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Polystyrene  (PS)/multi- wall carbon nanotube (MWCNT)
nanocomposite s were prepared by melt mixing and by
coagulation of PS/MWCNT sonicated dispersion. Befor e

mixing and coagulation particles of MWCNT were cove  red with
PS nanospheres by microemulsion polymerization to i ncrease
their dispersibility and compatibility with t he matrix.
Microemulsion polymerization was carried out under

sonication in the presence of surfactants and a cro ss-linking
agent. The structure of modified MWCNT filler wasr  evealed by
SEM and TEM microscopy analyses. They show that PS  is well
grafted onto surface of MWCNT in form of ca 30 nm

nanospheres or as ca 3-8 nm PS film layer. Significant
changes in properties were recorded mainly for the coagulated
sample. Although no shift of T  was recorded for the melt
mixed composite, the coagulated sample sho ws an increase
by 9C. Also the reinforcing effect of MWCNT was mo re
pronounced for the same method of preparation (furt her
supported by the filler modification). The creep re sponse of
this material shifts to longer times not only in th e T4 area, but
also as low as 70 C below it, which is perceived as an
improvement of temperature stability (the same prop erties
kept for a longer time). This was also proved by th e increase
of creep modulus, and consequently by the prolonged time
needed to reach the same ten sile creep compliance after
aging. POLYM. COMPOS., 31:452- 458, 2010. © 2009 Society of
Plastics Engineers

INTRODUCTION

Polymer/carbon nanotube (CNT) composites are a tgf
highly promising materials, where specific propestiof bott
principal types of CNT—MWCNT (multivall) and SWCN1
(single-wall)—an be effectively availed. The nanoparticles
incorporated into a matrix, which gives a rise of n@w
multifunctional material with enhanced mechanidhlermal, o
electrical properties [1], Practically omémensional CNT witl
high flexibility and an aspect ratio close to 1@fve rise tc
elastic modulus of
0. 3-1 TPa for MWCNT and ca 1 TPa for SWCNT,
mechanical strength of 10-60 GPa and5®® GPa, respectivel
This unique polymer reinforcement enablegery specific
application of the materials [2, 3]. Furtheore, relatively higl
improvement of mechanical propis is provided at the level
filling in only units of wt%. For instance, polyprglene/SWCN1
system produced an increase in Young's ntesldfrom 0.85 GP
for pure matrix to 1.19 GPa for 0.75 wt%-filled mmompaite
[4], or for polyethylene/SWNCT composite the teasdtrengtl
and initial modulus rose by about 60% and 50%, eetpely, a
CNT loading level of only 2.6 wt% [5]. Another ample o
significantly improved properties (increase in Ygis modulus
by about 27%) and, on the other hand, decreasdonfjation a
break was reported for PA6 matrix [6J.

Unfortunately, there are still significant diffidigs
accompanying fabricatiorof this type of composites. Amol
others, it is very hard to distribute nanotubes fanmly
throughout polymer matrix as they are stronglyaatted to eac
other by van der Waals forces. Thus, it is veryficift to
deagglomerate the bundles or ropesttie case of MWCNT [i
or SWCNT [8], respectively) using conventional nalk of mel
processing. Pradatally, in the nanocomposites prepared
convectional



melt mixing methods agglomerates of nanotubes aofroni
metric size or larger can be observedthe matrix, e.g. PP [4
poly (methyl methacrylate) (PMMA) [9], high-dersity poly
(ethylene) (HDPE) [5, 10, 11], or PA6 [6]. The aggates o
CNT considerably reduce the aspect ratio of theesutand thu
the reinforcing effect [4]. Also load transferan be limitec
because of the bundles of namoes; when some of the tubes
not bonded to the ntdx, they slip within the bundles, and it
easier for them to slide out of the bundle thabreak [12, 13].

Another possibility how to fabricate polymer nanogmsites
is solvent-based methods [9, 18}. Better CNT distribution ce
be reached by, for example, coagulation of CNT elisjpn ir
polymer solution by its dropping into stirred aofigent [14416].
The PMMA/SWCNT composite prepared by thistimod witr
amide functional- ized SWCNT shows uniform filldspersion.

