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Polypropylene and low-density polyethylene (LDPE) were melt-blended at proportions
75/25, 50/50, and 25/75 w/w, respectively. These blends were reinforced with two types of
glass fibers added at an amount of 20 wt %: the E-type fibers without any surface treatment
and the M-type fibers, which were treated with y-methacryloxy propyltrimethoxy silane
coupling agent. Poly(propylene-g-maleic anhydride) with 0.8 mol % maleic anhydride
content and poly(ethylene-co-vinyl alcohol) with 7.5 mol % vinyl alcohol content were
added at a 50/50 w/w proportion as in situ reactive compatibilizers at an amount of 10 wt %.
The thermoplastic composite materials have higher tensile strength as well as impact
strength compared to the unreinforced blends. The simultaneous process of the in situ
blend compatibilization, along with the incorporation of glass fibers in the thermoplastic
matrix, leads to a significant improvement of the mechanical properties as compared to the
properties of the composite materials with the uncompatibilized matrix. Scanning electron
microscopy and micro-Raman spectroscopy have been used to study the adhesion of the
thermoplastic matrix onto the glass fibers. Significantly better adhesion characteristics
were observed in the composites containing M-type glass fibers, with LDPE adhering the
most on the fibers. This better adhesion was reflected in the improved mechanical
properties of the composites. © 7999 Kluwer Academic Publishers

1. Introduction material has inferior mechanical properties when com-
Glass-fiber reinforcement is often an attractive waypared to the pure-component polymers. These pro-
to improve the mechanical properties of thermoplastigerties could lie between the corresponding properties
matrices, the improvement being attributed to the ex-of the component polymers or even be inferior than
cellent mechanical properties of the fibers [1-3]. Manyeither of the pure polymers. Polypropylene (PP) and
studies have been published concerning the rheologyow-density polyethylene (LDPE) are two of the most
processing conditions, and the properties of thermoeommonly used polymers, and their blends are of great
plastics containing glass fibers [4-9]. The mechanicainterest. The possibility of preparing a blend of these
properties of these thermoplastic composites are sigeolymers with acceptable mechanical properties would
nificantly affected mainly by the interfacial adhesion resultin a valuable material and a useful recycling prac-
between the glass fiber and the polymer matrix, theice, because in communal waste the main plastic com-
length and the diameter of the fiber, their concentraponents are usually the various types of the semicrys-
tion in the thermoplastic, the fiber orientations, andtalline PE and PP, which are used mainly in packaging
their distribution in the polymer composite [10-14]. applications [20].
Onthe other hand, there is an ever-increasing interest in Because PP and LDPE are incompatible, the use of
the development of new polymer alloys and blends. Ina compatibilizer is always needed for the production
the last few years, much interest has also been showaf a blend with acceptable properties [21-24]. In a re-
in the fiber reinforcement of polymer alloys and blendscent work, we studied the effect of polypropylege-
[15-19]. maleic anhydride (PB-MA) and ethylene vinyl alco-
Blending and alloying of polymers are effective hol copolymers, as compatibilizers in PP/LDPE blends
methods for tailor-making materials that possess spg25]. It was found that the above mixture of copoly-
cific combinations of physical properties, processingmers can act as an effective compatibilizer, increasing
characteristics, and cost. But because of the immiscibiall mechanical properties, with a maximum observed at
lity and incompatibility of most polymers, the resulting a composition of 10 wt % of compatibilizer in the final
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blend. The compatibilization action of this system was5000. After preparation, the blends were immediately
due to the reaction of the hydroxyl groups with maleicremoved from the mixer, cooled to room temperature,
anhydride, which produced a block or graft copoly- milled, and placed in tightly sealed vials to prevent any
mer acting as an emulsifier at the interface of the twamoisture absorption.

polymers. Because of this emulsification action, a finer

dispersion of one polymer into the matrix of the other

could be obtained. 2.3. Mechanical properties

In the present work, the effect of glass fibers onMeasurements of the mechanical properties, such as
the mechanical properties of the above compatibilizedensile strength and elongation at break, were per-
PP/LDPE blends was studied. For comparison purformed on an Instron mechanical tester, Model 1122,
poses, identical glass-fiber reinforced blends, but withaccording to the ASTM D638 method. Measurements
out compatibilization, were also prepared. were done usig a 5 mm/min cross-head speed. Six
measurements were conducted for each sample, and
the results were averaged to obtain a mean value.

