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T he  announcement of t h e  electrochemical fluorination 
process  in 1949 (6) h a s  made avai lable ,  or potentially so, 
a whole s e r i e s  of perfluorinated alkanoic acids .  Somewhat 
later,  Berry (2) descr ibed a p rocess  for converting 3i.,x,o- 
trihydroperfluoro alcohols  into t h e  corresponding o-hydro- 
perfluoro acids .  T h i s  p rocess ,  which ut i l izes  liquid 
polymers of tetrafluoroethylene,  i s  limited t o  o-hydro- 
perfluoro a c i d s  having an odd number of carbon atoms. In 
th i s  ar t ic le  a new s e r i e s  of perhalogenated alkanoic a c i d s  
having t h e  general  formula C1(CF2CFC1),CF,CO,II i s  
described. T h e s e  ac ids ,  which contain an  even number of 
carbon atoms, a r e  prepared by the  hydrolysis of t h e  corre- 
sponding alkanes,  Cl(CF,CFCI),, ,C1. 

Nomenclature. T h e  International system of nomenclature 
i s  cumbersome to u s e  for describing chlorofluorocarbons. 
Hence,  in t h i s  a r t i c l e  t h e  compound i s  descr ibed by t h e  
number of carbon atoms present  and t h e  nature of t h e  
functional group. T h u s ,  3,4-dichloropentafluorobutyric 
acid,  CICF,CFCICF,CO,H, i s  designated as  t h e  C ,  chloro- 
fluorocarboxylic acid.  T h e s e  ac ids  a r e  commercially 
avai lable  under t h e  t r ade  name of KEL-F ac ids  (registered 
t rademark of t h e  R I .  U‘. Kellogg Co. for i t s  fluorocarbon 
polymers). 

PHYSICAL PROPERTIES AND A N A L Y T I C A L  D A T A  
Solubility and Surface Activity. The  chlorofluoro- 

carboxylic ac ids  a re  soluble  in most organic l iquids:  
aromatics,  a l iphat ics ,  e the r s ,  ketones,  e s t e r s ,  and chlorin- 
ated hydrocarbons. 

T h e  solubili ty of t h e  chlorofluorocarboxylic a c i d s  in 
water depends markedly on t h e  chain length. T h e  C, 
chlorofluorocarboxylic ac id  is completely miscible with 
water, whereas  the  C,  and higher ac ids  have very limited 
solubili ty.  Determination of t h e  exact  solubili ty l imits  of 
t h e s e  ac ids  in water i s  complicated by t h e  fact  that  they 
probably ex i s t  a s  i ons  only in very di lute  solution. A s  t he  
acid concentration is increased,  small  spherical  micel les  
a re  formed, which undergo further development into laminar 
micel les  in which the  degree of order i s  very great.  T h i s  
behavior h a s  been extensively investigated for the o- 
hydroperfluoro a c i d s  by Arrington and Pat terson (I). T h e  
concentration at  which cr i t ical  micelle formation occur s  
corresponds approximately to  the  break in the  surface 
tension vs. concentration curve. T h i s  break occurs ,  a s  
can b e  seen  in F igu re  1, a t  15 grams per 100 ml. for t h e  
C, chlorofluorocarboxylic acid,  at  0.5 gram per 100 ml. 
for t he  C, cornpound, and a t  0.002 Pram per 100 ml. for t h e  
C,, compound. A l l  surface t ens ions  were determined on a 
precision model DuNouy tensiometer.  