Incorporation of filler can cause changes in prtipsr Fol
instance, a really high increase in glass transitemperature ¢
PMMA was found after filling (from 105°C for pureateial to
138°C for composite) although usually little or igchanges ar
reported [17]. In corext of [15], the question is only whether t
significant increase iy is really caused by reduced molect
mobility in the polymer-CNT interface because of lwds-
tributed filler or by effective crosBrking of the tubes in th
polymer network because of the method of compi
preparation. In another system prepared by coaguldfi6], the
addition of less than 0.1 wt% SWCNT to PMMA led &m
increase in the lowemperature elastic modulus by 1
compared with pure PMMA matrix, without any chanigethe
value of 3 and modulus meased in glass transition regic
Another PMMA/SWCNT composite showed an increaselastic
modulus by about 90% for 2 %t loading [14]. In all cases, tl
effect of the nanotubes exceeded the predictioredam theo-
retical models. The above discussed coagulatiorhagetan b
practically applied to a continuous operation inrgkascale
production and furthermore, it is dpgable to a wide range
thermoplastics, providing that an apprimte combination c
solvents is used [14].

Another major problem in the area of polymer/C
nanocomposites is the bonding level between thkerfianc
polymer matrix [2]. At present, therare no reliable rules f
predicting compatibility between CNT and polgr matrix, whict
would prevent from poor load transfer across
nanotubes/polymer interface [1, 2, 13]. Therefoiteis very
difficult to control key mechanical properties dfetcomposite
such as elastic modulus, tensile strength, fractaughness, ¢
long-term behavior [18], even if relaely good adherence
polymer matrices to CNT surface has also been teddd820],
for instance PS/CNT composite shows good wettifighe tube
surface by the polymer, together with strong matfitler
adhesion.

One potential way is how to prepare higéformanci
polymer/CNT composites with better filler distrilbot anc
compatibility can be chemical or chemical-physical

modification of the filler by the method of covalent
noncovalent CNT functionalization. An example ogtfirst one
can be CNT and polymeén situ polymerization, which is ofte
used to ensure chemical bonding between the twopooents
and thus, to improve the owosite properties [21, 22].
noncovalent method was shown in [28}, where polymeri
material in the form of narspheres was adsorbed onto the sur
of CNT through microemulsion polymerization techumgq Alsc
here the aim was the same—better dispersof the filler anc
stronger CNT/polymer interface.

The supposed mechanism of microemulsion polyza¢ion in
the presence of CNT has been described by Ham. 23]. In
this case, the method was oilivater free radical type
microemulsion polymerization stdlzied by an anionic surfacta
(sodium dodecyl sulfate) and a co-surfactanpéhthanol). Th
prepared PS/ SWCNT composite contains a large ptignoof
carbon nanotubes covered with polystyrene (PS) spmere:
with a diameter of ~30 nm. & parts of nanotubes are cove
with thin PS film and others are without PS dongt The
PS/SWCNT composite prepared by microesnurh
polymerization was measured for storage modulusdyamic
mechanical analysis and showed a significant irsrezompeed
with pure PS. However, CNT content was 13.1 wt%jclhis
very high for a nanofiller.

The submitted paper deals with the procedure of NABICNT
composite preparation, which was optimized stepstgp until ¢
significant improvement in physical propesiwas reached with
minimum amount of CNT filler. Individual steps obmposite
fabrication were gradhlly developed: from the use of unmodif
and modified MWCNT, through melt mixing and usingngposite
master batch to final coagulation of polymdtéii dispersion. It
the present research, we tested an applicatiorreltvely cheay
and simple-todse method. An inexpensive unmodif
commercial type of CNT filler was used for PS/MWC
nanocomposite preparation by microesiah polymerizatiol
under ultrasound. Nanotube—polystyrengrafted
nanocomposite (MWCNT-g-PS) was poigrized and then me
mixed in PS matrix in total CNT concentration of50wt%.
Finally, another composite was prepared by preaifh of mel
mixed composite solution in ethylethyl ketone (MEK) in wate
The efficiency of CNT reinforcement was assessed mainly
tensile creep tests and the results were compaitd pure P¢
matrix and discussed from the standpoint of posite therme
stability.

EXPERIMENTAL

Materials

The polymer matrix used was commercial PS (Krastan,
Kaucuk-Unipetrol GroupM, = 102 530, M/M, = 2.75). The
filler was multi-wall carbon nanotubes



(MWCNT), acetylene type, purified, by Sun NanoteClo.
Ltd., China (diameter 10-30 nm, length 1—10 /payity >90%).
Styrene as a monomer, divinylbenzene as a dinksig agen
(inhibitors alkaline removed), sodium dodecyl stéfaand 1-
pent.anol as surfactants, sodiuncdrbonate as a buffer reage
2,2-azobisisobutyronitrile as a free radical initiattoluene an
MEK as solvents of PS were used.