Izod impact tests were performed on a Tinius Olsen
instrument, according to ASTM D256. For each
sample, six measurements were conducted, and the
reported results were their average. Prior to mechanical
measurements, the samples were conditioned at 50
5% relative humidity and at 23C for 48 h by placing

2. Experimental procedure

2.1. Materials

Isotactic polypropylene was supplied by Montell and
had a melting point of 168C and a degree of crys-
tallinity of 48.8%. The LDPE was a commercial grade

from Borealis with a melting point of 113C and a them in a closed chamber containing a saturated

degree of crystallinity of 25.5%. The materials used a S
in situreactive compatibilizers were a poIy(propyIene-sgf’ll(gldf%)2 -4H,0 solution in distilled water (ASTM

g-maleic anhydride) (PB-MA) copolymer (Fus-
abond MD-353), supplied by Du Pont—Canada, with
0.8 mol% maleic anhydride content, as determine
by titration, and a poly(ethylenes-vinyl alcohol)
(EVAL) copolymer with 7.5 mol % vinyl alcohol con-
tent. This latter copolymer was obtained by hydrolysis-
saponification of a commercial poly(ethyleae-vinyl
acetate) copolymer (Alcudia) with 8 mol % vinyl ac-

d2.4. Thermal analysis
DSC measurements of samples were performed in a
Shimadzu DSC-50Q fast quenching differential scan-
ning calorimeter. Samples were placed in sealed alu-
minum cells, using a quantity of about 8 mg for each
etate content sample. The sam_ples were i_nitial!y heated with a heat-
E-glass fibérs used for reinforcement had 6 mmnY r_ateon_O’C/mlnto 200 Cinanitrogen atmogphere
average length and 1&m average diameter and andlmmedlatelyquenchedto remove any previousther-
were obtained from Cristaleria Espanola (Madrid) Themal history. The samples were subsequently rescanned
: ) with a heating rate of 20C/min, and from these ther-
fibers were heat cleanedrfel h at 500C before

use.y-Methacryloxy propyltrimethoxy silang/tMPS) mogramls t:\ei nc]eltlng temperatures and heats of fusion
coupling agent was used for the surface modification ofere calculated.

E-glass fibers and was supplied by Dow Corning under
the trade name Z-6030. The glass fibers were treateg

with y-MPS in solutio'n and qured for 12 h at 190. The impact specimens were fractured and the revealed

These coat_ed glass fibers will be referred to hereafteéurfaces were observed with a scanning electron micro-

as M-type fibers. scope (SEM, Jeol, Model JSM-840A). The surfaces of
the fractured specimens were coated with gold to avoid
charging under the electron beam.

5. Scanning electron microscopy

2.2. Preparation of blends

PP and LDPE were reactive-blended at proportions

75/25, 50/50, and 25/75 wiw, respectively, contain-2.6. Fourier transformation infrared

ing also 10 wt% compatibilizer in the final blend. In spectroscopy

the above blends, E- and M-glass fibers were introfourier transformation infrared (FTIR) spectra were
duced at an amount of 20 wt %. The same blends withacquired in a Biorad FTS-45A FTIR spectrometer.
out compatibilizer were also prepared for comparativeFor each spectrum, 64 consecutive scans with 4'cm
purposes. Mixing was performed in a Haake-Buchleresolution were collected. Samples were measured in
Rheomixer, Model 600, with roller blades and a mix- the form of thin films about 78 2 .um thick. The films

ing head with a volumetric capacity of 69 nfPriorto  were prepared by hot-press molding at 2@Gor 3 min
mixing, all polymers and E-type fibers were dried by and at a pressure of 250 bar.

heating in a vacuum oven at 76 for 24 h. The M-type

fibers were also dried at 5@ under vacuum for 6 h.

