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Effect of oxazoline grafted polyethylene on the structure and properties 
of poly(butylene terephthalate)/polyamide 6 blends

RAPID COMMUNICATIONS

S u m m a ry  —  Structural phases and b lends properties o f p o ly (b u ty len e tere- 
p h th a la te ) /p o ly a m id e  6 b len ds w ere stu d ied  in a chem ical m odification  in­
v o lv in g  reactive extrusion w ith a ricin ol-2 -oxazolin e m eth ylm aleate (R O M )  
grafted  p o ly eth ylen e . T h e interfacial reaction betw een  b len d  com p on en ts  
w ere stu d ied  b y  differential scanning calorim etry (D SC ) and scanning elec­
tron m icroscopy (SEM ). The static tensile and flexural properties and im pact 
resistance response o f the b len ds w ere tested. A ccord in g  to D S C  data, the 
reactive processing results in form ation  o f h eterogenous blen ds. Phase struc­
ture and  m echanical behavior studies sh ow ed  that interfacial reactions be­
tw een P E -g -R O M , p oly(b u tylen e terephthalate) and p o ly a m id e  6 containing  
co-reactive grou ps w ere effective in the com patibilization  o f b len d s investi­

gated . Phase m o rp h o lo g y  o f the b lends w a s o f interpenetrating p olym er net­
w ork  (IPN ) type according to SE M  results w h ich  w as in accordance w ith  
learnings from  D T A  spectra. FT-IR, D S C  and D T A  investigations su gg est evi­
dence for the chem ical reaction. The graft p o lym er form ed  d u rin g the reactive 
extrusion results in an a lloy  w ith g o o d  interfacial adhesion  and h igh  im pact 
resistance.
K e y  w o r d s : P B T /P A  6 blen ds, com patibilization , oxazolin e functionalized  
lo w  den sity  p olyeth ylen e, ricin ol-2 -oxazolin e m eth ylm aleate, reactive extru­
sion , m o rp h olo gy , m echanical properties.

Reactive processing  is tod ay an im portant field o f in­
d u stria l a n d  scien tific  activities. T h e  m o d ifica tio n  of 
therm oplastics in tw in  screw  extruders to produce n ew  
m aterials is an inexpen sive and rapid w a y  to obtain n ew  
com m ercially  valu ab le p o lym ers. The functionalization  
reaction has a great potential for m a k in g  n ew  products  
w ith  h ig h er co m m ercia l v a lu e  fro m  gen eral-p u rp ose  
p olym ers. Functionalization o f polyo lefin s (PO ) b y  m elt 
grafting o f unsaturated polar grou ps onto the polym er  
backbone chain b y  u sin g  organic peroxides as free radi­
cal initiators has received considerable attention recently  
[1— 3]. For instance, m aleic an h yd rid e, acrylic acid and  
g ly cid y l m ethacrylate h ave been grafted onto p o ly o le ­
fins especially  in order to im p rove their com patibility  
w ith  polar therm oplastics (e.g. p o ly a m id es and p o ly es­
ters) and to p rom ote their adhesion  to glass fibres in 
p o ly m er com p osites. A ls o , po lyeth ylen e grafted w ith  v i­
n yl silanes can be crosslinked in the presence o f m oisture  
via h yd rolysis  and further con den sation  [4]. A s  a result,

its creep, abrasion, heat deform ation  and  chem ical resis­
tances are enhanced.

Functionalized p o ly m ers are w id e ly  u sed  as in situ 
com patibilizers in p o ly m er b len ds [5— 9]. Because only  
a fe w  p olym ers are m iscible , an effective com patibilizer  
is required to reduce the interfacial tension  and increase 
the interfacial adhesion.

T h e overall objective o f this w ork  w a s to evaluate the 
e ffe c tiv e n e s s  o f  r ic in o l -2 -o x a z o lin e  m e th y lm a le a te  
(R O M ) grafted polyeth ylen e (P E -g -R O M ) on  the m or­
p h ology , phase behavior and  properties o f p o ly (b u ty len e  
terep h th a late)/p o ly am id e  6 blen ds.

EXPERIM EN TAL

M a teria ls

P olyeth ylen e (PE) u sed  in this stu d y  w a s lo w  density  
polyeth ylen e (Polish P etroleum  C on cern  O rlen  S A , Po-
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lan d) sh o w in g  m elt flo w  rate {MFR) o f 2.1 g /1 0  m in  
[P N -E N  ISO  1133 :200 2  (U ), 190 °C , 2 .1 6  k g ], PE w as  
dried at 80  °C  for 2 h  before u sin g.

