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Page 147.

STUDY OF THE PROCESS OF THERMAL DECOMPOSITION OF PANIFIBER DURING HEAT

TREATMENT UP TO 16000.

FOOTNOTE '. Polyacrylonitrile. ENDFOOTNOTE.

A.S. Fialkov, 0. F. Kuchinskaya, S. G. Zaychikov, V. A. Kabardina.

In series/number of works, dedicated to question of obtaining

carbon graphite fibers on basis PAN, their physicomechanical

properties are described, results of analyses of structural and

chemical transformations of initial material during its heat treatment

[1-7] are given. The region of the low-temperature pyrolysis,

realized predominantly in the vacuum or in inert atmosphere, is most
investigated. I((a ~r

It is known [3, 4], that structure PAN undergoes during heat

processing/treatment of changes, which lead to obtaining of polymer,

which consists in essence of condensed pyridine cycles with with

conjugated bonds C-C and C-N. During the heating of PAN in the vacuum

or in the inert gas first of all are formed the C-N-conjugated bonds.

However, there are indications [5] that the low-temperature treatment

in air already at 1500 can lead to the formation of the C-C-conjugated

bonds.
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In the present work study is undertaken of the process of thermal

decomposition of PAN fibers with heat treatment up to 16000 with

utilization of isothermal holdings in air at 200 and 2350 for purpose

of oxidative dehydrogenation and acceleration of formation of aromatic

structure.

Samples of material being investigated in the form of those

interwoven of 24 threads cords were consecutively subjected to heat

treatment at temperatures from 20 to 1600* through are each 50-100*in

furnace with tube graphite heater, which ensures possibility of

isothermal heating in zone with length of 150 mm. The necessary

temperature and the rate of heating furnace were set to by means of a

regulator of load stress ROT-25/05 with the accuracy of ±50.

Temperature to 10000 measured with laboratory platinirhodium- by

platinum thermocouple, and in the interval of$I00-1600°-thermocouple

of the type TBGG-066 with the pliable graphite electrodes. In the

working zone of furnace 30 samples with a length of 150 mm, with a

weight of 40-80 mg were placed simultaneously.

Up to 3500 samples of initial material were heated at a rate of

0.5 deg/min in the atmosphere of air, and further to 16000 - in argon

with a velocity of 50 deg/min. At 200 and 2350 were

accomplished/realized the isothermal holdings with duration to 20

hours each.

For studying process of thermal degradation with successive heat
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treatment are applied methods of determining weight losses of,

electron paramagnetic resonance (EPR), IR- spectra and measurement of

resistivity of cord samples PAN.

Spectra EPR were removed/taken on standard spectrometer of type

PE-1301, and vibrational spectra - on double-beam spectrograph IKS-14.

In the latter case the samples were prepared by crushing fiber with

the subsequent abrasion. The obtained powder-like samples were

pressed into tablets with KBr.
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Fig. 1. Change of weight losses of an PAN-fiber depending on

temperature of heat treatment (TTO).

Key: (1). Losses in weight, %. (2). Temperature of heat treatment,

OC.

Page 148.

Electrical resistance of heat-treated samples was measured

according to compensation diagram. For calculating specific electric

resistance, was measured the diameter of monofilament (on MIM-1

microscope) and they determined the cross-sectional area of cord.

Fig. 1 shows change in losses in the weight of the samples

investigated in dependence on temperature of heat treatment (TTO) in

interval of 20-1600". The obtained curve reflects the course of the

pyrolysis of a PAN-fiber, which is characterized by a sharp variation

of the rate of process in the dependence on its conditions in

different temperature intervals of processing/treatment. In the

course of the process are revealed four characteristic stages:

.4.
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I - 20-3000 - low- temperature pyrolysis, which takes place with

the maximum rate in temperature interval of 235-3000, II - 300-6000 -

moderating region of pyrolysis; III - 600-11000 - mean temperature

stage, which is characterized by the large output/yield of

decomposition products, IV - 1100-16000 - high-temperature stage of

retarding/deceleration and stop of thermal decomposition.

