V 9/ q a
a5ty WannudunEnanasesiNarn O UMUNBLIIGINARY LEZANATITRANLA
A 1] 2/ 1 A’
7 Ty 8089 UANNUMUNUABLIINTZUNNFITH
ad a o - > a «, a8 & &
nsmnwmﬁﬂ"l.«mmasmmumngnwEmm'lﬂlmwu anuilunEnioneesgetn
v o . P « < & i a a d « a
& dhathadn nydiiagananiiuninerassgeiin usilwwa@eaiudmndinesmugiues
s ¢ Qs ° v a ' A’ ' ~ A‘ [
fumzmmnrmam:ﬁwam‘lwmﬂmﬁmgwu ﬁﬁlﬂ"ﬁmmﬁwqmwuw AMUFIUINY
X . R Z
wsitagiin m']umummmm:mngwulﬂﬂwmwmumumaﬁemm
g It U .
2.3.1 1A 0WNA INWRAA [B1Z T (Step - by - step)
’= o P ' s & a
NA INWANFA boLrtuaadend suisnfissutsuennalnaondin 6 Tunawduden
NUNS INWANRE LT uuasNas taur
1. msgm%’u (Wetting or Adsorption)
] ! - . .
2. MIBTANE UazMIa MIuNTHIWAURL (Solvation and/or Penetrarion of the
surface)
3. mt@w‘fm mmws'nﬁ'h.llumgmﬂ (Absorption, Diffusion with initial swelling)
+ ) o & o 1 A
4. mIuannszany nMssaddssnguiuszlitn usznisaeaeluuiamsiui

Lﬂuaé'mgm (Disassociation and freeing of polar groups : dissolution in the

amorphous region)
8/ ) ' ~ A
5. mMIanelasiass MIUWILaENIaRBLNEIRLS T uNEn (Structure

breakdown, Diffusion and Dissolution of some of the crystalline regions)

6. Malaseaalnsl (Reestablishment of structure)
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& = Y

Aauil 1 Msgady

) P a & ar 'Y a o
aunaun1 wifadunainnlaanufinule laowsad lowasazunsnidlyis

[} 3 F=Y -3 [ ﬂ.: A‘M 1 [ o/ [} ) A o &
Tavinszasaumastusasinizfaag guaawitgsladintlvanudan  desirefisuin
SNSUWANFA Masazunldenn

1-v = dy/d .. .(25)
A o 1 t § A s ) ¥ 1 .
Taaf V= ﬁ@muﬂ‘%uwwmmammalm’ﬁmmomﬂluLLa:s:waﬂeiutaqa
' a dao P

dy= ANuRIILUNY L sEUNTA N TN

d = ANURUMUBLNDIIVDILTTR

LY Qs ° =y fA a [

mnaummwwumzmm‘mmﬁnmuwmaﬂvlsma‘mﬂ:@ﬂcnﬂ@mgﬂ 25

] ™Y T T T 7T Y = ) - v
9 ~
‘b 0 #ve.vimous umos 4
q MY nary A COHOL |
33 v Qs Wt
X [ —tmoagicn, S
b ICJ - N
o] =
&1 ;
o o
1028 e ]
3 g
- o I 5
S - s -
\‘;_' L L
- g % -
wr
L R
or e j S 3 l A o A l A A A -

; Y .0
AVAILABLE SPACE, [ Vg~ V41

;n.lﬁ 2.5 fadmn1igaguves DOP Wisunudadindasine 5]

& p :
INRaUN 2 ﬂ’l?ﬂ%ﬁﬁ’]ﬂ%i)dﬁ')ﬂ?&ﬂ'}ﬂ
a ] a & o o o o
AATINITUNINTSANUVDINA HWVL‘DWI?JEL‘U’TVMI%EJHII'W L?‘B‘Hﬁ]:ﬁ"ﬁ'ﬂ@ HLAWIEN
o .' : o 4:1 a ‘3’ A A’ a =3 [J [ A’ & A’
wmRnaaN wmmmmnﬂamuﬂmmmmwumhmzmmﬂwnawu 1%‘?]%@16%%538

9

1 o AQ =3 a = = o o o
ﬂ?ﬂ@]?’] MANIIRSKRIENNA ﬂ‘i;!i»ﬂﬂﬂ HRSENANTIVENEAIVBY N’JIN LQQQWEQL&J 8 FIRIUWOR

h L)

d A A I

wasftfiannizuiunmanafiwes IsofuiuLLaIuae wiliaymanesnesdnIaLngN

a’ Qs r=) ° [y & A’ A’ A ¥
vuiapma dueslinathldwesniwiuaantenanw  Ssmansoudlyldlassaun

a v o & A e o A o A a X & e
Buldidnundalasnasscaeludrinacans wananiudliegungfigeiu tuaauiii

o q n! Qv n:l o LY =3 [ 4 3 A o !
anfindredudslugud 2.6 amﬁmﬂmwmﬁm‘lsmsaﬁ:mnwnqnmqmgwu
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200

T .
150 T

PLASTICIZER UPTAKE, ¢/i00g POLYMER

100 -
. _ROQM TEMP, 0OP
e T T T T e
retrocen on,__ /)
nTon T
. S0 ) i 1 -
0 0 ™ .

TIME, MINUTES

1
&~

A e a L. 1)
JuUN 2.6 amﬂmsgﬂﬁmm DOP ’luwaamm"tﬁuununa’mqquﬁmo 9 [5]

¥ o
Twaaui 3 nIgada
“: A‘ o= =0 1 A
lusunanit Fanasnuradduusewasd ioaaiasaandlusninsneymaans
=) Qs A‘ [} «“ s L2 3
Fuvenuidn naliifeanudumel (ntemal stress) geaiw msfnendsdanms
“nmammaeaumﬂmuamlﬂmu'l@‘T@ﬂwmsm'mnmwmmummu (Actlvatlon energy)
fluLlsfeuen 5 kealfmol fi 70 kealimol waanuwﬂmmueﬁu “Gasammaunadh
ﬂzmua@muiﬂzxman'umﬁmu"lawmwmam‘l«nms
o P ' 2 a ¢ ar P2 a
JUN 26 usastismagadunmad inwefiflsuiumigmagiithunss Tases
v & ' a € - P~ 1 ot o A L7 7 P
LLam'lv\mwnwmm’lmmangngmﬂmmelﬂwgﬂmmmmuam;a @ahfSunm
al [ d 4 d < as A a A’ 2 o a
wans@ imaainsiilannuiowl) eaduldifgunglgaiunsfuduvesnasdls
washezannana e
g A 1 QU g
Iwaanil 4 midasdaaungunwseiiya
ﬂ.: A A’ a' L Qs [ 2 Qs 5 cl ) @l 1
Puaaufl 4 dmsSudwezlsnwuamoniuiueann 3 udeztinduazanansa
[ a v a & A e = A s
Soinainldnisanuunenil 3 Fugans nnmsAnnAsiRsuwssesnuauta
=3 - . . o U] o o d ’ o
lodiinn3n  (Dielectric) W@ lmwasunirud B uuszidonuslaseaie

1 ] ' P a o . . . a
melunssmu wuidesiiladidinn3n (Dielectric constant) 289sTUsznauisduann
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[) Qs ) o o Qs t!l
niNeTNvaIRasulasUSINaTIa N IBuLRARNER Iwes  samnndiouudasvas
4 A -4 a Qs ) A‘

s ladiannin wmldenaumsdaluft

In (€€ E+E) = mt : r(2.6)

mmmm"tmﬁamﬂﬂlﬂgﬁmaa

log A€/Ae, =mt wn(2.7)
Iﬂﬂ‘ﬁ € = Dielectric constant of the mixture at time t
€, = Dielectric constant of the original wet blend
€2 = Dielectric constant of the final dry blend
Ae = (er€))
Ae. = (€r€)
m, m' = Constant
t = Time

[ 4 ' M aada a P @ o
3’1‘ 2.7 LLﬁﬂ\?ﬂ@ﬂﬂ'ﬁL’JﬂUuuﬂﬂﬁ’ﬂaﬂﬂqﬂﬁ'ﬂ‘lﬂﬂLﬂﬂﬂﬁﬂl‘wﬂmﬂ DOP “ENQIUHJ']‘I’J

luwaSiwasinauiuim

| U S N BT B

1

Ae/de

0 0 20 10 ‘0
TIME, HOURS

1 s A s v a a A e
3ﬂﬁ 2.7 amﬂﬂ‘ﬁ‘lﬂaH%llﬂﬂﬂ?lﬁ)dﬂ’lﬁdﬂ1ﬁi)l§ﬂﬂ1ﬂ ‘Iﬂﬁlmzﬂ DOP ‘ﬁN‘IﬂJ

wh lyiwwefwafinsuiuiae [5)
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N P v P & o v | '
mnmmﬁﬂumﬂuamﬂmsgmﬂmumam 3 uazaamnmIsunuyssvesm
:l a & o 1 6‘: A 3 Qe = g o ! Q A P-1
AN aBENNIn luduaaui 4 aztinlain mMIgasiuLszMsHanliialunauneziing
A ' AN a e a o & AN a a a /. e P’y
Wasuussvasrasnladiinnsn aanuann ledlnnIniiudatsuantiany
' v s & o 4 4 & ° w
mmsnlumsﬂaﬂﬂaaamguwm:ﬁmlumo 1durnuszues C-H usz C-Cl Gaasrinlv
NuszIAANTdauMIag
d‘ al 3 r-% A Qs al 1 a Qs ° [7]
mawmam‘lwnaa‘mwmnu@w‘ﬁwLm‘lﬂluwmam'lsmena{ma"nu@nu Rl
v = ] 1 Q dz A [ A s ¥ +
aﬂﬂmsg@sﬁuuazmsﬂmﬂaaunquwuﬁ:umaLﬂaﬂuuﬂm‘lﬂlwn'wm'mmn U
> Qs A ' Qe -} r-1 ' A ¥ e« ¢ Ny
waomuns:quﬁmﬂaﬂuuﬂm'l.ﬂ'tumnun wiaNauldifuuulas  anusuN USRI
o . o a° ' M aed a o
aﬂﬂmsgmsnuuazamﬂmﬂﬂaﬂmmmmmﬂ‘lﬂmanmnme'lugﬂ‘n 2.8
a s A ] A a =3 [ v ] [ Qs
feTIMsnaaILaznIsUReulasdniftladildnnsn  axllusasiuiuanuawle
a ¢ v . O & dw A Y
YDIWRNEA lenLwas mu,amlvxmwnmamna'l,nwLﬂuna‘lnmmwm‘luwaQnua@mu
' o o ' o o ed ar ’~
MINFY mmlmwmmuns:mqmzvluﬁﬂ'rmﬁuwuﬁ'ﬂLmuaunuwmam‘lmqsas‘

30 T T T T T

20} . g

\3 \ DIELECTRIC HALF LIFE
m—\ / 4

< SHRINXACE HALF LIFE

LOG HALF LIFE

R =T ST T 0
LOG VP OF PASTICIZERS, mm Hg,10°C -

]

0.

