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The chemical and physic& cha rac t e r i s t i c s  of any coal seam o r  portion of a seam 
are  determined by the chenlicd asld physical cha rac t e r i s t i c s  of the  consti tuent p a r t s  
called macerals or phyterals.  
t r i bu t ing  plants,  predominates in most coals; while micrinite,  r e s i n i t e ,  ex in i te ,  and 
fus in i t e  make up only minor amounts of m o s t  coals,  An above average amount of any of 
these l a t t e r  four cons t i tuents  in a coal sample w i l l  r e s u l t  in that sample being 
classed a s  chemically and physically abnormal when compared t o  typ ica l  coals from the 
s a c  v i c in i ty .  

Vi t r in i te ,  derived from the c e l l  w a l l s  of the con- 

h a n g  the coal ingredients which normally cons t i tu te  a minor p a r t  of a coal seam, 
a r e  the remains of p l an t  cu t i c l e s  (which a re  classed with the ex in i t e s ) .  
e mx-like covering on leeves and young twigs, and serves t o  de t e r  dessication o f  
these succulent t i s s u e s .  Cutin, the consti tuent material  of cu t ic les ,  I s  formed by 
the atnospheric condensation and OXidEtiOA of f a t t y  ac ids  which migrate to the surface 
of the p l a m s  (Weaver and Clements, 1938). 
bac te r i a l  and chemical destruction when deposited i n  swap conditions and thus a re  
presei-ved i n  an e s s e n t i a l l y  unaltered condition i n  mast peat deposits.  V a n  Krevelen 
and Schuyer (1957, p.  241), as well a s  other authors, indicate that exines (of which 
cu t i c l e  i s  one) are l ess  affected by dynamic mctvnorphism than l igno-ce l lu los ic  con- 
s t i t u e n t s  and thus tend t o  r e t a i n  t h e i r  d i s t i nc t ive  i d e n t i t i e s  well i n t o  the bituminous 
r a k  coaLs. Thus, i n  high-volati le bituminous coals, cu t in i t e  i s  chemically d i s t i n c t  
from the associated v i t r i n i t e s .  It seems bes t  t o  r e f e r  t o  cu t icu lar  remains i n  coal  
as "cutinite," (Stopes, 1935) as they &re been altered,  i f  only s l igh t ly ,  from the  
or ig ina l  cutin.  

Cuticle is 

Cuticles are e s sen t i a l ly  r e s i s t a n t  to 

Legg and 'Wheeler (1925, 1929) conducted the f i r s t  modern aqpJj.ses of present-day 
and f o s s i l  cu t i c l e s .  
t i - cp icd  p l an t )  Legg and Vheeler determined t h a t  cu t i c l e  cons is t s  of four major 
components, three of vhich a re  respectively soluble i n  boi l ing  water, alcohol, and 
cuprannonia solution. 
represents60 percent of the weight of the  o r ig ina l  cu t i c l e  and was  re fe r red  t o  as 
"cutin," the bas ic  cu t i c l e  substance. 
indicated t h e i r  compositions t o  be: 

Ey analysing cu t i c l e s  from &Eve ( a  highly cutinized, semi- 

The residue, a f t e r  ex t rac t ing  the  above soluble consti tuents,  

Ultimate anslyses of the dissolved f rac t ions  

\Jater soluble - carbon 48.7 hydrogen 6.7 ash 28.8 
Alcohol soluble (waxes) - 79 -1 13.1 10.8 
Cuprammonia soluble (ce l lu lose  ) - 44.1 . -6.4 2.0 
Cutin residue - 67.1 9.9 2.8 

Treatment of the  residue ( cu t in )  yielded t w o  semi-liquid acids, the  formulae for 
which Legg and Wheeler calculated t o  be C263006 and C,3E$203; and two so l id  acids, 
one with a melting poin t  of 107-108°C, thought t o  be phloionic acid,  and. the other 

\ 

> with a melting poin t  of 88-F0°C, t o  which no name w a s  assigned. 

i 
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Matic (1955) was 'I.. . concerned with the separation, i so l a t ion  and s t ruc ture  of 
the  ac ids  const i tut ing the e the r  soluble f rac t ion  obtained on saponif icat ion of cut in  
from A .  americana L.". Matic succeeded i n  i so la t ing  5 acids, all of which he named 
with t h e i r  respect ive organic terms. 
presented, it is quite c l ea r  t h a t  the cu t in  acids  reported on previously (Fremy, 1859, 
1881, 1885; Legg and Wheeler, 1925, 1929) were not pure compounds, but  mixtures w i t h  
t he  possible  exception of Legg and Wheeler's 'phloionic' acid which w a s  probably in- 
pure phloionol ic  acid . . . ." 

