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In the melt spinning process, quality and productivity 
of fibers are restricted by apreiodic uariation in fiber di- 
ameter during spinning, that is, the draw resonnnce 
due to the flow instability. Therefore, lots of studies ha- 
ve been carried out for the causes of draw resonance but 
very few papers were published for the traw resonance 
of the blend fibers. 
In this study, investigation was made for the effect of 
draw ratio and blend ratio on the draw resonance of the 
polypropylene (PP) and Polyethylene (PE) blend fibers, 
where PP has the high tendency of draw resonance and 
PE has low. 
Chips of PP and PE were melt blended by the twin sc- 
rew blender in various blend ratios and two homopoly- 
mers. The blend chips were then melt spun in the lab 
melt spinning machine at various draw ratios from. 10 
to 160. 
From the experimental results, it can be conculeded 
that the DmJDmin ratio increases as the draw ratio 
increases for each blend fibers and the critical draw ra- 
tio increases and DmJDmin decreases as the PE con- 
tent in the blend fibers increases. 

1.INTRODUCTION 
Development in polymer science has been achieved 

by various researches in the field of chemistly and due 
to the concept of better understanding of polymers by 
physical blending, many researches have been carried 
out. 

Although polypropylene (PP) and polyethylene (PE) 
blends have been known to be incompatible [Plochocki, 
1966; Robertson and Paul, 19731, to enhance the proces- 
sability, impact strength and environmental stress 
cracking resistance of the (PE) blends, investigations 
have been carried out. 

After the draw resonance was first observed by Mil- 
ler [Miller, 19631, its special features have been investi- 
gated by many polymer scientist and engineers. Draw 
resonance is the phenomenon in which the cross-secti- 
onal area of the fibers (extrudates) varies periodically. 
This phenomenon can be disclosed physically by the he- 
at effect pergonzoni and Dicresce, 19661, elasticity 
[Han and Kim, 19763, and kinematic wave theoiy [H- 
yun, 19781. Theoretical [Pearson and Shah, 19741 and 
experimental [Changand Denn, 19791 investigations al- 
so have been carried out. 

For the blends, studies on the instability of the low 
density (LD) PE/PP, high density polyethylene (HD- 
PE), Polybutene-1 (PB) blends [Santamaria and Whi- 
te, 19861 and the draw resonance of the blend of PP 
with 20 % LDPE poo, 19871 have been carried out. 

PE is known to be elongational thickening and 
non-draw resonant material, but PP is elongational 
thinning and easily draw resonant material. 

In this paper, study has been done to observe the 
draw resonance behavior of the PP/PE blends. There- 
fore, by varying the blend ratios. Dmax/Dmin ratio (D- 
max and Drflin: max. and min. diameters of the blend 
fibers, respectively), the periods and the slope of the 
draw resonance were measured and calculated, and dis- 
cussed with ratios and draw ratios. 

2.EXPERIMENTAL 
2.1.Material 

Polymer materials used for this experiment are LD- 
PE produced by Hanyang Chemical Co.Ltd.and the iso- 
tactic PP produced by Dae Han Petrochemical Co.Ltd. 

Their specifications are listed in Table 1. 

Table 1. Grade and Properties of PP and LDPE 

Tnb10 1. P P  ve LDPE'nin Glndc ve ~zellikleri  

I 
Polwymer 

PP 

2.2.Blending and  Melt Spinning 
PP and LDPE were melt mixed a t  200 "C in the twin 

screw extruder a t  the blend ratio of 100/0, 90110, 
70130, 50150, 30170, 10190, 0/100 for the PP/LDPE 
blends and chips made. These chips were then melt 
spun by the experimental melt spinning machine. Ope- 
rating conditions are listed in Table 2. 

A water quench bath was located a t  10 cm below the 
spinneret to reduce the effect of cooling on the draw re- 
sonance. 