The components were physically pre-mixed before be2.7. Raman spectroscopy

ing fed into the Rheomixer. Blending was performed atThe Raman spectra were recorded with a Renishaw
200°C and 60 rpm for a period of 30 min. The melttem- Raman Imaging Microscope, Model 1000. The inci-
perature and torque were continuously recorded durdent laser excitation wavelength was 632.8 nm from a
ing the mixing period on a Haake Rheocord, ModelHe—Ne laser source. All spectra were recorded with
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a resolution of 4 cm?, collection time 1 min, and fibers. Therefore, the improvement of the mechanical
laser power of 3 mW. The spectra were collected frorrproperties of the composites necessitates an appropri-
fractured surfaces of impact specimens using a 50 ate control of the interfacial characteristics between the
objective. fibers and the polymer matrix.
The interfacial bonding strength between fibers and
the polymer matrix can actually be controlled to a great
3. Results and discussion extent by the use of suitable coupling ageytdiPS
3.1. Mechanical properties is such an agent, and it has already been found that
The stress-strain curves of the various studied blends can promote the interfacial adhesion in glass-fiber
exhibit some characteristic differences between thenreinforced polystyrene composites [26]. The observed
The unreinforced blends exhibit a clearly distinct yield substantial improvement of the mechanical properties
point, especially those with 50 and 75wt % LDPE com-in the blends containing M-type glass fibers can be
position. In contrast, glass-fiber reinforced blends brealattributed to the non-polar characteristic thaMPS
without yielding, and their behavior is similar to that of can impart to the surface of the glass fiber. As a con-
typical hard and strong polymers. An increase in yieldsequence, a better wetting of the fiber by the PP or
strength appears in all reinforced blends. The effect o DPE matrix occurs, leading to an improved adhesion
matrix composition on the tensile strength of reinforcedbetween the fiber and the polymer matrix, which in turn
and unreinforced blends is presented in Fig. 1. increases the tensile strength of the compogiilPS
Ascanbeseen,inallblendsthereisareductionintenalso reduces the tendency of the fibers to aggregate and
sile strength as the concentration of LDPE increases durm clusters [27], and, thus, a better distribution within
to the lower tensile strength (about 8 MPa) that LDPEthe polymer matrix can be achieved.
has compared to that of PP (about 18 MPa). Due to the In comparing the tensile strength of the reinforced
compatibilization effect of PB-MA/EVAL copoly-  compatibilized and uncompatibilized blends, one addi-
mers, the compatibilized blends have higher tensilgional factor comes into play: The reactive groups of
strength compared to those without compatibilizationthe compatibilizer can react with the surface of glass
As already mentioned, the block and graft copoly-fibers. Maleic anhydride groups of RFPMA can re-
mers produced from the reaction between the maleiact with the hydroxyl groups of glass fibers (Fig. 2a).
anhydride groups of PB-MA and the hydroxyl groups Such reactions have been assumed to take place in a
of EVAL can act as “emulsifiers” at the interface of the similar system [28]. The carboxylic groups produced
two polymer phases by reducing their interfacial ten-can form hydrogen bonds with the hydroxyl groups
sion [25]. of the glass fibers. Another possibility is the forma-
The introduction of either type of glass fibers in- tion of hydrogen bonds between the hydroxyl groups
creases also the tensile strength of the blends for atif EVAL copolymer and the hydroxyl groups of glass
polymer proportions compared to the correspondindibers (Fig. 2b). The latter is more pronounced because
uncompatibilized, as well as compatibilized, blends.EVAL contains a higher amount of hydroxyl groups
This increase lies between 2—-8 MPa with referenc&7.5 mol %) compared to the maleic anhydride groups
to the corresponding unfilled blends. Comparing theof PP-g-MA (0.8 mol %). All the above may lead to an
blends with different types of glass fibers, it can beincreased adhesion between the polymer matrix and
seen that those with E-type fibers appear to have the uncoated glass fibers, which could explain why
smaller tensile strength increase than those containintpe compatibilized blends, reinforced with E-type glass
the M-type fibers. In contrast to the non-polar characibers, have higher tensile strength than the uncompati-
teristic of both PP and LDPE, the hydroxyl groups athilized blends, reinforced even with M-type glassfibers.
the surface of the uncoated fibers give a hydrophilic To verify whether the above interactions take place,
character to the fibers, which results in a poor interfathe blends were examined by FTIR spectroscopy.
cial adhesion between PP or LDPE and E-type glasSpectra were collected for the compatibilized blends
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Figure 2 (a) Interactions between maleic anhydride groups ofP\RA
Figure 1 Tensile strength of compatibilized and uncompatibilized and hydroxylic groups of glass fibers and (b) hydrogen bond formation
LDPE/PP blends containing different types of glass fibers. between the hydroxyl groups of EVAL and glass fibers.
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Figure 3 Hydroxyl region FTIR spectra of: (a) EVAL copolymer; (b)

