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Carbon materials on the base of inorganic-organic polymer nanocomposite precursors
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Carbon materials with very good mechanical properties and SiC are produced from inorganic-organic polymer
nanocomposite precursors. It was found that the main factor which determines the excellent mechanical properties of
the obtained material is the interaction of the binder (PAN) with the filler (silica and zeolite). The “baking criterion”
was used for estimation of the interaction between filler and binder during formation and heat treatment of the initial
composites. The corellation between the ,,baking criterion” and the compressive strength of the obtained material was
determined. Pressing of the compositions is of big significance for improving the surface contact between the binder

and the filler.
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1. INTRODUCTION

The combination of the characteristics of
synthetic polymers (elasticity, reduced density and
easy processability) with those of inorganic
materials (hardness, thermal stability and large
availability) opens new perspectives for obtaining
new materials on the base of inorganic-organic
composites. The synthesis and the applications of
inorganic-organic nanohybrids were developed
mainly in the last decade [1-7]. There are four
important methods for obtaining of hybrids based
on organic polymers and inorganic oxides [8]:

- The polymer and the inorganic component are
formed simultaneously by a process, for example,
sol - gel polymerization process [9-10];

- The polymer is formed by direct
polymerization on the surface or in the pores of the
already synthesized oxide material [11-12];

- The inorganic oxide compound is formed in a
polymer by a sol - gel process (for example,
biomineralization) [13-14];

- Both components are previously prepared and
react one with another and/or form a hybrid
network through interpenetrating reactions [15].

The properties of the obtained materials depend
on such factors as shape and size of the filler
particles, composition of binder and interaction
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between the components [16].

During the preparation of the composition, part
of the binder molecules are adsorbed on the surface
of the filler particles. These molecules could
interact with the filler surface and with other
substances in the adsorbed part of the binder. It was
found that in order to characterize this interaction, it
is appropriate to use a "baking criterion" proposed
for the assessment of the baking ability of the
pitches [17]. The “baking criterion” permits [18]
the qualitative characterization of the degree of
interaction between filler and binder and is
determined by the expression:

b'*b

where AK = “baking criterion”, %

K= amount of the solid residue of the
composite, %

Ki= amount of the solid residue of the filler, %

K= amount of the solid residue of the binder, %

M= amount of the filler in the composite, %

My,= amount of the binder in the composite, %

AK is the increase in the solid residue of the
binder when it is in the composition with the filler,
and takes into account the interaction between
binder and filler during the preparation of the
carbon material.
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2 EXPERIMENTAL

Raw materials

Mesoporous silica was obtained in the
INCDMNR-IMNR  (National Research  —
Development Institute for Non-ferous and Rare
Metals — Bucarest, Romania) laboratory and was
used as received.

The synthetic zeolite HZSM-5 was supplied by
UPG (University for Oil and Gases — Ploiesti,
Romania) and was used as received.

Inorganic-organic polymer nanocomposite
synthesis and analysis of the products

The inorganic powder (silica, HZSM-5) was
soaked in acrylonitrile (containing 1% azo-bis-
isobutyronitrile based on monomer) in 50 mL glass
ampoules. The monomer was introduced in
different volume/weight ratios to silica (Table 1)
and to HZSM-5 (Table 2), and the ampoules were
purged with nitrogen for 10 min, in order to avoid
the possible inhibition effect of oxygen. Then, the
ampoules were sealed with a rubber tube and were
tightened with a Hoffman clamp. For silica, the
samples were named P1-P6 s-PAN, respectively,
and for HZSM-5 zeolite, the samples were named
P1-P6 z-PAN. Inhibitions were performed in the
sealed ampoules in an Elma S10 Elmasonic
ultrasonication bath containing water, for 1 h. After
that, the ampoules were kept for 24 h at room
temperature without ultrasonication. Finally, a new
1 h ultrasonication was applied. The composite
materials were obtained by the introduction of the
glass ampoules in an ultra-thermostated water bath
at 65°C. Although the initiator concentration
becomes practically 0 after 10 h, the ampoules were
kept 24 h for polymerization, in order to ascertain
that the monomer conversion is practically
complete, eliminating any doubt of monomer
presence in the composite. In these conditions the
polymerization of acrylonitrile within the silica or
HZSM-5 pores occurred.

Thermogravimetry of the composites was
performed on the Q600 TA Instruments analyzer,
using air atmosphere from 20°C to 700°C using
10°C/min rate.

