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Abstract

The objective of this research was to design melt flow rate tester for testing the melt flow
rate of thermoplastic under pressure, temperature and weight that are followed the ASTM D 1238-04C.
The plastic was melt in the barrel that was made from cylindrical stainless steel. The outside wall was
covered with heater band and thermocouple was installed. Firebrick and insulation sheet were installed
inside the main structure. The experiments were performed by using standard weights to press the melted
plastic flowing through the standard nozzle in vertical direction. The sample had to be weighted on grams
per 10 minutes. The results showed that melt flow rate from the tester were almost the same as the data

technical from the company.
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o o (] = [] a a 9 da I'd
aunsensidufiotediunen llifisanefitzeseutonganssuyndiuvssnesidtuesnasy laganwiy
g a o = a a . .. v
Usingmsainineadesiuns Inauunda (extensional flow) uazmsithudaladaradin (viscoelasticity) lanmsld
o o o =] a s g 9/ 1 5 ;w [ da 4 a a
aumsenfaadumesmsysedivautams Inaludiosaumiiy Yenntdanunwesaluesvasunnyual
wa a t o & 1 & 1 o 9 fa d Py v 9
auiian1s Inanuug lanara@nluy19r9veadnsINISROUINIIY nanfedmesaweinasuiiegaisla
a a 19 i a - = aax o o a
sninavessaTImaioufidunn (<3 Jui ") uazgunneliguaniailuves lnatimeidiou
o ar Y oA a d' a; a wa
wenvnaumseniigeudafeiiaumsriaouq Aldlumsesursandans lnavesusslnayla

waraanagllddsaumsh 2.8 - 2.10
T= Asin“(—é—) (28)

qumslase (Eyring equation)

T=L+Csin(1) (2.9)
B A

aumIaisag (Carreau equation)
o Y0+ —71))

2
1+ L] xZ
Vs

(2.10)

1o A,Buaz C fia mah

7., Ao memmilauuuideuia18asinalengann (Infinity shear viscosity)

77, fo manunilauuudeuihifiddnsinmaifiou (Zero shear viscosity)
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2.3.3.3 ¥o4 Ivalauanuity (Dilatant Fluid)
1]5 o g 1 vl vl vl Y 4 4 & 4 4 o a
1031 2.4 wwdaunadiuiins mavesves lva lavanuiulisanumilamuduiioiudasinmsiiiey
a = a”l o a P Y 1
FonngAnssums lnanvufiiuthungAnssums lvanuuinnaiumila (shear thickening behavior) A28813984
4 - . y y -
Inafuaamgdnssuludnuasil wu msivavesfuioud nisTvavenimauudle uazmslvaveswssa
L d aa o a g v ¥ o w a wa
waiuvauassfitmsdufulutiinage dudu swnseldrunsendidslumseiusauiams navesves
by IR o o w 4 [ 1
1valananudu ldusy muaunsenmdsved valaganuiufevedlvafitiar o wnna 1

aumsendidemunsoIFlumseiimgdnssums lnavesves nasiiadey agllddegdit 2.5

log @Muuiau)

A 4

4 a v o a 44
317 2.5 @unsinisTuaveweslva afiadieq 1. veslnatimeidou 2. vedlwaylawara@niuihillaw
o o b4 da d a d a ty v
aumsenfads 3. vealnalauanudu 4. nefdwesvasuusilailuveslnaglanmadnuali

Guldawendds [2]

2.3.4 nquuedInafiauidnislnaiuiumal (Time - Dependent fluids)
wa a dy ' - A d’ P =)
audansivavesvesluaviiail uanuniladeou nlfouudamwsseznmiiveslnagniiou

a o 1Y dy [] ) [] A
InanimgAnssnludnuasiiounsouteenilu 3 Uszian Ingjq Ae

2.3.4.1 vodlvaninlanseila (Thixotropic fluids)

o a Y . a 5 [ :: . )
Snvazmwizvesns inavesves lvaxilaiifie mnnuvilavesmsAagilaimasezdinnanunia
o 3’: 4 [ e‘.’; any o ayg (Y a =) ] b4 lrl
yoamsAaglasanou duiumudams InavesvesInasilatiiusgnusssznariigaiaeu 1 0nuvesiva
=y avd kY as = a e Y wa 1 =1 = @ [ ~
silatslunannudlssasimaieounsn v ldausdanmsiva wuanunilaisuanas dwuaasdglii 2.6
‘:BI ~ ' Y oA an ¥ LY A a a .t v o ] a o
yenuntiduftoufouaaududoui 1d31nn1s19oasimaRauiai LANANIANAIAUNTIINITIWNLIDAT
A 1 ¥ Y oA
Wou dewwalinnuAuiouanas
A Ya a a a a o o wa Y 4 a
meoleBanganssums lvavesves naninlynseln Mmsnaassiaauiianis valaglmaseds
a { o o a ) 5 Y ot
Tefliefununyuiiransoianefauazanmauiionld wnsnauved lnafinnudamilauariam
Yy ny ¥ A g Y o ¥y o A& o = <
anuusu Budadivanuslunmsniuudtannuad 1ee19liva1gauIv04MIRYU IUNIA1IUII
1Y :’4 a (-4 v q @ ot Y A d
qaqmmmswuwmmﬂumsnaﬂﬂammﬂlmmsﬁquiﬂﬂwqmﬂ%q udrinaanuauiausluns

1w 1 2y o (Y v @ o a -
Hyumnu Namswﬂamwa’mﬁ'}mﬂﬂﬂlaqmmtﬁ'uﬂjmmsmmtazaﬂﬂ’nmswmmswymz"lumau‘nunumﬂ
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g . o { o 1 { a =) [ =
114 hysteresis loop uaAsfagild 2.7 fedvvesIvaiilingdnssumis lvauvvveslvansnlamsella 1wy am

13
meousnuazniolu iheeriie massveuxsiting Kudu

k
b o]
Aol

A a
YIBAIAIN

P |
ANHAUIRNBY P B

, fanmsiieu

37 2.7 Hysteresis loop v8awesInaninlamsetla 2 ¥ila Ao veslnua A uas B[]

2.3.4.2 ¥9411as latlafn (Rheopectic Fluids)

vaelndt lenladndguauians Inandudunstiveslvaninlansela ndfe Awesaudd ms
' & A 4 4 A o q ¥ o Aa < 4 X 4 o ¥
na wu ammilageiudleiunmvesmsifien hldveslnasiialiianuudainiuiiemsgnnszyiiaig
] [ t P a o dv t a @ ¥ g Y @ 1 a
anuduiou dret1vesmafiuaaganssuludnyasigu ustuduludiniudu dredrmaddouudas

y o4 & - 4 X a a T
anuduieuieonaveamaiowiniuluvedlvas Teiladn uansdaglin 2.8
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WHAT9A 7101 3N

a o a .
WA SINBY Ks 7

717 2.8 muaiams Inavesvesinailewndn [2]

2.3.43 v04 Ivadaladaradn (Viscoelastic Fluids)

ar

lll L= ) a =] P aa 1 A . A .
U nadalagaaan Lﬂu’lﬁﬂ‘ﬂuﬁﬂdﬁ‘uﬂﬂNﬁ'ﬂJ‘iS‘ﬁ’JNﬂ'livlﬁa'ﬁuﬂ (viscous flow) UAzMIIANYU

q
¥
@

(elastic) a3UwauTAMI Inalassaslaeeil
d
T=¢(_7,t (2.11)

d .
97 4 sasufiow (7)
ar
& asy o o A A T
¢ fe auians lnafuifaainms Inanilauaznstangu

t  fAs 1M

2.3.5 ngAnssum3 inavewesduieinasy
a '3 a Yy a & g a
weAle MasuLanINgANITudBARdBIR UMY Inavesnms Inaglawaradn FuungAnssums

dy X o te A v v @ T a o wa o e vad o £y
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autams vavesdalndaafnueanedieinasy (i Msuiunesfiviets msviuvesluvussa
a o < : a o Yy ot y 9 Y a wa 9 9/ a

wedwesnasuiuveslnaglanaradndsldnainudrdredun nsdszilivaudavisauvewaaw
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odnasufionldaumssnmdaiunasilunsiose dniuluns@iinedwesnasueziingdnssunisina
a 9 M A v o A ) a =
uuvveslnaglanaiadn dunsvesanunilaeududasimsenlumna log - log uanaegilnz.g i
[ [ 9/ ) & ° T Y1 a [] a A a” a o a
anvazilhuduassfismnuniladintazgaunn nannldifioesrivesdnnniaRoull weaueIHasN
wa o a =t J o 14 o A T 1 A A P =Y A 1 v
auiaduveslnatinedion annunilaiiluisasudou duamrwmiaieuiililisasuiou dum

oo v v & v '
anuniiafimsamdeuganniondt arumilafeuniud Frenanveudunimvesnnunila danu
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wilafouiinnanuiiesasimsideuiniu lugrenarstianedweinasuszuaanginssuiiullaw

o_ @ [ a
aumsonias uaziluvedlnaglanmadn

ey a I's ] : Qs a % a o o

mnfAveanedweinasulumaigumninvesInaglanmadngeeTuredrvaumseniids uaaslu

¥ [ LY ar 1 { a 1 { o < J [
siaeandetunistadosd luanasznisiiianis Ivand1nfevacidaimaieuniuiuluanaiziaidos
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frlnievh i luanaindeuddiu Tuagadu ldediaiietiy dwaldmadediudenmsinanansaiudasinis
A { .&’ o 8 4 a 1 wa o
Houfiniu nnnsdunadunivvesarmilalugilize dmedweinasylifiquidms naitlugyla

a A A ' Y A s q.¥ J/a ¢ o 1 4
wangan nanfeaumilaliarasmwsanimaiieu wildmsulsgdveswesfweimidnninaiiessin
A A ' g ad o 4 o ' A a ¢ PR
anunilaiquuaiiulsnansanmsdeuiiing snwumilaveedweinasuanns Juhidaunsoulsgl
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o q ¥ _a s Y Y oA v 9 Py
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log MIminHiAiow)  Zero shear viscosity

4 &

Infinity shear viscosity

Power law region. log (a1 SIRBM)

o o w ' A @ =
717 2.9 pIuaaIrNUFURUEITHI AN LALAZ BATURBU [2]

4 a ¢ & ¥ 3y !
mssenuuurieanls g whuazaeldlunszuounsuilsgiwedned Feermnsaldnulafifivous
Y T a o o & & a ] :’; [] 1 o a 'd
Asameaweinasuiluvedluanilamisved Inaglanaa@nviniuuaedielsnnmns insizvinig
. v ] a
Inavenesameinasudfauysaiuuy arsezAarsanaudadimedmnisivanila vasnaiiinanms
& [ =3 I'4 L] Y Y o a 4 & ' a '3 kY a 1
davguysawedweivasy fewdhidninnuAalTeInNEANEUYBINBAIBIHABNITINHITAN lUI
q Y q 1 t L)
sonuuuaspalsgnaadn v ldnnuazdudeuinn daly mssenuuuaIeilsgidulvg lunesl
° o ' a 3 ) 1 wa a o
mstemanns nanuudanguduniauazfuasludvesmsnuautdnts navemedweinasuly
! . v - 3 o ¥ o ) ¥ ]
wioanlsgll Taomwizludniidhnimeveunsesdaiatugil uazirfiaveuniesfiaiuuy aumsn gl
a ey a 3 y A - ' = LA '
myesuneauTAMS Inaveswe Awesnasuswmans nanilauazms Inatangu 13 luaumseanu Sonn

o
AUMIVOITDIUNTOL 1Ma N30 Constitutive equation
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2.4 MIMennNuIeu {31

=<

° b4 d 1 a 4 ar
mSmmmiamﬂugﬂunkuwaammwmmw%’au lusnrmzvesmsnandasundeauain

o S a @ a Ao a o 4 ~ o . . . &
vinuiillguugiigalldnsnuhligangia Tasmandeuiuyusall (kinetic motion) H30MIWU IALATIVE

Y

g { a A

I 2 ‘]J Y s a 3 ul [ a 5 o a d
uanaduiluanvasinaiuluvesivaiingails danlunsfivesTansiiudlunis navesnszuadianasou
0w 3 Ad o o 4 o ad a i A '
dmSuvesudeifludniMihig wiiswudidnaseudaszannuneiinaoulnleglulassaivves Tuanga
. =2 ' P14 d @ o { d v o { as ' 1 a
(Lattice) 90190817181l udni lidia szifudnininuiounfnuliime sndretramu newas Qu
o o d o ' o ad a '
wan 1a4 suidlusannmaimsemeneandinuanuieulaedidnaseudassiviaiil
o v d o Y I'd as [ o
agduusvesmsthawioulaedieonasimsdunaninnsnanes gas1ms Imavesmsiinnudou
a d. o [~ o 1 o Z .:'.i’, w a 9 o A a a
lufemafidmuadludadiusuiuiinaninduiemaenis lnavesnnudeunazindifiou vesgungil lusama

Y Q o ¥ a o o I
Uu mm‘umﬂ‘ﬁaﬂuaammsauiuﬂﬁmq X ﬂ;]‘ll?)ﬂ?ﬁlﬂiﬂ'lﬂuﬂlﬂu

ar
q, =—kA= 2.12)
dx
&
wie
ar
g =L - = @.13)
A dx
Tagh
o o Y A a
g, = sanmnharwdouruiui A Tufienian x
g," = dandaymdouludiameuin x
1 o s [ '
k= saammsthanwieuvesing uaziduaiuan

3 a 3 d o & " 4 a v dl
MNaus 2.12 uaz2.13 Sgamaiianaslumaninves x uda dluavdniu g, " (30 g,) lauiu
A o A [ a t ) A <2 3 1 A Y 1 '
10 ifesnaumsiiniemuiiuavfnegmzagiuniemunsaviedesldluaumsuazielvinilun
"w oA g & Y 9. a | Y A
q." (ie g )idluSinanndiens lnavesanufausgludirmauinyes x nunduiuiliBnimuyNile
o t 9 [ a
yoarumitluauuansnms mavesnrmieusgluiirnau x
o a s g A o a ’
yrdszaedudn unsdnszinaihnnuieudiefite vt auwgungil (Temperarure  field) 1u
. 43 g iy 4 v o o b oa o
danarmilsFuilurannioulvdeaoandesiuveuivaue iy uAe ABINTIUAIINTTIIBYDIQUNYY
4 v dg < o 4 L. Y
(Temperature Distribution) tilenswmiitasnianudeuiiyalan ludnaiaiu mamariividlagldngues
o o a = 5 1 o 1)
WA (nergy Conversation) furSinasaruguaridesuoudssynszuaumstomndea uazloaums

o [ . - _ a 2 . u' a as 2
sasfimumzay Hadnin ldnndumsanmesudFsudimaeuveniuz limsnszneguugiiludinarvse

¥
o

Gan

- ade

b4 )
fnsamnmaiiofeiudadinsfeugungiitse uazmsnszatevesgungi T (xy.y )imualu
a o = ° =1 3 a3
Afan$TiTeu (Cartesian Coordinates) 2fMuATIMIAILAMANNING dx . dy .dz SiNTABURUMAIL?

