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Summary. 

The presence of f iber  t issues d i s t u r l ~ t h e  chemical react ion between 
isocyanate and alcohol or amine. The ex t rac t ion  by the solvent  t e t r a h y d r o -  
furane shows that  the matr ix  po lyure thane wi th  carbon or aramid t issues 
contain an abnormal ly  h igh  p ropor t ion  of  soluble macromolecules. The FT-  
IR analys is  shows incomplete react ion w i th  these two f ibers ,  or by-s ide  pro-  
ducts  present  on the glass f iber  surface.  

I n t roduc t i on .  

A f t e r  hav ing  studied the physical  behav iour  of  po lyure thane and po ly -  
u re thane-urea  by v a r y i n g  notab ly  the s t ruc tu re  of the chain ex tender  
(Y.  Camberl in and al, 1982), we are now focusing our  a t tent ion on the use 
of  these polymers as soft matr ix  in composites. 

In th is  paper  we deal w i th  the character izat ion of  the po lyure thane  ma- 
t r i x  and the eventual  d i f ferences caused by the presence of f ibers .  Two tech-  
n iques have been used for  th is  : ex t rac t ion ,  fol lowed by Gel Permeation 
Chromatography (GPC) of the solvent ex t rac ts  and Four ie r -T rans fo rm I n f r a -  
Red Absorp t ion  ( F T - I R ) .  

The physica l  behav iour  of these materials wi l l  be pub l ished later  on. 

_Experimental. 

We used two po lyure thane formulat ions : 
I - Ad iprene LI00 (DuPont Ref . )  is a po lyoxy te t ramethy lene  glycol  p re -  

polymer (Mn ~I000) reacted w i th  toluene di isocyanate ( T D I ) .  The chain ex -  
tender  used wi th  th is  prepolymer is the methylene 4,4' bis (o .ch lo roan i l ine)  
(Moca). 

2 - Ad ip rene  M400 (DuPont Ref . )  a similar prepolymer (-M'-n ~ 1000) reac- 
ted w i th  methylene 4,4' d ipheny l  d i isocyanate (MDI) .  The chain ex tender  
for  th is  formulat ion is 1,4 butane diol .  

The f iber  t issues used as re inforcements are presented in Tab.  I .  
The on ly  d i f ference between the two glass f i be r  re inforcements is the 

coup l ing  agent.  A1100 (Union Carbide Ref . )  is a classical amino silane 
which we have f i xed  on the glass f iber  t issue ; whereas PI09 is a Ve t ro tex -  
Saint Gobain Ref. w i th  amine and epoxies func t ions .  

The reaction mix ture  (prepolymer and chain ex tender )  are cast into 
moulds where the f iber  pl ies have been p rev ious ly  laid. 
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Tab I. Characteristics of tissues used as reinforcements 
a) Vetrotex ref. ; b) u amino propyl triethoxy-silane 
c) Brachier ref. 

Tissues V-PI09 a) V - A l l 0 0  b) G827 c) E1950 c) 

Fiber R-glass Carbon T300 Aramide K49 

mass per area un i t  0.340 0.160 0.100 
(kg /m 2) 

dens i ty  2.55.10 -3 I .  74.10 -3 I .  45.10 -3 

( kg lm 3) 

s ingle layer 

theorical  th ickness 0.13 0.09 0.07 

(ram) 

weft weight  6.5 .15 5 
(%) 

In order  to forme I mm th i ck  sheets of composites -w i t h  a f i xed  f i -  
ber volume rat io we are obl iged to va ry  the number of pl ies depending on 
the nature of  f ibers  as shown in Tab. 2, 

Tab. 2. Different composites (sheets I mm thick) a) per cent obtained by 
calcination and weight . b) sheets I. 2 mm thick 

Composite V(glass)  C (carbon) K(aramide) 

Number of pl ies 4 6 8 b) 8 

Volumic f rac t ion 
52 a) S4 65 b) 49.6 

of re inforcement (%) 
b) 

The react ion for  the po lyure thane LI00 takes place at I00~ and 
lasts for  3 hours.  In the case of  M400, the react ion mix ture  takes place 
at 80~ and then anneal ing at 110~ lasts 15 hours ,  

The ex t rac t ions  of  the t e t rahyd ro fu rane  (THF) soluble f rac t ions of  the 
PUR are car r ied  out at room temperature w i th  a cont inous s t i r r i n g  du r i ng  
the 48 hours.  The residual  polymer is f i l te red  and then vacuum dr ied unt i l  
constant  mass ; three contro l  ex t rac t ions  are car r ied  out us ing the same 
procedure.  The ex t rac ts  are analysed by GPC. 

