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ABSTRACT

This work is a preliminary study of porous water pipes produced from ground
rubber tyres (GRT) and poly(vinyl chloride) using dioctyl phthalate (DOP) as a
plasticiser, azodicarbonamide (AZ) as a blowing agent, and zinc oxide as a kicker. Raw
materials were mixed by a high-speed mixer and a two-roll mill. The mixture was then
shaped into a porous sheet with thickness of 0.35 cm as a model study by a
compression moulding machine. The processing conditions, the amount of DOP and
AZ, the weight ratio of GRT/PVC, the effect of zinc oxide on blowing agent, and GRT
particle size were investigated. The mechanical, physical, thermal, and morphological
properties were characterized. It was found that the suitable compression conditions
were at 210 °C for 4 mins. The proposed formula for a porous water pipe contained
DOP and AZ 40 and 14 phr (part per hundred parts of resins), respectively, GRT/PVC
60/40 wt% and GRT particle size 20 mesh. It was also found that zinc oxide had almost
no effect on the decomposition of the blowing agent. Consequently, the porous water
pipe was extruded by a single screw extruder. The tensile strength, % elongation at
break, the initial modulus, hardness, bulk density and water permeability at water
pressure 5%10° MPa of the porous water pipe were 1.13 MPa, 21.85%, 10.41 MPa, 76

(shore A), 0.78 g/c:m3 and 8.95 I/h-m, respectively.
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M.D. Burgoyne wavAtuz [16] wireenesneusunldiiuansiiuie luenasnsus
wuinruaaeneseumuiiasudAty Ao e snsusRa s oFn e nsid
neenarnsufiiuanafisideaninldaniFinnienm T ANHWTIUINFNGIqA (Ultimate
tensile strength) afidusnistin s 9m11@ (Percent elongation at break)
WAZAMULEISIENTNA (Tear strength) TB9TUIMUNAROLARRY HAZNITBNHILTOLUS

FUNALANAZN IR AN U RN A INTBITUINTUN ABALAINI NI RN HEN9T0 8 U T H 1WA

]
ol =

ngy -'iﬁlmﬁmmmﬂﬁumm»&mﬂumﬂmmm’lunjmn%mﬁLﬁuaalumqa‘nﬂum"ﬂmﬂﬁﬂﬁ
auiiAfng q fananaglutasfineniuls Ae 10 Wefidudaeiuin

A. Accetta Waz J. M. Vergnaud [17] An®uuanianistinaesesnsusaasiiy
fi’mqﬁulummamLL:JuﬁfaQﬁ’uLﬁmmnm’?ﬂﬁnﬂu‘ﬁmm@‘mmwm‘:m uwazilaaiudeasing o
Tuenmstuiou Tneienssasufununiguuniion Wilaua 300-000 ulasiums uax
M duiuansdenio (Cross-linking agent) laeenfiawmiamiumanadloges 5
sudluusiusEAINAY 10 MPa gouunil 180 asATaTad u1u 10 Ui aInn1sAnE
wudrrawdausaRe (Tensile strength) wazpamudana (Hardness) 189FuIUMAGOLT

P

nanfnuEdy 2 Wesdudlagnutin fAnnnIvsaReLT AN ETY 5 wasiius
Toeniwiin usiwlefdudnistn o apuaaziiAntosndt wanaliiiudndleldsusi
2 wefidudlaeinnin FIENTaBUATINN LR T LLﬂ:L?jawmmum?@mnﬁm%‘mlu
499ANE 200-4,000 1FNT PRINNNARELIN 3 TR NANATNZOU 2 Wwefidus
Tneninmin wudndinsganaudesls LG IR PL ALY

P. Rajalingam wa W.E. Baker [18] Wnaqenasneusnansunaaeiausianiny
WULUALLLENAY (Linear low density polyethylene, LLDPE) WALWaAAAINAAIIN
MiNge nudmsiuneAweiafg o dusaslumsed 2.1 asiliaaniRae
FNUNIUUIINTZUNN (Impact strength) i TnearfinalunedeRaustaAa LUl LY

AMLLEANAUNINNTINERIBNAUTRAANMUILUUGY  WAZWUIINITIARBLENENTNEUR

AatnsaLaRauazAIan (Ethylene acrylic acid) 11 A INFIUNIULTINTZUN RN T



A1TN 2.1 WeRieFTiaf1a 7 d1MFuNIMAaBILed P. Rajalingam uaz W.E. Baker [18)

TANDALNDT AsTTHNNTVAN luA PRI MG

(NF/10 1)

EAA 20.0 Ethylene-co-acrylic acid (9%)
G1901X 54 Styrene-ethylene/butylene-stylene triblock copolymer

modified with maleic anhydride (2%)

G1652 1.3 Stylene-ethylene/butylene-stylene triblock copolymer
IB'E' 3.0 Ethylene-co-glycidyl methacrylate (GMA) (12%)
IB'7B’ 7.0 Ethylene-co-vinyl acetate (5%)-Co-GMA (12%)
EVA1810 1.3 Ethylene-co-vinyl acetate (18%)

EVA1880M 500.0 Ethylene-co-vinyl acetate (18%)

PE(MAN) 1.5 Maleic anhydride (2%) grafted polyethylene

T e

P. Rajalingam UWAZAME [19] HANKIENTNEURNUNEARNAUTRAAINMUILLLAN

- v

wuudadd seenvsntusn ieTanlaedinsuafigraugiideauuuuia (Ambient grinding)

L3

wazuuuun (Wet ambient grinding) uaznsuUANRMUUANAT (Cryogenic grinding) #

Y

U -195 B3AAITEA A1NN1TATIATATI IR URTBINNENsneusETaLlARN 3 33
L ]

WUTNENENTIEUARIETENAINNTUATIg A Tve LU LWuazuulsnTNuR T u nuass
ANBUZITITE  @IUNIBNTNBUARINNITUATIgUUN HAAsENuAaFaY  HuRitauaznns
NITANEFATDINILNINHUANBENTIHIENTDEUATEEENAINNTUANGUINA T H BT

=i i :’; rd‘ =l 9 aa =
wazuuUan ANMIANINLI TN UNARELANMRENTRUIIWTtNA e AT UARLL TN
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AZAAIAMIUATUNIBUTINTTUNNHINNINTUITUNARD LA NNILNTALUANL AN FETTUA
3 oo nll = u‘ o o o [ - o d’; =
WUuWi  uarAsuaguuiiAImNaiy dmiunanitsAneunalianisUudgeiuiares
HNENTNBUR LW Electron beam radiation treaded GRT, Corona treaded GRT W&z
¥ i

Plasma treaded GRT Wu4138 Electron beam radiation treaded GRT 1J1357n1 1Ty
NARBLAAIAINFTUNIBUTINTEUNNATG A

P.K. Pramanik waz W.E. Baker [20] AN®1AMNGIUNIULTINTEUNNIBINDAIRTAY
TUAANNMUNULUUAMUUTUEUNANTUENENINORATIWIA 40 uaz 80 w1 Wifieiau
BEATANUETA WATeNsTINTALULEWandlad (Epoxidised natural rubber) ifluansdney

= [ o v ' P

panNealFuleanifANs U IBUTINTZUNN  AnnIsAnInLduileFu e

= = 4:‘ g d a <
S7TNTABNENT LA NN HEMIENIDHUANIUIAENNT  ANFTUNIULIINTTUNNAL

Wuau waznisdnlafofiawesesnled (Dicumyl peroxide) WBNISARDUKIENITOLUR




saladaaleseanladuazlnsueialaeysn (Triallyl cyanyrate) Azdaeiiinaam
FTUNTULIINTZUNN

N. R. Choudhury &z S. N. Bhattacharya [21] Anwaanduedeaiuszudng
TR UNe R AU TnA ISR daulnetMTn 70/30 wazauiRnNg
Sannemudie\fraeiuminwediafiau (Chiorinated polyethylene, CPE) 5-30 Uafigus
Taeviwinifuansdaonay aannsAnswudimaduastasuaurin i WA
ANINENUINLSNSE NN uAFTTnsvReNIMaanas (EBsannanstaenaazdanly
A5EALNNEMI N HIE 08U LN R LR ALAI LM U LU LA AT uanmnﬁmn'ﬁu
puddurssastannanasin vl uazueadafisauandan

AB. Sawant uar D.D. Kale [22] tiweRiefiautiiamumnuiugaitaunis
Mauudonaniumeensneusd uwasAnwaudd  sine ugresmsdaulnaiuiness

EENTREUARONe A NANTTAANMWILINGY 0100, 10/90,..., 80/20 AINANSANE

1 i £ i £
wudniledFunnmensosudiinay  wedidudnisiia o qaealAnANIY  uidiAIN
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1l o

WiausaAannas eznaenasasusiidainian dounediefiautiinanuuuiuiugaliild
FavhAdmnnsiulg

E. Kowalska Way Z. Wielgosz [23] ANENIHARY BT NA N YN0 EUATL
wadtefiay (liszyaie) Tnednansiives uazansdanuan annisinewudniiefuna
ansiiaafintunuudouse o 9A218 (Breaking strength) UAZAMNVUILLLLRIYIE
findniidnanas WetFunnmesnasnaudifnay Anuudse o AATIAATLAINARY dIU
AEMNULUE ALY wasElenasnasnauATIunaEna mmmjmﬂmmmgw?uuﬂ:
ATIMUNLLLIBMETNTNAZANRY ANNTNARELEATINIT It uTen Wud et
WFtNANENENTn A RaNe R TANE AT 60/40-65/35 SIEmInsTakig
maﬁmmﬁ@m uenaNBEMLIIEAN N e snE R uA LI TRaYie

WYL TULATYING Wes qiine uazanmA galnea [9] ANEIUUINIINIIHER
viethdannmenassuFiUne R aLTE AR LI LA wudranaziwmsnzanlunns
%ugﬂﬁfa&ﬁu fia sandanilnsiminuessnssoousenedeiauaiianumn s
A8 60/40 uaztBunouellaanfuunlug 3 wefiduslaeriiwin

yNENaH w5k uazeaensal Anduney [10] Ansnansig 1 aviandadinan
mné’mmdw’fﬂﬂﬁwﬁnmmwamsnmuﬁﬁuwaﬁmﬁﬁmﬁmmmumLuiwfi']whf‘fu 60/40
Baaelrlaafluniug 3 wefidudlagtiiwin Taeldlnfefiawefesnlafiiuans

Wenlen uaswediiaunsmuadnueulalasd (Polyethylene graft maleic anhydride,
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wadidusiasiimin  visanadenaunsunaanueulalasamntuludae 0-5 wefidus
g o (=1 el H L= L3 = ' lal 5 ]
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Tﬂﬂﬁwﬁn'ﬂmmm\}?nﬂuﬁﬁiﬂw'ﬂ%Lﬂﬁé’iu'ﬁﬁmmwumuﬂuqq AB 60/40 uwazifunc
wlrlaanfluun lusdafuanslinasiisminiy 8 phr

IR8999 M. Tipanna uar D.D. Kale [24] Anwiantmidana dun adnu
wiusams wefidusnisiia uazauudang 1esreunadanatiumeelulnsduaasiaes
(Finely ground rollers of nitrile rubber, GNRP) lagAnmludaednmdanlaeivsnges
raenalulasdsiaddd 0100, 10/90....,90/10 wudndletiunaeneelulasdifiniy A
wiauseia waracrnudenaazanas dounlefiiusinismaiiaasifiniy g miuaany

(] Q. ; i [ 1 L) e el ﬂ‘ 4
FIUNIUUSINTEUINNasl AR NTWH s AT da U1t lulAsddaRaTiANTUa I 0/10,

10/90,..., 50/50 wrilesmsdaulasinminaescssalulasamefaduinndn 5050 Ae
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2.3 WARLNBTHANAITINNLUD (Filled polymers) [6, 26]
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finatnady nsANLilunedianan nsiNLAaFaNAFUaLATLATE LWAZNITIRNEEN
snpuraaluidd (udu Taoilunsfnarsfiniioaslunedmesasialiaruuds
(Rigidity) m'mﬂum'ama‘tﬁﬂgmﬁmmnmm%"ﬂu LA AN AN LTI TZUN NN
ansfuEeawiveaniy 2 1ia Aa

1) AT uansaunse (Organic fillers) fasgnady W@ulaannld (Wood
fibers) MABNNTNLIUA LTIUFAY

2) anadiuiteiituansetiuviag (Inorganic fillers)  Faagaie  lowda (Glass
fibers) A (TlUAY

. = & o s
gﬂi"]d‘ll@ﬂ'ﬂ'léﬂ’]ﬂﬂ’]i‘muL‘H@LLﬂ N ﬂdgﬂ'ﬂ 2.1

O

Spherical Irregular
Platey Acicular

Porous aggregate

UM 2.1 gueresanniaansiiniie [26]

anninieetafigdivdnyaundy neansy gudeldainane (Irregularn)
Wuuky  (Platey) a4 nisldarsiiuilaniaualnamssiunaniunadiwasinenamly
o o ] 3 v a ar P e o el & - d‘" ar i
NaRADTEN ) Al landadneinlaniRdnaifidesainasifiuienszanadaaelu
WORNBTALNNANNAND  AetuAIRLTuFBsARIwIAd TRNHenawi U 1w Taevialy
o ey i i P i [y
ananeniauianinngdy 40 ulaswns auisadnawelagldm=wnsesauld danns
. 6 4 SO b o DX de e 5
ARTUIAAsNNNaaRNIAANSIN NI T uaeWY  dufuansifisilendusaniuiuiauas
Anruralasni ey lugdatsusanassluaaaman fateaeswadinld Téun 1in dontuea
1 c: j A=il % 1 o “a Aﬂl 1
4ad  dauanainuilenaunadesndt 10 lulasmas azdnuuialaemataduwnunisld
o e e 2% y
ATWNgI5au Famatantanld Aa nsanaznauansnuite luraswman lnsani=lutin
d' :: d‘f = rdagl' ) =4 dl d:- ] -::
AMNNITNAITIRNUBUAZNARINDTUNUHY 2 @21 AD douduameAuildn uazdiun
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2.4 TN (Foam) [27-28]
= I - R - e v o a4 o a4 o o
AT BN TNYTEVBUN TNHTATA T UINTUTUR AR NN TUN LN TR
Lﬁmmnmmmaﬁqmaqmﬂﬁwmns:muagﬁﬁq%umuwmmu ARLAUANTRLALWANNNS

1 v
NARIWN AsaeasuraiaafuinusAelUL

' £
==l o

1 " v
Ty Ae dmgiduawiniunnieluilefigiaseinia dnwusialladraiurenin

q

§99NT75 IWNuLeaanily 2 anwuranifnsaaieeaaas Ao

- WMuwuugasila (Closed cell) uunade  IWuin w99 tae19v3aLIaa Life

=

- Wuwuueaaitla (Open cell ) wunade Huhiinsrsaaagaaafwauni i

ar b5

= = =
UTADINIARHULILUND Auls

drufuiuidvageddanaziradid AR AEAWTENT “WUULTARNAN
TWunanafindszneudanlassairaresadildannnisunsnasasfnaildannisaaiesa
gpaanslinesieaznannselyl

2.4.1 NTRARTNY

nsuaRinuaNnTanle 2 35 Ae

1) AEnumenm Ae  MWiasavienauannaiinliAnmausnlubenedwes
Lﬁfaﬁﬂm%m@ﬂﬂ%ugﬂ?mal‘i‘mm%’auﬁ"w%majmalm:mmaﬁf;'ﬁfl'l,ﬁt.ﬁawaﬁLuaérvj%u
ulnu siaseinat waﬁﬂim‘ﬁ{utﬂu (Expandable polystyrene)

2) Asmanil A MlfitenvasmnadiassaiainliAaly ngauilddnlsznay

4

At rBIwmaaesTiavTaNINndn Tasalanilatiunefimefinatanstauiadludounanta

ar

ar =1 =4 o L2 d-ai o = e ar = & P v = g
Qﬂﬂﬂﬂ“ﬂﬂﬂi"ﬂﬁ]’lﬂ’!1'1)[LL']NLLﬂL’ﬂ'Wﬁ'LﬂJJ'V’I'ﬂ’”I'L]Qﬂ‘i‘ﬂ’]ﬂUW’ﬂﬂLN'ﬂ?LHﬂ’JLWﬂl‘HLﬂﬂﬂq’ﬂ

a9l waRLTmuIng (Polyurethane foam)
2.4.2 aNdmsIe 7 189inn
AN NNzl st ulns nsaf UL By Ui 19N nanan s T Wa s n g

et lulleraamefmefiasindulng Genouduiussendneaui@idang Wy A



WIausanasm ANWIINTITANe ANLTINTIRY vad (MuAN99T 2.2) AuAINMILLLTEY

U

WORLFINUIWNIRAUTILAAIAIANNITT 2.1 URZAINITOUINNTEUNIINULAAIAI TN AUW LS

U 2.2

2t

P =KD"

e P = antiiANLiueasia 1

D = ATNURILLY

K, n= ﬂ'ﬂmﬁmmm%m@ﬁm:auﬂﬁmmuﬁmmﬂu']

AN P, K uag n wamalumnsan 2.2

Tension

Compression

Shear

Log Breaking Strength

Log Density

7¥ 2.2 Auduiusrendnanudssiuaumnuislunedgimuinuiiowda (27]

Waanumnwiuraa iainTuAsdanaseanFisg q fssielyi

1)
2)
3)

4)

ANURAINUTUTE 7 1RNT
N1IAANALUTINTEUNNLANT
- . . P |
N1sUABAN W 9AYIQA (Ultimate elongation) (WHIY
" 1 o Yl s 1% dd?
nITatmAINTaRanas M NanURnaivanIuAI N TaRA T
antiAnsintinueeslautanss (Faglii 2.3)

AINATNNTO lUNTRATUNNARAAY



-ﬂl ascy o 1 U a ol = =3
AN 2.2 ANUAANNLULILTIAN 7ATKURE N 'lmqw'aﬂg?muwmumm [27]

ANURANNUTINTIA 4 (P) K n
AMNWIIUTINATA (Compressive strength) 12.8 1.54
AN TANE (Flexural strength) 19.0 1.36
AMNWIaWsaAa (Tensile strength) 23.0 1.20
AMNUWINLTIEDY (Shear strength) 14.9 1.16
NanAANALA (Compressive modulus) 293.8 1.62
nanaalAwNe (Flexural modulus) 186.3 175
NOAARAA (Tensile modulus) 573.5 1.15
NOAAAIADY (Shear modulus) 169.9 1.39

por

Water Va
ermeability

P

Log Density

U 2.3 Aonuduiuszwdnianuanisalunsiuiueeslerinfuasumuninae vy

[27]

o d’ |d” = ' s e A:il
PUTNAUBDITAR mmlmmmﬂfﬂunﬂm:mammuummq "] awialUl

1) ANURANWIILTIFAN 1 AEAANY

2) nN76A nﬁum?m‘:wn@m AR

3) \imn13lAan (Buckling failure) Tuseudnanisdm

4) HauTAnsluauIuanag

5) HANURNTTUEIUIDIUILALAINIALALTY

eﬁ. T o =l ' e ) ar ] d”
WRTUNAIARIANAIRTHHAFARANITRA 7 Aasaliil

1) ANWIIUTIUAZNITEADEN (4 AAGIAAILIANTY

= ey

@ y a4
2) HANUANTIUAUIUAIINTAUINNTY
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2.5 B19908UALAZNITUIENTREUANAUNT I L UN [5-6, 29-33]
2.5.1 89708UR

o ar

TulszdRmaninssunudlisingiddyetaniia Ae nisUstAngdesnainty
2 - a o g i
sgnidlszlamiiunsanwianauds uazimaiRwIuGEes 9 Aunseiy we. 2382
Charles Goodyear laAunuagnasdamluindu (Vulcanisation) finligusoaandasingng
HAnaNITafunsy uaziannununiy delanldfuunsnatsaunszialaqyy
daulsznavressnvrntuegiuatinressoiirewldld setradu ansdmiusausmmn
tNAMTusosuAdIuyARsvIaEINIAeY Wy fetndiulszneusessnaunfey

WAAIAILN 2.4

SIDEWALL

dadavd},

g y ‘;.;47,
. ,;/////,////2////\ NYLON OVERLAYS

STEEL BFLTS
BODY PLIES

PLY TURN UP 3

/
CHAFER

APEX

o = TOE-GUARD
7UN 2.4 daurlszneuressnausiiae [29]

i e v . e A em ,

- Wi (Tread)  Widrundudanuionuy AemeenisenaiiauTmnuniusanig
o o . P v i ; o ) & o v
YA/ (Wear resistance) NAMNTAUATAN (Heat buildup) A1 @2uuNnUszneaumie
895970115 8199y (Butadiene Rubber, BR) uazensalsiutianiladu (Styrene-
Butadiene Rubber, SBR) Fagnuaniua1fuaua sy uazansidenle

- g9lu (Liner)  vinwtiniutwin @anldenalelodahau-lelaiFu (sobutylene-

ot a i s <2 ' 2] o
Isoprene Rubber, IIR) WraayAusrasnedweiilanTinsiururnafiann

[l i '
] =

- WANEN (Sidewall) HBANITANTANTTULIINTLUNATR T9T28AILANNITINTBITD
daunduenatidsznaudaeenalulasg (Nitrle Rubbers, NBR) snsalsiudaniladu uax

anfianlady nanfuanfueunn tduae o uasanslsznausunss



2.5.2 nmsunauun v

nstndusndnsiviensruaunisiloda fe nasisssiaunsotiinduun
Wil viu win azglilien nszaw waradn easoeus vav nausnldlvailugaes
naRSuTPEa ALY nMsinduan W mifinssuaunis 4 dumeu Eud nsfususy
nmsusndszinndagusiazatineananniu naudavsatiulgs usznisiiun s Tumd

nsin@uan M imiutseanidu 3 Ussuamsail

n) nmsvnduan i wiuuugundl (Primary recycling) — wunasuanduun i
lnen1sineeeAng 9 U wia nanasn i axgiiliun YaY NvaeN ué’qﬁﬂﬂ‘%ugﬂw:ﬂﬁ
nansousmnauTRuasanssousIndiAsfunan ol

1) nmsunausn i nduuunAsni (Secondary recycling) Wlwinauunldlniiag
DIALNANNITHANNAMIANAY  FIBLNIY  NITHANTIEWAIARNALANTRNUAY gy o
nszany (s viiemsnandunanainnialiadeafuils wdainltususansios
pin4 7 1 Huuzeain wnzdnsenu wseslinelurig seasudviudn vas

) nMsdanduan g ImiuuuARand (Tertiary recycling)  iWunisvinduun gl
Taerunszuaumsmaail sienssusunismnansdeudieildnenawes anneil uas
Fomaaiiulsylomnd Tnonssuaunsivanzan wu tnalalada (Glycolysis) wnlulada
(Methanolysis) lalaslada (Hydrolysis) uazlnislada (Pyrolysis)

nsieneroauARE s uudn U i Guilunfaurduanisssii - 20
elugrausnaztisenasonudn idudemawmudmivuasiniulitausng 7y
Tranundanszualniy Teasundmludiuud vov AeuniinisWmuinisinenesosusd

=

ndua i lmilaedgsin q vy nasdwvsesensalud nasiananluingaundn
anrnausuasiudiugnsalzoous  nsbnduansiuileluwedwe fdmiuusiug iy
wazviaudnitusiu nisenssosusidngnszusunisiinduan Mnsiie nandun@daioe
daulngjailusesaaruaeesasudiiiiudugn 9 Taanisuaneu diesananasosusl
. - - . rela ¥ L o e
1AM LATHANNEAUEU TINTUALNTIEUFTN 1WA 2 35 Ae
n) NITUANGUUYHEY (6]
nsruaunsasutusnssosudidunsenasoous  Taonisuasnssoausidiiuned

a v v < ' &
wnpivas aziduntsusuuuwdis wieuauuwden nsruaunisuauielmdy 3

pe o

=
UADU AB

=2

- NN9AA (Shredding) HNTNHUAAZYNUENATNBIALTZNOLTBILNITOLUS

t [ el o e a oa 44' = r:dlcd [ V
mnuuqﬂmmlummm 50 HAAWNAT X 50 HABUAT DAUTHUNUINTOHUANUIUIALANIN
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LABEINTOLURA (Scrap rubber tyres) UATIARENTNEUMMANSLgnUATHNIWIARENIT 25
faawns  doulanzinaneglwarsesosusignuaneaninaaiawiuutindnanieaae
Wit arnauAingdunaunln