Melt 

LDPE 

Grade 

5016H 

Dinsity 

5321 

Meltin 

index 

(g/min) 

15.0 

3.0 

Q/crn3) 

0.900 

0.919 

point 

PC) 

164 

104 

Mn 

36.900 

Mw 

225.000 

20.700 150.600 



PP/PE Kariymlariniii Eriyik Halde Cekirnlerindeki 
Cekiin Rezonaiisi Ozerinde Bir Caligma 

Ceviren: Sule ALTUN 
Aravtirma Giirevlisi 

Uludag ~ n i v . ~ e k s t i l  Mithendisli@ Bol.,BURSA 

Eriyik kalde lif gekinzin.de, liflcrin 
knlitcsi ve verilnlili& cekiln srrnsrn- 
da lif copindaki periyodik degislne- 
lerle sin.irlnn.zr, yam! gekim rezoncrn- 
sl akzs karnrszzl~iyr ~zedeniylc o1lr .y-  

mnktadrr. Bu. ~zedelzle ~~~~~~~~~~~~111 
qogu celzim rezona~zszn I 17. mden  lcri 
iizerilze ynpzlmzgtzr, fnkat kcrrr.yrn/ 
liflerin qekinz resonnnsr ile ilgili ol(r- 

iglenel)ilirli@ni, clarbe inukaveineti- qallgmalar yapllmlgtlr. 
ni ve cevresel geriliin qatlanla cliren- PE, nzatildi@Xla kahnlagan ve 
cini geligt.irmek ainaclyla aragtirma- ~ekilemeyen resonant bir mate~yal 
lar yaplmigtir. olarak bilinir, oysa PP nzatlldi@n- 

Cekim rezonansinin Miller tara- da incelen ve kolayllkla ~ekilebilen 
findau ilk kez gozlenmesinden [Mil- resonant bir matelyaldir. 
ler, 1963l sonra, bu rezonaiisln ozel- B11 makalede, PP/PE karlyinla- 
likleri I ~ c k  cnk polimer l~ili~iicisi ve rillin cekim rezonansi ( ~ ~ V I X I ~ I + I I I  I 

Tablo 1. PP ve LDPE'nin Grade ve ~zel l ik ler i  

ve knnyln. ornn1nrrizi.n etkisi i / r w  

rnk qok as snyzda nzalmle yo~~rt/ltrti 

lemzistir. 
PP ve PE cipsleri, degi!?ili! 11.~1rtt~rn 
ornnlnrrnda ve iki Izonropolimr 

Poliiner bilimincleki gelignieler. 
kiinya alaninclaki gegitli arastirma- 
lay sayesincle baganlnllgtlr. Fiziksel 
olarak karlgan polimerleri claha i ~ . i  
anlayabilmek i ~ i n  pek ~ o k  ura$lr- 
ma yapllnligt~r. 

Polipropilen (PP) ve Poliet,ilen 
(PE) liarigimlarmin birlhleri ile 
nyumlu olmadiklari bilinmesi 11 e 
ragmen IPlochocki, 1966, Robert- 
son ve Paul, 19733, bu kangimlarin 

111n1icnclisi 1 itrafintla~i aixs~lrll I I ~ -  

t.ir. Cekinl rezonansi, liflerin f ekl,ri'i- 
ze eclilen ) enine kesitlerinin periyo- 
clik olarak cle@gti@ 11ir olayclir. Bu 
olay fiziksel olarak is1 etkisi IBer- 
gonzoni ve Dicresce, 19661, elastiki- 
yet [Hail ve Knn, 19761 ve kinema- 
tik dalga teorisi [Hyun, 19751 ile 
apklanmig ve cleneysel aragt,inna- 
lar da [Chan ve Denn, 19791 yapll- 
nngtir. 

Karlglmlar iqin, cliigiik yo&nluk 
polietilen (LDPE) /PP, yiiksek yo- 
Wnluk polietilen (HDPE), polibu- 
ten- 1 (PB) kanyinlarinin kalwsizli- 
gi ISant,aniaria ve White, 19861 ve 
Si 20 LDPE ile PP kariglmlarinin Ce- 
kiln L . C ~ I ~ L I I ~ S I  IYoo, 19571 uzerinde 

siiktiir) qekim reso~zal?.srnn, cckiw 

Erime 
Noktasl 
("C) 

164 
104 

n7i~trr. 
l31i qnlrpndn,  Polipropilen (PP) I Y .  

polietilen (PE) knr~~i .nz  liflcri~/.il~ 
 fir^ knrrq~ndn PP'nin ~elcim I'CZO- 

~zansuzn egilimi yiiksek, PE'~l.il/ (117- 

Molckiiler ADrllk 

giizlenlleilleka~liaciylayap~laii plis- 
ma verilmigtir. Kariglin oranlarim 
cle&tirerek, D / D  ova- 
nl/(DInas/Dlnin = Kanglm liflerin 
m u  ve inin qaplan) ve qekini rezo- 
nanslinn e@mi ve periyodlarl olqiil- 
miig, hesaplanmq ve karlglm oran- 
lari ile ~ e k i m  oranlan da tartlgilmlg- 
tlr. 

