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INTRODUCTION AND BACKGROUND 

The mechanism of degradation of polymers under conditions of high ther- 
mal stress is of basic intamst for the understanding of bond strengtha and 
molecular structure, end of practical importance for the development 
of flame-resistant clothing, re-entry vehicles, and solid propellant binders. 
The pyrolytie decomposition of cellulose is of particular concern due to 
the widespread use of cotton as a clothing material. The investigation re- 
ported here w&s undertaken to elucidate the mechanism of thermal degra- 
dation of untreated and APO-THPC flameretardant treated cotton cel- 
lulose during l-see. exposures to thermal flux levels of 5-25 cal./cm.%m. 
The work constituted one aspect of a Quarterinaster Corps program aimed 
a t  the development of summer weight clothing that would provide ade- 
quate protection from the thermal effects of nuclear weapons. 

thermal degradation studies at temperatures between 200 and 375OC. for 
times of 9 to 360 min., and degradation studies under millisecond flash 
illuminations of 430 cal./cm.%ec. Our experimental conditions lie be- 
tween the two extremes. Heating times were of the order of seconds, and 
the heat source was a carbon arc or solar furnace that delivers radiant 
energy of 5-25 cal./cm.2-sec., primarily in the visible. 

Studies of the pyrolytic degradation of untreated cellulose in the 200- 
375OC. region were conducted in 1954-57 by P m u  and Schwenker,' and 
more recently by Madorsky, Hart, and Similar investigations 
of untreated and flame retardant treated cottons have been reported by 
Holmes and S h a ~ . ~  All three groups heated their samples in Pyrex tubes 
surrounded by electrical resistance furnaces. Pascu and Schwenker pyro- 
lyeed in an air stream moving at  500-900 cm./min., collected products con- 
densable at  OOC. in cold traps, and analyzed them chemically. Mador- 

Prior work on the thermal decomposition of cellulwe includes both 
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sky’s group pyrolyzed in vacuum, separated the products into five fractions 
by a series of cold traps, and analyzed each fraction by mass and infrared 
spectroscopy. Holmes and Shaw used an experimental arrangement sim- 
ilar to Madorsky’s and analyzed the products by infrared and wet-chemical 
analysis. Our samples were heated in a helium stream by a radiant source, 
and the products were separated into four fractions that were analyzed by 
vapor phase chromatography and infrared spectroscopy. 

The picture of cellulose pyrolysis developed from the low-temperature 
studies1-2 is that the cellulose molecule polymerizes with scission of the 1,4- 
glycosidic C-0 bonds, and that the fragments undergo an intramolecular 
rearrangement to levoglucosan. 

Pascu and Schwenker believe that levoglucosan then participates in two 
competing reactions : (1) polymerization and aromatization to form char, 
and (2) destructive dhtillation to tars, volatile gases, and water. 

Madorsky’s group favors random scissions of C-0 bonds and simultane- 
ous dehydration along the cellulose chain. Thus, neither the char, tars, 
volatiles, nor water need necessarily form exclusively from a levoglucosan 
intermediate. On the other hand, Madorsky did find that the pyrolysis 
mechanism seemed to be independent of the degree of crystallinity and the 
degree of polymerization of the cellulose. To explain this result, he pos- 
tulated that the application of heat tends to break up long chains prior to 
volatilization. It is perfectly reasonable to suppose that levoglucosan is 
the principal product-in this early depolymerization stage and that, there- 
fore, a large percentage of the volatile products originate from this inter- 
mediate. 

The effect of the APO-THPC flame retardant on the long-time, low tem- 
perature pyrolysis of ~ellulosea.~ is to increase the percentage of solid char 
and to decrease the percentage of tar in the total product yield. In addi- 
tion, the flame retardant accelerates the rate of formation of volatile prod- 
UCtS.4 

The high-intensity millisecond flash pyrolysis of untreated cellulose was 
studied by Nelson and L~ndberg.~ Homogeneous photolysis in their ex- 
periments was minor compared to violent heterogeneous decompositions 
centered about particulate impurities. However, under their conditions, 
all polymers, regardless of composition, behaved in the same way. Frag- 
mentary work in identification of decomposition products suggests that 
the distribution of species is very different under flash illumination from 
what it is under conventional heating conditions. A detailed mechanism 
for cellulose pyrolysis was not worked out by the Nelson group, nor was 
any attempt made to look for levoglucosan among the products. Exten- 
sive studies are in progress, however, in Dr. S. B. Martin’s laboratory in 
San Francisco.6 