In f raRed Ana lys is  is performed using a Four ier  Transform In f raRed 
Spectrometer Nicolet M •  For each composite, two series of  analys is  are 
car r ied out .  The f i r s t ,  on the sample taken from the core of  the material,  
and the second one on the sample obtained by scra tch ing the inter face 
ma t r i x - f i be r .  Thus  we hope to character ize the whole matr ix  and to obser-  
ve the possible modif icat ions at the surface of the f iber .  

Absorbance spectra of f iber  re in forced composites are obtained from 
KBr pel lets con ta in ing  the f ine ly  g round  materials. 
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Results. 

I )  The weight losses of the composites caused by the extract ion of 
a f ract ion of polyurethane matr ix with THF solvent are given in Tab. 3. 

Tab. 3. PUR weight loss in composites (stirred 48 h in THF). a) PUR 
matrix alone ; b) the number indicates the number of plies 

Fiber a) V_P109(4 ) V_A1100(4) C(6) C(8 ) K(8 ) b) 

~o ex t rac t  

PU-LI00 
2.2_+0.1 6.9_+0.1 4.9 _+0.05 17.4_+1.0 24.4_+1.4 96.1_+3.0 

% ex t rac t  

PU M 400 
2.3__-+0.1 5.6 -+1.0 . . . .  34.4_-+0.6 97.1_+0.5 

Sl ight  di f ferences are observed depending e i ther  on the nature of 
PUR or on the number of f iber  plies (6 or 8 in the case of carbon) ; but 
major di f ferences resul t  from the nature of the f iber .  

The weight loss in the case of g lass- f iber  is qui te comparable to 
that observed for the matr ix alone. For carbon f ibers  these losses are 
much more important (20-30 %) and with Aramid we can ext rac t  near ly all 
the matr ix .  

GPC analysis of soluble f ract ions shows near ly always the same mole- 
cular weight d is t r ibu t ion ,  which correspond in fact (in the region of the 
hiqher Mw) to the l imit of so lub i l i ty  of PUR in THF (Fig.  I ) .  

Fig. I. Chromatograms of 
I"". PUR soluble fractions in 

f" ~ THF : ( ) C(6}-L100 
�9 \ and (-.-.-) C(8)-M400 ; 

�9 l "\. ( .... ) initial L 100 prepo ! \. 
I" \. lymer 

. -..... i' \ 

J ". t .�9 \ 

,' I,./ ~ "\. 
,Tf j .......... 

. . . .  v, 2'o 

16 3 cMJps Ib 6 
On the other hand, there are no lower Mw fractions on the chroma- 

tograms ; the THF soluble extracts do not contain any prepolymer or any 
diisocyanate or any chain extender which would not have reacted. 

2) InfraRed Analysis of PUR has been extensively studied (Nakayama 
and al 1969, H. Ishihara and al 1974, V.W. Srichatrapimuk 1978). We have 
focused our attention on the absorbance region of 2000 - 1000 cm - I ,  and 
in part icular on the absorption bands of carbonyl groups ,,~ C = O : 

1732 cm- l , f ree  ~C = O in urethane group 
1705 cm-l ,bonded >C = O in urethane group 
1660- 1630 cm - I  )C = O in urea group 
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The aramide-composites spectra are very  d i f f i cu l t  to handle because of 
the over lapp ing  of the urethane bands due to the strong absorpt ion of the 
f iber  aramide group.  

On the other hand, all the spectra regard ing the carbone-composite 
present  intensive d i f fus ion.  