2.DENEYSEL SALIgMA 
2.1.Materyal 
Bu cleney i ~ i n ,  Hanyana Chemical 
Co.Ltcl.tarafinclan iiretilen LDPE 
ve Dae Hail Petrochenlical Co.Lt.tl. 
tarafinclan iiretilen izotaktik PP 
kullanllnngtir. Bupolimerlerin ozel- 
likleri Tablo l'cle verilmigtir. 

Mn 

39.900 
20.700 

Tablo 2. Eriyikten Lif Cekrne Makinaslnm 1glem Kogullari 

Mw 

225.000 
150.600 

Iglem I Kogullar 1 

yomnluk 
(g/cm3 

0.900 
0.919 

Polimer 

PP 
LDPE 

Ekstruder dw/dak 
Cekim slcakli& 
Digli pompa dw/dak 
Ekstriigon hizi (9/dak) 
Diize uzunlugu 
Diize gap1 
Sarm (gekirn) hlzi (m/dak) 
Cekim Mesafesi 

Derece 

5016H 
5321 

5 (3,5,8 ve 10 iqin homo PP) 
200 
10 (5,10,15 ve 20 igin homo PP) 
2.1 (1.0,2.1.,3.1.ve4.2. iqin homoPP) 
4 
1 
10-100 

Aklg 
indeksi 
g/dak 

15.0 
3.0 



Table 2. Operating Conditions Of Melt Spinning Machine 
Tablo 2. Eriyikten Lif (;ekme ~ a k i n a s h n  1$em ,Ko$ullar~ 

from the data obtanied by the projection microscope. 

Operation 

Extruder rpm 
Spinning temp. ["C] 
Gear pump rpm 
Extrusion rate [g/min] 

Die length [mm] 
Die diameter [rnm] 
Take-up speed [m/min] 
Spinning way [cm] 

2.3.2.Scannig Electron Microscopy [SEMI 
To investigate the morphology of the fibers, crosss 

sections of the fibers with different blend ratios were 
prepared in the liquid nitrogen bath and the SEM [JE- 
OL. JMS-2001 was used for the observation. 

Conditions 

5 (3,5,8 and 10 for homo PP)  
200 
10 (5,10,15 and 20 for homo PP)  
2.1. (1,0,2.1,3.1 and 4.2. for 

homo PP)  
4 
1 
10-100 
10 

2.3.3.Differential Scanning Calorimetery [DSCI 
Du Pont 1090 DSC was used for the thermal proper- 

ties of the blend materials. Temperature was raised a t  
the rate of 20°C/min. 

2.3. Measurement 
2.3,l. Measurement of Draw Resonance 
By using the projection microscope, diameters of fibers 
along the length a t  the interval of 15 cm were measu- 
red. The periods of the draw resonance were measured 
a t  the spinning line with a stop watch and calculated 

2.3.4. Capillary Rheometer 
Td observe rheological behavior of the spinning pro- 

cess, capillary rheometer [Toyoseiki, Capirograph 5831 
was used at the range of shear rate corresponding to 
the actual melt spinning at 200°C. 

3.RESULTS AND DISCUSSION 
3.1.Properties of PP/PE Blends 

DSC measurements of the blend chips of PP and PE 
are shown in Figure 1. No eutectic points could be fo- 
und in the curves and thus i t  can be said that PP and 
PE are incompatible. Peak area ratios also showed that 
they are thoroughly blended. 

Capillary rheometer results are shown in Figure 2. 
From this figure, it can be seen that all the blends inclu- 
ding homopolymers are shear thinning and as the PE 
content increased, the shear viscosities of the blends 
decreased (Figure 3). 