EXPERIMENTAL 

Apparatus 
For the experiments described in this report, the very simple pyrolysis 

cell shown in Figure 1 was constructed in which fabric samples could be 
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M 
Fig. 1. Pyrolysis cell. 

exposed to radiant fluxes of 5-25 cal./cm.2-sec. for periods of 0.5-2 see. 
under a controlled atmosphere in an arc imaging or solar furnace. The 
design is very similar to one that has been reported previously.' The 
sample and calorimeter mount is a Micarta sector with two holes cut in it. 
In one hole, the sample is held taut by a hoop of spring wire. In the other, 
a blackened copper disc calorimeter: '/z in. in diameter, is mounted with 
iron-Constantan thermocouple wires. The wires are soldered to the rear 
face of the disc, cemented into slots in the Micarta block, and are fed into 
a Sanborn recorder for measurement of thermal flux. 

The entire assembly is attached to the rear plate of a stainless steel cell, 
and can be pivoted by means of an outside handle so that either the sample 
holder or the calorimeter is in position at the center of the cell. An opti- 
cally-flat quartz plate that clamps onto the stainless steel section through an 
O-ring completes the pyrolysis chamber. 

Figure 2 is a schematic diagram of the flow system into which the pyrol- 
ysis cell is incorporated. Helium flows from tank A through a regulating 
valve B to a pressure gage C. The gas stream diffuses into the reference 
side D of a thermal conductivity cell and flows past the sample at  F. 
The volatile products of thermal decomposition are swept sequentially 
through a copper U-tube and a copper coil, both immersed in a mixture of 
Dry Ice and acetone at  G. Gases that fail to condense in the traps im- 
pinge upon a chromatography column at K, where the components are 
separated and allowed to enter the sample side (L) of the thermal conduc- 
tivity apparatus. A rotameter at M measures the rate of flow of gas 
through the system. It is possible to by-pass the pyrolysis cell if neces- 
sary or desirable by closing valves E and H, and opening valve J. The 
entire system is mounted in a carbon arc imaging furnace* so that the center 
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of the pyrolysis cell coincides with the focal point of the furnace, and an 
automatic timing shutter is placed at the cross-over point of the furnace to 
regulate exposure times. 

Procedure 
Prior to exposure, samplee are weighed, mounted in the sample holder, 

and positioned in the arc imaging furnace. With a battery-operated flash- 
light bulb substituted for the arc, and the calorimeter disc at the center 
of the cell, adjustments are made so that the calorimeter surface is well 
illuminated. The flow system is pressurized with helium to 20 p.8.i. and 
sealed off at both B and M in order to test for leaks. Helium is then al- 
lowed to flow through the by-pats valve, J, with E and H closed, while the 
pyrolysis cell and traps are simultaneously evacuated through N. Finally, 
the entire system is purged with helium and the traps are cooled to - 8 O O C .  
with Dry Ice and acetone. The calorimeter is swung into position, and 
the attenuator of the arc imaging furnace is adjusted until the desired 
flux, as indicated on the recorder chart, is achieved at the sample plane. 
The Micarta sector is pivoted to shift the sample into the same position 
that waa previously occupied by the calorimeter, and the fabric is irradiated 
under identical conditions of radiant flux and exposure time as the copper 
disc. The carrier-gas flow rate is maintained at about 500 cc./min. during 
each experiment. 

F 

Fig. 2. Pyrolys 3 system. 



COTTON CELLULOSE 713 

The products of pyrolysis are divided naturally into four major fractions 
that can be analyzed separately. They will be designated in a way that 
facilitates comparison with previous work. Fraction (V-m + V-1,) con- 
sists of the volatile products that fail to condense a t  -8OOC. in the Dry 
Ice-acetone traps. It is swept onto a chromatography column and an& 
lyzed immediately. Fraction V,t  is contained in the cold traps and consists 
of products that are volatile at room temperature but condensable at 
-8OOC. The tar fraction, V,, condenses on the quartz window of the 
pyrolysis cell and contains products that are volatile at the surface of the 
exposed sample but not at 25OC. . Finally, the residue or C ~ U T  fraction is 
the solid ash that constitutes the remains of the original exposed sample. 