° a .&’ J @ a @ a } 4 ny H v a ' o o
msmmm%’@uﬂzmﬂﬂuumqﬂﬁ'muﬂaxeummmﬂ’mﬂuammﬁum’nmeumzmmﬂnnmmnﬂmmazau‘n
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o ' I & o w o ° Aa
Auruelasaifng X,Y,Z FaAg UMY Q,d,49, ﬂ'lllfﬂﬂ‘ﬂ'09]‘i'lﬂ'l‘iu'lﬂ’J'liJ%’ﬂu‘V]N’Jﬁ‘i\‘i‘ﬁ,'lllﬁ'm'liﬂﬂiz‘O'IU

Taveynsumiaei Iaehifmmeudidgygeq (High Oder Terms)

2.4.1 MatemanuTeuluuuITail
o =1 o a 1 a a 5 <&
szunvesjUnsanszuenuaz jinssnava vy wiliniiReugunglegluunafiemasaiininiu 3
a o & aay ¥ 1 d 34 ° (P-4 a Vv -
gnsonadunilans laes1elsaaiumeldteou laaarnz aduaue lufimsnannnuieou szuudumuian
a o 3 2 A 9 a ) L & <
Sz 18 lasld S naspudai ududisaunsanudou lugtuuiimunz auvieditnedianilagatudu

¥ o =
a0nQuaswi luglitmnzay

2.4.2 n3INITUDN

]
= a

Y ' & o % o a v o w
feg1rssuaia luidunsanszuennarsdafiamelunazsfnsuendudaduves lnanigumgl

t o ° o & o 1 9 & o
uangnafu dvfuiteuludinan aunsanudeunaliazangiilu

li kr_dl)zo (2.14)

r dr dar :
auuiie k aef Tnemssudinga 2 ata sz ldmaeuia v

T(r)=C/Inr+C, (2.15)

nnaanziveuaawgy 9z 1da

T(h)=T,, unz T(r)=T,

TS,l =C/Inp+C, and T ,= C/lnr,+C,"
wheumsmar C, uaz C, udmmunduluaunisdneusialy 1d

T(r):g;l——Tsi)ln(r/r2)+Txz (2.16)

In(rl/rz)
Tasldngueafsiod msasimsaemanufou Feauudd Inaamuundsdiviniy
dT dr
q, =—kAd—=—k(27rrL)— (2.17)
r _

dr
Taensarerudion (2.16) udaunulu 2.17) 1218

B 27sz(Tx‘l - TX’Z)

q. = (2.18)
ln(rz/rl)
o A 1 £y 3 o I
UUﬂB mmmmumummsauiunsmﬂlmmaﬂswﬂnnma azagiugﬂ
In(r,/r
— _(_ﬂ (2.19)

t.cond — 27[Lk
1 ) v ] 1
Taoms1dniawile dleswtnmues g, Wudaszdu r dniusannsaduiinsamnms 2.17) gadagdlmi

1 a a v
faududinsala

J‘rrz (g,/r)dr= —k27rLJ‘TT2 dT

¢, In(r/r)=27kL(T, - T,
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o Y aa Y a v
2.4.3 sTuumstinnuSeuniunanananuFounielu (Heat source system)

1 1] { ° C oA a 4 .
Jymnmsmemanudeudtauledwaunn fllnsuaaanudeuiiunielu

]
aaa

'

a 4 3 a & o a % aadd a

Hundofvesarn Il uazsyuuitidfsountifatiu Wuau sezAesanszuunilalidandgamgiiilu
) I a v Y

WansuTneesAuansuvniu

2.4.3.1 M3 suliuvaanaan 13 eU (Plane wall with heat source)

.
a a a

v a a b4 o P 4{
nuslimsnananuIauai e (g ash) Wurlguugi T, uaz 7.,

3 U

dmiunsfin k ngh aumsifanszaearvdeu aagiinie

&T ¢
+==0 (2.24)
a? k
aumsmneuna lide
* x2
T=—q—+C1+C2 (2.25)

2k

{ I ' { a a
Taon C, uaz C, umasivesnsduiinia

& a &
ﬂ’lﬂﬂﬂJﬂ‘liNauulsU‘nsU@U 9

T(-L)=T,, ead T(L)=T,
unulu 2.40) 14
C1 _ Ts,z —Ts,l
2L
) T +T
C2 :_q_LZ + 5,1 5,2
2k 2

¥
o o a d
AuMInszegunglity

g 2\ T,,-T T, +T
T(x):quc 1—-)2—2 4252 > SJ%_*_ 5,12 52

e 4 v v 44 q L 5 a9
AmldnFvesnnudouiigalan lumis snsomIdTasldaums (2.26) dunguesfioiiieTdazainiudely

(2.26)

o :’I ¥ = 1 o = é
gaungiing 2 Prevesiuraumiiu (Ts1 =T,= T:) AINTZWYUNYUITAUUIATIOUAINANIZUIY

3 q

) 2
T(x)zgz% 1—%— +T, (2.27)

a a

gamgiigegasziissdininanszui

A

T(0)=7;=22%+T (2.28)

=t = ] 1 o
nsfinInszaegangll (2.27) Weoulnalddu
2
T(x)-T, X
T(x)-T =| = (229)
1-1, \L
a v aa 1 t = o o
lunsdilifgamgdin (7, ) uanswsigungiivesvesinasouq (7, ) maunsevminnuduiusves T, uns

L]

T 1& Taodszgndmsaugaveanasauiin ol
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—k—| =hn(T,-T, 2.30
il ( ) (230)
unushems (2.27) el l&insiRougamglif x=L Feaz1d
gL
T =T, +q7 (231)

v
v o ¥ '
awiu T, mildanmsiaves 7, ,q,Luas h

2.4.3.2 szuuhanyudeulumniad

a o 2 3 aa ' 4 2y £ a a o
RsamsnTEUsnaue Feeaunuduatafidinszua Wiy viesuaureamadlualfnsel
dmsunsfiaduane samsnaanimdeumelunsenszuen dewinusaniidennuieugnvininiives

lﬂv Gd‘Q a1 lﬂl
NIINTLUBN ANNTUFHNJUNAIUATIAIMN 7;

a 4 oy oA 9 < @ {
Tumsminisnsznevesgangl miFudufiaumsnsifinszansvesnnuioudmive k adi svan

suluuifu

1d,dT, q
——(@r—)+=-=0 (232)
rdr ( a’r) k
wondauls uazduinga aww'ld
r£=—ir2+Cl (233)
dr 2k
Sufinsadnassez1d
T(r) = quzrz +C/Inr+C, (234)

A v [ -
dmuidouluusmiv dT/dr=09 r=0 w3z gamgiilidnyauzaunas luuniad

)
o

3 o 8 aa A t o A b4
TNTUNIINITUDARUIUA UUAD C’1 =0muamaau"hmz"lﬂ

C,=T,+Lrp (235)
4k
Faiu mInsznevesquugiiiiu
2 2
7 r
T(r)=q 0 1_._2 +T, (2.36)
4k Iy
sazannsaieuluzy 1368 18
M-I _,_ |~ (237)
L-T, K

P = ad %
Taoh T, dlugungiifgansnata (r=0)

[ i s ¥ s 4
sazsanmssemanudeuluiafilunsanszuenszm lasldaums 2.36) AungueanfEie’
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Comparation
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Material Condition
Acetals (copolymer and homopolymer) 190/2.16 190/1.05
Acrylics 230/1.2 230/3.8
Acrlonitrile-butadiene-styrene 200/5.0 230/3.8
220/10
Acrylonitrile/butadiene/styrene/polycarbonate | 230/3.8 250/1.2
blends 265/3.8 265/5.0
Cellulose esters 190/0.325 190/2.16
190/21.60 210/2.16
Ethylene-chlorotrifluoroethylene copolymer 271.5/2.16
Ethylene-tetrafluoroethylene copolymer 297/5.0
Nylon 275/0.325 235/1.0
235/2.16 235/5.0
275/5.0
Perfluoro (ethylen-propylene) copolymer 372/2.16
Perfluoroalkoxyalkane 372/5.0
Polycaprolactone 125/2.16 80/2.16
Polychlorotrifluorethylene 265/12.5
Polyether sulfone (PES) 380/2.16 360/10
343/.2.16
Polyethylene 125/0.325 125/2.16
250/1.2
190/0.325 190/2.16
190/21.60 190/10
310/12.5
Polycarbonate 300/1.2
Polymonochlorotrifluoroethylene 265/21.6
265/31.6
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Polypropylene 230/2.16
Polyphenyl sulfone (PPSU) 365/5.0 380/2.16
Polystyrene 200/5.0 260/1.2
230/3.8 190/5.0
Polysulfone (PSU) 343/2.16 360/10
Polyterephthalate 250/2.16 210/2.16
285/2.16
Poly (vinyl acetal) 150/21.6
Poly (vinylidene fluoride) 260/21.6
) 230/5.0
Poly (phenylene sulfide) : 315/5.0
Styrene acrylonitrile 220/10 230/10
230/3.8
Styrenic Thermoplastic Elastomer 190/2.16 200/5.0
Thermoplastic Elastomer-Ether-Ester 190/2.16 220/2.16
230/2.16 240/2.16
250/2.16
Thermoplastic elastomer (TEQ) 230/2.16
Vinylidene fluoride copolymers 230/2.16
230/5.0
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3.4 MINUIN

3.4.1 pssnnaIaUdeugayde [3]
o k4 H a 1 o 4 1 o
afenuud e ly fe Fuludgnu v a1 k =038 WimK 11 76 mm fvua T, s lwaTeavhdy
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19ngues Fourier
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NNAUMT qy = k___(Tl L) kAL (3.4)
L L
wld q. = (038w /mi)| 20K | = 1350 wim®
0.076
9
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0, =1350x(0.28x0.25)

0, =94.5W
aiaduiilg8gnu il s dw 0, =94.5x5
=4725W

1 oA < . °
druduaniidszifuniiu Ceramic Fibre Paper §ifi1 K = 0.085 W/m K 111 5 mm. fimua T, Ay
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#%eril(m) ANUTOUK) feilm) | anudeuk) %08l (m) anuFeuK)
0.001 572.7125317 0.013 572.939005 0.025 572.9824258
0.002 572.7770775 0.014 572.9444642 0.626 572.9846534
0.003 572.8143625 0.015 572.949435 0.027 572.9867529
0.004 572.8404148 0.016 572.9539829 0.028 572.988735
0.005 572.8602773 0.017 572.9581615 0.029 572.9906091
0.006 572.8762066 0.018 572.9620154 0.03 572.9923834
0.007 572.8894121 0.019 572.9655817 0.031 572.9940657
0.008 572.9006196 0.02 572.968892 0.032 572.9956626
0.009 572.9102996 0.021 5729719732 0.033 572.9971803
0.01. 572.9187749 0.022 572.9748484 0.034 572.9986245
0.011 572.9262767 0.023 572.9775377 0.035 573
0.012 572.9329765 0.024 572.9800584
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1f389AIUANAMUN AT MACD-MSF-EN 1 2160
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iwsewinudeuLuuiaTie @ 70mm. 617 100mm.220V 880W 1 420
galuny 1 450
wanes 1 120
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el LuAs 60
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aIndnaden 1 130
wiiauny 3 30
Janzvnay 1 35
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Freeiu 1 100
IIGH 1 35
vanlae 6 50
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Alouda 1T AT 120
avauiuaudeudoud)MuI3i AL 2kg/m3 15w 335
iiana1a@n PP,PS,ABS,LDPE 3-4Kg Wi
Afyasiy 7 % 529.27
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E =260 -60. . -8 3 25 50
-60 128 3 8 50 70
125 1000 8 76 70 75
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800 1769 8 21 12 12
S -50 150 =1 1 4 8
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Foaii 1 ¥ohi 2 find 4, D, D, D, M
1.00 0.25 0.838 0.693 0.729 0.456
1.20 0.25 1.038 0.893 0.929 0.730
1.60 0.35 1.373 1.170 1.221 1.270
2.00 0.40 1.740 1.509 1.567 2.070
2.50 0.45 2.208 1.948 2.013 3.390
3.00 0.50 2.675 2.387 2.459 5.030
3.50 0.60 3.110 2.764 2.850 6.780
4.00 0.70 3.545 3.141 3242 8.780
4.50 0.75 4.013 3.580 3.688 11.300
5.00 0.80 4.480 4019 4.134 14.200
6.00 1.00 5.350 4773 4917 20.100
8.00 1.25 7.183 6.466 6.647 36.600
9.00 1.25 8.188 7.466 7.647 48.100
10.00 1.50 9.026 8.160 8.376 58.000
1100 1.50 10.026 9.160 9.376 72.300
12.00 175 10.863 9.853 10.106 84.300
14.00 2.00 12.701 11.546 11.835 115.000
16.00 2.00 14.701 13.546 13.835 157.000
18.00 2.50 16.376 14.933 15.294 192.000
20.00 2.50 18.376 16.933 17.294 245.000
2200 | 250 20.376 18.933 19.294 303.000
24.00 3.00 22.051 20.319 20.752 353.000
27.00 3.00 25.051 23319 23.752 459.000
30.00 3.50 27.727 25.706 26211 561.000
33.00 3.50 30.727 28.706 29.211 694.000
36.00 4.00 33.402 31.093 31.670 817.000
39.00 4.00 36.402 34.093 34.670 976.000
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Properties at 300 K
Melting
COMPOSITION c k 6
Point(K) P ; i a'2 10
(kg /m’) (J/1kgK) W I m.K) (m”/s)

AISI 302 1810 8055 480 15.1 391
AISI 304 1670 7900 4717 149 3.95
AISI 316 1670 8238 468 468 3.48
AISI 347 1670 7978 480 480 3.71
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Lﬂglbl) Designation: D 1238 - 0dc

il

WTERNATIGNAL

Standard Test Method for

Melt Flow Rates of Thermoplastics by Extrusion

Plastometer?

This standrd & iszued under the fixed designation D 1238 ¢ number immedixely following he designaicn indicates the. year of
otiginul adoption cr; in dw: caze of revision, the year of b rewkion. A numnbxer in pareatheses indicates the year of laa reapproval A
auperscript ¢ psibn (¢} indicae an ediarial charge dnce the last cevision or reapproval.

