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Abstract: In this study, a technological procedure for the production of a mol-
ding compound based on short carbon fibers and an ablative phenol-formal-
dehyde resin for high temperature application was optimized. The starting raw
materials were characterized and molding compounds with different fiber/
/matrix ratios and different fiber lengths were obtained. From the different la-
boratory samples, molded parts were made by thermocompression. The basic
mechanical and thermal properties of the composites were determined. From
the obtained results, the optimal fiber/matrix ratio was determined for a pro-
duction of molding compound for high temperature application. The molding
process of the composite material was optimized and all the parameters for
good mechanical properties and high thermal stability of the composite were
obtained. Optimization of the composite molding process was performed by the
application of a numerical method for a planned experiment, i.e., a full three-
-factorial experimental design with variance of all three parameters (fiber length,
temperature and time of the press cycle) on two levels. The obtained mecha-
nical properties (flexural strength: 247 MPa, modulus: 27.6 GPa, impact resis-
tance: 110 (for test moldings 10 mmx10 mm) and 91 kJ/m? (for test moldings
15 mmx15 mm)) justified the application of this composite material in the
automotive, leisure, military and other industries where high temperature resis-
tance and high mechanical strength is required.

Keywords: molding compound; phenol-formaldehyde resin; carbon fibers;
composites; thermocompression.
INTRODUCTION

Phenolic composites reinforced with carbon fibers are mostly used for the
production of responsible parts for various industries, among which those for high
temperature applications are of particular significance.l
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442 SREBRENKOSKA, BOGOEVA-GACEVA and DIMESKI

Phenolic resins are known for their excellent thermal properties and chemi-
cal stability. In the field of advanced composite materials, phenolic based compo-
sites are known for their excellent flame resistance and are excessively used in
the rocket industry because of their ablative characteristics.

Carbon fiber-reinforced phenolic resins are particularly effective in resisting
high temperatures, since the resin evaporates and burns at the surface creating a
thermal protective layer.2-4

The gel time (B-time) of phenolic resins at 150 °C ranges from 1 to 3 min.
The weight loss at temperatures higher than 500 °C is about 40 %.5

Phenolic bulk molding compound (BMC) composites have excellent dimen-
sional stability at high temperatures, excellent strength and heat insulation pro-
perties and high durability.6.7

The properties of short fiber—polymer composites are strongly dependent on
the volume fraction and orientation distribution of the fiber and on the adhesion
between the fibers and matrices. The fiber volume fraction is usually fairly tight
controlled, although some segregation of fibers and polymer may occur during
fabrication. The fiber orientation distribution changes when the molding condi-
tions change, but it is difficult to control 8.°

Thermosetting short fiber reinforced composites have unique property com-
binations. Thus, typical strength values are in the range from 150 to 200 MPa and
Young’s modulus values are in the range 10-18 GPa.8 The differences in fiber
orientation distribution usually occurs within the moldings, particularly through
the wall thickness, and this can lead to a composite with unequal mechanical pro-
perties.8

In this study, the influence of the basic processing parameters and length of
the carbon fibers on the basic mechanical and thermal properties of phenol-form-
aldehyde composites were investigated. According to the test results, the optimal
processing parameters of the compound were determined. One of the possible
applications of such a composite is expected to be for the production of load-bear-
ing and high temperature resistant parts of anti-hail rockets, such as the nozzles.

EXPERIMENTAL

For the production of the molding compound, a resol-type phenol formaldehyde resin
(under the trade name Borofen DX 30), see Table I, and carbon fiber type T800 (under the
trade name Toray), see Table I, were used.

Thermal characterization of the resin was performed by thermogravimetry, TG, (Thermo
Gravimetric Analyzer 980 of Du Pont de Numerous), differential scanning calorimetry, DSC,
(Perkin Elmer DSC-7 analyzer) and through determination of the gel time at different tempe-
ratures.