T h e  surface act ivi ty  of t h e  chlorofluorocarboxylic a c i d s  
develops even with very short  chain lengths-that i s ,  
C, or C,-whereas t h e  hydrocarbon analogs do  not develop 
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maximum surface activity until t h e  chain contains  16 or 18 
carbon atoms. It may b e  s e e n  in Figure 1 that t h e  longer 
chain chlorofluorocarboxylic a c i d s  a re  many t imes  more 
efficient in reducing t h e  surface tension of aqueous solu- 
t ions than a r e  t h e  lower members of t h e  se r i e s .  T h u s ,  
desp i t e  t h e  poorer solubi l i ty  of t h e  higher homologs, t h e  
addition of a few hundredths of 1% of t h e  C,, chlorofluoro- 
carboxylic ac id  i s  sufficient t o  lower t h e  surface tension 
of water t o  a level  su i t ab le  for many applications.  T h e  
lowest surface tension observed for aqueous solut ions of 
the  chlorofluorocarboxylic a c i d s  i s  24 dynes per c m .  T h i s  
value i s  higher than t h e  lowest  value observed for per- 
fluorinated a c i d s  or their  der ivat ives  which i s  about 17 
dynes per c m .  (5) .  

T h e  chlorofluorocarboxylic a c i d s  a re  highly resis tant  t o  
oxidation and, hence ,  can b e  used to  reduce t h e  surface 
tension of strong oxidizing solut ions such a s  chromic acid.  

T a b l e  I. Effect of Temperature on Surface Tension of 
Aqueous C, Chlorofluorocarboxylic Acid Solutions 

(Acid concentration = 0.695 gram/lOOrnl.) 

Temp., ‘C. Surface Tension, Dynes/Cm. 

7.5  
25.5 
41.0 
58.0 

26.0 
24.3 
23.5 
23.0 

T h e  ac ids  retain their  surface activity over a wide range of 
temperature and in  strongly ac id i c  or bas i c  media (Tab les  
I and 11). T h e  variation of t h e  surface tension with pH h a s  
been reported for fatty a c i d s  (3). Thus,  when a strong acid 
i s  added to  a soap  solution, t he  surface tension is lowered 
because  of l iberation of t h e  free fatty acid.  When alkal i  is 
gradually added t o  a solut ion of a fatty acid,  t h e  su r face  
tension of which i s  low, t h e  surface tension inc reases  a s  
t he  free acid lowers  t h e  surface tension more than t h e  soap  
formed on addition of t he  alkali .  Above pH 7 t h e  surface 
tension again dec reases  and t h i s  i s  probably due t o  a 
“salt ing-out” effect  similar to  that found for solut ions of 
sodium nonylate (4) .  

Toble 11. E f fect  of Hydrogen Ion Concentration on Surface 
Tension of Aqueous C, Chlorofluorocarboxylic Acid Solutions 

(Acid concentration = 0.25 gram/100 ml.) 

PH Surface Tension, Dynes/Crn. 

0.8 24.5 
3.1 41.4 
3.9 44.3 
6 . 3  49.5 
7.3 48.6 

10.6 47.8 
12.6 29.5 

Because  of their  solubili ty in  many organic l iquids ,  t h e  
chlorofluorocarboxylic a c i d s  a re  effect ive in  reducing t h e  
interfacial  tension between aqueous and nonaqueous 
systems.  T a b l e  I11 i l lustrates  t he  effect  of C, chlorofluoro- 
carboxylic ac id  on t h e  interfacial  tension between water  
and hexane, benzene,  carbon tetrachloride,  and Freon 113. 
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Toble  111. E f fect  of C, Chlorofluorocarboxylic Acid  on the 
Interfacial  Tension between Organic Solvents and Water 

Interfacial Tension between Organic 
Solvent and Water, Dynes/Cm. 

Acid Concn., 
Gram/100 M1. CC1, n-CbHII C,H, CF,ClCFCl,  

0.000 40.9 41.1 33.4 44.2 
0.0112 35.6 35.5 30.5 36. 1 
0.0336 30. 6 30.8 30.1 29.8 
0.112 21.2 20.6 27.8 22.5 
0.440 13.4 9.3 24.6 13. 7 
0.650 9.9 5.5 20.6 11.5 

T h e  chlorofluorocarboxylic a c i d s  have  excel lent  thermal 
s tabi l i ty ,  a s  i s  evidenced by t h e  fact  that  t h e  C, compound 
h a s  been heated a t  between 220"  and 23OoC. for 24 hours 
with no apparent degradation. 