- M3uen (Separation) svsoausngnaniuiuwan 7 aviidulofiun

‘ﬂ. k% v ' i ; = d" 1 o

wndesiasusnean HluduwenidulowmarisanasiinislueusyluAnensasumiianaens
208U I ANE1TREUAYTRMIENT R UAN AN WS T L siBansiua s aulussndnanig
g

- msiudla (Granulation)  FAARENINEUALINIUIA 6 NaAWAT 69t
luiianyunesnuuuiuiiay doulanzussdulenvdeagasgnuanaananaialaaaianiy

v i
Wwwm@n waz Cyclonic fluff separator MNATAL  ANUUIAMEITNEURATYNAdgIAT
ar < dl o vl o s
faulaien lilaualseuns 1.7 Sadmns
1) NITUANGINHAN
Wunszuounisuaenerasus  TaanisiAnetssosumud lululnsiauimanis
YrunNHUTzII —195 BaANTadua uAIRILAG Hammer mill wazinnIsuanlanzuas
Wuleeanlunian M wmeesoswinldainnssusunisuaisiiasinuitadesndnani
caiy v = ay P s ) o a a2

FOBURANIAAINNITUANGLUNANEY WsiSltuIaadaNanInNng (AagUn 2.5) anvienisua

Tneasldldndanulumsuateand asnsuaiiguugiivias

(1) MsuaLLLTlEnhgnuugiives

(N) NITUALLLULIANE

] i3 1
=l

UM 2.5 WuH9189M81T08uAN LFANNITLALLLAIS 7 AMAaT8e 100 i1 (6]

Uu



. (B2 E kAN 4R | A AMaar 79,’_‘ ™ & L
THOHOTUANAN HiTza0inMIMIANTEIN

-4

g;'d"ﬁ' 2.5 (Fi)

« 173 q' d.’ o [
rapnaraeumgn Mitua s ied iy

o =

- HARENNTOEUA HIENTOBUARTNNANAUTRQALAARLIITOWS  USNIMUNIENY
f‘ﬂl D‘x [ o 1 = a o i =3
soausin IdanegAunindiensosud Wldan  nisdumesnssoaufazin i uudaus
aARY d9uANTauATAN uaT Oxidative aging AZINNI

- WAAWHUYAY NANKRENTNEUATUNBAYTINY faesnaush dAdsiiaunamdnndn

v [
|

4 T WA MAITIANNAENT0Na S BaANINGI I (WS DU UR AR ATINUN Y
wnvinlisldwedgTnmuiinau uhunuindnldianTRaandudss uaznuusanszuwnn
16d fetnnsiuduniululd 1un awnii auunasd uasniadiu dudiu (317 2.6)
- NANALLNNNTADLINDTIADUY NTIANNIETauRa LN ARA I8 anNIT
WANTBIRIDUN WRNAINNUNING WAZAANITTHEIWIDIN
e = - - - i v o i
- HANAUADUNTA  NBENRNsNTnsunAadluAaunsamnaltluuneaieEundn
“Rubcrete” lagnAnmaensnawslszunos 10 wefiiudlaainmin azgoanilviasnaaiig
v
VI NIAY WAL WAEN AWM 484 HANLTILSIAY
1 %’ =S =y o L3 o = a« - 4 a'/
- vieunau naRlALUINIE T aNRNANAUNBANa T ss T uldanunall
(Mag1 2.6) 1easnvsoausiawa 30 wa nsinarasuidiuiasdnslumiavieMiiaanuaena
FOUUANUNIENNTOEUR WASEIEINTNEURNUNAANET Fa8ti1an19uYiaundn Ty 19w

Tiun Mildduazdounis WiideinawiUaiussia sy
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(A)

'
[ o=l

7UN 2.6 AaatinanaRAe LiReenasnausmtussiuie (6, 8)
' d‘“ a a a o - o o
(N) WHBYNUNBAAINWBRYTINUNANAUNIBTNBUFuI 80 wefifud
v
Taedwin
(7) winyAuluiaseaniiaanie
(A) WHBYWWNINAY

(4) vieurTu

26 NAUNTNUATANLATDIVIAUITN

] g = = ' l=l'd % | o o ey Iﬂl - ar '
viauan Ae viendlanatatugnauwuugsdilauasisadtanidnnmivia Tae

P odX s
vieurdunaugldazgn

U

} 4 [

Tasaafragngnuuugaditlaasvialiinainisoduniuaivials

s | i 3 5" J [ ar —~ i 1 1 :’
naaauaNtRfe q munesgunldnaseuvieiallavediuingiunlfuglveindausy

v 1
o

nsiaviaundnldlden dngaunldrugiveuntnluanddeiinididueemlsznau
[ %4 :’4 ‘:d 1 73 4‘ d‘ v e 1 el ]
padutialdumsgn ASTM D3915-89 Faflunnasgruilinaseuanifaevianad v
ANTNFNUNIUUTINTZUNN (ASTM D256) antEin1shvtin (ASTM D638) antiiA e

Walafuanuieau (Deflection temperature of plastics under flexural load, ASTM D648)
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o as

=!I n’l’!/ ar ' d' y’e’ +} = ar !’, P s
484 iasanlwniAdeiidaansiruvieieldliiuasoudfis  daludmaseuans
S B =3 =2 L= L3 =) [ s < '
NNTANEA AD ANLINLTIAY WaFTuANIIEA (4 9AT1A LazNanda autTRiA W Ao An
ANLENNA (ASTM D2240) ANNMWILLY ANITRNNSTNEIUIBIUN (ISO 9261:1991) uas
duguanen
at ] " g = d‘ a = v o oas v '
AIBENTBIBWTNNAA TN A LAz WIS Toiun
U3 Micro-flo Industries 411 [34] w@anviavgulaalddnsdiulneiiminaas
& = a = T ' ‘o’ a4 o a valal o -
mgnsnausRanafweiuazianafes Ae 80/20 vinuraninaalaldAY Howguse
NAUARILYNTNUUANKRRA M3 WAIAINLTIUTIAUNNNTL 4.14 MPa (ASTM D412)
° & e =, H & | & | , § 2 A oasd i gy
AMMFUARTINSTNLNIBNNATTURE U 1Y vievdune i uasaunig 4
v 1 Y I ¥ i
ANMNNIATIINMTIILULVER AR 1-20 @Rs/dalne AuFuviethdufdelilfulinuie
A‘ : L ar Y i %’ =2 dl L | f': v S
Wwalsnnailidutlasiutitungs  wasvathdumeleniAundndin  azsesdidnsnng
@ v 1 E 3
Tueinwrengendvietndiie i ussjownfie
13t Leaky Pipe A7 udmvievindy (8] (liszydmghuuazautfsng ) ald
v v i
Wiuningluwuindne Wy awunea awaauea aaundeuniolutig uazliainia
wndndvn
\WEYATTU TUEATY NG Wesd alng wareaNsa galnAa [9) AnmuuIn1anisuan
v i 2
vieungNanmeNsasusiunedeiausiaaumnuium Teelddnmaaulaaiimingss
HAENNTOEUAABNERIBNAUFIN 7
gmonar wisly uazeawnsnl Astduncy [10] Anmauimsie « vemvininduiingn
NERFIAIUTALUIMINTBIRIENTNUANLNALDNAUTTA A UNUIWUUANYINAL 60/40
Prnnaelglaafluunlud 3 wefidwsilasuiwmin TasldlaRafiawesesnlamiluans
lﬁ. - - el e & G 1
anlee uaswediaunsunadnuanlalassiiuansdounan
o - ] :; =S & o -
daavdy daazsuana [11] Anwuuannansudaviatinduainaeenesneudiuned
ienauriaaumuings Adndoulastiiminsesnsenesosudsranadefauriinaay

wulugavinm 60/40 uaztFunnielglaailuun lusmaduasiineafiAwiadu 8 phr

«
2.7 waalilanaalsnusanad [14-15]
wad illaaselsdwranliluiesjidinsaas w.a. 2415 usidaliarunsoaugl
Wundadusinldsslonild Wesnnifianisaaissisamedwesiougunnivasusin
o " - féll = £ a & = =
qunsziie WA, 2471 wudnlanedweimsranlaainlatanselssuaniassdmnaaly

@ntas s lddunsruauniaulsgUngoungigalas lifiianisasusaunniin
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=l = o« =l ol qdeil =4
nisnsenlalianaslsduauawesivaneds widshlenldlugraivnssy Ae

-

weiduniuiieriuaasruluigniareavas Ngnumpiivszann 30-50 apadea
lneldwmanaseleddusinsaljitonldieisulanaelsd anduinljfiendlalas
AaETLTY (Nafindmnsainaesaniatiuni 300-600 avAgaidua Iilalanaalsd

e = al e 1 =l ] ] el ey =

watumeslunarainidnyuzateldns  srnenmssTuluaaldasyinliRIGH

sy - ol - =4 = U : o 2 4 P é’
antAsllannnedeiauiasainiusanessudnaluenaninau v lianuudaiauau
gaumaianusARIEuia (T,) Ussunn 87 esaaaitua gruu)iivaeumas (T,) Uszunu
212 aeAadsa NMaFENwAaR Imgaiasin g ianusadouiianas anwuzng
=l o - ar = o Ll ar = B ° =y 4“ a g a
Fuasirasnaeiuiniiuuuuezunnsn  inliRanwurauiundnaiiaasiladidnsn
= " = 1 e O = |d: 1 o = : ar
g4 limalW nusiearsall Liazanslusininazaeaialiidn dindnluanawdalaaimin
(Weight-average molecular weight, M,) = 100,000-200,000 uaz tinwminiuianaiaseing
47494 (Number-average molecular weight, M,) = 45,000-64,000 Wad# laUn#lifid uas
v k73 ] J ° 1 a
dldgungiitlseunny 150-200 avmweaides  Tunssuaunisauganain liiadiianis
aarusalauazgoy@unsanassenliainluanaiimduneddu Asdsadnaisiiy
- v L - o - il - o -

L@0EININNIIANTRU (Heat stabilisers) ivatlasiunisaanesiosasiag wananniidaiians
\ANUAY (Additives) Bu 1 iWeUFgeanTR8IRNTT 1w wanaRlaaef arsifinile (Fillers)
A1INADAU (Lubricants) @15M9Wae @ (Pigments) 4a% FaRLNINARAUTMNARAINAIT (11

Yo wianen aumminats I 19m seauin aunsaintenisunne vay

= 0

2.8 @ANTLAANLLAY [13-15, 35-38]

P a o o Wy 4 Y ove v a a4 o g

waadunarasnfaaasalaiadieldiuauieuainnszuaunisadanassafluses
= - i i 4*‘ Y el ﬂl [1 ¥ d’f lﬁl
fnsnanaIfinussng ) ieliiidasan wiieegluanmieuuiy | uenaniiive
UFugalildanisising q ausieenis asidinusiasing  Aldiuiddlsznausan

2.8.1 amANEneTN N NAMNTaY WuashiEuRen Wi Tatssreninuiou
Tunszuaunisaugy wieaniths 3 nqu Ae

n) ansdsznevduvsduaratiuvisgeaundansia  (Inorganic and organic lead
salts)

1) ayiusraslansnsdduns® 2 wu wuGon uaaion danzd vay

A) a19BunsaNueY NS I8UAATEINAUSTIW (Organic derivatives of tetravalent

tin)



21

q' =l v =dl = o -:’iJ =~ Y o o =4
ANTNNIATTNINNINAMNTUN 1T IaAdel Ae ansUsenavetiuvstuaanas
nridszinmnzineenlad (Lead oxide, PbO) wazeuwusvadlavenanddumii 2 Ae
WARLTEN/ATNA (Calcium/Zine stabilisers)
inRenzia (Lead salt) wamtididunsaisiiuiadosn nnieanuiauuasans
] -ﬂ' = % = n‘a [ 0 iﬁ. a ) dl d.ll
waedu Nsagn dnltluglassndensiuanuiuaisuafuuasaisifuusaan 7 Weam
- R v o alalel o a v . i
nsanszantaandanzia Sanlduaniuiidiieldlunisudnvie dase auauAdiageu
v -l ﬂl = v : =4 d:’ % 44‘ Il i = : [
“a4 daildurssaniinadosannieudssianil e Suwinunndeelugdsunednyiady
v o [ L5

- o dl =Y Lef q. =l v - al.f =
wmm:m'luuamnmmmamhﬂuuﬂq ANTINNLANLTNINN AN TDULTELANINRDAZNIN

- ar ' = ulr dl o ar A:UI
URETUA mamwmmaﬂm:mﬂ'ﬂuﬁ@ﬁgummmmm'ﬂwl 2.3

- o ) P = v - o
M1919N 2.3 ﬂ'J'ﬂtJ’NMﬁ‘meﬂﬂﬂTﬂ’lwwNﬂ’ﬂuT'ﬂuﬂi‘:mmnﬂ@m:m [14]

dams ANTIAN AANTNINUNE
Lead oxide PbO 9.5
Basic lead carbonate PbCO,«Pb(OH), 6.6
Dibasic lead carbonate (C,H,,CO0),Pb 1.1
Tribasic lead sulfate : 3PbQOePbSO,«H,O 6.4
Basic lead silicate sulfate Complex 5.5
Dibasic lead phthalate 2Pb0.C,H,(00C),Pb 46
Dibasic lead phosphite 2PbO«PbHPO,#1/2H,0 6.1
Dibasic lead stearate 2Pb0s(C,,H,,CO0),Pb 2.0
Normal lead stearate : (C,;H,,CO0),Pb 1.4

wAaLTaN/Aad uansinEdasn nneauFeulssnaudtradnuabesauas
= -« =i ey ) e } 3 0 v
FAaRLEA aNURFN 9 2990 ldun Aruatunsalunismuauieu Avula wazaany
1 - ar rg i as o ?; ar i = - T v =
PUIBINARAU TuegTudnsaminatiminssudnauaaden/ded dnFuinuAadaunin
e £ 4 - [ Tala ' 73 - o«
Witazauranuaufeuliuig  wandueiidnagu  widiFunueesdefuin A
A170 lUNNTNUNANNFRNAZANAY HARS T IATHTR AsRNEDLTA NN NANSEUT AT
e O 7 =i' ' d‘ =l v -y (4 = (=1 e 4’ =
gamutnntuansuaeauancae  nsstidsramasatlusidlszney  aannisauAa@ e/
Y o A' = v d‘ 1 = =2 a £ [ el et 4. - ar I's
494 WJuatsinmatesninnreanfeuiliiduiy  felouldnaniunag e nans o
UTEINN 199E AN BIANITUEY VIABDUNIINITUNNE “ad

282 ANTVADAU Wuarsndumetlaanulu iR amandamATesdnsaostinu

a X , ) ] y P ;o
nﬁ‘zufluﬂ’]ﬁ‘uﬂﬁluﬂ:ﬂﬂ?‘ﬂugﬂ ﬂ’]?1»1ﬂ‘E}ﬂuq:LLﬂi‘ﬂ’ﬂgﬁ‘:Wl’Nﬂ’]ﬂT‘MﬂdW']‘ﬂLW’rJ'ﬂ’JU'I«‘Iﬂ'Bﬂu
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TUEAITURENFAY  A1IUABAN  wazwanaR lesTiacudAnlunisrauANNInaeNEY
WATNT IMATRINAITIUATEIANT @NSUABAULLNEANIWIY 2 Tlia A NAnEznITinule
Aiduaanwman (Aagui 2.7) ldud
. e . ' = i
n) ANTUADAUNY Y (Internal lubricants) TAIUAAAINNNUATDINITURRDULUAN
5w G Y- §
mliugddeay
i d. . dl ar eded
1) ANTNABAUNNLUAN (External lubricants)  AZIARBUFAIAANAINAITUAD LAY
] = e o o o Eﬂ. ar lﬁ' ] ar
WATTILAAUTIAIAATRINITABNINAIAUHITDUATENENT  TatanlFurlsamnnuaiuisaluy

- ydg
NISHAR AT

N
\\\\\\\\\'\\ \ N\
Internal lubricants s \\

&\\\\\\\\\ \ ( "N

PVC

7

PVC

(n)

PvC

;
<
°

v

/4

S
P

%\\\\\\\\
&\\\\\\§

(1)
210 2.7 giavasanvaany [14]
(n) a1suaeauneluy (1) ANTNRDABNILUDN

e e

X N -
nsaugURIdAs I fasuaedwianeluasneuenlulBunoimunzan e lwls

W
e flild 1 = 1 d“ v = o e =4 e = =
WIgARNLIUANA n’umumwa@auu@ﬂmu‘lﬂqmﬂunmmuumgqLLﬁ:wo-nmmnmm?
o d' v Y e = o L i = i
ARLMNILUDIANNANUTBU LL["Iﬂ"ll.ﬂl]ll’]f'lLﬂulﬂﬂxﬂqlu‘ﬂ‘l‘ﬂ“ﬂ’ﬂumﬂ')ﬂﬂﬂﬂ?ﬂiﬂ“ﬂﬂNLﬂﬂQ
g d; nl.q 2 4 e g - o - e = = & ¥ = e -!I‘
ansnaaaunan 4 1f’ll.l.ﬂ FIAALRLILIRA n‘rm‘l‘nuu uardanmAatiuvTy ueiu uanuisetans

napaunld Aa nsaaLFesn (Stearic acid)



23

2.83 waailaed (Plasticisers) wanadlntefifluarsiiiinaslunedfiefiiie
Wnaruatnsalunisivaldveamedmeiin Taavinligampgliantusadiaufiaanasdi

"
(% =

1 qd‘ ai sy [~3 ] = 2 [=1 = e A ]
ndngamniinuasuaniianuiadnzuandemiauuiluiiuingilanifeeu favegu
lauazinias neruounisiiinaudanguwldfunaduesiFundn wanadloodu
(Plasticisation) wana lawas wieeaniths 2 aiia oun

v

n)  wanaRlmgeiniely (Internal plasticisers) wanamlamasssunniisuily

dounilvrssanaldnefmeiaog  Wuszssudnluianasaananad e fuazwedme ity
v i3

woulamaud asdunisiananas lrduiuuil e psiislanediuefeeningdlatianaslss
uauawafiazuauawmain i dunarailages Wy lillarsslssuauaweiiyulalia
ardn  hillserdinnazidiunsnegluldraanedloianaslss vnlfauninsaasluiana
Wald Asvdunedlitansalsdafiaui@tongu lduandna wanadlomesnielu
1iaau 7 1w laliadAunaslsd (Vinylidene chioride) lawafiayuism (Diethyl fumarate)
uazlaefian aiem (Diethyl maleate) Tlusu

1) wWanas lasnnauen (External plasticisers) wanas lastlssinmilaznauiy

- o =4 [l = L3 = = d' ¥ = a
wadwaivraaratselunedwes laadussdaumiaassuinluanatesnansilogesuas

=3 L3 = 0 1 & ar d' d: |d: L =
wadwefiduuuulalna  viassudramyWaiduiuamanuiidauarlifide nisdenaiia
waras e i iunedwmesmesianranamindiuld Ae desnandtfunedwefladly

[l = zv k7 1 = g 12 all
28198 uenanidedasamanineylunafwmeslduulidnuazssivaeanun a1nn1sh
waad lraaiinliusengaszunieluanareanediuesanas  faiunadmesaaiiaaiu
= 1 nl &‘ ] 1
taveuinay AmNmzanauasliuande

WA MmasNtuanaINITouLsean At

)
=i

- WImaAeaned  (Phthalate esters) Wuwarailaweiilduiniige
lugmanunasy  Fetinnreanaaslageinguil .Ae Di(2-ethylhexyl) phthalate  luna
= = ] - dl [ = rd. - e c?ll

gRaunssulanFunditlasanianinian Jaduwatas lmaein i uanuisei

- Waameamas (Phosphate esters)  HaniRdaetlaaiunisialnuas
aniudaasnwadiuas 1un Tricresyl phosphate

- arsUszneuasAuln (Adipates) axdiam (Azelates) Teawm (Oleates)

=l - v ar = rn:‘ = - [ rd‘ a'

UaTTUIAR (Sebacates)  Hanldduwedwmasmmranainlatianaalsauauaiuafine iy
ANNEIANEN 0 HOUNA TR

- a1ssznevuanand wranldanuniuiauaznsalaun lududafia

djnseneendinduivlatlasaulaiaanlss
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- RAMATIBINIA ITUANUNAIBTINTNR dawlnajidunanan lnaas

T a

nAaNH (Secondary plasticisers) %78 Extender wandslmgainiuglazinaudniulim
weAwesim WIzIRAUSIAIgATTHIIINaaR lngesiunediuefies Tewldiudiy
waraRlmmefidaudniuliiuneauesg

- ayiusaedlnaeen dealfifusiovaedu  uasnluuuuRnigein by
waraRnliRauULRImMA ST

- datiulug (Sulfonamides) Runldiuiraglasinamas wata@ndawan
Aueadn (Phenolics) Waziaiia (Amides)

- arsdszneulalasansuau uavayusvaslalnsafuaudaiy

o  a

wanadlaefAend denldnaniunanailnsesiau

2.8.4 Anafiniite Lﬂuﬂq?ﬁLauLﬁﬂﬂmﬁunummam uananniiasianifededan
antloymAITinzRauiariaadng feteansfinile 1y iUy wAadENANTUBIWA
WASHIENNTLIUE LT

2.85 aslives Wuasivinliindesinanelunedues arslivesutieendy
2 FuaRNANEenTIWefnT Ae

n) anslireadliemnanianm Wuasimnliifndesdnaneluneawesingl
TR RFCRIGEY wiRannsasuuanunn AuEY wazannus anslineaildi
viala 1dun aaalsvgaalsafueu AadamuAu (Compressed gases) wiu A lulnsiay
wazArfuaulaeanlas

7). anslivesiilinamanil nslinesazseafinfizenuazlifgasnundefing
azdunuiluiieremedmafinlfifatesinanelunedwes anslinesatiatiuisenn
dlu 2 93a Ae arssznavatiuvad HuA indeva9ansAfLawmuaLlUAFUBILA UAYANS
Uszneuduviad ldun ansszneuels (Azo compounds) uavaywusaeslansidu
(Hydrazine derivatives)

anslivesiivarneiin lwmiddeiiaenld witlamfuurlug mesiiaadufis
Yauunn Wanalwaunsasuldies (Self-extinguishing) talglaa1fTuunlus Wiuaislivas
Fldneniaeil Harsszneuelnflussfiszney Aupszianidgizeanissausiages
laasdu wazgyda WalalastelarfTuunlus (Hydrozodicarbonamide) (FaUffRendi 2.2)
?ﬁoq:Lﬁmﬂﬁﬁ?‘mmn%m'ﬁu nuanswanAaesu Asaln  lalasmudeseenlss viensa

[

Tusnldialalaafluulud (Fafisend 2.3)
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H+
H,N—NH, + 2H2N—“CO—NH2 i H2N—CO—N=N—CO—NH2+2NH3 (2.2)

(O)
H2N—-CO—NH—NH—-CO—NH2 — HN—CO—N=N—CO—NH, +H,0 (2.3)

wlalaanfluunludidneundunidmnes acuwnuiy 165 niwgnuiad
WwuANAT INaUNFeaaes lutnguugil 205-215 asAwsadua Usunming 220
anurAmuAweasy/nin  nalnrasdjiseanisaarssovedslslamfluulug wans
Falfeni 2.4 uaz 2.5 wlrlamfTunludzaaeimlifalulnnag afueulasenlss
uazlanaiu feazaanasasieldfauanlinils waznsalaanydn (Cyanuric acid, HNCO)

H,N—CO-N=N—CO-NH, —— N, + CO +H,N—CO—NH, (24]

H,N—CO—NH, ——= NH_ +HNCO : (2.5)

wlalaa o lusmiuaislinesntonldagaunivane wiasd pUfRTENRATEGN

1 v
= =)

Wiinafgnumgige Aliaunsalifunedwed iwlumeanudeu safudedduges
Finanstanlielelaa i ludamosmldRgomaiinias assmaniiGund “ANINTEHL”
faetnaiu a1sdszneutenzia dangd wasuamiion éqﬁmmm:mﬁmmmsns:ﬁﬁmz
fnasanisanisitraselalanisluunlud Uil 2.8 wamintsaaiufaves
wllaafuunludidlelddsdeenlafiduarsnsy fuluFunusi 1 amadalaniies
Differential Thermal Analyser (DTA) azifiulddndeldiasaanlad 5 wefidudlnatimin
auupifiaasmazaasunniedeuivhiinmadivisfeenlad fe aindszn 238
asmadon 218 ssmaads wandedadefeanlodious 10-50 ulafifudles