The molding compound was produced by mixing resin and carbon fibers (cut at different
lengths, 25 and 50 mm) in a universal mix and knead machine (Werner Pfleiderer, Germany).
The produced molding compound was dried at 80 °C for 30 min. The content of volatile mate-
rials was kept at 2-3.5 %.
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PHENOLIC RESIN-CARBON FIBERS COMPOSITE 443

TABLE I. Characteristics of phenol-phormaldehide resin, Borofen DX30 resol type, dissolved in
2-propanol

Property Value
Appearance Clear dark red solution
pH 7.3-7.8
Dry material content, % 68-72
Viscosity (Ford, 4mm), s 140-160
Content of free phenol, % Max. 6
Content of free formaldehyde, % Max. 2

-t ) 120 °C 8.0-11
Gel-time, min 150 °C 10-15

TABLE Il. Characteristics of carbon fiber

Property Value

Trade name “Toray” T800H

Producer Toray Industries Inc., Tokyo, Japan
Filaments count 12000

Density, g/cm? 1.81

Tex count, g/1000m 445

Filament diameter, um 8

Tensile strength, MPa 5.49

Tensile modulus, GPa 294

Elongation, % 1.9

The composites, i.e., moldings, were made by direct thermocompression on a semi-in-
dustrial press (Triulzzi, Italy).

The mechanical and thermal properties of the moldings, such as impact resistance (DIN
53453), compression strength (DIN 53454), flexural strength (DIN 53457) and the modulus
(DIN 53452), were determined and the heat deflection temperature was analyzed (according to
the Marthens method) (DIN 53 462). For all mechanical tests, a universal testing machine
(Schenk and Frank, Germany) was used.

A numerical experimental design method, i.e., a full three-factorial experimental design
(Table 111) was applied for optimization of the processing of the molding compound. The fol-

TABLE Il1. Plan-matrix for three-factorial experimental design

Characteristics (conditions of experiment) Experimental design matrix
X1 X2 X3 X1 X3 X X
X2 X3 X3 X

X4 X, (fiber X3 (curing Xo
(temperature, °C) length, mm) time, min)

X3
140 25 15 +1 -1 -1 -1 +1 +1 +1 -
160 25 15 +1 +1 -1 -1 -1 -1 +1 +1
140 50 15 +1 -1 +1 -1 -1 +1 -1 +1
160 50 15 +1 +1 +1 -1 +1 -1 -1 -1
140 25 35 +1 -1 -1 +1 +1 -1 -1 +1
160 25 35 +1 +1 -1 +1 -1 +1 -1 -1
140 50 35 +1 -1 +1 +1 -1 -1 +1 -1
160 50 35 +1 +1 +1 +1 +1 +1 +1 +1
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444 SREBRENKOSKA, BOGOEVA-GACEVA and DIMESKI

lowing parameters were varied: molding temperature (X;), fiber length (X,) and press cycle
time (X3). The base level for the first factor (X;) was 150 and the interval of variance 10; for
the second factor (X5), the base level was 37.5 and the interval of variance 12.5; for the third
factor (X3), the base level was 25 and the interval of variance 10. This experimental design
enables mathematical definitions, in form of regression equations, of the mechanical proper-
ties of the moldings as functions of the processing parameters. The regression coefficients were
statistically determined by application of the student’s criteria and the significance of the reg-
ression equations was tested according to Fisher’s criteria.10

RESULTS AND DISCUSSION

The dependence of the gel time on temperature, in range from 120 to 180 °C,
is presented in Fig. 1, from which it can be seen that the gel time of the resin
ranged from 500 to 50 s for 120 and 180 °C, respectively. A drastic reduction of
the gel time started at temperatures above 140 °C. From the technical point of
view, the determination of the gel time is important because it gives an indication
of the curing process of the resin and the phase transition from the liquid to the
solid state.

600
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2 400 -
£ 300 -
8 200 |
100 -

0 T T T T L} T 1
120 130 140 150 160 170 180

Fig. 1. Temperature dependence of the
Temperature, °C resin gel time.

