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INTRODUCTTCN 

For many y e a r s  t h e r e  has been a cont inuing e f f o r t  i n  t h e  petroleum indus t rg  t o  
increase  t h e  amount of d i s t i l l a t e  products obtained from crude o i l .  Th i s  e f f o r t  has  
been motivated by t h e  h igher  value of d i s t i l l a t e  o i l s  and t h e  poor economics of  adding 
t h e s e  h igher  va lue  d i s t i l l a t e  o i l s  t o  v iscous  r e s i d u e s  t o  make'them marketable a s  
f u e l s .  h r i n g  t h e  pas t  decade some progress  h z s  been made on t h i s  problem. The r e s i -  
dues from c e r t a i n  crudes can be  processed e f f e c t i v e l y  by thermal v isbreaking  t o  in- 
crease s u b s t a n t i a l l y  t h e  y i e l d s  of d i s t i l l a t e  o i l s .  The res idues  from any crude can 
be processed e i t h e r  by coking t o  make l a r g e l y  d i s t i l l a t e  o i l s  and coke or by hydro- 
d e s u l f u r i z a t i o n  to  remove s u l f u r  a s  wel l  as t o  convert  any requi red  amount of t h e  
asphal t .  In a d d i t i o n ,  many r e f i n e r s  today g a i n  d i s t i l l a t e  v i e l d  by burning viscous 
r e s i d u a l  o i l s  as r e f i n e r y  f u e l  t o  avoid t h e  blending-off of l i g h t e r  o i l s  requi red  in  
t h e  marketing o f  No. 6 Fuel  O i l .  The product ion and burning of s o l i d  petroleum p i t c h  
goes one s t e p  f u r t h e r  than  t h e  use of a v i scous  res idue .  By concent ra t ing  f u r t h e r  
t h e  heavy- r e s i d u a l  o i l s  t h a t  t h e  r e f i n e r  now burns ,  a d d i t i o n a l  d i s t i l l a t e  o i l  is 
removed and t h e  a s p h a l t i c  por t ion  is converted t o  a hard ,  b r i t t l e  s o l i d  which can be 
handled and burned a s  a s o l i d  f u e l .  There a r e  s e v e r a l  p o t e n t i a l  advantages i n  going 
t o  t h i s  added degree of reduct ion  of  petroleum res idues .  
s t o r e d  and t r a n s p o r t e d  more e a s i l y  than viscous f u e l  which r e q u i r e s  hea t ing  t o  keep 
i t  pumpable when t h e  f u e l  use is beyond t h e  immediate r e f i n e r y  a rea .  (2) The reduced 
y i e l d  of r e s i d u a l  f u e l  when making a s o l i d  p i t c h  r e s i i l t s  i n  a higher  y i e l d  o f  more 
galuahle d i s t i l l a t e  o i l .  While t h i s  d i s t i l l a t e  o i l  is "d i r ty"  by normal s tandards  
f o r  d i s t i l l a t e  s t o c k s ,  improved r e f i n i n g  techniques i n  modi f ica t ions  t o  c a t a l y t i c  
cracking and i n  hydrocracking w i l l  now r e a d i l y  accept  such o i l s  a s  charge s tocks .  
(3) The process ing  required t o  produce a s o l i d  petroleurn p i t c h  is  more simple and 
l e s s  c o s t l y  than is required f o r  e i t h e r  coking o r  hvdrodesulffur izat ion.  

(1) A s o l i d  f u e l  can  be  

DECRIPTIOY OF SOLID PETROLEUM PITCH 

Sol id  petroleum p i t c h  is an a s p h a l t  concent ra te  from crude o i l  where enough o i l  
has  been removed from t h e  a s p h a l t  t o  produce a high melt ing poin t ,  coal- l ike s o l i d .  
This m a t e r i a l  i s  b r i t t l e  and e a s i l y  pulver ized;  i t  can be s t o r e d  o u t s i d e  without 
fus ing  o r  agglomerat ing and makes an e x c e l l e n t  s o l i d  f u e l  having considerable  less 
ash  and more BTU'S per pound than  cozl .  Table  I gives  a b r i e f  summary of t h e  p h y s i c a l  
p roper t ies  of petroleum pi tch  compared t o  bituminous c o a l ,  a coa l  t a r  p i t c h  and 