Microemulsion Polymerization

Sodium dodecyl sulfate (27.5 g), 1-pentanol (15%¢nand
sodium bicarbonate (2.1 g) were dissolved in 250° ayh
deionized water. Then 0.9 g MWCNT was added angeatiec
with the help of ultrasound (Hielscher GmbH, UP 400s aaipia
with ultrasonic horn S7) for 120 min under nitrog@mosphere
In the next step, 0.15 g 2;8zobisisobutyronitrile was dissolv
in styrene (15 cf) mixed with divinylbenzene (1.6 cinand
chargedtogether with the prepared MWCNT dispersion int
500 cni glass reactor fitted with a condenser and nitroiet.
The temperature of the reactor was raised to 85td’nitiate
polymerization for 4 hr under ultrasound in nitraggtmospher¢
The temperaure was controlled by thermostatic ultrasonic |
(Bandelin electronic DT 103H). The resulting emaisiwas
centrifuged at 9000 rpm for 4 hr. The white parntzining
mainly PS particles was decanted; the blaolered supernata
with MWCNT-g-PS partiles was washed with ethanol and w.
and dried.

Nanocomposites

Two different methods of bulk nanocomposites prafian
were used. The first was classical melt mixing ofVKINT-g-PS
or MWCNT with PS in a laboratory cgmunder and the oth
was coagulatin of PS solution in MEK where filer was sonice
dispersed. Here, in the first step master batchms S Kraste
and MWCNT- gPS or MWCNT were prepared as 15 wt%
solution in toluene, with the help of ultrasound 0 min; the
total concentration ofMWCNT was about 2.5 wt%. The
mixtures were cast into a form of film and driedhel maste
batches were the basis for the preparation of nmeiked
nanocomposite using nontreated, as delivered MW@déimple:
further denoted as PS/MWCNT) and (PS/MWCNT-gRS)
using CNT filler covered with PS nanospheres. Thecgss o
mixing was carried out in micro compounder HAAKE ™thva
co-rotating twin-screw for 20 min, at the barrel temperaturt
170°C and the screw speed of 30 rpm The final d
concentrationwas about 0.5 wt%. In the second type
preparation, coagulation method, the mixed comp
(PS/IMWCNT- g-PS)ix was dissolved in MEK to create 15 w
PS solution and sonicated for 30 min. Then the alisipn wa:
poured into excess amount of room-tempera water unde
stirring. Coagulated (PS/MWCNT-g-Pg)y

nanocomposite was filtered and dried at 125°C undetum.

Analyse

The structure of composites containing nanotubestha
original and modified forms, MWCNT and MWCNT- BS,
respectively, was analyzed by scanning electrorcrosicopy
(SEM). The studied materials were deposited ontbaa target
and covered with 4-nm platinum layer using sputteater SCD-
050, BAL-TEC. The specimens were observed in the regin
secondary electrons in microgm Quanta 200 FEG under hi
vacuum. Finally, the TEM analyses of MWCNTR$ were
performed using the transmission electron microscdpOL JEN
2010 at the accelerating voltage 160 kV. SamplesT®M were
prepared using 300 mesh cooper grids with holesbaa film
(SPI, USA). Thermogravimetric behiav of the samples we
studied using thermogravimeter SETARAM SETSYS Etiolu
1200. The samples were examined under an inertsgherse o
helium (5.5 purity, SIAD TP); the gas flow was 3®%min at the
pressire of 101.325 kPa (i.e., 30 seem) for all experitee A
platnum crucible was used for the sample, the weightbich
was about 4 mg. Temperature was increased at the of
20°C/min, in the range from the ambient tempera up tc
1200°C for nonisdtermal analysis. Differential scanni
calorimetry, DSC (Perkielmer DSC 1 Pyris), was used
measure glass transition temperaturg, The temperature ai
heat flow of the apparatus was calibrated on indatandard. Th
following temperature program wachosen: annealing at 155
for 5 min cooling to 65°C» reheating througfy region up tc
125°C (cooling/heating rates +10°C/min). Tensileepy behavic
was determined on a home-made laboratory devicelyging
pure tension. The specimens were prepabgd compressio
molding at 175°C, and their shape and dimensiorr® wecordint
to standard EN ISO 3167. Before each measuremengéghcime
was annealed at (Tg + 15)°C for 30 min between itwo plates
then it was cooled in room-temperature water. Tinego for
aging was the moment of immersing the hot specinmeo
cooling water. At an appropriate aging time, the sample we
subjected to a constant stresk, and the resulting strain, £, w
measured as a function of elapsed creep timgheginsat the
moment of loading). Prinpally, two types of creep experime
were performed and assessed as (1) a change oflieaog with
the time elapsed from the temperature jump (infaeeaf physica
aging) (2) an effect of different temperatures dre taeep.
Finally, tensile creep tests were performed at ihgatunde:
constant rate.