Curing of thermosetting resins are highly exothermic processes. This is most
critical when thick sections are molded. Addabbo et al.1 studied the curing of a
thermoset in a heated mold and showed the existence of a critical thickness be-
low which the cycle time was not dependent on the thickness of the part. Willi-
ams et al.12 found that the hottest plane does not always coincide with the center-
line and that the cure cycle time is not necessarily proportional to the thickness of
the part, as is often asserted. It is important to select the optimal wall temperature
so that the mold can be filled without premature gelling, and so that the maxi-
mum temperature in the part remains below a ceiling temperature, when degrada-
tion or undesirable side reactions may occur. When the cycle time is determined
by curing at the wall, it is important not to overestimate the critical conversion
needed to eject the part from the mold. The material must reach a critical conver-
sion level at which it is dimensionally stable and can be removed from the mold
without losing its shape or blemishing its surface. This is often described as the end
of the cure, though there will normally be further reaction (“curing”) after this time.
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PHENOLIC RESIN-CARBON FIBERS COMPOSITE 445

The results of the weight loss of the resin, obtained at a constant heating rate
of 20 °C/min in an inert atmosphere, are presented in Fig. 2. From the TG curve,
four temperature ranges of weight loss of the resin DX 30 can be noticed. In the
first range 0-130 °C, the weight loss was insignificant, 3 %; in the second range
130-230 °C, there was a sharp decline of the curve, i.e., the weight loss of the re-
sin was higher, approximately 15 %, and in the third range 230-400 °C, the weight
loss of the resin was again insignificant. At a temperature of 400 °C, the weight
loss was approximately 18 %. From 400 to 600 °C there was again a sharp dec-
line of the weight loss curve, i.e., the destruction of the resin rapidly increased.
At a temperature of 550 °C, the weight loss of the resin was 33 %.

‘Weight loss, %

0 150 300 450 600  Fig. 2. Thermal degradation (TG) of the
Temperature, °C resin DX 30.

The preliminary characterization on the resin DX 30 was performed by DSC
analysis. The basic temperature transitions: glass transition temperature, tg, the
cure reaction temperature, t;, and the corresponding effects within these transi-
tions, ACp and AyH, were determined. The onset temperatures of the glass transi-
tions and the curing reactions were also determined. All the obtained values are
presented in Table IV.

TABLE IV. DSC results for ty and t, of the resin DX 30
tg, °C ty (onset), °C ACp, JIg K t, °C t, (onset), °C AH, Jg
73.5 67.7 0.60 189.8 155.4 83.4

According to the DSC results, the curing reactions of the phenolic resin be-
gin at 155 °C. Based on these results, as well as on previous experience, the pro-
cessing conditions for all samples were determined as follows: molding pressure,
p = 75 bar, molding temperature, t = 160 °C and processing cycle time, = 20 min.

Under the influence of the heat flux, the resin becomes viscous (vitrification
proceeds) and as heating progresses, it begins to degrade, producing a foaming
carbon-mass and ultimately a porous carbon char. The char is a thermal insula-
tion; the interior is cooled by the volatile material percolating through it from the
decomposing polymer. Thus, a char forming resin acts as a self-regulating abla-

tion radiator, providing thermal protection through cooling and insulation of the
interior.2:3,13,14
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446 SREBRENKOSKA, BOGOEVA-GACEVA and DIMESKI

From the molding compounds made with different fiber/matrix ratios (25/75,
45/55, 57/43, 67/33 and 75/25) and with different fiber lengths (25 and 50 mm),
test samples were prepared and the basic mechanical and thermal properties of
the composites were determined.

Mechanical properties

The analysis of the mechanics of short fiber composites is much more diffi-
cult than for continuously aligned fiber composites. There are two reasons for
this. Firstly, the stress transfer between the fiber and the matrix is not uniform
along the fiber, and there are fiber-end effects that can be neglected in continuous
fiber composites but that are important in short fiber composites. Secondly, in
short fiber composites, the fibers are never exactly parallel and may even have
random orientation.812,15

Tables V and VI present the impact strength, an 10 and an 15, respectively,
for the test sample-moldings as a function of the content and the length of the
carbon fibers.

TABLE V. Impact strength an 10 (o710 / kJ m2) of the moldings; x,; — average value of 5,
SD - standard deviation and C,, — coefficient of variation

Fiber length: 25 mm
Fiber content, %

Property 25 45 57 67 75

X 105 120 136 122 133
SD 7.90 7.30 4.00 9.60 8.50
Cy 7.50 6.00 2.90 7.80 6.40

Fiber length: 50 mm

X 128 130 163 125 156
SD 6.90 6.00 450 7.90 4.10
Cv 5.40 4.60 2.80 6.30 2.60

TABLE VI. Impact strength an 15 (o35 / kJ m2) of the moldings; x, — average value of 5,
SD - standard deviation and C,, — coefficient of variation