Samples 

The samples investigated were an untreated O.G. 107 cotton poplin, 
0.023 g./cm.2 (nominally 7 oz./yd.2) and the same material treated with a 
40% add-on of an APO-THPC flame retardant. The fabrics were supplied 
by the U. S. Army Quartermaster Corps in Natick, Massachusetts, and 
were used without pretreatment. Both materials were run in I-sec. ex- 
posure at several flux levels between 5 and 25 cal./cm.2-sec., and the 
products were analyzed as the four fractions previously described. 

RESULTS 

Fraction (V-80 + V-lw)-Light Gasea 

The light gases were analyzed by vapor phase Chromatography with a 
Perkin-Elmer model 154 instrument connected directly to the pyrolysis 
cell. Two meter columns of activated charcoal, silica gel, and molecular 
sieve 5A were used in the initial experiments. Typically, as shown in Fig- 
ure 3, two peaks appeared with the charcoal column, four with the silica 
gel, and two with the molecular sieve. In duplicate runs, the effluent 
stream from the silica gel column was passed through a liquid nitrogen trap, 
and the condensate was analyzed in the maw spectrometer. From the 
k n o w  column characteristics and the mass spectrometer results, the silica 
gel peaks were identified, in order, as CO, CHI, CO,, and ethylene. The 
activated charcoal peaks are therefore CO and CHI, while the molecular 
sieve peaks are CHI and CO. The assignments were verified by running 
known gases under conditions closely similar td those used with the un- 
knowns. 

For quantitative calibration, the apparatus shown in Figure 4 was con- 
structed. It enabled us to fill the standard Perkin-Elmer constant volume 
gas sampling valve with known gases at various pressures. In this way, 
a series of gas samples of different weights could be introduced into the 
apparatus, and calibration curves of peak area vg. sample weight could be 
constructed.' All of these were straight linm passing through the origin for 
a given flow rate and current Betting. 
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co 

CHROMATOGRAM OF FRACTION A’ ON ACTIVATED CHARCOAL q H,C = CH, 

ON SILICA GEL 

: ON MOLECULAR SIEVE 

Fig. 3. Chromatogram of Fraction A on activated charcoal, d i ce  gel, and molecular 
sieve. 

A comparison of results for the untreated and flame-retardant treated 
cotton poplin is shown in Figure 5. Leaat square straight lines have been 
drawn through the experimental points. In general, the h e r e t a r d a n t  
treated cotton gives a hi&er yield of volatile products than the untreated 
cloth, but also shows higher total weight losses, on the average. A t  all 
flux levels, the treated materials show slightly higher absolute concentra- 
tions of CO, and ethylene, and equal concentrations of CO. However, for 
both treated and untreat& fabrics, the light gases account for approxi- 
mately 5% of the total product a t  5 cal./cm.*-sec., and for 18% of the total 
at 18-20 cal./cm.2-sec. 

Fraction V,,VaponS Condensable at -80°C. but not at 26°C. 

At the end of each experiment, Fraction V,r waa isolated in copper cold 
traps. These were maintained at Dry Iceacetone temperature, and 
analyzed by vapor-phase chromatography within a few days of the pyrolysis 
experiment. 1 cc. of Wesson oil waa added to the material in each trap, 
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Fig. 4. Apparatus for introducing known quantities of permanent gaees into the vapor 
phase chromatograph. 

and the trap was allowed to warm to room temperature. The oil was 
poured out of the trap into a rubber gasket-sealed vial. Water was al- 
ways present in copious amounts, but only the oil layer was sampled for 
analysis. A 0.02-cc. aliquot of contacted oil was run on an 8-ft. Resoflex 
R-296 column, with argon as an elution gas. The flash-heater tempera- 
ture was 200°C., the column temperature 47 * I%., and the cell tempera- 
ture 210OC. 

For purposes of calibration, a number of known substances was run under 
the same chromatographic conditions. Results are plotted in Figure 6 as 
logarithms of the retention time vs. the boiling point of each substance. It 
is characteristic of the Resoflex column that for many classes of polar 
organic materials (aldehydes, ketones, esters, alcohols, etc.) such a plot is 
a straight line. This observation was used to estimate the boiling points 
of the unknown pyrolysis products. 