This stendeed hus beew sppraved for sse by sgencies of the Department of Defense.

1. Scope*®

1.1 This test meihod covers measurement of the rate of
extrysion of moléen resins through a die of a specified leagth
and diameter under prescribed conditions of temperature, load,
and piston position in the bacrel as the timed measuremeat is
being mada.

1.2 Procedure A is a manual cutofl operation based on time
used for materials having flow rates that fall genacally between
0.15 and 50 /10 min. Procedure B is an automatically timed
flow rate measurement used for materials having flows from
0.530 to 900 /10 min. By both pracedures, the piston travel is
generally the same during the timed nwasurement; the piston
foot is about 46 and 20.6 mm above the die. Comparable flow
rates have been obtained by these precedures in interlaboratory
rcund-robin measucements of several materials described in
14.1. Provision is made for caleulation of melt volume-ficw
rate as well as melt mass-flow rate.

Note |—Round-mobin tasting indicates this test method may be suit-
sble at flow rates up to 1500 gf10 min if the timing clock msotves the
clupsed time (o the nearest 691 s.

Note 2—This fest method and 1SO 1133-1491 an techaically equiva-
lent.

1.3 This stendard does not purpost to address the safety
conceens, if any, associated with its use. It is the responsibility
of the user of fis siandand 1o establish appropriate sofety and
health practices and determine the applicability of regulatory
limétations prior 1o dse. Specific precautionacy statements are
givea in'5.7, 10212, and {5.12.

2, Referenced Documents

2.1 ASTM Srandards: *
D618 Practice for Conditioning Plastics for Tesling

! Thistest method is under e farisdiction of ASTM Committee D) on Plxdcs
and 4z Ow dircet respeczibility of Subcommitice D20, ca Thermol Frepenies
1Section D M.LS).

Curreet edition approved Doc. |, 2004, Publizhed December 234, Originally
appeaved in 1965, Lact peevious edilicn approved in 2304 az D 1238 - (b,

* For referenced ASTM standardz, visit the ASTM awebsile. wanuatm.on. o
contact ASTM Curtomer Service at service@im.org. For Azauc! Beok ef ASTM
Sezadordy vdume iofc refe to the standard’s Document, Summary poge on
the ASTM webzice.

a2

D 833 Tenminology Relating to Plastics

1D 2264 Tast Method for Flow Rates for Poly Vinyl Chlocide
with Molecular Structural Implications

E 601 Practice for Conducting an Intclaboratory Study to
Datermine the Precision of a Test Method

22 ANSI Stendarg:

B46.1 on Surfuce Texture®

23 ISO Standard:

ISQ 1133-1991 Detenmination of the Melt-Mass Flow Rate
¢MFR)Y and the Melt Volune-Flow Rate (MVR) of Ther-
moplastics?

3. Terminology

3.1 General:
3.1.1 For definition cf some of the t=chnical tarais used in
this test method refer o Tecminology D 832

4. Significance and Usc

4.1 This testmathed is particularly useful for quality control
ests on thermoplastics.

Nome 3—Polymers having (law rates loss thaa 0.13 or gecater than 900
2/10 mio may ba tested by the procedures ia this test method; however.
precision data have aot beca developad.

42 This test method serves to indicate the uniformity of the
flow rate of the polymer as made by an individual process and,
in this case, may be indicative of uniformity of other proper-
ties. However, unlfonnity of flow rale aimong various polymers
as made by various processes does nat, in the absence of other
@sts, indicate uniformity of other propecties.

4.2 The flow rate cbtainad with the extrusion plastometer is
a0t a fundamental polymer property. It ts an empirically
dafined parametar ceitically influeaced by the physical proper-
ties d molecular structure of the palymer and the conditions
of measurement. The rheological characteristics of palymer
melts depend on a number of varables. Since the values of
these variables accutring ia this test may differ substantially
from those in lanpe-scale processes. lest results may not
correlate directly with precessing behavior.

3 gnilable from Amedean Mational Standucds Instivute. (AMSD, 25 W, 43¢d St
4th Aoce, Mew York MY 10136,



4.4 The flow rate of a material may be measured under any
of the conditions listed for it in 8.2, Additional characterizaticn
of a material can be obtained if more than one condition is
used. In case two conditions are employed, a Flow Rate Ratio
(FRR) may be cbtained by dividing the flow rate at ona
condition by the flow rate at the other coadition.

5. Apparatus

5.1 Plasiomezer:

- 5.1.1 Thea apparatus shall be a dead-weight piston plastom-
efer consisting of a thermostatically controlled healed steel
cylinder with a die at the lower end and a weighled piston
operating within the cylinder. The essential features of the
plastomeater, Hlustcated in Figs. 1 and 2, are described in
5.2-5.8. All dimensional measurements shall be made when the
articla being measured is at 23 = 5°C,

5.1.2 Relatively minor changes in the design and acrange-
meat of the companent parts have teen shown to cause
differences in results among laboratories. It is important,
therefore, for the best inteclaboratory agreerent that the design
adhera closely to the description herein; otherwise, it should be
determinad that medifications do not influeace the results.

5.2 Qylinder—The steel cylinder shall be 508 mm in
diamater, 162 mm in length with a smooth, straight hole
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FIG. 1 General Arrangement of Extrusion Flastometer
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FIG. 2 Details of Extrusion Plastomater
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9.5504 = 0.0076 mm in diameter, displaced 4.8 mm from the
cylinder axis. Wells for a thermal sensor {tharmaregulator,
thermistor, etc.i and thennometar shall be provided as shown
in Fig. 1. A 3.2-mm plate shall be attached to the bottom of the
eylinder to retain the die. A hole in this plate, centered under
the die and countersunk from below, allows free passage of the
extrudate. The cylinder may be supported by at least two
6.4-mm high-steength scraws at the top {radially positioned at
right angles fo the applfed toad) or by at least two [0-mim
diameter rods screwed into the side of the cylinder for
attaching to a vertical support. The essential dimeasions of 4
satisfactory cylinder of this type are shown in Fig. 1 (Note 4).
The cylinder boce should b2 finished by techniques known to
produce approximately [2 nus or befter in accordance with
ANSI Bd4. 1.

Nome 4—Cylinders made of SAE 32100 ar other equivalent steel
heat-hardened [0 &0-&3 Rockvrell Hamdness Seale C give good service
when used at wmperatures below 200°C. Cylinder liners of coball-
chromium-tungsten alloy are also satisfacteey o 300°C.

5.3 Die—The outside of the steel die shall be such diameter
that it will fall frealy to the bottem of the 9.35¢4 = 0.0076 mm
diameter hole in the cylinder {Note 5). The die shall have a
smooth straight bore 2.0055 £ 0.0051 mm in dizmeter and
shall be 8.000 = 0.025 mm ia length. The bace and its finish
are critical. It shall have no visible drill or cther tool marks and
no detectable eccantricily. The die boge shall be finished by
techniques known to produce approximately 12 rms or better in
accordance with ANSI B46, 1.



Note 3—Reconwnended die materiaf is ungsten carbide, Alse satisfac-
tory are stevl, synthetic sapphire, and cobalt-chromium-tungstea alloy.

5.4 Piston:

54.1 The piston shall ba made of skee! with an insulating
bushing at the top as a barriar to heat transfer from the piston
to the weight The land of the piston shall be 9.4742 * 0.0076
mm in diameter and 6.35 = 0,13 nun in length. The piston
design may Incorpocate means for land replacement, for
exdample, having theeads and flats immediately above the land.
Above tha land, the piston shall be no larger than 8.913 mm in
dizometer (Nate 6). The finish of the plston foot shall be £2 rms
n accordance with ANSI B46.1. If wear or cormosion is a
problem, the piston shoutd ba of stainless steel and equipped
with a detachable foot for ease of replacement.

Nome é—To improve standardization it s preferable that the pision be
cuided with 2 loose-fitting metal sleeve at the lop of the ¢ylinder.

Note 7—Pistons of SAE 52100 steed with the bottorn 25 mm, including
the foot, hardencd o a Rockwell hardness, C scale, of 53 to 59 have been
found Lo give good service when used at lempenatures below 200°C,

5.4.2 The piston shall be secibed with two reference marks
4 mm apart in such fashion that when the lower mark coincides
with the top of the cylinder or other suitable reference point,
th2 bottom of the piston is 48 mm above the top af the die (sea
Fizg. 1).

5.4.3 The combined weight of piston and load shall be
within a telerance of +0.5 % of the selected lead.

3.5 Heorer:

5.5.1 The equipment must have a heater capable of heating
the apparatus so that the temperature at 10 mum above the die
can be maintained within =0.2°C of the desired temperature

205, 2het

Al

during the test. The temperatuce of the banel, frem 10 mm to
75 mum above the top of the die, must be maintained within
*+1 % of the sat temperature (°C).

NotE §—At teriperstures higher than XX)°C this degree of temperature
coatrol may be more difficull ta obtaie.

53.2 Calibrate the temperature-indicating device by means
of a light-gage probe-type thecmccouple or a platinum-
resistaace temperature sensor having a shom seasing length.*
The thermwcouple should be encased in a metallic sheath
baving a diameter of appreximately .6 mm with its hot
junction gecunded to the ead of the sheath. Insact the tempera-
ture sensar into the melt front the top of the ¢ylinder so that it
is 10 = | mm above the upper face of the die. The temperature
sensors shall be used wich a potentiometer haviag a sensitivity
of at least 0.005 mV, or a temperature readout having a
sensitivity of at [2ast 0.1°C. Calibralion should also be verified
at 75 mm abave the upper face of the die. An alternpate
technique for calibration is to use a sheathed thermocouple or
platinum-resistance temperature sensar with tip diameter of
94 = 0.1 mm for insertion in the bore without material
presant. An example of this is shown in Fig. A, Calibration of
the temperature-indicating device shall be verified at each run
tenperature.

None 9—The wsponse of the empersture sensing device may be
affected by immersion Ievel. Take care to ensuee adogoate insulation of the

4 Round-robin dia shoaving floa rate and comespending temperature: profile of
the melt obeained wing, probe 23pe thermocoupk s and platiuum regdstance wmpeta-
luse zenzors con be obained from ASTM Headquanerz, Request RR:D20C 109,

147,474
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FIG. 3 Example of a Temperature Calibration Davice
Nota A—Minaral glass insulation or equivalent spacer shall be bonded to tip and SS tube. Bond material shall be low

conductivity type, 400°C minimum rating. Insulation jacket matecial shall be low conductivity type (400°C minimum rating

prefecrad, see Note 3).

Note B—The RTD shall be insened into bronze tip and bonded usiag high conductivity, 400°C mted material Tip of RTD
element shall touch the bronze tip, Minimum insertion depth of 11.2 mm cleatance batween RTD and tip wall shall be minimized.

N4



drvice sensor and stubilization of the barre] woiperature.

5.5.3 Heat shall be supplied by electdc band heaters)
covering the entice length of the cylindec. The heatec(s) may be
single- or multi-element, depending upon the manufacturec’s
cantrol means. The heater(s) plus control system must be
copable of maintainlag the temperatuce within the required
*02°C of the set point. The tempecature sensor and readout
equipment must ba calibrated (o a teaceable gational standard
(that Is, NIST} at least once pac year The cylinder with the
heateris) shall be lagged with 38 mm of foamed-glass insula-
tion. An insulating plate 3.2 mm in thickness shall be attached
to the bottom of the cylinder to minimiza heat loss at this point.

5.6 Temperature Conirolfer—The type of controller and
sensar must be capable of meeting the required control
tolerance specified in 5.5.1.

N7 Thermomefer— Thennometers having 1 range of 4°C
araduated in 0.2°C divisions may be usad to indicate tempera-
ture. The temperature at this point may nol necessarily ba the
tempecature of the matecial 10 mm above the die. The
thermometer may be used to manitor indirectly the temperature
of the material 10 mm above the die and may be calibrated by
reference to a thermocouple or platinum resistance tempentuce
sensar Insertad in the material 10 mm above the die. See 5.3.2
for a description of & method for measuring temperature.
(Warning—Caution should be observed with the use of a
neccury-filled thenmometer Meccury vaporization occurs if
tha thermometer is broken. Mercury thermaimeters are not to be
used at or above the bolling point of meccury, which is 357°C.)

5.8 Level—Provision shall be made for vertical alignment
of the bare of the extrusion plastometer. This is necessary to
minimize sublractive loads resulting from cubbisg or friction
between the piston tip and sidewvsall. Means of alignment are
discussed in Appendix X1,

3.9 Accessory Eguipmient—Necessary accessories include
equipment for charging samples to the cylinder. a funnel, a die
plug, a tool for cutting off the extruded sample, a fimer or stap
watch, cleaning equipment, goino-go gages, a balance accurate
ta 0001 g, and, when required. a weight or weight-piston
suppatl.

Note {0—Satisfactory operation of the appacatus for polyethylenes can
be ascectiined by makisg measeroments o NIST Standard Reference
Materials (SRMs) certifizd for mell flow rate. The four SRMs certificd
under condition 190:2.16 are SRM 1473 with a flow mte of 1.29 gfmin,
SRM 1474 with a Aow rate of 3.03 2710 min. SRM 1496 with a flow cate
of 0.26 2410 min. and SRM 1497 with 2 flow rte of 0.19 2410 mia. SRM
lal?:'\’a is certifivd under condition 19W3.25 with & How rate of 2.0 210
min.

6. Test Specinien

6.1 The test specimen may be in any form thal can be
intreduced into the bore of the cylinder. for example, powder,
granules. strips of film, or molded slugs. [t may be desirable to
preform of pelletize a powder.

¥ These. andard polyctiylenes are awailable from e Mational lnsiwute of
Sundard: sod Techmology, Otfice of Standard Reference Maverialz, Wazhingion, DC
2024,
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7. Conditloning

7.1 Maoy thermoplastic materials do aot require condition-
ing prior o testing. Matedals which coatain volatile compo-
nents, are chemically reactive, or have other special chamcter-
istics most probably require appropriate conditioning

‘pracedures. Moisture not only affects reproducibitity of flow

rata measuremant but, in some types of matecials, depradation
is accelerated by moisture at the high temperatures used in
tasting. Check the applicable material specification for any
conditioning requicements befare using this test. See Practice
D 618 for appropriate conditioning practices.