PP/LDPE 50 : 50 compatibilized blend without glass fibers; (c) PP/LDPE ; . ;
50:50 compatibilized blend reinforced with E-type fibers; and (d) In the blends without glass fibers, the elongatlon at

PP/LDPE 50 : 50 compatibilized blend reinforced with M-type fibers. break increases as the amount of LDPE increases. Fur-
thermore, the compatibilized blends have higher elon-
gations compared with the corresponding uncompatibi-
lized blends. Thisis due tothe reduction of the dispersed
rphase’s size, introduced by the addition of compatibi-
lizer. When glass fibers are introduced in the above
blends, the elongation at break decreases drastically. In
contrast with tensile strength, there are no large differ-
ences between the reinforced blends, as far as elonga-

But the magnitude of this peak was the same and i ion at break is concerned, which lies between 8 and

the compatibilized blend without glass fibers. This was 0%, even in the blends containing 75 wt% LDPE.

expected, because the concentration of the maleic at#|j gener_al, the elongation at break of re_lnforced ther—
hydride groups is very small and the greatest portio oplastics decreases as the concentration of the fibers

) : . > 29].
of them is consumed during reaction with the hydroxyl Increases [ . .
groups of EVAL. The exact amount that has reactedeThe differences in the impact strength of the same

with the hydroxyl groups of glass fibers is difficult to ends are more clear, as can be_ seen in Fig. 5. It is
determine from the above spectra. known that in tough polymer matrices, the toughness

The possibility of hydrogen bond formation was in- usually decreases with the incorporation of glass fibers

; 7 : 2], while their addition in brittle matrices has the op-
\s{ﬁz'evgnatiﬁdF?g gxi\n;lr;l;? g;esr;éir?: ylli;egéor:hzegc;rra[ osite effect [30—33]. Thus, the incorporation of E- and

no significant differences, either in the hydroxyl area “ypeglassfibers in PP increases theirimpact strength

: ' 6 J/m to 14 and 16 J/m, respectively. In contrast,
among the spectra for the blend without any glass flberﬁom ; ! :
and fogr thosg containing E- and M-type fib)(/e?s, respecin® incorporation of these fibers in the very tough LDPE

tively. It was expected that the compatibilizer was abIetranSformS itinto a rather brittle material.

to develop hydrogen bonds with the hydroxyls lying

on the surface of the glass fibers, especially with the
E-type fibers in which hydroxyls are not capped with 45
silanes, as is the case with M-type fibers. Even in the [ [monows

case of M-type fibers, not all hydroxyls have reacted, @ A 2010wt

-A- B 20 wi%

v

4

and thus those remaining could also develop hydroger__ 35 W~ B 2010wt °
bonds. These hydrogen bonds would partially explainlé> [
. . . 2 30
the better mechanical properties observed in the comg ~ |
patibilized reinforced blends. However, the three spec-g 25+

L J
/l

without fiber reinforcement with E-type and with M-
type fiber reinforcement. All these spectra were simila
in one appearance without any significant differences
There was a small peak at 1730 thwhich was at-
tributed to the ester group formation from the reaction
of maleic anhydride group with the hydroxyl groups.