The number of possible gases in Fraction (V-a + LlW) is so limited 
that it is relatively easy to identify components ~4th a considerable degree 
of certainty. The possible constituents of Fraction V,$, which have a 
finite vapor pressure at 25OC. and a negligible vapor present at -80°C., 
are almost unlimited in number. Therefore, the only identification given 
is qualitative and based on approximate boiling points. Previous experi- 
ence has shown that a peak height of unity corresponds to 5 f 4 X 10-9 
gs- 
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INCIDENT FLUX (col/cm2/sec) 

Fig. 5. Components of Fraction (V-w + V-180). 

CO COz CzHa 
APO-THPC(-) 0 A 0 

Untreated 7 01. (- -) 0 A H 

Results are shown in Table I. Although reproducibility is not good, it 
is clear that three to twelve polar organic constituents (aldehydes, ketones, 
esters, alcohols, etc.) with boiling points between 14 and 178OC. were found 
for every sample. It is also apparent that the number of grams of product 
in Fraction Vrt is roughly 30 times greater for the APO-THPC treated 
cotton than for the untreated, although the treated fabric is only 1.4 
times heavier than the untreated. 

Fraction Vm-Producta Condensable at 25°C. 
Fraction V,, is the tarry material found at the bottom of the quartz 

face plate after exposure is completed. It is therefore volatile at pyrolysis 
temperatures, but condenses rapidly at room temperature. It is the frac- 
tion that wae found to contain levoghcoscbn in the longer-time, low-tem- 
perchre pyrolyses of Madorsky. 

Figure 7 compares the infrared spectra of our Frmtion V,, from the 
pyrolysis of 7 01. O.G. 107 cotton p o w  at 20 cal./cm.Lsec. with Mador- 
sky’s FractionV p y t ,  obtained from the pyrolysis of untreated cellulose at 
350OC. 
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Fig. 6. Relationship between observed retention t h e e  and boiling points for known 
organic molecules on a Resoflex R-296 column. 

The spectra are identical, except for insignificant differences in band in- 
tensities. The principal component has been identified as levoglucosan, 
while the 5.8 p band indicates that a second component, containing a 
carbonyl group, must be present also. 

The tar spectrum from,the degradation of APO-THPC treated cotton at 
20 cal./cm.Z-scc. also shows the prominent bands in the 10-12 p region that 



COTTON CELLULOSE 719 

(A.D. LITTLE, INC) 

- ,,- FRACTION VPYr 

2 20- 

5 z (MADORSKY) 

c 

(A.D. LITTLE, INC) 

- ,,- FRACTION Vpyr 
5 z (MADORSKY) 

2 20- c 

WAVELENGH (MICRONS) 

Fig. 7. Infrared spectra of Fraction V,,,. 

are characteristic of levoglucosan, and this is agSin unquestionably the 
principal component of the V,, fraction. The principal differences be- 
tween the spectra of treated and untreated material lie in the 6.2, the 6.9, 
and the 8 p regions, where the untreated cloth has welldeveloped absorp- 
tion bands, while the treated material shows either no absorptions (8 p )  
or mere shoulders (6.2 and 6.9 p ) .  

Char Fraction 

The weight of residual char was calculated by estimating the weight of 
the exposed area of cloth and subtracting the net weight loss. The area 

0 APO-THF'C 
0 7 0 2 .  

0 4 0 12 16 20 24 
FLUX 

(CAL/CM%EC.) 

Fig. 8. Percentage of residual char for trtxttd and untreated cotton. 
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exposed is roughly circular and approximately 10 f 1 m. in diameter. 
Since a 1-mm. or 10% error in diameter is translated into a 20% error in 
area, the calculated percentages of char, shown in Figure 8, are not highly 
accurate. However, in spite of the lack of precision in the data, two con- 
clusions can be drawn. The lines are least square straight lines through 
each set of data and mean very little. However, it is clear, first, that the 
squares lie above the circles on the average; i.e., that the percentage of 
char is higher for the treated than for the untreated fabric. Second, it is 
also apparent that for both fabrics the percentage of product in the form 
of nonvolatile char decreases with increasing flux level. 

CONCLUSIONS 

A comparison of our pyrolysis results, under conditions of high thermal 
flux (5-25 cal./cm.2-sec.) far 1 wc. with the results obtained in 9-60 I&. 
exposures at 20+420°C., for either the treated or un-treated cloth, rev& 
no fundamental qualitative difference in the pyrolysis mechanism. 

In the low-tempmature degradations, the rate-contrding skp is believed 
to be fonmkion of levoglueosan by scission of the 1,4-glycosidic Wages  of 
cellulose, and subsequent intramolecular rearrangement of the fragpents.2 
Some of the levoglucosan, in turn, is thought to undergo dehydration and 
polymerization to form char, while some is believed to undergo destructive 
distillation to form volatile organics, permanent gases, and water vapor. 