8. Procedural Conditfons

8.1 Standard conditiops of t2st are given in Table . Test
conditions shall be shown as: Condition_ __/_ __, where the
wemperature in dageees Celsius is shawn first, followed by the
weight in Kilogeams. For example; Condition 1907216,

8.2 The following conditions have been found salisfaclory
far the material listed:

Matadal <ondiion
Acetals {oopclymer orvd homopohtnery 100216 18)41.05
Acnics 23012 230:3.8
Acntonitiib-butadine-styrens 005.0 23)3.8
22040
Acrytonitibutedteteslyranagalyzartonats 23088 28)i1.2
bknds 235088 265%.0
Colubse eskds 1600.925 120218
19G21 £0 219213
Etfntane-chiorotriuoroztnytnz ocpadymar 2715213
Ettnytane-birs fluc(catintene copolymer 2995.0
Hyton 275005 2351.0
252,15 2355.¢
27550
Pt lunrofstty Bna-peopyhng copdyme r22.18
Perfludroslknxyalkens 3725.0
Pclycapniacbm 126216 402,16
Pelychlomtrifisccothylene 235125
Pdlyether sufore (PES) V0215 KL o]
242213
Pdiyethyiene 1289.05 125/2.18
25012
18090.25 122,18
19021 £0 182410
310425
PdycabIale 0.2
Pdymeazcttorotrifiuccozthyians 235218
235818
Pclypropytens 20216
Pdyphenyl sulfxos (PPSU) 9355.0 200213
Pclyetytens 0050 220¢1.2
23038 1835.0
Pclysufons (PSL) 2432.16 35110
Poytansphihalate 2502.18 2102.13
235215
Pdyvihy! acellj 150218
Pdyivnylitens ALy 2302183
205.0
Pcypiphramtane sulfide) 3155.0
Styrene acrdaltie 2010 2312
2088
Stytenb: Themoplastic Eleshmet 180215 20050
Thetm-glasli: EBstomar-Ether-Eetar 190213 220:2.13
2302135 245218
250218
Thermeglasti: alsstomnrs (TEG) 2302.18
YivAsne Ao copimnss 236218
2305.0

for T = 1007 usE 1205.0 01 2153

Neme 1—Some matecials may noquice special materials of construc-
lien o handlina for p2cfomuing this test. Please pefer lo the matzdal



TABLE {1 Standard Test Conditions, Temperature, and Load

Condihn Approxmats Pressyr=
Tempefaiue, °C Tolsl Lead Including Piston, kq
Standard Designation KPa . pel
pr213 80 2.18
1250.25 126 0.5 448 3.5
1262.16 125 2.13 2882 43.25
1562.15 130 213 282 43.25
100,325 190 0.335 448 3.5
1902.15 190 2.1 2092 43.25
19721.80 190 - 2130 20302 43235
2205.9 20 A5 1265
2301.2 230 1654 2490
23028 220 5240 T30
285125 255 125 17237 25007
275:0.325 s 0.225 448 3.5
2302.13 230 213 2692 ° 43.25
190v1.05 190 1.05 1447 21.0
190/102 190 100 127.0 2005
9012 80 1654 2490
1905.2 190 9.5 1900
235410 225 128.2 20.03
2352.13 235 2.15 2692 49.95
2353.0 2315 s 1000
2302.15 250 245 2092 43.25
0125 310 125 17247 25010
2102.13 210 2,13 2e8.2 43.25
252.15 2ag 218 2092 4323
81535.9 a15 €83.5 19050
72215 872 2.13 2092 49,23
g723.0 a2 3 €235 120
TS0 27 S83.5 170
230215 230 253 2060.2 43235
2305.9 230 X S8 120
252145 35 25 263022 4325
23501 53 235 313 4:31.2 6325
271.5722.16 s 2.18 292 49.25
2019 20 102 19790 2000
2501.2 250 1654 24.0
achase 25 5240 a0
2655 2% <89.5 1905

specification for appropriate recommendations.

8.3 If more than ane condition is used and the matacial is
polyethylene, the detennination of Flow Rate Ratio (FRR) has
been found to be useful. The FRR is a dimensicnless number
dertved by dividiag the flow rate at Condition 19010 by the
flow rate at Condition 190/2.16.

Note [2—When deteomining such a ratio of low rates fora mateciat at
tha same temperature under diffcrent loads, il has been found that
precision is maximized when one operalor uses one Procedure (A or Bj,
the same plastomatar, and Lhe same die for both measurements (the die
ozed nol be removed from the plasionieter between the two determina-
tions).

9. Procedure A—NManual Operation

9.1 Select conditions of temperature and load foom Table I
1n accordance with material specifications such that Aow rates
will fall bataaen 0.15 to 50 /1D min.

9.2 Ensure that the bore of the extrusicn plastometer is
properly aligned in the vectical direction. (See Appendix X1.)

6.3 Inspect the appacatus and die for cleanliness. If it is not
clean, see 9.11.

Neme {3—The deges: of claanfiness can significantly inllucace the
flow cate secults. therefore a thorcugh mcthod of cleaning must be
cstablished. Tt has been found that theee swabs of the barrel is satisfactory
for most malterials and that the dic, barrel. and piston are more easily
__cleaned while hat

94 Chack the dia bore diamefer with apprapriately sized
no-g0feo gages prior to testing. Make frequeat checks to
determine whether the die diameter (lested with die at
23 % 5°C) is within the tolerances given in 8.3,

Nome 14—Cleaning and usage can cesult in & die diameter that is outof
specifications. Data has shown that crroncous results will bo obtained if
the die diamcter is nol within the appropriate lolerances.

9.5 Verify that the temperature. is stable and within £0.2°C
of tha appropriate test temperature as specified in 5.5.1.

9.6 Insert the die and the piston. The temperatuce of the
cylinder with the piston and die in place must be stable at the
appropriate test tamperature 15 min before testing is begun.
When equipment is used repetitiously, it should not be neces-
sary to heat the piston and die for 15 min.

Nom 15—The rduwction in heating time when the unil is being used
repetitiously is caly allowed when runsof the same or similar matenial are
being measured over a conlinucas time frame. If the piston and die are
removed. aad eleaned, they should be considered “cold™ and the full t3
minutes heating stabilization time required.

9.7 Remove the piston and place it on an insulated surface,
Charge the cylinder within | min with a weighed porion of the
sample in accordance with the expectad flow rate, as given in
Tabde 2. Reingert the piston and add the appropriate weight

Now l6—Experence has shown that for the best wproducibility the
piston_shiould opecate within_the same_part of the ;ylinjlqr {or cuih
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TABLE 2 Standard Test Conditions, Sample Mass* and Testing
Time?

. Sunjestd Mass of " Factor for

F"g'; ﬁﬁe' sanpiz In Gylinder. 11.::? ';': Cotalnng Fixe

g - Rak h g/10 mh
0151 1.0 251684 6.00 1.67
»1.0 D45 20 062 a.c0 2.3
+35 B 10 491080 1.00 19.00
10t 25 491080 050 2.0
25 49t 8D 0.3 40.0)

A Thits s & stgg=atad Mass lor e kA1als with meit dansies of about A7 gend.
Cceraspondingy, grastar quentites sre suggested for matarlals of graatar m=lt
danellies. Density of the malken tesin Catthrout Al mey be cblalnzd uglng
preoadurs dascrbzd by Tarry, B W, anvd Yang. K., "ANea Mehcd for Cietarmining
Msit Dansity o5 a Funcion Af Pressura and Tampersiure,” SPE Joums, SFEJA,
\id, 20, N2 8, June 1984, p. S40 ¢o v pracedure desaritwd by Zolleg, Pad, “Th=
Preceure-Volume-Temparatum Propertes of Padycienns,® Jowns{ of Agpled Foly-
mer Sofanes, Vied 23, 1979, p 1051, itmey alsabe <obIMad from the waght of.an
extruded knoan yclume of rasin et the grelr=d tampersture. Forexample, 25.4 mm
(1 In) of plstch mement axdrudzs 1.8)4 om? of rasin. AN estimale <f the denslty
of the mataral can te cakulstad rom the Kikyaing equaticn:

rasin denslly at tast banparaturs = M1.604

whaks
M = mass of exdruledt esh.

FSze 04

measurement. The pistaa is seribed so the startiag point for each extrusion
is rcughly the same. Scae excess of material aver the minimum required
for the actual flow measurenent poction of the test is provided by the
charging weights shown in Table 2. This is ncccssary to achirve a
void-free extrudaty and flow equilibium before start of mte mcasure-
ments

Nere 17—t is fooqueatly b2ipful o cake interim cuts of the extrudate
at ucriform time intervals during the specified extausion lime. Weights of
these individual cuts aive an indication of the presence of bubbles which
may be masked due to Lheir size or to opacity of the sample. This
lechnique is particulady helpful in the case of highly pigmented materials.
Forcing cut some of the resin manually during the prebeat pericd often
climinates bubbles in he test extrudate.

8.8 Allow time for the material to soften and begin to melt,
and thea purge some material to a position such that subse-
quent travel of the piston will position the lower scribe mark at
the reference start position 7.0 = 0.5 min from the completion
of the charge. Pucge must be completed at least 2 min prioc o
start of the test for materials having melt low rates less than 10
¢/10 min.

Note 18—t has been found that purging within &) s of the start time
will result ia higher variability in the data

Note 19—There may be cases where the 7.0 = 0.3 min is too much or
not enough preheat time. For those materials. provisioas must be in the
material documents. It is necessary lo refer to the appropriate material
document before beginning any test.

Nore 20—Additional care may be nzceseary o prevent theemal degra-
dation in the extrusion plastometec This is sometimes done by the additien
of an appropeiate antioxidanl For highly unstable matedats, it owy be
necessary o use altemative techniques as an indication of fow charae-
teristics.

0.9 For materials with flaw cates greater than 10 &/10 min,
a weight (and if needed, a piston) support must be used after
the initial purge. The support shall be ;emoved at such a tima
as 0 allow the test to begin within 7 £0.5 min of the
completion of the charge. The pistonweight support should be
of such a leagth that the lower scribe mack of the supposted
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pistonsweight will be 25 mm above the top of the guide
bushing or other suitable reference mack.

Note 21—t has been found that the cffect of choosing plugging.
weight suppoct. or hath i significant to the flow mte results, The choice
of piston support was mada to cover all conditions and flow rtes 1010 50
2/10 min.

2.10 For all tests, start collecting a timed extrudate when
raquirements for the piston position are met, provided this is
within 7.0 £ 0.5 min from the end of charging; otherwise,
discard the charge and repeat the test with readjusted piston
position aftec the initial purge, or change weiglits. Requice-
ments are that the top scribed mark on the piston be visible
abowe the cylinder or index and that the lowar sccibe marck be
in the cylinder or below the index. As the lower scribed mark
approaches the top of the cylinder or index. resat the timer to
220, then simultaneously start the timer and make the Initial
cut-off when the pesition requirements are met. Make the final
cut-off exactly whea the time interval given in Table 2 is
reachad. Collect the timed extrudate, If the extrudate contains
visible bubbles, discard the complate charge and begin the test
again.

Nome 22—The charge weight should only be increased if no matedal is
being parged and Lhere is still not encugh matedal to complete th? test.

9.11 Discharge the remainder of the specimen and push the
die out through the top of the cylinder. Swab out the cylindar
with cloth patches after the manner of cleaning a pistol bargel.
The die may be cleaned by dissolving the residue in a solvent.
A bettec method is pyrolytic decomposition of the residue in 1
nitrogen atmosphere. Place the die in a tbular combustion
fumace oc other device for heating to 550 = 10°C and clean
with a small nitrogen purge through the die. This method is
preferable to flame or solvent cleaning, being faster than
solvent cleaning and less detrimental to the die than an opes
flame. In cectain cases where matarials of a given class having
similar flow chacacteristics are being tested consecutively,
interim die cleaning may be uanecessary. In such cases,
howaver, the effect of cleaning upon flow rate detennination
must be shown fo be negligible if this step is avoided.

9.12 Once the extrudate Is cool, weigh to the nearest | mg.

9.13 Multiply the weight of the extrudate by the appropriate
facter shown in Table 2 to obtain the flow rate in grams per 10
mln.

Nae 23—Faqueatly, erracs in test echnique, appacatus geometdy, or
test conditions, which defy all but the most. careful scrutiny exist, causing
discrepancy in flow rate deteaminations. The existence of such errors is
readily determined by periedically measurng a refereace sample of
known flaw rate. The flow rate value and ange to be toleted can be
detemined using a statistically correct test progmm composed of multiple
determinations with various inslauments. Standand samples of polyethyl-
ene. linear or brnched. are availibk from the National lostitute of
Standards and Technolopy.

9.14 I case a specimen has a flow rate at the bordecline of
the ranges in Table 2 and slightly diffecent values are obtained
at different time intervals, the refaree value shall be obtained at
the longec time interval. '

10. Procedure B—autlomatically Thued Flew Rate
Measurement

10.1 Apparatas:



10.1.1 Extrusion plastometer and auxiliary equipment are
detailed in Section 4 and below.

10.1.2 A timing device shall electrically, optically. or me-
chanically time piston movement within the specified travel
ringe. The requirements of the system are as follows:

10.1.2.1 Sense and indicate the piston travel time within
=0.01 s (see Note 1.

10.1.2.2 Measure piston travel within =04 % of the nomi-
nat presat value (see 10.£.2.4 and 10.1.2.5) for use in the flow
rate calculations.

10.1.2.3 Any effects on the applied Joad must be included in
the atlowable tolerance given n 5.4.3.

10.1.2.4 1t should be preset or ba settabla for measuring
piston travef of 6.35 = 0.25 mm for flow rates up ta 10 210
min.

10.1.2.3 It should be preset or be adjustable for measuring
piston travel of 25.4 = 0.25 v for flow rates greater than 10
/10 min

10.1.2.6 To easure high nterlaboratory reproducibility, it is
important that the timing device operates within a fixed portion
of the eylinder. This is defined as the paction of the cyfinder
tetween 46 = 2 mm and 20.6 = 2 mm above the top of the die.

10.1.2.7 Check die, cylinder, and pesition dimensioas for
conformance o 5.2-3.4 and Figs. 1 and 2.

102 Procedure:

10.2.] Refer ta Table | for selection of cenditions of
temperaiure and load in accondance with the material specifi-
cation.

10.2.2 Check the die bore diamater with appropriately sized
no-gofgo gages prior to testing. Make frequent checks to
detarming whather the die diameter (tested with die at
23 £ 5°C) is within the tolerances given in 3.3 (see Note 14},

10.2.3 Ensure that the bore of the extrusion plastometer is
propecly aligned in the verical direction (sea Appzaadix XI1).

10.2.4 Inspect the apparatus and die for cleanliness. If it is
not clean, see 9.11 and Nate {3,

10.2.5 Check the die bore diametar with appropriately sized
no-ga/ga gages hefore beginaing the test hake frequent
checks to determine whether the die diameter is within the
tolerances given 1o 5.3 (s2e Nate 14).