tra (b, ¢, and d) in this area appear almost identical with+;
. . . 20
no extra peaks and peak shifts appearing in the specg | /
trum of the reinforced blends. Of course, there is always g 15 .§24/-/
the possibility that hydrogen bonds form, but because p——
of bad overlap by other hydroxyl peaks they cannot be 10 _'/
detected. 5t - . . I . ! . L
As was mentioned before, glass-fiber reinforcement ~ ° 0 40 & 80
leads to a drastic reduction of the ductility of the poly- LDPE wt %

mer blend. This is reflected in_the_elongation at breaksigyre 5 Impact strength of compatibilized and uncompatibilized
of the blends, as can be seen in Fig. 4. LDPE/PP blends containing different types of glass fibers.
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TABLE | Degree of crystallinity (%) of LDPE in blends

LPDE Uncompatibilized Compatibilized
ala wt % Unreinforced E-type M-type Unreinforced E-type M-type
1 100 255 25.6 26.5
2 75 25.1 24.6 25.3 24.6 23.9 254
3 50 223 235 22.8 235 24 23.9
4 25 17.6 24.1 24.4 21.9 23.4 25

TABLE |l Degree of crystallinity (%) of PP in blends

PP Uncompatibilized Compatibilized
ala wt % Unreinforced E-type M-type Unreinforced E-type M-type
1 100 48.8 49.2 54
2 75 42 42.1 40.9 37.2 40 39.9
3 50 40 39.1 39.3 37.4 38.4 38.6
4 25 36.6 37.7 37.6 35.2 36.4 35.8

It is worth noting that all reinforced blends in Fig. 5 known that the surfaces of some fibers are provided for
exhibit higher impact strength than the correspondingiucleating sites, which makes them act like nucleating
unreinforced blends. The effect of M-type glass fibersagents and increase the rate of crystallization in pure
is also noticeable in both compatibilized and uncom-PP [36]. The degree of crystallinity for each polymer in
patibilized blends. Compared to those containing thehe blend was calculated from the heat of fusion taking
E-type fibers, it can be seen that in all cases, the formento account the heat of fusion of completely crystalline
exhibit an impact strength 3—-4 J/m higher except for(100%) polymers. For LDPE, this is 290 J/g [37] and
the compatibilized blends where the impact behavior igor PP 165 J/g [38]. The crystallinity measurements are
the highest and practically the same for the two typeseported in Tables | and II. All reported data take into
of fibers. This is further evidence that the interfacialaccount the amount of each polymer in the blend.
adhesion between the polymers and the glass fibers is In general, when glass fibers are added to polymer
higher in compatibilized blends. It is known that the blends, they act as nucleating agents, and a noticeable
ability of short glass fibers to absorb the mechanicaincrease in the crystallinity of the matrix polymer ap-
impact energy depends, among other things, on the irpears. However, it has been found that in polyethylene
terfacial adhesion and on the composition of the interblends such as PBT-HDPE, the introduction of glass
facial fiber-matrix layer [15]. fibers had only a small effect on polyethylene’s de-

An important role in this interfacial adhesion and gree of crystallinity: In this case, the glass fibers were
interfacial layer composition is played by the com-found to increase the degree of crystallinity of both
patibilizer. Strong specific interactions, such as hydropolymers [16]. This could be explained by the fact that
gen bonding, or chemical interactions, such as thos@BT is quickly crystallizable and that the degree of
between maleic anhydride groups of the compatibilizercrystallinity depends on the rate of crystallization, as
and the hydroxyl groups of glass fibers, across the phaseell. Nevertheless, in this study it seems that the in-
boundaries, can control the overall performance of theorporation of glass fibers has a very small effect on
polymer matrix composites [34]. In a previous study,the degree of crystallinity of the polymer matrix. The
it was found that the dominant crack propagation ori-enhancement of the mechanical properties of semicrys-
entation is parallel to the glass fibers [35]. Because théalline polymers, such as PP and LDPE, could in part be
fracture of the composite occurs near the fiber-matrixattributed to the changes in the morphology of the ma-
interface, the interfacial adhesion plays a very impor-trix, due to the presence of glass fibers acting as hetero-
tant role. When it is high, there is an efficient load geneous nucleating agents [39]. Because the changes
transfer from the polymer matrix to the glass fillers. By in the degree of crystallinity in our blends are relatively
improving the interfacial adhesion, the compatibilizer small, the differences in the mechanical properties are
improves the impact strength of the composite materialmainly due to the increased adhesion between the poly-

mer matrix and the glass fibers.