He concluded t h a t  " i n  the  l i g h t  of evidence 

Legg and Wheeler (1929) a l s o  analysed cu t i c l e s  i so la ted  from several  coals. 
Russian Papierkoble samples were t r ea t ed  with NH OH t o  remove the  ulmins and the cu t i c l e s  
were then mechanically separated from any remainhg undissolved ulmins. 
l y ses  of the concentrated c u t i n i t e  indicated: 
sulphur 2.1, and ash 13.4 percent .  
ne i ther  water solubles nor ce l lu lose ,  although they undoubtedly do contain waxes. 
Roelofsen (1952) a f t e r  o p t i c a l l y  studying cu t i c l e s  , a l s o  concluded t h a t  a f t e r  severe 
ex t rac t ions  (which we might consider p a r t l y  analogous t o  biogentic coal formation) 
cu t i c l e s  s t i l l  contain waxes. 
English durain by oxidizing and subsequently removing the ulmins with N84OH. The durain 
contained; carbon 83.0 and hydrogen 5.5 percent,whereas the  i so la ted  cu t i c l e s  ( cu t in i t e )  
contained; carbon 65.2 and hydrogen 7.4, ash 4.9 percent, and t r aces  of nitrogen and 
sulphur. 

Ultimate ana- 
carbon 73.9, hydrogen 11.4, nitrogen 1.1, 

They f e l t  t h a t  f o s s i l  cu t ic les  ( c u t i n i t e )  contain 

Legg and Wheeler (1929) a l s o  i so l a t ed  cu t i c l e s  from an 

Analyses conducted by Edwards (1947) on hand picked cu t i c l e s  ( c u t i n i t e )  from 
pockets i n  the  Yallourn brown c o a l  of Austral ia ,  indicate  the following composition; 
carbon 70.4, hydrogen 7.6, ni t rogen 0.45, sulphur 0.20, oxygen 21.64, and ash 0.6 per- 
cent. The coal  from which these cu t i c l e s  were obtained had a fuel r a t i o  (PC/VM) of;, 
about 0.9, while the  cu t i c l e s  had a f u e l  r a t i o  of about 0.25. 

Legg and Wheeler ( 1 9 3 )  subjected Agave cut in ,  Papierkohle cu t in i te ,  and durain 
The r e s u l t s  a r e  derived cu t in i t e  t o  destruct ive d i s t i l l a t i o n  in a vacuum apparatus. 

presented as Table 1. 
a t t r ibu tab le  t o  the method of obtaining the  cu t ic le ,  that is, by severe oxidation and 
treatment with NH OH, t o  remove ulmins. 
coals (Schmidt, 1445, p .  666). 

The low d i s t i l l a t e  y i e l d  of the durain c u t i n i t e  may be p a r t i a l l y  

Oxidation is known t o  reduce tax y ie lds  of 

Table 1 
Dis t i l l a t i on  of Cutin (from Lea and Wheeler, 1929) 

Propert ies  of Oils 

F i r s t  appearance OC 
Main evolution OC 
Yield percent by weight 

Analysis percent 
Saturated Hydrocarbons 
Unsaturated Hydrocarbons 
Aromatic Eiydrocarbons 
Phenolic and Acidic O i l s  
Oxygenated Compounds 
Ether soluble r e s in  
Chloroform soluble p i t c h  

P l a n t  cu t in  -- 
280 

60 
300 - 350 

38 

16 
26 a 

4 
7 

t race  

Papierliohle 

25 
33 
9 

10 
16 

3 
3 

East Kirkby Durain Cutin ---- 
350 

350 - 370 
20 

11 
22 
22 
1 

22 .. LI 
11 



1; : 