RESULTS AND DISCUSSION

The structures of aseceived nanotubes, MWCNT, and
product of microemulsion polymerization, MWCNT-



FIG. 1. SEM

analysis:
nanocomposite, (inset 26 magnified), C—sonicated MWCNT-BS composit
in methanol (inset 2.8 magnified).

A—Original  MWCNT, B—MWCNT-B<

g-PS, nanocomposites were examined by SEM miomg, ani
the pictures are presented in Fig. 1. Figure 1lAresent
MWCNT in the form delivered by the supplier. Herthe
differences in diameter of individual nanotubes

can be observed; the size varies from ca 10 to réO(differen
from the producer specification). Also particlesdifferent shapt
which is probably carbon black, are apparent. FeglB and (
represents the product of microemulsion polymeraatin
different stages of preparation. Figure IB repréeseiWCNT-g-
PS particles after drying. The tubes are coverat wore cratec
by PS nanospheres (see the figure intersectionguré&i 1C
represents the structure of MWCNT-g-PS nzoraposite afte
sonication in liquid. PS nanospheres adsorbed enstirface ¢
nanotubes can be observed, but some of the tubes s$eeine
without PS coverage. As can be seen, the diamdténeobead
(crosslinked PS nanospheres prepared during polymeriagtis
about 30 nm. The crodsiking was assured by divinylbenze
and its pirpose was to avoid possible PS elution from thHeed
(i.e., complete extraction by benzene [23]) in fbBowing step:
in PS matrix melt or solution. Addonal TEM analyses sho\
good adherence of PS beads onto MWCNT surface, Eig
specimen prepadeby sonication in PS solvent (acetone). Fin.
the presence of polymer film layer adhering onte MWCNT
surface was revealed, indicated by arrow (1). &tailed struture
is presented in Fig. 2B. The image shows one walM@/CNT
tube assembled from 7~25 of individual phatic layers witl
distance between particular layer ~0.35 nm covénedrafted P
layer with thickness of ~3.5 nm. Further analyseM&VCNT-g-
PS nanocoiposite proved overall coverage of MWCNT surfac
PS with average thicknessarying between 3 and 8 nm. This
layer would be partially covalently bonded to th&WENT surfac:
as was experimentally demstnated in [21, 26] whe
sonochemical bulk polymerigian of styrene in MWCNT presen
leads to operm.bonds in the MWCNT wall.

The content of PS grafted onto the surface of MWOMAs
determined with the help of thermogravimetric (T@)alyses
Figure 3a shows pure MWCNT as-receivedtenial, Fig. 3t
represents the PS matrix, and Fig. 3c represetsvVfWCNT-g-
PS nanocompot. As can be seen, MWNT shows hardly
degradation in the used range of heating, up t6@p0nly a ver
small mass loss of ca 3% at the highest temperatare be
noticed. On other hand, the main chain of PS (Blg. starts t
decay at the temperatmrof about 400°C and is tota
decomposed at some 460°C. For MWCNTR§-nanocomposit
the situation is slightly more complicated (Fig.);3two decom-
position events are visible here. The first onelosated at c
220°C (15% mass loss) and is probab&yused by some lower |
fractions or rest of unwashed surfactants (the emntof
umvashed surfactants in MWCNTRS nanocomposites w
confirmed by FTIT spectra). The decomposition at about 42
corresponds to the main chain of PS deteriorat®n5% nass
loss) and is firshed at a slightly higher temperature then forg
PS— at some 480°C. The amount of MWNT in MWCNTR§-
nanocomposite was determined as the differencesiu



FIG. 2. TEM morphology of MWCN-g-PS nanocomposit

ual weight between PS, MWNT, and MWCNTR$ at 700°
with the resulting value of about 28.2 wt%.