10.2.6 Verify that the temperature is stable and within
#02°C of he appropriate test temperature as specified in
351

10.2.7 Insart the die and the piston. The temnperature of the
cylinder with the piston and die in pface must be stable at the
appropriate test tempenature 15 min before testing is begun.

TABLE 3 Factors for Caleulation of Flow Rate

Matectst Tempsea- Puten Travel, ORI
{Urpgm:nlsd) turs, <G g, em{in] i Rats, 7t
Polystiyane 190 254 1] )
Polysitylsne 180 0585 [0.25] 257
Polyprigafene 230 254(1) e
Pulyprigrfene 230 €535 [0.25] x0

A Faclets caloulsted using mali-dsivsity veluss of 07838 4iem? for pAysthylen:
and C.729% griom? fof palvprepvibng. as Sxpresssd In arlcd> by Zalkr. Paul. “The
Pressu-Volume-Temparatur Frcperties <f Potydefing,” Journzt of Applon Pofy-
mer Sefeace. Wol 23, 1879, P. 1351, The bas=> d=nsilias a1 23°C fce atich tha mt
Mangllies are repatad wara 0,917 gidm? far anneakd xa-density priyethytens
end polypropyione hemepolymet,

When equipmeat is used repetitiously, it should not be naces-
sary to heat the piston and die for 15 min.

10.2.8 Adjust the travel arm o 6.35 = 0.25 mum for maa-
suring materials with expected flow rates of up to 10 g/10 min
of 2540 = 0.25 mm for measuring materials with expected
flow rates of 10 2/10 min or higher.

Nome 24—It has been found that foe somé materials the melt flow mtes
abtained on a material will be diffecent depending ca which timer lensth
is chosen; therefore, it is impontant 10 adhe® to the protocal in 1025 (o
compare interlabaralory cesulis,

10.2.9 Remave the piston and place it on an insulated
sucface. Charge the cylinder within 60 s with a weighted
partion of the sample in wcordance with the axpected flow
rale, as given in Table 2. Reinsert the piston and add weight.

10.2.10 Allow time for the mafarial to soften and begin to
melt, and then purge same material to a position such that
subwegquent travet of the piston will position the lower scribe
mark at tha reference stact posifion 7.0 = 0.3 min from the
completion of the charge. Purge must be compleled at least 2
min price (o star of the tast for materials having melt flow rates
less than 10 g/10 min (see Note 18).

10.2.11 Waight and piston support, if needed, must ba used
after the initial purge. The support witl be removed at such a
time as to aflow the timer to activate within 7.0 = 0.5 min after
completion of the charge. If the timer is not activated within
7 % (.5 min after the completian of the charge. the test must b
repaated with readjustad pistoa position after the initial purge,
or change weights. The piston/weight support should be af
such a length that the lower scribe mark of the supposted
piston‘welght will be at least 25 mm above the top of the
cylinder. Only use piston support if there is excessive material
flow (see Notes 2t and 22).

£0.2.12 For materials greater than 30 g/10 min a die plug
must be usad in addition to the pistonfveight suppert. The dia
plug is inserted before charge and is removed prior to emaoving
the piston/weight support. The initial charge should be adjusted
to reduce excess flow. If the timer arm is not activated within
7 = 0.5 min after \he complafion of the charge the tast must be
repeated with readjusted piston position, or change weights
(sea Notes 2t and 22). (Warning—Rapid expulsion of mate-
rial whea die plug is removed may be hazardous.)

£0.2.13 If the tlmed extrudate contains visibla bubbles,
repeat the tast (see Note 23).

[0.2.14 Record the time to the nearest 0.01 s for the piston
to complate the calibrated distance of travel

10.2,15 Discharge any remaining resin and clean the die,
piston, and cylinder as detailed in .11,

11. Procedure C— Automadcally Tinted Flow Rate
Measurement for High Flow Rate Polyvelefins Using
Half-Helght, Half Diameter Die

L L.l Apparatus:

[1.1.1 Extausion plastemeter and auxlliary equipiment are
detailed in Sectlons 5 and ¢

[1.1.2 Fer polyolefins with a MFR of 75 or greater using the
standard die (See 5.3), an alternate die can be used to reduce
the flow rate of thase materials and improve the reproducibility

of resulis. The alterniie die dimensions shall be: Height 4.000
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+ 0.025 mm; bore diameter 1.048 * 0.005 mm. No spacer
shall be used with this die. Bore and finish requirements are the
same as 3.3,

11.1.3 For calibration of the temperature indicating device,
5.5.2 shall be used with the variation that temperatures are
maasured at 14 = | mm and at a nominat 79 mm abave the
uppec surface of the die.

{114 If 1 thennometer as described in 5.7 is used to
indicate tenperature, it can be used to manitor indirectly the
temperature of the materfal 14 mm above the uppee surface of
the die and may be calibmated via f1.1.3.

11.2 Procedare:

11.2.1 Use procedure described in 102 with the exception
that the die diameter and tolerances are given in 11.1.2.

12. Calculation (Procedures B and Cj

12.1 Calculate the flow rate in grams per £0 min or volume
rate in em® per 10 min as follows (see Notz 23):

Flow rale = (426 < L dyr

or
Volunw e = 428 X Lt
where:
L = length of calibrated piston travel, cm,
d = density of rasin at test temperature, glem®(see refer-
ence under Tabla 2,
f = time of piston travel for leagth L, s, and
426 = mean of areas of piston and cylinder X 600.

NoTe 25—Factors that aay be substituted in the fodlowing equation e
aiven for some materials in Table 3.

How rake, /10 min = £

where:
F = factor from Table 3, and
! = time of piston travel foc length L, s.

122 Agreement between Procedures A and B may be
optimized if an average melt density for a particular type of
material is detecrnined with the actual equipment used and that
value is substituted into the equation given in 12.1.

- 13. Procedure D—Multi-Welght Using Automatically

Timed Flow Rate Measurement

13.1 Apparatds:

[A.1.1 Extrusion plastometer and auxiliary equipment are
detailed in Section 4 and below:

13.1.2 A timing device shall electrically, aptically. or me-
chanically time piston movement within the specified travel
range. The requirements of the system are as follows:

13.1.2.1 Sease and indicate the piston teavel time within
+0.01 s (see Note (). -

£3.1.22 Measuce piston trave! within =04 % of the nami-
nal preset value for use in the flow cate calculations.

13.1.2.3 Aayeffects an the applied load must be included in
the allowable tolerance given in 3.4.3,

13.1.2.4 To ensure high interlaboratory reproducibility, it is
important that the timing device operates within a fixed partion
of the cylindar. This is dafined as the poition of the cylinder
betwaen 46 £ 2 mm and 20.6 = 2 mm above the top of the die.

132.1.25 Check die. cylinder. and position dimensions for
conformance to 5.2-3.4 and Figs. | and 2.

13.2 Procedare:

13.2.1 Refer to Tahle | for salection of conditions of
tamperatuce and loads in accordance with the matedial speci-
fication.

13.2.2 Check the die bare diameter with appropriately sized
n0-gofpo gages prior to testing. Make frequent checks to
detacmine whether the die diameter (tested with die at
3 =+ 59C) is within the tolerances given in 3.3 (see Note i4).

13.2.3 Ensuce that the bare of the extrusion plastometer is
properly alignad in the vertical dicection (see Appendix XIj. -

13.2.4 Inspect the apparatus and die for cleanliness. If it is
not clean, see 9.11 and Nows 3.

13.2.5 Checkthe die bore diameter with appeopriataly sized
no-go/po gages before beginning the test. Make frequeat
checks to determine whether the dis diameter is within the
tolarances given in 5.3 (see Note 14).

13.2.6 Verify that the temperatuce is stable and within
+03°C of the appropriate test temperature as specified in
5.5.1.

TABLE 4 Precision, Procedure A (Values in gf0 min)

Materisl Ceonlbzn Avetage s SF 12 12 bl
Potyattylana 102,18 027 0L08 aoe2 0.23 G063 a
Potgsttylane 1622.18 [a ¥ o] @2 {aQla 0.(G5 (KR Q
Polwslhybne 122218 204 (e Q79 0.073 Q224 e
Polyattyksne 1@)2.18 4.1 Q219 1232 2.850 3463 v
Polyproptene 22)2.18 223 o103 Qa6 0.239 5% Q
Pohpicpytene 29)2.18 7.00 0222 0471 0.627 1.931 2
Polypropyiena 22):2.18 24 0581 1.051 1.644 2074 ]
Potyslyene 2025 167 Q24 Q122 0.(38 U3 (]
Polyslyrene 205 a0 0.19) Q6357 0.528 1.905 8
Polystynane 2005 183 0405 Q.25 0.034 2617 6
Polycartcas i 012 241 [(ar-] ons 0.215 0323 4
Polyarbcaets 9012 103 0429 0.647 . 1.215 1.8 4
Polycarbcaats 312 162 0185 1158 0:438 A1 4
Actyi 22138 2.8 GL61 Q051 [PAR S 145 3

A §, = afthindabetatzry standard dda ian of th= svwerags.

5 = betwean-lebite bri3s standard dextathn of the avtags.
54 -2835,and

Dt .omR_
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TABLE § Precision, Procadure B (Values in g/10 min)

. - A aA g = o Humber of

Mataital Grodtiiza Avegege EX S I 1 Lobaratatas
Polmthylane 18218 Q27 (R ) Qa4 Q.(23 a0 B
Pohattiiane 182216 adD [y [ ae? 0.045 Q078 ]
Polyatiwizne 182216 2.04 [(RaX I} Q04 o112 G263 2
Pohwtiiene 182214 437 0297 1924 2.e19 5443 8
Polypregytens 292216 225 0s62 Q214 61438 ased g
Puhypropytena 233216 7.18 o143 Q580 0.4051 1.863 @
Polprepytens 221218 25 0503 s 1959 2872 a
Polystyrene 20055 1.65 (s [(AL-:] 0103 a4 4
Polystyrane 2005 am 0144 423 0.405 1.167 4
Polystyrane 2005 180 0109 387 0.2)3 1.007 4

A48, = witindsborabay slandad datin of ha avelags.
f S = betaran-tebebchs slandard dedaihin of the swstags.
L =223 8, and
D28y 5,
TABLE 6 Precision, Procedure A (Valuas in g/10 min)
tatertal Condilizn Avxags s sa° e a° Rumer <t
[2.81 %0 220248 1.51 0913 Qa8 o.(a7 D242 7
LOPE 102,18 174 oxe? 52 0.075 Q144 11
Polysiyrena 20055 1.63 0040 Qs 9.112 Q22 o
HOPE 192216 335 (a2 ale o137 Q29 1
Pohpiopdens 231216 1084 08 Q473 Q.27 1.324 192
Pohyarbcne k- 3012 1259 Q109 Q233 0.2% 1853 4F
Acels) 163216 2530 G285 as 0.638 1.569 7
A3, - Mitindsboraley slandad dztathn of the everga.
F 2 = Datavan-isbiratais slandand destalian of the Swrags.
Cra263 5,
PR.283 5.
£ nsuifident laboratoras b nwe! Practios E 661,
TABLE 7 Precision, Procedure B {Values in gfi0 min)

Mataral Cmttica Avetgs L2 847 € ac Huroe “
AL 22248 1.54 0008 ate Q.62 Q203 8
LOPE 1902.18 175 a5 0053 0.042 Q149 1
Pulystirang 20050 189 G042 e N7 0265 7
HOPE 190216 541 ()] Q112 2014 04913 10
Potypropytane 230216 10886 0.a57 7491 0.9 1.873 19
Polycarbenat: 0x1 2 18.7a 0104 a437 0282 1.9 aF
Eoatal 190216 2534 iee a2 0.5)8 2.8(2 (1

AZ, = wiihindsberaley slndad devfalon of the averags.

€ 8 = betaranlabie kX6 standand dedetihn of he avatags.
“r-20385.

CR-263 3,

€ Insuififent labxtatorlas 13 meed Practi>z E 881,

TABLE 8 Precision, Procedure B (Values in g0 min)

Metxlal Conditn  Average S S © ="
Polypeepens 230213 245 132 168 a4 459
PP p=nERce. 15 42 9.8 400 299 1n3
PolyPeCpyEn=R302.15 g7 209 S0 58,1 183
PP AnR302.15 18(¢ 128 202 285 609

48, = sittindsborakcy srdand d=dation of thz evermgs.

€ 8 = hataean-labica kiehs standand destathn of the awsfags.
i =283 5, amd

2 a2 =2.83 Fo.

13.2.7 Insert the die and the piston. The temgecatuce of the
cylindec with the piston and die in place must be stable at the
appropeinte test temperature [5 min before festing is begun.
When equipment is used repetitiously, it should not be neces-
sary to heat the piston and die for 15 min.

13.2.8 Remove the piston and place it on an insulafed
surface. Charge the cylinder within 60 s with a weighfed

paction of the sample as given in Table 2 for the expected flow
rate al the first test load.

1329 Allow fima for the matecial to soften 2o0d bealn w
mell, and then puges some material to a position such that
subsequent teavel of the piston will position the lower scribe
mark at the reference start position 7.0 = 0.5 min from the
complation of the charge. Purge must be complated at least 2
min prior to start of the (2st for materials having melt flaw rares
less than 10 ¢/10 min (see Note (8).

[3.2.10 Weight and piston support, if needed, must be used
after the initial purge. The suppart will be remaved at such a
time as to allow the timer ta activate within 7.0 = 0.5 min after
camgpletion of the chacge. If the timer I3 not activated within
7 % 0.5 min after the compltion of tha charge. the test must be
repeated with readjusted piston position after the initial pucge,
or change weights. The pistonfweight support should be of
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such a leagth that the lower scribe mark of the supparted
pistonfweight will be at least 25 oun above the top of the
cytinder. Only use piston support if there is excessive material
flow {s¢e Notes 21 and 22),

13.2.11 If the material flows from the dia when both the
piston and weight dre supported, a die plug must be used. The
die. plug is inserted before chacge and is removed prior O
removing the piston/weight support The initial charge should
be adjusted to reduce excess flow. If the timer arm is nat
activated within 7 = 0.5 min after the complation of the charge
the tast must be repeated with readjusted piston position, or
change weights (see Notes 21 and 22). (Warning—Rapid
expulsion of material when die plug is removed may be
hazacdous.)

132,12 If the timed extrudate contains visible bubbles,
repeat (he test (see Nobx 23),

132,13 Record the times to the nearest 0.01 s for a
minimum of tyo piston travel distances for each tast load.
Piston travel distances shall be chosan so that these times are
at Jeast 2 s and that the distances can be determined within
+04 %.