\ i  

I 
\ 

I n  1958, a c o d  sea= containing abnormdlly abundant c u t i c l e  derived components 
was Ziscovered i n  Indiana. (See Heave1 and Guennel, in  manuscript). Chemical 
a n d y s e s  of c u t i n i t e  from t h i s  "paper coal." were ins t iga ted  a t  t h e  Indiana Geological , 

Survey. 
which the c u t i c l e s  were embedded. 
by diszggregztion of t'ae coal  i n  water and hand-picking p ieces  of c u t i n i t e .  
to check the r e s u l t s  obtained from analysing t h i s  sample, several  more samples of 
r e l a t i v e l y  pure c u t i n i t e  were obtained by dissolving the weathered v i t r i n i t e  of the 
paper coal i n  a d i l u t e  KOH solut ion.  Petrographic analyses of these l a t t e r  samples 
imiicated t h a t  they s t i l l  contained between 10 and 20 percent v i t r i n i t e .  Results of 
t h e i r  analyses could thus be calculated t o  a v i t r i n i t e - f r e e  bas i s .  Analyses of the 
cut i i i i tc  -.ere, i n  Q O S ~  cases, standard coal analyses r a t h e r  than organic chemical 
o n d y s e s .  
o f  the analyses of t h e  c u t i n i t e  concentrates from Indiana paper coal  and the  r e s u l t s  
ci' mzlyses conduc$ed Sy several  other  invest igators  on o ther  c u t i n i t e  concentrates 
a ' e  presented, along with r e s u l t s  of several  control  sample analyses, as tab le  2. A 
descr ipt ion of the  samples follows: 

!,Iechanical weathering of the  paper coal, removed much of the  v i t r i n i t e  i n  
Several grams of pure c u t i n i t e  were concentrated 

I n  order  

i<o attempts were nade t o  deternine molecular const i tuents .  The r e s u l t s  

S a q l e  Ro. Description 

1 
2 

5 

9 
6,7,8,  

10 
11 
1.2 

cnannel sample 01' weathered paper coal  
Grab sample of weaThered paper coal - analysed by U. S. Bureau of 

i!ines Laboratory - r e s u l t s  courtesy of D r .  J. M. Schopf, United 
Staces Geological Survey 

Coal ly ing  1-5 f e e t  below paper coal 
Coal V sample used fo r  control  i n  r e t o r t  
Pure c u t i n i t e  - hand-picked from disaggregated paper coal 
Cutknite concentrates obtained by t r e a t i n g  paper c o a  with.KOH __ 
Cut in i t s  from Austral ian l i g n i t e  (Edwards, 1947) 
Cutini te  from Russian paper coal (Legg and Wheeler, 1 9 3 )  
Cutini tc  from durain (Legg and Wheeler, 1929) 
Cutini te  from HVC bituminous coal (Kosanke, 1952) 

Tzble 2 - Analyses of Cut ini te  and Control Samples 

S m p .  Sanple Des- Noist. Ash VM BTU FRU S. H. C. N. 0. 
- cr i9 t ion  AR 

?:*per coai 14.3 
P3.pzr coal 5.0 
Lower coal 14.7 
!?*tort control 14.0 
Pure c u t i n i t e  11.0 
Cufinite conc. 5.4 
Cut ini te  conc. 6.7 
Cutini te  conc. 7.4 
Lignite c u t i n i t e  6.1 

iiussian Paper coal  NA 
W a i n  c u t i n i t e  . HA 

HVC b i t . c u t i n i t e  17.0 
*Data not avai lable  

Dry 
i K 9  
25.6 
7.7 
7.2 

10.7 
14.9 
13.3 
11.2 
0.6 

13.4 
4.9 

Tr . 