F unctionalized  p olyeth ylen e w as prepared b y  m elt  
grafting o f ric in ol-2 -oxazolin e m eth ylm aleate onto PE 
h o m o p o ly m e r  (M F R  =  1 .7 g /1 0  m in).

P o ly fb u ty le n e  terep h th alate) (PBT) w a s  ob tain ed  
from  Jelchem S A , P oland [M FR  =  5 .4  g /1 0  m in  according  
to P N -E N  ISO  1133 :2002 (U ), 270 °C , 1 .2 kg, die I]. PBT  
w as dried  at 110 °C  for 4  h u n der vacu u m .

P oly a m id e  6 (PA 6) w as su p p lied  b y  N itrogen  W orks  
Tarnów  S A , P oland [M FR =  2 .6  g /1 0  m in  according to 
P N -E N  ISO  1133 :2002 (U ), 230  °C , 0 .32  kg], P A  6 w as  
dried at 85 °C  for 8 h.

R ic in o l-2 -o x a z o lin e  m e th y lm a le a te  [F o rm u la  (I)] 
(L oxam id  V E P  8515) w a s obtained from  H en k el, G er­
m any.

N -C H 2 
O - R— ^  I 
O -C H 3 0 -C H 2 (1)

О

A s  peroxide initiator di-ferf-butyl peroxide (D TBP of  
R ied el-d e-H a en , G erm an y) w as selected.

and dried un der v a c u u m  at 75 °C  for 48  h. T h e purified  
p roduct w as characterized u sin g  FT-IR spectroscopy.

Preparation of poly(butylene terephthalate)/ 
polyamide 6 blends by means of PE-g-ROM

P o ly (b u ty le n e  te r e p h th a la te ) /p o ly a m id e  6 b len d s  
(PBT/Р А  6) w ere prepared u sin g  the sa m e Berstorff ex­
truder as u sed  for the grafting process. P E -g -R O M  w as  
cou pled  together w ith  PBT and  PA 6 and  a llo w ed  to 
react for 3 m in  at 210— 230 °C  [equation (2)]. This w a y  
p ro d u c ed  P B T /P E -g -R O M /P A  6 b le n d s  o f  d iffe re n t

n- ch2 H-0
R— (  1 + ^— PBT

0 - CH2 0

N- CH2 01X

R—<f 1 + У  P A

Xи1о 0
0

\ R̂  NH. ^CH2\ . A
/  A

ĈH-C 0
\  °

0
Л  R̂  NH.. CI-I2\ . A

PE Y 0

(2)

Melt grafting of ricinol-2-oxazoline methylmaleate 
onto polyethylene

M elt grafting o f R O M  onto P E -L D  [equation (I)] w as  
carried o u t at 180— 200  °C  in a pilot plant tw in -screw  
co-rotating extruder Berstorff Z E -2 5 — 3 3 D  (D  =  25 m m , 
L/D = 33 , feedin g rate 3— 4 k g /h ,  80 rp m .), according to 
the procedu re p u b lish ed  elsew h ere [10— 13].

PE

+

N - CH2 
O -R — <f I 
O - CH3 O - CH2

О

peroxide 
200 °C *

N - CH2 
O - R— {  I 
O - CH3 O -C H 2

(1)

In a typical grafting process, the peroxide initiator 
w as m ix ed  w ith  R O M  in the ribbon m ixer and the m ix ­
ture w a s a d d ed  to so lid  PE. T h e w et m ixture w a s then  
fed into the m en tion ed  above tw in -screw  co-rotating ex­
truder and  a llo w ed  to react for 3 m in . The reaction pro ­
du ct (P E -g -R O M ) w a s cooled  in water, pelletized and  
dried for 4 h in a v a c u u m  o v en  at 80 °C .

For purification, P E -g -R O M  w as d isso lv ed  in reflux­
in g  t o lu e n e  o r  x y le n e  at a c o n c e n t r a t io n  o f  4 %  
(w t ./v o l .) .  The so lu tion  w as precipitated into seven  v o l­
u m es o f m eth an ol and  the p roduct w as filtered, w a sh ed ,

com positions (see Table 1) w ere then g ro u n d  to sm all 
pellets for injection m o ld in g . Injection m o ld in g  process  
w a s p erform ed w ith  the injection m o ld er  (A rbu rg) at 
tem perature 3— 5 °C  higher than m eltin g  poin t deter­
m in ed  at Boetius apparatus.