1 i
uwidn guugiiasiedaziasuulanipanin As agluda 190-215 asdraiiua



26

D%IZnO
1 59 Zn0 \( -
=2 l ! —] |
g 109%2Zn0 \ \/-
g | -
209%Zn0O \/
30% ZnO }‘ I~
l — i
2 —— ]
E | 20%Zn0
£
2| .
S -
1 50%ZnN0 J
100 140 180 220 260 °C 300
temperature

7% 2.8 meaasreseltlamfTlunludluiaddleldgfeanlaMBun g 9 (13]

2.9 nTzUAUNITHAN (Compounding) [28, 38-42]

dddﬂi‘d

aal ar Ll < o = ' " = 1 ar .', v '

AsnsaaniIERNanuzidunavEadaiuasinusiwing o Aldiunall laun
NITUMUNTHANULLULNT UATNIELIUNITHANLLLADILD

2.9.1 NFTUIUNTHANLULLLNT (Batch compounding)

ra;q o = e d” <

nsruunsnaniuuwundnlenlilulaaiuisg Ae

N)  NITHANWLLIM (Dry-blending of PVC compounding) tHunssuaun1suan
dounansng  resiadudaliidurenudlugians ludananFauiilunoufonyudae

o o N ar o= niitw = v Aﬁ' - =
AUITIge M Wdounannaniulan  wananliduiaaniauiissannifianiadaaniu
n1suanNItAeNL uAguu)NgeRsin I A MIIWILIIN (Bulk or Packing density)
‘\I j 1 b = at ] - 1 i
Nty Bz binandnlunimasudaviegs uazlenmaiianesenaluilevienidles
araa =l (4 ar = = -4 v o o ar k73
antdAn1anenIng  uanesrzdaninguuugiguiulietailidsunandusafuiau
(Agglomerate) WalWnisluazasspeniudlid  guugiinanfousyludas 80-150
aamaades Fetwdanan liun Ribbon mixer uaziATaananAI1u1$aga (317 2.9)
v - [ =5

1) nisuaninelfiATeuan (Kneader) 1ATaawanlsznaudinFaunsinszuaning
aglunwawen Fluuanglia Z asalumyuasunieiusgnialueiauan (Inner—kneader)
TrENANARNATFUAINTBUANWYRNILYNANANRIAANEE NNTUINANARNDBNAINATEILIA
o r—'i‘ [ b 9 ' d. dl b 2 ' - -a;
mlslasnsdauuiutlasuansi@nsa@awdieants  doulnaldluntsaaunatasing

ABINIFANANTNANNN ]
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naan’

LEIERULING, . ‘J

JU% 2.9 1ATRInaNANNIEIga [28]

A) ﬂ’]"a‘NﬂNG’f’JﬂLﬂ?:’a\!NﬂN?:UULTJﬂLLUUﬂ@QQﬂﬂé\! NISINNUFBINAUAILANAREA
1981 mwaauuﬂmnﬁm%u‘rwdwéawmqnnﬁyo’r’ﬂuﬂmqn HUNUIUUUYUAIUNNIAY
Lﬁﬂlﬁ'mmﬂuﬁﬁﬁm'.:ﬁmﬂﬂﬂﬂ'\mmummwmaE‘m‘ﬁ"lua@’anmaa’w’wuﬁwlﬁvﬁ'ﬂﬂ@gmw
NaMaTBIgNNAY auIANE

2.9.2 ni‘:mummﬂmmuﬁmﬁm (Continuous compounding)

nsnanldiaiesdeiadadunuuindoanueuiann WIBLULINALINUBUATTA
nABIMuUMIUNINRE AuTaAcunafy  indaavuewiludiudfyeseiednrn
wifitleunedmesivaiuazuaunedived induavueuntisesnidly 3 @ mugaans
Yinaw (fagUldt 2.10) Ae

1) dnedeanediueiidn (Feed zone) iutiniliaanuseuuinedmes (Preheat) Waz
dndneweaweslfdauselyl dauililiesreudrain wedwefdnnddauiazariugl
218904

2) doanlAsunatuazdasn (Compression zone %38 Transition zone) RAMtiH
“ﬂ'ﬂuﬂ@aku'ﬂﬁ‘: ﬂ’.ﬂ”gﬂ‘ﬂﬂ\!ﬂ NIFZAARAILLL Lﬁum?ﬁqqﬂ‘ﬁQQﬁQWﬂaLN’ﬂg‘l‘ﬁq

3) 499de0enuazdae Homogenising  \udauilndiuiaaviesienase (Pipe

die) Hiasnu waRiwmeinegludiutianiursanaimiavun
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LLLLLL LS 7S /,/

///

RLRLEI IS O Homoginising

{
| r'nmﬂﬂﬂuumouﬂzw 0 dosdawadwmadidn
| i

—_—

3Un 2.10 nmm‘aﬂiwLnﬁmuu@ummqam?ﬁwm (28]

NMTHANAIUNANTBINIT USRI 1ATEIB AT ALLLINAEINUBUATUANYUAIUN 1Y

= v Cl' 4 i dl ar =i = i:ll
WIZIAAAINFRUANNLTIN T UM TNANYBENINATODATALLLINAEINUAUIALY  NITHAN

=

= ﬂli’ e ad 0 = | dll o o L =
mmmu’imﬁmm'ﬁnnmlﬂ’lm'mLnammumulﬂmu ANNENITRIAUUDE N IMIRANITWIA

U

2 5| di; = adad sl a s cﬂl
panlniuiiemsn nsuaniagreuALanInegLn 2.11

(n) ()
] ] v i o o = a ar
g'ﬂﬂ 211 NFHANNITARNILUA mﬂmemam?mLm‘uLnﬂmuu@u@wmuqumumdnu[42}

(N) TRAINDRIUBTAN (1) Faadsunasiasdieda

=1 :
2.10 nszuaun1sAUgL (Shaping) [28, 41-47]
é’ = T @ a -3 = ar o = a = P < =4 =
n1saugUnednes WuIsnsrugUnansiusinedwmaianwatuainiiudavsaiiue
Witlunandne watAnsIugnedwas LHund n1sdasa (Extrusion) N1sam (Injection
moulding) n1samun (Injection blow moulding) nasemsaln (Extrusion blow moulding)
n157m (Calendering) n1sn@em (Compression moulding) N1TEAONBULL  (Transfer

moulding) WaznafluWasuie (Thermoforming) ma‘La@ﬂ'Lmmmummsﬂumﬂuﬂﬁﬂﬁ 268

NaTuvanelsznng Aa

]
o=

1) ?ﬂi"]\‘lﬂﬂﬁmvﬂl'ﬂ\m@ﬁlﬂm NNHDINTG
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2) TUANBINARLINDST
3) AMNENIElUNITRAR

4) FUNUNITHAG

3 b3
1 o aoe o= oA <

dwivlwirdeliazndntinmsiugiisadesivanAdedl Aa nsTustuuunada

WAZLLUSATA
¥ .
2.10.1 MsIugdinanisnedn

nsnada  unistugludndnsilaaiinasiunsaluusivuunielfinnusuuas

i v b U 1
guninmuzan g 212 wansdupeunisdasaunGusuaunsudpansludanozGusiy

£ 7

: 1 o o = . [ % dl dll U =
UUWNULLUATY (Punch) wazmawe (Die) [TULNDBNIINAUNINNEGA Wwalwauisomn

u

a ' ar ° o é’ a oo s ' o ot o
nusulddng  udsnniinisdnugludndnsiudouduusaduasiafiaazuaneanannii
=l :’/ i o = s a ar " = o r-:.ll&' adn‘; b ' =
ANATINDUINARNNTUTNBEN mﬂmmamnmmwnugﬂfmmw WW]LLF] 71U WU ﬂ"JWﬂ“‘LW “04

JrgzImUaatuanw
wasYinanussaulLuY

/ Punch R Paiia \

77 7 Z —
G0 l-._ Lilm-n:} I
0 =T
£ e
3 EY
o &
A=

RL
-

I

N

N

- 1

2 1Cycle |
v HasFu Fuau TAH) e
Die

3U# 2.12 ununiduRsunsinIunNeen [28]

ar = = = =g o 2: adlv =4 ug dl o LI
nsnaganardinlaelnfasiiafsvirelediidvaunisagiu  Jeenaiasiet1s
a = o o o= g [l a = nil L v 14
Horpndai s iinaseeaay Iasianizedrsgemananaani i lavianisliaanuieu
' - T = o i o !;dqf - g = ar I e o
neaunedn Asreslidanzanudiuuimdauielaintesn TanusuaranasviniuAINAY
4 o v =2 o b = @ o
ugFenIA LL@ZLM‘EH’}'IF?ZL‘HEJ’E]’?]ﬂll'l_JLLﬂ’J"'qu’ﬂﬂﬂﬂiﬂ'ﬂuﬂﬂ’]ﬁﬂﬂuﬂﬁﬂ')
2.10.2 NMSHARYIEARENTTUIUNIERTA
a 1y o a4 v A4 oo -
nsudavieazldnszuiunisdasadalszneunte  1ATeddnTa Wndaviaviewaae
e jos 1 4 ’ﬂ) i i1 L] 1 a o i as Aﬁ'
guUnsalUfuswiavie ensdmdediu gunsalasvie guUnsaldn uazsanszannvie Aagud

2.13
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et e
e L Vs

1% 2.13 nsxuaunisudnvia (28]

=

i g
(1) wPEeddsem  (2) Wadevie  (3) gunsnlufuaunavie  (4) dnevaeifiy

(5) gunsnipevie  (6) qunsndiin (7) s1anszannyie

1) wraedmrn nndenlfiAtesdmnuuuinfaauewRAtaviainfeanuueugiues

o o

= k3 = 3 =3 =4 £ di o = = =
UANBIUSUBINWARIARN ﬂ’W‘iﬂqﬂ["IﬂLﬂu!.llW'I:L’&ﬂﬂ“.‘liLﬂi"ﬂd’ﬂﬂﬁ‘ﬂLLU‘]JLﬂﬂ?.IQﬁH‘E]uLﬂEJ’J A4

= 3| <4 E7 di o = = 0
warasniungazian fﬂ.‘ﬁLﬂﬁ"ﬂ\i’ﬂﬂi‘ﬂLLUULﬂﬂﬂflﬂuﬂu@

ar =

2) viaaavia  lunisuanviesediiiasnNuiaranenieludesinaiNenannalafin

] i Aﬁ. - 1 d!‘ | ﬂ” = o =i 2‘/
’B'ﬂﬂlﬂﬁﬂﬁﬂﬁ‘ﬁﬂﬂ'ﬂdtmuq "]i\'lWﬂ'Wﬂl’ﬂﬂL"Lr‘lﬂ'lt'ﬁﬂ’]u'ﬂtiﬂﬂu’\i“lmLﬂuLu@erﬂ“Jﬂu'ﬂﬂﬂNtﬂﬂ

il
o ol as ar

1 i [=7 d‘ I
lutsdanHansusiiunenanndeantelua (Fag1h 2.14)

L1l

L.

3) aunsadlfunuievie wininmawanuiuirawesvialiasiaundtvie
ugUazudein Tnavinldasdfuawadudugudnatsniswanasavia matianisUfusunai
= v [ £ 2 a
Henld Ae nsuFurunaleaeldqoyninia uaswuuldandn

" ‘ﬂ‘ ’ & as o ' (-3 A | o= d’ o L

4) 8 wmaady  anztiuruevieiinnsuaaiiuluBosus liReanafiazinlivia

LI :’/ =2 ¥ o ' dl««: v ' ‘ [ :}/ P { o 3
Asglag e daduassianinvienzugdliuniiunszuaunisuaaifiudnafnils ansuasiuild

v o ¥
Tiur W1 wazania
a4 " o 2 Ql.d d L ﬂ. I v v [~ d. [

5) guUnsalpavie Nuthnawialiraeulldramindiaanuiined lneduiusiu
as ar = a 2 =R ] =
ansnisanse Yanldgunendnevisluununz iy

6) aUnIndsm Mwihisavie s s zadiieasaandanI i ULa s 1ug

& a =

gunsndsianBanld 1un 1Bes uila usznsslng

7) 719ngEanmYie MAALNYaeaNaINNTELIUNITUAR
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AIR HOLE IE CENTERING BOLT

oo MANDREL/ FIN

BREAKER| PLATE

gl : e

JUN 2.14 vianviavzaane [44]

s = o

211 NSLANUNABINDALNDS [43)

nsuanin (Fracture)  flunisdean miFousainldanenisldaunedwesdu
o : =2 o = o O :; ar = 3y < =l - |
pruAEISE e e NasiRun wedmefliliacnudausege wilen lide
ANIWAINNITUANINNE

= o 2 v < ] ar a:ll = .

wadladAduuia (Glassy polymers) azudausiUse wanNWNRAMuATEA (Strain)

AN IRANISAEANWLULNAIARN (Plastic deformation) tae fauwedluasnewan (Semi-

o

crystalline polymers) #ausnnazimiien (Ductile) Ims}mww:ﬁfqmuqmwdwgmmﬁamu::
ARNBUILATA N INARNIMANTNIAA  Cold-drawing faunndaanin  lunsiiens
S8 A g ] ' =il = 0‘ ¥ =l o ]
ansamEalavataii uwiazaefinnueiuaminfisassinylsnges
o = oy o o a ar = s
nsuandnuuumzidunszuaunindaan vildndsunn  Iiadunedmey
= a = ar : = rql'd o o b é = = = =
AATEARY TnanniiafuTwInunaaaunedmasnaamivTesasin duiluiiunihia
S i o i = v o L7
AINNLAUGY (Stress concentration) wiaznAANTsIEL1assaaFaLazi IiiaNNg
wanvinuuuezluiiga nsEusuresseaunn anaiiasain
- wadlafidanan w (Polymer degradation)
a a ‘ a
- TRETATIWLUHAI, Crazing, avandan
- AMMLABANAN (Residual stress)
- YNWNIBITUIUNARDY
v @ = -:.I n%l’ = o & a P dl nay
- neudled arniuiiie e liiiaaylisadasluTueu

- sausian lianysal (Imperfect joints) (s
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nsuaninuuuisizarnisnesuneldlaeld  “ngunisuansinassniniin’
(Griffith’s fracture theory) T9N&1297
- nsuaninaaanwedmasinadalasasaiusasuan Wiasuilunedawmes
d w2y "
Tl uan FuAUTEINITUANIN
- Walansuandn  wasun MiRNANEnrasasuAnNa RN LR,
MR LFABIANARTUNTAAAITBINAN UANUDINDRNDIN LATULS
- AuLALTWANAN (Fracture strength) 299wedNes  azulsunduiuaanu

t1998998UN (Notch) ﬂ?‘ﬂﬁ’mﬁ

1
a e o o

e v iy o , oA .
Nuddslnaneesosusnunig  lnaldwadiduigaimseiiias (Continuous

] ]
=S e~ o

“a o ] v a [ P d" L o
phase) Fuladinmensaeusasluidaziniifinaonlideitiesau daualvanimigang
A lAud Aaudaussie wefidudnistin o qa1m Neada wazAdtuudang

wasuwlasy arsnedutenisasuwlasillataanqunisuaninaesniniin  ua

v
L | §

atinalafinuarfasimunansn 7 warllvewiewdn vy laensdinaistianan nns

oo alal

v ' 1
WIBATAIUTALUIMINTENINNIBNTOUURNURITNIMNZaN  Wusu e ldatuisodn

viawdn g e
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3.1 J@RuaTaITIAN

3.1.1 wadllianselss annudsniiling d1in (umnaw) ATTHAINULA 102
gnurAfiadmas/lanin K-value Wiy 64 AawwIwENLSINg (Apparent bulk density)
0.5 NFN/QNUANLIURNAS

3.1.2 teNr0ews AnLiEnualnandngns a1in 'nﬁmumﬂ"qmmﬁ 199 1A
10, 20 uaz 30 w4

3.1.3 arsiudiosnmneanafan BPR20 aimAsvasuawilames 41ie
Tumeazdon Uszneudesmsioeenled 612415 wlefifudlantiomin Asnumuiuiy
0.65 + 0.15 0.5 nFN/gNUIAMIUANAT

3.1.4 NIAAWFLEN AINUTHM A. waus Bw. uwaaledien a1

3.1.5 Cereclor $52 anuism o  le w@uin wildouel 41dn  (Huzesvan
dwdedla rastudluasdlszney 50.0-530 wefduslamiwin fanuupil 25 a3mn

e TAraumilawindy 10-20 wead AcmwuIwiy 1.23-1.27 + 0.5 niw/gnuaar

TURLNAS

@
o el

3.1.6 lasanfianimiam (Dioctyl phthalate, DOP)  a1n1i3sm wnviaatlingiaw

Do
2
hOJ

3.1.7 wlrlamfluunlud (Azodicarbonamide, AZ) A iz gain (Insuaus)

=Y

e unsdindes saresiiiguugll 202206 ssades Uunoufieildainnig

ARV 225-250 gUIARIURANAS/NTY

3.1.8 Faseanlas AN A, waus Wy, wealadian 41in

3.2 'aqﬂn'srﬁmﬂn"lumwmam

gunsainldluntmasasuanslumisadi 3.1



19799 3.1 aunsalildluniinaass

34

ainsnl

UIHNEANAR

IATBINANAIHITIG

Lab Tech; UMX1000

ATEINANT UL LﬂﬂLLUUﬂ‘ENQﬂﬂEQ

Lab Tech; LPM200

dﬂl o =l =l lﬂl
ATANEATULLUINARLIVUBULALD

Axon Plastmaskiner ab; BX-18

WATRILALIA (Grinder)

Bosco engineering; Bosco AG600

DUl LLLNASA

Lab Tech; LP20

LATBINARBLANLTRLTIAY (Tensile tester)

Lloyd; LR30K

AT AAaUANNWINNA (Durometer hardness, shore A)

Societa per azioni milano/itia

iwraaAnine B sRaUNUT LARETHIADT

(Differential Scanning Calorimeter, DSC)

Perkin Elmer; DSC7

Thermogravimetric Analyser (TGA)

Shimadzu; TGA - 51

NABIANIIAUBLANATOUULLABININA

CamScan; Maxim 2000

(Scanning Electron Microscope, SEM)

nafilluanfadules ;

WATRITILLIL AR AR Diethelm: HR - 200

WAV (NIANUIN 9) =

VAT ARDUNNTTNEILIDIIN _

3.3 NITVIARRY
3.3.1 gRsNHFTNTUIUNAGELLAT BTN

P ey o iy - P = =
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dunpanudniusEndneeeTasuaiunIg - waniliesainld BPR-20 dafluansiiiu
= 1 =< 1= L4 £ 2 = = &
atusn i ANianaslifinusniusieddunadonded
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gnsi 3 whmnBualaeenfisnmiaainemiAriivunzaning lidunaudu -
Tugms 2 Asi Sududnmdiulaerininasmevsnsusisendinasesld 6040 Fafly
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wardaards daacaurans TMeaeUALNRBTAUTIAANMUIILLLAT WaTWEAIERAY
ataAMNMILLNGS [9-11] Mneenasneusauia 30 wa asanidurunanasnasnausi
v

linanviaunduludanigdi (6]

amsi 4 wasuBunaelelaafluuluias Wdounanau q Al @enldFunu
lapanfianinianiangasingash 3 uazvnaasldunaidon/Aefiluanfinadosninms

v as :: s v nl = o d' " di [+
ANINFBUUNY BPR-20 AaiuAssiaaunsaadainduiluatsuaaauain 1 phr i 2 phr
wszluuasdn/AeRliiansudedn
nil ar g ar L = [ 3

anshi 5 Anmdnsdoulastimingesnaensosusseiad uaznarestenaanlas
nsdnuarliindAeenlodlae dounandy 9 A @enldiBunlaeanfianimianing
hqpangmnsi 3 uazFunaelrlamTuunludangmsi 4

ans¥ 6 wWasurwamesosus laslduenssosusawia 10, 20 uaz 30 W
lnodounandu 9 A wenlffunulaesnfianimianiananaingash 3 1Bunouals
laarfluunludaingmsi 4 Manmdiulaaimingasnsenasnaussedds waziFuinees
Fednanlafaingmsh 5

P X , o & = . e =
’Z&Iﬂ?"ﬂ 7 ﬂ'TT“llug'lJV\@u'}'ﬁN Lﬂﬂﬂﬂ?‘u"mﬂ'\?ﬂ'\\l i mqummn@m?‘ﬂ 1-6 l‘muﬂ'ﬁ
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usLvaansatmAlAN1EATe

e20e
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AngUn 4.4(1) WeSliuAngEn 1 9AT1A  TBITUITUNARDUN W IHIANT

"
=

mazBunnsaltlaa Sluun luanfinidy. Fuunsaauiignpuianty i ldiuilunis

[
< ar <2

£A62 LI LN DITUIUNAAD UL LT

U E 3
a

AngUn 4.4() uar 4.4(3) wudndelunoueltlamTuwnludidniy Ay
WINA  WATAMNNUIWNULAITUIUNARBLHAIAARY LBIanHgnTuIsinganniala

. v X 2o

ol lusuwnensn Wi unaAda LR NI
=HI =2 ] %’ dl [ 1l G’S’v 0 o =4
Weanaaaunisduiuzenihdnduitdaneuzsesgngwinduiuugagtaia
Eaaln WuItuaNisndndutuaunaasuilfielalaaflunalud 14 phr 14
0.03 + 0.01 aA/49TN-AFINTURNAT duTuwadaui MiBuinalalaafluwlusg
daundt 14 phr dliaansoTuiwdue BeeaadasiusanisAnmdugivingtieas

nanqsall

54 (MPa)

ATHWINLTIA

0O 2 4 6 8 10 12 14 16 18

wltlaafTuunus (phn)

(n) AHUdausaRa
U7 4.4 A uANTUSTEWIRANTRA 7 199TuumeasuiudinoualelaanTuu lus
(lapanfianmuan 40 phr dnsrdauineinuinaeanssnesoeusseandd 60/40

TdRAudasaanlas)
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o

fFusinstn tu Ane6

e

NaAAa (MPa)

25

0 2 4 6 8 10 12 14 16 18
wlglaasluun g (phr)

(1) Wefidusnisiin o qa979

70

0 2 4 6 8 10 12 14 16 18

wltlaaFluunlug (phn)

(A) NeAdA
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100

80

(Shore, A)

60—|

AHWINNA

20 A

0O 2 4 6 8 10 12 14 16 18
wilrlaanfluunlug (phr)

(4) ANULEINA

15

-
o
1

o

AMNUUNL (NTN/ALTN.)

0 2 4 6 8 10 12 14 16 18
wilamSiuunlas (phr)

(") ATNUWILUL

gﬂ?‘i 4.4 (sia)



7UN 4.5(n)-4.5(3) SEM micrographs UaAIdmugIuANeNY8GuuMAGaUAil

Ansdqulneinminyeansenasoausfenig 60/40 lasaniiawivien 40 phr LFu
Fampanlgantiuiouelalaarfluunlug 2, 6, 10 wa 14 phr AINANAL AT 4.2 LARY

WuRUR9sWTUAIN SEM micrographs  taeldluUsuns AutoCAD (A1AmMan 4) Aa9n

U 9

L.

