
468 POLIMERY 2005,50, nr 6

R E G I N A  J E Z IO R S K A

Instytut C h em ii P rzem ysłow ej 
ul. R ydygiera 8, 01 -793  W a rsza w a  
e-m ail: regin a .jeziorska@ ich p .p l

New higher added value polymeric materials made of fabrics wastes 
containing poly (ethylene terephthalate)

RAPID COMMUNICATION

S u m m a r y  —  T h e post-p rod u ction  PET-containing fabrics w astes w ere recy­
cled in order to p rod u ce n ew  higher a d d ed  valu e p olym eric  m aterials u sin g  
reactive extrusion. Th ese w astes w ere m elt b len d ed  w ith  p o ly a m id e  6 (PA6) 
and reactive m od ifier (M ) elaborated in Industrial C h em istry  Research Insti­
tute in W arsaw . The m odifier acts as com patibilizer in the structurally hetero­
g en ou s initial P A 6 /P E T  blen ds. FA6 -block-M-block-FET cop olym ers form ed  
d u rin g  the reactive extrusion  and located at the interface resulted  in g o o d  
interfacial adhesion , im p rov ed  tensile properties and  h igh  im pact strength o f  
these b len ds.
K e y  w o r d s : P A 6 /P E T  b len d s, recycling, reactive extru sion , m od ification ,
structure, m ech an ical properties.

A ccord in g  to a recent forecast the con su m p tion  o f  
p o ly e th y le n e  terephthalate) (PET) w ill still be rising b y  
15 % /y e a r  in the next future [1]. M ajor reason o f this 
o p tim istic  estim ation  is the o n -g o in g  rep lacem en t o f  
glass and a lu m in u m  containers b y  P E T-based ones. Re­
turnable and expen dab le PET bottles are w id e ly  u sed at 
present for the packagin g o f soft drinks, and even  for 
beer. A  further p o st-co n su m e r PET source is derived  
from  u sed carpets. Th u s d u e  to the increase o f en viron ­
m ental issues, the recycling o f PET bottles and carpets 
w as the subject o f several recent stu dies [2— 5].

PET is also w id e ly  u sed  in textile industry applica­
tions. It is w orth  n oting that PET is in strong com petition  
w ith  p o ly a m id es as fibers in the fabrics production . C o n ­
trary to p o ly a m id e  6 (PA6) [6], PET can n ot be d ep o ly ­
m er ized . A ccordin gly , the recycling o f PET-containing  
fabrics via reactive extrusion m a y  h av e  fo llo w in g  targets: 
to produce P A /P E T  or p o lo le fin s /P E T  (P O /P E T ) b lends  
and PET-fiber "re in fo rce d " P A  or P O -co m p o u n d s. A ll  o f  
them  sh ou ld  result in easy processable m aterial w ith  ac­
ceptable end use properties.

PET is v ery  sensitive to therm al decom p osition  in 
presence o f retained m oistu re and  variou s contam inants  
[7, 8]. Such contam inants, i.e. cotton, viscose and ad h e­
sives generate acidic c o m p o u n d s at processing tem pera­
ture, catalyzing h ydrolytic ester b o n d s cleavage, leading  
to low er m olecular w eig h t and higher am o u n t o f carbo­

xylic end grou ps.

O u r intention w a s to convert the post-production PET- 
-containing fabrics w astes into n ew  higher added value  
polym eric materials usin g reactive extrusion. The use of 
extruders as continuous reactors for processes such as p o ­
lym erization, p olym er m odification or compatibilization of 
polym er blends involves technologies that are gaining in­
creasing popularity and com pete w ith conventional opera­
tions w ith respect to efficiency and econom ics [9— 12].

T h e aim  o f this stu d y  is to report on  a n ew  recycling  
m eth o d  w h ich  m a y  im p rov e  the properties and econ o­
m ics o f recycling o f post-p rod u ction  PET-containing fab­
rics w astes.

EXPERIMENTAL

M a teria ls

PET-containing fabrics w astes (PET) w ere provid ed  
b y  Polontex, C zęsto ch o w a . Its m elt flo w  rate (MFR), w as  
36  g /1 0  m in  [P N -E N  IS O  1133 :2002 (U ), 270  °C , 1.2 kg].