The principal products at low temperatures have been established as: 
Fraction (V-so + V-1,): carbon dioxide, carbon monoxide, methane, 

Fraction V,,: water vapor, acetic acid, acetone, formic acid, formalde- 

Fraction V,: levoglucosan. 
Char: unidentified. 
In the high-intensity work reported here, levoglucosan has been identified 

as an important pyrolysis product, although it has not been established that 
its formation is the rate-controlling step in the degradation proeese. The 
light gases, identified chromatographically, appear to be COZ, CO, CH,, 
and ethylene, in agreement with the low-temperature work. Hydrogen wm 
not found; water vapor is produced copiously. In addition, twelve alde- 
hydes, ketones, acids, esters, etc., containing three to six carbon atoms have 
been identified, at least with respect to boiling pomt. The results of 
Fraction VpVr cannot be compared directly to the low-temperature data, 
because the chromatographic method of analysis was not used in the low 
temperature experiments. However, the general assumption of destructive 
distillation of levoglucosan to fragments of lower molecular weights during 
pyrolysis fits the low and high temperature data equally well. It is, of 
course, quite possible that the relative quantities of light gases, simple 
organic molecules, and levoglucosan produced under high and low temper- 
ature pyrolysis are very different. 

ethylene, hydrogen. 

hyde, glyoxal, glycolic acid, lactic acid, and dilactic acid. 
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The effect of APO-THPC flame retardaot on the pyrolysis products of 
cotton du lose  is also similar in both high and low temperature experk 
mente. In both, the flame retardant a u w s  an increase in the percentage of 
char in the degFsdation products, and therefore a decrease in the percentage 
of total volatile products. There is some evidence, however, that the 
distribution of volatile products among the various fractions may depend 
upon the heating conditions. This distribution, and the rate of formation 
of product species, may be critical factors in determining the protective 
effect of a fabric additive. 

THEORETICAL MODEL OF CELLULOSE PYROLYSIS 
The thermal degradation of cellulose produces a minimum of 18 prod- 

ucts-at least 4 permanent gases, more than 12 simple polar organic mole- 
cules contrtinig 1-6 carbon atoms, levoglucosan, and water. When a 
reaction is so complex, it is valuable to speculate in some detail on a con- 
ceivable degradation mechanism, to anticipate probable pyrolysis products, 
and to devise experiments to test the specifk hypotheses. 

A kinetic process is usually best understood if it can be described as a 
sequence of elementary steps. The first step in cellulose pyrolysis has 
been described as the formation of levoglucosan. Little consideration has 
been given, however, to subsequent steps in the degradation process that 
might ultimately lead to the observed multitude of products. 

Structurally, levoglucosan is an acetal and should decompose with the 
formation of an aldehyde. A decomposition and isomerization reaction 
that splits off formddehyde as follows might be postulated: 

HzC-0 Hzq-5) 

H 7 - d  COH HC, OH HC, 
H\ 1 q,; 

H, 6 \,* 

c-c 
HO I I 

H OH 

I I /  H - )!\I I/ H - 1 'c-c 
HO I I 

H OH ' 

(levoglucosan) 

(enol form) 

In addition one must postulate a decomposition of levoglucosan to' COz 
and N2C=CH-CHOH-CHOH-CH~OH to account for CO, formation. 

Many long-chain aldehydes and ketones are known to decompose by both 
free radical formation and molecular rearrangement.'O In the first mech- 
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anism, the carbonyl group tends to weaken the adjacent C-C bond, which 
breaks with formation of radicals. The competitive rearrangement occurs 
by scission of the a C-C bond and accompanying hydride shift from the 
8-C atom. It is thus possible to predict free-radical degradations of the 
form : 

