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Study of welding of poly (ether-ester) elastomers

Part I. INFLUENCE OF CONTENTS OF FLEXIBLE SEGMENTS 
ON MORPHOLOGY AND MECHANICAL PROPERTIES

S u m m a ry  —  W eldability  o f poly(ether-ester) (PEE) m ultib lock elastom ers, 
w h ich  belon g to the grou p  o f the therm oplastic elastom ers (TPE), w as investi­
gated. Investigated PEE consisted o f soft polyoxytetram eth ylen e (FS) blocks 
and hard p oly(b u ty len e terephthalate) (RS) blocks; w ith  the FS:RS ratio vari­
able. W e ld s  w ere prepared u sin g  the w ire (rod) w e ld in g  technique and extru­
sion w eld in g . O ptical and scanning electron m icroscopy w ere u sed to charac­
terize w e ld  m o rp h o lo g y  and their m echanical properties (elongation , b en d ­
ing, im pact strength). M aterials for the seam s w ere not dried prior to w e ld in g , 
so h ydrolytic degradation  took place du rin g  w e ld in g  (250— 300 °C ), visible  
particularly in PEEs w ith higher RS content, as sh ow n  b y  results o f flo w  rate 
m easu rem ents (MFR). The investigations dem onstrate that the PEE elasto­
m ers containing p redom in an tly  the P T M O  rich soft phase are w ell w eld able  
u sin g the applied  techniques, even  w h en  non -dried  m aterial is u sed  for the 
w eld s.
K e y  w o rd s : m u ltib lock  therm oplastic elastom ers, w ire w e ld in g , extrusion  
w e ld in g , w e ld in g  o f p o lym ers, soft blocks to hard blocks ratio, w e ld  m o rp h o ­
logy, w e ld  m echanical properties.

W e ld in g  m e th o d  gain in g im portance for partial cost 
reduction because o f the increasing use o f th erm oplas­
tics and therm oplastic com p osites in load-bearin g  appli­
cations. Selection o f appropriate technique and param e­
ters d ep en d s prim arily  on  the m aterial o f the parts to be  
joined and on  the nature o f the product.

H o t-to o l w e ld in g  is m o st often applied  for joining  
plastic pipes and sheets e.g. PE, PP. P olym ers contain  
m oistu re w h ich , d ep en d in g  on  polym er, deteriorates the 
w e ld  strength  to greater or sm aller extent. Stokes [1] 
com p ared  the h ot-tool w e ld in g  o f dried and n on-dried  
polycarbonate specim ens. Th ese exam inations indicated  
that dried  specim en s exhibited greater w eld  strength, 
bu t w h en  suitable w e ld in g  param eters w ere p rovid ed  it 
w as p ossib le  to obtain sim ilar w eld  strength o f the dried  
and n on -d ried  specim ens.

D iffu sion  o f m acrom olecu les occurs d u rin g  w eld in g  
betw een  the plasticized joined m aterial and the seam , 
and a du rable cohesive joint is form ed  after coolin g. D if-
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fu sion  in the form ed  joints is restrained w h en  plastics 
are contain m ineral fillers, w hich  deteriorate its proper­
ties [2, 3]. Sufficient m o b ility  and sim ilar chem ical struc­
ture o f the d iffu sing  chains are the prerequisites o f form ­
ing  a g o o d  sea m , therefore m o st often  w e ld in g  tech­
niques are u sed for joining parts m a d e  o f the sa m e m ate­
rial. It is also possib le to prod u ce joints o f different p o ly ­
m ers e.g. seam s o f p o ly (m eth yl m ethacrylate) (P M M A )  
parts m a d e from  rod -w ire  plasticized su sp en sion  P V C  
h ave higher strength than if m a d e  w ith  a P M M A  rod. 
G o o d  results h ave been obtained e.g. in w e ld in g  o f p o ly ­
carbonate (PC) and  polyeth erim id e (PEI) to each other
[4] and also in w e ld in g  o f certain b len d s [5].