71U 2.8 anuduiusznindasnisgaduuassaiinisilfewulas

~ a . Qs 3 a
arasfiladidnninduenudwlovasniadlomes 5]
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8 A I3 b 2
Auaani 5 nisatglaseasg
o & P o a rs ™ as a Pe a &
BEIINTUAAUN 3 udINAER Mrasezsiudn Wl ndne e Suasnasantw
P a o o ' o A e ' o o o & ]
aau 4 fesfiammimewuszdwg Aleglilanudaudins dwmssnduaaui 4
[v) 3 4 Qs Iy [ 3‘ A 1 §
LmeﬁJ::nauQnmugﬂmﬂlmmw@ungml‘nNamaamwugﬂﬂé'l.mauysm Tagae
o [ A‘ 0 A’ o o { Qs
lﬂmﬂ'swmumw,mﬁqgwu i Ty 5908 anudumuuslesatoosulefisuiy
A’ = AA a o s [V X} = [l A =
mwugﬂlummﬁanmﬂgummnu sy ldimanaunasd laaasludausn AGun
41 Dry blend wmaﬁ‘kﬁma{m:a%ilué'nwm:maong;uTwLﬂqmLmsﬂaglis:wmna;sf[maqa
(=3 A -7 o o J .2 o ]
YpINaRLuas “alianuieuangunnRgetn Imeﬁﬂwaawamua{%gnmmslm
u.a:wmﬁﬁ”lﬂﬁl.%ﬁ%ﬁ):u,ws'mum'mﬂlun@;waewaﬁmas‘
& ~ o 17 1
YWADWA 6 NITIATATIFII 113
oy [ % [=3 X a o <& 3
NA MWANEA lwasaziiatulaanisidnnusewsunternsvasnauduvading 9n
s QW Qv ) o & a [ A vd = ! ﬁ.: A’ &
wwazdaaa ndlasnsldiidn  Ralasssieanlddunietu nefdunsunanusowin
1988 (Van der Waals) wiaunzlalasiousamngunefived Lidneslesasavianm
a P a & A’ x> v as
YINIER bLras TmmmmaaumzwuaowaaLada§uua:wagnumwunimmqa ms
ns:mwaomﬂﬁfnimaqaLm:amwmwmﬂuwﬁn ﬁwﬁmﬁam:ﬁwaﬁwlﬁwé’amunsx@j’u
HDYURIAL
A a s Qs |! [y 9 o | ° et ‘A
Wafiansealaseaielvnuduusgy xdasldiiamnarumsiumsiesyn vz
o o o a A o &
nmMenwanafidains usslwmsinessugusaiinmmeamwaasniadmueinle du
2 1 Q o A‘ A Qs o
nagovezdasetmuldgumnpliuazanauduiinanzaumensnszuannsnie

4 o . A
2.4 Usz@nSmwapinandd loiwas (Efficiency of plasticizer) [5]
=3 Qs A v a ] A’ a Qs Q‘;
wma@"lfwna'ﬁi’lumm:ﬁ'\'lwm@mwﬁwquw‘luwaaLua‘s‘ AIRUMTLSausY
;ﬂszﬁﬂ%mwwaawmaﬁ‘l&mas‘maﬁmsmmnm‘a‘ﬁﬁlﬁlﬁ@mﬁuﬁ@majuluwa?zma% Tag
=3 [ e a o A [ as o A ol N
wanaa koire YeslwussAnsmuiuandranwenusiaussyUSan il
=y o, =3 -3 (=3 ﬁl A 1 1}
1ummsmﬂs:mqﬁmwmaqwmaﬂ"l,cmsnaﬁﬂumﬂLﬂugmﬂuuazmaulﬂ WATIE
a o A’ o Qs P=3 Qs a v
Juarinuanan  wenaninnududuussnansd e seeinnusunuslosaseny

AMunLHBYeImsUsznay
looUn@udrmaBouiflounwsad lowefesrnmaSouifousvniniie  wse
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3.1 gnainlglwnnsnanes
S a o o E
rfiaussTeasidaauasmnaiilflunInane IuFe eI 97 3.1

] <
A1TN 3.1 shAuazsIgaziduasas msmﬁn‘lﬁ‘lummﬁa By

819 NBR DN-207 - Nippon Zeon

Muzin Sulphur Yellow Star - Croda Internationnal
"Group

NIAFAILIN - ST-DDK | Imperial Industrial
Chemical

asuaud Thai Black N-330 Thai Carbon Black
Public

Seroan loa } 4 -

TMTD - - -

DOP - - -

CcP Plastoil 152 - -

3.2 gunsafuaziafasfiofnldlummanas

1. Lﬂ%ﬁﬂu;uuamgnnﬁvwmma’whuguﬁnma 18 #in lasanuamameives
U3 Tneam dria

2. \nfasiauuuseIgnniauwaLuRugudnae 8 2 Model LRM 200
U3 usumn Lowdifiess snrie

3. In3assamennuow (Hot compression) Model LP 20 1S#Muauine Laud
ieSe $rria

4. Lﬂéaaé‘ﬂﬁugﬂmﬂmﬁ'ﬂmmﬂ U3wn CEAST

5. WIRNNFUGULLAS Mwanassu ASTM D412
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d v . . . .
6. LATDINATOUAMUFIUNIUTIAG (Tensile testing machine) 34 R 30K

- oy VL v e e O e

N v gy

e S AT

Wy T ET BT m

i e e R ol

13%n LLOYD
7. nasitasansaiiad

A s [ [ - ]
8. 1A38NAANNUYY (Durometer ) 7% 3115 UIWN ZWICK

b 4
3.3 AN NIINAR/DY

3.3.1. MINFUL

3.3.1.1 gasiiglwnmaasy (phr)

1) uthstiuiSunm DOP Taudunauan o Al

8149 NBR 100.00
fuznu 1.50
nsasLAesn 2.00
aTuaud 30.00

a ¢ (4

Fadioan Lod 3.00

TMTD 10.00

DOP 0, 5, 10, 20, 30, 40

2) udswuiBana P inilafifudlasiniinuas DOP (%DOP) 89

. [ ) 4 +dl
mMwuasagauses DOP {u 10 phr Iﬂﬂﬁ’l%ﬂﬁuﬂ% ] 1IN

#7434 NBR 100.00
Mzt 1.50
nIasLAein 2.00
mivaudl 30.00
Fedeanlod 3.00
TMTD 10.00
DOP 10.00

CcP

5, 10, 15, 20, 25 (%DOP)
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3) ulsiuSanm cP Wwasidudlaavihwinuas DOP (%DOP) 84
fvuadasauyas DOP 1w 20 phr lagsunsudu 9 asfl

819 NBR 100.00
Muzaw 1.50
nIARLALIN 2.00
ASuaum 30.00
Benoan lod 3.00
TMTD : 10.00
DOP 20.00
CcP 5, 10, 15, 20, 25 (%DOP)

4) wsiurSanm cP wafidudlasihwinuas DOP (%DOP) 4
fvuadasiuzas DOP 1% 30 phr lagsungudu 9 Al

819 NBR 100.00
Mz 1.50
niasLdesn 2.00
mMIuaud 30.00
Benoanlyd - 3.00
TMTD 10.00
DOP 30.00
CP 5, 10, 15, 20, 25 (%DOP)

3.3.1.2 MAUAITHFS

1) ld%ummﬂﬂ%@lmﬂ%m‘%@LL‘nugnn‘é‘vawnszﬁ'amadauﬁw LANEIU
wawdn 9 ldun Sadoanled mazdu nsemdedn afuaudt wee TMTD sslunauiy
279 ‘%@ahuwﬁuﬁv’mmlﬁﬂmﬂé‘ﬁmLﬂmﬁaLﬁmﬁ'u \Wughathsensusuilalldidy pop

2) 16 DOP adlunsnrivens wisldldensfil§asauves DOP 5 10 20
30 uaz 40 phr Lﬁal‘fmaau‘;iavlﬂLﬂué’qamamaqmﬁn

3) WSsugnanaEnfiianuduTuves DOP 10 20 uaz 30 phr &u cP 1w
819718 DOP 10 phr TanuysiudSanms CP 1ilw 5 10 15 20 uss 25 %DOP e lildens
Nﬁuﬁﬁﬁﬂmwmﬁmuﬂqﬂﬁma Pigwdsniwinuensnaus DOP 20 uaz 30 phr
Lﬁalfmaamﬂm’hazmmm@ﬁmmmzﬁmumﬁu
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Cimension Units Tolerance Die A Die B o®'C Die D Die & Die F
A mm *1 25 25 25 16 16 16
in. +0.04 1 1 1 0.52 0.62 0.62
B mm max 4 0 40 . 30 30 30
in. max 1.6 1.6 1.8 1.2 1.2 1.2
[+] mm min 140 140 115 100 125 125
in. min 5.5 5.5 .45 3 S H
0 mm =65 32 - 32 3R 32 32 32
-in, +0.25° 1.25 1.25 1.25 1.25 1.25 1.25
0-E mm =1 13 13 13 13 13 13
in. +0.04 0.5 0.5 0.5 0.5 05 0.8
£ mm *2 38 a8 19 19 <38 38
in. +0.08 1.5 1.5 0.75 0.75 1.5 1.5
G mm *1 . 14 14 14 14 14 14
in. +0.04 0.55 0.5 0.56 0.56 C.56 * 0.58
H mm 2 25 25 25 16 16 18
+0.08 1 1 1 0.63 0.63 0.63
32 ek 59 39
n, +0.08 2.32 232 1.21 1.31 2.32 2.32
w mm +0.05. ~0.00 12 6 [ 3 3 €
i ~0.002. -0.000 0.500 0.250 0.250 0.125 0.125 0250
z mm =1 . 13 13 13 12 13 18
in. +0.04 . Q.5 0.5 05 0.3 0.5 0.5
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plasticizer) luensfifinisnay DOP ludasu 10 20 uaz 30 phr

4.1 QurdaGNI9NALBILIY
411 Naﬂmﬂ?mm DOP ‘ﬁ. dﬂﬂmﬂ“ﬂﬁﬂ']\!ﬂaﬁﬂdﬂ']\i

9

A = da ' [ R | o =
WafneUIuinwes DOP YINNQ@IQF}M&&JU@YI’NHQ%O\‘L@LW ATAIUFTUNTIWLTIN

) b A o:.
Wesiduansia o 90279 m‘[u@asm 300iafiguduazanuuds lapmsudsiusSunm

o 4 o o @ P P
283 DOP LLﬂxl“HEﬁ%Nﬂ&ia% €] ﬂxﬁ‘Yl‘DZl@Nﬂﬂ"ﬁﬂﬂﬂﬂOﬂx‘iﬂ’]ﬂﬂﬂ 4.1 Lngﬂn 4.1-44
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U3noi DOP | ¢

nhq“z;imumu wefiFudnnda | Tugs
2| Wsida (Nimim?) | “ou gan

0 3.73

5 5.11
10 5.45 1176 0.42 40.3
20 4.11 1208 0.33 36.3
30 2.63 1106 0.23 30

40 2.41 907 0.28 283
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A 4 A n‘ ® v 8 94
s 4.1 ezfniuliafiuySunnwes DOP luens NBR  ldeanudum
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A 1 -7 1 | A’ 1
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P o d a & '
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e o o ' o o 4
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412 nanesl3uo CP Baianifsaiu DOP daquantiinisnazasuns

A T P dve 4
ﬁlﬂﬂﬂ'ﬁﬂ@ﬁﬂﬂﬂ&ﬁ&l‘]ﬁﬂ’]dﬂﬂ‘ﬂ8\1@'3E]EJ’NH’J%NNNU’N’I‘I?W] §aJ UL 1@“&’50&&'@0

Foonmafl 4.2 uszUfl 4.54.8

ﬂ’lT’N‘H 4.2 uaznasyINrmaas CP 1%9'1\1%%61&] DOP &

ﬁaﬂmﬂuﬁﬂﬂ"lﬂﬂa
BBILUTS
‘_ DOP v+, CP, L mm’m@numu LﬂElSL‘ImﬂﬂTiﬂﬂ Twma‘n 300% i |
(Bhe) |- (96DOP) | wsed (Nmm ) |, Algar i) | (Shore Ay
10 0 5.45 1076 0.42 40.3
5 457 1020 0.42 42
10 4.25 1023 0.38 40
15 3.89 1044 0.40 39.7
20 4.06 976 0.43 38
25 421 909 0.42 38
20 411 1208 0.35 35.3
, 3.53 1150 0.36 38
10 3.13 1026 0.31 35
15 3.41 1075 0.27 34
20 3.30 976 0.29 34
25 2.54 808 0.26 33
30 0 2,63 1106 0.23 30
5 2.95 1130 0.23 31
10 251 1060 0.28 31
15 2.60 964 0.24 29
20 2.83 832 0.21 28.3
25 258 876 0.19 28
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6

5
“g 4 —— DOP10
£ 3 ———
3 DOP 20
n o 1
= _ —4&— DOP 30.