CHEMICAL P R O P E R T I E S  
A large number of der ivat ives  of t h e  chlorofluorocarboxylic 

a c i d s  have  been prepared. T h e s e  include e s t e r s ,  amides,  
acid chlorides,  olef ins ,  ketones,  a lcohols ,  ni t r i les ,  organic 
sa l t s ,  and inorganic s a l t s .  A l i s t  of der ivat ives  and their  
physical  properties i s  given in T a b l e  V. T h e  actual  prepara- 
t ion of some typical  der ivat ives  i s  given below. 

Boiling Points. B e c a u s e  of their  higher molecular E X P E R I M E N T A L  
weight ,  t h e  chlorofluorocarboxylic a c i d s  have higher boil- Methyl Ester of C, Chlorofluorocarboxylic Acid. A solu- 
ing points  and dens i t i e s  than t h e  corresponding perfluoro t ion of 363.4 grams (1.0 mole) of t h e  C, chlorofluorocarbox- 
and hydrocarbon fat ty  ac ids .  yl ic  acid and 404 ml. (10 moles) of methanol w a s  refluxed 

Miscellaneous Properties. Detailed physical  propertier- for 5 hours. T h e  refluxing alcohol  was  recycled t o  t h e  
of t h e  chlorofluorocarboxylic a c i d s  a r e  given in T a b l e  IV. reaction f lask after pas s ing  through Drierite. After t h e  

T a b l e  IV. Physical Properties of Chlorofluorocorboxylic Acids 

Formula 
P h y s i c a l  s ta te  
Odor 
Formula weighto 
Boiling point, 
Freezing point, C. 
Density, 20 O C , .  , grams/ml. 
Viscosi ty ,  20 C., c s .  
Surface tension, 25 "C., dy;es/cm. 
Vapor pressure, mm. Hg./t  C. 

Cons tan ts  for vapor pressure equationa 

s. 

A 
B 

Index of refraction, n g  
Dielectr ic  constant, 25 "C. 
Heat of vaporization, kcal./mole 
Trouton rat io  

B 
aLog P (mm.Hg) = A -. - 

TOK ' 

ClCF,CFClCF,CO,H 
Colorless liquid 

Sharp 
247 
183 
- 30 
1.732 
1s 

. .  
29.5/100 
250/150 

9.156 
2863 
1.377 

13.1 
28.7 

4.17 a t  22 @ C  

C1( CF2CFCl),CF,COOH 
Colorless liquid 

Sharp 
363 
232 

1.833 
125 
27. 6 
3.4/100 
39.4/150 

9.5258 
3356 
1.389 
3.65 
15.4 
30.5 

. . .  

Cl(CF,CFCl),CF,COOH 
Colorless liquid 

Sharp 
480 
280 

1.894 
1619 
28.7 
0.4/100 
6.8/ 150 

9.5534 
3690 
1.397 
3.39 
16.9 
30.6 

. . .  

C I( C F 2C FCl),C F ,COO€] 
Colorless liquid 

Sharp 
596 
305 

1.935 
264 a t  6OoC. 

31.4 
0.07/ 100 
1.6/150 

10.162 
4209 
1.404 
3.19 at  22 "c. 
19.3 
33.4 

. . .  