If the p o ly m er is polar and exhibits appropriate di­
electric losses, e.g. P V C , an ad van tage can be taken o f the 
h igh  freq uen cy w e ld in g  technique. Laser and  m icro- 
w a v e  w e ld in g  techniques are con tin u ou sly  gain in g im ­
portance in industrial applications [6]. Plastics exhibit­
ing high  elasticity m o d u lu s  can be joined b y  ultrasonic  
w e ld in g  [7]. W ire  and extrusion w e ld in g  are inexpen sive  
and efficient join in g  m e th o d s  su itable  for m o st ther­
m oplastics. The w eld ability  and w e ld in g  conditions of
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co m m o n  therm oplastics h ave been the subject o f m a n y  
p u blication s, as w e ll as o f m o n og ra p h s pu blish ed  b y  
w e ld in g  associations [8, 9].

Therm oplastic elastom ers (TPE) sh o w  h igh  rubber- 
-like elasticity sim ilar to the properties o f vulcan ized  
ru b b er a n d  p ro c e ssa b ility  ty p ic a l for th erm o p la stic  
m aterials [10]. TPE are a relatively n ew  and  constantly  
ev olv in g  g ro u p  o f construction m aterials. Their therm o­
plastic properties poin t to the existence o f an efficient 
m eth od  o f jointing th em  u sin g  w e ld in g  techniques. So 
far there are on ly  fe w  publications in this topic. Tuchert 
et al. [11] exam in ed  the w eld ability  o f the ethylene—  
p ro p y len e— d ien e  terp olym er (E P D M )/p o ly p r o p y le n e  
blen d , a typical TPE, and obtained rem arkable strength  
of w e ld  sea m s, bu t strain low er than for the initial m ate­
rial. H o lla n d e  et al. [12] investigated  h ig h -freq u en cy  
w e ld in g  o f  th e r m o p la s t ic  p o ly u r e th a n e  e la s to m e r  
(TPU R ) coated fabric. Their experim ent indicated that 
h igh -frequ en cy w e ld in g  of T P U R  w as possible.

P o ly (e th e r -e ste rs ) (PEE) are b lock  c o p o ly m e rs  in 
w h ich  polyeth er segm en ts form  a soft phase w ith a lo w  
glass transition tem perature p rovid in g  the rubber elastic 
properties, an d  p olyester seg m en ts form  a crystalline  
h ard p h a se  resp o n sib le  for stren gth  an d  m ech an ica l 
properties o f the m aterial. In the m elt, this p o lym er is 
h o m o g e n o u s , b u t separates into a m icro heterophase  
structure d u rin g  coolin g  [13].

T h e objective o f this w ork  w a s to exam ine m o rp h o ­
log y  and m echanical strength o f PEE w e ld e d  joints. Fur­
therm ore, w e  investigated properties o f the seam s m a d e  
from  elastom ers o f the sam e typ e, but w ith  hardness d if­
ferent from  that o f the joined m aterial.

A s  the PEE elastom ers are susceptible to the h yd ro ­
lytic degrad ation  [14], the m elt flo w  rate (MFR) o f dried  
and n on -d ried  m aterials as a function tem perature w as
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lecular w eigh t, RS, are variable and  dep en d  on  their con ­
tent in the cop olym er. T h e m aterials in the form  o f p el­
lets w ith Shore D  hardness: 68, 5 8 , 47, 42 , contained 20, 
40, 50  and 55 w t. %  o f flexible segm en ts, respectively. 
Physical properties o f Elitels are g iven  in [15].

T h e  fo llo w in g  sp e c im e n  n u m b erin g  structure has 
been  ap p lied  to facilitate analysis o f the results: first 
n u m ber denotes the percent content o f the FS in the 
joined m aterial, the letter den otes the w e ld in g  technique  
(E —  extrusion, W  —  w ire), the secon d n u m ber denotes  
the percent content o f the FS in the bind er m aterial. A  
specim en  denoted b y  a num ber, only, refers to the origi­
nal, not w e ld e d  m aterial and sh o w s the percent content 
o f FS. For exam ple 4 0 W 5 0  denotes sp ecim en s containing  
40 %  FS w e ld ed  w ith  w ire containing 50  %  FS.