Specific presentation/concept about character of structural

conversions of PAN during the first stage of pyrolysis it is possible

to compose on the basis of the analysis of the IR-spectrum of initial

specimen (Fig. 2a) and of those heat-treated up to 200, 235 and 2500

*with application of isothermal holdings (Fig. 2b). The comparison of

curves shows that already after heating up to 200* with the five-hour

aging in the material occurs the formation of conjugated double bonds

- strip 1585 cm-1 appears. Since the characteristic forC=N-bond strip

2240 cm-1 in the initial material remained constant and after its heat

treatment, it is possible to assert that in this case are formed not

C-N, but the C-C-conjugated bonds. The intensity of strip 2240 cm-1

somewhat is reduced after 20-hour aging at 2000 and is more noticeable

at 2350 during aging for 20 hours and also further at 2500. Occurring

-. in this case increase in the intensity of strip 1585 cm-1 is

conditioned on formation both C-C and C-N-conjugated bonds.

Thus, during oxidative dehydrogenation of PAN in stage of

low-temperature pyrolysis simultaneously with sharp increase in weight

losses of are provided conditions for accelerated formation of
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aromatic structure. The initial material is gradually converted into

the intermediate product qualitatively new by the chemical composition

and according to the structure, for which characteristically very weak

decomposition and respectively low weight losses of at the second

stage of process - in the range of 300-6000. The represented in Fig.

3oW 4 dependences, which show an increase in the concentration of

paramagnetic centers (PMTs) and lowering of specific electrical

resistance, beginning with 4000 they testify about further post of the

chains of conjugation at this stage of temporary/time stabilization of

thermal decomposition of material.

I.

A

• .'' '' "" '" " . " " -' "
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UCO.

20

Fig. 2. IR spectra of a PAN-fiber: a - initial, b -heat-treated up

to 2500 with aging in air at 200 and 2350.

Key: (1). hour.

Fig. 3. Dependence of concentration of PMTs of samples of PAN-fiber

on temperature of heat treatment.

Key: (1). Concentration. (2). Temperature of heat treatment.

Page 149.

Very significant for third stage of process - in region of

600-11000 - is equally intensive change of shape of the curve of

weight losses of, specific resistances and concentrations of PMTs. To
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strengthening of thermal degradation of the obtained carburized

product with dual conjugated bonds here corresponds a sharp reduction

in the specific resistance (almost by 10 orders), achievements of the

maximum of concentration of PMTs at 8000 and subsequent steep/abrupt

decreases to 10000. It is possible to propose that in this region as

a result of association of separate aromatic chains of conjugation the

formation of plane carbon grids [lattices], which is accompanied by

the intensive liberation/precipitation of the gaseous and liquid

products, which are generated during the destruction of the uncycled

sections of chain, begins. This is supported also by the shown in

Fig. 5 course of changing the width of the line of signal EPR - AH. A

noticeable decrease in AH up to 8000 can be attributed to the exchange

reaction, which is the result of an increase in the length of

conjugation. However, the sharp increase in AH higher than 8000 is

caused by strengthening spin-lattice mechanism as a result of the

appearance of a carbonic/carbon structure. A steep/abrupt decrease in

the concentration of PMTs in the same section of TTO occurs due to a

sharp increase in the quantity of current carriers with the formation

of developed conjugated system [8].

Constancy of losses in the weight of heat-treated to 11000 PAN

during its further heating up to 1600 ° (IV stage) testifies about

complete completion of thermal decomposition.

According to available data [2], in composition of heat-treated

to 1400* PAN nitrogen is no longer detected. Apparently, in
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connection with this, in spite of the possible sealing/packing of

material with TTO is higher than 1100 ° , its specific resistance it

remains constant as a result of the disappearance of the

high-conductivity conjugated double bonds C-N.

CONCLUSIONS

The experimental data, which characterize course of the process

of thermal decomposition of PAN-fiber during heat treatment from 20 to

16000 with application of isothermal holdings in air in stage of

low-temperature pyrolysis, are obtained.

It is noted that maximum increase in conjugated system, that is

accompanied by formation of carbon structure, occurs in temperature

interval of heat treatment at 600-11000.

1M&
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Fig. 4. Fig. 5.

Fig. 4. Change in specific resistance of PAN-fiber during heat

treatment from 20 to 16000.

Key: (1). 0-cm. (2). Temperature of heat treatment.

~Fig. 5. Dependence of width of line of an EPR signal (AH) for

samples of PAN-fiber on temperature of heat treatment.

Key: (1). oersted. (2). Temperature of heat treatment.
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