3.2. Thermal analysis

In a previous study, it was found that the introduction3.3. Scanning electron microscopy

of compatibilizer in PP-LDPE blends affects the crys-The improved interfacial adhesion has been confirmed
tallinity of both PP and LDPE [25]. The degree of crys- in the present investigation by direct examination of

tallinity in LDPE increases due to the incorporation impact fracture surfaces by SEM. In Fig. 6, the SEM

of EVAL copolymer in the LDPE phase, whereas themicrographs of pure PP and LDPE, containing different
crystallinity of PP decreases due to the incorporatiortypes of glass fibers, are presented.

of PPg-MA in the PP phase. The use of glass fibers In the fractured surfaces, the glass fibers are pro-
could also further affect the degree of crystallinity. It is jected out from the polymer matrix. They appear to be
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(b)

Figure 6 SEM micrographs of impact fracture surfaces of pure polymers, containing different types of glass fibers: (a) PP with E-type; (b) PP with
M-type; (c) LDPE with E-type; and (d) LDPE with M-typeCfntinued.

randomly dispersed without any apparent orientation oneither of the two main polymers can interact with this
difference between the two types of the fibers. For theaype of fiber, the interfacial adhesion is very poor. The
E-type fibers, the glass surfaces are very clear in botsame behavior appears when the M-type is incorpo-
polymers. Also, the surfaces of the hollow cylindersrated within PP. The cohesion remains poor. On the
or cavities in the polymer matrix, which were createdcontrary, in LDPE the fibers are covered with a thin
from the pulled-out glass fibers, are smooth. Becauskayer of polymer. The treatment of the glass fibers with
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Figure 6 (Continued.

the silane coupling agegtMPS turns them non-polar, fibers. Only in the blends containing the M-type glass
leading to an improvement of the interfacial adhesiorfibers does a surface coating by polymer appear, as can
between the fibers and LDPE. As observed in Fig. 6dbe seen in Fig. 7a. This coating should primarily be
LDPE is tightly adhered to all fibers in the micrograph. LDPE.

Uncompatibilized blends show a similarity to pure  When a compatibilizer was used in the blends, both
polymer behavior regarding their adhesion to the glassypes of glass fibers were covered by a polymer layer,
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Figure 7 SEM micrographs of impact fracture surfaces of PP/LDPE 25/75 w/w blends, containing different types of glass fibers: (a) uncompatibilized
blend with M-type fibers; (b) compatibilized blend with M-type fibers; and (c) compatibilized blend with E-type fiBergir{ued.

as can be seen in Fig. 7b for the M-type fibers and irtioned before (Fig. 2). It has been found that grafting
Fig. 7c for the E-type fibers. Because neither of theof polypropylene [15] or polyethylene [5] with acrylic
two polymers interacts with the E-type fibers, the SEMacid was affecting the microstructure of the composite
findings give indirect but strong evidence that interac-due to the increased interactions between the acidic
tions can take place between the compatibilizer and thacrylated compounds and the basic centers (hydro-
glass fibers. These cannot be the others than those mexyls) on the fiber surface. The increased adhesion that
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Figure 7 (Continued.

