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Material recycling of RIM flexible polyurethane foams wastes

S u m m a r y  —  A  recycling m eth od  o f R IM  P U R  foam  w astes b y  controlled  
degradation  d u rin g tw in -screw  extrusion has been d ev elop ed . The process  
in v o lv es breakage o f on ly  cross-linking bon ds (allophanate a n d /o r  biuret 
bon ds) in the polym er. The essential factor that has to be controlled is int. al., 
decreasing tem perature profile a lon g  extruder cylinder (from  fed  h op p er to 
die). The m eth od  provides therm oplastic elastom er o f strength com p arable to 
that o f the original m aterial. It can be injection m o ld ed  or extruded into vari­
ous products. Reactive co-extrusion  o f polyesterdiol based P U R  w astes w ith  
P V C -U  (5— 10 w t. % ) that yields h om og en eo u s p o ly m er b len ds o f im p roved  
hardness has also been studied.
K e y  w o r d s : m aterial recycling, P U R  foam s w astes, reaction injection m o ld in g , 
structure ch an ges, P U R /P V C  blen ds, m echanical properties.

The subject o f this paper is a m eth od  o f m aterial recy­
cling o f cast m icrop orou s polyu reth an e (PU R) elasto­
m ers and their reshaping into pellet form . By standard  
m eth o d s the resulting granules can be processed again  
into therm oplastic p olyu rethan e elastom er. Soft po lyu re­
thane m icroporou s foam s are p roduced  m ostly  by reac­
tion injection m o ld in g  (R IM ), w h ere stream s o f p o ly ­
esterdiol or p olyeth erdiol (d ep en d in g  on system  used) 
are m ix ed  w ithin  the head o f processing m achine w ith  
diisocyanate com p on en ts (Fig. 1).

Fast reactions lead to foam in g  and solidification of 
the p o ly m er directly w ithin  the m o ld . The reactions pro­
du ce covalent b o n d s that result in both the grow th of 
m ain chains and form ation  o f cross-links (via alloph a­
nate a n d /o r  biuret grou ps) (Schem e A ).

R eprocessing o f R IM  P U R  w astes is quite difficult 
because they are not therm oplastic m aterials. C o m b u s­
tion o f the w astes is h azard ou s to the en vironm ent du e  
to toxic gases that are usu ally  form ed . H ence, the fo llo w ­
ing m eth o d s h ave been  p rop osed  [1— 12], for the cast 
P U R  w aste m aterials utilization:

—  alcoh olysis (or, m ore often, g lyco lysis) o f p o lyu re­
th an e le a d in g  to o lig o m e r ic  d io ls , that can then be  
reu sed  in m an u factu rin g  o f foam s again  by the R IM  
process [1— 4];

—  m illin g , u su ally  at substantially reduced tem pera­
ture, to m icron -size  particles that are a d d ed  to the p oly o l 
stream  o f the R IM  m ach in e [1, 5— 8];
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Fig. 1. The reaction injection molding process of PUR: 1 —  
component A (polyetherdiol or polyesterdiol +  dial +  addi­
tives) and component В (diisocyanate or oligomer with isocy­
anate end-groups), 2 —  high pressure pump, 3 —  mixing 
head, 4 —  mold with reacting PUR mixture

—  grin din g (to particle sizes ~5— 8 m m ) and reactive 
sintering (or m o ld in g ), often w ith extra ad d ition  o f iso­
cyanate p repolym ers, to prod u ce so u n d  absorbing or in­
sulating sheets [1, 9— 11].
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1. Formation o f urethane bonds:

H O R -OH + OCN- ArCH2Ar — NCO H (0 R -0 (C 0 )N H - ArCH2A r-N H (C O )0)n~

urethane bond

2. Formation of gaseous C 0 2 (foaming of PUR):

— ArCFbAr—NCO + H20 ----- ► — ArCH2A r-N H 2 + C 0 2f

(1)

(2)

3. Formation of allophanate bonds (it may cross-link PUR):

H [0R ~ 0(C 0)N H - ArCIbAr — N H (CO )0)n“

О
OCN- A rCFbA r-N C O  + 

H [0R -0 (C 0 )N H -A rC H 2A rlN H (C 0 )0 ]n—

H [0 R -0 (C 0 )N - ArCH2Ar -  N FI(C 0)0]n~ 

CO

----- *" VlH
Аг
'cH 2 allophanate

\ bonds 
Ar 
V.
NH
\
co>

H [0 R -0 (C 0 )N H -A rC F b A r-k (C 0 )0 ]n-  

Scheme A

(3)

D etailed  stu d y  has sh o w n  [12] that P U R  foam s co m ­
prise on ly  sligh tly  cross-linked polym er, m ostly  w ith al­
lo p h a n a te  a n d  b iu re t b o n d s . T h e  sta b ility  o f th ese  
grou p s at elevated tem perature is considerably low er  
than that o f urethane or ester /e th e r  bon d s. A llop h an ate  
and biuret b o n d s start to d ecom p ose  already at tem pera­
ture 120— 1 3 0 °C  [13]. This property w as u sed lon g ago  to 
break cross-links d u rin g  controlled degradation  o f P U R  
w aste foam s b y  processing them  in screw  extruders into 
therm oplastic products [12]. H ow ever, as w e  h ave fou n d  
in prelim inary tests, the therm oplastic m aterial obtained  
this w a y  h ad  p oor therm al stability and its m echanical 
properties varied  considerably from  batch to batch, d e ­
spite o f u sin g  the sa m e extrusion param eters.