Welding method

W e ld in g  w as perform ed d u rin g the w ire and extru­

sion  m e th o d s. In both  techniques the m aterials w ere  
w e ld ed  in a stream  o f hot atm ospheric air. W ire  w e ld in g  
w as perform ed b y  creating a bevel joint, w ith  the being  
joined m aterial first p lasticized in h ot air, and w ire being  
la id  to  fo rm  th e  s e a m  b y  u s in g  a w e ld in g  n o z z le  
eq u ipped  w ith a special foot (Fig. 1). E xtrusion w eld in g  
w as perform ed b y  extruding the plasticized binder m a ­
terial from  an extruder eq u ip p ed  w ith  a special head
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- F S - --------

(1)

investigated in order to determ ine the susceptibility ra­

tio. P oly(tetram eth ylen e o x id e )/p o ly (b u ty le n e  terephta- 
late) m u ltib lock  elastom ers w ith  different content o f the 
flexible segm en ts (FS) and o f the rigid segm en ts (RS) 
w ere u sed  [Form ula (I)].

EXPERIMENTAL

Materials

Elitel®, Elana S A , Toruń (P oland) w ith  P T M O  (M „ =  
1000 g /m o l )  elastom ers, FS, w ere u sed  in the study. M o ­

Fig. 1. Wire welding in a stream of hot air; 1 —  welding wire, 
2 —  hot air, 3 —  weld, 4 —  bevelled welded material, 5 —  
welder nozzle; the arrow shows direction of weld nozzle move­
ment

(w eldin g shoe), w h ich  shapes the w e ld  seam  betw een  
the b evelled  w e ld ed  m aterial plasticized  w ith hot gas 
(Fig. 2).

Leister-Triac w eld er from  Leister, K a gisw il (Sw itzer­
lan d ) w a s  u sed  for w ire w e ld in g , an d  the extrusion  
w eld er from  Baum bach (G erm an y) w a s ap p lied  for ex­
trusion w e ld in g . Tem perature o f h ot air for w e ld in g  w as  
chosen experim entally  in d iv id u ally  for each o f the sa m -
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Fig. 2. Extrusion welding in the stream of hot air; 1 —  molten 
material from extruder, 2 —  hot air, 3 —  weld, 4 —  bevelled 
welded material, 5 —  welding shoe made ofPTFE, 6  —  mount 
of the shoe; the arrow shows direction of welding shoe move­
ment

pies b y  v isu al assessm en t o f the course of the w eld in g  
process and  the form ed  w e ld ; tem perature w as in the 
250— 300 °C  range. T h e low est air tem peratures at w hich  
equal plastification o f both the w e ld ed  m aterial and the 
w ire occurred w ere chosen, and the w eld er n ozzle  ad ­
van ce w as kept constant at approx. 30  c m /m in .

P reparation  o f  sa m p le s

Extrusion of wires for wire welding

W e ld in g  w ires w ere prod u ced  from  granulates under  
the sp ecified  b e lo w  co n d ition s u sin g  the referred to 
a b ove extrusion  w eld er and  the specially  design ed  cool­
in g-receivin g  system :

—  D ryin g  o f granulate —  6 h at HO °C  in air,
—  M e lt  tem perature —  20 °C  ab ove Tm by  Boetius,
—  E xtrusion  pressure —  5 M P a,
—  N o z z le  diam eter (ф) —  4 m m .

Preparation of the specimens for joining by welding

Specim ens in the form  o f square bars 10x10 m m  w ere  
m o ld e d  on  an injection m o ld in g  m ach in e un der the fol­

lo w in g  con dition s:
—  D ryin g  o f granulate —  6 h at 110 °C  in air,
—  Injection pressure —  60 M P a,
—  M elt tem perature —  20 °C  ab ove the m eltin g point 

(Tm) b y  Boetius,
—  M o ld  tem perature —  40  °C .
D ryin g  o f the w ires, granulate and  the joined sam ples  

im m ed iately  before w e ld in g  w as om itted  to fulfill in d u s­
trial requirem ents, w h ere costs p lay  an im portant role. 
T h e m aterial w a s con dition ed  for 72  hours at roo m  tem p, 
o f 23  °C  and  relative h u m id ity  o f 50  % , w ith  w e ld in g  
p erform ed u n der the sa m e conditions.

A  bevel w a s  m a d e  in the bars b y  m illin g. W ater cool­
ing and  appropriately  lo w  m ach in in g feed rates w ere  
applied  to a v o id  ch an ges in m aterial structure. The bars

Fig. 3. The arrangement and method of joining the specimens: 
W  —  wire welding, E —  extrusion welding

w ere set into series (w eld ed  packs) an d , next, V -gro o ve  
butt w e ld ed  (Fig. 3).