DSC analysis did not show any significant differenmn
thermal behavior of the prepared melt mixed cosifes and th
used PS matrix (not presented here grealhy). Glass transitic
temperature, Tg, of all three mateals, PS, PS/MWCN"
and(PS/MWCNT-g-PS)x., was measured to be around 9
(evaluated as the peak temperature), with the é&nthaf Tq
transformation of about 1.0 J/g. On other hand, Hzenpl
prepared by coagulation (PS/MWCNT-g-B) shows
significant increase ofglreaching the value of 101°C.

This increase in transformation temperature dam als
demonstrated by a different type of experiment,silencree|
heating test, see Fig. 4. At lower temperaturesdif@rmation i
nearly the same for all the materials. At
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FIG. 3. Thermogravimetric analysis of esceived MWCNT (a), pure PS (b), ¢
MWCNT-g-PS nanocomposite (c).

the upper limit of glass transition region the séespstart to moi
significantly creep under the stress rfrdoading. A slight shi
caused by the presence of CNT material in melt chisample
can be noticed, which is more pronounced for MWCHNP<
filler. This shift is, however, about 1.5°C to hightemperature
A more significant increase, ca 9°C, was swgad for th
coagulated sample, (PS/IMWCNT-g-Rs3)

The main focus of the research, however, was onctieej
behavior. It was measured under tensile load arsbszed ¢
tensile creep compliancégy.

Jn = o -"h.[,-'_\u_,»)]
% f“{—‘[i

|
where e(f) is the relative strain as a functioncoéep timet, (To
means the initial stress,oAepresents the initial cross sectior
the sample, A(t) is the sample extension at
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FIG. 4. Tensile creep heating curves for the prepatomposites, catant heatin
rate I°C/min, after temperature jump and aging@tGfor 0.5hr. The initial stres
<7,-0.6 MPa.
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FIG. 5. Tensile creep curves for pure PS, PS/IMWCIPIS/MWCNT- g-PS)jx,
and (PS/MWCNT-g-PS).g composites after temperature jump and aging 1
0.5, 8, and 120 hr. The crosses in the curve for 8rove good reproducibility.

timet, F means the extension force, $tands for initial effectiv
length of the sample, arfl(t) is tensile creep modulus recipro
to J(t).

The influence of carbon nanotubes onto tensile g
properties is demonstrated in Fig. 5; all fooraterials ar
compared for examples of three aging times (0.5argi 120 hr
relaxed at T = 60°C. The crosses for 8 hr denstrate
reproducibility of the test method. It seems thag presence «
neat MWCNT (0.5 wt.%) does not affect the tensitenpliance
of PS matrix—the curves are nearly identical. On the other h
using the filler modied by microemulsion polymerizatic
reflects in shifting the curve position horizonyalllong the tim
axis, which means that the structure of the nanqusite 5 more
rigid. In other words, the same deformation of thateial is
achieved in a longer time. The horizontal shift téac was
calculated to be nearly the same for different séaptimes; it
value is ca 0.2 dec log. A much more significanftsivas found
for coagulated material. This effect is more pramoed by botl
elapsed aging time,fand creep timet. For the experiment
conditions with the longest time, it means aging@tC for 12(
hr, the same compliancKt) = 0.85 GPa-~ is achieved fo pure
PS matrix after 29 hr as for (PS/IMWCNT-g-Rs) after nearl
110 hr. Thus the material stiffness improwent can be estimat
as some 380% increase in creep resistance of tmelsaat the
defined experimental conditions.

The figure shows how the curves for highgearie shifted alon
the time axis. This characteristic behavior reectontinuou
solidification of the sample in the press of physical agin
which leads among others to toruous increase of the time
response to the deforitian, i.e., shift of compliance curves
longer times [27, 28]. The same process also resitice initia
values of /(,) in differentt, and keeps them longer on lov
values.