Structure and physicochemical methods

Thin  film s (50 p m  in thickness) o f the purified  grafted  
p olyeth ylen e w a s com p ression  m o ld e d  at 210  °C  un der  
a pressure o f 13.8 M P a for 1 m in . FT-IR spectra o f these 
thin film s w ere recorded b y  Spectrum  1000  Perkin-Elm er  
FT-IR spectrom eter at room  tem perature u sin g  a resolu ­
tion o f 4  c m '1.

T h e  m o r p h o lo g ie s  o f the fractu re su rfaces o f the 
sp ecim en s w ere stu d ied  b y  sca n n in g  electron m icro ­
scope JSM 6100 , Jeol. Sam ples w ere fractured u n der li­
quid  nitrogen after 3 m in  and then v a c u u m  coated w ith  
gold .

D ifferen tia l sca n n in g  ca lorim etry  (D S C ) w a s  per­
form ed w ith  P erkin-Elm er (D S C -2) apparatus. The pro­
cess w a s  carried o u t in a triple cycle  h eatin g— cool­
ing— heating in the tem perature ranges from  -100  °C  to 
300 °C  w ith  the rate o f heating or coolin g  10 °C /m in .  
G lass transition tem perature (Tg) w as determ in ed  from  
the tem peratu re d ia g ra m s as the tem p eratu re corre­
sp o n d in g  to the u pper inflection p oin t or m a x im u m  o f  
the curve. M eltin g  poin t (T„,) and  crystallization tern-
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perature (Tc) w ere determ in ed  as corresponding to the 
m a x im u m  o f the endotherm ic curve and the m in im u m  
o f the exotherm ic curve, respectively.

D y n a m ic  m echanical therm al analysis (D M T A ) w as  
preform ed  w ith  R D S-II-R heom etrics apparatus w ithin  
tem perature range from  0 °C  to 300  °C  at 1 H z  with  
heating rate 3 ° C /m i n .  T h e com p lex  m o d u lu s  (G ), d y ­
nam ic viscosity  (r| ) and loss tangent (tg 5) w ere deter­
m in ed  b y  this m eth od .

Solubility  tests o f the sam ples w ere carried out w ith  
Soxhlet apparatus in 85 w t. %  form ic acid.

M echanical properties

Flexural strength and m o d u lu s w ere m easured ac­

cordin g to P N -E N  ISO  178:1998 , and  the tests w ere car­
ried out at Instron 4505  apparatus at room  tem perature.

T h e  te sts  c o n c e r n in g  ten sile  d ata  (a c c o r d in g  to  
P N -E N  ISO  527 -2 :199 8) w ere carried out at room  tem ­
perature u sin g  Instron 4505  tensile tester at a crosshead  
sp eed  o f 5 m m  / m in .

C h a rp y  im pact notched and u nnotched tests w ere  
perform ed according to P N -E N  ISO 179-1 :2002  (U ).

D eflection  tem perature w as m easu red according to 
P N -E N  ISO  75 -2 :1998 .

H a rd n ess w a s estim ated according to P N -E N  ISO  
2 0 39 -1 :20 02  (U ).

M e lt flo w  rate (MFR) w a s exam in ed  usin g p lastom e- 
ter typ e II RT according to P N -E N  ISO 1133:2002 (U) 
(270 °C , 1.2 k g , d ie I).

RESULTS AND DISCUSSION

Chem ical structure

FT-IR spectra o f purified  R O M -g rafted  PE sh ow ed  
a n ew  peak at 1644 c m '1 characteristic for oxazolin e ring, 
con firm ing that the grafting process w as successful [12, 
13].

Blends com ponents m iscibility

T h e  e f fe c t  o f  P E -g -R O M  in c o m p a t ib il iz in g  o f  
P B T /P A  6 b len ds w as first observed  in SE M  im ages (Fig. 
1). T h e m icro g ra p h s o f the fractured surfaces o f the 
blends sam p les presented in Fig. 1 dem onstrate a com ­
patible heterophasic character o f interpenetrating p o ly ­
m er netw ork  (IPN ) typ e, w h ich  w as in accordance with  
learnings from  D M T A  spectra (Fig. 2). This is d u e  to the 
very  g o o d  ad h esion  and confirm s the form ation  o f block  
cop olym ers located in the interface.