The spectra of the core and the interface in the g lass- f iber  V-M400 
composite are shown in Fig. 2a and Fig. 2b respect ive ly .  

h ,  . 
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2000 wave number I"400 cm12000 wave number cm'11200  
Fig. 2. IR spectre o f  V(PIOg)-M400. o) in the core ; b) et the f iber  

surface ; c) M400 alone 

The important d i f ferences between spectrum Fig. 2a and the spec- 
trum of the po lyurethane M400 matr ix  is the appearence of a new band 
at 1650 cm - I  due to the carbonyl  ,,XC = O in the urea group,  and the in-  
crease of band in tens i ty  of the bonded ,,~ C = O. The spectrum of  the 
interface (Fig.  2b) is very  d i f fe ren t  from the prev ious one {Fig.  2a). We 
notice again the presence of  urea groups due to the absorpt ion band at 
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1650 cm - I  which is re la t i ve ly  s t ronger .  
The th ing wor th not ic ing is the total absence of free ~ C = O band 

(1732 cm-1), and the band at 1706 cm - I  gain ing in in tens i ty .  But it 
should be noted that  a new band has appeared at 1395 cm-1 which is due 
to ~ C  = O absorpt ion in isocyanurate r ings ( A . T .  Dano Thi and al, 
1983) and that  may expla in on the other  hand, the increasing in tensi ty  o f  
the absorpt ion band at 1706 cm - I ,  the lat ter  being the superposi t ion of 
bonded ~" C = O in urethane and ~ C = O in isocyanurate.  F inal ly ,  the 
po lyoxy te t ramethy lene (POTM) bands are f ine and less intense compared 
to those of  the matr ix  alone (see 1080 cm - I  - 1100 cm-1). This leads us 
to th inck about a certa in or ientat ion of these chain segments on the sur fa-  
ce of f ibers .  

The spectra on Fig. 3 of  composite C-M400 represente a large degree 
of d i f fus ion.  The only th ing we can notice is the high propor t ion  of bon- 
ded /x C = 0 in urethane.  

~ a) ~ ~ ,'"'"" 

~ t 

i s 

" "  ' " ' ' ,  ' ' e: 

2 0 0 0  ' ' '  2bo 
wave number 

Fig. 3. IR spectra of 
C-M400 composite 
a) in the core 
b) at the fiber surface 

:m-1 

On the spectra of Fig. 4 and 5, the ~ C = O urea bands (1640 cm - I )  
belonging to C-L I00 composite and compared to ~ C = O in urethane,  ap- 
pear to be less intense than those in V-L I00  composite. For the C-LI00 
composite, the free and bonded ~ C = O bands are poor ly  separated as 
if  there was a large zone of  in ter ference due to hydroaen-bonds .  The se- 
parat ion is bet ter  in the case of the V-L I00  composite where the bonded 

C = O appears at 1690 cm-1. The ~NH band (1530 cm-1) was of 
equal in tens i ty  in the two cases (V -L I00  and C-LI00)  ; but the v Nil band 
had a sharper maximum in the case of V -L I00  (3300 cm - I )  whereas for the 
C-L I00 the maximum stretched from 3320 cm - I  to 3420 cm - I  

F inal ly ,  the ext racts  of  soluble f ract ions in TH, F were analysed. The 
spectra were comparable to those obtained for  the matr ix alone. 

Discussion and Conclusion. 

I) The ex t rac t ion  by the solvent THF shows that  the matr ix PUR 
with carbon t issue contains an abnormal ly high propor t ion  of soluble macro- 
molecules with a molecular mass of Mn ~ 30000. This is conf irmed by the 
IR spectra. For example, in the case of C-LI00 composite we were able 
to d is t ingu ish  on the I R spectrum of  the polymer,  the urea bonds due to 
the extension of the macromolecular chains of  urethane group in the prepo-  
lymer.  These urea bonds are in much smaller p ropor t ion  than for a po ly -  
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Fig. 4. IR spectra of V(P109)- 
L 100 composite 
a) in the core 
b) at the fiber surface 
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Fig. 5. IR spectra of C-L 100 
composite 
a) in the core 
b) at the fiber surface 
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ure thane-urea  (LI00)  prepared in the absence of  t issue re inforcements.  
However,  the VNH bond is intense and complex due cer ta in ly  to the 
presence of the amine group (-NH 2) at the end of the chain : 