From this, double-logarithmic shift rate, //., waalcuated fo
all four materials according t&q. 2:

dlog a

U= ———=
' d log ¢

wherea represents the horizontal shift factotis the creep time
However, no significant difference in /.( was foubetween pur:
PS and both melt mixed composites. They were: f8riR —
0.82, for PSIMWCNT /i = 0.83, and for (PS/MWCNT-&Rjx, fi
— 0.81. On the other hand, a significant differen@svound foi
the coagulated specimen (PS/MWCNT-g-B3) A* = 0.98.
Struik [29] shows thatx for many glassermers reach the valt
of about unity in a broad range ofat he temperature not fi
below T4. For PS in the temperature range of BI’C the value
of about 0.96 can be found [27]. For temperatugasbielow Ty
the aging process slows down, which leads to aedser in /¢
The shift rate also decreases close torttoetynamic equilibrium
which is for reasortzle experimental times only the case of cr
temperaures within glass transition region. Here eventughe
rate decreases to zero {&j). Thus, the higher value of shift re
for (PS/IMWCNT-g-PS)as in our case is most probably caus
by the shift ofT4 of the composite to higher temperatures.

The data served to express the dependence of éeaskr
modulus on temperature, Fig. 6. These moduli wereenininec
for the set conditions of the experiment (randorshposen)—
values ofEft) after 16 s from the apptiation of the load on th
sample relaxed for 0.5 hr at room temperature,fand 0* s—the
sample relaxed for 24 hr at the same temperature.roduli for
both materials gradually decrease with emsing temperatur
reaching very small values ifiy area. It is logical that for P!
which has a loweT 4, this decrease appears sooner

16k T
= IR B
) T Sl
= (= R
w2 . ~ s
= . B .
& ) . g \
E ssl g3 G hIFa S - N
& gk AR - 2 . .
8 - . 2 \\
% L 3 R .
Eoif W om .
o ™ EE N b .
o
34 40 i o 7 {8

Temperatwe. T [*C]

FIG. 6. Dependences of tensile creep modalit), on the temperature of cre
tests, T, for PS and (PS/MWCNT-g-P&), composite measured in two regim
full symbols—after temperature jump to room tempera and aging for 24 t
creep time 10s; open symbols-after the same temperature jump and aginy
0.5 hr, creep time £G. The initial stress (7 for both type of tests ~3.0 MPa.



than for (PS/IMWCNT-g-P%Jag; The graph, however, shows -
shift of Eft) for the coagulated composite, cpated with pur:
PS, in the whole tested temperature ranff@m room
temperature toly, i.e., even some 60- 70°C below,. This
difference further increases with approachinggo 7

For the experiment with aging for 24 hr at room pemature
the values of creep modulus show an increase by 4830°C,
32% at 40°C, 48% at 50°C, and finally 77% at 60°The
materia] reinforced by CNT reached better tempegagtability
not only in theTy area, but also in the whole tested tempere
range, as it shows an increased creep resistanee, ia a dee
glassy state.

CONCLUSION

The research has shown a feasible way of preparatif
polymer/MWCNT composite with the help of microalsion
polymerization. The quality of the product pezed by thi
method of noncovalent CNT functionalization wasessgd Wth
the help of SEM and TEM microscopy and TG analy#isvas
shown that PS beads (~30 nm) are adsorbed ontsutiace o
carbon nanotubes. Further TEM analyses reveal BBncoverag
of MWCNT surface with thickness of PS layer aro@é nm.

The compaites were prepared by two fundamentally diffe
methods: melt mixing and solvent-based téghe supported k
ultrasound as a precipitation method producing oasitp
floccules. The obtained materials were tested fberma
properties, namely [ with the result that, the appropriat
coagulated sample shows apparently higher glasasitian
temperature (by 9°C) compared with pure PS matnixmelt-
mixed composites.

The study of creep behavior of the materials provkd
positive effect of the filleon thermal stability (in the meaning
keeping resistance to creep in a wider temfpeearange). Thi
improvement is apparent not only in tiig area, as could
expected from the shift ofy to higher valies at the coagulat
sample, but also can ts®en in the whole tested range as fe
room temperature. However, this increase is mooa@unced il
the vicinity of T4.

Another factor followed in the research was theeefff ol
physical aging on stiffening of the composites. Thighes
increase wasrecorded for the coagulated sample, where
longest aging time produced 380% increase in tme tivhen th
same creep compliance was reached as for pure B&ma

The main contribution of the research can be carsid the
use of cheap commercial MWCNTand relatively eas
modification of the particles, which results in feased thermi
stability of the material in a broad teerature range from roc
temperature to glass temptrge transformation defined as cre
resistance.
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