1957 

~ 
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Toble  V. Physica l  Properties of Derivatives of Chlorofluorocarboxylic Acids 

Compounda 

ClM,CF,CO,CH, 

ClM,CF,CO,CH, 
ClM,CF,CO,(CH,),CH, 
ClM,CF,CO,CH,CH = CHI 

ClM,CF,CO,CH,CH = C H I  
ClM,CF,CONH, 

ClM,CF,CON(CH,CH,OH), 
ClM,CF,CONHOH 
ClM,CF,COCl 
ClM,CF,COCl 
ClM,CF,COC,H, 
ClM,CF,CF = CF,  
ClM,CF,CN 
ClM,CF,CH,OH 
ClMCF,CO,H. HN = C(NH,)SCH,C,H, 
CIMICF, C0,H 'HN = C(NH,)SCH,C,H, 
ClM,CF,CO,H. HN = C(NH,)SCH,C,H, 
ClM,CF,CO,H. HN === C(NH,)SCH,C,H, 
ClM,CF,CO,H. HN -= C(NH,)SCH,C6H, 
ClM,CF,CO,H, H,NC,H,, 

( -CIM,CFICONHCHl -), 

Molecular Boiling Melting Molar Refraction Analysis  
Yieldb, Weight, Point, P$nt, 

% Theory "C./Mrn. Hg C. d y  n g  Calcd.' Obsd. 

81.5 

. . .  
84.0 
81.5 

93.5 
98.0 

84.0 
36.0 
96.0 
98.0 
43.0 
65.0 
73.0 
80.0 
99 
99 
99 
99 
99 
48 

. . .  

377.5 

493.9 
536.0 
403.5 

520.0 
478.9 
984.0 
567.1 
494.9 
381.9 
498.4 
540.0 
399.4 
460.9 
465.9 
. . .  
. . .  
. . .  
. . .  
. . .  ... 

87/10 . . .  1.735 1.3841 

131/10 . . .  1.826 1.3952 
106/0.5 . . .  1.634 1.4001 
100/10 . . .  1.620 1.3966 

106/1.0 . . .  1.704 1.4026 
. . .  82-84 . . . . . .  
. . .  148-150 . . . . . .  
. . .  185-190 . . . . . . .  
. . .  84-85 . . . . . .  

180/760 . . .  1.800 1.3888 
145/50 . . .  1.860 1.3964 
149/1.3 . . .  1.732 1.4534 
156-7/760 . . .  1.800 1.3639 
119/50 . . .  1.793 1.3800 
141/14 . . .  1.863 1.399 
. . .  
. . .  
. . .  

. . .  
a M = -- CF,CFCl-. 
bYield based on limiting reactant. 

Calculated by using value of 1.10 for atomic refraction of fluorine. 

e x c e s s  alcohol had been removed, t h e  product w a s  dis t i l led 
a t  reduced pressure.  T h e  e s t e r  [yield 306.6 grams (81.5% 
conversion)] w a s  a co lo r l e s s  l iquid with a c lovel ike odor. 

Diethanolamide of C, Chlorofluorocarboxylic Acid. A 
charge of 99.7 grams (0.2 mole) of t h e  C, chlorofluoro acy l  
chloride w a s  added t o  a solut ion of 4 7  grams (0.45 mole) 
of diethanolamine in  150 ml. of water.  T h e  hot mixture 
w a s  stirred intermittently and allowed to  s tand overnight. 
Solid ammonium su l f a t e  w a s  added and t h e  mixture w a s  
extracted several  t imes  with ether.  T h e  organic layer  w a s  
t reated with Drierite,  f i l tered,  and evaporated in  a stream 
of nitrogen. T h e  crude yield after drying w a s  96.4 grams 
(0.17 mole); 84% conversion. Recrystal l izat ion of t h e  
amide from xylene-dioxane solvent  afforded large white  
f lakes ,  melting point, 185 " t o  190°C.  (dec.). 

Acid Chloride of C, Chlorofluorocarboxylic Acid. Phos -  
phorus pentachloride (407 grams; 1 .95 moles) w a s  added 
over a 0.5-hour period t o  960 grams (2.0 moles) of c, 
chlorofluorocarboxylic ac id  in a 3-liter f lask fi t ted with a 
drying tube. The re  w a s  vigorous hydrogen chloride evolu- 
t ion,  but t h e  temperature did not exceed 42 OC. After being 
heated for 1 hour on a s team bath,  t h e  phosphorus OXY- 

chloride w a s  removed by heating the  reaction mixture 
slowly t o  205°C.  T h e  c l ea r  l iquid w a s  transferred to  a 
1-li ter  f lask and dis t i l led a t  reduced pressure to give 878 
grams (1.76 moles; 97.5% conversion) of a c l ea r  co lo r l e s s  
liquid. 