was found in all compatibilized blends can explain the 4oo00
superior mechanical properties that these blends sho
compared to the uncompatibilized ones. The transmis
sion of the applied load through the matrix to the fibers 300
depends on the state of the bonding between the matri 5090
and the fibers. The strong hydrogen bonds of the hy-
droxyls of the compatibilizer with the hydroxyl groups S ***
atthe fiber surface on the one hand, and the strong adh© 15000
sion of the same compatibilizer to the main polymers of
the polymer matrix on the other, keep the fibers tightly
bound to the matrix and in proper orientation, thus faci-  so
litating the transfer and distribution of the applied load

among fibers. 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

35000

10000

VYS

3.4. Raman spectroscopy Figure 8 Raman spectra of (a) pure PP and (b) LDPE.
The Raman spectra of pure PP and LDPE were recorde

as reference spectra for further examination of PP—
LDPE blends and are presented in Fig. 8. glass fiber surfaces, in compatibilized and uncompati-
The spectrum of polypropylene has characteristic vi-ilized PP/LDPE 25/75 w/w blends, are presented.
brations at 1105, 810-860 (double peak), and 2953 From the spectra, which were collected from the un-
cm~L. The most important vibrations of polyethylene, compatibilized blend, one can see clearly the character-
which do not appear for PP, are at 1128 and 1062%cm istic peaks of LDPE. Thisis in agreement with SEM mi-
(vC-C), as illustrated in Fig. 8. The Raman spectra ofcrographs because only LDPE can form a thin coating
the copolymers used as compatibilizers were similaon the surface of M-type glass fibers. In the spectra col-
without significant differences. lected from the compatibilized blend, besides the LDPE
The micro-Raman technique has the ability to collectpeaks, one can clearly see the characteristic peaks at
spectra from very small areas, in the order ofith. 1105 cnt?, at 810-860 cm!, and at 2953 cmt, as
Thus, it is easy to collect the spectra from the polymerwell, which are attributed to PP. Because pure PP
which is the thin coating, by focusing at the glass sur-cannotinteract with this type of glass fiber, this is futher
face, because the average diameter of the glass fibersagidence that the peaks are due to the compatibilizer,
13 um. The main problem with these spectra was thewvhich has adhered to the surface of the glass fibers.
high fluorescence associated with the glass fibers. In The same observations can be made in the collected
Fig. 9a, the Raman spectra collected from the M-typespectra from the compatibilized blends containing the
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Figure 9 (a) Raman spectra of uncompatibilizegand compatibilized

(a2) PP/LDPE 25/75 wiw blends containing M-type glass fibers; (b) 11.
12.

Raman spectra of compatibilized PP/LDPE 50/50 wq) @nd 75/25
w/w (b2) blends containing E-type glass fibers.

13.

E-type glass fibers (Fig. 9b). The characteristic peaks

for LDPE and PP polymers can clearly be seenin thes&*

spectra, as well. But, as already mentioned, none of the;

pure polymers can adhere and form a thin coating onse.

the surface of this type of glass fiber. Thus, the charac-

teristic peaks observed are due to the compatibilizers.’-

which can interact with the surfaces of the glass fiber
and produce a better interfacial bond between the ma-

trix and the fiber. Of course, these compatibilizers mayg.
act as bridges bringing the main polymers into contaceo.

with the glass fibers.

4. Conclusions
E-type glass fibers have a very poor interfacial adhe-

sion with both PP and LDPE. Their surface treatment?:
23. F. STEHLING,T. HUFF,C. S. SPEEDandG. WISSLER,

with the silane coupling agent-MPS has increased

the interfacial adhesion, but only in the case of LDPE 4.

Apparently, polypropylene needs some other coupling

agent. The glass-reinforced blends showed better meé>.

chanical properties, such as tensile strength and impa%
strength, than the corresponding unreinforced blends.

The presence of a compatibilizer has further improvedy.
the above mechanical properties. This observation wass.

attributed to the strong specific or chemical interactions

that can take place between the reactive groups of conf*:

patibilizers, such as maleic anhydride and hydroxylic,

on both types of glass fibers in the case of compatibi-

lized blends. Micro-Raman spectroscopy has revealegs

the composition of this surface layer and the role that
the compatibilizer plays by adhering to the surface of37

the glass fibers.
38
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The extent of the interfacial adhesion of the polymers2.
matrix onto the fibers was revealed by SEM. SEM mi-33.

crographs have revealed the presence of a coating lay&t _
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