13.2.14 Afteral least toro measucements have been taken at
the initial load condition, change to the nexf test load and allow
for sufficient piston travel or time to achieve stable flow before
recording the piston travel times at this Jload. Do not take
readings below [8.6 mim above the top of the die.

Note 26—Nocmaity 5 mm of piston travel or2 minules is sufficicat to
oblain stabl: Mow after changing test loads.

13.2.15 Repeat the above for any additional test loads. Do
not take any readings below [8.6 mm above the top of the die.

13.2.16 Discharge any remaining resin and clean the die,
piston, and cylinder as detailed in 9. 11.

13.3 Caiculations:

13.3.1 Calculate the individual flow rate values in 2ccor-
dance with Section 12 Procedure B,

13.3.2 If the differeaces betweaa the Individual flow rates at
each test 1oad is no greater than 3 %, calculate the average flow
rate for each test load. If differences are >3 % repeat the test.
To achieve stable flow after applying each test load, it may be
necessary to inceease the time or the piston travel distance
before taking a measurement.

13.3.3 Calculate the Flow Ratz Ratio (FRR) as the ratio of
the avecage flow rate at the higher load to the average flow cafe:
af the lower load.

14. Report

14.1 Report the following laformation:

14.1.1 Statermant indicating the nature and physical foom of
tha material chacged to the cylinder.

14.1.2 Temperatuce and load at which the test is run shall be
eposted. The results and tast conditions can bz referred to as
FR-condition, where the standard designation for the condition
feom Table { is shown (for example, FR-100/2.16).

Nore 27—1t has become customary lo refer to th: flow rate of
palyethylens as “melt index™ when obeained under Condition [94°2.16.
Howevey, for all other matedals the use of melt index cc any term other

wWall

14.1.3 Flow rate reported as the rate of extrusicn in grams
per 10 min or volume rate In e per 14 min.

14. 1.4 Procedure used (A, B, or T

14.1.5 Ary unusual behavior of the tast specimen such as
discoloration, sticking. extrudate surface irregularity or rough-
fess, ete.

14.1.6 Detils of conditioning, if any.

14. 1.7 For multi-seight tests using Pracedure D. alsa re-
part

14.1.7.1 The average fiow ratz at each test load.

14.1.7.2 The Flow Rate Ratio (FRR) together with the
mperature and foads used (for example. FRR-190/21.62_16),

14.1.7.3 Whethar the decreasing or increasing load tech-
nique was used.

15. Precision and Bias (Proccdures A, B, and Ci

15.t Precision:

15.1.1 Tables 4 and 5 are based on a reund robin® conducted
in 1986 and 1987, involving polypropylene, polyethylene,
polystyrene, palycarbonate and acrvlic matecials. Tables 6 and
7 are based on 2 round robin” completed in 1997 involving low
aad high deasity polyethylene, polypropvlene. polystyrene,
polycarbonale, PMMA, and acetal The number of participat-
ing laboratecies is shown for each material. Data for Tables 4
and 5 wera generated through each lab testing two specimens
for each matsrial oo three different days. while data for Tables
Gand 7 were geaerated through each lab tasting two specimens’
for each material on two different days. The analysis in Practice
E691 is based on a test result being the average of tao
specimeas.

{5.1.2 Tabdef is based on a round robin® conductad in 1980
using Procedure B. Four polypropslene samples having flow
rales from 250 0 1500 were tested in nine laboratories.
(Warning—The fallowing explanations of [, and [, (15.1.4-
15.1.6) are only intended to present a meaningful way of
considering the approximate precision of this test methed. The
data in Tables 48 should not be vigorously applied (o
acceptance or rejection of material since those data are specific
to the round robin and may not be representative of ather lots,
conditions, matagials or laboratories. Users of this test method
should apply the principles outlined n Practice E 631 to
generate data specific 1o their laboratory and matarials. The
principles of 15.1.4-15,1.7 would then be valid for such data)

15.1.3 Table 9 is based on a round robin conductad in 1999
on Procedure C. Data for seven of the eight padticipating
laboratories were included in the statistics for this table. Four
polyethylene matecials were tested with melt flow rates using
the standacd die ranglag from approximatzly 33 to 2350 ¢/10
min using the half-height, half-diameter die.

15.1.4 Concept of I, and Ig—Relevant if S, and Sy have
been calculated from a large encugh body of datz, and if test
msults are averages obtained from festing two specimens.

‘Suppouing dota are availsble from ASTM Hesdquarters. Request RR: DD)-
(A

7 Suppaning data ate available from ASTRM Headguartecs.
* Supporting data are availsble from ASTM Headquanicer. Request RR: D-
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TABLE 9 Precision Data for High Melt Flow Polyolefing
Procedure C (Values in g0 miny*

Hatarals® ) 3, 5, r ]

PE-A (35) 4.67 coés 211 a9t 924
PEB (185] 2490 208 1138 1.e28 3270
PESC (295( 357 10.01 000 a2y 55.69
PED {123} 1820 (108 0949 Q526 GA7S

“AThis data was genecated aith dies hedng o nominel lengh of 3.685 mm versus
th required 4.000-mm,

SNumbars h persntheses ars eppraximate melt ica raks values of matsrals
uelng standard di {3.9).

15.1.5 Repeaiabdity, [—In comparing two tast rasults for
the same matarial, obtained by tha same operator using the
sane equipment on the same day, the two test results should be
judged nct equivalent if they ditfer by more than the 1, value
for that material.

15.1.6 Reproducibiliny, I— In compacing two test rasults
for the same muaterial, obtained by different operators using
differenl equipment on different days, the two test results
should be judged not equivalent if thay differ by more than the.
I value for that material.

15.1.7 Any judgment in accordance with 15.1.4 and 15.1.6
would have an approximate 95 §& (0.95}) probability of being
correct.

132 Bias—There are no recognized standacds by which to
estimate bias of this test method.

16. Precision and Bias (Procedure D)

16.1 Precision

16.1.1 Procedure D used as maay as nine labacatocies, five
materials and two detemminations in order to come up with the
following tables of precision supporting the method. This
imeets or exceeds all the standards required for Practice E 691,

16.1.2 The degree of precision Is quite high for all levels of
loads on the ram. The highest lavel of precision was attined
for the 2.16 kg load, the lowest for the 21.6 kg load. It is
important to note that the 21.6 kg load is not aptisnum for the
short {0.316 in.] die because the speed of testing does not allow

for the flow ta reach probably equilibrium rate. All such testing
at 21.6 ke is mwuch better done with a longer die such as used
in Test Method D 3364, Refer to Table 10 for 2.16 kg load;
Tuble I for § kg load: Table 12 for 10 kg lcad and Table 13
for 21.6 kg foad.

TABLE 10 Precision Statament for-Test Mathod: 2.16 kg

Mekrls  Averapr S, Sa ' [

PEt 07557 07070 (s5R3 Q920 0.0904
PE2 0.4209 0700 0LO77 9188 Q.0773
PE2 05527 0{MN8  GaTe G028 9.05®
PE4 02627 00043 GM82 ad12) 0051
PES 041 05078 0719 Q0222 9.0334

TABLE {1 Precision Statement for Test Mathod: § kg

Mokrials Averaga 3 S r R

PEL 30631 07715 03019 21602 21858
PE2 1.9630 0483 [dXerg a1sa 02565
PE3 15921 0,030 (G 74 Q0T 0.1283
PE4 09978 02158 2630 Qaed2 0.7168
PES 129¢ 0,170 0Leas Q0475 0.07¢8

TABLE 12 Precision Statemant for Test Method: 10 kg

Matrials ferage S Sa r R

PE{ 1584 03036 04595 0.8581 1.2867
PE2 7578 01238 062751 0.9544 0.7704
PE2 4.1 04635 0.1035 1497 9292
PE4 37693 05638 ans 1807 2.8151
PES 3.471 0528 0647 Q05328 31812

TABLE 13 Precision Statement tor Test Mathod: 21.6 kg

Makells  Avetegs S S t A

PEl £90335 21012 27837 58021  A7463
PE2 932367 1450 150 40458 40459
PES 141079 082 03352 04863 0.8387
PEY 17812 03xd (4258 09208 11924
PES 122352 01104 04590 0300 1.2851

17. Keywords

17.1 melt flow rate; melt index: volume flow rate

ATPENDIXES

{Nonmandatory Information)

X1, EXTRUSION PLASTOMETER BORE ALIGNMENT

XI.1 A fixture consisting of a circular level mounted on a
shaft having two bearing points 9.47 + 0.00 - 0.0076 mm in
diameter that can be laserted into the bore has been found
suitable. A circular level that can be rigidly mounted on the

Hi12

piston rod for iasertion iato the hore may also be satisfactory.
A cincular level having a sensitivity of 20 mins2.X nun has been
found satisfactory. Other alignment techniques that give com-
parable alignment sensitivity would be considered satisfactory.



X2. TROUBELESHOOTING GUIDE

INTRODUCTION

Appeadix X2 is offered in an effort o hetp a laboratory imprave melt flow rate testing and ta gat
0 Fhe rs?ot cause of problems which may be causad by equipment, enviconment. or testing technique.
This guide is not meaat to be an all-inclusive trouble-shocting check list, but merely tries to he [p users

ta evaluate testing to some degree.

X2.1 Baslc Programs

X2.1.t The following are basic programs in which at]
laboratories should pariicipate;

X2.1.L1 Stendant Reference Marericls—If available,
SRMs can usually be obtained from NIST. These SRMs
provide accurate information on the melt Aow rate of these
materials. However, these SRMs are expensive and are avail-
able for a very limited number of materials.

X2.1.1L.2 Inferncl Controls—An internal coateol far each
FAe of material should be set up. This invalves setting aside
encugh matarial to last o long time (at least one year). These
mategdials will have to be lested many times to establish
statistical parametars, Each time an internal standard is rua, the
results shiould be plotied on a SQC char so that any problems
or trends can be detected quickly. A SQC chart should be setu p
for each extrusion plastometer ia the labaratocy. A replacement
standard should be introduced before the old standacd runs out
and should be compared to the ofd standard to ensure that any
shitts seeq in the SQC chart are due to the material and nel to
the equipment.

X2.1.1.3 Proficiency Tesis—Pacticipation in praficiancy test
programs is important for demonstrating how the taboratory™s
results compare with other laboratories. Over a paricd of time,
laboratory bias can be demoastratad, If bias exigs.

X2.1.1.4 ASTM Reand Robins {Inferlaboratory Tests}—
These progrims are similar to proficiency test programs but are
limited to only a few laboratories and a few matedals.
However, these programs da provide information on how well
the laboratary performs the tast.

X2.1.L5 Calibration, Verification, and Mdintesonce—The
extrusion plastometer should be calibrated. Proper mainte-
nance of the instrument will help to ensure proper calibration.

(£} As a first step to abfaining reproducible results. apacatocs
should be well trained. Using intarnal standards can demon-
steate that repeatable results can be provided. The opecators
should atso understand the test and know what can affect the
results.

(2) Before starting the test, the following should be verified:

{@) The protocal is understood by the operator.

(b) The barrel, piston, and die orifice have bteen properly
cleaned. )

() The extrusion plustometer, incfuding the piston and die,
are at equilibrium at the proper tamperature.

(dy The exuusion plastometer is lavel.

{e) A standard has been run and the results fall within
established parameters.

(3} When a problem arises, the following questions should
be asked:

(@) Did anything unusual happen?

(?) Dces the extrudate coatain aic bubbles?

(€) Wera the proper weights applied?

) Is the unit at the propar tamperatura?

(¢) Was the piston stored in the barrel?

(01 Is the die damaged, that is, chipped?

g} Is tha die bare worn, that s, the diametar is tacger than
the masimum specified?

) Was the proper amount of matecial used?

(9) Has the balance been properly calibrated?

£y Was the proper purge lime used?

(k) Was the plug pulled at the proper time?

() Was the correct warm-up thme used?

(1] Was the barre! cleaned properly?

() Is the piston rod straight?

(01 Is the piston tip diameter OK?

X222 Understanding How Melé Flow Rate Is Affected
X221 Levelness of the Instrument—The piston must be

frea to move in 2 vertical pesition. If the instrument is not level,
the piston can be stowed by friction as it touches the sida of the
tarrel. This will not enly introduce an eror into the results but
may uiso seratch the barrel. The piston must move in an exact
vertical plane, indicated by a small bubble lavel that should be.
placed on the top of the barrel or on the top of the piston when
placed in the barrel. The level should be chacked on a regular
schedule,

(which can result from a buildup of residug) will cause low
results, Conversely, an oversized orifice {which cin result from
weary will cause high results. It is impoctant that the die osifice
be cleaned after each test and that the die orifice diameter be
verified frequently using a calibrated ge/no-go gage. Remen-
ber, the calibrated pin gage can also wear and the diametar
should be verified regulariy.

X223 Die Cleaniiness—The die should be completaly
cleaned after each test. Any residue left in the orifice will
eventually char and be very difficult, if not impossible, to
clean. Buildup of malerial will reduce the diameter of the die
and change the surface smcothness, resulting in erronaous
restlts,

X224 Temperature in the Barrel—Malt flow rates are very
dependent on tempecature. The tmperature within the tarrel is
the only important temperatuce. Temperature indicators must
be calibrated to the femperature withia the bamel High flow
rites will result from high emperatures and low fow rates
from low temperatures. Defeclive heaters may be difficult to
detect and can cause variable results.
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X225 Prefear Time—Popecr preheat time is cequired to
allow the material in the baceel to fully melt and to come to
temperature equilibrium throughout the barrel. If material is
not fully melted, die plugging and low melt flow rates can
result. If not at temperatuee equilibrium, the melt flow rate will
change as the tast is conducted.

X2.2.51 It is important that the die and piston be at
tempecatuca equilibrium with the rest of the sysiem before any
sample is intreduced fato the baccel. If the piston and die are
not at temperatuce, the large mass of matal involved must be
heated to temperature during testing and the energy required
may not allow the polymer o reach thermal equilibiium. This
can result in erroneous data,

X226 Barrel Condition—The barrel should be. properly
cleaned after each test. Eailure to do o can result in contami-
nation of the next sample, and buildup and degradation of
mxaterial in the baceel, resulting in a decrease ia the diameter of
tha bamel This can causa friction with the piston tip resulting
in low melt Row cates.

X2.2.6.1 Frequeally overlooked is the condition of the
barrel itsalf. In addition to being clean, the bamel wall st be
smooth and of the proper diameter. The inside diamerter of the
barrel is as importaat as the diametec of the die orifice. The
barrel diameter should be measured regularty. and changed if
0 indicated. The melt flow rate is a functicn of the fourth
power of the barmel diamefer.