1 4

0 ! ! I f

0 5 10 15/////20 25
CP (%DOP)

o a a a s
Eﬂﬂ 4.5 aNSNaYas CP ‘l%ﬂ'l\‘l'g\'llfﬂu DOP ﬂaﬂ'lﬂ')'luﬁ']%ﬂ'l%lﬁ'ﬂaﬂ

1300
1100
—— DOP 10
D 900 -
& —&— DOP 20
700 -
~&— DOP 30
I e —

0 5 10 16 20 25
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d o [ 1 1
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=

2 014 —&— DOP 30
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50
40
; 30 ~——DOP 10
{,?, 20 —#— DOP 20
10 ~&— DOP 30
0 - 1 t f t
0 5 10 15 20 25

CP (%DOP)

y .
7111 4.8 BnSnazas CP TueneBaidin DOP dadraaugs



L weaThan SRR

oo TR TR TR ST

40

mngﬂﬁ 4.5 9 fiuinensffSano DOP 10 uay 20 phr WevBinoas CP 1Rudin
Susldanadumunssdlumlsiusass s‘ﬁmﬁmﬂ%amﬁauﬁngﬂ 4.1 azfiwiuwilidu
dlafan3unm DoP use P Wiwlilumadieatu dwsuensfisiUanm DOP 20 phr il
33Nt CP iR sssansdasanudmwmuusidatasann

mngﬂﬁ 4.6 9nfiuirensffiUSunns DOP 10 20 uae 30 phr ({a1S3mes CP 1Ry
fu vasefiFudmitio o savnafiuwliunass %mzi’m’«mﬁq@lumrﬁmm DOP 20
ua 30 phr LLazLﬁaLLEﬂmﬁﬂuﬁ’ugﬂﬁ 4.2 szrwihuwlduduwlylunmadaann

mngﬂ'ﬁ 47 iwinesifiiiihm DOP 10 phr- Wovianm CP fiutuds 25
%DOP azé’o’l&iﬁwadaﬁﬂugé’éﬁ 300 wWesidudnisiia udensffiUSunm DOP 20 use 30
phr oY% o CP 1nTw ﬁl:ﬁawalﬁ’dﬂwgé‘aﬁ 300 Wasidudnmsiannas laaosiiusdan
fhaFareuil DOP 20 phr ua:zﬁmﬂ%ﬂmﬁﬂuﬁ‘ugﬂﬁ 4.3 zmwniuw Ituduldlums
He N

mngﬂﬁ 4.8 ziwimanLSunos CP Tuens@eimuaFanos DOP 10 20 uag 30
phr a)zlﬁLLmTﬁummqmau%mmLﬁmmamﬁnﬁfaa

mnmﬁmmzﬁﬁa;daﬁvlﬁ ini1 maudsiudSunm o luensfifiuSanos DOP 10
20 uaz 30 phr azlinaluiusadieriuiusnedoulsinanziuno, DOP WResstns
Wi dniusansnléin op Ausslumansaramludnuoeiswdity DOP udfies
NNANNLANEBIEMNaLudaes CP uazeng Yl cp lalsansounaunuy
enslalannss Sedasldsrnd DOP Fssmunsonsudriwldaiuens sthelsiaesdaslsln
Banmdisia

Bumwes CP Mduadlumuninfienuiufnm DOP ﬁﬁag}iﬁauuﬁa w
sinmwanadloseslasraluiions dniu mngﬂﬁ 4.3 unz 4.7 sasnFuiugulai
dﬂugﬁaﬁ 300 wefidudmstiauasens NBR sz5uduwilinsassfiSunamwanad oaes
Taesasannnin 12.5 phr (DOP 10 phr 328y CP 25 %DOP) wa'lsitfis 20 phr
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819 DN-207
Bound acrylonitrile (%) 33
Specific gravity 0.98
Moony viscosity 42
Antioxidant non-staining
Physical form bale

Other characteristics : Short optimum curing time safe operation
Easily removable from mold
Use : Wide range using in many applications requiring oil resistance eg. Oil
seals, automotive patrts, o-rings, hydraulic hoses, fuel hoses, diaphragms, printing rolls,

spinning cats, apron rolls, shoe soles, footwear, mats, etc.
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Clear liquid

Appearance | Clear-liquid
Color, Apha 100 100
Chlorine Content, by wt. 45 £ 1% 51+ 1%
Specific Gravity, 25°C 1.17 £0.02 1.25 £0.02
Thermal stability, JQD 0.2 0.2
method %HCI 4 hrs 175C
Volume resistivity . >3%10"° >3X10"
(Ohm, cm 20T)
>450 ' >450

Flash point F

Cleveland open cup

Applications
Plastoil Chlorinated Paraffin is an excellent secondary plasticizer and flame

retardant for plastics, such as PVC, PP, PE, ABS,.PS, efc. It can also be use in plants,
adhesives, rubber and textile industries. With the high chlorine content and easy
compatibility with base oils, plastoil also serves as a good extreme-pressure additive in

lubricant oil and metal working fluids.
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Physical Constants of Poly(butadiene)*

H. L. Stephens

Institute of Polymer Science
University of Akron
Akron, Ohio

Property Value Ref.

Activation Energy of Adhesion. (kJ mol™") (3)
‘olv(butadiene). sodium catalyzed

10 aluminium 218

1o copper 2 T
Coefiicient of Expansion, Volume. (K™*) 7.5%107* (44)
Bunyl lithium polymer

(43% 1. d-cis-: 50% 13-trans 76% 1.2-)
Cohesive Energy Density. (Jcm™")' P& (MJm™%)"? (40.41)

Emulsion 17.2

Na ‘catalyzed 17.6

1.4-cis 16.85

Na catalyzed 17.06
Critical Surface Tension of Spreading y, (mN/m)= (dvn/cm) ' ()

1.2- 25

L.4-trans 31

1.d-cis 32
Crystallographic Data. (14-20.22)

s Cell Dimension [A] Cell Angles
Monomers per
Isomer Lattice- Unit Cell a b clchain axis) a B ¥
I.4-trans-(99-100%) Pseudohexagonal 1 4.54 4.54 ‘19 (Mod 1y’
188 188 4.68 (Mod.I1)

1.4-¢is-(98-99%) Monoclinic 4 4.60 9.50 8.6 90 109 90
L.2-isotactic (99%) Rhombohedral 18 17.3 12.3 6.5 90 90 120
L.2-syndiotartic (98%) Orthorhombic 4 10.98 6.60 5.14 90 90 90
“Transition temperature: 75°C
Density (gem™>)= (Mg m™>)[See also Molar Polarizability]

1.4-trans (99-100%) Modification I -~ 0.97 (15)

Modification II 0.93 (13)

1.4-cis(98-99%) . ] 1.01 (is)

1.2-isotactic (99%) . ) 0.96 (15)

1.2-syndiotactic (98%) 0.96 (15)

sec-Butyl lithium polymer 0.89 (34)

40.5% 1.4-is; 33.5% 1,4-trans; 26% 1,2-
n-Butyl lithium polymer 0.895 (34)

4% 1,4-cis; 42% 1,4-trans; 14% 1.2

“Based on a table by G. H. Stempel in the second edition.
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Property ! Value Ref.
Dielectric Constant, €, and Loss Factor {42)
1.4-trans (99%) 25°C € 251
tan & 0.002 (50 Hz)
Entropy of Fusion. (J mol™' K™") (20
I.4-trans (99%)  Modification I 26.8
Modification 11 1.3
1.4-cis (98¢) 33.5
Entropy of Polymerization. (J mol™' K™')
At 25°C butadiene to cis-1.4-poly(butadiene) (94%) 84.2 (6)
first-Order Transition Temperature. (°C)
I.d-trans Modification I to Modification 11 75 (21)
Glass Transition Temperature. (°C)
Fd-cis (high™) ~102 (26)
I.d-cis (93-99¢%) -95 (3)
1.4-cis -106 (39)
1.4-trans —107 (39)
1. 4-trans (94%) ~-83 (6)
1.2 -15 (39)
Heat of Combustion. [kJ (kg CO.)™']
Emulsion polymer 13876 (38)
Heat of Combustion and Formation of Three Emulsion
Poly(butadienes).  (kJ mol™") (38)
Polymerization Heat of Heat of
Temperature 1°C) Combustion Formation
50 —2447 12.91
30 -2450 16.20
5 =247 13.81
Heat of Fusion. (kJ mol™")
1,4-cis 2.51 (39)
1,4-cis 92205 (21)
1.4-trans, Modification I 4,184 (37)
1.4-trans. Modification [ 10.0=4.2 (1)
1, 4-trans. Modification IT 4.60 4.6 1
1,4-trans, Modification II 4.184 (43)
Huggins Coefficient. see Ref. (29)
infrared Absorption Coefficients. (di cm™ mg™')x 1072 (12)
Wave Length (uzm)
Isomer " 10,35 10.95-10.98 13.5-13.65
1. 4-trans 233 .
1.2 0.828 - 26.7 0.231
1.4-cis 0.609 0.107 5.73
Infrared Molar Absorptivities. (mol™' cm™! (25)
Wave Length (uzm)
Isomer 10.3 11.0 12-15.75
1.4-trans 133 24 0.86
1.2- 6.7 184 4.7

1 dcis 4.4 1.9 10.1
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Property Value Rel.
' Melting Temperature. (°C)
‘1.4 (99-100%) Modification I 97 (13,15.37)
Modification If 145

1.4-cis (98-99¢¢) 2

1.2-isotactic (99<%) 126

1.2-syndiotactic 156
Microstructures of Commercially Available Poly(butadienes). (29)
Polymer Source . %o 1,4-cis % 1.4-trans % 1.2
Cariftex BR 1220 Companie Francaise ~98 <1 <1
Taktene Polymer Corporation Lid ~98 <1 <1
JSR BR 0t Japan Synthetic Rubber >94 <3 <1
Nipol BR 1220 Japane¢se Geon 94 4 2
Budene 501 Goodyear 93 4 3
Europrene Cis A.N.LLC. 92 5 3
Buna CB10 Bunawerke Huels GmbH 91 6 3
Cisdene 100 American Synthetic Rubber Corp $4 10 6
Asadene NF 35 R Asahi Chemical Industry 38 =19 13
Diene 33 A Firestone 35 =355 10
Intene 35 NF Enichem Elastomers. Ltd. 35 33 i1
I.F.P. Institut Francais du Petrole 26 70 4
M 12 RE Socicte Nationale de Petroles d’Aquitaine 11 7 13
1.F.P. Institut Francais du Petrole 5 9 36

Molar Polarizability. a[cm’] % 107%%; Refractive Index. ng; and Density. d* (glem®) =(Mg/m’). @ =3M(n* —1)/4=Nd (n* +2)

€

Composition (Wt.%)

Polymer 1,4-trans 1.2 1,4-cis nl 4% a % 10* Ref.
Emulsion 71 19 10 1.518 0.913 70.6 28
Lithium catalyzed Not Given 1.516 0.913 70.4 28
T.2-cis ‘Not Given 1.526 0,915 n4 28
Emulsion —10°C 77.5 15.9 6.6 1.5147 0.8911 71.6° 1
Emulsion 25°C 68.3 18.8 12.9 1.5149 0.8920 7.9 I
Emulsion 100°C 54.5 20.1 5.4 1.5160 0.8933 71.9* 11
“Calculated from data of Ref 11. For trans-1.4-poly(butadiene) (91.9 trans-1.4. 5.6 cis-1.4. 2.5 1.2): [n)] = 1.5229 - 0.366 x 1072, where Tis T°C.
Polymerization Data
Eiect of Polymerization Catalyst on Microstructure of Poly(butadiene)
Catalyst % 1,4-cis % 1,4-trans % 1,2 Rel.
Lithium 35 55 10 32
Sodium 10 25 65 32
Alfin 8 63 29 32
Potassium 15 40 45 32
Cesium [ 35 59 32
Rubidium 7 31 62 45,46
N-Butyl lithium/bis (2-methoxyethyl) ether —-— ca. 5.3 94.3 31
Al(C.H,), -VCl, — 99 1 36
97.9 1.1

AI(C;H,), - CoCl,

All polymerizations carried out in hydrocarbon solvent.