Methods

Morphology

P hotographs o f the w e ld  cross sections w ere taken  
u sin g  a C C D  (charged-coupled device) cam era. A  red p en e­
trant w as coated onto the w e ld  o f the m aterial contain­

ing 20 %  o f the soft phase in order to outline the defects.
M o rp h o lo g y  o f the w e ld  fracture surfaces w as evalu ­

ated on the basis o f m icrographs taken w ith a field em is­
s io n  sca n n in g  electron  m ic ro sc o p e  (S E M ) (L eo  1530  
G em in i from  L E O  Electron M icro sco p y  Ltd ., G erm an y) 
at 10 k V  accelerating voltage. Fracture surfaces w ere  
p roduced  after coolin g  o f specim ens b y  im m ersin g  in 
liquid  nitrogen for 2 m in . Fracture surfaces w ere sp u t­
tered w ith 10 n m  o f g o ld .

Mechanical properties

Standard bars w ere p roduced  from  the w e ld e d  packs 
o f specim ens b y  cutting and m illin g  for the p u rp ose of 
tensile strength and b en d in g  strength testing, w ith  a d d i­
tional bars p roduced  for the needs o f tensile, b en ding  
and im pact strength tests.

Static tensile test (at 100 m m /m in )  and  b en d in g  test 
w ere perform ed on Instron T M M  1161 (U S A ) testing m a ­
chine. Im pact strength w as determ in ed  in com p lian ce  
w ith the standard. B en din g test and  im pact test w ere  
perform ed from  the sid e o f back o f the w e ld . The ob­
tained results w ere referred to the n o n -w e ld e d  m aterial 
in order to determ ine relative properties o f the w eld s.

Melt flow rate

T h e m easurem ents o f the m elt flo w  rates (MFR) w ere  
perform ed on dried and n on -d ried  PEE (according to 
A S T M  D l  238) on E xtrusion P lastom eter (M elt F low  T .Q . 
C east, Italy). Preheating 4 m in , load 2 .16  kg. T h e m ate­
rial w as dried in a v a c u u m  drier for 4 h at 120 °C  and  
tested im m ed iately  after rem o v in g  from  the drier. The
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n on -d ried  m aterial w as con dition ed  for 72 hours at room  
tem p. o f 23  °C  and 50  %  relative hum idity. In order to 
plot the d ep en d en ce o f MFR as a function o f tem pera­
ture, the m aterials w ere tested in six different tem pera­
tures from  + 5  °C  to + 30  °C  ab ove T„, b y  Boetius.

RESULTS A N D  DISCU SSION

Morphology

N o  defects are visible on photograph s o f the extru­
sion  seam s cross sections w ith  FS content above 50 %  
(Fig. 4a), b u t those o f specim ens w ith 40 %  FS content 
exhibit b u bbles visible for the u n aided  eye, and those

b)
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50E50 50W50
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40E40 40W40

20F.20 20W20
Fig. 4. Macroscopic photographs of the weld cross-sections:
a) extrusion welds, b) wire welds

w ith 20 %  FS content exhibit bu bble m igration  and ag ­
gregation , leadin g to a hole d ev elop in g  in the m id d le  of 
the seam . A b sen ce  o f bu bbles in proxim ity of the hole  
p roves that the cavity  has been  form ed ou t o f them . 
M o re b u bbles are visib le on ly  at so m e distance from  the 
cavity. T h e cavity w a s rem oved  b y  m illin g  o f the 20E 20  
m aterial sp ecim en  for m echanical testing.

N o  bu bbles are visible on  photograph s o f the w ire  
w eld  seam s cross sections (Fig. 4b) in the m aterial w ith  
40 %  FS content, even  th ou gh  they w ere visible the ex­
trusion w e ld  sea m s o f the sa m e m aterial. Bubbles have  
been d isclosed  on ly  on the ph otographs o f w ire w eld  
seam s cross sections for the m aterial containing 20 %  FS.