W e  h ave d e v e lo p e d  a laboratory-scale procedure of 
m an u factu rin g  w ell processed therm oplastic P U R  elas­
tom er o f g o o d  m echanical strength [14]. W e  h ave used  
P U R  w a stes fro m  sh o e  so le  cast process w ith use o f  
polyesterdiol based system  E lastopan 7209 (Elastogran- 
-B A S F , G e r m a n y ) . A  tw in -s c r e w  e x tr u d e r  T S K  2 0  
(T heysoh n, G erm an y) w ith  screw s o f diam eter 20  m m  
w as u sed. T h e extruder is sh o w n  schem atically in Fig. 2. 
T h e  cru cia l factors that h ad  to be co n tro lled  in the 
m eth od  w ere fo llow in g :

—  suitable m oistu re o f the recyclate,
—  decreasing tem perature profile alon g extruder cy­

linder (from  feed h opper to die),
—  suitable lubricant and therm al stabilizer applied  to 

the extruder cy lin d er at so m e distance from  the feed  
hopper, preferably in the place w h ere the recyclate is 
already m elted .

The d ela yed  d osage  o f the additives aim ed at increas­
ing friction o f particles o f the d egrad in g  w aste m aterial 
in the initial part o f extruder barrel, and then to prevent

1

Fig. 2. Twin-screw extruder used for PUR recycling studies: 1 
—  hopper; 2,3  —  additional feed hole; 4 —  extruder barrel; 5, 
6,7,8  —  segmented barrel sections; 9 —  pelletizing die; 10 —  
degassing hole

further un desired  degradation  in the part o f m achine, 
w here p o ly m er had already m elted . T h e typical extru­
sion param eters w ere as fo llow s:

—  barrel tem perature: 180 — 1 5 5 °C ,
—  die tem perature: 155 °C ,
—  back pressure: 5— 6 M P a,
—  screw  speed : 200— 260 m in ’ 1,
—  output: 5 — 6 k g /h .
D S C  th erm o gra m s o f P U R  w a stes (F igs. 3  and  4) 

sh ow  the presence o f a sm all and broad endotherm ic
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Fig. 3. DSC of PUR foams wastes: 1 —  sample first, 2 —  
sample second; heating and cooling rate — 10 deg/min
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Fig. 4. DSC of PUR foams wastes after reactive extrusion: 1 
—  PUR foams wastes extruded, 2 —  PUR foams wastes coex­
truded with 10 wt. % of unplasticized PVC (PVC-U); heating 
and cooling rate —  10 deg/min

peak b etw een  120 and 18 0 °C  that appears in the heating  
m o d e . It can probab ly  be accounted for breaking o f a llo - 
phanate b o n d s. In the coolin g  m o d e  curve, an exother­
m ic peak appears betw een  130 and 100°C . W e  believe  
this peak corresponds to the partial recom bination o f d e ­
co m p osed  g ro u p s to regenerate allophanate b on d s. D SC  
curves recorded for original P U R  confirm  the conclusion  
—  sim ilar peaks are observed . For D S C  coolin g  curve o f  
coextruded P U R  —  P V C -U  blen d  this peak disappeared. 
Perhaps d u rin g  heating o f this sa m p le  P V C  reacts w ith  
d ecom p osin g  allophanate grou ps products (Fig. 4).

IR spectra o f the original P U R  and recycled m aterials 
(Fig. 5) s h o w  sim ilar characteristic peaks d u e  to N H  
b on d  in urethane g ro u p s, C -H  b o n d s in aliphatic chains

1800 1600 1400 r 1200 1000
Wave number, cm'1

—  RIMPUR foam
—  PUR recycled

PUR coextruded with 10 wt. % PVC

Fig. 5. IR spectra of original PUR foam wastes (1), its recycled 
blend (2) and recycled blend coextruded with 10 wt. % of 
PVC-U (3)

and arom atic cycles, and  C = 0  b o n d s. In the spectra o f  
original P U R  foam s w astes the latter peak is d iv id ed  into 
three p ea k s d u e  to ester, u reth a n e  a n d  a llo p h an a te  
grou ps. In the spectra o f recycled m aterials on ly  tw o  
strong C = 0  peaks are observed. T h e  third peak corre­
sp o n d in g  to allophanate C = 0  b o n d s is the sm allest one. 
Significant differences in characteristic IR peaks of origi­
nal P U R  s a m p le s  a n d  th ese  o f  c o e x tr u d e d  P U R  —  
P V C -U  blen d  w ere not observed.