T h e com m ercial p o ly a m id e  6 (PA6) w as su p p lied  b y  
N itrogen  W o rk s Tarn ów  S A , P oland. Its intrinsic v isco­
sity  w a s  1 .1 3  d L / g  [in p h e n o l/1 ,2 -d ic h lo r o b e n z e n e ,  
5 0 /5 0  (w t ./w t .) ,  25  °C ], the contents o f carboxyl end  
g ro u p s w a s 34  m e q /k g  and  MFR w a s 2 .6  g /1 0  m in  
(230 °C , 0 .32 kg).

M o d ifier  (M ) w ith  oxazolin e functional grou ps w as  
elaborated in Industrial C hem istry  Research Institute.
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Blend preparation

Before u sin g  P A 6 w a s dried at tem perature 85 °C  u n ­
der v a c u u m  for 12 h. PET fabrics w astes w ere defibred. 
Figure 1 sh o w s a v iew  o f PET-containing fabrics w astes  
before and after fibration.

Fig. 1. PET-containing fabrics wastes: a) before fibration, b) af­
ter fibration

In v e s t ig a t io n s  w e re  ca rr ie d  o u t u s in g  B e rsto rff  
Z E -2 5 x 3 3 D  m o d u la r  in te rm e sh in g  c o -ro ta tin g  tw in -  
-screw  extru der e q u ip p e d  w ith  v a c u u m  v en t an d  o f  
screw  diam eter o f 25  m m  and L /D  o f 33. Series o f 6 0 / 40  
P A 6 /P E T  (by w eigh t) b len ds w ith  different concentra­
tion o f m od ifier w ere prepared. W e  expected the reaction  
in v o lv in g  functional grou p s o f P A 6, carboxyl g ro u p s o f  
PET, and reactive grou p s o f m odifier. T h e therm al pro­
file w a s  3 5 /2 3 0 / 2 4 5 / 2 4 5 / 2 4 5 /2 4 5 /2 4 5 /2 4 5 /2 5 0 / 2 4 0  
and the screw  sp eed  80 rpm . T h e relatively h igh  die tem ­
perature (250 °C ) and screw  sp eed  a llo w ed  to w ork  w ith  
a residence tim e o f about 3 m in , w h ich  sh ou ld  be su ffi­

cient for the co u p lin g  reactions occurrence to a reason ­
able extent [1 3 ,1 4 ].

Injection m o ld in g  process w as p erform ed u sin g  A r -  
b u rg  injection m o ld e r  at tem perature 3— 5 °C  high er  
than the m eltin g  p oin t o f the b len ds determ in ed  b y  d if­
ferential calorim etry m easu rem ents.

Methods

Scanning electron m icroscop y  (SE M ) observation s of 
the surfaces, prod u ced  b y  fracturing o f the sam p les u n ­

der liquid  nitrogen and  coating them  w ith  g o ld , w ere  
m a d e  u sin g  Jeol JSM -6100 m icroscope.

Solubility  tests o f the sa m p les w ere carried out usin g  
a Soxhlet apparatus, in 85 w t. %  form ic acid at room  
tem p eratu re. T h e reaction  p ro d u c t a n d  p o ly a m id e  6 
w ere d isso lv e d  in form ic acid . A fter  the tim e, w h en  
p o ly a m id e  sa m p le  w as entirely d isso lv ed  the solu tion  
w ere precipitated into seven  v o lu m e s o f m eth an ol, fil­
tered, w ash ed  and dried  u n der v a c u u m  at 75 °C  for 48  h.

T h e tensile tests w ere perform ed  according to P N -E N  
ISO  5 2 7 -2 :1 9 9 8  at room  tem perature u sin g  an Instron  
4505 tensile tester at a crosshead sp eed  o f 5 m m /m in .

C h a rp y  im pact tests w ere p erfo rm ed  according to  
P N -E N  ISO  179 -1 :200 2  (U ) at roo m  tem perature.

M e lt  flo w  rate (MFR) w as exam in ed  u sin g  p lastom e- 
ter typ e II RT, according to P N -E N  ISO  1133 :2002 (U ) 
standard at 230  °C  and  2 .16  kg.