Effect of Polymerization Solvent on Microstructure of Poly(butadiene)

Solvent %l dcis % ldtrans % 1,2 Ref.
Hexane 43 50 7 32
Toluene 4 .47 9 32
Benzene-(C.H,),N 23 40 37 32
Benzene-THF® 13 13 14 32
Heptane-THF® 4 4 92 32
THF’ 0 9 91 32

*Tetrahydrofuran; catatyst: C,H,Li
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Refractive Index. See Molar Polarizability.
Sedimentation Constants. for 1.4-cis
Solsent T°C) % cis 5o Ref.
2-Pentanone 10.3 35 =5.30% 107 M™ svedberys 2
n-Hexanern-Heptane, (1:1) 20 5,2 3.02 % 107 X" svedbergs 23
Sce also table un sedimentation coefticients in this handbook.
Theta Solvents and Temperatures
Solvent 7(°C) Ref.
n-Hexane/n-Heptane. (1:1) 3 23
Isobuty! acetate’ 20.5 7
5-Methyl-2-hexanone 12.6 1
2-Pentanone 59.7 1
3-Pentanone 10.3 =
Viscosity—Molecular Weight Relationship. [n]= KM* (mlig).
See ulso corresponding table in this handbook. .
Good Solvents
Microstructure
Solvent TC°C) cis trans- 1,2 Notes K x 10° a Notes Ref.
Toluene 25 97 30.5 0.725 M. 7
Toluene 30 “high trans™ 29.4 0.753 M, 8
Cyclohexane 20 79 21 36 0.70 M, 23
Toluene 259 14.8 62 23.2 (emulsion 50°C) 725 0.45 M, 10
Toluene 25.9 . 79.6 19.6 (emulsion -20°C) 106 0.63 M, 10
Cyclohexanone s 10 70 20 {alfin) 12,5 0.77 M, 27
Toluene 25 35 35 10 (lithium) 14.2 0.30 M, 30
Toluene 25 ca. 5.3 94.3 - 90.1 0.81 M, 31
THF 25 ca. 5.3 943 60.1 0.85 M, 31
THF a5 35 35 10 (lithium) 15.3 0.80 M, 31
Theta Conditions (for 1,3-cis)
Solvent Theta T(°C) cis-Content (%) K x10° a Notes MM, Ref.
2-Pentanone 10.3 95 152 0.5 Mo 1.43 2
95 181 0.5 M., 2
5-Methyl-2-hexanone 12.6 95 150 0.5 M, 2
130 0.5 M, 9
Isobutyl acetate 20.5 98 185 0.5 M, 1.11 7
n-Hexane/n-Heptane, (1:1) 5 90 138 0.53 M, 23
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qgn’) Designation: D 412 - 87

Standard Test Methods for

Rubber.Properties in Tension?

This starndard is issued under the fixed designation D 412; the number immediately following the designation indicates the vear of
original adoption or, in the case of revision, the vear of last revision. A number in parentheses indicates the year ol last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

These test methods have been upproved for use by egencics of the Department of Deferse 10 replace me:nods 4001, 4116, 4121, and
#411 of Federal Test Methoa Standard No. 601 and for listing in the DoD Index of Specifications and Stundards.

1. Scope

1.1 These test methods cover tension testing of rubber at
various temperatures. These test methods are not applicable
10 the testing of ebonite, and similar hard, low elongation
materials. These test methods appear as follows:

Sections
Method A—Dumbbell and Straight Specimens 1013
Mzthod B—Cut Ring Specimen® 141018

1.2 The values stated in either SI or non-SI units shall be
regarded separately as standard. The values in each system
may not be exact equivalents, therefore, each system must be
used independently of the other. without combining values
in-any way.

V.3 This standard may involve hazardous materials, oper-
Jtions. and equipinent. This standard dves not purport to
address all of the safery problems associated with its use. It is
:he responsibility of the user of this standard to establish
Jdppropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTAL Standards:

D 1349 Practice for Rubber—Standard Temperatures for
Testing*

D3040 Practice for Preparing Precision Statements for
Standards Related to Rubber and Rubber Testing?

D 3182 Practice for Rubber—Materials, Equipment, and
Procedures for -Mixing Standard Compounds and Pre-
paring Standard Vulcanized Sheets*

D 3183 Practice for Rubber—Preparation of Pieces for
Test Purposes from Products® -

D37674 Practice for Rubber—Measurement of Dimen-
sions

D 4483 Practice for Rubber—Determining Precisioln for
Test Method Standards®

E 4 Practices for Load Verification of Testing Machines®

2.2 ASTM Adjunct: P

Cut Ring Specimen, Method B (D 412)?

B I
! These test methods are under the jurisdiction of ASTM Committee D-11 on
¥ubb¢r and are the direct responsibility of Subcommittee DI11.10 oa Physical
esting.
Current edition approved March 27, 1987, Published May 1987. Originally
Published as D 412 - 35 T, Last previous edition D 412 - 83,
2 Deuiled drawings are available from ASTM Headquarters, 1916 Race St,
Philadelphia, PA 19103. Order Adjunct No. PCN 12-404121.20,
3 Annual Book of ASTM Standards.. Vols 09.01 and 09.02.
* dnnual Book of ASTA Standards, Vol 09.01.
-2 Annual Book of ASTM Standards, Vol 03.01.

2.3 ISO Standard-
ISO 37-Rubber, Vulcanized—Determination of Tensile
Stress-Strain Propertiesé

3. Summary of Test Methods

3.1 The determination of tensile properties starts with a~
piece’ taken from the sample and includes: (/) the prepara-’
tion of the specimen and (2) testing of the spacimen.
Specimens mav be in the shape of a dumbbell. ring, or
straight piece of uniform cross section.

3.2 Measurements for tensile strass, tensile strength and
ultimate elongation are made on specimens that have not
been prestressed. Tensile stress and tensile strength are based
on the onginal crass sectional area of a uniform section of
the specimen.

3.3 Measurement of tensile set is made after a previously
unstressed specimen has been extended and allowed to
retract by a prescribed procedure, Measurement of set after
break is also described.

-4. Significance arid Use

4.1 Rubber and rubber products rust withstand tensile
forces for adequate performance in certain applications. This
test method allows the measurement of such tensile proper-
ties. Tensile properties may or may not directly relate to the
end use performance of the product because of the wide
range of performance requirements in actual use.

4.2 The tensile properiies of rubber depend both on the
material and the conditions of test, such as extension rate,
temperature, humidity, specimen gcometry, and environ-
mental or mechanical preconditioning; therefore, rubbers
should be compared only when. tested under the same
conditions.

4.3 Temperature and rate of extension may have signifi-
cant effects on tensile properties and therefore should be
controlled. These effects will vary depending on the type of
rubber being tested.

4.4 Tensile set represents residual deformation which is
partly permanent and partly recoverable after stretching and
retraction. For this reason, the periods of extension-and
recovery and other conditions of test must be controlled to
obtain comparable results.

¢ Available from American National Standards Institute, 1430 B.roadway, New
York, NY 10018. s ’
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FIG. 1 Apparatus for Tensile Set Test

5. Apparatus

5.1 Te_sring Machine—Tension tests shall be made on a
power driven machine equipped 10 produce a uniform rate
of grip separation of 500 + 50 mm/min (20 + 2 in./min) for
a distance of at least 750 mm (30 in.) (Note 1). The testing
‘mac.:hige\shall have both a suitable dynamometer and an
mdlmn'ng' or recording device for measuring the applied
force withinr +2 %. If the capacity range cannot be changed
for a test, as in the case of pendulum dynamometers, the
applied force at break shall be measured within +2 % of the
full scale value, and the smallest tensile force measured shall
be accurate to within 10 %. If the dynamometer is of the
compensating type for measuring tensile stress directly,
means shall be provided to adjust for the cross sectional area

of the specimen. The response of the recorder shall be

sufficiently rapid that the applied force is measured with the
requisite accuracy during the extension of the specimen to
rupture. If the tester is not equipped with a recorder, a device.
shall be provided that indicates, after rupture, the maximum
force applied during extension. Testers shall be capable of
measurement of elongation in at least increments of 10 %,

NOTE 1—A rate of separation of 1000 + 100 mm/min (40 * 4
in./min) may be used and notation of the speed made in the report. In
case of dispute, the test shall be repeated and the rate shall be 500 =750
mm/min (20 * 2 in./min). . :

5.2 Test Chamber. for’ Elevated” and Low, Tempera-
ture—The test chamber shall. conform with the following
requirements: - . . . T o

5.2.1 Air shall be circulated through the chamber at a
velocity of 1 to 2 m/s (3.3 t0 6.6 ft/s) at the location of the
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grips or spindles and specimens, and maintained within 2°C
 13.6°F) of the specified temperature.

5.2.2 A calibrated sensing device shall be located near the
grips or spindles for measuring the actual temperature.

§ 3.2.3 The chamber shall be vented to an exhaust system
« or the outside atmosphere to remove fumes liberated at high
t iemperatures.

5.2.4 Provision shall be made for suspending specimens
vertically near the grips or spindles for conditioning prior to
test. The specimens should not touch each other or the sides
of the chamber except for momentary contact when agitated
by the circulating air.

r 5.2.5 Fast-acting grips suitable for manipulation at high or
* low temperature shall be provided to permit placing dumb-
bell or straight test specimens in the grips in the shortest time
¢ possible to minimize any change in the temperature of the
! ¢hamber.:
¢ 5.2.6 The dynamometer shall be suitable for use at the
temperature of test or it shall be thermally insulated from the
{ chamber.
' 5.2.7 Provision shall be made for measuring elongation of
1 specimens in the chamber. If a scale is used to measure the
extension between bench marks, the scale shall be located
parallel and close to the grip path during extension and shall
¢ be controlled from outside the chamber. .

5.3 Dial Micrometer—The dial micrometer shall conform
10 the requirements of Practice D 3767 (Test Method A). For
ring specimens. see 14.10.

5.4 Apparaius for Tensile Set Test—The testing machine

: described in 5.1 or an apparatus similar to that shown in

¥ Figure | may be used. A stop watch or other suitable timing

[ device which will register the time in minutes for at least 30

j min shall be provided. A scale or other device shall be
provided for measuring tensile set to within | %.

6.1 Calibrate the testing machine in accordance with
Procedure A of Practice E 4. If the dynamometer is of the

§ Strain-gage type, calibrate the tester daily at one or more
forces. in addition to the requirements in Section 7 and 18 of

! Practice E 4. Testers having pendulum dynamometers may
!be calibrated as follows: place one end of a dumbbell
specimen in the upper grip of the testing machine. Remove
‘the lower grip from the machine and attach it to the
specimen. To this lower grip, attach a hook suitable for
# holding masses. Suspend a known mass from the hook on
¢ the specimen in such a way (Note 2) as to permit the mass
i? assembly to rest on the machine grip holder. If the machine
E has a dynamometer head of the compensating type, calibrate
i

'
E 6. Calibration of Testing Machine
i

it at two or more settings of the compensator. Start the motor
and run as in normal testing until the mass assembly is freely
suspended by the specimen. If the dial or scale (whichever is
normally used in testing) does not indicate the force applied
{or its equivalent id stress for compensating tester) within the
specified tolerance, thoroughly checkthe machine for excess
friction in the bearings and all othér moving parts. After

~

o W e

Tecalibrate the machine at a minimum of three points, using
known masses to produce forces of approximately 10, 20,
and 50 % of capacity. Include the mass of the lower grip and

I ]

E

eliminating as nearly as possible all the excess friction, -

52

) @ o412

used dup'n_g test, use them during the calibration. Check for
friction in the head by calibrating with the pawls up.