D eterm ination  o f solu bility  o f  P U R  w astes confirm s  
this p roduct has partially cross-linked character —  it is 
not solu ble  in d im eth ylform a m id  (D M F ) and tetrahy- 
d r o f u r a n  (T H F )  w h i le  th e  P U R  e la s t o m e r  a n d  
P U R /P V C -U  b lends obtained in reactive extrusion are 
solu ble  in D M F  and T H F  v ery  w e ll (Table 1). T h e aver­
age m olecu lar w eigh ts o f the extru ded  b len d s sam ples  
vary betw een  18 000 and  26  000.
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T a b l e  1. Molecular weight of thermoplastic PUR elastomers 
obtained in reactive extrusion

Recy elate
type’’

Number average molecular 
U **) weight (viscosity method)

Solubility in 
DMF/THF

PUR wastes — Partial/no
PUR0 26 300 Good/good
PUR 5 19 200 Good/good
PUR 10 21 300 Good/good
PUR 15 18 500 Good/good

* Numbers after the PUR symbol mark extruded blends with addition 
of respectively: 0, 5 ,10  and 15 wt. % PVC-U.

1 Determined in dimethylformamid at 30°C [15].

T h e m e th o d  o f reactive extrusion prop osed  in this 
paper seem s to be considerably cheaper than the k n ow n  
techniques o f P U R  utilization. It y ields a therm oplastic  
granulate that can be injection m o ld e d  or extruded g iv ­
ing variou s products. G o o d  properties o f the elastom er  
m ak e it su itable m aterial for various applications such as 
sh oe soles, gaskets and hoses (o ilproof ones), sheets or 
insulating film s etc. The on ly  lim itation o f the applica­
tion is the color, w h ich  is practically exclu sively  black. 
O u r m eth o d  o f tw in screw  extruder controlled d egrada­
tion o f P U R  fo a m s w ith  d eg assin g  p rovides a p roduct of 
strength com p arable to that o f the original m aterial. Its 
character is therm oplastic and it can be applied  in all 
these fields w h ere  P U R  elastom ers are u su ally  u sed .

PVC cone., wt. %

Fig. 6. Tensile strength (a) and elongation at break (b) vs. 
PVC-U concentration in the recycled PUR foams wastes

H en ce, the m eth od  is a com p aratively  cheap w a y  o f con­
verting difficult to h an d le  w astes into u sefu l therm o­
plastic elastom er.

W e  h ave also p erform ed coextrusion  tests in v o lv in g  
P U R  foam  w astes and  therm ally stabilized  unplasticized  
p o ly v in y l ch lorid e (P V C -U ). T h e a d d itio n  o f P V C -U  
does not w orsen  the extrusion param eters and m akes  
easier the process o f p o ly m er extrudate pu llin g  as w ell 
as its cutting into pellets. It also prevents granules from  
partial agglom eration  b y  sticking together. T h e proper­
ties o f products are depicted  in Figs. 6  and 7. T h e tensile 
strength o f P U R  —  P V C -U  b len d s specim ens does not 
practically change w ith  increasing P V C -U  content (Fig. 
6a). The elongation  at break, on the other h an d , is con­
siderable reduced (from  2 2 0 %  to ca. 6 0 % ) for the am oun t  
o f P V C -U  rising from  0 to 15 w t. %  (Fig. 6b). The pres­
ence of the latter sligh tly  im p roves the Shore hardness  
(Fig. 7a) and sligh tly  reduces the abrasion resistance o f  
blen ds (Fig. 7b).

PVC cone., wt. %

Fig. 7. Hardness (a) and abrasion (b) vs. PVC-U concentra­
tion in the recycled PUR foams wastes

From  the data presented ab ove the fo llo w in g  conclu­
sions could be draw n :

—  C ast P U R  w astes can con venien tly  be recycled to 
pelletized  therm oplastic elastom er b y  reactive extrusion.

—  Properties o f the recycled elastom er are sim ilar to 
those o f the original cast P U R  m aterial.

—  Reactive coextrusion  o f p o lyesterdiol based P U R  
w astes w ith  P V C -U  (5— 10 w t. % )  g iv es h om og en eo u s
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p o ly m er b len d s o f im p rov ed  hardness, sligh tly  reduced  
abrasion resistance and  stron gly  d im in ish ed  elasticity.
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Rapid Communications

P rzypom in am y P.T. A u torom , że  prow ad zim y w  n aszym  czasopiśm ie dział typu R ap id  C om m u n ication s. 
Publikujem y w  nim , w y łą c zn ie  w  ję z y k u  a n g ie lsk im , krótkie (3— 4 strony m aszyn opisu  i ew entualnie  

2— 3 rysunki lub tabele) prace orygin aln e, którym  gw arantujem y szybką ścieżkę druku, co oznacza, że 
pojaw ią się one w  czasopiśm ie w  okresie nieprzekraczającym  5 m iesięcy od  chw ili ich otrzym ania przez  
redakcję.