DAF 
6- 
60.2 
42.8 
44.4 
84.7 
79.2 
77.': 
77.1 
79.0 

NA 
NA 
NA 

AR 
azg5 
8690 

11411 
11360 
13320 
11372 
11258 
11510 

NA* 
NA 
NA 
NA 

DAF 
1-3 
12280 
14499 
14232 
16730 
14134 
13906 
14050 

NA 
NA 

NA 
ru 

DAF 
m2 
0.5 

4.23 
0.21 
0.45 
0.62 
0.17 
0.20 
2.1 
Tr.  
NA 

DAF - 
7.1 

5.4 
8.1 
8.2 
8.0 
7.7 
7.6 

l l . 4  
7.8 
6.3 

DAF - 
69.6 1.4 

78.9 1.7 
74.7 0.7 
74.5 1.2 
74.9 1 .3  
73.4 1.3 
70.4 0.45 
73.9 1.1 
68.5 w. 
74.5 

DAF 

21.4 

9.8 

- 

16.3 
15.6 

21.64 

15  -3 
17.5 

11.4 
23-3 

The znalyses of  svnple 5 best  show the  charac te r i s t ics  of c u t i n i t e  from the Indiana 
paper coal. The ash content appears t o  be exceptionally high when cognizance i s  taken 
of the  fac t  t h a t  there  i s  l i t t l e ,  if any, mineral matter i n  the  sample. 
a l l ,  of the 10.7 percent dry  ash is inherent ash; t h a t  is,it  i s  a c t u a l l y  a p a r t  of  t h e  
planc t issue.  Semi-quantitative spectrographic analyses indicate  that  over 30 percent 
of the ash i s  CaO and less than 5 percent i s  Al 0 Much of the  remainder i s  probably 
s i l i c a ,  although the techniques used d id  not alfd ' i ts  determination. 

All, or almost 

I 
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The amounts, in percent of c u t i n i t e  ash, of t r ace  and minor elemenxs, determined 

spectrographically, are (abundances i n  e a r t h ' s  c rus t ,  in parentheses, from Mason, 
1952): B - 0.14(0.0003), C r  - 0.066(0.02), Ge - 0.01(0.007), Fe - 0.78(5.0), Pb - 0.01 
(0.0016), !a - 0.044(0.1), Mg - trace(2.1),  
(0.12), Sn - 0.08(0.004), 
Y - 0.02(0.0028). Ash content and ash proper t ies  of any coal ingredient are,  howeyrer, 
functions of swamp environment and p lan t  type. The present r e su l t s ,  therefore, are not 
necessarily indicative of ash content and ash proper t ies  t o  be found i n  all cu t in i t e  
(note sample 12).  The high ash content of the Indiana paper coal does, however, point 
out the  inrportance of inherent o r  non-mineral matter ash in ce r t a in  coal ingredients. 

- O.Ol(O.OOl5, M i  - 0.01(0.008), p - 1 .0  
T i  - O.ll(O.kk), V - O.Ol(O.Ol5), Zn - 0.059(0.013), and 

The v o l a t i l e  matter content of cu t in i t e  is very high. On the basis o f  analyses oer-  
formed by the I.:diaua Geological Survey during the  last 4 years on over 400 smples  3f 
Indiana coals,  the average v o l a t i l e  rnatter content of Indiana coal is 47.9 percent (daf).  
The paper coal cu t in i t e  contains almost 85 percent dry, ash-free vo la t i l e  matter.  
samples 6, 7, and 8 are  not pure cu t in i te ,  t h e i r  v o l a t i l e  matter contents a r e  somewhat 
lower than 85 percent. 
c u t i n i t e  i n  samples 6, 7, and 8 w a s  determined. Thin-sections of pe l l e t i zed  portions 
of these samples were anzlysed petrographically, and samples 6, 7, and 8 were Sound t o  
contain, respectively,  82, 84, and 90 percent cu t in i t e ;  the remainder w a s  ' r i f r i n i t e .  
No mineral loztter was v i s i b l e  although the higher ash content of semples 6 a d  7 ipdiczze 
t h a t  they probably contained some adventit ious mineral matter. 

As 

In order t o  check t h i s  f igure  of 85 percent, the mount of 

V i t r i n i t e  from coal wherein the cu t in i t e  has a vo la t i l e  matter content of 85 perce:?t, 
should have a vo la t i l e  content o f  about 40 percent. 
po lz t ing  the f igures  given by Van Krevelen and Schuyer (1957) in  t h e i r  Table X, 1, E;. 
239. 
ex in i t e  is the sum of the v o l a t i l e  mazter derived,from each of the consti tuents.  There- 
fore ,  the following equation was s e t  up: 
Total  VM as daf$ of sample. 