Phase structure studies sh ow ed  that interfacial reac­
tions betw een functionalized P E -g -R O M , PBT and PA 6 
containing co-reactive grou ps are effective in the com - 
patibilization o f investigated blends. The graft copoly ­
m ers form ed d u rin g  reactive processing, because o f inter­
chain exchange reactions, p lay  a role o f com patibilizers.

Fig. 1. SEM micrographs offracture sections of PBT/PE-g- 
-ROM/PA 6 blends: a) 30/20/50, b) 25/25/50, c) 40/20/40, 
d) 40/25/35
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Fig. 2. DMTA data of PBT/PE-g-ROM/PA 6  (30/20/50) 
blend; for symbols see text

P h ase tran sitio n s o f  the b le n d s

A c c o r d in g  to D S C  data  o f P B T /P E -g -R O M /P A  6 
blen ds presented in Table 1 and  in Figures 3 and 4, the 
tw o -sta g e  process results in heterophasic b len ds w ith  
tw o m ark ed  m eltin g  peaks (Tm) and tw o crystallization  
regions (Tc) correspondin g to the b lends com p on en ts. 
M eltin g  poin t o f PE fraction is fo u n d  the sa m e as that o f  
the neat PE (111— 113 °C ), w h ile  the enthalpy is g row in g  
u p. M a x im a  o f curves presenting the effects o f endother­
m ic or e g zo  therm ic processes observed  in m eltin g and  
crystallization regions are the results o f an overlappin g  
o f the th erm o gra p h s o f b len d  co m p on en ts (PBT and

T a b l e  1. DSC results of PBT/PE-^-ROM/PA 6 blends'1

PBT/PE-g-

0 n T ,„h  ° c 0
n Tm2, °C 0 n

-ROM/PA
%

(ДС^Л/g
• K)

(ДН,„1,
J/g)

(ДH a ,

J/g)
(AH,„2, 
J/g)

(AHc2,
J/g)

100/0 /0
44

(0.13)
— — 121, 226 

(49.7)
190

(58.0)

0 /0 /100
40

(0.32)
— — 221

(62.4)
171

(63.5)

40/20/40
— Ill

(169.5)
101, 60 
(129.1)

224
(55.7)

192,185
(68.6)

35/25/40 — 112
(139.4)

101,59 
(122.3)

225
(55.0)

192,186
(66.8)

30/20/50 — 112
(163.3)

101, 60
(126.5)

224
(57.7)

193,187
(68.5)

25/25/50
— 113

(154.2)
101, 60 
(126.1)

224
(61.0)

188
(71.5)

0 /100 /0 — 113
(130.9)

101, 64 
(131.8)

— —

’ A H m i, ДН,„2, (J/g of the blend component) —  melting enthalpy; A H ci, 
AHc2, (J/g of the blend component) —  crystallization heat; ДС,, —  heat 
capacity difference at Tx ; bolding values —  main effect; index 1 con­
cerns PE-g-ROM, while index 2 —  PBT + PA 6.

Temperature, “C

Fig. 3. DSC thermograms of PBT/PE-g-ROM/PA 6  blends, 
and of blend components over 0— 250 °C; second heat run

P A  6) d u e  to their close attitude or m icroph ase disper­
sion  and  com patibilization .

This, together w ith  the d isappearance o f glass transi­
tion tem peratures associated w ith  PBT and  P A  6 indi­
cates, indirectly, that interfacial reactions h ave occurred  
betw een  the oxazolin e grou p s in PE w ith  the functional 
grou ps in PBT and P A  6 ph ases d u rin g  reactive extru­
sion.

S o lu b ility  data

D ata o f the resulting b len ds solubilities in a form ic  
acid can be u sed for qualitative evalu ation  o f the final 
p o ly m e r  co m p o sitio n s . S o lu b ility  o f the p ro d u c t ob ­
tained b y  reactive processing o f  p o ly e s te r /p o ly a m id e  6 
b len d s in the presen ce o f o xa zo lin e  fu n ction ality  d e ­
creases significantly, w h ich  con firm s the form ation  o f  
graft cop olym ers and  better chem ical resistance. A s  can  
be seen from  Table 2 the solu bility  ch an ges w ith blen d  
com p osition . The resulting p o ly m er sy stem s can be con ­
sidered as P B T /P E -g -R O M /P A  6 block  cop olym ers w ith
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300 250 200 150 100 50 0
T e m p e ra tu re ,  “C

Fig. 4. DSC thermograms of PBT/PE-g-ROM/PA 6  blends 
and of blend components in a crystallization region;  second 
heat run

so m e  contents o f starting h om op o ly m ers. It sh ou ld  be  
n oted that the data o f the solubility  tests d o  not provide  
the p ossib ility  to calculate exactly the p o ly m er co m p osi­
tion o f the resulting product.