10' 
1 0 '  1 o 2  1 o3 1 o 4  

Shear rate (s-1) 

(Makaslama hlzl) 
Temperature (Co (slcakl~k) 

Figure 2. Effect of Shear Rate on Shear Viscosity. Fipm 1.DSC' Thc.rmodiapams a t  the Heating &LC OF 20' C/- 
min Tor Various Blends. -+homo PP + PP/PE 90/10 --& PP/PE 70130 

l:hcmo PP, Z:PP/PE 90/10 3 PP/PE 70130, &PP/PE 50150 + P p p E  50150 4- PP/PE 30170 -& PP/PE 10190 
5: PP/PE 30170,' 6:PP/PE 10190 ?:homo PE + homo PE 

Sekil 1. Ceritli Kfmlmlar kin 20°C/dak Is~tma Hlzindaki DSC Sekil Hlllnln mkaslama viskozitesine Etkisi 
Termodiyagramlan . 



2.2.Karigtirma ve Eriyik Halde 
Yapilacak Cekme 

PP ve LDPE bir ikiz salyangozlu 
ekstruderde, 200 "C de eritilip, 
100/0, 90110, 70130, 50150, 30170, 
10190 ve 01100 (PPILDPE olmak 
iizere) oranlannda kangt;lnlmig ve 
bu eriyikten cipsler yapilmigbr. Bu 
cipsler daha sonra deneysel (amag 
11) eriyikten ~ e k i m  makinasinda qe- 
kilmiglerdir. 1$em kogullari Tablo 
2'dedir. So@tmanin ~ e k i m  rezo- 
nansi iizerindeki etkisini azaltmak 
amaciyla, duzelerin 10 cm a h n a  bir 
su banyosu yer1eg;tirilmigtir. 
2.3.0lqumler 
2.3.1.Cekim Rezonanslnln 
ijlqiimii 

Projeksiyon mikroskobu kullani- 
larak, uzunluk boyunca 15 cm ara- 
llklarla lif qaplan ol~ulmugtur. Ce- 
kim rezonansinin periyodu, ~ e k i m  
hatbnda bir kronometre ile o l~ul-  
mu8 ve projeksiyon mikroskobu ile 
elde edilen verilerden hesaplanmig- 
tw. 
2.3.2.Taramali Elektron 
Mikroskobu (SEM) 

Liflerin morfolojisini incelemek 
ic;in, sivl azot banyosu isinde lifle- 
rin enine kesitleri hazirlanmig ve 
SEM (JEOL. JMS-200) ile gozlem 
yapilmigtw. 
2.3.3.Diferansiyel Taramall 
Kalorimetre (DSC) 

Karigim materyalin is11 ozellikle- 
ri iqin Du Pont 1090 DSC kullanil- 
migbr. SicaMik, 20°C/dak. oranin- 
da artirilmigtir. 

2.3.4.Jhlcal Reometre 
Cekim prosesinin reolojik davra- 

nigini gozleyebilmek i ~ i n ,  lulcal re- 
ometre, 200 "C'deki ge r~ek  eriyik 
halde qekime benzerkayma (makas- 
lama) orani arali@nda kullanilmig- 
hr. Toyoseiki, Capirograph 583). 

3.BULGULAR VE TARTIEJMA 
3.1.PP/PE Karigimlarinin 
~zellikleri 

PP ve PE harmanlanndan elde 
edilen kangm cipslerin DSC ol@m- 

leri gekil l'de gosterilmigtir. EBi- 
lerde otektik, noktalar bulunamadi- 
andan, PP ve PE'nin birbirleriyle 
uyurnlu olmadiklan soylenebilir. 
UC bolge oranlan da birbirleriyle ta- 
mamen kangbklanni gostermigtir. 

Kilcal reometre sonuqlari qekil 
2'de gosterilmigtir. Bu gekilden, ho- 
mopolimer i~eren  tiim kangimla- 
rin, kayma sonucu inceldikleri gorii- 
lebilir. gekil3'te de PE miktari art- 
tianda, karigimlann kaymaviskozi- 
telerinin dug tua  goriilmektedir. 

3.2.Cekim Rezonansi 
3.2.l.Kritik Cekim Orani 

Cekim rezonansi, lif ~apiarinin 
periyodik olarak deBgimidir ve lifle- 
rin Dmax/Dmin orani olarak ifade 
edilebilir. 

$ekil 4, karigim liflerin (PPIPE 
karigim orani: 90110) p p  de9gimle- 
rini gostermektedir. Cekim orani 
arttianda, Cap de&imi degerleri 
gekil5'te iaaretlenmigtir. 