This value was obtained by extya- 

The t o t a l  dry, ash-free vo la t i l e  matter of a sample containing v i t r i n i t e  .zd 

VWp (vitrinitc$)+ V@ (exinite$) X 100 = 

By subs t i tu t ing  the  respective mounts fo r  v i t r i r i i t e  and ex in i t e  dete-mined xicro- 
scopically, 40 percent foy VM of v i t r i n i t e ,  and the r emec t ive  total..VM in.parh c a m 1 0  

the  ex in i t e  in sietples 6, 7, -&b& 8 respectively.  
which corresponds quite well with the f igure  of 84.7 percent determined on pure cu t in i t e  

: one a r r ives  et  figures of 88.0, 84.2 and 81.3 percent . fo r  the. v o l a t g e  matter consent 
. 

The average of these three  is 8L.5 

(sainple 5). 

When one r ea l i zes  t h a . t h e  c a l o r i f i c  value of coal i s  normally inversely p r o p o r t i m d  
t o  the t o t a l  v o l a t i l e  matter content, the r e s u l t s  of calorimetry of cu t in i t e  are someihat 
surprising. 
of several  determinations, and is f e l t  t o  be f a i r l y  accurate. The authors found it same- 
what d i f f i c u l t  t o  reconcile t he  r e l a t i v e l y  low c a l o r i f i c  values fo r  samples 6, 7 and 8 
with the  c a l o r i f i c  value of sample 5'(pure cu t in i t e ) ,  even if it is assmed that the 
v i t r i n i t e  i n  samples 6, 7, and 8 has no heating value, which probably i s  not t rue .  It 
i s  probable that the treatment of the samples with KOH af fec ted  t h e i r  heating 'ralu?, 
bu t  not t h e i r  v o l a t i l e  matter y ie lds .  The ca lo r i f i c  value of cu t in i t e  is apparently 
higher than the  ca lo r i f i c  value of  associated coals subjected t o  the sane metamorphiss 
and consequently of the same "rank." An in te res t ing  point ra i sed  by t h i s  f a c t  i s  t h a t  
the  coal  ingredients containing the  most v o l a t i l e  matter ( ex in i t e )  and the l e a s t  
v o l a t i l e  matter ( fus in i t e )  have higher c a l o r i f i c  values than v i t r i n i t e  (which has 
intermediate v o l a t i l e  matter content)  from the same coal. 

of hydrogen, which is r e f l ec t ed  i n  the high vo la t i l e  matter yields.  

1aLionshiPS of t y p i c d  macerals. 
ed  when necessary) as P l a t e  1 and the  r e s u l t s  of the cu t in i t e  analyses (including those 

The figure o f  16,780 Btu/lb for sample 5 (daf bas i s )  represents an average 

- . - ... ~ . .  

The pres-nt ultimate analyses indicate that c u t i n i t e  contains a high proportioll 
Van Krev-lerl and 

. Schuyer (1957) have prepared graphs t o  represent the carbon, hydrogen, and oxygen re -  
Four of these graphs have been reproduced (and extend- 
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of Edvards (1947) and Legg and Vheeler (1929)) a re  superposed on the  grapns. 
are umbered t o  correspond t o  t h e  sample numbers in table  2. 
the  exinite areas except those on f i g .  1, which p l o t s  v o l a t i l e  matter against  carbon. 
Even sample 5, which is pure c u t i n i t e ,  is w e l l  outs ide the ex in i te  lines, suggestizg . 
that the e x i n i t e  area should curve downward Fn the  lower carbon region, as a0 the  l i n e s  
f o r  micr in i te  and v i t r i n i t e .  
p l o t s  the r a t i o  of atomic hydrogen and a tonic  carbon against  the  r a t i o  of atomic oxygen 
and atomic carbon). 
l i n e  f o r  the  e x i n i t e s  tends t o  subs tan t ia te  both the  graph and OUT assuption t h a t  
sample 5 is pure cu t ln i te .  

The Points 
\ 

All of the  poin ts  f i t  i n t o  - 

Only the point  f o r  s q l e  5 i s  placed in f i g .  2 (winich 

The fact t h a t  the point  f o r  senple 5 falls  almost on t i e  median 

Because coals  containing abnormally high proportions of ex in i te  nay serve as sources 
of p e t r o l e m  subst i tutes ,  d i s t i l l a t i o n  assays were conducted .on the  c u t i n i t e  s q l e s  ts 
determine t h e  types of y ie lds  which could be expected from the  e x i n i t e  r ' ract lsn of coals.  