RESULTS AND DISCUSSION

Reactions betw een  P A 6 and PET in a m olten  state 
sh ou ld  result in an increase in m olecu lar w eigh t and  
viscosity. M elt flo w  rate m easu rem ents carried ou t for 
6 0 /4 0  P A 6 /P E T  b len d s in the presence o f m od ifier are 
collected in Table 1. A s  expected , the fairly rapid d e ­
crease in MFR o f  P A 6 /P E T  b le n d s  after a d d itio n  o f  
5 w t. %  o f m od ifier (M ) is observed . This fact indicates  
substantial progress o f interfacial reactions and m o lecu ­
lar w eig h t increase. M oreover, an increase in M  concen­

tration from  5 to 15 %  decreases MFR further, w hich  
su ggests that the reactive m od ifier prom otes the co m - 
patibilization o f the blen d  b y  en h an cin g the form ation  o f 
PA6 -block-M-block-PET cop olym ers.

T a b l e  1. Effect of modifier on melt flow rate (MFR) of 60/40 
PA6/PET blends

M o d ifie r  con cen tration , w t. %  M F R ,  g / 1 0  m in

0 I 1 3

5  ! 2.9

10  1 .4

1 5  0.3

Ta b l e  2. Solubility of the pure components and of the blends in 
formic acid (85 wt. %)

B len d  co m p o sitio n  (P A 6 / P E T / M )  ' S o lu b ility , w t. %

100 /0 /0
0 /100 /0
6 0 / 4 0 /0

6 0 / 4 0 / 5

6 0 / 4 0 / 10

6 0 / 4 0 / 15

100
0

60

24

21
9

D ata concerning the solu bility  o f the resulting blen ds  
in form ic acid can be u sed for qualitative evalu ation  of
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Fig. 2. FT-IR spectrum of formie acid-insoluble fraction of 60/40/15 PA6/PET/M blend

Fig. 3. Scanning electron micrographs of 60/40 PA6/PET blends as a function of modifier: a,b  —  0 % of modifier, c,d  —  5 %  of 
modifier, e , f — 15 % of modifier

the final p o ly m er co m p ositio n . So lu bility  o f the pure m odifier decreases significantly, w h ich  confirm s the for- 
com p on en ts and o f the b len d s are collected in Table 2. m ation  o f block co p o lym ers. T h e resulting p olym er sy s- 
Solubility o f  6 0 /4 0  P A 6 /P E T  b len d s in the presence o f tern can be con sidered as PA6-block-M-block-PET cop oly -
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m er w ith  so m e content o f h o m o p o ly m ers. It sh ou ld  be  
noted that the data o f so lu bility  tests d o  n ot provid e the 
possibility  to calculate exactly a com p osition  o f the re­
sulting product.

Th erefore the m aterial w a s  in vestigated  b y  FT-IR  
spectroscopy. Figure 2 sh o w s the sp ectru m  o f form ic  
acid-in solu ble fraction o f  6 0 /4 0 /1 5  P A 6 /P E T /M  blend. 
The strong N -H  stretching vibration  at 3302  cm ' 1  and  
a sharp sm all peak at 3083  cm "1 indicate the presence o f  
a m id e  g ro u p s , characteristic for P A 6 . A  broad sm all 
stretching vibration at 2921 cm ' 1  and  a sharp sm all peak  
at 2851 cm ' 1 du e to C H , C H 2  and  C H 3  g ro u p s are ob ­
served. In addition  p ron ou n ced  p eak  at 1716 cm "1  related  
to C = 0  o f the arom atic esters o f interm olecular linkage is 
presen t [14, 15]. Broad sm a ll stretch in g vibrations at 
1640 cm ' 1 and at 1557 cm "1  relate to I and II am ide ban ds. 
The distortion stretching vibration  at 1463 cm "1  d u e to 
C H  grou p  w as also observed . H o w ev er , the stretching  
vibration at 1101 cm "1  d u e to C -C  and  C -N  grou p s and at 
1022 cm "1 o f IV  am id e  b a n d , and  C -H  absorption  ban d o f  
substituted ring at 727  cm ' 1  appeared . A ll  this leads to 
the conclusion that the interm olecular reactions o f fu n c­

tional groups o f b len d  com p on en ts take place during  
reactive processing.