Chlorofluoro-actyl Phenyl Ketone. A charge of 149.5 
grams (0.3 mole) of C, chlorofluoro acyl  chloride w a s  added 
dropwise t o  a st irred mixture of 44 grams (0.33 mole) of 
anhydrous aluminum chloride and 78 grams (1.0 mole) of 
benzene maintained a t  between 3"  and 7°C .  T h e  mixture 
w a s  stirred overnight and gradually warmed t o  room tem- 
perature. T h e  resultant dark brown solution w a s  cooled 
and poured into 200 ml .  of 6N hydrochloric acid. After t he  
solution w a s  mixed, t h e  organic layer w a s  washed with 5% 
sodium bicarbonate solution. An emulsion formed which 
could not b e  broken except  by removal of t h e  e x c e s s  ben- 
zene by s team disti l lat ion.  T h e  aqueous layer w a s  de- 
canted and the  dark brown organic layer  w a s  dissolved in  

51.12 

65.4 
79.4 
60.0 

74.3 
. . .  
. . .  
. . .  
. . .  

49.8 
64.14 
83.7 
49.3 
59.1 
60.8 

50.9 

65.0 
79.5 
59.9 

74.4 
. . .  
. . .  
. . .  
. . .  
50.2 
64.4 
84.3 
49.3 
59.5 
60.5 

190-91 . . . . . . . . .  . . .  
182 . . . . . . . . .  . . .  
184-5 . . . . . . . . .  . . .  
162-3 . . . . . . . . .  . . .  
162-4 . . . . . . . . .  . . .  
119-21 . . . . . . . . .  . . .  

Type 

c 1  
F 

Sap. No. 
c 1  
F 

Sap. No. 
N 
N 
N 
N 

. . .  

. . .  
Neut. Eq. 

c 1  

N 
c 1  
c 1  
c1 
c 1  
c1 
c 1  
c 1  

. . .  

Calcd. Obsd. 

28.2 28.2 
40 .3  40.6 . . . . . .  

536 522 
26.4 26.4 
37.6 37.4 

520 513 
2.92 2.85 
2.85 2.81 
2.47 2.49 
2.83 2.78 . . . . . .  

249 247 
26.25 26.33 

3.04 3.02 
. . . . . .  

30.4 30.2 
17.2 17.4 
20.1 20.4 
21.9 22.2 
23.2 23.2 
24.2 24.2 
24.5 24.3 

ether.  T h e  ethereal  solution w a s  dried over calcium 
chloride,  f i l tered,  and dis t i l led through a short  Vigreux 
column a t  reduced pressures .  T h e  ketone, 68.6 grams 
(73.5% conversion), w a s  obtained a s  a color less  liquid 
boiling a t  148" t o  149°C.  and 1.3 mm. of mercury. 