-petroleum coke. Although not  shown in t h i s  t a b l e ,  petroleum p i t c h  is more s i m i l a r  t o  
c e r t a i n  n a t u r a l  occuring bi tumens,  such a s  g i l s o n i t e  than i t  is t o  coke, c o a l  o r  c o a l  
t a r  p i tch .  Petroleum p i t c h  d i f f e r s  from c o a l  and petroleum coke i n  t h a t  i t  has a 
mel t ing  or s o f t e n i n g  point .  T h i s  s o f t e n i n g  poin t  is h igh  enough, however, (about 
350'F.) t o  a l low p i t c h  t o  be s t o r e d  i n  40-foot p i l e s  a t  170'F. without  the agglom- 
e r i z a t i o n  o f  p a r t i c l e s .  
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Needless t o  say ,  t h e  advantage f o r  producing a s o l i d  petroleum pi tch  from a 
crude o i l  w i l l  vary widely and w i l l  be most advantageous t o  those  r e f i n e r s  having 
h igh  asphal t -conten t  c rudes  and in a depressed  market ing a r e a  f o r  r e s i d u a l  f u e l  o i l s .  
In looking  t o  t h e  future ,  t h e  need f o r  such  a process  is expected t o  increase  when 
o u r  f u e l  economy must r e l y  more heavi ly  on low-gravity c rudes ,  tar s a n d s ,  and low 
grade  hydrocarbon deposi ts .  

Table  I 

PROPERTIES OF VARIOUS CARBCYACEDUS SOLIDS 

Typical  
Petroleum Bituminous Coal Tar Pe t r o leum 

P i t c h  Coal P i t c h  Coke (Gelayedl 

S p e c i f i c  G r a v i t y  1.05-1 U - 1.20-1.30 1.2 8-1 . 42 

S o l u b i l i t y  i n  Benzene: % 75-99 - 45-75 - S o f t e n i n g  Point: OF. 3 0 0 4 0 0  - 110-320 none 

V o l a t i l e  Matter: % 50-70 34 40-50 8- 17 
Heat ing Matter: gTn/Lb. 16,500-17.600 14,400 - 14,600-16.000 

MANUFACTURE OF SOLID PETROLEUM PITCH 

It can been seen from t h e  v o l a t i l e  c o n t e n t  in Table I t h a t  petroleum p i t c h  is a 
concent ra te  of t h e  a s p h a l t i c  m a t e r i a l  i n  crude.  
is inc luded  w i t h  normal vacuum reduced c r u d e s ,  a p i t c h  can be produced whose as -  
p h a l t e n e  concent ra t ion  is s u f f i c i e n t l y  high to  impart  hardness  p r o p e r t i e s ,  %hich 
permit  s a t i s f a c t o r y  handl ing.  s t o r i n g ,  g r i n d i n g  and burning as a s o l i d  f u e l .  For 
c e r t a i n  crudes which have very hard  a s p h a l t s ,  it is poss ih le  t o  produce s o l i d  petro-  
leum p i t c h  by simply i n c r e a s i n g  t h e  s e v e r i t y  of normal r e f i n e r v  vacuum d i s t i l l a t i o n '  
by 50" t o  100'F. (cor rec ted  t o  760 nun. Hg 1. C e r t a i n  Miss i ss ippi  and Venezuelan 
Crudes are of t h i s  type. Such crudes a r e  g e n e r a l l y  .low i n  API g r a v i t y  and suffi- 
c i e n t l y  h i g h  i n  v i s c o s i t y  t o  meet t h e  No. 6 Fuel  O i l  s p e c i f i c a t i o n  upon removal o f  3. 
f e w  per  c e n t  of gasol ine.  B a x t e r v i l l e  Crude,  f o r  i n s t a n c e ,  can b e  d i s t i l l e d  t o  pro- 
duce 5% g a s o l i n e  with t h e  remaining 95% b e i n g  a heavy f u e l  o i l .  
a tmospheric  and vacuum d i s t i l l a t i o n s  ( the  l a t t e r  c a r r i e d  a t  a t  1070.F. c o r r e c t e d  to  
760 m. Hg) , there is obtained from t h i s  c rude  5% o f  g a s o l i n e ,  24% of furnace  o i l ,  
46% of f a i r - q u a l i t y  c a t a l y t i c  cracking charge s t o c k ,  and 26% o f  a 360.F. s o f t e n i n g  
p o i n t  p i tch .  
c a r r y i n g  o u t  t h i s  opera t ion  i s  g iven  in Figure  1. By v s r v i n g  the s e v e r i t y  of d i s -  
t i l l a t i o n ,  p i t c h e s  o f  vary ing  s o f t e n i n g  p o i n t  can be obta ined;  however, h ieher  
s o f t e n i n g  p o i n t  p i tches  are more d i f f i c u l t  and c o s t l y  t o  produce and t h e  r e s u l t i n g  
gas  o i l s  a r e  of h igher  carbon r e s i d u e s  and meta l  contents .  
l a t e r ,  it is be l ieved  t h a t  p i t c h e s  of 350°F. minimum s o f t e n i n g  point  can b e  handled 
and burned in  most burners  designed f o r  e i t h e r  coal  or  heavy f u e l  o i l  w i t h  but minor 
m o d i f i c a t i o n s ,  and it is e n t i r e l y  p o s s i b l e  t h a t  lower s o f t e n i n g  poin t  (275*-32S*F.) 
p i t c h e s  can be handled and burned i n  s p e c i a l l y - d e s i g n e d  e q u i p e n t .  Yields  and in- 
s p e c t i o n  d a t a  f o r  p i tch  and c a t a l y t i c  c r a c k i n g  charge s t o c k  produced a i  t h r e e  sever-  
i t i e s  of vacuum reduct ion from B a x t e r v i l l e  Crude are given i n  Table 11, 