Fiber length: 25 mm
Fiber content, %

Property 25 45 57 67 75

X 875 98.7 85.1 105 94.2
sD 5.20 9.50 7.80 14.9 7.50
C, 5.90 9.60 9.20 14.2 8.00

Fiber length: 50 mm

X 783 87.2 116 109 98.0
sD 9.90 5.30 9.20 9.90 7.60
C, 12.6 6.10 7.90 9.10 7.70

The total impact energy that can be absorbed by the test specimens per unit
area was determined. The absorbed energy is spent for the work done against
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PHENOLIC RESIN-CARBON FIBERS COMPOSITE 447

friction in displacing the fibers relative to the matrix, or the work required to
cause elastic debonding is the principal source of this fracture energy. In short-
-fiber composites, the situation is often slightly clearer because the ends of many
fibers must inevitably be nearer to a crack face than half the critical transfer
length and these ends will therefore be pulled from the matrix as the composites
separates into two or more pieces.16-20

The impact strength was higher for the composites with the longer fibers
length. A certain deviation was noticed for the impact strength an 15 of the
composites with fiber contents of 25 mass % and 45 mass % and a fiber length of
50 mm. The higher value for the coefficient of variation (C,, = 12.6) of the first
test sample shows that the probable cause for this is the difference in the fiber
orientation distribution through the wall thickness of the sample. The composite
material with a higher fiber content becomes more rigid, which results in a lower
impact strength. The best impact strength exhibited the test sample with 57 mass %
fiber content and 50 mm fiber length.

The composites with the shorter fiber length had a higher compression
strength, as can be seen inTable VII.

TABLE VII. Compression strength (oc / MPa) of the moldings

Fiber length: 25 mm
Fiber content, %

Property 25 45 57 67 75
Xer 153 159 164 179 143
SD 1.50 0.80 1.40 2.40 5.20
Cy 1.00 0.50 0.90 1.30 3.60
Fiber length: 50 mm
Xsr 135 128 172 132 141
SD 3.40 6.40 18,5 10.0 6.20
Cy 2.50 5.00 10.8 7.50 4.40

On compression, the matrix is called upon to bear a large fraction of the
applied load. Since the reinforcement is not continuous, local shear failure in the
matrix initiates a buckling type of rupture as the interface begins to fail and fiber
strengthening of the matrix is lost. In composites with poor fiber/matrix bonding,
longitudinal splitting occurs but in a well-bonded composite, a substantial pro-
portion of the compression strength may be retained.13.15

The highest value for the compression strength is registered for composites
with fiber contents of 57-67 mass %, i.e., 164-170 MPa (with fiber length of 25
mm). The deviation of the composite with longer fibers and with a fiber content
of 57 mass % is probably the result of non-homogeneity and non-uniformity of
the material. A proof for this is the value of the coefficient of variation (Cy =
= 10.8), which is higher than the ones for the other composites. In the other com-
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448 SREBRENKOSKA, BOGOEVA-GACEVA and DIMESKI

posites, the distribution of the fibers was more uniform, which resulted in more
uniform compression strengths.

A typical value for the compression strength of phenolic resin/carbon fabric
composites is 359 MPa. The obtained values for the compression strength of the
BMC-based moldings were half of that of fabric-based composites. Continuous
fibers composites show the best mechanical properties, due to the continuous
form of the reinforcement and the fiber orientation distribution.3

The flexural strength and the modulus of the test moldings as a function of
content and length the carbon fibers are presented in Figs. 3 and 4. As is known,
the fiber length was selected in accordance with the composite application. The
composites with shorter fibers have higher flexural strength and modulus. Ge-
nerally, for the best mechanical properties, the fiber length should exceed a criti-
cal value but if the composite is overloaded, fiber fracture occurs until the fibers
degrade to this value. The analysis showed that the fiber length and the aspect
ratio should be as large as possible. The dimensions of the short fibers for rein-
forced composites must be chosen accordingly and steps must be taken during
processing to maintain the lengths at adequate levels. The fiber length should not
be too long or the fibers becomes entangled, causing problems with dispersion; if
it is too short, the stress transfer area is too small and the fibers do not provide
effective reinforcement.8.15

300
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<™
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© 1004
100 —e—1=25mm
50 1 —— |=50mm
0
2 4 37 67 » Fig. 3. Flexural strength of the moldings
Fiber content, % as a function of the fiber content.
30
25
20 4
£
515
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0
25 45 57 67 75 Fig. 4. Flexural modulus of the mol-
Fiber content, % dings as a function of the fiber content.
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PHENOLIC RESIN-CARBON FIBERS COMPOSITE 449

The composites with a fiber content of 57 mass % had the highest values for
the flexural strength and the modulus.