H yd ro ly tic  d egradation  is expected d u rin g m elting  
n on -d ried  p o ly m ers containing ester bon d s. Ester bon ds  
in the PBT seg m en t and  ester b o n d s betw een  the FS and

terephthalate units w ere present in the hydrolytically  
d e g ra d in g  PEE. T h e  p h e n o m e n a  o f d eg ra d a tio n  can  
cause, am o n g  other effects, the evolu tion  o f byprodu cts  
in the form  o f bu bbles. T h e high er rigid  ester segm en t  
content in the m aterial the larger is the extent o f degra­
dation. D eterioration o f w e ld  seam  properties w ith  d e ­
crease o f the FS content and increase o f the RS content is 
a consequence o f the described ab ove p h en om en a.

Fig. 5. SEM micrograph of a fracture surface of 55E55 weld. 
Boundary material weld runs horizontally. Welded material 
on top, weld underneath

Photograph of the 55E 55 w eld  seam  (Fig. 5) reveals  
that d iffu sion  proceeded properly  and a defects-free co­
h esiv e  b o n d  w a s p ro d u c e d . S E M  m icro g ra p h  o f the  
50E 50 w e ld  seam  (Fig. 6) already sh o w s presence o f d e­
fects in the form  of bubbles, even  th ou gh  these w ere not 
visible on the m acroscopic p h otograph  o f that seam  (Fig. 
4a). SE M  m icrograph o f the 5 0 W 5 0  w ire seam  (Fig. 7) 
sh ow s that d iffu sion  does not occur to the sam e high  
degree as in the case o f extrusion w e ld in g , and the break  
su rfa c e  c le a rly  d is p la y s  e x is te n c e  o f m a te r ia l-w ir e  
boundaries.

Fig. 6 . SEM micrograph of a fracture surface of 50E50 weld. 
Boundary material weld runs horizontally. Welded material 
on top, weld underneath
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Fig. 7. SEM micrograph of a fracture surface of 50 W50 weld. 
Welding wire is in the left lower part in the micrograph

M u ltip le  b ead s w ere laid du rin g w ire w e ld in g , so the 
m aterial experienced m u ltip le  heating cycles; neverthe­
less the w ire w as not cross-m elted . M u ltip le  heating cy­
cles in course o f w ire w e ld in g  leads to higher progress of 
degradation  as com p ared  w ith  extrusion w e ld in g  degra ­
d ation , thus accou n tin g  for the inferior properties o f  
w ire-w eld  seam s. Bubbles can be released on ly  in a m elt  
h avin g  sufficiently  lo w  viscosity, so  less bu bble are vi­
sible in the w ire -w eld  seam s as com p ared  w ith extru­
s io n -w e ld  se a m s , d esp ite  h ig h er d e g ra d a tio n  o f the 
w ire-w eld s. Extrusion w e ld in g  in volves just one heating  
cycle, so  the seam  is stronger, but cross-m elting leads to 
u n iform  release o f bubbles th rou gh ou t the entire seam , 
w ith  onset o f aggregation  also being possible.

M ech an ica l p roperties

T a b l e  1. Mechanical properties o f the welded points

Samples

Tension Bending
Impact

strength

m axim um
tensile
stress
MPa

elongation 
at break

%

m axim um
bending

stress
MPa

fractured
/a ll

fractured
/a ll

55 19.2 410 11.3 0 /5 0 /5
55 H 13.0 180 10.0 0 /5 0 /5
55W 11.0 40 9.1 0 /5 0 /5
50 20.0 330 11.4 0 /5 0 /5
50E 10.0 24 10.5 0 /5 0 /5
50W 9.8 25 10.1 0 /5 0 /5
50E40 9.5 21 10.7 0 /5 0 /5
50W40 11.2 30 10.3 1 / 5 1 / 5
40 21.0 188 22.4 0 /5 0 /5
40E 16.3 23 19.0 0 /5 5 /5
40W 15.5 15 17.0 0 /5 4 /5
40E50 13.0 25 16.7 0 /5 5 /5
40W50 10.0 10 11.0 5 /5 4 /5
20 27.0 143 40.7 0 /5 0 /5
20E 18.0 4 27.0 5 /5 5 /5
20W 8.6 1.7 15.0 5 /5 5 /5