By removing o r  e l i m i n a t i n g  o i l  which 

Bya combination of 

A s i m p l i f i e d  flow diagram f o r  one o f  s e v e r a l  p o s s i b l e  methods f o r  

AS w i l l  be discussed 

The use  of  vacuum d i s t i l l a t i o n  t o  produce p i t c h  is l i m i t e d  t o  crudes containing 

Thermal v isbreaking  of 
a s p h a l t s  of  very  low o i l  conten t  (hard a s p h a l t s ) .  For o t h e r  crudes it is necessary 
t o  remwe a p o r t i o n  o f  the o i l  from t h e  asphal f  by cracking. 
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Table I1 

P i t c h  

I 

! 

I ki 

I 

k 

I ,.' 
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YIELDS AND INSPECTÎ !:S OF PITCXES AVD CXTALYTIC CFACFTXG STCCKS 
FWM SEVERAL SEVERITIES OF VACCIiM REDUCING R4XTERVTZLE CRUDE 

Moderately 
b!ild Severe Severe 

Vacuum Va cu um Vacuum 
Reduct ion Reduc t iona Reduction 

Yield:- X by Vol. of  Crude 33.5 
Ring and Ball  S o f t e n i n g  

'Point  : OF. 275 

C a t a l y t i c  Cracking Charge Stock 
Yield: X by Vol. o f  Crude 37.7 
Carbon Residue, Conradson: % 0.64 
Vanadium: PPM 0.13 

Flash Temperature, Corrected 
t o  760 Mm. Hg: OF. 96 9 

25.7 17.9 

360 441 

45.5 
1 ? 5 8  
0.70 

53.8 
3.32 
3.40 

1004 8 1201 

------------ 
aRecommended reduct ion  t o  produce a s o l i d  f u e l .  

blq%en charging a gasoline-f r e e  B a x t e r v i l l e  Crude t o  vacuum tower. 