Phase structure stu dies sh o w e d  that interfacial reac­
tions betw een reactive m odifier, P A 6  and  PET are effec­
tive in the com patibilization  o f b len d s investigated. A s  
exam ples, Fig. 3 presents S E M  m icrograph s o f the im ­
pact fractured surface o f the sa m p les as a function  o f  
concentration o f m odifier. T h e  binary 6 0 /4 0  P A 6 /P E T  
blend w ith no m od ifier d isp lays the m o rp h o lo g y  w ith  
a p oor dispersion  o f PET droplets o f  variou s d im en sion s  
and no interfacial adhesion . T h e P A 6 /P E T  b len ds in  the 
presence o f m od ifier sh o w  h eterogen eou s com patible  
structure w ith very g o o d  ad h esion  betw een  the phases. 
It is m o re  reason ab le  to a ssu m e  that a con sid erab le  
n u m ber o f m od ifier m olecu les react w ith  the end grou ps  
of P A 6  and  the carboxyl term inal grou p s o f PET to pro­
d u ce  b lock  c o p o ly m e rs  located  in the interface. The  
block  cop olym ers fo rm ed  d u rin g  reactive processing, 
because o f interchain exch ange reactions, p lay  a role of 
com patibilizers. SE M  results are in accordance w ith  con ­
clusions from  FT-IR spectra.

T a b l e  3. Effect of modifier on tensile properties and Charpy 
impact strength of 60/40 PA/PET blends

Modifier 
concentration, 

wt. %
Ob, MPa Efl, % Ei, MPa acu, kj/m2

0 16 0.6 1800 3
5 55 3.2 2500 37
10 53 3.9 2600 42
15 50 2.7 2680 37

P A 6 /P E T  b le n d s ,  w h e n  c h e m ic a l ly  m o d i f i e d ,  
sh ow ed  im p rovem en t in both  tensile and  im pact per­

form an ce (Table 3). For ex am p le , the u ltim ate tensile  
strength (стд) and C h a rp y  im pact strength (асц ) of 6 0 /4 0  
P A 6 /P E T  b len d  w ith  5 %  o f m od ifier increased from  16 
to 55  M P a  and from  3  to 3 7  k j /m 2, respectively. A t  the 
sam e tim e, e longation  at break (Eg) increased from  0 .6  to

3 .2  %  and tensile m o d u lu s  (Et) from  1800 to 2500 M P a. 
These features are typical for com p atible blends. M o re ­
over, an increase in  the m od ifier concentration from  5 to 
15 %  im p roves the stiffness o f the blen ds. The results o f  
the m echanical characterization are in a g o o d  agreem ent 
w ith  all oth er ex p erim en ta l data in d icatin g  that the  
m odifier does actually help  in the in s itu  form ation o f  
block copolym er.

CO N CLU SIO N S

In this w o rk , a n e w  recyclin g m eth o d  o f PE T-con- 
taining fabrics w a stes b y  reactive extrusion w ith  P A 6  

has been  described . M o reov er, the possibility  to u se re­
active m od ifier elaborated in the Industrial C h em istry  
Research Institute as a prom oter o f P A 6 -b lo ck -M -b lo ck -  
-P E T  co p o lym ers form ation  has been  investigated . T h e  
m o rp h olo gica l an alysis , M F R  characterization, the ten­
sile beh avior an d , m o re  clearly, the im pact tests sh o w ed  
that co u p lin g  reactions b etw een  the m odifier, P A 6  and  
PET fabrics w astes w ere  effective in the com p atibiliza ­
tion o f investigated  b len d s. Phase m o rp h o lo g y  o f the  
b len d s  d e m o n stra te s  h e te ro g e n e o u s , b u t co m p atib le  
character according to S E M  results, w h ich  w as in ac­
cordance w ith  FT-IR spectra. Solu bility  and  FT-IR in ves­
tigations ev id en ced  ch em ical reactions w h ich  result in  
F A ó -b lo c k -M -b lo ck -F E T  co p o lym ers. T h e block co p o ly ­
m ers fo rm ed  d u rin g  the reactive extrusion and located  
at the interface result in a g o o d  interfacial adhesion , im ­
p ro ved  tensile properties an d  h igh  im pact strength o f  
these b len d s.
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