7UN 4.5(n)-4.5(0) azfiuinduanunaasuniliunnielelaaTunilug 2 phr Hgngudes

Y

NN AR BTN TuanIzaesTuunaaeuildielelam fluunlud 6, 10 uaz 14 phr
wi9nann SEM micrographs 289tusnunagauiiiunauellaansluunlus 6 uaz 10 phr

=3 1 d‘ = 1 ‘; = ar g =l
AuUgNgL  WAlanaaauNIsTNE TNIBMi T IuREUAUT W U AteuR TSN el
TlaarsTuunlud 14 phr wudurlua unsndnd 1 uEuauneseuntUiu e le
Iaafluulusideandy 14 phr Wdanlandnnunuds  uansdngnguluduanunaaauiil
Urnnouelelapfluunlug 6 uaz 10 phr (Wugwguilisaiiieats uwazainAtA
= - o & =4 W o g o
wisusams wefidusinistin o Ae1nm wenda ANWiIng  uazANmIwLlugUR

4.4(n)-4.4(a) Nlauanamuds agdlddnfFunnelrlamfuunlusmmmuizauiagldlunig

& v

i o =2

TugUnienndn Ae 14 phr

a

(n) 2 phr (1) 6 phr
U 4.5 SEM micrographs 189iuunaseumBuauelalaanfTuunlussing
(lnaanhanimian 40 phr 8Rs189ulA8 MN8N NURARNAT 60/40

Lidndadaanlanm)
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d‘ s o i d" d‘ : ar o
A19N9T 4.2 AnnuANRUSIEndnauRignguesdusunaseuiulu e Tl i lud

(lneanfian1nian 40 phr A1 ulA TN IDINIENTOLURRBNGT 60/40
Lidudedesanlas Aufduaunaaay 7.3x10° Ansnlulasuns amsviaan

Tusunsy AutoCAD)

Yiunowalale ﬁuﬁgwgmm%umuw AADL
AT lua (A alulnsiums)
(phr)
6 1,400-16,000
10 13,000-23,000
14 2,000-35,000

415 #ns1dnulaeuinnineesndsnesnuusRanITLaTNaIeensANTIAeenlan

i
s

derpanlamiduarsnszfuiidaaliielelaaTuunludaaailingumgiisia

U

ann1TaAsznraanasiarenalelaa Fluun lusluiddaeidusnidudsdeanlas
v df 1 qai' o o’ 7

FraiAses DTA [13] wudrgnumninelrlamfluuludaaraianaslanin (3an 238 e
maidan T 218 ssraadea) InoldBundefeanlaidesiian Ae 5 phr uaziiien
e e o = a an I W -
FdaannludneEanaingash 5 umeedl 3.2 N masaUaNTAnIIANNTBUNILLATES
TGA (F9gM 4.6) uar DSC (nAmuIN @ N 2-2) wudnalalaaFluun lualuiag
pauus bindedeenlafiuaararanguuni 180 a9ANTATEa WAZIIANITARTLAN

asaai 186 asAaidud (nAnuan 1 517 9-1) dountsaatasraaeltlaafuunlualy

U 9
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#anauiwinANTaAeenlad 5 phr Fuasudafignmnil 174 asrntadoa uazifianig

ANEFNgIqAT 184 BIAIATEA (NAKWIN 9 31 9-2)

4—150 9A AT
ZnO 0 phr
ZnO 5 phr

100

174 B9AIRITHA
80-

Weight (%)

40+

100 200 300 400 500 500
Temperature (°C)

37 4.6 nmsdnszinnsaaeiareselrlamuunludden TGA (lasenfianmiias

40 phr w7l fluunlug 14 phr SasidaulnenimtneessaeUse

el ]

WA 60/40)

=‘l‘ T as v i o Sadalal s E:/ [}
L‘L!.@\?’ﬂ’]ﬂﬂ’]i‘L‘IJ’1ﬂuiﬂﬁ‘ZWJ’NN\']’r‘_l’Nﬁ‘ﬂEIuﬁlﬂ‘UW"J"ﬁNTNﬂ‘l’]\‘JFNLI.lﬂ 0/100,..., 9010

A 9 a = al Y | a \ ]
\‘iuuLW‘ﬂmﬂ\‘iﬂﬂi‘LﬁmNﬂﬂﬁﬁ?ﬂﬂuﬂuﬁﬂdquﬂuﬂﬂﬂ@ﬂ Imﬂm@q\lNLﬂmmﬁLﬁﬂm@ﬂuu FUBINE

2
Sal o =

< oy 1 = o ) H o o =
q’ﬁuﬂm’ﬂﬁﬂﬂl?ﬂugﬂ qqaﬂﬁq@m?qﬂqutmﬂquUﬂm'ﬂqN\Tﬂq\iﬁ'ﬂﬂumﬂqusﬁﬁ\ﬁu 50/50,

60/40, 70/30, 80/20 war 90/10 mmﬂﬁ 4.7(n) war 4.7(4) Wasnmdiulpeinniinaes

el

- &
NN URAANATIANTU ﬂ’J’WNLL‘NLLNﬁ\‘] 133t F’]".]’HJLL“]Nﬂm‘lI‘E-J‘HMQ']u'Vlmﬂ’EIUVILﬁ]i‘ﬂﬂiﬁ‘ﬂﬂﬂ

gasTllifnGefeanted uanBndefeanlad 5 phr TAanae aznnsiidnsdalag

z’ o & 1 =aa AI j ddﬂid (=1 [ ﬂl ] d o 9 d [~ =KX o
UTNNUNABRINIENITOUUACIBWITIWHUY wqmaLﬂmgmﬂwmmufama:mumwLﬂumsﬂmu

o = g {

v 1 ]
Psnnuiesas anvsdaiidednaFagnguiiinainnisunsnsaasiisdaduwuueadiile

= o 8 v Voo - A S = o
Ll,ﬂxl,’ﬂﬂﬁﬂm 'Vl']lﬂﬁ"J'leLNﬁ]'ﬂl’u’ﬂ\‘llu’ﬁuqquﬂﬂﬂﬂuLWN’]J'H ‘Iju\‘]’mwmﬂ’aU'ﬂduﬂfJ’luﬂﬁm‘a‘n'Lu

nrfunslatiesas wananilueenernaudtalanRidludanalniuasasiaout aveuas

A A

i ¥
=

y Al = aa a & = o ’ v o o - -
’aQqusﬁuﬂﬂumLﬂuWﬂqﬂﬂﬂQ‘@NﬂquLlﬂNNqnﬂqq mﬂuULﬂJﬂﬂ?\quN\?ﬂq\jiﬂﬂumL'WN“]J'H

ANNULTINARIAASY
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ngli 4.7(2) WednmdaulaeunminaenssnsoausAeRadifinguain 5050

iy 6040 wafidusinistia 4 9a118 10eduUNAGELTBEENAINgRsA LiFRNT Fean s
wasiNGIFeantas 5 phr HANBAAY HE9RINAAFNEIE TR A luRDTa i I TNy

nagauiaANlieias MdantEntiafanas willasasdiulasuwinaeanasig

a0 = '

F0UURRANITNINNGY 60/40 Wefidurnisiin o 9a1e azdiAfindy Wesannisidia
(3 e e Q 2 d"ﬁl Vo ar g
FENTBURLTIIUNINAURT  avinWimevsosudideldfuusainadaainnistiuglay

13 ' g ¥
sanitunguiewsaug M TuumasauiANseLiia RNy

£
L or = = L

a1ngUil 4.7(A) S mivduunaseuistunlayliifndfeanlas lednsdoulae

{
[

H o N & = Y )
UMINTBIENTOEUARDRATIANNIUAIN 50/50 waRadAWNTIY wiilednsaculng
UMINTBINENINBUARINATNINNGY 60/40 ATNBARAATARAY AIUNBARATRITUINY
Aﬁl =l = = o L3 :’4 d. ar ’ﬂl ar &
naauETaNIaeENTARaNlId 5 phr U Weadnsdiulatinminyereesnausse
Saa A & ' v, a X VA o - 1 sl
WATHANIUAIN 50/50 ANNBARAINNIN uwiilasnsdiulneimingesnseesoaunnana g
NINNG1 70/30 ANNBARAATAARY AINVIIABINTINTN A NDARARNTUIUTIIUTNLAZAARY

dl' ra: d‘l’ dl e'ﬁ‘ g a o o o v
LHAUTUN LRI T URALANTY L‘Llﬂd"mﬂNQEJ’Nﬁ‘ﬂEJuWNLﬂU‘Bﬂ’]@YWLJJ’H&‘EJﬂ’\u’ﬂﬂﬂﬂﬁmﬂ'ﬂ
cded e
W

Sos A & o v

Ang¥l 4.7(3) dnrrdaulnsinmingasenesnsusnefnsiiyaulnatasuinss

AANTBILLBIaTuI U adauiIanTas lliRuLasiRndedeenles 5 phr A%

[
=l

T o P prpRpRpeEY o 0 vd ddo 4 a
PRUILUUNATNWHTULWEIILRNDE Lu’ﬂx‘lfﬁ']ﬂlﬁ‘u’lmwfl‘nuu@ﬂﬂwmlﬂwuﬂﬂﬂ’]‘ﬁ‘NLﬂW-ﬂﬂﬂ'}i

aanasarawaldlaafluun lusunen lavdasaa
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4
I - 14 phr, ZnO 0 phr
[ AZ14phr, ZnO 5 phr
3 -
© T
= .
Lrd :
1= °
& 2
>
L
=
[ +
{ T o
cw o
T
0 :
o [
= &
S S
© M~
o y x o & ool
@mmmuiﬂﬂmuum@qmma‘mﬂummmm
(N) AMNLTILTIR
140
B -2 4 phr. Zn0 0 phr
120
. P ] Az14phr ZnO 5 phr
< ;
e 100 ~
&
=
&
@ 80 -
£
&
ﬂ'g 60 :
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=y i
S
=
l;‘if
8 § 8 2
o o (=] (=)
w © P~ (o]

v
ARPAIUIPETNUENYDILE T UF AR ALD

, (7) waefifusanistin oy an17m )
7N 4.7 ArudnRusTEudnantRf 9 2993usunaaeuiudnmaculasinmines

'
o = = =

BeENesnauRAanIananIsANwazliinnRvdreantes  (lasanhaniniian

40 phr wlglaarfluuwnlug 14 phr)
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I /7 14 phr, ZnO O phr
1 AZ14phr, ZnO 5 phr

50/50 60/40 70/30 80/20 90/10

ARPEIIAETNIMINYBNENY NIRRT

() HBARA

I ~Z 14 phr, ZnO 5 phr
7] AZ 14 phr. ZnO 5 phr

90/10

T
(=]
o™~
~
o
<«

50/50
60/40

ARNTIAIUIALNIMINADINIEINTDEURARANIT

Q) ANUTINA
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1.2 I A’ 14 phr, ZnO 5 phr
] AZ 14 phr, ZnO 5 phr
—~ 10 A |
px
& .
A .
& 97 ;
ST |
c o
S 6
- ;
= 4 7
= .
=
&
2~ :
0.0 .

o o o o o

L0 ) 2 o =

S S S S S

Iy © ~ @ o

’; o a1

ansdaulasuininuensnIsnauiAanNa g

(R) AINNUILUY

e

AINNFATIAADUNITTNHIRUDIBINEATIE Ul AL U NN IRI098195 08 WA A AN T

50/50, 60/40,...,90/10 189Tuunadaunliiinuasiindedeanlas 5 phr wud1Fuay

o 9 o ¥ ar oo caial ' :’ ' =2 '
Ylﬂﬂ'ﬂ‘i_l‘ﬂ'l.‘ﬂ’r)ﬂ?ﬁﬁqutﬂﬂuq'ﬁuﬂ'ﬂ'ﬂﬂNQHWQ?QHNWHUWQ’HNWHWJ’] 60/40 m”mmmmmumu

ar ]

10 wazdmsrdaulastinineesssenesoausiseidd 60/40 Honsnisdusinueaaiuinian

AANUNITIILNITUHANITANEINNTTN I WIBITUIREINEN AN ST W UN A AU LIAILNTD
Fueuld e TUTUNASELTIFTENAINERTI A ulALTN TN INEITDEUSFaRTE 50/50

War 60/40 M1719% 4.3 LL'ZWNNﬂﬂ’\i“/\fﬂﬂﬂ‘l_lﬂ’??%uﬂﬁuﬂﬂéﬂﬁﬂﬂdﬁud?uﬂCﬂﬂ’ﬂ’l_lﬁhﬂa}l

s alal

Faraanlan 5 phr NEATIEIUIALUIMINTBINNTDEUARANIT 50/50 WAy 60/40 ilFn

Wiy 0.09 £ 0.02 uax 0.16 £ 0.02 aR/49IN-AIMNEIURINAT AINAGY d9usms Ty

[
= a

v v [ v
HUIDININT U AdUANTIAean 1R 5 phr AdaTdaulastinmingenee19saeus
fannd 50/50 waz 60/40 WA WYL 0.06 + 0.02 war 0.07 + 0.01 ARs/dalne-A1319
WURWAT AINATAY  ATUIA T UNIaaes R AU TINNI U89 T UN AR LT

lLidndreanlganaAunndiuauneasuiiBudsfeanlas 5 phr
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AN 4.3 ANANAUFIZUINERIINITTUENUIDNINTBIT U UN ARRUR USRI A ulne

WIMIN2e9eaeNasneuAsanad (laeanian nuan 40 phr wlglaa o lus

14 phr)
FRrEuTA UM | SAIINIFUEIUIDIINTBITWNYG | SRTINTTUHIUTDINTDIT U
J9H987908UA D | neaoLibidiuddaantad naaUANTaReanlas 5 phr
WA (Ang/EaTHe-A Il TuALRS) (Ana/Falua-AnamuRmms)
50/50 0.09 +0.02 0.06 £0.02
60/40 0.16 £0.02 0.07 £0.01

gﬂﬁ' 4.8(n)-4.8(4) SEM micrographs meﬁmgﬂuﬁmwméumwmaﬂu‘?ﬁfﬁ
laaanfianmuan 40 phr wltlapfluunlug 14 phr ldidndedeanlasd damdoulag
swilnaesusnssaeudieRdd 50/50, 60/40, 70/30 waz 80/20 MMANAL nguana
Wiiudn dledmmdaulamiminesnenssoousseiffiaduan 5050 Hu 6040
ﬁmmgwgmuﬁu%u wiilednmdaulneiminuesneresasudfef3dunnin 6040
UTHIUINIUAAAY ’ummgwa:m::ﬁmmmﬁnmLﬁaé’mmmuiﬂﬁﬁwﬁﬂmmmma?nﬂuﬁ[ﬂ'@
Aty

AINANTT 4.4 Lmmﬁuﬁgw;umm%umwmamﬁ@l‘ﬁﬂmnm AutoCAD
(NANUIN 3) AAnIMIALTAIN SEM micrographs IaeiumaaeL i Fndefaenled
st ndnsaaulattimintesteenesnausEeRiE 50/50, 60/40 wax 70/30 Ui
mﬂegws;u‘um%m'mwmﬂ@uﬁﬁﬁmwﬁfau‘imﬁﬁwﬁﬂmmmmai‘nﬂuﬁﬁi@ﬁﬁ 50/50, 60/40

1 e

waz 70/30 ﬁﬁ"\mﬂnu 900-31,000, 2,000-35,000 uwax 600-1,200 maelulasiums

e
=

AINANAL FaNUNT8ITUIIUNAdaL 7.3x10° Aselulasiums
mnmﬁLﬂs‘q:u’uﬂm:r'wmmumu”ﬁmﬁmﬁummﬁﬁquﬁ'umuu”ﬁﬁmdgmﬁwm

LAZNITATINARLNUNTRITUINUNAGEL 'W‘]_I’hLﬁ’ﬂ’é’ﬂi"]ﬁ')uiﬂﬁiﬁqﬂﬁﬂﬂlﬂﬁNﬂﬂﬂdiﬂﬁuﬁﬁi'ﬂ

e ey ] o

AIFANIUAIN 50/50 1T 60/40 TuaunaaauiignIuInaBnaIusiiansnIsTuLnuTe

UUANTU %auammgwgulu%mmwmﬂﬂuﬁﬂmuﬁimﬁmLﬁu'%u wiliiagnadaulaeiimin
PBIHIEN TR AT RNIUAIN 60/40 Ty 70/30 RN TWIA WaTAINABILEITES
JNTUITAAR

gﬂ%‘l 4.9(n)-4.9(3) SEM micrographs Lmmé’mgmﬁwm"nfméumuwﬂaauﬁll'i’
lpaaniian nias 40 phr wllaafluunlug 14 phr wasdefaenlas 5 phr Aemsdoy

Tt minaeenaeesnaumseiad 50/50, 60/40, 70/30 uaz 80/20 angUuamaliifiugn
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WadnadiulasiminaesmvsoaurseRidiinduan 50/50 W 60/40 1BN1nigNgY

o X v oAl e | e 1 eela i
WWHAUY LLWLN@@GﬁvlﬁQuiﬂﬂuqﬁun’ﬂﬂQNQﬂ’N?ﬂﬂummﬂquﬂuqﬂﬂ‘:]"] 60/40 Lﬁuqsz?uﬂmﬂﬂ

'
el ad

[~ 1 § ar g ar & = 3 1]
TUIATNIUATHIU AANRTBaRT AU TR UNMINT 99890 UAR B RN TIRNT LT WA e
uALRAd g IUINENTBTUUNAARLT i FnTafaan s

] v " 1 4 i
ANATNN 4.4 uaRINURgNINTBITNUMAgeLa dlsunsn AutoCAD Ao

= L3

vuTaIn SEM micrographs 189TuINUNAGRLTRLFIFRan | wudqﬁuﬁ'ﬂmgwguﬂnm
FuanunaaeuiiisasdaulaeiminaessaensoausEoRa 50/50, 60/40 was 70/30 Sl
winffu 1,100-68,000, 1,600-51,000 ua% 2,600-8,000 M1 lulAsIAT ANNSIRY Hafud
199t unmaaaL 7.3x10° mslulnswms

WHEATIETNANI TN ARDLANITAIN TN U891 T2 AuaniR&UgIuINneI289

] [] v
wUNnAdaLANTIAeanles  wudndadnsdiulauiniingenaanasne u DUREITHY

& o ' I TR § oo
AN 50/50 i 60/40 ‘]iLN'I'LWlﬂﬂﬂﬁﬁi‘Wi‘U‘HU’]ﬂLﬂﬂﬂﬁLLﬂﬁP\Q’WNM’E]LWB\‘ILWN‘IIH )

G 9

2he e

y o Salal A

" b . 2
an1daulaeinmineaeNTaE AR NATANTATN 60/40 1y 70/30 U3unmd 1wim uas
AIIHABLLBITBINIUATAARUT ULALITURANIINARDITBITUIIUN AR LT L Fin
Fadpanlasn
=3 = e g L <4 o o
ANHaNIIMARaUANNLIwWNAY Wefdusinstin i 9n1e Nenda AuLdang
v v ] ]

ALY UazaNTRNITNE U8R U UNAReLTIATaNANgRs TN BY  uay
\Andedeantad 5 phr uwalinlndiAeeiy deswniddreuuudildauniuaunaasy
Mindensiduanifiuaiasnimwneanniey  wazsziailamimiduansnssiuieaiunsn

daeliialslaaiTuunludaarsilsngumginiassuiandedeantasd agUldinls

a3

1 b4
o

nlusearndreanladlugnsildaugveunds



UM 4.8 SEM micrographs 189141UNARBLTERAI

AU MINIBINILNTDEIUF A

Wagsing 4 lidindedeanlas (lnaanfianimien 40 phr welalaafluwnlus
14 phr)

(n) 50/50 (1) 60/40 (m) 70/30 (3) 80/20
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A19NN 4.4 ARNENRUSIENdTRURgHTUIR T U uaaaUiUsRsdauTasiinges

pedsnaussends  (leeenhianimian 40 phr welalapfluunlug 14

phr AuRtusunaasy 7.3x10° msalulanwms Swessisanlsunsy

AutoCAD)
Sasdaulaginnin ﬁuﬁmmgwgumméumummu
VBIENENNTOEUAGD (A9 lulnsiums)
AT lLidudereantlas | ndeAeanles 5 phr
50/50 900-31,000 1,100-68,000
60/40 2,000-35,000 1,600-51,000
70/30 600-1,200 2,600-8,000

(n) 50/50 (2) 60740

4.9 SEM micrographs 1895uIUnagauNo R doulneinminaadueasneusse

2oy
il
=D

Wag5ina ) \AnGAeantas 5 phr (lasanfianimian 40 phr el laanfluwnlug

14 phr)
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4.1.6 UUALRENNTOLUR

o

AINATN 4.5 UAAIERTINITTNNIUYBIUITBIT U UNAGALTNBATIEulne
¥ ]
UMINI89N98N908UAAeNIT 60/40 Waldueenrosuswin 10 wa (1.6 Hadwas)
20 17 (0.8 HARWAT) WAT 30 W (0.4 NAAINAT) WUINTUINUNARALNSATINTTUEIUTD
111 0.20 + 0.07, 1.59 + 0.06 uaz 0.16 £ 0.02 ART/F2THI-ANTNIURINAT ATNAGL LAY

G Ty - 1 dl 1 A" ﬂl =)
MnAIFAATITITEYanNatALaninaluglANRRLLA s AANsERNENINIEANs TaliAnu
duiusiuuanimmeasy Ae Gradudss@nsnisnszanaiisdesuansdindayaiinnenszane
Aades wAdAdulszAninasnszanaliAninuansdndeyaiinisnszanusanan
WUINTUNUNARDLNFTUNIINERBNTABUAIWIA 10, 20 WA 30 W1 HAdulss@ninng
NFLABMNAY 0.99, 0.11 WAz 0.37 MUAIAL LBIAINERSINITTNENuraau I TusLauan
== 1 cl' : ar :‘/ =3 i o n‘: =i' v a
ANseidasreagniluTuIueaay AauAIna AT unAaa LR daeeasneusd
110 20 W Hgngusiaidladssiugsasuuuauazinsnszanssiorasgnguangn

1 v i
U 4.10(n)-4.10(m) SEM micrographs WAMIAUIFIUWINEI109TUIMAABLT LY

BNEINNTNEUBIU A 10, 20 WAz 30 LN
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AN 4.5 ANNANRUTIENINSRIINITTUNIUIBITN T TUITUNAGBL A LT ARSENS
soeus (laeanfianinian 40 phr welalaafluunlus 14 phr dnsdaulsg

Uudnaeseenasaaunfaiig 60/40 Lidndadaanlas)

PUNALNENTOE UG FMsNNsTULLTaN durlszAnanng
(\4m) ('ﬁm/'ﬁ"ﬁm—mmamuﬁmm NLAnt
10 0.20 £ 0.07 0.99
20 1.59 £ 0.06 0.1
30 0.16 £0.02 0.37

ST - K AR

"o p——————y{500 um

711 4.10 SEM micrographs 183N UNARALATUIARIENTOIURAN 1 (lnaaniia
wamuas 40 phr wlglaafluwnlug 14 phr dasdoulaesinmingss
HABNTOEUANUNAT 60/40 LuiindaAaanTlas)

(n) 10 v: () 20 L () 30 Lut
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ANFUNLIITUIATBIINTUIBIT U UNARBLAFEINAINENL T 0TI ALEN TN
AR 30 W1 AANANNIN TN ATBIINIUIBI TN AGALTIFFENAINENENSOEURIUIA 10

1 a-'n]'ni 1 2 d‘ 2L "
W uaasdnesearnsusndauanaiuua ez Wignguawalugy

'
=
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Qan) Designation: D 638 - 91

Standard Test Method for
Tensile Properties of Plastics’

An American National Standard

This standard is issued under the fixed designation D 638; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscnpt epsilon (¢) indicates an editorial change since the last revision or reapproval.

This test method lias been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year ¢f issu which has been adopted by the Department of Defense.

1. Scope

1.1 This tesi method coveis the determination of the
tensile properties of unreinforced and reinforced plastics in
the form of standard dumbbell-shaped test specimens when
tested under defined conditions of pretreatment, tempera-
ture, humidity, and testing machine speed.

1.2 This test method can be used for testing materials of
any thickness up to 0.55 in. (14 mm). However, for testing
specimens in the form of thin sheeting, including film less
than 0.04 in. (1.0 mm) in thickness, Test Methods D 882 is
the preferred test method. Materials with a thickness greater
than 0.55 in. must be reduced by machining.

Note 1—A complete metric companion to Test Method D 638 has
beer: developed—D 638M.

NoTE 2—This test meihod is not intended to cover precise physical
procedures. It is recognized that the constant-rate-of-cross-head-move-
ment type of test leaves much to be desired from a theoretical stand-
point, that wide differences may exist between rate of crosshead move-
ment and rate of strain between gage marks on the specimen, and that
the testing speeds specified disguise important effects characteristic of
materials in the plastic state. Further, it is realized that variations in the
thicknesses of test specimens, which are permitted by these procedures,
produce variations in the surface-volume ratios of such specimens, and
that these variations may influence the test results. Hence, where directly
comparable results are desired, all samples should be of equal thickness.
Special additional tests should be used where more precise physical data
are needed.

Note 3—This test method may be used for testing phenolic molded
resin or laminated materials. However, where these materials are used as
electrical insulation, such materials should be tested in accordance with
Test Methods D 229 and Test Method D 651.

NoTE 4—For tensile ‘properties of resin-matrix composites rein-
forced with oriented continuous or discontinuous high modulus >20
GPa (>3.0 x 106 psi) fibers, tests shall be made in accordance with Test
Method D 3039.