T a b l e  2. Solubility of PBT/PE-g-ROM/PA 6 blends in a formic 
acid (85 wt. %)

PBT/PE-g-ROM/PA 6 Solubility, wt. %

100 /0 /0 0
40/20/40 19
35/25/40 17
30/20/50 27
25/25/50 25
0 /0 /100 100

Impact properties

P B T /P A  6 b len d s w ere investigated m ain ly  in order 
to d ev e lo p  n ew  engineering p olym ers sh o w in g  h igh  im ­
pact strength. T h e results p ro ved  that this aim  cou ld  be  
ach ieved. Table 3 sh o w s the effect o f the functionalized  
PE on  the im pact strength o f the investigated blends. 
There w a s im pact strength im p rovem en t in the blen ds,

in com p arison  w ith  PBT and  PA 6 , respectively. This  
p h en om en on  m a y  be d u e  to m en tion ed  earlier reaction  
w ith  participation o f functional g ro u p s o f three co m p o ­
nents o f a b len d . T h e im p rov em en t in im pact strength  
enhanced sligh tly  w ith  increasing concentration o f the 
functionalized PE.

T a b l e  3. Mechanical properties of PBT, PA 6 and reactive 
PBT/PE-g-ROM/PA 6 blends

PBT/PE-g-ROM/PA 6

Property PBT 40/20
/40

35/25
/40

30/20
/50

25/25
/50

PA 6

Yield point, MPa 52 55 52 58 53 78
Elongation at yield

3.8 6.2 7.3 5.6 5.8 4.0point, %
Strength at break, MPa 46 50 50 55 50 50
Elongation at break, % 16 22 20 18 22 50
Flexural strength, MPa 72 60 54 60 57 82
Flexural modulus, MPa 2544 2000 1800 2000 1870 2800
Charpy unnotched impact nb nb nb nb nb nb

strength, kj/m
Charpy notched impact

10 10 12 12 14 7
strength, k j/m 2

Deflection temperature 53 59 60 60 59 60
(1.8 MPa), °C

Ball hardness, N /m m 2 79 82 75 83 78 79
MFR, g /10 min 5.4 0.8 0.6 0.7 0.6 г.б"’

' nb —  no break.
230 °C, 0.32 kg die II.

Other mechanical properties

T h e investigated b len d s retain properties o f engineer­
in g  p olym ers. A s  ev id en t from  Table 3 , an increase in 
P E -g -R O M  a m o u n t  in  th e  b le n d s  r e s u lts  in  lo w e r  
strength and m o d u lu s  on  one h an d , and  high er e lon ga­
tion at y ield  poin t on the other. H o w e v e r , the b len ds  
sh o w  higher tensile strength, e longation  at break, and  
deflection tem perature in com p arison  w ith  PBT. MFR of 
the b len ds dram atically  decreased. Th is fact indicates 
substantial am ou n ts o f interfacial reaction and  m o lecu ­
lar w eig h t increase.

CONCLUSIONS

It has been sh o w n  that the interfacial reactions be­
tw een  p olyeth ylen e, reactively fu n ction alized  w ith  an 
oxazolin e g rou p , and PBT and  PA 6 containing co-reac- 
tive grou ps are effective in the com p atibilization  o f the 
p o ly m er blen ds. T h e graft co p o lym er form ed  d u rin g the 
reactive extrusion results in an a lloy  w ith  g o o d  inter­
facial adhesion. T h e presented m e th o d  o f reactive extru­
sion  b y  tw o-stage process p rovides a possibility  to pro­
d u ce  a variety o f n ew  h igh -im p act and  g o o d  chem ical 
resistance (better than P A  6) p o ly m e ric  m aterials b y  
v aryin g  the concentration o f P E -g -R O M  and initial p o ly ­
m er com position.
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