The method used to  determine d i s t i l l a t i o n  y ie lds  was patterned a f t e r  the F i s c h s -  

A r e t o r t  6" long w a s  machined out of a stai;lless steil 
Schraeder low temperature carbonization method w i t h  modifications of apparatus t o  
u t i l i z e  the  equipment-on hand. 
rod  t h a t  w a s  I" in d i m e t e r .  The r e t o r t  chamber vas tapered f o r  ease of coke rernm=L 
and holds a maximum coal charge of 3 grams. 
tar d i s t i l l i n g  f lask  w i t h  a copper tubing which.during carbonization was wrzpped :.rith 
a heating tape t h a t  reached a temperature of approximately hOO°C. 
ing anhydrous calcium chlor ide w a s  a t tached t o  the  far d i s t i l l i n g  f l a s k  t o  absorb any 
water that may have escaped the tar d i s t i l l i n g  f lask.  The tar d i s t i l l i n g  f l a s k  ires iv.- 
inersed in i c e  water. The light o i l  tube attached t o  the calcium chloride tube w2s a 
conventional 100 m. "U".tube s t u f f e d  w i t h  glass wool and was icnersed t o  its side ani s  
i n  dry i c e  and acetone. During carbonization no a t t e n p t  w a s  made t o  u e a s r e  the volme 
of gas  that ,was evolved. The first noticeable condensation i n  t i e  tar d i s t i i i i o g  flssir. 
w a s  between 52O - 80°C. 
and the  f i r s t  drop of tzr was not iced  a t  45OOC. I n  all Instances, gas stoppea e7rolvir.g 
around 760Oc. The r e t o r t  vas allowed to  reach 95OoC and vas heid a t  t h i s  -cemperat,x-z 
f o r  7 minutes; The r e t o r t  was heated by means of a Hoskins FA120 Furnace vhich vas 
a t tached t o  a temperature cont ro l le r ,  permittin4 temperatures t o  be control ied >iitn e 
fair degree of accuracy. This furnace i s  recommended f o r  v o l a t i l e  determinations by 
A.S.T.M.D-2n. The time consumed for the e n t i r e  experiment w a s  a p p r o x A r d y  1 hour. 

The charged r e t o r t  was connected t o  the 

A "U" tube contain- 

Visible  vaporous v o l a t i l e s  were given of f  f r o 3  200° - 250'C 

The results are  shown in Table 3. Sample number 4, a sanple of Indiana coal V, 
was first run as a control  o r  standard sample. Thin-sections of t h i s  svnple inciiczte 
it to  be a t y p i c a l  v i t r i n i t i c  coal  with s e v e r d  percent of e x i n i t e  and several  percent 
of  opaque matter. About ll percent  of t h e  dry, ash-free sample was prec ip i ta ted  as 
tar, ammonia, and l i g h t  o i l .  The c u t i n i t e  concentrates (samples 6, 7, ani 8; i r s u f f i -  
c i e n t  material was l e f t  of sample 5 t o  run tar asszys) yielded over four t i x e s  t h i s  
amount. 

. Table 3 - D i s t i l l a t i o n  Yields of Cut in i te  Concentrates 

Samp. C h a r .  Tar Lt. Oil Gas T a r  Calculated 
No. DAl? DAF DAF DAF 1 2 3 4 

6 26.5 58.6 0.2 l l . 3  53-5 45.3 49.4 39.7 
7 24.8 53.4 0.5 19.0 50.5 43.5 45.5 38.5 

4 66.3 10.5 0.6 2l.g 13.2 17.9 14.8 18.0 

8 22.1 48.2 1.6 23.2 45.5 40.6 43.0 36.3 
1 
2 
3 
4. Selvig and Ode (1957) tar = (0.783 x VM) - (0.96 x 0 )  - 7.3 

Francis  (1954) tar and oU = eK 1.5 x 5.48 whfre eH is  H over 3.6 
Selvig and Ode (1944) tar = 0.697~ + 0 . 0 0 3 1 ~  
Selvig and Ode (1944) tar ( f o r  cannel coals)  = 12.3 (H2 - 4.2) 