Preparation of C, Chlorofluoro Alcohol [ CI(CF,CFCI),- 
CF,CH,OH]. Into a 2-liter, 3-necked f lask fi t ted with a 
nitrogen inlet ,  st irrer,  condenser,  and dropping funnel were 
placed 420 ml. of ether  containing about 14.8 grams (0.4 
mole) of lithium aluminum hydride. A solution of 100 
grams (0.2 mole) of C, chlorofluoro acyl  chloride in  150 ml. 
of ether  w a s  added gradually so a s  t o  maintain reflux over  
a 2-hour period. T h e  mixture w a s  stirred for an  additional 
hour; then t h e  e x c e s s  reagent and t h e  complex were de- 
composed by t h e  careful addition of 60 m l .  of water,  with 
vigorous stirring. T h e  mixture w a s  poured into 1.3 l i t e r s  
of 10% sulfuric ac id  to d i s so lve  t h e  insoluble hydroxides. 
T h e  ether layer w a s  separated,  and t h e  aqueous layer  w a s  
saturated with sodium su l f a t e  (300 grams) and extracted 
three t imes with ether.  T h e  combined ether  layers  were 
washed with a saturated sodium chloride solution, 5% 
sodium bicarbonate solution, again with saturated sodium 
chloride solution, and finally t reated with Drierite. T h e  
ether  w a s  evaporated and the  l iquid residue w a s  dis t i l led 
through a 6-inch Vigreux column. A forerun of 26.9 grams 
boiling a t  117" t o  138°C.  and 14 mm. of mercury w a s  
obtained. T h i s  forerun w a s  analyzed for chlorine and 
11.9% w a s  found. A total  of 52.3 grams of alcohol were 
obtained boiling a t  141" to  141.5 "C. and 14 mm. of mercury. 

It is apparent from t h e  chlor ine determination and physi- 
c a l  cons t an t s  t ha t  dehalogenation occurred in  t h e  lower 
boiling fractions.  

C, Chlorofluoronitrile. A mixture of 47.9 grams (0.1 
mole) of C,  chlorofluoroamide and 14.2 grams (0.1 mole) of 
phosphorus pentoxide w a s  heated i n  a 100-ml. f lask pro- 
vided with a short-path dis t i l l ing head. T h e  product 
dis t i l led a t  200°C.  (flask temperature 250" t o  286OC.) 
over a 40-minute period to  give 33.6 grams (0.073 mole, 
73.2% conversion) of a c l ea r  l iquid having a pleasant  
aroma. 
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T h e  crude ac id ic  product w a s  purified by fi l tering 
through a 1-inch layer  of anhydrous potassium carbonate  
and w a s  fract ionated t o  give a neutral  product. 

Cyclohexylamine Salt of C, Chlorofluorocarboxylic Acid. 
A solut ion of 24 grams (0.05 mole) of C, chlorofluoro- 
carboxylic ac id  in 25 ml. of e thvl  e ther  w a s  added t o  5 
grams (0.05 mole) of cyclohexylamine in  1 5  ml .  of ethyl  
ether. T h e  solvent  w a s  evaporated and t h e  remaining 
sol id  w a s  recrystal l ized from cyclohexane t o  g ive  14 grams 
(48%) of white solid.  

Decarboxylation of C, Chlorofiuorocarboxylic Acid. A 
27-gram charge of C, chlorofluorocarboxylic acid w a s  
neutralized with sodium hydroxide, concentrated under a 
stream of nitrogen, and dried a t  105OC. in a vacuum oven. 
A 10.7-gram (0.0214 mole) sample  of t h e  dry sodium s a l t  
w a s  heated in  a small d is t i l l a t ion  apparatus .  A liquid 
product (8.3 grams) d is t i l l ed  a t  ca. 160°C.  a s  t h e  pot 
temperature rose  from 160 t o  300 OC. and gave a pos i t ive  
unsaturation t e s t  with aqueous  potassium permanganate. 
A redisti l led portion had a molar refractivity con- 
firming the  s t ructure  CF,Cl(CFClCF,),CF =CF, .  
CF,Cl(CFClCF,),CCl= CF,  is indicated by t h e  presence  
of fluoride in  t h e  pyrolysis  res idue.  

APPLICATIONS 
T h e  chlorofluorocarboxylic a c i d s  a rp  res i s tan t  to  thermal 

decomposition and are  very s t a b l e  toward strong ac ids ,  

b a s e s ,  and oxidants .  T h i s  s tab i l i ty  ind ica tes  tha t  t h e  
a c i d s  or their  der iva t ives  will b e  excel lent  sur fac tan ts  in 
some environments where hydrocarbon surfactants  fail. 