Full factorial experimental design

In order to determine the optimal processing parameters and optimal fiber
length, full factorial experimental design was applied. In accordance with the plan
matrix, eight experiments with the variation of three parameters on two levels
were performed. The results showed that the optimal fiber content is 60 mass %.21
Some test results are presented in Figs 5 and 6.

The impact strength of 10 mmx10 mm test (o75) moldings vs. different fiber
lengths at a constant temperature and curing time is presented in Fig. 5.

200

150 -
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—m— X1<140; X2=25-50; X3=35;
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G100, kJ/m2

30 4

—— X1=160; X2=25-30; X3=15; | |
—%— X1=160; X2=25-50; X3=35; |

- l;iber length, mtﬁ 7 a
Fig. 5. Impact strength vs. fiber length (25-50 mm) at constant temperature and curing time.

Impact strength was higher for the composites with the longer fibers for both
types of test moldings (10 mmx10 mm and 15 mmx15 mm). The regression equa-
tion (1) shows the individual contribution of the parameters: fiber length, press
cycle temperature and press cycle time on the response function, i.e., impact
strength.

y(X)=-32.80+0.46X; —1.40X, —0.66X 3 +0.02X, X 5 1)

The fiber length had the largest contribution to the impact strength, the con-
tribution of the press cycle temperature was lower and the press cycle time had
the lowest contribution. By increasing the fiber length and keeping the press cyc-
le temperature at the upper level, an increase of the impact strength can be achiev-
ed at a shorter time.

The flexural strength vs. different fiber lengths at a constant temperature and
curing time is presented in Fig. 6. An inverse dependence of the flexural strength
as a function of the fiber length was found, Eq. (2):

y(X)=58.76+1.65X ; —3.80X, —0.83X 3 +0.06 X , X 5 )

The compression strength for all the tested moldings was also inversely
dependant on the fiber length. All the results were in the 147 to 245 MPa range.22
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450 SREBRENKOSKA, BOGOEVA-GACEVA and DIMESKI

From the regression equations, it can be seen that the fiber length had the
greatest influence on the mechanical properties of the moldings, next the press
cycle temperature and the smallest the press cycle time.

1nn
SUU

160} X2=25-50; X3=35;

=¥ X1

35 40 45 50
Fiber length, mm

Fig. 6. Flexural strength vs. fiber length (25-50mm) at constant temperature and curing time.
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Thermal properties

Thermogravimetry of the composites with carbon fiber contents of 25, 45,
57, 67 and 75 mass % and with a fiber length of 25 and 50 mm was performed
(Table VIII).

From Table VIII, it can be noticed that the fiber content had a certain influ-
ence on the thermal degradation: the composites with the highest fiber content
degraded at a higher temperature (the temperature of the excessive thermal de-
gradation occurred at 350 °C, compared to 250 °C for the composite with lowest
fiber content). The weight loss of the pure resin was higher compared to that of
the fiber-reinforced resins. In addition, the weight loss of the composites with the
highest fiber content was lower in comparison with the composites with the
lowest fiber content: at 500 °C, the weight loss of the composite with a fiber
content of 75 % was 14.6 %, and for the composite with a fiber content of 25 %,
it was 22.8 % (see Fig. 7).

TABLE VIII. Weight loss (Am / %) of the resin and the composites with fiber lengths of 25 and 50 mm

Weight loss of Fiber content, %

t/°C Resin DX 30 25 57 67 75 25 57 67 75

mg Composite with | = 25 mm Composite with | = 50 mm
0-250 15 9.7 4.4 2.4 1.6 5.4 3.8 2.0 0.9
250-325 1.2 24 3.6 24 14 4.0 34 1.6 15
325-400 1.3 3.7 5.6 3.2 2.3 3.8 5.3 3.2 2.0
400-500 5.7 7.0 6.6 103 93 6.2 8.3 104 102

The heat deflection temperature was measured according to Martens for all
moldings and it was found that, in all cases, the value exceed 210 °C, as reported
earlier.23
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PHENOLIC RESIN-CARBON FIBERS COMPOSITE 451

The results of the thermal analysis of the composites show that they meet the
criteria necessary for high temperature application.