Note 2—Itis advisible 1o provide a means for preventing the masses
from falling to the floor in case the dumbbell should break.

6.2 A rapid approximate calibration of the tensile tester
may be obtained by using a spring calibration device.

7. Test Temperature

7.1 Unless otherwise specified the standard temperature
for testing shall be 23 * 2°C (73.4 = 3.6°F). Specimens shall
be conditioned for at least 3 h when the test temperature is
23 = 2°C (73.4 £ 3.6°F). If the material is affected by
moisture. maintain the relative humidity at 30 + 5 % and
condition the specimen for at least 24 h prior 1o testing.
When testing at an¥ other temperature is required, use one of
the temperatures specified in Recommended Practice
D 1349.

7.2 For testing at temperatures above 23°C (73.4°F),
preheat Test Method A specimens for 10 + 2 min and Test
Method B specimens for 6 + 2 min (Note 3). Place each
specimen in the test chamber at intervals ahead of testing so
that all specimens of a series will be in the test chamber the

- same length of time. that is, if' 30 s is required 10 run the test

-

for Test Method A specimens, the first specimen placed in
the test chamber 10 min prior to testing, would be followed
by other specimens at 30-s intervals. The preheat time at
elevated temperature must be limited to avoid additional
vulcanization or heat aging.

7.3 For testing at temperatures below 23°C (73.4°F).
condition the specimen at least 10 min prior to testing.

P

NoTE 3: Caution—Suitable heat- or cold-resistant gloves should be
womn for hand and arm protection when testing at high or low
temperatures. At high temperatures, an air mask is very desirable when
the door of the chamber is opened to insert specimens: toxic fumes may
be present and should not be inhaled.

8. Selection of Test Specimens

8.1 Consider the following information in making a
selection:

8.1.1 Since anisotropy or “grain” introduced during spec-
imen preparation may have a bearing on tension properties,
dumbbell or straight specimens should be cut so the length-
wise portion of the specimen is parallel to the grain direction
when known. Ring specimens average the tensile stress with
aod across the grain.

8.1.2 Ring specimens enable elongation to be measured
by grip separation, but the elongation across the radial width
of ring specimens is not uniform. To minimize this effect,
the width of ring specimens must be small compared to the
diameter.

- 8.1.3 Straight specimens tend to break in the grips and are
used only when it is not feasible to prepare another type of
specimen. ) .

8.1.4 The size of the specimen will be influenced by the
material, test equipment, and the piece available for test. A
longer specimen may be used for rubbers having low
ultimate elongation to improve the precision of measure-

hook as part of the calibration mass. If pawls and ratchets are gecment. .oz oL o0 ce
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testing machine, pile these specimens and note if there is any tende
10 break at or near the same portion of each specimen. Rupture po
consistently occurring at the same place may be an indication that
die is dyll, nicked, or bent at that particular position.

TEST METHOD A—DUMBBELL AND STRAIGHT SPECIMENS

9. Apparatus .

9.1 Die—The shape and dimensions of the die for pre-
paring the dumbbell specimen shall conform with those
shown in Fig. 2. The inside faces in the reduced section shall
be perpendicular to the plane formed by the cutting edges
and polished for a distance of at least 5 mm (0.2 in.) from the
cutting edge. The die shall be sharp and free’of nicks (Note
4).

NoTe 4—Careful maintenance of die cutting edges is of extreme
importance and can be obtained by light daily touching up of the cutting
edges with a jewelers” hard honing stone, The condition of the die may
be judged by investigating the rupture point on any series of broken

9.2 Bench Marker—The two marks placed on the
specimen and used to measure elongation or strain are ca.
‘bench marks (Note 5). The befich marker shall have
parallel straight marking surfaces ground smooth in the s
plane. The surfaces shall be between 0.05 and 0.08 :
(0.002 and 0.003 in.) wide and at least 15 mm (0.6 in.) Ic
The angles between the marking surfaces and the sides s
be at least 75°. The distance between the centers of
marking surfaces shall be within 1 % of the required
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FIG. 2 Standard Dies for Cutting Dumbbell Specimens (continued)
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Dimensions of Standard Dumbbet Dies*

Dimeansion Units Tolerance Die A De B Die C Die O Die E Die F
A mm =1 25 25 25 16 16 16
in. =0.04 1 1 1 0.62 0.62 0.62
8 mm max 40 40 40 30 30 30
in. max 1.6 1.6 1.6 1.2 1.2 1.2
c , mm min 140 140 115 100 125 125
in, min 5.5 5.5 45 4 5 5
D mm +68 32 32 32 32 32 32
in. *0.258 1.25 1.25 125 1.25 1.25 1.25°
0-E mm =1 13 13 13 13 13 13
in. +0.04 0.5 Q.5 Q.5 0.5 05§ 05
F mm *2 38 38 19 19 38 38
in. =0.08 1.5 15 0.75 0.75 1.5 1.5
G mm =1 14 14 14 14 14 14
in, =0.04 0.55 0.56 0.56 0.55 0.55 0.56
H mm =2 28 25 25 16 16 16
in. +0.08 1 1 1 0.63 0.63 0.63
L mm *2 59 59 32 33 59 59
in. +0.08 232 2.32 131 .31 232 232
w mm +0.05, -0.00 3 6 6 3 3 6
in. +0.002, -0.000 0.500 0.250 0.250 0.125 0.125 0.250
4 mm =1 13 13 13 13 13 13
in, +0.04 0.5 0.5 05 0.5 0.5 0.5

* Dies whose dimensions are expressed in metric units are not exactly the same as clies whose dimensions are expressed in U.S. customary units. However, equivalent
results may be expected from either die. Dies dimansioned in metric units are intended for use with 2pparatus calibrated in metric units.
® For dies used in clicking machings it is preferable that this tolerance be £0.5 mm or +0.02 in.

FIG. 2 Continved

NOTE 5—If an automatic extensometer is used 1o measure elonga-
tion, bench marks are not necessary.

9.3 Ink Applicator—A flat unyielding surface (hardwood,
metal, or hard plastic) shall be used to apply either ink or
powder to the bench marker. The ink or powder must have
no deteriorating effects on the specimen and be of con-
trasting color 1o that of the specimen.

9.4 Grips—The tester shall have two grips, one of which
shall be connected to the dynamometer.

9.4.1 Grips for testing dumbbell specimens shall tighten
automatically and exert a uniform pressure across the
gripping surfaces, increasing as the tension increases in order
1o prevent slippage and to favor failure of the specimen in its
constricted section. Constant pressure pneumatic type grips
also are satisfactory. At the end of each grip a positioning
device is recommended for inserting specimens to the same
depth in the grip and aligning them with the direction of
pull.

9.4.2 Grips for testing straight specimens shall be either
constant pressure pneumatic, wedged, or toggle type de-
signed to transmit the applied force evenly over the entire
width of the specimen.

10, Specimens

10.1 Dumbbell Specimens—Whenever possible the test
specimen shall be cut from a flat sheet not less than 1.3 mm
(0.05 in.) nor more than 3.3 mm (0.13 in.) thick and of a size
which will permit cutting a specimen by one of the standard
methods. Sheets may be prepared directly by processing or
from finished articles by cutting and buffing. If obtained
from a manufactured article, .the piece of rubber shall be free
of surface-roughness, fabric layers, etc., in accordance with
the procedure described in Practice D 3183. All specimens
shall be cut so that the lengthwise portion of the specimen is
parallel to the grain unless otherwise specified. In the case of
sheets prepared. in accordance with Practice D 3182, the

specimen shall be 2.0 + 0.2 mm (0.030 + 0.008 in.) thick
died out in the direction of the grain. Unless vtherwise
specified, Die C. Fig. 2. shall be used to prepare the
specimens. Specimens shall be cut with a single stroke of the
die to get smooth surfaces.

10.1.1 Marking Dumbbell Specimens—Dumbbell speci-
mens shall be marked with the bench marker described in
9.2. The specimen shall be under no tension at the time it is
marked. Marks shall be placed on the reduced section of the
specimen equidistant from its center and perpendicular to its
longitudinal axis. The distance between centers of the marks
shall be 25.00 = 0.25 mm or 1.00 + 0.0l in. on the
specimens cut with Die C or Die D, and either 50.0 + 0.5
mm or 2.00 + 0.02 in. on specimens cut with the other dies
shown in Fig. 2.

10.1.2 Measuring  Thickness of Dumbbell Speci-
mens—Three measurements shall be made for thickness, one
at the ceniter and one at each end of the reduced section of
the specimen. The median of the three measurements shall
be used as the thickness in calculating the cross sectional
area. Specimens with differences between the maximum and
minimum thickness exceeding 0.08 mm (0.003 in.) shall be
discarded. The width of the specimen shall be taken as the
distance between the cutting edges of the die in the restricted
section.

10.2 Straight Specimens—Straight specimens may be pre-
pared if it is not practical to cut either a dumbbell or a ring
specimen, as in the case of a narrow rubber strip or small
tubing, and narrow electrical insulation. These specimens
shall be of sufficient length to permit their installation in the
grips used in the test. Bench marks shall be placed on the
specimens as described for dumbbell specimens in 10.1.1. To
determine the cross sectional area of straight specimens in
the form of tubes, the mass, length, and density of the
specimen may be required.. The cross sectional area. must
then be calculated from the measurements as follows:
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FIG. 3 Typical Ring Cutter Assembly

A= M/DL m
whare:

4 = cross-sectional area,

M = mass, =

D = density, and '

L =length. ~

11. Procedure

11.1 Determination of Tensile Strength, Tensile Stress
and Uliimate Elongation—Place dumbbel] or straight speci-
mens in the grips of the testing machine, using care 10 adjust
the specimen symmetrically to distribute the tension uni-
formly over the cross section. If tension is greater on one side
of the specimen than on the other, the bench marks will not’
remain parallel and maximum strength of the rubber may
not be developed. Unless otherwise cified, the rate of grip
Zc)pa.ration shall be[500 = 50 mm/mi§(20 + 2 in./min) (Note
11.1 Start the machine and note the distance between the
two bench marks, taking care to avoid parallax. Record the
force at the elongation specified and at the time of rupture;,

determined preferably through the use of an extensometer,
or an autographic or spark recorder. At rupture, measure and
record the elongation 1o the nearest 10 %.

NoOTE 6—For materials having a yield point under 20 % clongation
when tested at 500 £ 50 mm/min (20 * 2 in./min), the rate shall be
reduced 10 50 + 5 mm/min (2.0 % 0.2 in./min). If the material still has
ayield point under 20 % clongation, the rate shall be reduced to 5 + 0.5
mm/min (0.2 % 0.02 in./min). The rate of separation shall be reported.

11.2 Detérmination of Tensile Set—Place the specimen in
the grips of the testing machine described in 5.1 or the
apparatus shown in Fig. 1, and adjust symmetrically so as to

distribute the temsion uniformly over the cross section.
Separate the grips at a rate of speed as uniformly as

practicable, requiring about 15 s to reach the specified
elongation. Hold the specimen at the specified elongation for
10 min. release quickly without allowing it to snap back, and
allow 10 rest for 10 min. At the end of the 10-min rest period,
measure the distance between the bench marks to the nearest
1% of the original distance between bench marks. In
stretching the specimen, it is convenient to use a rod of a
length'equal to the distance required between the two bench
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FIG. 4 Rubber Holding Plate

marks. Holding the rod behind the test specimen while it is
being stretched simplifies the operation and reduces the
chance of stretching the specimen more than the required
amount. Use a stop watch or equivalent timer for recording
the time required for the various operations. .