FS, %

FS,%
Fig. 8 . Dependence of bending strength (a), tensile strength 
(b), elongation at break under tension (c) of welded PEE elas­
tomers on the FS content; R/Ro —  relative value of mechanical 
property referring to primary поп-welded polymer; 1 and solid 
marks —  extrusion welding, 2  and empty marks —  wire weld­
ing

Results o f the m echanical tests are g iv en  in the Table 
1 and presented graphically  in Fig. 8 and  Fig. 9. E lon ga­
tion at break is the m o st negatively  affected o f the inves­
tigated m echanical properties o f the seam s. Its valu e is 
approxim ately  0.5 for the 55  %  FS p o lym er, only. W eld  
seam s lose their elastom eric properties at low er FS con­
tents, w h at is m an ifested  b y  fracture in im pact tests and  
even  b y  fracture d u rin g b en d in g  tests. Figure 9 graphi­
cally presents results o f m echanical tests o f m ixed  seam s  
(m aterials 4 0 /5 0  and 5 0 /4 0 ) ,  i.e. the sea m  is m a d e  o f a 
m aterial h avin g  different hardness than the bein g  joined  
m aterial i.e. h avin g  different FS content. Seam s m a d e  of
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confirm  this h yp oth esis, b u t the results w ere not sign ifi­
cant, and reported in extrusion w e ld in g , only. The seam  
o f such type contained defects in the form  o f bubbles  
visible on the S E M  m icrograph.

M e lt  f lo w  rate

T h e viscosity  o f a p o ly m er is p ositively  correlated  
w ith its m olecular w eig h t and ap p roxim ately  inversely  
correlated w ith  MFR. If MFR m easu rem ents perform ed  
on tw o  identical m aterials u n der the sa m e conditions, 
except for different therm al history and d ryin g  con d i­
tions, g ive  differing results, this m ean s that the m aterial 
w ith a higher M R F  valu e (i.e. low er m olecu lar w eight) 
has u n d erw en t m ore p ro n o u n ced  deterioration. MFR 
tests results expressed as a function  o f the tem perature o f  
poly(ether-ester) elastom ers u sed  for w e ld in g  indirectly  
sh o w  h o w  degradation  is severely  affected b y  om ission  
o f the dryin g step (Fig. 10). MFR lines as functions of 
tem perature for dried  m aterials sh o w  increase of MFR 
related to the n orm al viscosity  drop  resulting from  ther-

<4

40/40 40/50 50/40 50/50
Material

Fig. 9. Comparison of bending strength (a), tensile strength 
(b), elongation at break under tension (c) of welded PEE elas­
tomers with weld searns made of the original material (40/40 
or 50/50) and of material with different content of the FS; 
(R/Rq) —  relative value of mechanical property referring to 
primary поп-welded polymer, (material) —  content of the FS 
in the welded/binder material

low er hardness m aterial sh o w  m u ch  im p roved  relative 
elongation  at break, b u t the m a x im u m  stress in b en ding  
an d  ten sion  tests deteriorate com p ared  to the seam s  
m a d e u sin g  m aterials o f the sam e hardness (4 0 /4 0  or 
5 0 /5 0 ) .  This can be explained b y  the fact that besides  
larger elongation  u n der tension, the softer m aterial ex­
hibits h igh er resistance to tension  and ben din g. G enera­
tion o f sea m  u sin g  a m aterial harder than the being  
joined m aterials w a s expected to im part higher resis­
tance to tension and  b en d in g  as com p ared  w ith w e ld in g  
usin g a m aterial o f the sa m e hardness. E xperim ents do
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Fig. 10. Dependence of MFR on the measurement temperature 
(T); a) поп-dried materials, b) dried materials. Content of FS 
in % wt.: 1 — 5 5 ,2 — 50,3 —  40, 4 —  20

m al vibrations o f m acrom olecu lar segm en ts. In contrast, 
the om ission  o f d ryin g causes unnatural increase o f MFR 
w ith tem perature, related to h ydrolytic d egradation ; the 
low er FS the content the steeper the increase.
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CONCLUSIONS