As a result of the investigations, a rocket nozzle was produced and tested
under real application conditions. It satisfied all service requirements.

0
I T . S L "
L R W - SRR
R
220
=25 .
S0 Co_t. .1 | —®—resinDX30 -
;35- coiooro .| —Bresin/fibers 75/25 |
a0 . —— resin/fibers 25/75 |
45 — Fig. 7. Thermal decomposition (TG) of
0 150 300 450 the resin DX 30 and composites with
Temperature, "C 25/75 and 75/25 fiber/matrix ratio.

CONCLUSIONS

The basic mechanical and thermal properties of phenolic resin composites
with different fiber contents and fiber lengths were tested. The optimal results
were obtained for composites with a carbon fiber content of approx. 60 %. The
optimal processing parameters, determined using full factorial experimental de-
sign, were found to be: press cycle temperature: 160 °C, press cycle time: 25 min
and fiber length: 25 mm.

The composite material based on the ablative phenolic resin and carbon fi-
bers, produced using these processing parameters and a fiber length of 25 mm
had the following mechanical properties: flexural strength, 247 MPa; modulus,
27.6 GPa; impact resistance 110 and 91 kJ/m2 for test moldings of 10 mmx10 mm
and 15 mmx15 mm, respectively.

The final composite parts based on this molding compound are recommend-
ed for various application in the automotive industry, military (for anti-hail ro-
cket nozzles), leisure, etc.

U3BOJI

KOMIIO3UTHU MATEPUJAJI HA BA3U ABJIATUBHE ®EHOJIHE CMOJIE
N YI''BEHUYHIX BJIAKAHA

VINETA SREBRENKOSKA!, GORDANA BOGOEVA-GACEVA? 1 DIMKO DIMESKI*

Faculty of Technology, Goce Delcev University, Krste Misirkov b.h., P.O. Box 201, 2000 Stip and ?Faculty of
Technology and Metallurgy, Sts. Cyril and Methodius University, MK-1000 Skopje, FYR Macedonia

VY pany je u3BplIeHa ONTHMHU3ALMja TEXHOJOTHje 32 IPOM3BO/BY NPECOBAaHUX KOMITO3HMTA HA
0a3u BUCOKOTEMIIEpaTypHe abiaTHBHE (eHoN—(opManIexuaHe CMoje M KPaTKUX YTJbEHHYHUX
BrakaHa. OKapakTepHCaH! Cy ITOYETHH MaTepyjald, Kao U JOOUjeHH y30pIy KOMIIO3HUTA ca pa3Jii-
YUTOM KOJMYMHOM W J{y’KHHOM YIJbeHHUHHX BiakaHa. [IpumeHoM TepmokommpecHje nzpahenn cy
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452 SREBRENKOSKA, BOGOEVA-GACEVA and DIMESKI

y30pIIH, YHja Cy OCHOBHA MEXaHWYKa M TEpMHUYKA CBOjCTBA MCIHMTHBaHA y paxy. Ha 6azu mobuje-
HUX pe3ynTata oapel)eH je onTuManal OHOC BIAKHO—MAaTPHIIA 32 IPOU3BOAGY IPEC-Mace 3a BUCO-
KO-TeMIepaTypHy npuMeny. Ha ocHOBy onTumm3aliyje mpoueca nmpecoBama KOMIO3UTHOT MaTepH-
jama oapeheHu cy mapameTpu mpolieca aJeKBaTHHU 3a J0OUjarkhe KOMIIO3UTa Ca BUCOKUM MEXaHUY-
KAM CBOjCTBUMA M TEPMHUYKOM cTabwiHomihy. 3a onTUMH3alHUjy Hpoleca MPUMEHCHA je HyMe-
pHYKa MeToJia IUIAHUPAHOT EKCIIEPUMEHTA Ca BapHpameM TPH OCHOBHA (hakTopa: NyKHHA BIIAKHA,
TeMIiepatypa U BpeMe HpecoBarmba. MexaHn4Ke KapaKTepucTHKe Kommo3uTa (uBpcroha caBujarba
on 247 MPa, moxyn ox 27,6 GPa, ynapua ormopaoct ox 110 (3a tect y3opka 10mmx10 mm) u 91
kJ/m2 (3a Tect y3opka 15mmx15mm)) noteplyjy na je moGujeHH MaTepujan ajeKBAaTaH 3a MPH-
MCHY Y ayTOMOOMIICKO], BOJHO] U APYTHM HHIYCTpHjaMma IJie Cy HEOMXO/HE BHCOKA TeMIIepaTypHa
M3PKJBUBOCT U 33/10BOJbaBajyha MexaHnuka yBpcroha.