Analysis of heat- treated pellets “baking criterion”
determination

The “baking criterion” was determined by
preparation of pellets from s-PAN and z-PAN
composites using pressing in a press form and
baking the pellets at a heating rate of 1°C/min up to
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800°C. The solid residue from the filler (silica or
zeolite) - K; and from the binder - K, (PAN) was
determined under the same conditions.

Pellets from composites were first heat-treated
up to 1300°C and then up to 1600°C at a heating
rate of 5°C/min. All investigated composites were
characterized by X-ray diffraction analysis on a
Bruker D8 Advance diffractometer using CuKa
radiation, and by scanning electron microscopy on
a Philips 515 instrument. The average crystallite
size was calculated according to the Scherrer
formula by using the Topas V3 programme [19].

3. RESULTS AND DISCUSSION

Compositions of silica/PAN and zeolite/PAN
were prepared in the proportions presented in
Tables 1 and 2.

Table 1. Composition of silica and acrylonitrile samples,
precursors for obtaining nanocomposites

Sample Silica (g)  Acrylonitrile

(mL) (9
P1 silica-polyacrylonitrile 2.0 15 1.20
P2 silica-polyacrylonitrile 2.0 1.8 1.44
P3 silica-polyacrylonitrile 2.0 2.0 1.60
P4 silica-polyacrylonitrile 2.0 2.2 1.76
P5 silica-polyacrylonitrile 2.0 25 2.00
P6 silica-polyacrylonitrile 2.0 2.8 2.24

Table 2. Composition of zeolite and acrylonitrile
samples, precursors for obtaining nanocomposites

Sample Zeolite Acrylonitrile
HZSM-5 (g)

(mb) (9)

P1 zeolite- 2.0 4.5 3.60
polyacrylonitrile

P2 zeolite- 2.0 4.8 3.84
polyacrylonitrile

P3 zeolite- 2.0 5.0 4.00
polyacrylonitrile

P4 zeolite- 2.0 5.2 4.16
polyacrylonitrile

P5 zeolite- 2.0 55 4.40
polyacrylonitrile

P6 zeolite- 2.0 5.8 4.64

polyacrylonitrile

DTG (diffential thermo-gravimetric) analysis of
silica/PAN and zeolite/PAN composites is
presented on Fig. 1. The curves indicate two main
intervals of weight loss, 280-360°C and 440-640°C,
for both composites. The first interval is due to the
beginning of polymer degradation. The second
interval corresponds to processes of deep
degradation, which finish with cyclization of the
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Fig. 1. DTG curves for silica/lPAN (a) and zeolite/PAN (b) composites.

polymer and formation of the final structure of the
material for this stage.

Fig. 1 shows that the temperatures of the
beginning of the main intervals of weight loss
increase with increasing the content of the filler
(silica and zeolite) in the composite. At the same
time the weight loss decreases with increasing the
content of filler in the composite. This is due to the
extended interaction between filler and binder in
the composite ias a result of the increased filler
content. The results reveal a considerable influence
of the interaction between the filler and the binder
in the composite on the processes occurring during
heat treatment of the composite.On the base of the
results of the DTG analysis, the temperature of heat
treatment of pellets of composites for determination
of the “baking criterion” was determined as 800°C,
i.e., when the reaction of degradation is completed
and the synthesis passes through carbonization of
the polymer part of the composite.

., Baking criterion”

Investigations were carried out to assess the
baking ability of PAN in composition with silica
and zeolite. In Tables 3 and 4 data are presented for
the “baking criterion” and the compressive strength
of the composites containing different amounts of
binder.

The yield of solid product from PAN after
heating up to 900°C is 42.1% in argon atmosphere.

The yield of solid product from silica after
heating up to 900°C is 91.1%; from the zeolite it is
81.1%, in argon atmosphere for both.

The vyield of solid product from polymer in the
pellets was calculated using equation:

Yp -V, Yy —aY,
P % px100=(P =3
Yp bYp

where: Y, —solid yield from pellets;

AYp:(

~1)x100

-Ys — solid yield from pure silica at the same
temperature - 900°C;

- Y, —solid yield from pure polymer at 900°C;

-a — amount of silica or zeolite, respectively, in the
composite;

- b —amount of polymer in the composite.