1.3 The values as stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

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

! This test method is under the jurisdiction of ASTM Committee D-20 on
Plastics 2nd is the direct responsibility of Subcommitice D 20.10 on Mechanical
Properties

Current edition approved Nov. 15, 1991. Published January 1992. Originally
published as D 638 - 41 T. Last previous edition D 638 - 90.

2. Referenced Documents

2.1 ASTM Standards:

D229 Test Methods for Rigid Sheet and Plate Materials
Used for Electrical Insulation?

D374 Test Methods for Thickness of Solid Electrical
Insulation?

D 412 Test Methods for Rubber Properties in Tension3

D618 Practice for Conditioning Plastics and Electrical
Insuleting Materials for Testing*

D638M Test Method for Tensile Properties of Plastics
(Metric)*

D651 Test Method for Tensile Strength of Molded Elec-
trical Insulating Materials?

D 882 Test Methods for Tensile Properties of Thin Plastic
Sheeting*

D 883 Terminology Relating to Plastics*

D 1822 Test Method for Tensile-Impact Energy to Break
Plastics and Electrical Insulating Materials®

D 3039 Test Method for Tensile Properties of Fiber-Resin
Composites®

D 4000 Classification System for Specifying Plastic
Materials’

D 4066 Specification for Nylon Injection and Extrusion
Materials (PA)’

E 4 Practices for Load Verification of Testing Machines®

E 83 Practice for Verification and Classification of
Extensometers®

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method®

3. Terminology

3.1 Definitions—Definitions of terms applying to this test
method appear in Terminology D 883 and Annex A2.

4. Significance and Use

4.1 This test method is designed to produce tensile
property data for the control and specification of plastic
materials. These data are also useful for qualitative charac-
terization and for research and development. For many
materials, there may be a specification that requires the use

2 Annual Book of ASTM Standards, Vol 10.01.
3 Annual Book of ASTM Standards, Vol 09.01.
“ Annual Book of ASTM Standards, Vol 08.01,
3 Annual Book of ASTM Standards, Vol 08.02.
¢ Annual Book of ASTM Standards, Vol 15.03.
7 Annual Book of ASTM Standards, Vol 08,03,
® Anunual Book of ASTM Standards, Vol 03.01.
¥ Annual Book of ASTM Standards, Vol 14.02.
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of this test method, but with some procedural modifications
that take precedence when adhering to the specification.
Therefore, it is advisable to refer to that material specifica-
tion before using this test method. Table [ in Classification
D 4000 lists the ASTM materials standards that currently
exist.

4.2 Tensile properties may vary with specimen prepara-
tion and with speed and environment of testing. Conse-
quently, where precise comparative resu'ts are desired, these
factors must be carefully controllcd,

4.2.1 Itis realized that 2 material cannot be tested without
also testing the method of preparation of that material.
Hence, when comparative tests of materals per se are
desired, the greatest care must be exercised to ensure that all
samples are prepared in exactly the same way, unless the test
is 1o include the effects of sample preparation. Similarly, for
referee purposes or comparisons within any given series of
specimens, care must be taken to secure the maximum
degree of uniformity in details of preparation, treatment, and
handling

4.3 Tensile properties may provide useful data for plastics
engineering design purpcses. However, because of the hign
degree of sensitivity exhibited by many plastics to rate of
straining and environmental conditions, data obtained by
this test method cannot be considered valid for applications
involving load-time scales or environments widely different
from those of this test method. In cases of such dissimilarity,
no reliable estimation of the limit of usefulness can be made
for most plastics. This sensitivity to rate of straining and
environment necessitates testing over a broad load-time scale
(including impact and creep) and range of environmental
conditions if tensile properties are to suffice for engineering
design purposes.

NoOTE 5—Since the existence of a true elastic limit in plastics (as in
many other organic materials and in many metals) is debatable, the
propriety of applying the term “elastic modulus™ in its quoted, generally
accepted definition to describe the “stiffness™ or “rigidity” of a plastic
has been seriously questioned. The exact stress-strain characteristics of
plastic materials are highly dependent on such factors as rate of
application of stress, temperature, previous history of specimen, etc.
However, stress-strain curves for plastics, determined as described in this
test method, almost always show a linear region at low stresses, and a
straight line drawn tangent to this portion of the curve permits
calculation of an elastic modulus of the usually defined type. Such a
constant is useful if its arbitrary nature and dependence on time,
temperature, and similar factors are realized.

5. Apparatus

5.1 Testing Machine—A testing machine of the constant-
rate-of-crosshead-movement type and comprising essentially
the following:

5.1.1 Fixed Member—A fixed or essentially stationary
member carrying one grip.

5.1.2 Movable Member—A movable member carrying a
second grip.

5.1.3 Grips—Grips for holding the test specimen between
the fixed member and the movable member, The grips shall
be self-aligning, that is, they shall be attached to the fixed and
movable member, respectively, in such a manner that they
will move freely into alignment as soon as any load is
applied, so that the long axis of the test specimen will
coincide with the direction of the applicd pull through the

center line of the grip assembly. The specimens should be
aligned as perfectly as possible wich the direction of pull so
that no rotary motiox that may induce slippage will occur in
the grips; there is a limit to the amount of misalignment
self-aligning grips will accommodate.

5.1.3.1 The test specimen shall be held in such a way that
slippage relative to the grips is prevented insofar as possible.
Grip surfaces that are deeply scored or serrated with a
pattern similar to those of a coarse single-cut file, serrations
about 0.09 in. (2.4 mm) apart and about 0.06 in. (1.6 mm)
deep, have been found satisfactory for most thermoplastics.
Finer serrations have been found to be more satisfactory for
harder plastics, such as the thermosetting materials. The
seirations should be kent clean and sharp. Breaking in the
grips may occur at times, even when deep serrations or
abraded specimen surfaces are used; other techniques must
be used in these cases. Other techniques that have been
found useful, particulariy with smooth-faced grips, are
abrzding that portion of the surface of the soecimen that will
be in the grips, and interposing thin pieces of abrasive cloth,
abrasive paper, or plastic cr rubber—coated fabric, commonly
called hospital sheeting, between the specimen and the grip
surface. No. 80 double-sided abrasive paper has been found
effective in many cases. An open-mesh fabric, in which the
threads are coated with abrasive, has also been effective.
Reducing the cross-sectional area of the specimen may also
be effective. The use of special types of grips is sometimes
necessary ‘o climinate slippage and breakage in the grips.

5.1.4 Drive Mechanism—A drive mechanism for im-
parting to the movable member a uniform, controlled
velocity with respect to the stationary member, with this
velocity to be regulated as specified in Section 9.

5.1.5 Load Indicator—A suitable load-indicating mecha-
nism capable of showing the total tensile load carried by the
test specimen when held by the grips. This mechanism shall
be essentially free of inertia lag at the specified rate of testing
and shall indicate the load with an accuracy of +1 % of the
indicated value, or better. The accuracy of the testing
machine shall be verified in accordance with Practices E 4.

Note 6—Experience has shown that many testing machines now in
use are incapable of maintaining accuracy for as long as the periods
between inspection recommended ir Practices E 4. Hence, it is recom-
mended that each machine be studied individually and verified as often
as may be found necessary. It frequently will be necessary to perform
this function daily.

5.1.6 The fixed member, movable member, drive mecha-
nism, and grips shall be constructed of such materials and in
such proportions that the total elastic longitudinal strain of
the system constituted by these parts does not exceed 1 % of
the total longitudinal strain between the two gage marks on
the test specimen at any time during the test and at any load
up to the rated capacity of the machine.,

5.2 Extension Indicator (extensometer)—A suitable in-
strument shall be used for determining the distance between
two designated points within the gage length of the test
specimen as the specimen is stretched. For referee purposes,
the extensometer must be set at the full gage length of the
specimen, as shown in Fig. 1. It is desirable, but not essential,
that this instrument automatically record this distance, or
any change in it, as a function of the load on the test
specimen, or of the elapsed time from the start of the test, or
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TYPE W

Specimen Dimensions for Thickness, T, in. (mm)®

0.28 (7) or under Over 0.28 to 0.55 (7 1o 14) ind. 0.16 (1) or under
Dimensions (see drawings) - Tolerances
Type | Type ll Type lll Type IVE Type V!

W—Width of narrow section 8 0.50 (13) 0.25 (6) 0.75(19) 0.25 (6) 0.125 (3.18) +0.02 (+0.5)6-1
L—Length of narmow sectinn 225157) 2.25 (57) 2.25(57) 1.30 (33) 0.375 (9.53) +0.02 (+0.5)
WO—Width over-all, min€ 0.75 119) 0.75 (19) 1.13 (29) 0.75 (19) w5 +0.25 (+6.4)
WO—Width over-all, minF - o D a 0.375 (9.53) +0.125 (+3.18)
LO—Length over-all, min® 6.5 (165) 7.2(183) 9.7 (246) 4.5(115) 2.5 (63.5) no max (no max)
G—Gage length® 2.00 (50) 2.00 (50) 2.00 (50) o 0.300 (7.62) +0.010 (+0.25)’
G—Gage length® o e e 1.00 (25) 5 +0.005 (+0.13)
D—Distance between grips 4.5(115) 5.3 (135) 4.5(115) 2.5 (64) 1.0 (25.4) 0.2 (+5)
R—Radius of fillet 3.00 (76) 3.00 (76) 3.00 (76) 0.56 (14) 0.5(12.7) +0.04 (+1)'
RO—Outer radius (Type IV) o o . 1.00 (25) . +0.04 (+1)

A The width at the center W, shall be +0.000 in., —0.004 in. (+0.00 mm, —0.10 mm) compared with width W at other parts of the reduced section. Any reduction in W
at the center shall be gradual, equally on each side so that no abrupt changes in dimension result.

8 For molded specimens, a draft of not over 0.005 in. (0.13 mm) may be allowed for either Type | or Il specimens 0.13 in. (3.2 mm) in thickness, and this should be taken
into account when calculating width of the specimen. Thus a typical section of a molded Type | specimen, having the maximum allowable draft, cou'd be as follows:

€ Test marks or initial extensometer span.

© Thickness, T, shall be 0.13 + 0.02 in. (3.2 = 0.4 mm) for all types of molded specimens, and for other Types | and Il specimens where possible. If specimens are
machined from sheets or plates, thickness, T, may be the thickness of the sheet or plate provided this does not exceed the range stated for the intended specimen type.
For sheets of nominal thickness greater than 0.55 in. (14 mm) the specimens shall be machined to 0.55 = 0.02 in. (14 + 0.4 mm) in thickness, for use with the Type lil
specimen. For sheets of nominal thickness between 0.55 and 2 in. (14 and 51 mm) approximately equal amounts shall be machined from each surface. For thicker sheets
both surfaces of the specimen shall be machined and the location of the specimen with reference to the original thickness of the sheet, shall be noted. Tolerances on
thickness less than 0.55 in. (14 mm) shall be those standard for the grade of material tested.

€ Overall widths greater than the minimum indicated may be desirable for some materials in order to avoid breaking in the grips.

* Overall lengths greater than the minimum indicated may be desirable either to avoid breaking in the grips or 10 satisfy special test requirements.

G For the Type IV specimen, the internal width of the narmow section of the die shall be 0.250 + 0.002 in. (6.00 £ 0.05 mm). The dimensions are essentially those of Die
C in Test Methods D 412.

H When self-tightening grips are used, for highly extensible polymers, the distance between grips will depend upon the types of grips used and may not be critical if
maintained uniform once chosen.

......... 0.505 in., max ......al
(12.83 mm)
0.005 in. max
p—1 (0.13 mm)

— -

| (12.70 mm)

! The Type V specimen shall be machined or die cut to the dimensions shown. or molded in a mold whose cavity has these dimensions. The dimensions shall be:

W =0.125 + 0.00% in. (3.18 £ 0.03 mm),
L =0.375 = 0.003 in. (9.53 = 0.08 mm),
G =0.300 = 0.001 in, (7.62 £ 0.02 mm), and
R = 0.500 + 0.003 in. (12.7 = 0.08 mm)

The other tolerances are those in the table.
4 Supporting data on the introduc.don of the L specimen of Test Method D 1822 as the Type V specimen are available from ASTM Headquarters. Request RR:D

20-1038.

FIG. 1 Tension Test Specimens for Sheet, Plate, and Molded Plastics
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both. If only the latter is obtained, load-time data must also
be taken. This instrument shall be essentially free of inertia
at the specified speed of testing. Extensometers shall be
classified and their calibration periodically verified in accor-
dance with Practice E 83.

5.2.1 Modulus-of-Elasticity Measurements—For modu-
lus-of-elasticity measurements, an extensometer with a max-
imum strain error of 0.0002 in./in. that automatically and
continuously records shall be used. A Class B-2 extensometer
(Practice E 83) meets this requirement.

5.2.2 Low-Exiension Measurements—For elongation-at-
yield and low-extension measuremenis (nominally 20 % or
less), the same above extensometer, attenuated to 20 %
exlension, may be used. In any case, the extensometer
system must meet at least Class C (Practice E 83) require-
ments, which include a fixed strain error of 0.001 strain or
+1.0 % of the indicated strain, whichever is greater.

5.2.3 High Extension Measurements—For making mea-
surements at elongations greater than 20 %, measuring
techniques with error no greater than +16 % of the measured
value are acceptable

5.3 Micrometers—Suitable inicrometers for measuring
the width and thickness of the test specimen to an incre-
mental discrimination of at least 0.001 in. (0.025 mm)
should be used. All width and thickness measurements of
rigid and semirigid plastics may be measured with a hand
micrometer with ratchet. A suitable instrument for mea-
suring the thickness of nonrigid test spec:mens shall have: (1)
a contact measuring pressure of 3.6 £ 0.36 psi (25 + 2.5
kPa), (2) 2 movable circular contact foot 0.250 + 0.001 in.
(6.35 £ 0.025 mm) in diameter, and (3) a lower fixed anvil
large enough to extend beyond the contact foot in all
directions and being parallel to the contact foot within
0.0002 (0.005 mm) in. over the entire foot area. Flatness of
foot and anvil shall conform to the portion of the Calibration
Section of Test Methods D 374, which addresses “flatness of
surfaces of micrometers.”

5.3.1 An optional instrument equipped with a circular
contact foot 0.625 + 0.003 in. (15.88 = 0.08 mm) in
diameter is recommended for thickness measuring of process
samples or larger specimens at least 0.625 in. (15.88 mm) in
minimum width.

6. Test Specimens

©.1 Sheet, Plate, and Molded Plastics:

6.1.1 Rigid and Semirigid Plastics—The test specimen
shall conform to the dimensions shown in Fig. 1. The Type |
specimen is the preferred specimen and shall be used where
sufficient material having a thickness of 0.28 in. (7 mm) or
less is available. The Type II specimen may be used when a
material does not break in the narrow section with the
preferred Type I specimen. The Type V specimen shall be
used where only limited material having a thickness of 0.16
in. (4 mm) or less is available for evaluation, or where a large
number of specimens are to be exposed in a limited space
(thermal and environmental stability tests, =tc.). The Type
IV specimen should be used when direct comparisons are
required between materials in different rigidity cases (that is,
nonrigid and semirigid). The Type I1I spec:men must be used
for all materials with a thickness of greater than 0.28 in. (7
mm) but not more than 0.55 in. (14 mm).

6.1.2 Nonrigid Plastics—The test specimen shall conform
to the dimensions shown in Fig. 1. The Type IV specimen
shall be used for testing noarigid plastics with a thickness of
0.16 in. (4 mm) or less. The Type III specimen must be used
for all materials with a thickness greater than 0.28 in. (7 mm)
but not more than 0.55 in. (14 mm).

6.1.3 Reinforced Composites—The test specimen for rein.
forced composites, including highly orthotropic laminates,
shall conform to the dimensions of the Type I specimen
shown in Fig. 1.

6.1.4 Preparation—Test specimens shall be prepared by
machining operations, or die cutting, from materials in
sheet, plate, slab, or similar form. Materials thicker than 0.55
in. (14 mm) must be machined to 0.55 in. (14 mm) for use as
Type III specimens. Specimens can also be prepared by
molding the material to be tested.

NOTE 7—Test results have shown that for some materials such as
glass cloth, SMC, and BMC laminates, other specimen types should be
considzred to ensure breakage within the gage length of the specimen, as
mandated by 8.3.

NOTE 8—When preparing specimens from certain composite lami-
nates such as woven roving, or glass cloth, care must be exercised in
cutting the specimens parallel to the reinforcement. The reinforcement
will be significantly weakened by cutting on a bias, resulting in lower
laminate properties, unless testing of specimens in a direction other than
parallel with the reinforcement constitutes a variable being studied.

Note 9—Specimens prepared by injection molding may have dif-
ferent tensile properties than specimens prepared by machining or
die-cutting because of 1he orientation induced. This effect may be more
pronounced in specimens with narrow sections.

6.2 Rigid Tubes:

6.2.1 The test specimen for rigid tubes shall be as shown
in Fig. 2. The length, L, shall be as shown in the table in Fig.
2. A groove shall be machined around the outside of the
specimen at the center of its length so that the wall section
after machining shall be 60 % of the ‘original nominal wall
thickness. This groove shall consist of a straight section 2.25
in. (57.2 mm) in length with a radius of 3 in. (76 mm) at each
end joining it to the outside diameter. Steel or brass plugs
having diameters such that they will fit snugly inside the tube
and having a length equal to the full jaw length plus 1 in. (25
mm) shall be placed in the ends of the specimens to prevent
crushing. They can be located conveniently in the tube by
separating and supporting them on a threaded metal rod.
Details of plugs and test assembly are shown in Fig. 2.

6.3 Rigid Rods:

6.3.1 The test specimen for rigid rods shall be as shown in
Fig. 3. The length, L, shall be as shown in the table in Fig. 3.
A groove shall be machined around the specimen at the
center of its length so that the diameter of the machined
portion shall be 60 % of the original nominal diameter. This
groove shall consist of a straight section 2.25 in. (57.2 mm)
in length with a radius of 3 in. (76 mm) at each end joining
it to the outside diameter.

6.4 All surfaces of the specimen shall be free of visible
flaws, scratches, or imperfections. Marks left by coarse
machining operations shall be carefully removed with a fine
file or abrasive, and the filed surfaces shall then be smoothed
with abrasive paper (No. 00 or finer). The finishing sanding
strokes shall be made in a direction parallel to the long axis
of the test specimen. All flash shall be removed from a
molded specimen, taking great care not to disturb the
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DIMENSIONS OF TUBE SPECIMENS

Total Calct.llalsd Minimum

Standard Length, L, of Speci-

. 4 Length of Radial Sections,
Nominal Wall Thickness b men to be Used for 3.54n. (89-
2R.S. Length of Specimen mm) JawsA
in. (mm)

/2 (0.79) 0.547 (13.9) 13.80 (350) 15 (381)
Yau (1.2) 0.670 (17.0) 13.92 (354) 15 (381)
Vie (1.6) 0.773 (19.6) 14.02 (356) 15 (381)
Y2 (2;) 0.%6 g;% 14.2‘0 (:1} 12 g:;
V8 (3.2) 1.091 (27. 14.34 ( 1
%10 (4.8) 1.333(33.9) 14.58 (370) 15 (381)
Va (6.4) 1.536 (39.0) 14.79 (376) 15.75 (400)
%6 (7.9) 1.714 (43.5) 14.96 (380) 15.75 (400)
Ye (9.5) 1.873 (47.6) 15.12 (384) 15.75 (400)
The (11.1) 2.019 (51.3) 15.27 (388) 15.75 (400)
V2 (12.7) 2.154 (54.7) 15.40 (391) 16.5 (419)

A For other jaws greater than 3.5 in. (89 mm), the standard length shall be increased by twice the length of the jaws minus 7 in, (178 mm). The standard length permits
3 slippage of approximately 0.25 to 0.50 in. (6.4 to 12.7 mm) in each jaw while maintaining maximum length of jaw grip.

FIG. 2 Diagram Showing Location of Tube Tension Test Specimens in Testing Machine

molded surfaces. In machining a specimen, undercuts that
would exceed the dimensional tolerances shown in Fig. |
shall be scrupulously avoided. Care shall also be taken to
avoid other common machining errors.

6.5 If it is necessary to place gage marks on the specimen,
this shall be done with a wax crayon or India ink that will not
affect the material being tested. Gage marks shall not be
scratched, punched, or impressed on the specimen.

6.6 When testing materials that are suspected of

anisotropy, duplicate sets of test specimens shall be prepared,
having their long axes respectively parallel with, and normal
to, the suspected direction of anisotropy.

7. Conditioning

7.1 Conditioning—Condition the test specimens at 73.4 +
3.6°F (23 = 2°C) and 50 = 5 % relative humidity for not less
than 40 h prior to test in accordance with Procedure A of
Practice D 618, for those tests where conditioning is re-
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3.50 in., min
(89 mm)
_i_
2.00 in., min -
(51 mm)
R.S. ;
1 3.00 in. Rad
_I_(TO mm) |
i L
. Machine to
2.25in. -
RS N\
! . Nominal
3.00 in. Rad :
| (70 mm) Diameter
R.S
i |
—— i
2.00 in., min. [
(51 mm)
— _!_
3.50 in., min. J‘
(89 mm) i
. |
' |
X - B 4
DIMENSIONS OF ROD SPECIMENS
s £ Standard Length, L, of Speci-
i 8 Length of Radial Total Calculated Minimum
Nominal Diameter ; Z men to be Used for 89-mm
Sections, 2R.S. Length of Specimen (3¥e4n.) Jaws A
in. (mm)
% (3.2) 0.773 (19.6) 14.02 (356) 15 (381)
e (4.7) 0.946 (24.0) 14.20 (361) 15 (381)
Va (6.4) 1.091 (27.7) 14,34 (364) 15 (381)
Y (9.5) 1.333 (33.9) 14.58 (370) 15 (381)
4 (12.7) 1.536 (39.0) 14.79 (376) 15.75 (400)
% (15.9) 1.714 (43.5) 14.96 (380) 15.75 (400)
¥4 (19.0) 1.873 (47.6) 15.12 (384) 15.75 (400)
T4 (22.2) 2.019 (51.5) 15.27 (388) 15.75 (400)
1(25.4) 2.154 (54.7) 15.40 (391) 16.5 (419)
1% (31.8) 2.398 (60.9) 15.65 (398) 16.5 (419)
1% (38.1) 2.615 (66.4) 15.87 (403) 16.5 (419)
1% (42.5) 2.812 (71.4) 16.06 (408) 16.5 (419)
2 (50.8) 2.993 (76.0) 16.24 (412) 17 (432)

# For other jaws greater than 3.5 in. (89 mm), the standard length shall be increased by twice the length of the jaws minus 7 in. (178 mm). The standard length permits
a slippage of approximately 0.25 t0 0.50 (6.4 1o 12.7 mm) in each jaw while maintaining maximum length of jaw grip.

FIG. 3 Diagram Showing Location of Rod Tension Test Specimen in Testing Machine

quired. In cases of disagreement, the tolerances shall be
+1.8°F (£1°C) and %2 % relative humidity.

7.1.1 Note that for some hygroscopic materials, such as
nylons, the material specifications (for example, Specifica-
tion D 4066) call for testing “dry as-molded specimens.”
Such requirements take precedence over the above routine
preconditioning to 50 % relative humidity and require
sealing the specimens in water vanor-impermeable con-
tainers as soon as molded and not removing them antil ready
for testing.

7.2 Test Conditions—Conduct tests in the Standard Lab-
oratory Atmosphere of 73.4 + 3.6°F (23 £ 2°C)and 50+ 5 %
relative humidity, unless otherwise specified in the test
methods. In cases of disagreement, the tolerances shall be
+1.8°F (1°C) and 2 % relative humidity.

NoOTE 10—The tensile properties of some plastics change rapidly with
small changes in temperature. Siace heat may be generated as a result of
straining the specimen at high rates, conduct tests without forced cooling
to ensure uniformity of t=st conditions. Measure the temperature in the
reduced section of the specimen and record it for materials wher
self-heating is suspected. .
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TABLE 1 Designations for Speed of Testing“
Speed of Nominal Strain©
Classification® Specimen Type Testing, Rate at Start of
in./min Test, in.fin.-min
Rigid and Semirigid |, Il, Itl rods and tubes 02+£25% 01
2+10% 1
20+£10% 10
v 02+25% 0.15
2+10% 15
20+10% 15
v 005+25% 0.1
05+25% 1
5+25% 10
Nonrigid it 2+10% 1
20+ 10% 10
v 2+10% 15
20+10% 15
A Select the lowest speed that produces rupture in ¥z to 5 min for the specimen
geometry being used (see 9.2).