the norma-1 vaccum res idue  from many crudes concent ra tes  t h e  asphal tenes  by " c r a i k i n g  
out" t h e  o i l  S O  i t  can r e a d i l y  by removed by atmospheric d i s t i l l a t i o n . *  Yere a g a i n ,  
when producing p i t c h  by v isbreaking ,  t h e  a s p h a l t  charge t o  t h e  v isbreaker  mus t  be 
r e l a t i v e l y  h a r d ,  p re ferab ly  above 160°F. s o f t e n i n g  poinr ;  o therwise  a verv severe 
v isbreaking  o p e r a t i o n  is necessary  o r  t h e  subsequent d i s t i l l 2 t i o n  must be c a r r i e d  
out  under vacuum. 4 t y p i c a l  o p e r a t i o n  t o  produce p i t c h  from a 12.5% reduced Eastern 
Venezuela Crude (165.F. s o f t e n i n g  poin t )  requi res  s ingle-pass  v isbreaking  a t  furnace  
condi t ions  of 915.F. o u t l e t  temperature and 200 psig.  pressure.  Operat ing condi t ions  
i n  t h i s  range a r e  p r a c t i c a l  f o r  heavy vacuum reduced crudes3 a s  evidenced by s e v e r a l  
v i s b r e a k i n g , o p e r a t i o n s  f o r  convent ional  purposes now c a r r i e d  out  i n  G u l f ' s  r e f i n e r i e s .  
By v isbreaking  a 5.2 'API vacuum reduced Eastern Venezuela Crude and d i s t i l l i n g  t h e  
v isbreaker  r e s i d u e ,  t h e  fo l lowing  y i e l d s  of products  a r e  obtained:  13.3% gasol ine  and 
naphtha, 13.3% furnace  o i l ,  15.6% c a t a l y t i c  c racking  charge s t o c k ,  12.2% f u e l  o i l ,  and 
45.396 p i tch .  The inspec t ions  of t h e  d i s t i l l a t e  products  a r e  s i m i l a r  t o  products  
ob ta ined  from delayed coking and a r e  given i n  Table 111. m e  process  f low,  which is 
shown diagrzmmatical ly  i n  Figure 2 ,  i s  t v p i c a l  of thermal  v isbreaking  except  f o r  t h e  
handl ing  of t h e  v i s b r e a k i n g  e f f l u e n t .  The v i s b r e a k e r  e f f l u e n t  is d i s t i l l e d  a t  
a tmospheric  p r e s s u r e  i n  t h e  presence of 5 t o  40 pounds of  steam p e r  b a r r e l  of charge 
t o  o b t a i n  an approximately 35O0F. s o f t e n i n g  poin t  p i t c h  and a c r a c k i n g  s t o c k ,  a s  w e l l  
as  l i g h t e r  d i s t i l l a t e s .  A more severe  v i s b r e a k i n g  o p e r a t i o n  would reduce t h e  
steam requirements. - 

Most Venezuelan Crudes and domest ic  crudes conta in ing  h a r d  a s p h a l t s  such a s  East 
Texas, C a l i f o r n i a ,  e t c . ,  are very r e a d i l y  processed by v i s b r e a k i n g  t o  produce s o l i d  
pi tch.  Crudes with s o f t e r  a s p h a l t s  r e q u i r e  more severe  v i s b r e a k i n g  and d i s t i l l a t i o n s  
condi t ions  than t h o s e  given above f o r  t h e  Eas te rn  Venezuela r e s i d u e ,  and high s o f t e n -  
i n g  petroleum p i t c h e s  have been prepared f r o n  Kuwait. West Texas, and Mid Continent 
Crudes. '' 

J 
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Table I11 

PRODUCTION OF PITCH BY THE.9MAL VISBREAKIFlG 
FOLLOIVED BY ATMOSPYERIC REDUCTION 

OF REDrJCED f3STERY VENEZTIEIAN CRUDE 

300'F. End Poin t  Gasol ine (10 RVP) 
Yields: % by Vol. 
Sul fur :  % 
Research Octane No., +3 Cc. TEL. 

300 O-400 "F. Naphtha 
Yield: % by V o l .  

Furnace . O i l  F r a c t i o n  
Yield: % by Vol .  
Su l fur :  % 
Gravity: 'API 
C h a r a c t e r i z a t i o n  Fac tor  

C a t a l y t i c  Charge Stock 
Yield: % by Vol .  
Su l fur :  4, 
Ctiarac te r iza t ion  Fac tor  
Carbon Residue 

Heavy Gas O i l  
Yield: "k by V o l .  
Carbon Residue. Conradson: % 

P i t c h  
Y i e l d :  % by V o l .  
Sof ten ing  Point :  OF. 

8 .0  
0.61 

85.6 

5.3 

13.3 
I. 83 

31.2 
11.34 

15.6 
2.02 

11.62 
0.8 

12.2 
13.9 

45.3 
3 64 

'1 
In t h e  manufacture of  p i t c h ,  i t  is necessary t o  provide a means of cool ing 