P o ly (e th e r -e ste r ) e la sto m e rs  co n tain in g  p r e d o m i­
nantly the P T M O  soft phase are w ell w eld able . SE M  m i­
crograph o f the w e ld  fracture surface o f these specim ens  
sh o w s a correct joint existing betw een  the w e ld  and the 
b e in g  jo in e d  m a teria l. M ech a n ica l p roperties o f this 
w eld  are sim ilar to those o f the original m aterial, except 
for the elongation . E lon gation  at break o f the w e ld s  in 
w e ld e d  PEE decreases con sid erably  com p ared  to the 
original m aterial. M echan ical properties deteriorate w ith  
increasing o f RS content. Ester bon d s in rigid segm ents  
are susceptible to h ydrolytic degradation , w hich  occurs 
in seam s p ro d u ced  u sin g  n on -d ried  m aterial. SE M  m i­
crographs o f w e ld  cross sections sh o w  defects in the 
fo rm  o f  b u b b le s . M ec h a n ic a l prop erties o f extru d ed  
w e ld s are gen erally  a slightly  better than those o f the 
w ire w e ld s. In our case, w h en  a p o ly m er is therm ally  
sensitive, w ire w e ld in g  gives better results, as the w eld  
is not m elted  through. A ttem p ts to produce seam s usin g  
m aterials w ith  hardness different than that o f the being  
joined m aterials w ere prom isin g , and a llow ed  to influ ­
ence seam  properties. This is im portant, because alm ost  
alw ays the sa m e m aterial has to be u sed  both for the 
seam  and the w e ld e d  parts. It is u sefu l to investigate  
w e ld in g  o f PEE elastom ers w ith m aterials dried im m e ­
d iate ly  b efore  p ro cessin g . S tab ilizin g  agen ts for this 
p o ly m er sh o u ld  be d ev elop ed  in parallel in order to pro­
tect it from  h ydrolytic degradation , w h at cou ld  lead to 
im p rov ed  w eld ability  o f elastom ers w ith higher content 
of ester RS. It is also reco m m en d ed  to perform  w e ld a b i­
lity tests o n  PEE elastom ers originating from  different 
producers.

REFERENCES

1. Stokes V. K.: Polymer 1 9 9 9 ,4 0 ,6 2 3 5 .
2. Bucknall С. B., Drinkwater I. C ,  Smith G . R.: Polym. 

Eng. Sci. 1 9 8 0 ,2 0 ,4 3 2 .
3. Stokes V. K.: Polymer 2 0 0 0 ,4 1 , 4317.
4. Stokes V. K.: Polymer 1 9 9 8 ,3 9 , 2469.
5. Stokes V. K.: Polymer 2 0 0 1 ,4 2 , 7477.
6. Potente H ., Karger O ., Fiegler G .: Macromol. Mater. 

Eng. 2 0 0 2 ,2 8 7 , 734.
7. Liu S. J., Lin W . E , Chang B. C ,  W u  G. M ., H u n g S. 

W .: Adv. Polym. Technol. 1 9 9 9 ,1 8 ,1 2 5 .
8. "W eld in g  H an d b o ok ", Vol. 3., 8th Ed., M iam i: A W S, 

1996.
9. "F u gen  von  K u n ststoffen ", D iisseldorf, Deutscher 

Verlag f. Schweifitechnik D V S, 2000.
10. H olden G, Legge N . R., Quirk R., Schroeder H . E.: 

"Therm oplastic E lastom ers", 2nd Ed., H anser Pub., 
M unich 1996.

11. Tuchert C ,  Bonten C ., Schmachtenberg E.: Kunststoffe 
2 0 0 0 ,9 0 , 54.

12. H ollande S., Laurent J. L., Lebey T :  Polymer 1 9 98 ,39 , 
5343.

13. Roslaniec Z ., Pietkiewicz D.: "Synthesis and Charac­
teristics of Polyester Based Therm oplastic Elasto­
m ers" in: "H an d b ook  of Therm oplastic Polyesters" 
(Ed. Fakirov S.), Vol. 1., chapter 13., W ile y -V C H , 
W einheim  2002.

14. Bounekhel M ., M cN eill I. C :  Polym. Degr. Stab. 1995, 
4 9 ,3 4 7 .

15. Roslaniec Z .: "T w o  M ultiblock C opolym er B lends" 
in: "Block C opolym ers" (Ed. Balta Calleja F. J., Rosla­
niec Z .), Marcel Dekker, N e w  York 2000, p. 319.

Received 2 VI 2003.