8 See Definitions D 883 for definitions.

€ The initial rate of straining cannot be calculated exactly for dumbbell-shaped
specimens because of extension, both in the reduced section outside the gage
iength and in the fillets. This initial strain rate can be measured from the initial slope
of the tensile strain-versus-time diagram.

8. Number of Test Specimens

8.1 Test at least five specimens for each sainple in the case
of isotropic materials.

8.2 Test ten specimens, five normal to, and five parallel
with, the principle axis of anisotropy, for ezch sample in the
case of anisotropic materials.

8.3 Discard specimens that break at some obvious fortu-
itous flaw, or that do not break between the predetermined
gage marks, and make retests, unless such flaws constitute a
variable to be studied.

Note |1—Before testing, all transparent specimens should be in-
spected in a polariscope. Those which show atypical or concentrated
strain patterns should be rejected, unless the effects of these residual
strains constitute a variable to be studied.

9. Speed of Testing

9.1 Speed of testing shall be the relative rate of motion of
the grips or test fixtures during the test. Rate of motion of the
driven grip or fixture when the testing machine is running
idle may be used, if it can be shown that the resulting speed
of testing is within the limits of variation allowed.

9.2 Choose the speed of testing from Table 1. Determine
this chosen speed of testing by the specification for the
material being tested, or by agreement between those con-
cerned. When the speed is not specified, use the lowest speed
shown in Table | for the specimen geometry being used,
which gives rupture within %2 to 5 min testing time.

9.3 Modulus determinations may be made at the speed
selected for the other tensile properties when the recorder
response and resolution are adequate.

TABLE 2 Modulus, 10¢ psi, for Eight Laboratories, Five Materials

Mean S, Sa 1, Ia
Polypropytene 0.210 0.0089 0.071 0.025 0.201
Cellulose acetate butyrate 0246 0.0179 C.035 0.051 0.144
Acrylic 0.481 0.0179 0.063 0.051 0.144
Glass-reinforced nylon 1.17 00537 0217 0152 0614

Glass—einforced polyester 1.39 00894 0266 0253 0753

TABLE 3 Tensile Stress at Yield, 10° psi, for Eight Laboratories,
Three Materials

Mean S, Sp l, Ia
Polypropylene 363 0.022 0.161 0.062 0.456
Cellulose acetate butyrate 5.01 0.058 0.227 0.164 0.642
Acrylic 10.4 0.067 0.317 0.190 '0.897

10. Procedure

10.1 Measure the width and thickness of rigid flat speci-
mens (Fig. 1) with a suitable micrometer to the nearest 0.001
in. (0.025 mm) at several points along their narrow sections.
Measure the thickness of nonrigid specimens (produced by a
Type iV die) in the same manner with the required dial
micrometer. Take the width of this specimen as the distance
between the cutting edges of the die in the narrow section.
Measure the diameter of rod specimens, and the inside and
outside diameters of tube specimens, to the nearest 0.001 in.
(0.025 mm) at a2 minimuin of two points 90° apart; make
thase measurements along the groove for specimens so
constructed. Use plugs in testing tube specimens, as shown in
Fig. 2.

10.2 Place the specimen in the grips of the testing
machine, taking care to align the long axis of the specimen
and the grips with an imaginary line joining the points of
attachment of the grips to the machine. The distance
between the ends of the gripping surfaces, when using flat
specimens, shall be as indicated in Fig. 1. On tube and rod
specimens, the location for the grips shall be as shown in
Figs. 2 and 3. Tighten the grips evenly and firmly to the
degree necessary to prevent slippage of the specimen during
the test, but not to the point where the specimen would be
crushed.

10.3 Attach the extension indicator. When modulus is
being determined, the extension indicator must continuously
record the distance the specimen is stretched (elongated)
within the gage length as a function of the load through the
initial (linear) portion of the load-elongation curve.

NOTE 12—Modulus of matenials is determined from the slope of the
linear portion of the stress-strain curve. For most plastics, this linear
portion is very small, occurs very rapidly, and must be recorded
automatically. The change in jaw separation is never to be used for
calculating modulus or elongation.

10.4 Set the speed of testing at the proper rate as required
in Section 9, and start the machine.

10.5 Record the load-extension curve of the specimen.

10.6 Record the load and extension at the yield point (if
one exists) and the load and extension at the moment of
rupture.

Note 13—If it is desired to measurc both modulus and failure
properties (yield or break, or both), it may be necessary, in the case of
highly extensible materals, to run two independent tests. The high
magnification extensometer normally used to determine properties up to
the vield point may not be suitabie for tests involving high extensibility.
If allowed to remain attached 10 the specimen, the extensometer could

TABLE 4 Elongation at Yield, %, for Eight Laboratories, Three

Materials
Mean 5 Sa l, Ia
Cellulose acetate butyrate 365 0.27 0.62 0.76 1.75
Acrylic 4.89 v21 0.55 0.59 1.56
Polypropylene 8.79 0.45 5.86 1.27 16.5
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TABLE 5 Tensile Strength at Break, 10° psi, for Eight
Laboratories, Five Materials#

Mean S, Sk A I
Polypropylene 297 154 1.65 437 4.66
Cellulose acetate butyrate 482 0058 0.180 0.164 0.509
Acrylic 9.09 0.452 0.751 1.27 2.13
Glass-reinforced polyester 208 0.233 0.437 0.659 1.24
Glass-reinforced nylon 236 0.277 0.698 0.784 1.98

A Tensile strength and elongation at break values obtained for unreinforced
propylene plastics generally are highly variable due 1o inconsistencies in necking or
*drawing” of the center section of the test bar. Since tensile strength and
elongation at yield are more reproducible and relate in most cases to the practical
usefulness of a molded part, they are generally recommended for specification

purposes.

TABLE 6 Elongation at Break, %, for Eight Laboratories, Five

Materials4
Mean S, Sa 1, la
Glass-reiniorced polyester 368 020 2.33 0.570 6.59
Glass-reinforced nyion 3.87 0.10 213 0.283 6.03
Acrylic 13.2 205 3.65 5.80 10.3
Celluioso acetate buty-ate 14.1 1.87 6.62 5.29 18.7
Polypropylene 2930 509 119.0 1440 337.0

A Tensile strength and elongation at break values obtained for unreinforced
propylene plastics generally are highly variable due to inconsistencies in necking or
“drawing” of the center section of the test bar. Since tensile strength and
elongation at yield are more reproducible and rela.e in most cases to the practical
usefulness of a molded part, they are generally recommended for specification
purposes.

be permanently damaged. A troad range increnuental extensometer or
hand rule technique may be needed when such materials are taken to
rupture.

11. Calculation

11.1 Tensile Strength—Calculate the tensile strength by
dividing the maximum load in newtons (or pounds-force) by
the original minimum cross-sectional area of the specimen in
square metres (or square inches). Express the result in pascals
(or pounds-force per square inch) and report it to three
significant figures as tensile strength at yield or tensile
strength at break, whichever term is applicable. When a
nominal yield or break load less than the maximum is
present and applicable, it may be desirable also to calculate,
in a similar manner, the corresponding tensile stress at yield
or tensile stress at break and report it to three significant
figures (see Note A2.8).

11.2 Percent Elongation—If the specimen gives a yield
load that is larger than the load at break, calculate percent
elongation at yield. Otherwise, calculate percent elongation
at break. Do this by rcading the extension (change in gage
length) at the moment the applicable load is reached. Divide
that extension by the original gage length and multiply by
100. Report percent elongation at yield or percent elongation
at break to two significant figures. When a yield or breaking
load less than the maximum is present and of interest, it is
desirable to calculate and report both percent elongation at
yield and percent elongation at break (see Note A2.2).

11.3 Modulus of Elasticity—Calculate the modulus of
elasticity by extending the initial linear portion of the
load-extension curve and dividing the difference in stress
corresponding to any segment of section on this straight line
by the corresponding difference in strain. All elastic modulus
values shall be computed using the average initial cross-

sectional area of the test specimens in the calculations. The
result shall be expressed in pounds-force per square inch
(pascals) and reported to three significant figures.

11.4 Secant modulus—At a designated strain, this shall be
calculated by dividing the corresponding stress (nominal) by
the designated strain. Elastic modulus values are preferable
and shall be calculated whenever possible. However, for
materials where no proportionality is evident, the secant
value shall be calculated. Draw the tangent as directed in
Al.3 and Fig. Al.2, and mark off the designated strain from
the yield point where the tangent line goes through zero
stress. The stress to be used in the calculation is then
determined by dividing the load-extension curve by the
original average cross-sectionzl area of the specimen.

11.5 For each series of tests, calculate the arithmetic mean
of all values obtained and report it as the “average value” for
the particular property in question.

11.6 Calcuiate the standard deviation (estimated) as fol-
lows and report it to two sigrificant figures:

s=VEZXT - nXd)/in-1)

where:
s = estimated standard deviation,
X = value of single observation,
n = number of observations, and
X = arithmetic mean of the set of observations.
11.7 See Annex Al for information on toe compensation.
12. Report

12.1 Report the following information:

12.1.1 Complete identification of the material tested,
including type, source, manufacturer’s code numbers, form,
principal dimensions, previous history, etc.,

12.1.2 Method of preparing test specimens,

12.1.3 Type of test specimen and dimensions,

12.1.4 Conditioning procedure used,

12.1.5 Atmospheric conditions in test room,

12.1.6 Number of specimens tested,

12.1.7 Speed of testing,

12.1.8 Tensile strength at yield or break, average value,
and standard deviation,

12.1.9 Tensile stress at yield or break, if applicable,
average value, and standard deviation,

12.1.10 Percent elongation at yield or break (or both, as
applicable), average value, and standard deviation,

12.1.11 Modulus of elasticity, average value, and standard
deviation, and

12.1.12 Date of test.

13. Precision and Bias'®

13.1 Tables 2 through 6 are based on a round robin test
conducted in 1984, involving five materials tested by eight
laboratories using the Type I specimen, all of nominal
0.125-in. thickness. Each test result was based on five
individual determinations. Each laboratory obtained two test
results for each maternial.

13.2 Tables 7 through 10 are based on a round robin test
conducted by the polyolefin subcommittee in 1988, in-

!0 Supporting data are available from ASTM Headquarters. Request RR:D20-
1125 {zr the 1984 round robin and RR:D20-1170 for the 1988 round robin.
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TABLE 7 Tensile Yield Strength, for Ten Laboratories, Eight TABLE 9 Tensile Break Strength, for Nine Laboratories, Six
Materials Materials
Test Values Expressed in psi Units Test Values Expressed in psi Units
Material Speed, Material Speed,
in./min Average S, Sa r R in./min Average S, Sa r R
LDPE 20 1544 52.4 64.0 146.6 179.3 LDPE 20 1592 52.3 749 146.4 209.7
LDPE 20 1894 53.1 61.2 148.7 1713 LDPE 20 1750 66.6 1029 186.4 288.1
LLDPE 20 1879 742 99.9 207.8 279.7 LLDPE 20 4379 1271 219.0 355.8 613.3
LLDPE 20 1791 49.2 758 137.9 2123 LLDPE 20 2840 78.6 143.5 220.2 401.8
LLDPE 20 2500 55.5 87.9 155.4 2461 LLDPE 20 1679 34.3 47.0 95.96 131.6
LLDPE 20 1730 63.9 96.0 178.9 268.7 LLDPE 20 2560 119.1 166.3 3336 465.6
HDPE 2 4101 19€.1 3719 549.1 1041.3
HDPE 2 3523 1759 478.0 492 4 13385 )
TABLE 10 Tensile Break Elongation, for Nine Laboratories, Six
TABLE 8 Tensile Yield Elongation, for Eight Laboraiories, Eight Materisls
Materials Test Values Expressed in Percent Units
Material  Speed,
Test Values Expressed in Percent Units in./min Average S, Sa r R
Material  Speed,
in/min  Average S, Sk r R LDPE 20 567 315 59.5 B8.2 166.6
LDPE 20 569 61.5 892 1723 2497
LDPE 20 120 Lo 394 58 8.84 LLDPE 20 890 257 1138 718 3187
LDPE 0 146 1.02 2.38 2.86 6.37 LLDPE 20 64.4 668 17 187 e
LLOPE =0 ok 147 28 288 ik LLDPE 20 803 257 1044 718 2925
HLOPE a9 149 (5 230 446 sed LLDPE 20 782 416 9%7  11€L 2708
LLDPE 20 1.7 1.27 2.88 3.56 8.08
LLDPE 20 15.2 1.27 259 3.55 725
; : ; 3.91 7.94 . ;
Hgﬁg § 3_2; :_;g 3?; 345 771 13.3.4 Reproducibility-—In comparing two test results for

volving eight polyethylene materials tested in ten laborato-
iies. For each material, all samples were molded a! one
source, but the individual specimens were prepared at the
laboratones that tested them. Each test result was the average
of five individual determinations. Each laboratory obtained
three test results for each material. Data from some labora-
tories could not be used for various reasons, and this is noted
in each table.
13.3 In Tables 2 through 10, for the materials indicated,
and for test results that derived from testing five specimens:
13.3.1 §, is the within-laboratory standard deviation of
the average; I, = 2.83 S,. (See 13.3.3 for application of /,.)
13.3.2 Sj is the between-laboratory standard deviation of
the average; [, = 2.83 Si. (See 13.3.4 for application of [.)
13.3.3 Repeatability—In comparing two test results for
the same material, obtained by the same operator using the
same equipment on the same day, those test results should be
Jjudged not =quivalent :f they differ by more than the /, value
for that material and condition.

the same material, obtained by different operators using
different equipment on different days, those test results
should be judged not equivalent if they differ by more than
the /; value for that material and condition. (This appiies
between different laboratories or between different equip-
ment within the same laboratory.)

13.3.5 Any judgment in accordance with 13.3.3 and
13.3.4 will have an approximate 95 % (0.95) probability of
being correct.

13.3.6 Other formulations may give somewhat different
results.

13.4 For further information on the methodology used in
this section, see Practice E 691.

13.5 There are no recognized standards on which to base
an estimate of bias for this test method.

13.6 The precision of this test method is very dependent
upon the uniformity of specimen preparation, standard
practices for which are covered in other documents.

14. Keywords

14.1 modulus of elasticity; percent elongation; plastics;
tensile properties; tensile strength
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ANNEXES

(Mandatory Information)

Al. TOE COMPENSATION

Al.l In a typical stress-strain curve (Fig. Al.1) there is a
toe region, AC, that does not represent a property of the
material. It is an artifact caused by a takeup of slack, and
aligninent or seating of the specimen. In order to obtain
correct values of such parameters as modulus, strain, and
offset yield point, this artifact must be compensated for to
give the corrected zero point on the strain or extension axis.

Al.2 In the case of a material exhibiting a region of
Hoeokean (linear) benavior (Fig. Al.1), a continuation of the
linear (CD) region of the curve is constructed through the
zero-stress axis. This intersection (B) is the corrected zero-
strain point from which all extensions or strains must be
measured, including the yield offset (BE), if applicable. The
elastic modulus can be determined by dividing the stress at

Streaa
(=]

C

/
A B E

Strain

NoTe—Some chart recorders plot the mirror image of this graph.
FIG. A1.1 Material with Hookean Region

any point along the line CD (or its extension) by the strain at
the same point (measured from point B, defined as zerg.
strain).

Al1.3 In the case of a material that does not exhibit any
linear region (Fig. A1.2), the same kind of toe correction of
the zero-strain point can be made by constructing a tangent
to the maximum slope at the inflection point (H’). This is
extended to intersect the strain axis at point B, the corrected
zero-strain point. Using point B* as zero stiain, the stress at
any point (G’) on the curve can be divided by the strain at
that point to obtain a secant modulus (slope of line B’ G'),
For those materials with no linear region, any attempt to use-
the tangent through the inflection noint as a basis for.
determiratior of an offset yield point may result in unac-
ceptable error.

Strean

" '

‘_l B Strain
Note—Some chart recorders piot the mirror image of this graph.
FIG. A1.2 Material with No Hookean Region

A2. DEFINITIONS OF TERMS AND SYMBOLS RELATING TO TENSION TESTING OF PLASTICS

A2.1 elastic limit—the greatest stress which a material is
capable of sustaining without any permanent strain re-
maining upon complete release of the stress. It is expressed in
force per unit area, usually pounds-force per square inch
(megapascals).

NOTE A2.1—Measured values of proportional limit and elastic limit
vary greatly with the sensitivity and accuracy of the testing equipment,
eccentnicity of loading. the scale to which the stress-strain diagram 1s
plotted, and other factors. Consequently, these values are usually
replaced by yield strength.

A2.2 elongation—the increase in 'ength produced in thz
gage length of the test specimen by a tensile load. It is

expressed in units of length, usually inches (millimetres).
(Also known as extension.)

Note A2.2—Elongation and strain values are valid only in cases
where uniformity of specimen behavior within the gage length is present.
In the case of materials exhibiting necking phenomena, such values are
only of qualitative utility after attainment of yield point. This is due 10
inability to assure that necking will encompass the entire length between
the gage marks prior 1o specimen failure.

A2.3 gage length—the original length of that portion of
the specimen over which strain or change in length is
determined.

A2.4 modulus of elasticity—the ratio of stress (nominal)
to corresponding strain below the proportional limit of a
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materjal. It is expressed in force per unit area, usually
pounds-force per square inch (megapascals) (Also known as
elastic modulus cr Young's modulus).

NoTE A2.3—The stress-strain relations of many plastics do not
conform 1o Hooke's law throughout the elastic range but deviate
therefrom even at stresses well below the elastic limit. For such materials
the slope of thg tangent to the stress-strain curve at a low stress is usually
taken as the modulus of elasticity. Since the existence of a true
proportional limit in plastics is debatable, the propriety of applying the
term “modulus of elasticity™ to describe the stiffness or rigidity of a
plastic has been seriously questioned. The exact stress-strain character-
istics of plastic materials are very dependent on such factors as rate of
stressing, temperature, previous specimen history, etc. However. such a
valve is useful if its arbitrary nature and dependence on time. tempera-
ture, and other factors are realized.

A2.5 necking—the localized reduction in cross-section
which may occur in a material under tensile stress.

A2.6 offser yield strength—the stress at which the strain
exceeds by a specified amount (the offset) an extension of the
initial proportional portion of the stress-strain curve. It is
expressed in force per unit area, usually pounds-toice per
square inch (megapascais).

NoTE A2.4—This measurement is useful for matenals whose stress-
strain curve in the yield range is of gradual curvature. The offset yield
strength can be derived from a stress-strain curve as follows (Fig. A2 1):

On the strain axis lay off OM equal 1o the specified otfset.

Draw OA tangent to the initial straight-line portion of the stress-strain
curve.

Through A draw a line MN parallel to OA and locate the intersection
of MN with the stress-strain curve.

The stress at the point of intersection r is the “offset yield strength.”
The specified value of the offset must be stated as a percent of the
original gage length in conjunction with the strength value. Example:
0.1 % offset yield strength = ... psi (MPa), or yield strength at 0.1 %
offset . . . psi (MPa). )

A2.7 percent elongation—the elongation of a test spec-
imen expressed as a percent of the gage length.

A2.8 percent elongation at break and yield:

A2.8.1 percent elongation at break—the percent elonga-
tion at the moment of rupture of the test specimen.

A2.8.2 percent elongation at yield—the percent elonga-
tion at the moment the yield point (A2.21) is attained in the
test specimen.

A2.9 percent reduction of area (nominal)—the difference

Stress

/
/ OM=Specified
Offset

Strain

FIG. A2.1 Offset Yield Strength

between the original cross-sectional area measured at the
point of rupture after breaking and after all retraction has
ceased, expressed as a percent of the onginal area.

A2.10 percent reduction of area (true)—the difference
between the original cross-sectional area of the test specimen
and the minimum cross-sectional area within the gage
boundaries prevailing at the moment of rupture, expressed as
a percentage of the original area.

A2.11 proportional limit—the greatest stress which a ma-
tenal is capable of sustaining without any deviation from
proportionality of stress to strain (Hooke’s law). It is ex-
pressed in force per unit area, usually pounds-force per
square inch (megapascals).

A2.12 rate of loading—the change in tensile load carried
by the specimen per unit time. It is expressed in force per
unit time, usually pounds-force (newtons) per minute. The
inital rate of loading can be calculated from the initial slope
of the load versus time diagram.

A2.13 rate of straining—the change in tensile strain per
unit time. It is expressed either as strain per unit time,
usually inches per inch (metres per metre) per minute, or
percent elongation per unit time, usually percent elongation
per minute. The initial rate of straining can be calculated
from the initial slope of the tensile strain versus time
diagram.

NoTE A2.5—The initial rate of straining is synonymous with the rate
of crosshead movement divided by the initial distance between
crossheads only in a machine with constant-rate-of-crosshead movement

and when the specimen has a uniform original cross-section, does not
“neck down,” and does not slip in the jaws.

A2.14 rate of stressing (nominal)—the change in tensile
stress (nominal) per unit time. It is expressed in force per
unit area per unit time, usually pounds-force per square inch
(megapascals) per minute. The initial rate of stressing can be
calculated from the initial slope of the tensile stress
(nominal) versus time diagram.

NoTE A2.6—The initial rate of stressing as determined in this
manner has only limited physical significance. It does, however, roughly
describe the average rate at which the initial stress (nominal) carried by
the test specimen is applied. It is affected by the elasticity and flow
characteristics of the materials being tested. At the yield point, the rate
of stressing (true) may continue to have a positive value if the
cross-sectional area is decreasing.

A2.15 secant modulus—the ratio of stress (nominal) to
corresponding strain at any specified point on the stress-
strain curve. It 1s expressed in force per unit area, usually
pounds-force per square inch (megapascals), and reported
together with the specified stress or strain.

NoTE A2.7—This measurement is usually emploved in place of
modulus of elasticity in the case of materials whose stress-strain diagram
does not demonstrate proportionality of stress to strain.

A2.16 strain—the ratio of the elongation to the gage
length of the test specimen, that is, the change in length per
unit of original length. It is expressed as a dimensionless
ratio.

A2.17 tensile strength (nominal)—the maximum tensile
stress (nominal) sustained by the specimen during a tension
test. When the maximum stress occurs at the yield point
(A2.21), it snall be designated tensile strength at vield. When
the maximum stress occurs at break, it shall be designated
tensile strength at break.



101

{h D638

A2.18 tensile stress (nominal)—the tensile load per unit
area of minimum original cross-section. within the gage
boundaries, ca:ried by the test specimen at any given
moment. It is expressed in force per unit area, usually
pounds-force per square inch (megapascals).

Note A2.8—The expression of tensile properties _in terms of the
minimum original cross-section is almost universally used in practice. In
the case of materials exhibiting high extensibility, or necking, or both,
(A2.15) nominal stress calculations may not be meaningful beyond the
yield point (A2.21) due to the extensive reduction in cross-sectional area
that ensues. Under some circumstances it may be desirable to express
the tensile properties per unit of minimum prevailing cross-section.
Thesc properties are called true tensile properties (that is, true tensile
stress, etc.).

A2.19 tensile stress-strain curve—a diagram in which
values of tensile stress are plotted as ordinates against
corresponding values of tensile strain as abscissas.

A2.20 true strain (see Fig. A2.2) is defined by the fol-
lowing equation for ;-

L
o= J'L dL/L =1n LJL,

the increment of elongation when the distance
between the gage marks is L,
the original distance between gage marks, and
the distance between gage marks at any time,

A2.21 yield point—the first point on the stress-strain
curve at which an increase in strain occurs without an
increase in stress (Fig. A2.2).

~
|

NoTE A2.9—Only materials whose stress-strain curves exhibit a
point of zero slope may be considered as having a yield point.

NoTE A2.10—Some materials exhibit a distinct “break™ or disconti-
nuity in the stress-strain curve in the elastic region. This break is not a
yield point by.definition. However, this point may prove useful for
material characterization in some cases.

A2.22 yield strength—the stress at which a material ex-
hibits a specified limiting deviation from the proportionality
of stress to strain. Unless otherwise specified, this stress will
be the stress at the yield point and when expressed in relation
to the tensile strength shall be designated either tensile
strength at yield or tensile stress at yield as required under
A2.17 (Fig. A2.3). (See offser yield strength.)