11.3 Determination of Set After Break—Ten minutes after
the specimen is broken, fit the two pieces carefully together
so that they are in contact over the full area of the break.
Measure the distance between the bench marks.

12. Calculation

12.1 Calculate the tensile stress at specified elongation as
follows:

Tensile siress = F/4 (2)
where:
F = observed force at specified elongation, and
A = cross-sectional area of the unstretched specimen.

12.2 Calculate the tensile strength using Eq 2 where F is
equal to the force required to break the specimen. Tensile
stress and tensile strength are expressed in either megapascals
or pounds-force per square inch.

12.3 Calculate the elongation, E, in percent, as follows:

E=100(L - L)L, 3)

where:

L = observed distance between the bench marks on the
stretched specimen, and

L, = onginal distance between the bench marks.

12.4 Calculate the ultimate elongation using Eq 3 where L
is equal to'the distance between the bench marks at the time
of rupture.

12.5 Calculate the tensile set by substituting the distance
between the bench marks after the 10-min retraction period
for.L in Eq 3.

12.6 The median of the test measurement values for three
specimens shall be taken as a test result for the rubber tested,
except that under the following conditions, the median of the
values for five specimens shall be used:

12.6.1 If one or two values do not meet the specified
requirements when testing for compliance with specifica-
tions.

12.6.2 If referee tests are being made.

13. Precision (Test Method A)

13.1 Precision statements are in the process of being
prepared in accordance with Practice D 3040. They will be
added to these test methods when they are completed.
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TEST METHOD B—CUT RING SPECIMENS

14. Apparatus

14.1 Cutter—Fig. 3 illustrates a typical ring cutter as-
sembly for preparing ring specimens from flat sheets.

14.1.2 Blade Depth Gage—Cvlindrical disk having a
thickness at least 0.5 mm greater than the thickness of the
rubber to be cut and a diameter less than the inside diameter
ot the specimen used for adjusting the protrusion of the
blades from the body of the cutter (see Fig. 3).

14.2 Rubber Holding Plate—The apparatus for holding
the rubber sheet during cutting shall have plane parallel
upper and lower surfaces and shall be a rigid polymeric
material (such as hard rubber. hard polyurethane or
polymethylmethacrylate) with holes approximately '[.5 mm
in diameter spaced 6 or 7 mm apart. The holes shall connect
10 an internal cavity which can be maintained at a reduced
pressure for holding the sheet firmly. Figure 4 shows the
design of an apparatus for holding standard rubber sheets
(approximately 150 by 150 by 2 mm) during cutting of the
specimens.

14.3 Source of Reduced Pressure—Any device, such as a
vacuum pump, that can maintain an absolute pressure below
10 kPa (0.1 atm) in the holder during cutting.

14.4 Soap Solution—A mild soap solution shall be used
on the sample to lubricate the cutting blades when cutting
ring specimens.

14.5 Cutter Rotator—A precision drill press or other
machine capable of rotating the cutter at an angular speed of
at least 30 rad/s (approx. 300 f/min) during cutting.

14.5.1 Mounting—A horizontal base and a vertical sup-
port for the spindle. The run-out of the rotating spindle shall
not exceed 0.01 mm (0.0004 in.).

14.6 Indexing Table—-A milling table or other device with
x-y motious for positioning the rubber sheet and holder with
respect to the spindle of the cutter rotator.

14.7 Testing Machine—As specified in 5.1.

14.8 Test Fixtures, for testing the ring specimen shall
conform to those shown in Fig. 5. The testing machine shall
be calibrated as described in Section 6, ©*  .i:oz. - .

14.9- TestiChamber, for elevated and low temperature, as
specified ifr5.2: 1 . .: ... s i oo

~14.9.1 The fixtures specified in 14.8
testing ‘at other than room temperature,

PR

are‘sa'n‘sfactory for
At extreme temper-

ature a suitable lubricant shall be used to lubricate the
spindle bearings. )

14.9.2 The dynamometer shall be suitable for use at the
temperature of test or else thermally insulated from the
chamber,

14.10 Dial Micrometer, conforming with the requirement
of Practice D 3767. The base used to measure the radial
width shall be a cylindrical surface at least 12 mm (0.5 in.)
long and 155 + 0.5 mm (0.61 = 0.02 in.) in diameter.

“Curved feet to fit the curvature of the ring may be used.

15. Ring Specimens

15.1 ASTM Cut Rings—Two types of cut ring specimens
are permitted. Unless otherwise specified, the Type | ring
specimen shall be used.

15.1.1 Dimensions:

Type I: mm in.”
Circumference 50.0 = 0.1 2.0 +0.004
Radial width 1.0 = 0.01 0.04 + 0.0004
Thickness:

mia. 1.0 0.04
max. 33 0.13

Type 2: mm in,
Circumference 100.0 £ 0.2 4.0 = 0.0008
Radial width 2.0 = 0.02 0.08 = 0.0008
Thickness:

min. I 0.04
max. 33 0.13

Type 1 ring specimen with an inside circumference of 50
mm (2 in.) is so designed that every 25 mm (1 in.) of spindle
separation equals 100 % of elongation. Type 2 ring specimen
has a mean circumference of 100 mm so every 50 mm of
grip separation equals 100 % elongation.

15.2 ISO Rings—The normal size and small size ring
specimens in [SO 37 have the following dimensions:

i pormal small.
loside diameter 44602 mm ., 80%0.l mm
OQutside diameter " * 52,6 0.2 mm- . 10.0 = Q.1 mm
Thickness ° - ea 4.0%=02mm © 0% 0.0 mm

15.3 Rings Cut from Tubing—The dimensions of the ring,
specimen depend on the diameter and wall thickness of the
tubing and should be specified in the produgt specification.

15.4 Preparation of Cut Ring. Specimens—Plice: the:
blades in the slots in the cutter and. adjust the blade: depth.,
using the blade depth gage. Place the cutter in the drill press.
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TABLE 1 Type 1 (Test Only) Precision on Method A Die C Dumbbell Test Specimens,
Note:
Sr = repeatability stancard deviation.
1 = repeatability = 2.33 times the square root of the repeatability variance.
[ ") = repeatability {as cercentage of material average).
} iR = reproducibiity s:anaard deviation.
2 = raproducibility = 2.83 times the square root of the reproducibility variance.
': R) = reproducitility 125 percentage of material average).
» 727 1 Tensile Strengtn, *Pa: . . -
E Materiat Average Within Laboratories Between Laboratories
Sr r " SR R %)
1. N18081 9.88 0.2008 0.5683 5.754 0.2932 0.8296 8.400
3. E17074 15.38 0.4675 1.3231 8.603 0.4829 1.3665 8.885
4 2. R19150 25.70 0.4367 1.2358 4.809 1.8908 5.3510 20.820
l Pooled Values* 16.99 0.3R53 1.0904 6.420 1.1028 3.1209 18.374
=31t 2 Percent Elongazon:
E Material Average Within Laboratories Between Laboratories
3 Sr r n SR R {A)
i 3. E17074 156.35 6.3048 17.8425 11.412 11.4814 32.4924 20.782
2. R19160 510.40 11.4717 32.4649 6.361 21.2438 60.1200 11.779
M 1. N18081 591.60 17.8101 50.4026 8.520 27,1987 76.9722 13.011
i Pooled Values* 419.45 12.7613 36.1144 8.610 20.9991 59.4275 14.168
b".an 3 Srress at 100 % Elongation, MPa:
E Material Average Within Laboratorles Between Laboratories
H ) Sr r %) SR R )}
! 1. N18081 197 0.0535 0.1515 12.963 0.0616 0.1744 14.929
2. R19160 2.01 0.0504 0.1426 7.103 0.2740 0.7755 38.622
4 3. E17074 9.08 0.4896 1.3854 15.253 0.7389 2.0910 23.021
¢ Pooled Vajues? 4.09 0.2858 0.8088 19.793 0.4564 1.2915 . 31.604

? 4 No values omitted.

and adjust the spindle or table so that the bottom of the

blade holder is about 13 mm (0.5 in.) above the surface of

the holding plate. Set the stop on the vertical travel of the
spindle so that the tips of the cutting blades just penetrate the
surface of the plate. Place the rubber sheet on the holding

plate and reduce the pressure in the cavity to 10 kPa (0.1

tm) or less. Lubricate the rubber sheet with a mild soap

olution to facilitate cutting. Lower the cutter at a steady rate

ntl it reaches the stop. Be sure that the blade holder does
not contact the rubber sheet. If necessary, readjust the blade
depth. Return the spindle to its original position. Move the
i%:)ldcr 10 a new position to cut another specimen and repeat
he operation.

13.5 Preparation of Ring Specimens from 1ubing—Place
the tubing on 2 mandrel preferably slightly larger than the
ifiner diameter of the tubing 1o hold it firmly while cuttmg
Rotate the mandrel and tubing in a lathe. Cut ring specimens
1o the desired axial length by means of a knife or razor blade
beld in the tool post of the lathe. Lay thin wall tubing flat
and cut ring specimens with a die having two parallel blades.

*15.6 Measurements: - -

#15.6.1 Circumference—The inside circumference can be
determined by a stepped cone or go-no go gages employing
ng stress in excess of that needed to overcome any ellipticity
of the ring specimen. The mean circumference is obtained by
adding to the inside circumference the product of the radial
width and pi (3.14).-

15.6.2 Radial Width—The radial - width is measured at
three locations distributed around the cu-cumference using

stt mxcrometer described in 14.10.;

i

I

15.6.3 Thickness—For cut rings, the thickness of the disk
cut from the inside of the ring is measured with a micrometer
described in Practice D 3767.

15.6.4 Area—The cross-sectional area is calculated from
the medians of three measurements of radial width and of
thickness. For thin wall tubing, the area is calculated from
the axial length and wall thickness.

16. Procedure

16.1 Determination of Tensile Stress, Tensile Strength
and Ultimate Elongation—In testing ring specimens, lubri-
cate the surface of the spindle with a suitable lubricant, such
as, mineral or silicone oil, being sure that these oils do not
affect the test piece. The initial setting between spindle
centers may be calculated and adjusted according to the
following equation:

=(B-C)2 4)

where:

A = initial separation of spindle centers,

B = circumference of specimen (inside for Type I; mean
for Type 2), and

C = circumference of one spindle

Unless otherwise specified the rate of spindle separation shall

be 500 + 50 mm/min (20 £ 2 in./min) (Note 6) (Note 7).

Start the test machine and record the force and the corre-

sponding distance between the spindles. At rupture, measure

and record the ultimate elongation and the ténsile force.

NOTE 7—When using the small ISO ring, the rate of separation shall
be 100 £ 10 mm/min or (4 = 0.4 in./min). o=
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TABLE 2 Type 1 (Cure and Test) Precision on Method A Die C Dumbbell Specimens4

Note 1:

Sr = repeatabiity standard deviation.

! = reoeatatility = 2.83 times the square root of the repeatabifity variance,
{r) = repeatanility (as percentage of material average). :

SR = reproducibility standard deviation.

A = reoroduc-b!lity = 2.83 times the square oot of the reproducibility vanance,
Ry . ™ faprocucibility (as percentage of material average).

NoTe 2

N18081 — nighty extended, Iow durometer CR (Neoprene).

R19160 — hgh tensile N, '

E17047 — moderately filed EPDM,

Part 1 Tensile Strength, MPa;

Material Average Within Laboratories Between Laboratordies
Sr 4 (4] SR R A
1. R1916C 26.05 0.6138 17372 6.668 g7 #9516 19.008
2art 2 Percent Elongation;
Material Average Within Lzboratories Between Laboratories
P 2 P SR R (R}
1. R19160 526.93 13.3228 37.7038 7.155 19.6840 55.7056 10.572
#3113 Stress at 100 % Elongation, MPg;
Materia! Average Within Ladoratories Betwean Laboratories
P . 0 SA R ’ ()]
1. R19160 1.83 0.0727 0.2056 11.214 0.2266 0.6414 34.982

A
Seven laboratories participated in this cure and test program.