CH 3 CI CH 3 

o c 

O H H O H 

The funct iona l  group present  on the macromolecule has d i f f i cu l t i es  in 
react ing in the last stade of the react ion because of  the presence of  the 
f iber  t issue.  Th is  would expla in  the weaker molecular mass d i s t r i bu t i on ,  
the lack of urea groups and the persistance of amine when the chain ex -  
tender  is Moca. In the case of carbon t issue,  the amount of ex t rac t  increa-  
ses as we pass from 6 to 8 pl ies.  

But  we do not observe any noticeable d i f ference between the s t r u c t u -  
re of the matr ix  at the heart  of the composite and on the f ib re  sur face.  

2) The presence of an aramide f iber  t issue has a catast rophic  ef fect  
on the react ion rate of  the polycondensat ion.  The phenomena of ster ic  
h inderance and func t ions  d i lu t ion  due to the presence of t issues is not 
enough to exp la in  th is  resu l t .  We can evoke the polar s t r uc tu re  of arami-  
de molecules which may form complexes wi th  the alcohol and isocyanate 
funct iona l  g roups,  thus  slowing down the chemical react ion.  

3) The glass f ibers  give to ta l ly  d i f f e ren t  resu l ts .  I t  is we l l -known that  
water molecules are always present  on the glass sur face.  These molecules 
are not iner t  w i th  respect to the isocyanate groups,  they react g iv ing  ami- 
ne groups capable in t u rn  of  forming urea bonds. These bonds can also 
be formed by the react ion wi th  the coupl ing agent present  on the surface 
of glass f i b re .  Th is  exp la ins  the la rger  amount of urea bonds in the 
V -L I00  composite than in the C-L I00  one. Th is  mechanism allows us to ex-  
plain the presence or urea bonds in the composite V-M400 which logical ly  
should have only urethane bonds.  

The urea bonds are found ra ther  on the surface of re inforcement than 
in the core or the mat r ix .  

The reac t i v i t y  of t h e  glass surface suppresses the negat ive ef fect  due 
to the presence of the t issue layer .  The composite V-M400 possesses on 
the other  hand the pa r t i cu l a r i t y  of  hav ing  macromolecules PUR on the fibre 
surface ve ry  d i f f e ren t  from that  found in the rest  of  the mat r ix .  The ba- 
sic nature of glass can expla in  the formation of isocyanurate r i ngs .  

3 ~ NCO 

O 
II 
C 

\ J f 
N N 

, I  I 
C C 

J ~ . J  ~o  
In the presence of  a basic cata lys t ,  these r ings  are more easi ly obta i -  

ned wi th  MDI as di isocyanate than wi th  TDI ( A . T .  Dang Th i  and al, 1983). 
F ina l ly ,  the lack of po lyoxy te t ramethy lene  POTM soft  segments can be ex -  
p la inded by a segregat ion of the hard segments (MDI + 1.4 Bd) on the 
surface of the f ibers  as observed on the cold walls of the mould du r i ng  
the manufac tur ing  of po lyure thanes by the RIM process ( A . L .  Chang and 
al,  1982). The reaction ~-NCO + amine is much faster  than the ~NCO § 
alcohol react ion,  and th is  segregat ion ef fect  wi l l  not be observed wi th  
LI00 po lyure thane formulat ions.  
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In conclusion, the extract  by a solvent followed by GPC analysis and 
coupled to the FT-IR analysis give us useful indications concerning the 
structure of the PUR matrix and of the perturbat ions caused by the f ibres of 
d i f ferent  nature dur ing the cl~emical reactlon. These observations will 
be very useful to understand the di f ferent stress-strain behaviour and 
ultimate elongations of our materials. 
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