- L i

FIG. A2:2 lllustration of True Strain Equation

A2.23 Symbols—The following symbols mav be used for
the above terms:

SyMBOL TerMm
W Load
AW Increment of load
L Distance between gage marks at any time
L, Onginal distance between gage marks
Ly Distance between gage marks at moment of rupture
al Increment of distance between gage marks = elongation
A Minimum cross-sectional area at any time
A, Onginal cross-section area
%] Increment of cross-sectional area
A, Cross-sectional area at point of rupture measured afier
breaking specimen
Ay Cross-sectional area at poind of rupture, measured at the
moment of rupture
1 Time
ar Increment of time
@ Tensile stress
Ac Increment of stress
o7 True tensile siress
ay Tensile strength at break (nominal)
aur Tensile strength at break (true)
€ Strain
Ac Increment of strain
y Total strain, at break
o True strain
%El Percentage elongation
Y.P. Yield point
E Modulus of elasticity

A2.24 Relations between these various terms may be
defined as follows:

a = W/A,

or = WA

ay = W/A, (where W is breaking load)
oyr = W/Ar(where W is breaking load)

« = AL/L=(L-L)L,

v = (L,— L)L,

& = J'L dL/L =1In L/L,

L,

%El = [(L— Ly/L,] % 100 = ¢ x 100

Percent reduction of area (nominal) = [(4, — A )A) x 100
Percent reduction of area (true) = [(4, — 4;)/4,] X 100
Rate of loading = AW/Al

Rate of stressing (nominal) = Ag/Ar = (AW/A)/AL

Rate of straining = A¢/Ar = (AL/L At

For the case where the volume of the test specimen does
not change during the test, the following three relations hold:

or=oa(l + ¢ =al/L,
aur=ohl + ¢) = o, L/L,
A=AJ1 +¢



STRESS

TENSILE STRENGTH AT BNEAK

ELONGATION AT BREAK

B = TENSILE STRENGTH AT YIELD
ELONGATION AT YIELD

C = TENSILE STRESS AT BREAK

ELONGATION AT BREAK

D= TENSILE STRESS AT YIELD
ELONGATION AT YIELD

STRAIN

FIG. A2.3 Tensile Designations

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 responsibie lechnical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103,
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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 year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes seven types of durometers
A, B, C, D, DO, O and OO, and the procedure for
determining indentation hardness of substances classified as
rubber, cellular matenals, elastomeric materials, thermo-
plastic elastomers and some hard plastics.

1.2 This test method is not applicable to the testing of
fabrics.

1.3 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for informa-
tion only.

1.4 This standard does not purport to address all of the
safety problems, if any, associated with its use. 1t is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

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

D 1349 Practice for Rubber—Standard Temperatures For
Testing?

D 4483 Practice for Determining Precision for Test
Method Standards in the Rubber and Carbon Black
Industries*

3. Summary of Test Method

3.1 This test method permits hardness measurements
based on either initial indentation or indentation after a
specified period of time, or both.

NoTe |—Durometers with maximum reading pointers used to

determine initial hardness values may yield lower hardness when the -

maximum pointer is used.

4. Significance and Use

4.1 This test method is based on the penetration of a
specific type of indentor when forced into the maierial under
specified conditions. The indentation hardness is inversely
related to the penetration and is dependent on the elastic
modulus and viscoelastic behavior of the material. The shape

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

Current edition approved May 15. 1991. Published February 1992, Originally
published as D 2240 - 64 T. Last previous edition D 2240 - 86.

2 Annual Book of ASTM Standards, Vol 08.01.

3 Annual Book of ASTM Staudard.:, Vol 09.01.

* Annual Book of ASTM Standards, Vol 09.02.

of the indentor and the applied force influence the results
obtained so there may be no simple relationship between the
results obtained with one type of durometer and those
obtained with another type of durometer or other instru-
ments for measuring hardness. This test method is an
empirical test intended primarily for control purposes. No
simple relationship is known to exist between indentation
hardness determined by this test method and any funda-
mental property of the material tested. For specification
purposes it is recommended that Test Method D 785 be used
for hard material,

NotF 2—Dnrometer scale comparison chart only. This is not and
cannot be used as a conversion reference.

Type A 10 20 30 40 50 60 70 80 90 100

Type B 10 20 30 40 50 60 70 80 90 100

Type C 10 2030 40 50 60 70 80 90 100

Type D 10 20 30 40 50 60 60 70 80 90 100
Type DO 10 20 30 40 50 60 70 80 90 100
Type O 10 20 30 40 50 60 70 80 %0 100

Type 00 10 20 30 49 50 60 70 80 90 100

5. Apparatus

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

5.1.1 Presser Foot, with a hole having a diameter as
specified in Fig. 1(a), 1(b), or 1(c) with its center 6 mm (0.25
in.) from any edge of the foot.

5.1.2 Indentor, formed from hardened steel rod and
shaped in accordance with Fig. 1(a), 1(b), or 1(c) with full
extension adjustable between 2.46 to 2.54 mm (0.97 to 0.100
in.).

5.1.3 Indentor Extension Indicating Device (analog or
electronic), having a scale reading from 0 to 100 with equal
divisions throughout the range. The scale reading is an
inverse function of the indentor extension. The device shall
have a pointer that moves on the scale at a rate of one
hardness point for each 0.025 mm (0.001 in.) of indentor
movement.

Note 3—Type A Shore Durometers serial numbers 1 through
16 300 and 16 351 through 16 900 and Type A-2 Shore Durometers
numbers | through 8077 do not meet the requirement of 2.46 to 2.54
mm (0.097 to 0.100 in.) extension of the indentor at zero reading. These
durometers will give readings which are low by amounts ranging from 3
units at 30 hardness to | unit at 90 hardness.

5.1.4 Timing Device (optional), capable of being set to a
desired elapsed time, signalling the operator or holding the
hardness reading when the desired elapsed time has been
reached. The timer should be automatically activated when
the presser foot is in firm contact with the specimen being
tested.

5.1.5 Calibrated Spring, for applying force to the indentor
in accordance with Fig. 1.
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J2/2.5mm
.0501.008
1,40/ 1.1Smm

097/.100

2.5 t0.04mm
AT ZERO i
READING 35 e
|- 031 001
0.79 t0.03mm
(a) Indentor for Type A and C Durometers
Jm -}3.2/2 S mm

2.5 10.04mm

AT ZERO
READING

004 1 COOS R.
0.1001.012 mmR.

(b) Indentor for Type B and D Durometers

2382008 mem

2.5 10.04 mm

D468:.0020.
1.19 10.05mmR.

(€) Indentor for Type DO, O, and OO Durometers

Note—Spring Force Combinations:
Force, N = 0.550 + 0.075 H,
where H, = hardness reading on Type A, B and O durometers.
Force, N = 0.4445 H,,

= hardness reading on Type C, D and DO durometers.
P Force, N = 0.203 + 0.00908 H,,,
where H,, = hardness reauing on Type OO durometers.

FIG. 1 Durometer, Indentor and Spring Force Combinations

where H,

6. Test Specimen

6.1 The test specimen shall be at least 6 mm (0.25 in.) in
thickness unless it is known that results equivalent to the 6
- mm values are obtained with a thinner specimen (see Note
4). 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 speci-
mens because the surface faces between plies may not be in
complete contact. The lateral dimensions of the specimen
shall be sufficient to permit measurements at least 12 mm
{0.5 1n.) frora any edge unless it is known that identical
results are obtained when measurements are made at lesser
distance from an edge. The surfaces of the specimen shall be
flat and parallel over a 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.

Note 4—The mirimum 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 materials 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 50
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.) to any edge.

7. Calibration

7.1 The durometer spring shall be calibrated by sup-
porting the durometer in a vertical position and applying a
measurable force to the indentor tip (see Fig. 2). The device
used to apply the force may be a dead weight or electronic
load cell device capable of measuring applied force at 50 %
of the calibration tolerance. Care should be taken to ensure
that the force is applied vertically to the indentor tip, as side
loads will cause errors in calibration. Sprirg calibraticn shall
be verified on all durometer at scale readings of 20, 30, 40,
50, 60, 70, 80 and 90. The measured force (9.8 X mass in
kilograms) shall be equivalent to the force calculated by the
equation in Fig. 1. The measured force for Type A, B and O
durometers shall be within +0.08 N. For Type C, D and DO
durometers it shall be within +0.44 N, and for Type OO
durometers it shall be within +0.025 N,

NOTE 5—Instruments specifically designed for the calibration of
durometers may be used.’

7.2 Indentor extension and shape must be in accordance
with 5.1.2. With the durometer placed firmly on a flat
surface the indicator should read a number equal to the
indentor extension measured in inches X 1000, within +0.5
durometer points.

NoTe 6—When performing the procedure in 7.2 on Type B and D
durometers care should be used not to damage the indentor tip.

7.3 Test blocks (rubber or spring type) provided for
checking durometer operation are not to be relied upon as
calibration standards. The calibration procedures outlined in
7.1 and 7.2 are the only valid calibration methods.

8. Conditioning

8.1 Tests shall be made at 23 + 2°C (73.4 + 3.6°F). For
materials whose hardness depends on relative humidity, the
specimen shall be conditioned in accordance with Procedure
A of Practice D 618 and tested under the same conditions.

Note 7—No conclusivé evaluation has been made on durometers at
temperatures other than 23 + 2°C (73.4 = 3.6°F). Conditioning at
temperatures other than the above may show changes in calibration.
Durometer use at temperatures other than the above should be decided
locally (see Practice D 1349).

9. Procedure
9.1 Place the specimen on a hard, horizontal surface.

* Zwick and Co., Cuntrol Equipment 7501 with serial numbers higher than WA
20301 or the Shore Durocalibrator, available from Shore Instrument Manufac-
tuning Co., B0 Commercial 5t., Freeport, NY 11520, have been found salast'acmn
for this purpose.
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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 wk=n measurements ar¢ 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 between presser foot and specimen.

Note 8—Better repeatability may be obtained by using a mass
centered on the axis of the indentor. Recommended masses are 1 kg for
Type A, B and O durometers, 5 kg for Type C, D and DO durometers.
and 400 g for Type OO durometers. Duromelter stands using the masses
above as a constant load and a controlled descent speed, without shock,
produce maximum repeatability.

9.2 For any material covered in 1.1, after the presser foot
is in firm contact with the specimen, the scale reading is to be
taken within 1 s or after any period of time agreed upon
between supplier and user unless the durometer has a
maximum indicator, in which case the maximum reading is
taken. The hardness reading may progressively decrease with
time delay.

9.2 Make five measurements of hardness at different
positions on the specimen at least 6 mm (0.25 in.) apart and
determine the arithmetic mean._

NoTe 9—The type of durometer should be selected with the knowl-
edge that readings below 10 or above 90 are not considered reliable by
the manufacturer. It is suggested that readings in these ranges not be
recorded.

10. Report

10.1 Report the following information:

10.1.1 Hardness value obtained,

10.1.2 Complete identification of the material tested,

10.1.3 Vulcanization date,

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

10.1.5 Temperature of test if other than 23°C,

10.1.6 Relative humidity when hardness of matenal is
dependent on humidity,

10.1.7 Type and serial number of durometer,

10.1.8 Indentation hardness time interval at
reading was taken, and

10.1.9 Date of test.

NoTe 10—Readings may be reported in the form: A/45/15 where A
is the type of durometes, 45 the 1cading, and 15 the time in seconds that
the pressure foot is in firm contact with the specimen. Similarly, D/60/1
indicates a reading of 60 on the Type D durometer obtained either
within 1 s or from a2 maximum indicator.

which

11. Precision and Bias®

11.1 These precision and bias statements have been pre-
pared in accordance with Practice D 4483. Refer to this
Practice for terminology and other testing and statistical
concepts. '

11.2 The Type 1 precision for both Type A and D
methods was determined from an interlaboratory program
with three materials of varying hardness, with six partici-
pating laboratories. Tests were conducted on two separate

¢ Supporting data are available from ASTM Headquaners. Request RR:DI1-
1029.

TABLE 1 Type 1 Precision—Type A Durometer Method
Between Laboratories

Within Laboratories

Matenal Avaricy
Level SrA 8 r° SRO RE R)F
1 51.4 0.646 1.83 3.56 11.56 4.41 8.59
2 65.3 0.878 2.48 s 2214 6.06 9.27
3 68.0 0.433 1.23 1.80 2228 6.45 9.49

Pooled 61.6 0677 1.82 3n 22.02 5.72 9.28

# Sr = repeatability standard deviation, measurement units.
8 = repeatability = 2.83 x Sr, measurement units.

€ (r) = repeatability, relative, (that is, in percent).

© SR = reproducibility standard deviation, measurement units.
E R = reproducibility = 2.83 x SR, measurement units.

£ (R) = reproducibility, relative, (that is, in percent).

TABLE 2 Type 1 Precision—Type D Durometer Method
Within Laboratories Between Laboratories

Material V232

Level SrA e ne SRP RE (R)F

1 426 0316 0894 2.10 2.82 7.88 18.7

2 545 0791 224 4.11 3.54 10.0 18.4

3 823 1.01 286 347 3.54 10.0 122
Pooied 59.8 0762 2.16 3.61 3.32 9.40 15.7

A Sr = repeatability standard deviation, measurement units.

8 r = repeatability = 2.83 < Sr, measurement unics.

€ (r) = repeatabiity, relative, (that is, in percent).

P SA = reproducibility standard deviation, measurement units.
£ R = reproducibility = 2.83 x SR, measurement units.

 (R) = reproducibility, relative, (that is, in percent).

days in each laboratory for both A and D testing programs.
All materials were supplied from a single source.

[1.3 A test result for hardness (both A and D) was the
median of five individual hardness readings on each day in
each laboratory.

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

11.5 The precision results in this precision and bias
section give an estimate of the precision of this test method
with the materials (rubbers) used in the particular
interlaboratory program as described above. The precision
parameters should not be used for acceptance or rejection
testing, or both, of any group of materials without documen-
tation that they are applicable to those particular materials
and the specific testing protocols that include this test
method.

11.6 Precision—The precision of this test method may be
expressed in the format of the following statements which
use as appropnate value r, R, (r) or (R), that 1s, that value to
be used in decisions about test results (obtained with the test
method). The appropriate value is that value of r or R
associated with a mean level in Tables 1 and 2 closest to the
mean level under consideration (at any given time, for any
given material) in routine testing operations.

11.6.1 Repeatability—The repeatability, r, of this test
method has been established as the appropriate value tabu-
lated in Tables 1 and 2. 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-
11ons.

11.6.2 Reproducibility—The reproducibility, R, of this
test method has been established as the appropnate value
tabulated in Tables | and 2. Two single test results obtained
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in two different laboratories, under normal test method
procedures, that differ by more than the tabulated R (for any
given level) must be considered to have come from different
or nonidentical sample populations.

11.6.3 Repeatability and reproducibility expressed as a
percentage of the mean level, (r) and (R), have equivalent
application stateraents 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 aritnmetic mean of the two
test results. : :

11.7 Bias—In test method terminology; -bias is the differ-
ence 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
defired by this test method. Bias, therefore, cannot be
determined.

The American Soclety 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 ere invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known fo the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Poly(Vinyl Chloride) (PVC) and Related Plastic Pipe and
Fitting Compounds for Pressure Applications’

This stzndard is issued under the fixed designation D) 3915; the number immediately following the designation indicates the year of
original adopuion or, in the case of revision, the year of last rcvision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editonal change since the last revision or reapproval.

1. Scope

1.1 This specification covers plastic compounds composed
of poly(vinyl chlonde), chlorinated poly(vinyl chlonde), or
vinyl chloride copolymers, and the necessary compounding
ingredients intended for use in making pipe, fittings, and
other piping appurtenances. The compounding ingredients
may consist of lubricants. stabilizers, nonpoly(vinyl chloride)
resin modifiers, pigments, and inorganic fillers.

1.2 This specification is designed to cover compounds for
pressure piping applications. Refer to Specification D 4396
for compounds designed for non-pressure applications.

1.3 Rigid PVC type compounds for building applications
other than piping are covered in Specification D 4216.

1.4 Rigid PVC type compounds for general purpose
extrusion and molding use are covered in Specification
D 1784. Specification D1784 is applicable to piping applica-
tions involving special chemical and acid resistance.

1.5 The requirements in this specification are intended for
the quality control of compounds used to manufacture pipe
and fittings. They are not applicable to finished pipe and
fittings. See the applicable ASTM standards for requirements
for finished products.

1.6 It may be necessary in special cases to select specific
compounds for unusual piping applications that require
consideration of other properties not covered in this specifi-
cation, such as service temperature, sag resistance, chemical
resistance, weather resistance, bending forces, etc.

1.7 The values stated in inch-pound units are to be
regarded as the standard. The values in parentheses are given
for information only.

1.8 The following safety hazards caveat pertains only to
the test methods section, Section 11, of this specification:
This standard does not purport to address all of the safety
problems, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 256 Test Methods for Impact Resistance of Plastics and
Electrical Insulating Materials?

\ This specification is under the jursdiction of ASTM Committee D-20 on
Plastics and is the direct responsibility of Subcommittee D20.15 on Thermoplastic
Materials.

Current edition approved Nov. 24, 1989. Published February 1990. Originally
published as D 3915 - 80. Last previous edition D 3915 - 80 (88)¢!

2 Annual Book of ASTM Standards, Vol 08.01.

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 638 Test Method for Tensile Properties of Plastics?

D 648 Test Method for Deflection Temperature of Plastics
Under Fiexuvral Load?

D 883 Terminology Relating to Plastics?

D 1243 Test Method for Dilute Solution Viscosity of Vinyl
Chlonde Polymers? '

D 1784 Specification for Rigid Poly(Vinyl Chloride) (PVC)
Compounds and Chlorinated Poly(Vinyl Chloride)
(CPVC) Compound<34

D 1898 Practice for Sampling of Plastics*

D 2837 Test Method for Obtaining Hvdrostatic Design
Basis for Thermoplastic Pipe Materials®

D 3010 Practice for Preparing Compression-Molded Test
Sample Plaques of Rigid Poly(Vinyl Chloride) Com-
pounds?

D 4216 Specification for Rigid Poly(Vinyl Chloride) (PVC)
and Related Plastic Building Products Compounds?

D 4396 Specification for Rigid Poly(Vinyl Chloride) (PVC)
and Related Plastic Compounds for Non-Pressure Pip-
ing Products’

F 412 Terminology Relating to Plastic Piping Systems?

3. Terminology

3.1 Definitions:

3.1.1 General—Definitions used in this specification shall
be in accordance with Terminology D 883 and Definitions
F 412, urless otherwise noted. The following are the defini
tions of the kinds of plastics covered:

3.1.2 chlorinated poly (vinyl chloride) (CPVC)—a com-
pound based on a polymer similar to PVC but with 2
significantly greater chlorine content.

3.1.3 poly (vinyl chloride) (PVC)—a compound based on
a polymer (resin) prepared by the polymerization of vinyl
chloride as essentially the sole monomer (vinyl chloride
content not less than 97.0 %).

3.1.4 PVC resins and PVC compounds—as used in thi
specification, materials made from poly(vinyl chloride) or
vinyl chloride copolymers.

3.1.5 vinyl chloride copolymer—a compound based on 2
polymer prepared by the copolymerization of vinyl chloride
and other monomers, the vinyl chloride content being &
least 80 mass %.

3 Annual Book of ASTM Standards, Vol 08.04.
4 Annual Book of ASTM Standards, Vol 08.02.
5 Annual Book of ASTM Standards, Vol 08.03.
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4. Classification

4.1 Means for classifying and identifying PVC pipe and
fittings compounds are provided in Table 1. The properties
enumerated in this table and the tests defined are expected to
provide identification of the compounds selected. They are
not necessarily suitable for direct application in design
because of differences in shape of part, size, loading, environ-
mental conditions, etc.

4.7 Classes are designated by the cell number for each
property in the order in which they are listed in Table 1.

NoTe 1—The manner in which selected matenals arc identified by
(his classification system is illustrated by a Class 134524 PVC pipe
compound having the following reguirements (sce Table 1):

Class 1 3 4 5
|

2 4
[dentification:

Polv(vinyl chloride)

Property: and AMinimmn Value:

Impact strength (1.50 10 5.00__
fi-1bf/in.)

Tensile stength (7000 1o 8000 psi)

Modulus of elasticity in tension (400 000
10 480 000 psi)

Deflection temperature under load (100 to
110°C)

Hydrostatic design basis (4000 psi).

NoTe 2—The cell-type format provides the means for classification
and close characterization and specification of matenal properties, alone
or in combination, for a broad range of matenials. This type formai,
however, is subject to possible misapplication since unobtainable prop-
ertv combinations can be selected if the user is not familiar with com-
mercially available matenals. The manufacturer should be consulted.

5. Ordering Information

5.1 The purchase order, or inquiry for these materials,
shall state the specification number and identify the class
selected, for example D 3915, Class 134544,

5.2 Further definition, as may be required for the fol-
lowing, shall be on the basis of agreement between the
purchaser and the seller:

5.2.1 Physical form and particle size {see 6.2 and 6.3),

5.2.2 Contamination level (see 6.5),

- 5.2.3 Color (see 6.4),
5.2.4 Other supplementary definition, if necessary, and
5.2.5 Inspection (see 12.1).

6. Materials and Manufacture

6.1 The inherent viscosity of the resin (polymer) used in
pipe compounds meeting Cell 1 requirements in Designation
Order No. ‘1 shall be not less than 0.88, when measured in
accordance with Test Method D 1243 (see Table 1). The
nherent viscosity of the resin (polymer) used in fitting
compounds meeting Cell 1 requirements in Designation
Order No. 1 shall be not less than 0.65, when ‘measured in
dccordance with Test Method'D 1243,

6.2 Materials -supplied under - this specification shall be
PVC compound ‘in the form of cubes, granules, free-flowing
powder blends, or compacted powder blends.

6.3 Materials shall be of uniform composition and size as
agreed upon between the purchaser.and the seller.

6.4 Color and transparency or opacity of imolded or

extruded articles formed under the conditions reconmmended
by the seller shall be comparable within commercial match
tolerances to the color and transparency or opacity of
standard molded or extruded samples of the same thickness
supplied in advance by the seller of the matenal.

6.5 Materials shall be free of foreign matter to a level that
is not expected to affect serviceability adversely.

7. Physical Requirements

7.1 Test values for specimens of the material prepared as
specified in Section 10 and tested in accordance with Section
11 shall conform to the requirements given in Table | for the
class selected.

7.2 The compound shall be adequately stabilized.

Nott 3—The type and amount of stabilizer may vary with the
compound formulation, the equipment on which the compeund is
processed. the temperatures during processing steps, and the amount of
regrind (reworked) matenal emploved. No test procedure has been
found to date that is suitable for use in specifications of this tvpe.
Rescarci methods that vary among laboratories and that have not been
amenable to standardization are used.

8. Sampling

8.1 A batch or lot shall be considered as a unit of
manufacture and may consist of a blend of two or more
production runs of material.

8.2 Unless otherwise agreed upon between the seller and
the purchaser, the material shall be sampled in accordance
with the procedure described in the General and Specific
Sampling Procedures, as applicable, of Practice D 1898.
Adequate statistical sampling prior to packaging shall be
considered an acceptable alternative.

9. Testing

9.1 The requirements identified by the class designation
and otherwise specified in the purchase order (see 5.1) shall
be verified by tests made in accordance with the directions
given in Section I1. For routine inspection, only those tests
necessary to identify the materials to the satisfaction of the
purchaser shall be required. One sample shall be sufficient
for testing each batch or lot provided that the average values
for all of the tests made on that batch or lot comply with the
specified requirements.

9.2 If any failure occurs, the materials may be retested in
accordance with agreement between purchaser and the seller
(see 12.1).

10. Specimen Preparation

10.1 Compliance with . the designated requirements
chosen from Table 1 shall be determined with the compres-
sion-molded, extruded, or injection-molded test specimens
for impact resistance, tensile strength, tensile modulus of
elasticity, and’ deflection under load. Specimens cut from
extruded pipe samples shall be used for hydrostatic dcmgn
basis tests. Procedures used in preparing the test specimens
shall be as recommended by the seller. The preparation of
test specimens shall be the same for all tests- other than
hydrostatic design basis required by Section 11. Test speci-
mens shall conform to the requirements prescribed in
Section 1 1. In cases:of disagreement, the referee method shall
be Practice D 3010 with complete fusion demonstrated by
lack of fraying or delamination of specimens during testing.
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TABLE 1 Class Requirements for Poly(Vinyl Chloride) and Related Plastic Pipe and Fitting Compounds

NoTte—The minimum property value will determine the cell number although the maximum expected value may fall within the next higher cell.