T h e  la rge  number of der iva t ives  of t h e  chlorofluoro- 
carboxyl ic  a c i d s  potent ia l ly  ava i lab le  should provide new 
classes of mater ia ls  useful  a s  hydraulic fluids,  lubricants ,  
p las t ic izers ,  and for other  appl icat ions where a non- 
flammable, s tab le  material is required. 
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Pyrolytic Degradation Products of Cellulose 

R O B E R T  F. SCHWENKER, JR., A N D  EUGENE PACSU 
Textile Research Institute, Rinceton, N. J. 

T h i s  work represents  the  first  phase  of a s tudy designed 
to e luc ida te  the  nature  of t h e  pyrolytic degradation of cel lu-  
l o s e  and t h e  mechanism by which t h e  reaction proceeds,  
in order to  understand bet ter  the  larger  problem of the flame 
and glow r e s i s t a n c e  of ce l lu los ic  mater ia ls .  T h i s  i s  of 
high priority i n  the  Department of Defense  for clothing 
purposes. A knowledge of the  degradation of c e l l u l o s e  
may ultimately give a solut ion of t h e  problem. 

T h e  decomposition of t h e  ce l lu lose  polymer in  the so l id  
s t a t e  a t  temperatures  greater  than 250 "C. h a s  been s tudied 
extensively (3,  4, 6, 7, 9-11, 20-22, 25-28). T h e  products 
of decomposition have  usually been  divided into three main 
c a t e g o i i e s  (7). 

1. Gas Phose Products. T h i s  p h a s e  c o n s i s t s  of carbon monox- 
ide, carbon dioxide, methane, and hydrogen, usually const i tut ing 
20 to 25% of the total products of pyrolysis  (3, 6, 7, 20, 25, 26). 

2. Solid Phase Products. A carbonaceous residue or  char  is 
produced i n  approximately 15% yield ( 9 ,  21, 27, 20, 26). 

3. Liquid Phose Products. An aqueous d is t i l l a te  ( the pyroly- 
zate) is obtained, consisting of tars, water, and volat i les  con- 
densable at 0' C., and comprising approximately 65% of t h e  total  
products. According to Coppick (7), the aqueous  d is t i l l a te  ob- 
tained from the pyrolysis or  controlled combustion of ce l lu lose  
contains the tarry primary dissociation products which appear t o  
b e  cr i t ical ly  re la ted to  the  flaming charac te r i s t ics  of fabrics. 

At e levated temperatures  then, ce l lu lose  decomposes t o  
form considerable  amounts of flammable products. I t  h a s  
been suggested that when a ce l lu los ic  material burns, the  
volat i le  decomposition products a r i s ing  from pyrolytic de- 
composition of t h e  c e l l u l o s e  actual ly  cause flaming (4). 

A mechanis t ic  theory of t h e  pyrolytic degradation of cei- 
lu lose  (21) s u g g e s t s  that  t h e  reaction proceeds through a 
common. intermediate, 1,6-anhydro-,k?-~-glucopyranose (levo- 
glucosan), resul t ing from init ial  depolymerization. Levo- 
glucosan is then thought to par t ic ipate  in two competing re- 
actions: repolymerization in a dehydration process  to form 
char and decomposition to volati le,  flammable products. 
The  degradation reac t ions  of ce l lu lose  a t  temperatures  of 
pyrolysis  are not c lear ly  understood a t  present ,  and the 
chemical l i terature l a c k s  information and d a t a  as  to the 
nature  of the  products  in the c e l l u l o s e  pyrolyzate. 

Gil le t  and Urlings (9-11) have made a thorough invest i -  
gation of the  pyrolysis  of wood and cel lulose.  True  pyroly- 
sis w a s  found to begin a t  250° C. and adjudged complete  a t  
360' C. Glyoxal and g lycol ic  a ldehyde were suggested a s  
products from the pyrolysis  of cel lulose,  but no experimen- 
tal  da ta  were presented. Coppick (7') reports the  ex is tence  
of hydroxyl, methylene, methyl, carbonyl, e thylene,  and 
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