OHH 0 OH H 0 

H a C C -  U E - H  + H a C C = O  + -d - &--&-H 
I d A AH H AH 

OH H 

OH H 

+H&-C- + & = & + .CHO 

d H  

1 
1 

0 
II 
H C C H z O H  

0 

H E -CHnOII + .CHO + *CHzOH 

Probable rearrangement reactions of the stme intermediate arc : 
O H H  0 0 

I I  
H , C - c - L h - L H  -+ C H r O H - c H o  + H,CC--C 

0 11 H 1 OH I A A 
CH&H + CHO-CHO 

-€Lc B 
The products postulated thus far are: 
Molecular Species Radicals 
Levogluccaan . CHOH-CHOH-CHO 
C&-CO-CHOH-CHOH-CHO CHa4O-CHOH-CHOH 
H a - C O - C H O  (methyl glyoxal) CHa--C=<) 
CHs-CO-CH~OH (scttol or hydroxy- CHO 

acetone) 
CHO-CH20H (glycolic aldehyde J CHxOH 
CHO-CHO (glyoxal) 
CH20 (formaldchyde) 

These species can undergo further reaction in almost endless variety. 
By simple application of the Rice-Merzfeld mechanism, all observed prod- 
ucts can tie explained, aid many others can be prtdicted. Among the 

I i , C = C H ~ H O H ~ H O H - C H z (  )H 
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latter are ethane, ketene, CH3-CH~-CO-CH0, (CH&O--CHO)2, 

HiC , acetaldehyde, and methanol. 
/CO-CHO 

\CO-CHa 
There is apparently need for studies on the thermal decomposition of 

pure, crystalline levoglucosan, as well as similar studies on any of the 
intermediates, or mixtures of* them. Gas phase or gas l k p d  chroma 
tograph’j+, particularly in conjunction with rapid scan infrared analysis of 
the separated products, would seem to be well suited for such work. 
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synopsis 

Samples of untreated and APO-THPC flame-retardant treated cotton cellulose were 
pyrolyzed in a helium stream by exposure to flux levels of 5-25 cal./cm.’-sec. for 1 see. 
in a carbon arc imaging furnace. The reaction products were separated naturally into 
four fractions, which were analyzed separately. Fraction ( V - l ~  + V-m) comprised 
volatile products that failed to condense in cold traps a t  - 8 O O C .  It waa swept onto a 
chromatography column and analyzed immediately. For both fabrica, it coneisted of a 
Wure of CO, CO,, C&, and ethylene. These light gases accounted for approximately 
5% of the total product at 5 cal./cm.%ec. and for 18% of the total product a t  18-20 
cal./cm.4jec. Fraction V, ,  waa contained in cold t rap ,  and consisted of products 
volatile a t  mom temperature, but condensable at -80°C. It was found by gas-liquid 
partition chromatography to contain 12 polar organic constituents which were identified 
with respect to boiling point. The percentage of total product in Fraction V,, was 
approximately 20 times greater for the treated than for the untreated fabric. The tar 
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fraction, V,,,, wan found condensed at the bottom of the pyrolysis cell, and therefore 
contained products volatile at the surface of the sample but not at 26°C. It wge found 
in infrared analysis to consist of levoglucosan and an unidentified carbonyl compound. 
Finally, the weight of residual char was estimated from the weight lose and the area of 
burn. For both fabrics, the percentage of char decreased with increasing flux level. At 
every flux level, the average percentage of char was higher for the treated than for the 
untreated fabric. The mechanism of pyrolysis is similar for both treated and untreated 
cloth, and for both high and low temperature degradation. A critical step is the forma- 
tion of levogluman by scission of the 1,4glycoeidic lihkagea of mlluloee. A mechanism 
for subsequent decomposition of levoglucosan to lower molecular weight compounds is 
considered. 