Table 3. Data for the heat treatment up to 800°C of

pellets of silica/PAN composites

Universal V4.7A TA Instruments

Sample Solid Increase of solid  Compressive
yield yield from strength,
% polymer in MPa
pellets, %

Pis 69.5 19.9 4.0
Pas 68.9 23.9 5.0
P3s 68.2 24.5 8.0
Pss 67.2 22.3 7.0
Pss 65.9 20.9 6.0
Pes 63.8 15.3 6.0

Table 4. Data for the heat treatment up to 800°C of
pellets of zeolite/PAN composites

Sample Solid Increase of solid  Compressive
yield, yield from strength,
% polymer in MPa
pellets, %

Piz 62.2 10.4 6.0
P,z 61.9 11.4 7.0
P37 60.3 7.1 6.0
P4z 58.8 3.2 5.0
Ps 58.7 5.2 5.0
Psz 57.6 3.7 5.0

These data indicate that due to the interaction
between polymer and silica or zeolite, respectively,
the solid yield from the polymer in the composite
(especially as pellets) significantly increases in
comparison with the solid yield from pure
polymers. It seems that the increase of the solid
yield depends on the proportion of the polymer and
silica or zeolite, respectively, in the composite. The
data show that, with the increase in binder content
in the composite, AK increases to a definite value.
The further increase of the binder amount results in
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a decrease of AK. When increasing the solid yield
from polymer in the composite, the compressive
strength of the obtained material increases.
Obviously, there is a correlation between the solid
yield from the polymer in the composite and the
compressive strength of the final material. The
lower increase of the solid yield from PAN in the
composite with zeolite, in comparison with the
composite with silica, is in the result of the much
higher amount of PAN in these composites. The
mechanical properties of the samples obtained for
silica/PAN and zeolite/PAN composites are very
good. The data show that the mechanical properties
of the pellets obtained from the silica/ PAN
composite, are better than these of the pellets
obtained from the zeolite/PAN composite.

This is due to the higher proportion of the filler
in the silica/PAN composite, which leads to
stronger interaction between the filler and the
binder, and a subsequent increase in the mechanical
strength of the obtained material. This is also
confirmed by the values of the “’baking criterion”,
which correlates with the mechanical strength
characteristics of the material.

In order to increase the mechanical strength and
to obtain SiC, after determination of the “baking
criterion”, the pellets were first heated up to
1300°C, and then up to 1600°C. As a result, the
mechanical strength of the pellets was increased up
to 10 MPa. In Figs. 2 and 3 the results from the
XRD investigations of the pellets obtained from
silica/PAN and zeolite/PAN composites heated first
up to 1300°C (Fig. 2) and then up to 1600°C (Fig.
3) are presented.

Fig. 2 shows the X-ray diffraction spectra of
pellets obtained from silica/PAN and zeolite/PAN
composites heated up to 1300°C. In the XRD
pattern (Fig. 2) of a pellet obtained from a
zeolite/PAN composite, a peak at 20=24° was
detected. This peak corresponds to the 002 reflex of
carbon and it is characteristic of the interlayer
spacing in graphite. In this case the peak 002 is
more narrow and asymmetric, indicative of highly
ordered structure, than in the case of pellets
obtained from silicayPAN composite. The main
reason for this is the significantly higher filler
content in silica/PAN composites in comparison
with zeolite/PAN composites, because the filler
particles hinder the structuring of the material and
the formation of bigger crystallites during thermal
treatment.

Fig. 3 shows the X-ray data for a material
obtained from silicas/PAN and zeolite/PAN
composites and heated up to 1600°C. The data
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Fig. 2. X-ray diffraction patterns of pellets heated up to
1300°C.
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Fig. 3. XRD of the material obtained from composites
silica/PAN and zeolite/PAN.

show that as a result of heat treatment, SiC is
obtained from both composites (silica/PAN and
zeolite/PAN).

6. CONCLUSIONS

These preliminary results point to the possibility
of producing materials with high compressive
strength by formation of pellets from inorganic-
organic polymer nanocomposites and heating them
up to 1300°C, as well as for the synthesis of SiC by
heating the pellets up to 1600°C. Major factor
which  determines the excellent mechanical
properties of the obtained materials is the
interaction of the binder (PAN) with the filler
(silica or zeolite) — this interaction can be estimated
by means of the “baking criterion”. Pressing of the
compositions is of big significance for improving
the surface contact between the binder and the
filler.

Acknowledgement: The financial support by the
Bulgarian National Science Fund (Contract DNTS
02/10 from 28.09.2010), and Romanian Executive
Agency for Higher Education, Research,



A.L. Ciripoiu et al.: Carbon materials on the base of inorganic-organic polymer nanocomposite precursors

Development and Innovation Funding under the 9. R. Tamaki, K. Naka, Y. Chujo, Poly. Bull. 39, 303

contract 446 CB/2010, is gratefully acknowledged. (1997).
10. R. Tamaki, T. Horiguchi, Y. Chujo, Bull. Chem. Soc.
REFERENCES Jpn. 71, 2749 (1998).