$ekil6, Kangimlar i ~ i n ,  1,05 g/- 
dak. ekstruzyon hizindaki yk im re- 
zonansi davranigini gostermekte- 
dir. qekil5ve 6'da Dm&Dmin ora- 
ninin ~ e k i m  orani, ~ e k i m  rezonansi- 
nin olugmaga bagladla kritik ~ e k i m  
oraninl (DRC aghanda, arfA$ go- 
riilebilir. [Petrie ve Denn, 19761. 
Kritik cekim oranlan, gekil5 ve 6'- 
daki yatay qizgiler ile Dmax/D- 

oranlarinin lineer regresyon 
~izgilerinin kesigme noktalarindan 
saptanir. Homo PP i ~ i n ,  ekstriiz- 
yori hizlarina gore DRC deggimi $e- 
kil 7'de gosterilmigtir, ekstruzyon 
hizi ai%@nda kritik ~ e k i m  orani 
hafif~e duger. Bu, ekstriizyon hizi 
arfABnda artan duze genlegmesi 
nedeniyle olabilir. 

gekil8, PE miktannin DRC uze- 
rindeki etkisini gostermektedir. $e- 
kilden, PE miktan althanda 
D ~ c ' n i n  de artti@ goriilebilir. Bu 
durumun nedeni, PE miktan artti- 
a n d a  karigim liflerin ~ e k i m  rezo- 
nansi i ~ i n  daha stabil hale gelmele- 
ridir. 

(d) PP/PE 30170 

gekil9 (a), (b) ve (d'de goriildii- 
gibi, 30170 (PPIPE) kanglm ora- 

ninda PP'nin surekli fazl aynlir. 
Karigim liflerin surekli f an  D ~ c ' y e  
ulagti@nda ~ e k i m  rezonansi meyda- 
na gelir. Bu nedenle, PE miktan 
belli bir degerden, orneBn bu de- 
neyde % 70'den, dugiik oldu@nda 
PP surekli fazdir ve fazlan D ~ c ' y e  
ulagtianda, kangim lifler de , 

D ~ c ' y e  ulagir ve ~ e k i m  rezonansl 
olugur. 0 t e  yandan, PE miktan bel- 
li bir degeri, orne@n % 70'i a$i@n- 
da, PP aynllr ve PP'nin gekim ora- 



PE content (%I 
(PE miktard 

3.2. Draw Resonance 
3.2.1. Critical Draw Ratio 

Draw resonance is the periodic variation of the fiber 
diameters and i t  can be expressed as the ratio of DmaY 
to the Dlnin of the fibers. 

Figire 4 shows the diameter variation of the blend fi- 
bers (PP/PE blend ratio: 90/10). As the draw ratio inc- 
reases, the diameter variation and the period of the 
draw resonance also increase. For the hotno 
Dnl;Ls/Dllljrl valnes are  plntt,etl in Figure 5 

. .  .. 
0 2 4 6 8 1 0  1 2  8 w Filament length (m) - Filament uzunlu@ 



ni kangim liflerden daha duguk ola- 
bilir. Bu nedenle, PP'nin D ~ c ' y e  
ulagmasi iqin kaiqim lifleiin qekim 
orani arbrilmalidir, diger bir deyig- 
le, kritik qekim orani (DRc) surekli 
PP fazi iqin tahmin edilen degerden 
daha buyiik olur. 
3.2.2.Cekim Rezonansinin 
Egimi 

Sekil 10, qekim oranina gore 
Dma/Dmin/'in tiirevi olarak ta- 
nimlanan qekim rezonansi egimini 
gostermektedir. Ayni qekim oranin- 
da, ekstruzyon hizi arlh$nda egim 
ai-tar. Bununla beraber, genellikle 
aynl qekim oraninda ekstriizyon hi- 
zi arlh$nda lifin enine kesiti ve bu 
suretle de lif uzerindeki sarim (qe- 
kim) gerilimi de artar. Buradan, ge- 
rilimin qekim rezonansinin egimini 
kontrol et t ia ssijlenebilir [Nam ve 
Boque, 19841 .$ekil 11 qekim rezo- 
nansi egimine, PE miktannin etki- 
sini gostermektedir. Sabit bir eks- 
triizyon hizinda karigim oranlari de- 
gigtirildiginde, rezonans egiminde- 
ki degigme, yalnizca gerilim varyas- 
yonu ile deal  qekilemeyen raso- 
nant PE materyalinin etkisi ile de 

Extrusion rate (g/rnin) 
Ekstriizyon h lz~  (g/dak) 

Figure 10. Effect of Extrusion Rate on 
the Resonance Slope of Polypropylene. 
$ekil10. Polipropilenin Rezonans Egimi- 
ne Ekstriizyon Hlzlrun Etkisi. 