R&lIUlB 

On a pyrolysb dea Bchantillons de coton cellulosique comme tel e t  trait6 par I’m- 
THPC qui retarde I’infIammation. La pyrolyse s’effectue dam un courant d’h&m 
en exposant it dea de& d’inteneit6 de 5 it 25 cal./cm’-sec pendant une eeconde dam un 
four it arc de carbone. Lea produita de reaction mnt  &pa& natureellement en 4 frac- 
tiohs, analyskea dparbment. La fraction ( V-l, + V-a) cantient dea produita volatiles 
q* empkhent la codemation dam dea trappes refroidies it -80°C. Ile ont kt6 ache- 
m h b  vers une colonne de chromatographie e t  analy& immaatement .  Dam lea 
ddux cae il s’agit d’un melange de CO, 0 2 ,  m, et C H d H t .  Cee gaz lbgera entrent 
pour approximativement 5% dans le produit total P 5 cal/cm’ sec. La fraction V,, 
eab condens& dam dee t r a p p s  refroidiea en contient dea produita volatilea A t e m p b t u r e  
de c h b r e ,  mais condensablee B -8OOC. On a t row6 par dparation par chromato- 
graphic gaz-liquide que la fraction contenait 12 constituanta organiquea polairea qui ont 
bt4 identiti& en tenant compte du point d’bbullition. Le pourcentage du produit total 
dam la fraction V,, est approximativement 20 fois sup6rieur dam le cas du produit trait6 
par I’APO-THPC par rapport au produit non-trait6. La fraction goudronneuse V,, 
eat conden& du fond de la cellulose de pyrolyse et  contient d b  lora dea produite voIatils 
it la surface de l’echantillon, mais non B 25%. L’analyse I-R a mis en bvidence qu’elle 
eat comti tub de Ibvogluooeane et d’un cornpod carbonylique non identifib. Enfin, 
le poi& du A i d u  carbonis6 eat e a t h e  A partir de la perte en poi& et la surface brdlb. 
Dam lea deux produita le pourcentage de carbonisation diminue avec une augmentation 
du degrb d’intensit.6. Pour chaque degd d’intensit6 le moyenne du pourcentage de 
carbonisation eat eupBrieure dam le cge du produit trait6 que dam celui du produit 
non-trait& Le m6canisme de la pyrolyse eat identique pour lee deux Bchantillom et pour 
dea dbgradatiom it haute et bause tempkratures. Une &ape critique eat la formation 
du IBvoglucosane par rupture dea liem 1-4 glucosidiquee de la celluloee. On a Btudit? un 
m h n i s m e  de la dBcomposition ulterieure du lbvoglucoeane en produits de poids molb 
culaires infbrieurs. 

Znnammenfaeeung 

Proben unbehandelter und APO-THPGflammenechutz-behandelter Baumwollzellu- 
lose m r d e n  in einem Heliumstrom bei Einwirkung einee Flussea von 6-25 ~al/cm.’ wk 
durch eine Sekunde in einem Kohlebogenofen der Pyrolyse unterworfen. Die Reaktiona- 
produkte fielen in vier Fraktionen an, die getrennt analysiert wurden. Die Frsktion 
( V-lw + V-m)  bestand aus fiilchtigen, in der Kiihlfalle bei -80%. nicht kondender- 
baren Produkten. Sie wurde auf eine chromatographische Sgule Ilberflihrt und un- 
mittelbar analysiert. Sie bestsnd bei beiden Geweben aue einer Miechung von CO, 
CO,, CH, und H&==CH*. Diese leichten Gase machten bel 5 cat/cm.a wk ungefHhr 
5% des Gemmtproduktes aus und bei 18-20 cal/cm.’ sek etwa 18%. Ftaktion V,, 
lag in der Kilhlfalle vor und bestand aus bei Raumtemperatur flhhtigen, be’ -8OOC. 
aber kondenaierbaren Produkten. Mit Oss-Fliissig-Verteilungschroma~phie wurden 
darin zwolf polare organische Bestandteile nachgewiesen, die in hezug auf ihren Siede 
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punkt identifiziert wurden. Der prozentuelle Anteil der Fraktion V,, am Totalprodukt 
war beim behandelten Gewebe etwa 20 ma1 griisser als beim unbehande!ten. Die 
Teerfraktion V,,, fand eich kondeneiert am Boden der Pyrolysezelle und enthielt daher 
Produkte, die sich an der Probenoberfliiche verfliichtigten, aber bei 25°C. nicht fluchtig 
waren. Infrarotanalyse zeigte, dass sie aus Laevoglukosan und einer nicht identifizerten 
Karbonylverbindung bestand. Schliesslich wurde das Gewicht des Verkohlungs- 
riickstandes aus dem Gewichtsverluet und der Bredache  bestimmt. Bei beiden 
Geweben nahm die prozentuelle Verkohlung mit steigendem Fluss ab. Bei gleicher 
Flussh6he war die mittlere prozentuelle Verkohlung beim behandelten Gewebe grosser 
als b e i  unbehandelten. Der Mechanismus der Pyrolyse ist bei behandeltem und 
unbehandeltem Material und fur hohe und niedrige Temperatur iihnlich. Eine kritische 
Phase ist die Bddung von Laevoglukosan durch Spaltung der 1,Pglykosidierten Bind- 
ungen der Cellulose. Ein Mechanismus fur die darauf folgende Zersetzung von Laevo- 
glukosan zu niedrigermolekularen Verbindungen wird erortert. 
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