(Tpumsbeno 27. jyna 2007, pesuaupano 12. Gpebpyapa 2009)

REFERENCES

1. W. Fritz, in Proceeding of the first seminar on carbon materials, Belgrade, Vinca,
Yugoslavia, (1985), p. 10

2. R. M. Gill, Carbon fibers in composite materials, Iliffe Books, London, 1972, p. 42

3. S. M. Lee, International encyclopedia of composites, VVol. 1, VCH Publishers, New York,
1990, p. 97

4. A. Knop, W. Scheib, Chemistry and application of phenolic resins, Springer-Verlag,
Berlin, 1979, p. 53

5. G. Clark, Composites 20 (1989) 209

6. J. Harding, L. M. Welsh, J. Mater. Sci. 18 (1983) 1810

7. R. L. Gellert, E. P. Pattie, S. D. Woodward, J. Mater. Sci. 33 (1998) 1845

8. S. K. De, J. R. White, Short fiber — polymer composites, Woodhead Publishers Ltd.,

Cambridge, 1996, p. 11
9. R. Kruger, in Proceeding of the conference on composites reinforced fibers, Novi Sad,

Yugoslavia, (1987), p. 12 (in Serbian)

10. S. N. Sautin, Planning of experiments in chemistry and chemical technology, Khimya,
Leningrad, 1973, p. 35 (in Russian)

11. H. E. Addabo, A. J. Rojas, R. J. J. Williams, Polym. Eng. Sci. 19 (1979) 835

12. R. J. J. Williams, A. J. Rojas, J. H. Marciano, M. M. Ruzo, H. G. Hack, Polym. Plast.
Technol. Eng. 24 (1985) 243

13. A. X. Schmidt, C. A. Marlies, Principles of high-polymer theory and practice, McGraw-
-Hill, New York, 1948, p. 67

14. R. McCarthy, in Proceeding of BPF Composites Congress, Manchester, England, 1992,
p. 157

15. M. O. W. Richardson, Polymer engineering composites, Applied Science Publishers Ltd.,
London, 1977, p. 38

16. S.T.Jenq, S. B. Wang, L. T. Sheu, J. Reinf. Plast. Compos. 11 (1992) 1127

17. G. A. Cooper, J. Mater. Sci. 5 (1970) 645

18. J. L. Helfet, B. Harris, J. Mater. Sci. 7 (1972) 494

19. D. Cawthorne, B. Harris, Composites 6 (1975) 25

20. G. P. Marshall, L. E. Culver, J. G. Williams, Plast. Polym. 75 (1969) 113

21. V. Sebrenkoska, G. Bogoeva Gaceva, D. Dimeski, in Proceeding of the XVI congress of
the chemists and technologists of Macedonia, Skopje, FYROM, 1999, p. 231

2009 Copyright (CC) SCS

©%

56

PG MO




PHENOLIC RESIN-CARBON FIBERS COMPOSITE 453

22. V. Sebrenkoska, D. Dimeski, G. Bogoeva Gaceva, in Proceeding of the conference poly-
mer composites, Zagreb, Croatia, 2001, p. 31

23. V. Sebrenkoska, G. Bogoeva-Gaceva, D. Dimeski, in Proceeding of the XVII congress of
chemists and technologists of Macedonia, Skopje, FYROM, 2002, p. 58.

2009 Copyright (CC) SCS (@086

= MG MDD




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