Desig- Cell Limits
nation Property and
Oxder e 0 | 1 2 3 4 5 6 7
No. £
1 Kind of resin in | unspecified | poly(vinyl chiorinated vinyt chloride
compeund i chloride) pcly(vinyl copolymer
(PVC) chloride) (CVC)
(CPVC)
2 Impact resistance: unspecified
J per standard <40.0 40.0 to <B0.1 |80.110 <2668 |[266.9 or
specimen | greater
#- Ibtfin. of 1 <0.65 06510 <1.50 |1.5010<3.00 5.00 or
notch i ] greater
3 Tensile strength: unspecified |
MPa <34.0 340to<41.0 |410to 48.0 1o 55.0 or
<48.0 <55.0 greater
psi <5000 5000 to 6000 to 7000 to 6000 or
<6000 <7000 <8000 greater
4 Modulus of unspecified
elasticity in
asion:
MPa <1930 1930 to 2210 to 2480 o 2760 to 3310 to 3860 or
<2210 <2480 <2760 <3310 <3860 greater
psi <280 000 230 090 to 320 000 to 360 000 1o 400 000 to 480 000 to 560 000 or
<320 000 <360 000 <400 000 <480 000 <560 000 greater
5 Deflection unspecified
temperature
under load,
1.82 MPa
(264 psi)
*C 60 to <70 70 to <80 80 to <100 100 to <110 110 or
greater
°F 140 to <158 | 158 to <176 176 to <212 21210 <230 |2300r
greater
6 Hydrostatic design | unspecified
basis:
MPa f 13.80 17.25 21.70 27.60 34.50
(13.25 10 (16.55 to (20.80 to (20.40 to (33.10 to
16.50) 20.75) 26.35) 33.05) 41.60)
psi 2000 2500 3150 4000 5000
(1920 to (2400 10 (3020 to (3830 to (4800 to
2390) 3010) 3820) 4790) 6030)

11. Test Methods

11.1 Conditioning—Condition the test specimen for de-
flection temperature (Test Method D 648) in accordance
with Procedure B of Practice D618, except that the
minimum conditioning time shall be 24 h. Condition all
other test specimens in accordance with Procedure A of
Practice D 618. The minimum conditioning time shall be 24
h. ) g

11.2 Test Conditions—Unless otherwise specified in the
testing methods or in this specification, conduct tests in the
Standard Laboratory Atmosphere of 73.4 + 3.6°F (23 + 2°C)
and 50 + 5 % relative humidity. In cases of disagreement, the
_ tolerances shall be +1.8°F (x1°C) and +2 % relative hu-
midity. .

- 11.3 Tensile Strength and Modulus of Elasticity—Test
Method D 638, using Type I specimens.

NOTE 4—Current industrial practice uses a specimen thickness of
0.13 + 0.02 in. (3.2 + 4 mm) and a speed of testing of 0.20 in. (5
mm)/min + 25 %.

- 11.4 Deflection Temperature—Test Method D 648 using
¥ X Y in. (12:5 X 3.2 mm) specimens under 264 psi (182
mPa) load.

NoTe 5—Data are requested on Vicat softening point (VSP), so that
in a future revision requirements for this property can be added or
substituted for the deflection temperature under load. VSP is widely
used with success in Europe.

11.5 Hydrostatic Design Basis—Test Method D 2337.

11.6 Impact Resistance (Izod)—Method A of Test
Method D 256, using 0.25 in. (6.35) thick specimens. The
specimens may be compression-molded or injection-molded
with the provision that compression-molded specimens built
up as laminates in which complete fusion is obtained shall be
acceptable. Complete fusion means there shall be no evi-
dence of fraying or delamination at the break.

12. Inspection

12.1 Inspection of the material shall be made as agreed
upon between the purchaser and the seller as part of the
purchase contract.

13. Packaging and Package Marking

13.1 Packaging—The material shall be . packaged ir
standard commercial containers, so constructed as to ensur¢
acceptance by common or other carriers for safe transporta-
tion at the lowest rate to the point of delivery, -unlest
otherwise specified in the contract or order.

13.2 Package Marking—If agreed upon between the pur
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chaser and the seller, shipping containers shall be marked  as defined by the contract or order under which shipment is
with the name of the materials, the name of the manufac-  made, the name of the seller, and the number of the contract
turer, class, batch or lot number, quantity contained therein or order.

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 infringer=ent of such rights, are entirely their own responsibility.

This standard is subject to revision at any fime by the responsible technical committee and must be reviewed every five years anc
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Agricultural irrigation equipment — Emitting-pipe systems —

Specification and test methods

1 Scope

This International Standard specifies mechanical
and functional requirements of agricultural irrigation
emitting-pipes and their fittings, test methods and
the data to be supplied by the manufacturer to per-
mil correct installation and operation in the field

It applies to dripping and trickling pipes, hoses and
tubing intended for irrigation, of which the emitting
units form an integral part. It also applies to the fit-
tings used for connecting these emitting-pipes,
hoses and tubing: it does not apply to porous pipe
(porous along ils entire length).

2 Normative references

The following standards contain provisions which,
through reference in this text. constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicatled were valid. All stan-
dards are subject to revision, and parties o
agreemenis based on this International Standard
are encouraged 1o investigate the possibility of ap-
plying the mosl! recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards

ISO 3501:1976, Assembled joints between {iltings and
polyethylene (PE) pressure pipes — Test of resist-
ance to pull out.

ISO 8796:1989, Polyethylene (PE) 25 pipes for irri-
gation laterals — Susceplibility to environmental
stress-cracking induced by insert-type litltings — Test
method and specification

3 Definitions

For the purposes of this International Standard, the
following definitions apply

3.j emitting-pipe: Continuous pipe, hose or tubing
with perforations or other hydraulic devices formed

in the pipe during production and intended to emit
water in the form of drops or continuous flow, al
emission rales not exceeding 15 I/h per emitting
unit.

3.2. regulated [pressure-compensating] emitting-
pipe: Emilling-pipe of relatively constant emission
rate at varying water pressures al the emitling-pipe
inlet within the limits specified by the manufacturer.

3.3 unregulated emitting-pipe: Emilling-pipe whose
emission rale varies at different water pressures.

3.4 non-reusable emitting-pipe: Light-weight emilt-
ting-pipe not intended for removal and reinstallation.

3.5 reusable emitting-pipe: Heavy-weight emitling-
pipe which is designed for removal and reinstal-
lation with proper handling from one season 1o
anolher or under other circumstances.

3.6 emitting unit: Section of the emitting-pipe, re-
pealed at intervals, from which water is emilted to
one clearly distinguishable location

3.7 unit emitting-pipe: Length of emitling-pipe con-
taining one emitting unit.

3.8 clamping band: Ring- or band-like device used
for obtaining a water-light joint belween emilling-
pipe and fitting.

3.9 fitting: Any connecting device suitable for at-
tachmentl to the emilting-pipe with or without a
clamping band.

3.10 inlet fitting: Fitiing having one end suitable for
connection to a standard irrigation pipe or appliance
and the other end or ends suitlable for conneclion to
an emilting-pipe

3.11 In-line fitting: Fitling with both ends suilable
for connection to an emitting-pipe.
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3.12 nominal diameter: Conventional numerical
designation used to indicate the size of the
emitting-pipe and approximately equal to the out-
side diameter, in millimetres, of the pipe.

3.13 nominal test pressure, p,: Reference pressure
of 100 kPa at the Inlet of an unregulated emitting
unit; or any other pressure so designated in manu-
facturer publications.

3.14 nominal emission rate, g,:

(1) Unregulated [non-compensaling] emilting-pipe:
Emission rate, in litres per hour, of the emitting unit
at nominal test pressure and at a water temperature
of 23 °C, as specified by the manufacturer.

(2) Regulated [pressure-compensaling] emitling-
pipe: Emission rate, in litres per hour, of the emitting
unit al a water temperature of 23 °C, as specified by
the manufacturer.

3.15 range of working pressures: Range of water
pressures at the inlet of the emitting unit, belween
and including the minimum working pressure, puin.
and the maximum working pressure, p... recom-
mended by the emitting-pipe manufacturer {o ensure
proper operation.

3.16 range of regulation: Range cf water pressures
al the inlet of the regulated emitting unit, in which
each emitting unit of the emitting-pipe discharges
water within the range of emission rates specified
by the manufacturer.

4 Classification

Emitting-pipes are classified according to three cri-
teria (see 4.1 to 4.3).

4.1 Unlformity of emlisslon rdte and regulation
Two categories of uniformity are classified:

a) Uniformily category A: Emilting-pipes having
higher uniformily of emission rates and smaller
deviations from the specified nominal emission
rate.

b) Uniformity category B: Emitting-pipes having
lower uniformity of emission rates and greater
devlations from the specified nominal emission
rate.

NOTE1 The requirements for each category are de-
fined In 9.1 and 9.2.
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4.2 Duratlon of use
Two categories of duration of use are classified:
a) non-reusable emitting-pipes;

b) reusable emitting-pi~ s.

4.3 Type of operation
Two categories of lype of operation are classified:
a) unregulated emilling-pipes;

b) regulated emittling-pipes.

5 Designation

Emitting-pipes shall be designated by

a) the words “emitling-pipe”;

b) reference to this International Standard;
c) the nominal diameter;

d) nominal emission rate, in litres per hour;

e) maximum working pressure, in mulliples of
100 kPa units;

f) the uniformity category.

EXAMPLE

An emitting-pipe complying with this International
Standard, of 16 mm nominal diameter, 2 I/h emis-
sion rate, intended for operation at working press-
ures up to a maximum of 120 kPa and conforming to
uniformity category A is designated as follows:

Emitting-pipe 1SO 9261 16 -2-12- A

6 Marking

6.1 Emitting-pipe

Each emitting-pipe shall bear clear and permanent
markings including the following details:

a) name of manufacturer or his registered trade-
mark;

b) mark for identification of year of manufacture;
c) designation according to clause 5;

d) arrow indicating direction of flow (if it affects op-
eration of the emitting-pipe).



These detalls shall be marked at intervals not ex-
ceeding 5 m.

6.2 Fittings

Emitting-pipe fittings shall bear clear and permanent
markings including the following details:

Name of manufacturer or his registered (rade-
mark.

6.3 Packaging of emitting plpes

When the emitting-pipes are supplied in coils, each
coil shall carry an attached tag bearing the following
clear, lecible and permanent information:

a) name and address of manufacturer;

b) designation and catalogue number of emilling-
pipe,

c) nominal diameter of emitting-pipe:

d) classificalion according to 4.1, 4.2 and 4.3:
e) length of emitting-pipe in coil;

) year of production and manufacluring lof;

g) nominal emission rate of unit emitting-pipe and
nominal pressure;

h) spacing of emitting units.

6.4 Packaging of fittings

Fittings shall be supplied in package form, each

bearing the following clear, legible and permanent

information:

a) name and address of manulacturer;

b) catalogue number of filling.

¢) nominal diameter of emitting-pipe. and, il appli-
cable, nominal diameter of the irrigation lateral

or the nominal size of the thread;

d) year of production and manulacturing lot.

7 Construction and materials
7.1 General

The emitting-pipe, its parts and fittings shall have
no manufacturing defects that may impair perform-
ance.

The construction of the emitting-pipe and its fittings
shall permit their easy connection, wilth or without
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clamping bands, whether the connection is made
manually or by means of suitable tools supplied by
the manufacturer.

7.2 Dimenslons

7.21 The manufacturer shall specify the inside di-
ameter and wall thickness of the product, and the
actual dimensions of the product shall comply with
those declared by the manufacturer as sfipulated in
93

7.2.2 The dimensions of the connecting filtings
shall fit the dimensions of the emilling-pipe, to en-
sure easy and reliable connection.

7.2.3 Emilling-pipes of the same class but of differ-
en! inside diameter, made by the same manufac-
turer, with differences of diameter greater than
2 mm, shall be designaled as different sizes.

7.3 Materials

The malerial used in the manufacture of emitling-
pipes and their fittings shall be resistant to fertilizers
and chemicals commonly employed in irrigation,
and shall be suitable for use with waler at tempera-
tures up 1o 60 °C and al pressures designated for
the emitling-pipe.

The materials shall, insofar as possible, not support
the growth of algae and bdcleria. The parts of the
emilling-pipe thal are exposed to light shall be
opaque and protected against UV degradation.

7.4 Fittings

The manufacturer shall supply, for each type and
size of emilling-pipe, fillings suitable in size and
shape to make good conneclions to the emitting-
pipe.

The jointing. made with or withgut the use of
clamping bands, shall be of sufficient strength to
wilhstand the full range of working jressures

Clamping means, such as bands and screws, shall
be of non-corroding materials or of materials pro-
tecled against corrosion.

8 Test specimens and conditions

8.1 Test specimens

The sample shall be taken al random by a repre-
sentative of the test laboralory from a lot of at least
500 emitling units. The test specimen shall not be
taken from adjacenl sections of the pipe. The test
specimen shall include a minimum of five adjacent
emilting units and the total number of test speci-
mens shall contain at least 25 emitting units. The
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number of emitting units required for each test is
indicated in the relevant clause.

8.2 Order of tests

The tests shall be conducted in the order listed in
clause 9. All tests, beginning with 9.2, shall be con-
ducted on specimens which were taken according
to 9.1.

8.3 Test condltions

Unless otherwise specified in the relevant clause,
all tests shall be carried out at ambient air tem-
perature and at a water temperature of
23°C + 1°C. The water used shall be filtered
through a filter with nominal aperture of 75 um fo
100 pm (160 mesh to 200 mesh), or as recommended
by the manufacturer.

8.4 Accuracy of measuring devices

The water pressure shall be measured with an error
not exceeding 2 % of the actual values.

During the test, the pressure shall not vary by more
than 2 %.

The emission rate of the emitting-pipe shall be
measured with an error nol exceeding + 2 % of the
actual values.

9 Test methods and requirements

9.1 Unlformity of emission rate

9.1.1 General

This tesl applies to regulated and unregulated
emitling-pipes. The test sample shall include at least
25 emitting unils in accordance with the requirement
in 8.1,

9.1.2 Unregulated emitting-pipes

Measure the emission rates of the emitting units in
the emitting-pipe when the water pressure at the
inlets of the emilting units equals the nominal lest
pressure. Record separately the measured emission
rate of each emitting outlet.

Calculate the coeflicient of variation, (. from the
following formula:

S
C =— x 100
Yg

where

3, Is the standard deviation of the emission
rates for the sample;
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g is the mean emission rate of the sample.

The following requirements siall be met:

a) The mean emission rate of the test sample shall
not deviate from the nominal emission rate, g,
by more than § % for category A, nor more than
10 % for category B.

b) The coefficient of variation, ,, of the emission
rate of the test sample shall nol exceed 5 % for
category A, nor 10 % for category B.

8.1.3 Regulated emitting-pipes

Condition the emilting units in the test sample by
operating them for 1 h minimum at a1 emitting unit
inlet pressure equal o the pressure at the middle
of the working pressure range. At the beginning of
condilioning, the emitting units shall be operaled
three times at about p,, and three times al about
Pmin. €ach operation o be maintained for at least
3 min. During the last 10 min of conditioning, the
pressure shall be maintained at the midpoint of the
range of regulation.

Immediately afler, and without altering the inlet
pressure, lest the emilling units according to 9.1.2,
but al the mid-point of the range of regulation.

The emitting units shall comply with the require-
ments of 9.1.2.

9.2 Emission rate of emitting unit as function
of inlet pressure

The fesls to be performed lo delermine emission
rate as a function of pressure shall be made in con-
tinuation of the tesls performed in accordance
with 9.1.2.

9.2.1 Selection of test samples

Number the emilling units lested according to 9.1. in
ascending order according to the measured emis-
sion rale, No 1 being the emilting unit of lowest
emission rate, No. 25 the highesl

Take four emilting unils from the series obtained —
Nos. 3. 12, 13, 23 — and measure their change in
emission rale as a function of the inlet pressure.

Test each emitting unit in steps not greater than
50 kPa, from zero pressure up to 1,2 p,,.. Regulated
emilting units shall be tested at three or more dif-
ferent pressures within the range of regulation, at
rising and falling inlet pressures. The reading of the
results shall be taken at least 3 min after reaching
the test pressure.

If 1the inlet pressure exceeds the desired pressure
by mare than 10 kPa during its rise and fall, return
lo zer@ pressure and repeat the test.



8.2.2 Unregulated emitting-plpe

Calculate, for each pressure level, the average
emission rate, g, obtained by measuring the emis-
sion rates of the four emitling units at rising press-
ure.

Plot the curve g as a function of inlet pressure.

The curve of ¢ shall conform 1o the curve presented
in manufacturer publications within an allowable
devialion of not more than +5 % for category A, not
more than 1+ 10 % for category B.

9.2.3 Regulated emitting-pipe

Calculate, for each inlet pressure level, . the aver-
age emission rate, g, obtained by measuring the
emission rates of the four emilling units at rising and
falling pressure (lthe average of eight emission rate
measurements).

The value of g shall not deviate from the nominal
emission rate by more than 5 % for category A, nor
more than 10 % for category B.

9.3 Dimensions
9.3.1 Wall thickness of emitting-pipe

Measure the wall thickness of the emitting-pipe at
four points equally spaced on the periphery of the
pipe. Repeal the test at two cross-seclions. In the
event of a part of the pipe wall being thicker by de-
sign (e.g fap in emilling-pipe). such increase in
thickness is disregarded.

The wall thickness of the emitting-pipe., when meas-
ured al each of the four points, shall not be less than
90 % of the declared wall thickness

9.3.2 Inside diameter of emitting-pipe

To measure the inside diameter of the emilling-pipe,
insert a conical par (apex angle nol greater than
10°) inlo the end of the emitling-pipe, 1aking care not
lo enlarge the pipe diameter. Mark on the cone the
circle made by the end of the pipe and measure its
. diameler.

The measured inside diameter shall not deviale by
more than 40,3 mm from the declared diameler.

9.3.3 Flow paths In emitting unit

Measure, in at least three emilting units, acurately
lo the nearest 0,02 mm and under no pressure, the
smallest dimension of the flow-path. (This does not
apply 1o a dimension that varies with pressure.)

The smallest measured flow-path dimension shall
not be smaller than the dimension declared by the
manufacturer.
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9.3.4 Spacing of emitting units

Measure three spacings of emitling units accurately
to the nearest 1,0 mm.

The spacings of the emitting units shall not deviate
by more than § % from the spacings declared by the
manufacturer.

9.4 Reslstance to hydrostatic préssure

9.4.1 Resistance to hydrostatic pressure at amblent
temperature

Carry out the test on a length of emitting-pipe con-
sisting of five unil emilling-pipes joined by means
of in-line filtings.

Carry out the test in two stages (9.4.1.1 and 9.4.1.2).

9.4.1.1 Connect the emilting-pipe assembly to a
source of water, by means of an inlet fitting, and
close its outlet end. Fill the emitting-pipe assembly
with water and check that no air remains trapped in
the pipe. Increase the waler pressure gradually
(10 s minimum) to the maximum working pressure
multiplied by 1,2 for non-reusable emitting-pipes, or
to the maximum working pressure multiplied by 1,8
for reusable emitting-pipes, and maintain the test
pressure for 1 h.

The emilling-pipe assembly shall withstand the test
pressure without showing signs of damage to the
emilting-pipe, the emitting units or the connecling
fitlings. The unit emilting-pipes shall not pull apart,
and no leakage shall occur at the inlet fitting. Leak-
ages not exceeding the emission rate on one emil-
ting unit are permissible at in-line fittings.

9.41.2 Reduce the tesi pressure to nominal press-
ure and maintain for at least 3 min. Measure lhe
flow-rate of each emilling unit.

The flow-rate of each emitling unit shall not deviate
by more than 10 % from ils original flow-rate as
measured in 9.1,

9.4.2 Reslistance to hydrostatic pressure at elevated
temperature

Carry out the test on a length of emitlling-pipe con-
sisling of three unit emitling-pipes joined by means
of in-line filtings.

9.4.21 Connect the emitting-pipe assembly to a
source ol waler by means of an inlet filting, and
close its outlet end. Fill the emitting-pipe assembly
with water and check that no air remains trapped in
the pipe. Raise the water pressure gradually (10 s
minimum) to maximum pressure and maintain the
pressure for 24 h for non-reusable emitting-pipes or
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48 h for reusable emitling-pipes, while the emitting-
plpe test assembly is Immersed in water at
60 °C + 2 °C temperature.

.

The emitting-pipe shall withstand the test pressure
without showing signs of damage.

9.4.2.2 Remove the test assembly from the water
and leave it for 30 min at ambient temperature. Ap-
ply a hydrostatic pressure, p,, for at least 3 min at
ambient temperalure and measure the flow-rate of
each emitting unit.

The flow-rate of each emitling unit shall not deviate
by more than 10 % from its original flow-rate, as
measured in 9.1.

9.5 Resistance to tension at elevated
temperature

Carry out the test on five unit emitling-pipes at a
temperature of 50 °C + 2 °C.

If the emitting-pipe is reusable, mark two lines,
about 150 mm apart, on the unit emitting-pipe.

Fasten each unit emitting-pipe in the grips of a
fension-testing machine and uniformly increase
(within 20 s to 30 s) the pull on the unit emitting-pipe
fo

— 160 N for non-reusable emitting-pipes [see 4.1
a) .

— 180 N for reusable emitting-pipes [see 4.1 b) ].

Maintain the pull for 15 min, then release the pull
and allow the unit pipe to cool to ambient tempera-
ture.

Non-reusable emitling-pipes shall withstand the test
pull without breaking or tearing

Reusable emitting-pipes shall withstand the test pull
without breaking or tearing, the nominal flow-rate in
lhe test specimen shall nol vary by more than
+5 % from the flow-rate measured before tesling,
and the distance between the {wo marked lines shall
not vary by more than § % from the distance meas-
ured according to 9.1.

9.6 Resistance to puil-out of joints between
fittings and reusable emitting-pipes

The test method and the test equipment used shall
be as specified in 1ISO 3501, but the test pull shall be
180 N, applied for 1 h.

The fitting shall not pull out from the emitling-pipe.
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9.7 Resistance of polyethylene (PE)
emitting-plpe to environmental stress-cracking

The test and requiremerils shall be as specified in
1SO 8796.

9.8 Determination of emitting unit exponent

This determination applies only to regulated emit-
ting units.

The relation belween the emission rate, ¢, in litres
per hour, and the inlet pressure in an emitling unit,
p. in kilopascals, is given by the formula:

g=kxp"”
where
k is a constant;
m is the emitting unit exponent.

Using all the g and p values obtained in 8.2.3, cal-
culate the emitting exponent, m. from the following
formula:

Z(lg P)ig 7) - (Zlg P.) (Zlg 47.)

> g )~ (Zlg P,)2

m=
where

n is the number of pressure values used in
923,

q is the mean emission rate, in litres per hour,
p is the inlet pressure, in kilopascals.
The value of the emitting unit exponent, /m, shall not

exceed 0,2.

10 Data supplied by manufacturer

The manufacturer shall make available to the user,
together with the pipe end fillings, calalogues or in-
formation sheels that include the following data:

a) catalogue number of emitting-pipe and fitting;

b) lype of filtings for connecting emilting-pipe to
supply network or appliances;

c) instruction sheets for proper operation of
emitting-pipe. The instruction sheels shall be
dated:

d) the words “Uniformity category A” or “Uniformity
category B, as applicable, including the relevant
values given in table 1;



e)

m)

n)

details of suitable fittings (including code number
as marked on the fitting) for different appli-
cations;

installation instructions for the emitting-pipe and

fittings;

nominal emission rate of unit emitting-pipe;
inside diameter of emitting-pipe;

wall thickness of emitling-pipe;

range of working pressures of emitling-pipe;
classification of emitling-pipe;

operating characteristics of emilling-pipe (see
8.2);

limitations of emitting-pipe use
chemicals, etc.);

(fertilizers,

range of regulation (if any);

o)
p)
q)
r)
s)

1)
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filtration requirements;
spacing of emitting units in emitting-pipe;
minimum recommended radius for coiling

emitting-plpe;
maintenance and storage requirements;
nominal test pressure;

dimension of smallest flow path in emitting unit.

Table 1 — Uniformity values (according to 8.1)

Parat]neter
c Devlation of g from Coefficlent of
ategory | - v
q, max. varlation, (, max.
% %
A +5 +5
B + 10 +10
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