- 6.4 where x = F,i - (1.3 x 0 )  

Y 
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Ifle amount of dry, ash-free char produced averaged about 1.18 times the amount of 
dry, ash-free f ixed carbon i n  the or ig ina l  semple; meaning t h a t  some of the or iginal  
material driven of f  as v o l a t i l e  matter i n  the  proximate analyses i s  retained i n  the 
c h u  of the assays. only the  organic 
port ion of the  char (percentage of ash i n  char was determined experimentally) as the  
percentage of the  dry, ash-free charge. The y i e l d  of tar shown i n  Table 3 represents 
d i s t i l l e d  v o l a t i l e s  less moisture (from proximate analysis)  calculated as percent of 
dry, ash-free charge. 

The y i e l d s  of char shown i n  Table 3 represent  

The calculazed tar y i e l d s  shown i n  Table 3 were obtained from several  formulae 
suggested by the  respective authors as means t o  e s t i s a t e  t a r  y ie lds  froin proxinate and 
ult-imte analyses data.  
y ie lds  obtained with those estimated, t h e  general re la t ionship  of highest  t o  lowest 
yields  from samples 5 through 8 i n  both the  experimental and calculated r e s u l t s  suggests 
That the experimentally determined y ie lds  are probably correct .  The experimental y ie lds  
ue ,except  f o r  sample 4, all higher than t h e  estimated yields ,  probably as a function of 
the  high f i n a l  texperature used. 
inversely re la ted  t o  the  amount of petrographically determined c u t i n i t e  i n  saaples 6, 
7 and 8. 
consequently all of  the  y ie lds  woulu oe even higher if pure, untreated c u t i n i t e  Ifas - 
uc i l i zed .  

.Uthough there appeass t o  be no constant f a c t o r  re la t ing  t h e  

It might be noted t h a t  the  tar y ie lds  are apparently 

It is  fe l t  t h a t  t h i s  apparent anomaly i s  a funct ion of sanple.treatment, and 

swmary : 

Analyses of the cuticle-de?ived componerrt f c u t i n i t e )  of Indiana paper coal which 
l i e s  i n  an area containing high-volatile C and high-volat i le  B bituminous coals indicate  
t h a t  cu t in i te  exhibits the following charac te r i s t ics  : 

1, Hagh ash content - enabyses of other  cu t in i te -sar ipks  by other  investigators 'L- - 
suggdst, however, that ash content var ies  from only a t race  t o  over 16 percent, and i s  
dependent upon swamp environment and p lan t  type. 

t o  be a m u t  85 percent of the dry, ash-free cu t in i te .  

16,000 Btu/lb. 

is 3bmdant i n  pure cu t in i te ,  a t ta in ing  a value of approximately 8 percent. 
oi a l l  of the ultmate analyses f a l l  within the  "exinite" areas or' the  g a p h s  prepared 
oy V a n  Krevelen and Schuyer (1957) to  show the  c h a r a c t e r i s t i c s  of macerals. 

50 perceiit of the  dry, ash-free ssmple. 

~ 

2. High v o l a t i l e  matter content - The apperent v o l a t l l e  matter content appears 

3. High c a l o r i f i c  v d u e  - D r y ,  ash-Eree c u t i n i t e  was determined t o  contain over 

4. CarDon, hydrogen and oyygen contents  - Ultlmate analyses indicate  toat hydrogen 
The r e s u l t s  

3. Tar, o i l  and coke assays - Tar y i e l d  w a s  exceptionally high, averaging over 

O n e  oI' the  proper t ies  of c u t i n i t e  i s  tha t  of' y ie lding high proportions of condensable 
tars. G a s  y ie lds  d i f fe red  l i t t l e  from yie lds  of n o d  coals of the  same rank. 

Unquestionably, coal containing a high proportion of  cu t in i te ,  i f  it is  not associa- 
t e d  with 'equally high proportions of opaque matter, would serve as an i d e a l  r a w  material 
f o r  the  ex t rac t ion  of tars and o i l s .  Such coals  should, wherever possible,  be u t i l i z e d  
f o r  t h i s  purpose. 

! 
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