1. J. E. Mark. C. Y.-C. Lee. P. A. Bianconi Hybrld 11.J.V. Crivello, Z. Mao, Chem. Mater. 9, 1554 (1997)

Inorganic-Organic  Composites, Eds: American 12. J.V. Crivello, Z. Mao, Chem. Mater. 9, 1562 (1997).

Chemical Society: Washington, Vol. 585, 1995. 13. S. Mann, S.L. Burkett, S.A. Davis, C.E. Fowler,
2. MT. Runa, S.Z. Wu, D.Y. Zhang, G. Wu, Mater. N.H. Mendelson, S.D. Sims, D. Walsh, N.T. Whilton,
Chem. Phys. 105, 341 (2007). Chem. Mater. 9, 2300 (1997).
3. S.H. Kim, A.S. Hoon, H. Toshihiro, Polymer 44, 5625~ 14.R.Tamaki, Y. Chujo, Chem. Mater. 11, 1719 (1999).
(2003). 15. K.A. Carrado,L. Xu, Chem. Mater. 10, 1440 (1998).
4. X.F. Li, W.C. Guan, H.B. Yan, L. Huang, Mater, 16 (A) Wei, ¥.; Yeh, J.-M.; Wang, W.; Jang, G.-W. US
Chem. Phys. 88. 53 (2004)' pat. 5, 868, 966, 1996. (B) Wei, in Encyclopedia of
5. J. Jang, J. Bae. J. Non-Crystalline Solids 352, 3979 Materials: Science and Technology, Elsevier Science
(2006). ’ ’ Ltd., 2001.

6. P. Gomez-Romero, Adv. Mater. 13(3), 163 (2001). 17. N. Lapina, 1. Starichenko, V. Ostrovski, B.
7. D.W. Kim, A. Blumstein, S.K. Tripath, Chem. Mater. Baribanov, E. Taitz. Ozenka spekajuchei sposobnosti
13(5), 1916 (2001). pekov, Zvetnie metalli 12, 39 (1975) (in Russian).

; 18. N. Petrov, M. Razvigorova, T. Budinova , K. Siskov

8. A. Griser, Kationische Wirt-Gast-Polymerisation in y- o . .
Zeolithen und MCM-41: Synthese und The r_ole qf the adsorption interaction between pitch
Charakterisierung neuartiger organisch-anorganischer and filler in the process of baking of carbon/carbon

Polymer-Zeolith-Hybride, Technische Universitit composites, Carbon, 32, 867 (1994).
Chemnitz,  Fakultit fir  Naturwissenschaften, 19. L.J. Gibson, M.F. Ashby. Cellular solids — structure

Dissertation. 2000. and properties. New York: Cambridge, University
' Press, 1997. Pp.284-292.

BBIVIEPOAHN MATEPHNAJIM HA OCHOBATA HA OPTAHO-HEOPI'TAHWUYHU ITOJIMMEPHU
HAHOKOMITIO3UTHU ITPEKYPCOPU
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(Pesrome)

bsixa monydeHu BBIIeponHu matepuanu U SiC ¢ MHOro 100pu MEXaHWYHH CBOMCTBA, M3MON3BAiiKu OpraHo-
HEOpraHWYHH IOJMMEPHH HAaHOKOMIIO3MTHH IIPEKypcopH. belle ycTaHOBEHO, 4e OCHOBHHAT (DAKTOp, ONpeesIsii
OTJIMYHUTE MEXaHWYHHM XapaKTePHCTHUKH Ha MOJYYCHMs MaTepHal € B3auMOJEHCTBHETO Ha CBBP3BAIOTO BEIIECTBO
(PAN) ¢ meaautens (SiO, wnmm 3eomut). Be w3mons3BaH T. Hap. ,,KpUTEpUil 3a ChmeKaeMocT” 3a OICHKA Ha
B3aUMO/ICHCTBUETO MEX/Y HIBJIHUTEIS W CBHP3BALIOTO BELIECTBO B Mpoleca Ha (opMupaHe Ha KOMIIO3UTUTE MU
TepMHU9YHaTa UM 00paboTka. be ycraHOBEeHa 3aBHCHMOCT MEXIYy “KPHUTEpHS Ha CIIEKaeMOCT W MEXaHWYHATa Cjia Ha
SIKOCT Ha MOJIyueHHs: MaTepuai. [IpecoBaHeTo Ha KOMIIO3UIIMUTE € OT rOJIIMO 3Ha4Y€HHE 3a M0J00psBaHe Ha KOHTAKTa
MEX/1y MOBbPXHOCTUTE Ha CBHP3BAIIOTO BEIIECTBO U Ha MIBJIHUTEIIS.
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