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Introduc i io¡ i

Oxic iat ion and ai r  b lowing is  an i rnportant  step in
p rocess ing  o f  ce r t a i n  ca rbonaceous  ma te r i a l s ,  A i r  ox i -

da t i on  has  been  used  i n  t he  manu fac tu re  o f  aspha l t s r ,
p repa ra t i on  o f  b i nde r  p i t ches2 ,  and  i n  t he rmose t t r ng
pi tch f ibers3 .  Extensive oxidat ion is  known to int ro-

duce  c ross - l i n k i ng  and  l ead  t o  d i so rde red  ca rbon  s t r uc -
t u res .3  , a  Chemica l  mechan i sms  and  mesophase  f o rma t i on6
studies on the ef fects of  oxidat ion on carbonaceous

ma te r i a l s  have  a l so  been  repo r t ed .

Th i s  pape r  p resen t s  t he  resu l t s  o f  an  i nves t i ga t i on
of  the ef fect  of  mi ld a i r  oxidat ion on wel l -graphi t iz ing
p i t ches  de r i ved  f r om coa l  t a r  and  pe t ro l eum.  Va r i ous
techniques have been used to moni tor  the chemical
changes  wh i ch  occu r  du r i ng  t he  ox i da t i on  p rocess  and
to re late the resul ts to subsequent graphi te development.

Exper imental

A .  Ma te r i a l s

The coal  tar  and petro leum pi tches were commer-
c ia l ly  avai lable mater ia ls.  The Mett ler  sof tening point

of  the coai  tar  p i tch was 11OoC, whereas the petro leum

p i t ch  exh ib i t ed  a  Me t t l e r  so f t en ing  po in t  o f  I 22oC .

B .  A i r  B l ow ing

The apparatus used in the ai r  b lowing exper iments

consisted of  a heated resin f lask f i t ted wi th a st i r rer ,
condense r ,  and  f r i t t ed  g l ass  i n l e t  t ube  f o r  t he  a i r .  The
temperature of  the pi tch was moni tored by using a ther-
mocoup le  immersed  i n  t he  l i qu i d  p i t ch .  The  samp les
(650  g rams )  we re  hea ted  rap id i y  t o  t he i r  so f t en ing  po in t s ,

and  t hen  a t  a  r a te  o f  38oC /h r .  t o  250oC .  A i r  f l ow  was
ma in ta i ned  a t  1  t o  }  5  l i t e r s /m inu te .  A i r  b l ow ing  was
cont inued at  250oC for  6 to 8 hours to achieve sof tening
po in t s  o f  1750  t o  l 80oC .

C .  D i s t i l l a t i on

The  d i s t i l l a t i on  was  pe r f o rmed  a t  a  p ressu re  o f
abou t  one  m ic ron  us i ng  s tanda rd  l abo ra to r y  g l asswa re .

Expe r imen ta l  Resu l t s

A .  P i t ch  P rope r t i es

P i t ches  w i t h  so f t en ing  po in t s  o f  17515oC we re  p re -

pa red  by  a i r  b l ow ing  and  by  vacuum d i s t i l l a t i on  o f  t he

coa l  t a r  and  pe t ro l eum p i t ches .  The  p roduc t s  we re

cha rac te r i zed  by  so lub i l i t y  i n  benzene  and  qu ino l i ne  and

by  c i cmen ta r y  ana l ys i s .  These  da ta ,  a l ong  w i t h  t he  p ro -

duc t  y i e l ds ,  a re  g i ven  i n  Tab le  I .  The  resu l t s  show  tha t

t h r :  a i r  ox i da t i on  o f  bo th  ma te r i a l s  l eads  t o  a  s rea te r

i nc rease in  the  benzene inso lub les  conten t  than is  found
for the dist i l led pitches. This effect is greatest for the
pet ro leum p i tch .  The so lub i l i t y  in  qu ino l ine  was essen-
t ia1ly unaffected by the air blowing,

Both dist i l lat ion and air blowing lead to an increase
in  a tomic  carbon-hydrogen ra t io .  Fur thermore ,  the  car -
bon-hydrogen rat ios were equal after dist i l lat ion and air
blowing of each pitch. Only the petroleum pitch showed
a smal l  inc rease in  oxygen conten t  as  a  resu l t  o f  a i r
b lowing .

B.  In f ra red  Ana lys is

The infrared spectra of the air-blown coal tar and
petroleum pitch did not show absorptions which could
be attr ibuted to oxygen containing functional groups.
The oxidized petroleum pitch showed a sl ight decrease
in al iphatic hydrogen absorptions.