16.2 Testsara Temperature above or below Standard Test
Temperature—Use the test chamber described in 5.2 and
observe the Caution in Note 3. For tests at temperatures
above 23°C (73.4°F). preheat the specimen for 6 + 2 min at
the test lemperature prior 1o test. For tests below room
lemperature, cool the specimen at test temperature for at
!cast 10 min pdior to test, Use a test temperature prescribed
in Recommended Practice D 1349, Place each specimen in
the test cl?a"mber at intervals ahead of testing so that each
specimen is conditioned at the test temperature for the same
length of time. For example, if 15 s is required to complete a
test, place the first specimen in the chamber 6 min prior to
testing and place succeeding specimens in the chamber at
15-s intervals, The conditioning time at elevated temperature
must be dimited to avoid additional vulcanization or deteri-
oration of the rubber by heat or oxidation.

17. Calculation
17.1 Calculate the tensile stress as follows:

Tensile stress = F/24 (5)
where:

F = observed force, and

A = cross-sectional area, - -

17.2 Calculate the tensile strength by letting F in Eq 35 be
he force required to break the specimen. Tensile stress and
tensile strength are expressed in either ‘megapascals or
pounds force per square inch, :

17.3 Calculate the ultimate.elongation as follows:

L E=200Lyc, - e o
Wherc:_ (. ... s T L T e RN

R e s T e F e o
E = ultimate elongation in percent,

= }nc.rcase. in grip-separation at rupture, and- -
nside circumference: of specimen (See Note 8):

jio=

(6)

L

17.4 Calculate the tensile stress at a specified elongation
from the force at the following increase in grip separation:

L= EC,/200 M

where:

L =
E

Cm

increase in grip separation at specified elongation,
specified elongation in percent, and
mean circumference of specimen.

NoTe 8—Equations 6 and 7 are applicable only if the initial setting
of the spindle centers is adjusted in accordance with Eq 4.

18. Precision and Bias

18.1 Two separate interlaboratory test programs were
conducted to obtain precision data. One for Test Method A
(dumbbells) and one for Test Method B (cut rings). Both
precision and bias sections were prepared in accordance with
Practice D 4483, . '

18.2 Test Method A (Dumbbells):

18.2.1 For the main interlaboratory program a Type |
precision was evaluated in 1986. Both repeatability and
reproducibility are short term, a period of a few days
separates replicate test results. A test result is the median
value, as specified by thic test method, obtained on 3
determination(s) or measurement(s) of the property or pa-
rameter in question. .

18.2.2 Three different'materials were used in this interlab-
oratory program, these were tested in 10 laboratories on 2
different days. ) ’ ; S

18.2.3-For the main interlaboratory program cured sheets
of each of the- three compounds ‘were -circulated' to- each
laboratory and stress-strain (dumbbell) specimens were cut,
gaged, and tested. A secondary interlaboratory test was
conducted for one of the compounds (R19160):: For this
testing, uncured compotind was circulated and sheets.were !
cured at a specified time and temperature (10 min at 157°C):
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TABLE 3 Type 1 Precision—Test Method B (Rings)

NoTE:

¥ = repeatability standard deviation.

¥ = repeatabifity = 2.83 times the square root of the repeatability variance,
o) = repeatability {as percentage of materiat average).

A = reproducibility standard deviation,

R = reproducibility = 2,83 times the square root of the reproducibility variance,

@ = reproducibility (as percentage of materiat average).

Materiat Average Within Laboratores Between Laboratores
Sr r r) SR R (R)
5. MATL 5 11.51 0.6663 1.8856 16.378 1.4365 4.0652 35.310
6. MATL 6 12.72 0.2741 0.7757 6.097 0.8330 23573 18.528
1. MATL 1 14.63 0.3677 1.0407 7112 0.4089 1.1571 7.907
4. MATL ¢ 15.01 0.5533 1.5659 10.434 3.0367 8.5940 §7.266
2. MATL 2 20.30 1.2935 3.6606 18.033 24711 6.9931 34.449
3. MATL 3 22,38 1.5565 4.4050 19.683 1.5565 4.4050 19.683
Pooled Valyes4 15.94 0.9423 2.6667 16.730 1.8772 $.3126 33.330

“ No values omitted.

.= ¢ach laboratory. From these individually cured sheets, test
specimens were cut and tested on each of two days one week
1 as in the main program. The main program results are
red to as “Test Only™ and the secondary program results
¢ referred to as “Cure and Test.”

18.2.4 The results of the precision calculations for repeat-
ability and reproducibility are given in Tables 1 and 2. in
1scending order of material average or level, for each of the
matenials evaluated and for cach of ‘the three properties
2valuated.

18.2.5 The precision of this test method may be expressed
in the format of the following statements that use what is
called an “appropriate value™ of r, R, (), or (R), that is, that
value to be used in decisions about test results (obtained with
the test method). The appropriate value is that value of 7 or
R associated with a mean level in Tables | thtough 4 closest
to the mean level under consideration at any given time, for
any given material in routine testing operations.

18.2.6 Repeatability—The repeatability, r, of this test
method has been established as the appropriate value tabu-
lated in Tables | through 4. Two single test results, obtained
under normal test method procedures, that differ by more
than this tabulated r (for any-given level) must be considered
as derived from different or nonidentical sample popula-
tions.

18.2.7 Reproducibility—The reproducibility, R, of this
test method has been established as the appropriate value
tzbulated in Tables | through 4. Two single test results
obtained in wwo different laboratories, under normal test
method procedures, that differ by more than the tabulated R
(ior any given level) must be considered 1o have come from
different or nonidentical sample populations.

18.2.8 Repeatability and reproducibility expressed as a
percentage of the mean level, (r) and (R), have equivalent
application statements as above for r and R. For the (r) and
(R) statements, the difference in the two single test results is
expressed as a percentage of the arithmetic mean of the two
1est resuits.

18.2.9 Bias—In test method terminology, bias is the
difference between an average test value and the reference (or
true) test property value, Reference values do not exist for
this test method since the value (of the test property) is
éxclusively defined by the test method, Bias, therefore,
cannot be determined.

18.3 Test Method B (Rings):

18.3.1 A Type | precision was evaluated in 1985. Both
repeatability and reproducibility are short term, a period of a
few days separates replicate test results. A test result is the
mean value, as specified by this test method, obtained on3
determinations or measurements of the property or param-
eter in Question.

TABLE 4 Type 1 Precision—Test Method B (Rings)

Nore:

Sr = repeatability standarg deviation,

r = repeatability = 2,83 times the square root of the repeatability variance,
() = repeatability (as percentage of material average).

SA = reproducibiiity standard deviation,

A = reproducibility = 2.83 times the square root of the reproducibility variance.

R) = reproducibility (as percentage of material average).

Material . - Average ' Within Laboratories Between Laboratories
. sr P P sa R A
1. MATL 1 322.14 15.2589 43.1826 13.405 334934, 94.7864 29,424
2. MATL 2 445.43 11.3505 82.1218 7211 34.1603 96.6736 21.703
4. MATL 4 509.43 '27.4408 77.6576 15.244 51.1784 144.8349 28.431
5. MATL S 545.00 2.9155 8.2508 1514 56.3827 159.5632 29.278
6. MATL 6’ 599.7% 12.9164 36.5534 6.095 14.0035 39.6298 6.608
3. MATL 3 815.86 16.2532 45.9966 5638 90.6618 256.5730 31.448
Pooled Values4 539.60 16.5458 46.8247 8.678 482153 136.4493 25.287

“ No values omitted, N *
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18.3.2 Six different ntaterials were used in the interlabo-
ratory program, these were tested in 4 laboratories on 2
different days.

18.3.3 The results of the precision calculations for repeat-
ability and reproducibility are given in Tables 3 and 4, in
ascending order of material average or level, for each of the
matenals evaluated.

18.3.4 Repeatability, r. varies over the range of material
levels as evaluated. Reproducihility, R. varies over the range
of material levels as evaluated.

18.3.5 The precision of this test method may be expressed
in the format of the following statements that use what is
called an “appropriate value” of r, R. (r). or (R), that is. that
value to be used in decisions about tes: results (obtained with
the test method). The appropriate value is that value of r or
R associated with a mean level in Tables 1 through 4 closest
to the mean level under consideration at any given time, for
any given material in routine testing operations.

18.3.6 Repearability—The repeatability, r, of this test
method has been established as the appropriate value tabu-
lated in Tables | through 4. Two single test results, obtained
under normal test method procedures. that differ by more
than this tabulated r (for any given level) must be considered
as derived from different or nonidentical sample popula-
tions.

18.3.7 Reproducibility—The reproducibility, R, of this
test method has been established as the appropriate value
tabulated in Tables | through 4. Two single test results
obtained in two different laboratories, under normal test

method procedures, that differ by more than the tabuluted R
(for any given level) must be considered to have come from
different or nonidentical sample populations.

18.3.8 Repeatability and reproducibility expressed as a
percentage of the mean level, (r) and (R), have .equivalent
application statements as 18.3.6 and 18.3.7 for r and R. For
the (r) and (R) statements, the difference in the two single
test results is expressed as a percentage of the arithmetic
mean of the two test results.

18.3.9 Bias—In test method terminology, bias is the
difference between an average test value and the reference (or
true) test property value. Reference values do not exist for
this test method since the value (of the test property) is
exclusively defined by the test method. Bias, therefore.
cannot be determined.

19. Report

19.1 The report shall include the following:

19.1.1 Results calculated in accordance with Section 12 or
17 whichever is applicable,

19.1.2 Type or description of test specimen,

19.1.3 Date of test,

19.1.4 Rate of extension if not as specified,

19.1.5 Temperature and humidity of test room if not as
specified, )

19.16 Temperature of test if at other than 23 + 2°C, and

19.1.7 Date of vulcanization, preparation of the rubber,
or both, if known.

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

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideraticn at a meeting of the responsibla

technical committee, which you may attend. If you leel that your

have not ived a fair hearing you should make your

views known to the AST!M Committee on Standards, 1916 Race St., Philadelphia, PA 19103,
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“ qHIb Designation: D 2240 - 86

Standard Test Method for

Rubber Property—Durometer Hardness’

This standard is issued under the fixed designation D 2240: the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the vear o

i last reapproval. A

superscript epsilon (¢} indicates 2n editorial change since the last revision or rezpproval.

This methed has been epproved for wuse by agencies of the Department of Deferse to replace metheds 3311.1 and $321 in Federa? Test
Method Stendard 6001 zwd method 1084 of Federal Test Mc:hod Standard 406, and for listing in the DoD index of Specificciions and

Standards.

1. Scope

1.1 This test method covers two types of durometers, A
and D, and the procedure for determining the indentation
hardness of homogeneous materials ranging from soft vulca-
nized rubber 1o some rigid plastics.

1.2 This test method is not applicable 1o the testing of
coated fabrics,

1.3 The values stated in SI units are 10 be regarded as the
standard.

4 This seandard may involve hazardous materials, oper-
ations, and equipment. This stendard does not purpori to
address all of'the safery problems associated with its use. It is
the responsidility o whoever uses this standard 1o consult and
establish appropriate safety and healih practices and deter-
mine the applicability of reguiciory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 530 Method of Testing Hard Rubber Products®

D618 Methods of Conditioning_ Plastics and Electrical
Insulating Materials for Tesunt73

D 785 Test Method for Rockwell Hardness of Plastics and
Electrical Insulating Materials®

D 1349 Practice for Rubber—Standard Temperatures for
Testing™*

D 1415 Test Method for Rubber Property—International
Hardnpess®

D 3040 Practice for Preparing Precision Statemerits for
Standards Related to Rubber and Rubber Testing>*

NOTE |—The specific dated edition of Practice D 3040 that prevails
in this document is referenced in the Precision section.

3. Summary of Test Methods

3.1 The Type A durometer is used for measuring softer
materials, and the Type D for harder materials {(see Note 6,
Section 9). This test method permits hardpess measurements
based on either initial indentation or indentation. after
specified. periods of time, or both.