PE miktann qekim rezonansi egi- 
mi uzerindeki etkisi, ekstiiizyon hi- 
zindan daha azdir, qunku, PE mik- 
tan arttignda Dmin artar ve lifler 
kararli hale gelir. 

PE Content (%) 
PE miktar~ 

Figure 11. Effect of Polyethylene Con- 
tent on the Resonance Slope. 
$ekil 11. Rezonans Egimine Polietilen 
Miktarlnin Etkisi. 

3.2.3.Cekim Rezonansinin 
Periyodu 

Sekil 12'de, 2,l g/dak ekstruz- 
yon hizinda, qekim rezonansi uze- 
rinde qekim oraninin etkisi goriil- 
mektedir. Periyod, qekim orani art- 
ti$nda dugme e$limindedir. PE, 
lif qekimini stabil hale getirdigi 
iqin, PE miktari arttibnda periyod 
kisalir. 

I 

Apparent draw ratio 
Goriinen ~ e k i m  orani 

Figure 12. Erect of Draw Ratio on the 
Resonance Period at  Various Blend Ratios. 
$ekil12. Cesitli Lif Kar~glmlarinda Rezo- 
nans Periyodu fjzerinde Cekim Orarunln 
Etkisi. 

.homo PP APPIPE 90/10 
mPP/PE 70130 OPP/PE 50/50 
APP/PE 30170 UPP/PE 10/90 

3.3.Cekim Kopmasl (Kopqm) 
PE rniktari belli bir degeri agtimn- 

da, qekim kopuglari nedeniyle, daha 
yuksek qekim oranlari elde edilemez. 
Cekim kopuglarinin olugumu qekim re- 
zonansi veya dig tiirbiilans nedeniyle 

ortaya q k t i s  bilinmektedir. 
Daha yiiksek Dma//Dmin degerle- 

rine sahip PP durumunda, bir kopuga 
rastlanmamytir, PE idn, gekirn rezo- 
nansi ve dig tiirbiilans gozlenememig- 
tir, fakat qekim orani artirddimnda ko- 
layl~kla qekim kopuglari olugmugtur. 
Buradan, karigimlar iqin, qekim kopug 
mekanizmasinm PE'nin kopma meka- 
nizmasi nedeniyle olabilece@ sonucu- 
na var i lm~~;t~r .  

PE content (%) 

PE Miktan 
Figure 13. Effect of Polyethylene Con- 
tent on the Spin Break Draw Ratio. 
$ekil 13. Cekim Kopmasi Cekim Orani 
~ z e r i n d e  PE rniktarlnm etkisi. 

Sekil 13'ten goriilebilecegi gibi, da- 
ha zaylf olan PE miktan aitb$nda 
k a q i m  lifler daha zayf hale gele- 
ceklerinden, PE miktan % 50'yi a$- 
ti$nda kolaylikla qekim kopu8lan 
olugmaktadir. 

4.SONUCLAR 
Dmax/Dmin degerleri qekim ora- 

ninda ve kritik qekim oranindan da- 
ha yiiksek degerlerde lineer olarak 
artar. 

PE miktan arthgnda, DRC ar- 
tar ve qekim rezonansi periyodu k- 
salir, bhylece, PE miktan arlh@n- 
da kangim qekim sistemi stabil ha- 
le gelmig olur. Fakat, PE miktan 
arttianda, lii qekim kopuglannin 
meydana geldigi ~ e k i m  oranlan k u ~  
qulur. 

Te~ekkiir 
Yazarlan, bu aragbrmaya maddi 

destek saglayan Kore Bilim ve Mu- 
hendislik Vakfi'na iqten tegekkurle- 
rini sunmaktadirlar. 



Figure 6 shows the draw resonance behavior for the 
blends at the extrusion rate of 1.05gImin. In Figures 5 
and 6, it can be seen that Dmax/Dmin ratio increases 
as the draw ratio exceeds the critical draw ratio DRC 
at which draw resonance begins to occur [Petrie and 
Denn, 19761. DRC'S were determined by the intersecti- 
on points of the linear regression lines of Dmax/Dmin 
and the horizontal lines in Figures 5 and 6. For the ho- 
mo PP, the variation of DRC with respect to the extru- 
sion rates are shown in Figure 7 and they slightly decre- 
ase as the extrusion rate increases. This might be due 
to the die swell which increases as the extrusion rate 
increases. 