Table I

Summary of Propert ies of Dist i l led and
Air Blown Pitches

Coal Tar Pitch
Property As Recrd  D is t i l l ed  A i r  B lown

Softening Point, oC

Yield of Dist i l led/Air
B lown,  %

Benzene Inso lub le ,  %
Quinol ine Insoluble, %
Carbon,  %
Hydrogen,  %
Oxygen,  %
Atomic  C/H Rat io

Property
Petroleum Pitch

As Recrd  D is t i l l ed  A i r  B lown

1 1 0

3 2 . 7
t 3 . 2
9 3 . 2
4 . 2 4
l . a

1  . 8 3

173

8 0
4 2 7

1 6 . 1
9 4 . 3
4 . 0 0
I , 2
r . 9 6

L74

93
4 9 .  0
1 6 . 7
9 4 . 0
4 . 0 1
1 . 6
r  . 9 5

Softening Point, oC L22
Yield of Dist i l led,/Air

B l o w n ,  %  - - -

B e n z e n e  I n s o l u b l e ,  %  8 , ó
Qui.nol ine Insoluble, % 0. 3
Carbon,  eo  93 .6
H y d r o g e n ,  %  5 .  5 8
O x y g e n ,  e o  0 . 3 9
A t o m i c  C / H  R a t i o  1 . 4 0

1  7 8  1 8 1

75  93
1 3 .  1  2 9  . 4
0 . 1  0 .  r
9 4  . r  9 3  . 4
5 . 3 4
0 .  5 0
L  . 4 7

5 . 2 6
r . 2
1  , 4 8

C.  NMR Ana l ys i s

High resolut ion proton NMR spectra were obtained
for  the pi tches before and af ter  oxidat ion.  The petro leum

pitch was much more al iphat ic  than the coal  tar  p i tch and

con ta i ned  numerous  a l kv l  s i de  cha ins .  The  a roma t i c

460



lx idized Petroleum 59

- ntreated Coal Tar 58 52I

l :st i l led Coal Tar 45 519

606  564  1  . 075

654  595  1 .099

635  579  1 .098

507 L029

5 0 4  1 . 0 3 0

:-ydrogen contents for the two start ing materials were
j7%and 91%respect ive ly .  A f te r  ox ida t ion ,  the  so lub le
:ort ion of the petroleum pitch showed a sl ight increase
:i  aromatici ty while the NMR spectrum of the coal tar
: : t ch  was re la t i ve ly  unchanged.

). Gel Permeation Chromatography (GPC)

Molecular weight data for toluene soluble port ions
:: the pitches by GPC were obtained by procedures
jescr ibed prev ious lyT .  The resu l ts  a re  l i s ted  in  Tab le  I I .

Table II

Molecular Weight Analysis (GPC) for
Treated Pitches

?itch

- ntreated Petroleum

Toluene
Sol.% Uy tr ln D_

Table II I

X-ray Interlayer Spacings for Graphit ized
Pi tches  (3000oC)

Pitctr

Untreated Coal Tar
Dist i l led Coal Tar
Oxidized Coal Tar

Untreated Petroleum
Disti l led Petroleum
Oxidized Petroleum

*Average o f  (004) ,  (006) ,  and (008)

D iscuss ion

( -  / )  a *

I  l h  I

J .  J b J

3 . 3 6 2

3 . 3 6 0
3 . 3 5 5
3 . 3 5 7

spacings.

Our results show that the effects of mild oxidation
on well-graphit izing pitches lead mainly to an increase
in molecular weight without necessari ly introducing
oxygen into the product. This reaction appears more
faci le with the less aromatic petroleum pitch. Both
mesophase formation studies and x-ray analysis of the
derived graphites show that the oxidative treatments
have l i t t le effect on the ult imate graphit izat ion process.
These conclusions are consistent with an oxidative
mechanism involving a dehydrogenative condensation
of the relat ively high molecular weight aromatic com-
ponents in the pitches.
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8 5

l x id ized  Coa l  Tar  43 5 I 8  5 0 3  t . 0 2 9

The data show a decrease in solubi l i ty and an in-
:.ease in molecular weight with air oxidation of the petro-
-eum pitch. There was essential ly no dif ference in the
3PC data for the dist i l led and air blown coal tar pitches,

: .  Mesophase Development

Samples of the dist i l led and air oxidized pitches
'. iere heat treated further in an inert atmosphere to pro-
'- :ce mesophase, There was l i t t le dif ference in the nature
.rd amount of mesophase produced by the subsequent
:-.eat treatments, although the air oxidized pitch contained
z -arge amount of nonmesophase pyridine insolubles.

: .  Graph i te  S t ruc ture

The pitches were heat treated to 3000oC and x-ray
:,: :alyses were obtained for the graphit ized samples , The
:r-ray interlayer spacing data are given in Table II I  .
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