! This test method is uader the jurisdiction of ASTM Committee D-11 on
Rubber and is the direct responsibility of Subcomittee D11.10 on Physical Tests.

Current edition approved March 27, 1986. Published May 1986, Originally
published as D 2240 - 64 T. Last previous edition D 2240 - 85.

2 Annual Book of ASTM Standards, Vol 09.01.

3 Annual Book of ASTM Standards, Yol 08.01.

* Annual Book of ASTM Standards, Vol 09.02.

4. Significance and Use

4.1 This test method is based on the penetration of 2
specified indentor forced into the maierial under specified
conditions. The inden:ation hardness is inversely related 1o
the penctration and is dependent on the elastic modulus and
viscoelastic behavior of the material. The shape of the
indentor and the force applied io it influence the rasuls
obiained so that there may be no simple relationship
between the results obiained with one tyvpe of durometer and
those obtained with either another type of durometer or
another instrument for measuring hardness. This test
mecthod is an empirical test intended primarily for conirol
purposes. No simple relationship exists between indentatioa
hardness determined by this test method and anv funda.
mental property of the material tested. For specification
purposes, it is recommended that Test Mecthod D 14135 be
used for sott materials and Method A of Method D 330 ot
Test Method D 735 be used for hard maienals.

5. Apparatus

5.1 Hardness-measuring apparatus or durometer cot
sisting of the following components:

3.1.1 Presser Foor with a hole having a diameter betweet
2.5 and 3.2 mm (0.10 and 0.13 in.) centered at least 6 ma
(0.25 in.) from any edge of the foot.

5.1.2 Indentor formed from hardened steel rod with :
diameter betweena 1.15 and 1.40 mmm (O 045 and 0.0535 in.) 1
the shape and dimensions shown in Fig. 1 for Type ¢
durometers or Fig. 2 for Type D durometers. .

5.1.3 Indicating Device on which the amount of extensiot
of the point of indentor may be read in terms of graduation
ranging from zero for full extension of 2.46 to 2.54 mo
(0.097 to C.160 in.) (Note 2) to 100 for zero extensiol.

£
N

. Al l

. 2502004 mm .

s
0.79 2003 mm

indentor for Type A Durometer

FIG. 1
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Indentor for Type D Durometer

AN

30°41°
Rod. 0.100T 012 mm

2.50 £0.041

FIG. 2

=2d by placing presser foot und inden:or in firm contact
with : {lat piece of glass.

N."t I—Type A Shore Durometers serial numbers 1 through
:nd i6 351 through 16 900 and Type A-2 Shore Durometers
aurm-=s ! through 8077 do not meet the requirement of 2.46 10 2.54
97 120.100 in.) extension of the indentor at zero reading, These
w215 will give readings which are low by amounts ranging from 3
.2 10 hardness 10 | unit at 90 hardness.

...+ Cahbrated Spring for applying force to the indentor
in aczordance with one of the following equations:

Force. N = 0.550 + 0.075 A, m

whers H, is the hardness reading on a Type A durometer,
and

Force. N = 0.4245H (2)

where Hyp is the hardness reading on a Type D durometer.

6. Test Specimen

6.1 The test specimen shall be at least 6 mm (0.25 in.) in
thickness unless it is known that identical results are ob-
uined with a thinner specimen (Note 3). A specimen may be
composed of plied pieces to obtain the necessary thickness,
but determinations made on such specimens may not agree
with those made on solid specimens because the surfaces
between piies may not be in complete contact. The lateral
dimensions of the specimen shall be sufficient to permit
measurernents at least 12 mm (0.5 in.) from any edge unless
itis known that identical results are obtained when measure-
ments are made at a lesser distance from an edge. The

surface of the specimen shall be flat over sufficient area to
permit the presser foot to contact the specimen over an area
having a radius of at least 6 mm (0.25 in.) from the indentor
point. A suitable hardness determination cannot be made on
a rounded; uneven, or rough surface.

NoOTE 3—The minimum requirement for the thickness of the spec-
imen is dependent on the extent of penetration of the indentor into the
specimen: that is. thinner specimens may be used for materals having
hardness values at the upper end of the scale. The minimum distance
from the edge at which measurements may be made likewise decreases
as the hardness increases. For materials having hardness values above 30
Type D durometer. the thickness of the specimen should be at least 3
mm (0.12 in.) and measurements should not be made closer than 6 mm
(0.25 in.) 10 any-edge.

7. Calibration

7.1 The spring can be calibrated by supporting the
durometer in a vertical position and resting the point of the
indentor on a small spacer at the center of one pan of a
balance as shown in Fig. 3 in order to prevent interference
between presser foot and pan (Note 4). The spacer shall have
a small cylindrical stem approximately 2.5 mm (0.1 in.) in
height and 1.25 mm (0.05 in.) in diameter, and shall be
slightly cupped on top to accommodate the indentor point.
Balance the mass of the spacer by a tare on the opposite pan
of the balance. Add known masses to the opposite pan to
balance the force on the indentor at various scale readings.
The measured force (9.8 X mass in kilograms) shall equal the
force calculated by either Eq 1 within + 0.08 N or Eq 2
within £ 0.44 N. °

NOTE 4—Instruments specifically designed for calibration of
durometers may be used. Zwick & Co.. Control Equipment 7501, can be
used for calibration as it is capable of measuring or applying a force on
the point of the indentor within 0.004 N for a Type A durometer and
within 0.02 N for a Type D durometer. Zwick Control Equipment 7501
with serial numbers higher than WA-20301 are satisfactory for this
work. Instruments with lower serial numbers must be modified.

7.2 Frequent checks in between calibrations in accord-
ance with 7.1, of the indentor by means of a test block
supplied by the manufacturer should be made to monitor the
condition of the indentor relative to possible wear or
damage.

77 N\
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TABLE 1 LQC Hardness Precision Data—Type A
Mean Within Laboratories Among Laboratories
Material "
Level S cv s cv
1 514 0.646 0.013 1.56 0.030
2 65.3 0.878 0.014 2.14 0.033
3 68.0 0.433 0.0064 2.28 0.034
*rz0a of Pooled Values 0.677 0.0118 2.018 0.0323
Repeatability Reproducibility
“currard Deviation, (S)4 0.677 2.045
24t rzent of Variation, (CV) 0.0118 0.0325
=37 Sugnuficant Ditference, (LSD)® 3.29% 9.20%

* 2n average value, the value of S varies with mean levei.

730 based on 95 % confidence leve! two results are considered significantlv different if their ditference, expressed as a percentage of their average, exceeds the

“rate percent value,

4. Conditioning

4.1 Tests shall be made at 23 + 2°C (73.4 % 3.6°F) if the
temperature of test is not specified. When tests are made at
rither temperatures, it is recommended that they be made at
one or more of the standard temperatures given in Practice
11349 or Procedure A of Methods D 618. The specimens
shall be conditioned at the temperature of test for at least 1 h
Eefore test for materials whose hardness is not dependent on
the relative humidity. For materials whose hardness is
dependent on the relative humidity, the specimens shall be
conditioned in accordance with Procedure A of Methods
D /18 and tested at the same conditions.

9. Procedure

9.1 Place the specimen on a hard. horizontal surface.
Hold the durometer in a vertical position with the point of
the indentor at least 12 mm (0.5 in.) from any edge of the
specimen, unless it is known that identical results are
obtained when measurements are made with the indentor at
a lesser distance. Apply the presser foot to the specimen as
rapidly as possible without shock, keeping the foot parallel to
the surface of the specimen. Apply just sufficient pressure to
obtain firm contact betweén pressor foot and specimen.

NOTE 5—Better reproducibility may be obtained by using either a
Jurometer stand or a mass centered on the axis of the indentor or both

9.2 Unless otherwise specified, read the scale within 1 s
after the presser foot is in firm contact with the specimen,
unless the durometer has a maximum indicator, in which
case the maximum reading is taken. If a reading after a time

interval is specified, hold the presser foot in contact with the -

specimen without change in position of pressure and read the
scale after the period specified.

e
. NoTe 6—Durometers having only 2 maximum indicator cannot be
used to obtain hardness values at various time intervals, nor in testing
vinyl plastics which require the reading to be taken at 5.

9..3. Make five measurements of hardness at different
positions on the specimen at least 6 mm (0.25 in.) apart and.
determine the median value or the arthimetic mean.

NoTe 7—1It is recommended that measurements be made with the
Type D durometer when values above 90 are obtzined with the Type A

durometer and that measurements be made with the Type A durometer © °
when values less than 20 are obtained with the Type D durometer. *

Values below 10 Type A are inexact and shouid not be reported. . .

10. Report

10.1 The report shall include the following:

10.1.1 The hardness value obtained,

10.1.2 Complete identification of material tested, in-
cluding date of vulcanization.

10.1.3 Description of specimen. inctuding thickness and
number of pieces plied, if less than 6 mm (0.25 in.),

10.1.4 Temperature of test if other than 23°C, and relative
humidity when hardness of material is dependent on hu-
midity, i

10.1.5 Type and manufacture of durometer.

10.1.6 Indentation hardness time interval at which
reading was taken (Note 8), and

10.1.7 Date of test.

Note 8—Readings may be reported in the form: A/45/15 where A&
the tvpe of durometer, 45 the reading, and 15 the time in seconds that
the pressure foot is in firm contact with the specimen. Simitacly, D/60/1
indicates a reading of 60 on the Tyvpe D durometer obtained either
within 1 s or from a maximum indicator.

11. Precision and Bias®

11.1 These precision and bias statements have been pre-
pared in accordance with Practice D 3040 - 81. Refer to
Practice D 3040 for terminology and other testing and
statistical concepts.

11.2 The LQC precision for both Type A and D methods
was determined from an interlaboratory program with three
materials of varying hardness, in each range, with six
participating laboratories. Tests were conducted on two
separate days in each laboratory for both the A and D
programs. All materials were supplied from a single source.

11.3 A test result for hardness (both A and D) was the
median of five individual hardness readings on each day 18
each laboratory. . -

11.4 Table 1 gives the precision results for Type A
method. Table 2 gives the precision results for Type D
method. . "

11.5 Repeatability refers to within laboratory precisios:
reproducibility refers to among (between) laboratory prect
sion. . =
11.6 Bias—In test method statistical terminology, bias 5:
the difference between an average test value and the :

- -

~ =3 Supponting data’ bave been filed at ASTM Headquarters, 1916 R#%’
Philad¢lphia, PA 19103. Request RR:D-11.1029.

i
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I TABLE 2 LQC Hardness Precision Data—Type D4
i Mean Within Laboratories Among Laboratories
Materiat , *
' Level S cv S cv
T 1 426 0.316 0.0080 2815 0.0661
2 54.5 0.791 0.0150 3.536 0.0643

Y 3 823 1.012 0.0130 3.544 0.0431

navage or Pooled Values 0.762 0.0122 ' 3316 - 0.0580

) ’ Repeatability 3 Répfodudb«‘lity

o Surdard Deviation, (S)® 0.762 3.359

scafficient of Vadation, (CV) 0.0122 0.0596

:3ast Significant Ditference, (LSD)¢ 345% 16.85 %

* On.e laboratory did not repont data, The results are based on five laboratorizs.,
2 An average value, the value of S varies with mean level,

P ©1SD based on 95 % confidence level: two results are considered significantly ditferent if their ditference, expressed as a percentage of their average, exceeds the

o
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nce or true test property value. Reference values do not
exist for this tesy method since the value or level of the test  therefore, can not be determined.

523120 percant level,

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

This standard is subject to revision at any time oy the responsible and must be reviewed every five years and
# not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve carelul consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have nol received a fair hearing you should make your
views known to the ASTM Commuttee on Standards, 1916 Race St., Phitadelphia, PA 19103.

property is exclusively defined by the test method. Bias,
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