0 1 2 3 4 5 

Extrusion rate (g/min) 
Ekstriizyon hizi (9/dak) 

Figure 7 . ~ f f e c t  of Extrusion Rate on thc Critiml Draw Ratio of 

Polypropylene. 
gekil 7. Polipropilenin Kritik Cekim Oran1 fizcrinde Ekstriizyon 
Hizlnln Etkisi. 

Figure 8 shows the effect of PE content on the DRC 
and it can be seen that as the PE content increases, 
DRC increases due to the fact that as the PE content 
increases the blend fibers become more stable for the 
draw resonance and thus DRC increases. 

In Figure 9 (a), (b) and (c), continuous phase of PP 
becomes discrete at the blend ratio (PPIPE) of 30170. 
When the continuous phase of the blend fibers reaches 
the DRC the draw resonance occurs. Therefore, when 
PE content is less than a certain value, e.g. 70 %, in 
this experiment, PP is the continuous phase and when 
their phase reaches the D ~ c , t h e  blend fibers also reac- 
hes the DRC and the draw resonance occurs. On the ot- 
herhand, when PE content is over a certain value, e.g. 
70 %, PP becomes discrete and the draw ratio of PP 
may be less than that of the blend fibers. Therefore for 
the PP to reach the DRC the draw ratio of the blend fi- 
bers should be increased, i.e., the DRC becomes larger 
than that estimated for the continuous PP phase. 

PE content (%) - PE miktari 
Figure 8. EKcct ol'Polyclhylcne Content on the Critical Draw 
Fhlio. 
Sekil8. Kritik Cckim Oran~no Polietilen Miktarinin Etkisi. 

3.2.2.Slope Of Draw Resonance 
Figure 10 shows the slope of the draw resonance 

which is defined by the derivative of Dmax/Dmin with 
respect to the draw ratio. The slope increases as the ex- 
trusion rate increases for the same draw ratio. Howe- 
ver, generally when the extiusion rate increases for 
the same draw ratio, the cross-sectional area of the fi- 
ber increases and thus the take-up tension on the fiber 
increases. Therefore, it may be said that the tension on 
the fiber increases. Therefore, it may be said that the 
tension controls the slope of the draw resonance [Nam 
and Bogue, 19841. 

Figure 11 shows the effect of PE content on the slope 
of draw resonance. In this case, by varying the blend ra- 
tios at a constant extrusion rate, the change in the slo- 
pe of the resonance can be explained not only by the 
tension variation, but also by the effect of non-draw re- 
sonant PE material. 

The effect of PE content on the slope of the draw re- 
sonance is less than the extrusion rate due to the fact 
that as the PE content increases, ~ m i n  increases and 
the fibers become stabilized. 

3.2.3. Period of Draw Resonance 
Figure 12 shows the effect of draw ratio on the peri- 

od of draw resonance at the extrusion rate of 2.1 g/- 
min. The period has a tendency to decrease as the 
draw ratio increases and as thae PE content increases, 
the period becomes shorter due to the fact that PE ma- 
kes the spinning stable and thus diminishes the period 
of the draw resonance. 

3.3.Spin Break 
When the PE content exceeds a certain value, hig- 



her draw ratios cannot be obtained due to the spin bre- 
ak. Phenomenon of the spin break is known to be eit- 
her due to the draw resonance or external turbulence. 

In this case the PP which has the higher Dmas/D- 
min values did not have a spin break and for PE, draw 

resonance or external turbulence could not be obser- 
ved, but as the draw ratio increased, spin break occur- 
red easily. Therefore, for the blend, the spin break mec- 
hanism might be due to the break mechanism of the 
PE content. 

As it can be seen in Figure 13, when the PE content 
was over 50 %, spin break accurred easily, since the inc- 
rease of the weaker PE content made the blend fibers 
weaker. 

4.CONCLUSIONS 
Dm&Dmin values increase linearly with the draw 

ratio at and higher than DRC 
As the PE content increases, DRC increases and the 

period of the draw resonance becomes shorter, thus 
the blend spinning system becomes stable as the PE 
content increases. 

But as the PE content increases, the draw ratios at 
which the fiber spin break occurs become small. 
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