X2.2.7 Piston Paranesers—The diameter of the pistca foot
should be checked. If it Is worn, material can flow back past the
tip. This would result in erronecus data.

X2.2.7.1 The piston tip, or foot, is somatimes screwed into
th: end of the piston and can be changed easily. Howrever,
because it is easily unscrewed, it can woik itself loose. The
piston tip must be checked frequently and kept tightly scremed
inte the piston.

X2.2.7.2 Care must be taken not to bend a piston. Even a
slight. almost non-detectable curvature in the piston can cesult
in the force not being applied directly to the vertical position,
resulling i excessive pressure on the wall of the barrel. This
will caus: Tow results and can also scratch the barrel wall.

X2.2.73 The pistan has two reference marks. The lower
scribe mark on the piston must be at the reference start position
(top of the guide fing or barel) 2t 7.0 + 0.5 min, as stated in
9.8 and 10.2.10. Starting each test at a different position can
give variable cesulfs.

X2.2.8 Semple Mass—Small ¥aciations in sample mass can
cayse sigaificant variability in melt flow rates. Aay balance
used to weigh the sample should be cilibrated and vecified on
a regular schedule.

X229 Moisture in Sample—Samples should be dcied be-
fore testing. Some matarials may be affected more than others
by moistuce. However, the presence of moisture during the test.
in general, will affect the melt flow raizs of mast matecials.

X2.2.10 Sample Purge Time—Purging malterial from the
barrel before the actual test starts serves twa primary functicas:

Hil4

({) to expel eatrapped air or velatiles before applying the full
test load. and (2) to move the lower scribe mark on the piston
to the reference stact position. For flow cate coosistency, it is
imporant that the extrudate be free of voids and that the test
always starts with the piston in the same position in the barcel.
Whether 1n ¢ha extrudate for Procedure A or in the bwrre] for
Procedure B, voids will affect test results.

X2.2.11 Lead Weight—The actual weight (Joad) applied to
the material during the test will affect the test results. Higher
weights will produce higher results. The load weight which
lacludes the piston weizght, should be verified at regular
infarvals.

X2.2.12 Extradate Cur Technigue—It is important that good
extrudate cutting technique be developed. A sharp, clean tool
should always be used for this operation. The timing of the cut
is critical since a shartar than target cut fime will produce low
results and a longer than taraet cut time will give high rasulis.
The timing intervals should be verified with certified timers.
When cut. the extcudate end should not be ragged or stringy.
These variables, if not coatrolled, can cause poor repraducibil-
ity of test results. .

X2.2.13 Purgina—Purgiag tha bamel between cuns or when
changing materials is sometimes necessary. Purging with tha
same material which will be tested after the purge is best
However. if for some reason another pucge material Is usad, run
the test matarial through the barrel before the actual tast run in
order ta ensure that the purge material is no longer in the barrel.

X2.2.13.1 Purging does not replace cleaning. After purging,
the equipment must be. cleaned properly to avoid the effects of
contamination, resia buildup, and so forth, as discussed previ-
ously.

X2.2.14 Melt Deasine—1It is important that the correct melt
density be used, that is, 0.7636 gicm® for PE af 190°C and
0.7386 giem® for PP at 230°C. These valugs may be different
for copolymers or when additives are incorporated into the
resin. Small errors in thesa values can affect the end results. If
not known, the meli density can be determined as descrited at
the end of Footnate A of Tuble 2.

X2.2.15 Piston {Flag) Trovel Distance—The satfing of the
proger piston travel distance £6.35 £ 0.25 mm for MFRs up to
10 &/10 mia and 25.40 = 0.23 mm for MFRs greater than 10
2/10 min) is importaat in Procedure B. The reproducibility of
Procedure B is baiter if these parameters are strictly adhared to.
A calibrated distaxce vecification device will be required fo -
maintain the proper piston teavel.

X2.2.16 Calcalation Factors—When trouble shcoting, 1l-
ways check the calculations and the factons usad.

X2.2.17 Power (Electrical) Fluctiation—Coastant power
(valtage) Is important to maintain the temperature desired.
Peciadic changes in voltage will cause changes in Lhe tempeca-
ture of the unit, creating test values that fluctuate because of
inconsistent sample temperatures. Though this Is a care situa-
tion. this fluctuation has been found to cause ecratic test results.
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SUMMARY OF CHANGES

Committee D29 has identified the location of selected changes to this standard since the last issue.
D 1238 - 04b, that may impact the use of this standard. (Decembar 1. 2004)

(]} Added Prceedure D (Section 13). (2} Added reporting information for Procedure D to Section 14.

Committee D20 has identified the tocation of selected changes to this standard since the last issue,
D 1238 - 04a, that may impact the use of this standard. {October t. 2004}

() Inclusion of a1 precision statement for Procedure D.

Commitize. D20 huas identifiad the location of selected changes o this standard shice the last issue,
D 1238 - 04. that may impact the use of this standard. {August {, 20043

() Changed the die height dimension in t1.1.2, (2) Added foomote in Table 9 to address the change in 11.1.2.

Committee. D2Q has identified the location of selected changes to this standard since the last issue,
D 1238 - 01, that may impact the use of this standard. Macch 1, 20045

{I) Editcrially added sulfone plastic melt flow rate conditions (2) Additional melt flow rate conditions for polyether sulfone

as found in Specification D 6394 for Sulfone Plastics (SP). and polyphenylsuifona placed in 8.2.
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A1579 WA 1 wansnAresrNuduRUTveun T
gaumngii 300°C
paad) | gamgl | naani | gamgll |naon) | gangldl | naeni) | qungi nau) | qungl

0.25 26 12 229 23.75 301 35.5 300 47.25 300
0.5 27 12.25 232 24 300 35.75 300 47.5 300
0.75 28 12.5 236 24.25 300 36 300 47.75 300
1 30 12.75 239 24.5 300 36.25- [ 300 48 300
1.25 34 13 242 24.75 300 36.5 300 48.25 300
1.5 37 13.25 246 25 300 36.75 300 48.5 300
1.75 42 13.5 249 25.25 300 37 300 48.75 300
2 46 13.75 252 25.5 300 37.25 300 49 300
2.25 51 14 256 25.75 300 37.5 300 49.25 300
2.5 56 14.25 258 26 300 37.75 300 49.5 300
2.75 61 14.5 261 26.25 300 38 300 49.75 300
3 67 14.75 265 26.5 300 38.25 300 50 300
3.25 71 15 267 26.75 300 38.5 300 50.25 300
3.5 78 15.25 270 27 300 38.75 300 50.5 300
3.75 83 15.5 274 27.25 300 39 300 50.75 300
4 89 15.75 277 27.5 300 39.25 300 51 '300
4.25 94 16 280 27.75 300 39.5 300 51.25 300
4.5 99 16.25 283 28 300 39.75 300 51.5 300
4.75 105 16.5 285 28.25 300 40 300 51.75 300
5 110 16.75 288 28.5 300 40.25 300 52 300
5.25 115 17 291 28.75 300 40.5 300 52.25 300
5.5 120 17.25 294 29 300 40.75 300 52.5 300
5.75 125 17.5 297 29.25 300 41 300 52.75 300
6 130 17.75 298 29.5 300 41.25 300 53 300
6.25 135 18 300 29.75 300 41.5 300 53.25 300
6.5 139 18.25 301 30 300 41.75 300 53.5 300
6.75 144 18.5 301 30.25 300 42 300 53.75 300
7 149 18.75 301 30.5 300 42.25 300 54 300
7.25 153 19 301 30.75 300 42.5 300 54.25 300
7.5 158 19.25 302 31 300 42.75 300 54.5 300
7.75 162 19.5 301 31.25 300 - 43 300 54.75 300
8 166 19.75 301 31.5 300 43.25 300 55 300
8.25 171 20 301 31.75 300 43.5 300 55.25 300
8.5 175 20.25 301 32 300 43.75 300 55.5 300
8.75 180 20.5 301 32.25 300 44 300 55.75 300
9 183 20.75 301 32.5 300 44.25 300 56 300
9.25 188 21 301 32.75 300 44.5 300 56.25 300
9.5 192 21.25 301 33 300 44.75 300 56.5 300
9.75 196 21.5 301 33.25 300 45 300 56.75 300
10 200 21.75 301 33.5 300 45.25 300 57 300
10.25 203 22 301 33.75 300 45.5 300 57.25 300
10.5 207 22.25 301 34 300 45.75 300 57.5 300
10.75 211 225 301 34.25 300 46 300 57.75 300
11 215 22.75 301 34.5 300 46.25 300 58 300
11.25 218 23 301 34.75 300 46.5 300 58.25 300
11.5 222 23.25 300 35 300 48.75 300 58.5 300
11.75 225 23.5 300 35.25 300 47 300 58.75 300
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pani) | gamgll [ nand) | gamgll [ naiand) | gangl | naand) | savgll | naui) | gungd
59 300 71.5 300 84 300 96.5 300 109 300
59.25 300 71.75 300 84.25 300 96.75 300 109.25 | 300
59.5 300 72 300 84.5 300 97 300 109.5 300
59.75 300 72,25 300 84.75 300 97.25 300 109.76 [ 300
60 300 72.5 300 85 300 97.5 300 110 300
60.25 300 72.75 300 85.25 300 97.75 300 110.25 300
60.5 300 73 300 85.5 300 98 300 110.5 300
60.75 300 73.25 300 856.75 300. | 98.25 300 110.75 300
61 300 73.5 300 86 300 98.5 300 111 300
61.25 300 73.75 300 86.25 300 98.75 300 111.25 300
61.5 300 74 300 86.5 300 99 300 111.5 300
61.75 300 74.25 300 86.75 300 99.25 300 111.75 | 300
62 300 74.5 300 87 300 99.56 300 112 300
62.25 300 74.75 300 87.25 300 99.75 300 112.25 300
62.5 300 75 300 87.5 300 100 300 112.5 300
62.75 300 75.25 300 87.75 300 | 100.25 | 300 112.75 300
63 300 75.5 300 88 300 100.5 300 113 300
63.25 300 75.75 300 88.25 300 | 100.75 300 113.25 300
63.5 300 76 300 88.5 300 101 300 113.5 300
63.75 300 76.25 300 88.75 300 | 101.26| 300 113.75 300
64 300 76.5 300 89 300 101.5 300 114 300
64.25 300 76.75 300 89.25 300 | 101.75 300 114.25 300
64.5 300 77 300 89.5 300 102 300 114.5 300
64.75 300 77.25 300 89.75 300 | 10225 | 300 114.75 300
65 300 77.5 300 90 300 102.5 300 116 300
65.25 300 77.75 300 90.25 300 | 102.76 300 115.25 300
65.5 300 78 1300 90.5 300 103 300 1156.5 300
65.75 300 78.25 300 90.75 300 | 103.25 | 300 115.76 300
66 300 78.5 300 91 300 103.5 300 116 300
66.25 300 78.75 300 91.25 300 | 103.75 | 300 116.25 300
66.5 300 79 300 91.5 300 104 300 116.5 300
66.75 300 79.25 300 91.75 300 | 104.25 300 116.75 300
67 300 79.5 300 92 300 104.5 300 117 300
67.25 300 79.75 300 92.25 300 | 104.75 300 117.25 300
67.5 300 80 300 92.5 300 105 300 117.5 300
67.75 300 80.25 300 92.75 300 | 105.25 300 117.76 300
68 300 80.5 300 93 300 1056.5 300 118 300
68.25 300 80.75 300 93.25 300 | 105.76| 300 118.25 300
68.5 300 81 300 93.5 300 106 300 118.5 300
68.75 300 81.25 300 93.75 300 [ 106.25 300 118.756 | 300
69 300 815 300 94 300 106.5 300 119 300
69.25 300 81.75 300 94.25 300 106.75 300 119.25 300
69.5 300 82 300 94.5 300 107 300 119.5 300
69.75 300 82.25 300 94.75 300 107.25 300 119.75 300
70 300 82.5 300 95 300 107.5 300 120 300
70.25 300 82.75 300 95.25 300 107.75 300
70.5 300 83 300 95.5 300 108 300
70.75 300 83.25 300 95.75 300 | 108.25 300
71 300 83.5 300 96 300 108.5 300
71.25 300 83.75 300 96.25 300 | 108.75 300
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gaungll 300°C
naen®) | gungll | nm@nd) | qungll | naani) | qungll | nmani) | qungll | nawani) gaungl
0.25 26.7 12 218 23.75 2981 35.5 305.9 47.25 309.9
0.5 26.8 12.25 221.8 24 298.3 35.75 306.1 47.5 309.9
0.75 275 12.5 225.1 24.25 298.4 36 306.2 47.75 309.9
1 29.2 12.75 228.6 24.5 298.6 36.25 306.3 48 310
1.256 32 13 231.9 24.75 298.7 36.5 .306.4 48.25 310
1.5 35.1 13.25 235.3 25 298.8 36.75 306.4 48.5 310
1.76 38.9 13.5 238.6 25.25 298.9 37 306.6 48.75 3101
2 43 13.75 241.7 25.5 299.1 37.25 306.7 49 310.1
2.25 47.5 14 244 25.75 299.2 37.5 306.9 49.25 310.2
2.5 51.8 14.25 248.2 26 299.4 37.75 306.9 49.5 310.2
2.75 56.9 14.5 251.4 26.25 299.5 38 307 49.75 310.3
3 61.4 14.75 254.6 26.5 299.5 38.25 307.1 50 310.3
3.26 66.7 15 257.7 26.75 299.6 38.5 307.2 50.256 3104
3.5 713 15.25 260.6 27 299.7 38.75 307.2 50.5 310.5
3.75 76.2 15.5 263.2 | 27.25 299.8 39 307.3 50.76 .| 3106
4 81.6 16.75 266.8 27.5 299.9 39.25 307.4 51 310.7
4.25 86.6 16 269.8 27.75 300 39.5 307.5 51.25 310.7
4.5 91.3 16.25 272.6 28 300.1 39.75 307.6 51.6 310.7
4.75 96.5 16.5 275.8 28.25 300.4 40 307.8 51.75 310.7
5 101.5 16.75 278.7 28.5 300.6 40.25 307.8 52 310.7
5.25 106.4 17 281.8 28.75 300.9 40.5 307.9 52.25 310.8
5.5 111 17.25 284.6 29 301.1 40.75 307.9 52.5 310.8
5.75 1151 17.5 287.1 29.25 3014 41 308 52.75 310.8
6 120.8 17.75 289.4 29.5 301.6 41.25 308.1 53 310.8
6.25 125.2 18 290.8 29.75 301.9 41.5 308.1 53.25 310.8
6.5 130.1 18.25 292.1 30 302 41.75 308.2 53.5 310.8
6.75 134.7 18.5 293.1 30.25 302.3 42 308.3 53.756 310.8
7 139.2 18.75 293.8 30.5 302.5 42.25 308.4 54 310.7
7.25 143.4 19 294.2 30.75 302.7 42.5 308.5 54.25 310.8
7.5 148 19.25 294.6 31 303 42.75 308.6 54.5 310.8
1.75 162.3 19.5- 295 31.25 303.1 43 308.7 54.756 310.8
8 156.3 19.76 295.2 31.5 303.3 43.25 308.8 55 310.8
8.25 160.7 20 295.6 31.75 303.5 43.5 308.9 55.25 310.8
8.5 164.9 20.25 295.8 32 303.7 43.75 309 55.5 310.9
8.75 168.8 20.5 296 32.25 303.8 44 309 55.75 310.9
9 172.8 20.75 296.2 32.5 304 44.25 309 56 311
9.25 177 21 296.4 32.75 304.2 44.5 309.3 56.25 3111
9.5 1811 21.25 296.5 33 3044 44.75 309.3 56.5 3111
- 9.75 185 21.5 296.7 33.25 304.7 45 309.3 56.75 311.1
10 189 21.75 296.9 33.5 304.8 45.25 309.4 57 311.2
10.25 192.5 22 2971 33.75 304.9 45.5 309.5 57.25 311.3
10.5 196.8 22.25 297.3 34 305.1 45.75 309.6 57.5 311.4
10.75 200.3 22.5 2974 34.25 305.2 46 309.6 57.75 3113
11 204.2 22.75 297.6 34.5 305.2 46.25 309.6 58 311.4
11.25 207.8 23 297.7 34.75 305.4 46.5 309.6 58.25 3114
11.5 211.3 23.25 297.9 35 305.6 46.75 309.7 58.5 3114
11.75 214.8 23.5 297.9 35.25 305.7 47 309.8 58.75 3114
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nanni) | eumgll | ne@nd) | guvgll | va(nl) | eamgll | nawni) | gavgl | naani) | qungl
59 311.4 71.5 311.9 84 312.6 96.5 312.9 109 313.2
59.25 311.4 71.75 311.9 84.25 312.6 96.75 312.9 109.25 313.2
59.5 311.4 72 311.9 84.5 3126 97 312.9 109.5 313.2
59.75 311.4 72.25 311.9 84.76 312.6 97.25 312.9 109.75 313.2
60 311.4 72.5 311.9 85 312.6 97.5 313 110 313.2
60.25 311.4 72.75 311.9 85.25 312.6 97.75 313 110.25 313.2
60.5 311.5 73 312 85.5 312.6 98 313 110.5 313.2
60.75 311.6 7325 | . 312 85.75 312.8 98.25 31341 110.75 313.2
61 311.6 73.5 312.1 86 312.8 98.5 31341 111 313.2
61.25 311.7 73.75 312.2 86.25 312.8 98.75 '313.1 111.25 313.2
61.5 311.7 74 312.2 86.5 312.8 99 3131 111.5 313.2
61.75 311.7 74.25 312.2 86.75 312.8 99.25 3131 111.75 313.2
62 311.6 74.5 312.2 87 312.8 99.5 313.2 112 313.2
62.25 311.6 74.75 312.2 87.25 312.8 99.75 313.2 112.25 313.2
62.5 311.6 75 312.2 87.5 312.8 100 313.2 112.5 313.2
62.75 311.6 75.25 312.2 87.75 312.8 100.25 313.2 112.75 313.2
63 311.6 75.5 312.2 88 312.8 100.5 313.2 113 313.2
63.25 311.6 75.75 312.2 88.25 312.8 100.75 313.2 113.26 313.2
63.5 311.7 76 312.2 88.5 312.8 101 3131 113.5 313.2
63.75 311.8 76.25 312.2 88.75 312.8 101.25 3131 113.75 313.2
64 311.9 76.5 312.2 89 312.9 101.5 313 114 313.2
64.25 312 76.75 312.2 89.25 312.9 101.75 312.9 114.25 313.3
64.5 312 77 312.2 89.5 312.9 102 312.9 114.5 313.3
64.75 312 77.25 312.2 89.75 312.9 102.25 312.9 114.75 313.3
65 312 77.5 312.3 90 312.9 102.5 312.9 115 313.3
65.25 312 77.75 312.3 90.25 312.9 102.75 3129 115.25 313.3
65.5 | 312 78 312.4 90.5 312.9 103 312.9 115.5 3133
65.75 312 78.25 312.5 90.75 312.9 103.25 312.9 115.75 313.3
66 312 78.5 312.5 91 313 103.5 312.9 116 313.3:
66.25 312 78.75 312.6 91.25 3131 103.75 312.9 116.25 313.3
66.5 312 79 312.6 91.5 313.1 104 312.9 116.5 313.3
66.75 312 79.25 312.6 91.75 313.1 104.25 312.9 116.75 313.3
67 312 79.5 312.6 92 313.1 104.5 312.9 117 313.3
67.25 312 79.75 312.7 92.25 313.1 104.75 312.9 117.25 313.3
67.5 312 80 312.7 . 92.5 313.1 105 3129 117.5 313.3
67.75 312 80.25 312.7 92.75 313.1 105.25 312.9 117.75 3133
68 312 80.5 312.8 93 313 105.5 3129 118 313.3
68.25 312 80.75 312.8 93.25 313 105.75 312.9 118.25 3133
68.5 311.9 81 312.7 93.5 313 106 312.9 118.5 313.3
68.75 311.9 81.25 312.7 93.75 313 106.25 312.9 118.75 313.3
69 311.9 81.5 312.6 94 313 106.5 312.9 119 3133
69.25 311.9 81.75 312.6 94.25 313 106.75 312.9 119.25 313.3-
69.5 311.9 82 312.6 94.5 313 107 312.9 119.5 313.3
69.75 312 82.25 312.6 94.75 313 107.25 313 119.75 313.3
70 312 82.5 312.6 95 312.9 107.5 313 120 3133
70.25 311.9 82.75 312.6 95.25 312.9 107.75 313
70.5 311.9 83 312.6 95.5 312.9 108 3131
70.75 311.9 83.25 312.6 95.75 312.9 108.25 3131
71 311.9 83.5 312.6 96 312.9 108.5 3131
71.25 311.9 83.75 312.6 96.25 312.9 108.75 313.1
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i) | gungl | naani) | gaumgil | nmoni) Qi
0.25 25 11 102 21.75 100
0.5 26 11.25 102 22 100
0.75 27 11.5 102 22.25 100

1 30 11.75 101 22.5 100
1.25 34 12 101 22.75 100
1.5 37 12.25 101 23 100
1.75 41 12.5 101 23.25 100
2 46 12.75 100 23.5 100 .
2.25 51 13 100 23.75 100
2.5 56 13.25 101 24 100
2.75 61 13.5 100 24.25 100
3 66 13.75 101 24.5 100
3.25 72 14 100 24.75 100
3.5 78 14.25 100 25 100
3.75 83 14.5 100 25.25 100
4 89 14.75 101 25.5 100
4.25 94 15 100 25.75 100
4.5 99 15.25 100 26 100
4.75 103 15.5 100 26.25 100
5 106 15.75 101 26.5 100
5.25 108 16 100 26.75 100
55 110 16.25 100 27 100
5.75 110 16.5 100 27.25 100
6 111 16.75 100 27.5 100
6.25 111 17 100 27.75 100
6.5 111 17.25 100 28 100
6.75 110 17.5 100 28.25 100
7 110 17.75 100 28.5 100
7.25 109 18 100 28.75 100
7.5 109 18.25 100 29 100
7.75 108 18.5 100 29.25 100
8 108 18.75 100 29.5 100
8.25 107 19 100 29.75 100
8.5 106 19.25 100 30 100
8.75 106 19.5 100
9 105 19.75 100
9.25 105 20 100
9.5 105 20.25 100
9.75 104 20.5 100
10 104 20.75 100
10.25 103 21 100
10.5 103 21.25 100
10.75 103 215 100
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nau) | gungll | nm@nil) | qumpll | navuni) gaungil
0.25 25 12.25 150 24.25 150
0.5 26 12.5 150 24.5 150
0.75 28 12.75 150 24.75 150
1 30 13 150 25 150
1.25 33 13.25 150 25.25 150
1.5 37 13.5 150 25.5 150
1.75 42 13.75 150 25.75 150
2 46 14 150 26 150 .
2.25 51 14.25 150 26.25 150
2.5 56 14.5 150 26.5 150
2.75 62 14.75 150 26.75 150
3 67 15 150 27 150
3.25 73 15.25 150 27.25 150
3.5 79 15.5 150 27.5 150
3.75 85 15.75 150 27.75 150
4 90 16 150 28 150
4.25 95 16.25 150 28.25 150
4.5 100 16.5 150 28.5 150
4.75 106 16.75 150 28.75 150
5 111 17 150 29 150
5.25 116 17.25 150 29.25 150
5.5 121 17.5 150 295 150
5.75 126 17.75 150 29.75 150
6 131 18 150 30 150
6.25 136 18.25 150
6.5 141 18.5 150
6.75 146 18.75 150
7 149 19 150
7.25 152 19.25 150
7.5 154 19.5 150
7.75 156 19.75 150
8 156 20 150
8.25 157 | 20.25 150
8.5 156 20.5 150
8.75 156 20.75 150
9 155 21 150
9.25 154 21.25 150
95 154 215 150
9.75 153 2175 150
10 152 22 150
10.25 151 22.25 150
10.5 151 22.5 150
10.75 1561 22.75 150
11 150 23 150
11.25 150 23.25 150
11.5 150 23.5 150
11.75 1561 23.75 150
12 150 24 150
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a(uh) qugil i) qangdl i) QUi
0.25 26 12.25 203 24.25 200
0.5 27 12.5 202 24.5 200
0.76 28 12.75 201 24.75 200
1 30 13 201 25 200
1.25 34 13.25 200 25.25 200
1.5 37 13.5 200 25.5 200
1.75 42 13.75 201 25.75 200
2 46 14 200 26 200
2.25 51 14.25 200 26.25 200
2.5 56 14.5 200 26.5 200
2.75 61 14.75 200 26.75 200
3 67 156 200 27 200
3.25 72 15.25 200 27.25 200
3.5 78 16.5 200 27.5 200
3.75 83 16.75 200 27.75 200
4 89 16 201 28 200
4.25 94 16.25 200 28.25 200
4.5 100 16.5 200 28.5 200
4.75 105 16.75 200 28.75 200
5 110 17 200 29 200
5.25 116 17.25 200 29.25 200
5.5 121 17.5 200 29.5 200
5.75 126 17.75 200 29.75 200
6 131 18 200 30 200
6.25 135 18.25 200
6.5 140 18.5 200
6.75 145 18.75 200
7 160 19 200
7.25 154 19.25 200
7.5 168 19.5 200
7.75 163 19.75 200
8 167 20 200
8.25 172 20.25 200
8.5 176 20.5 200
8.756 180 20.75 200
9 184 21 200
9.25 188 21.25 200
9.5 192 21.5 200
9.75 196 21.75 200
10 199 22 200
10.25 202 22.25 200
10.5 203 22.5 200
10.75 204 22.75 200
11 205 23 200
11.25 205 23.25 200
11.5 204 23.5 200
11.75 204 23.75 200
12 203 24 200
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pan#) | gumgll | naand) | guvgll | nani) | qumgil
0.25 24 12.25 229 24.25 250
0.5 25 12.56 233 24.5 250
0.75 26 12.75 236 24.75 250
1 28 13 239 25 250
1.25 31 13.25 242 25.25 250
1.5 35 13.5 245 25.5 250
1.756 39 13.75 248 25.75 250
2 44 14 249 26 250
2.25 49 14.25 251 26.25 250
2.5 54 14.5 252 26.5 250
2.75 59 14.75 253 26.75 250
3 64 15 253 27 250
3.25 70 15.25 253 27.25 250
3.5 75 15.5 253 27.5 250
3.75 81 15.75 253 27.75 250
4 86 16 253 28 250
4.25 92 16.25 252 28.25 250
4.5 97 16.5 252 28.5 250
4.75 102 16.75 251 28.75 250
5 107 17 251 29 250
5.25 112 17.25 251 29.25 250
5.5 117 17.5 251 29.5 250
5.75 122 17.75 251 29.75 250
6 127 18 250 30 250
6.25 131 18.25 250
6.5 136 18.5 250
6.75 140 18.75 250
7 145 19 250
7.25 150 19.25 250
7.5 154 19.5 250
7.75 158 19.75 250
8 162 20 250
8.25 167 20.25 250
8.5 170 20.5 250
8.75 175 20.75 250
9 179 21 250
9.25 183 21.25 250
9.5 187 21.5 - 250
9.75 192 21.75 250
10 196 22 250
10.25 200 22.25 250
10.5 204 22.5 250
10.75 207 22.75 250
11 211 23 250
11.25 215 23.25 250
11.56 218 23.5 250
11.75 222 23.75 250
12 226 24 250
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naui) quvgl naui) quugil A1) qungil
0.25 26 12.25 232 24.25 300
0.5 27 12.5 236 245 300
0.75 28 12.75 239 24.75 300
1 30 13 242 25 300
1.256 34 13.25 246 25.25 300
1.5 37 13.5 249 25.5 300
1.75 42 13.76 252 25.75 300
2 46 14 256 26 300
2.25 51 14.25 258 26.25 300
2.5 56 14.5 261 26.5 300
2.75 61 14.75 265 26.75 300
3 67 15 267 27 300
3.25 71 16.25 270 27.25 300
3.5 . 78 15.5 274 275 300
3.75 83 16.75 277 27.75 300
4 89 16 280 28 300
4.25 94 16.25 283 28.25 300
4.5 99 16.5 285 28.5 300
4.75 105 16.75 288 28.75 300
5 110 17 291 29 300
5.25 115 17.25 294 29.25 300
5.5 120 175 297 29.5 300
5.75 125 17.75 298 29.75 300
6 130 18 300 30 300
6.25 135 18.25 301
6.5 139 18.5 301
6.75 144 18.75 301
7 149 19 301
7.25 163 19.25 302
7.5 158 19.5 301
7.75 162 19.75 301
8 166 20 301
8.25 171 20.25 301
8.5 175 20.5 301
8.76 180 20.75 301
9 183 21 301
9.25 188 21.25 301
9.5 . 192 21.5 301
9.76 196 21.75 301
10 200 22 301
10.25 203 22.25 301
10.5 207 22.5 301
10.75 211 22.75 301
11 215 23 301
11.25 218 23.25 300
11.5 222 23.5 300
11.75 225 23.75 301
12 229 24 300
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