and s o l i d i f y i n g  t h e  p i t c h  after removal from t h e  atmospheric o r  vacuum d i s t i l l a t i o n  
column. The most p r a c t i c a l  means for  most l o c a t i o n s  is through the use of  a continu- 
ous moving s t a i n l e s s  s t e e l  b e l t .  
poured cont inuously onto t h e  b e l t ,  which i s  cooled from beneath by water and may be 
cooled with a u x i l i a r y  water  sprays  on top. P i t c h  produced by t h i s  manner cons is t s  
of f l a k e s  about  one-quarter i n c h  t h i c k  which break a t  random i n t o  p ieces  one t o  s i x  
inches  a c r o s s .  The p i t c h  r e a d i l y  s e p a r a t e s  from t h e  s t a i n l e s s  s t e e l  b e l t  upon 
cool ing  because of i t s  d i f f e r e n t  c o e f f i c i e n t  of expansion. A photograph of p i tch  
produced i n  t h i s  manner is shown i n  Figure 3. Such m a t e r i a l  is q u i t e  b r i t t l e  and 
breaks r e a d i l y  upon handl ing.  With handl ing t h e r e  i s  produced only a very small 
amount of f i n e s  which are not  troublesome. There a r e  o ther  methods which may be 
more d e s i r a b l e  i n  c e r t a i n  l o c a t i o n s  f o r  cool ing  and s o l i d f y i n p  t h e  h o t  l i q u i d  pi tch.  
These inc lude  the use  of l a r g e  cool ing  p i t s  i n t o  which t h e  p i t c h  is pumped as a hot 
l i q u i d  and allowed t o  cool  s lowly  i n  the atmosphere i n  a l a r g e  mass. When s o l i d ,  
t he  p i t c h  is then broken up and moved w i t h  power shovels .  Hot l i q u i d  p i t c h  a l s o  my 
be  s o l i d i f i e d  by spraying  i n t o  water  o r  steam, or it m y  be s o l i d i f i e d  on a water- 
cooled  r o t a r y  drum. From our exper ience ,  however, t h e  s i m p l e s t  and mast convenient 
method is  t h a t  of  the  cont inuous moving b e l t .  

The hot  p i t c h  from the  d i s t i l l a t i o n  column is 

1 

1' 
I 
, 
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5.  
USES OF TETRCLEUM .PITCH 

Because of t h e  l a r g e  q u a n t i t i e s  of c rudes  and r e s i d u e s  processed i n  t h e  pe- 
troleum i n d u s t r y ,  any scheme f o r  producing s o l i d  petroleum p i t c h  which would be 
e f f e c t i v e  i n  impcoving the  r a t i o  of d i s t i l l a t e  t o  r e s i d u a l  o i l s  would produce so much 
p i t c h  tha t  a f u e l  market must be  considered as its primary use. Thus, i t  was on t h e  
b a s i s  of a f u e l  market t h a t  economics and process  developments were c a r r i e d  out. 
Even a smal l  u n i t  charging 5000 b a r r e l s  per  day of Eastern Venezuela res idue  would 
produce 430 tons per day of  pi tch.  I n  cons ider ing  t h e  use  of  petroleum p i t c h  a s  a 
f u e l  i t  was necessary t o  determine the  minimum s o f t e n i n g  poin t  t h a t  would al low t r a n s -  
p o r t a t i o n ,  s t o r a g e  and gr inding  i n  hot weather without t h e  p i t c h  becoming tacky o r  
p l a s t i c  and poss ib ly  fusing.  I t  was found t h a t  these  p r o p e r t i e s  of  p i t c h  depended 
on the  crude source  and method of production. For a t y p i c a l  p i t c h  from Eas te rn  
Venezuela Crude, it was found t h a t  a 350'F. r i n g  and b a l l  s o f t e n i n g  p o i n t  viis suffi- 
c i e n t l y  high t o  prevent  f u s i o n  a t  temperatures  and pressures  which would be en- 
countered under almost any circumstance. Figure 4 presents  a p l o t  of i n c i p i e n t  
f u s i o n  temperature  of Eas te rn  Venezuela p i t c h  a s  a f u n c t i o n  of p i t c h  s o f t e n i n g  poin t  
when under a pressure  equiva len t  t o  40 f e e t  of p i tch .  This  i n c i p i e n t  f u s i o n  tempera- 
t u r e  is t h e  temperature a t  which p a r t i c l e s  f i r s t  adhere to  one another  b u t  r e a d i l y  
break a p a r t  with s l i p h t  handling. From t h i s  p l o t  i t  can be seen  t h a t  a 350.F. 
sof ten ing  p o i n t  p i t c h  only begins  t o  fuse a t  170'F. a t  t h e s e  condi t ions .  T t  is not  
u n t i l  temperatures of about L5.F. higher  t h a t  f u s i o n  becomes s e r i o u s  and permanent. 
Thus, an Eas te rn  Venezuelan p i t c h  of 350'F. s o f t e n i n g  poin t  can be s t o r e d  i n  p i l e s  
40 f e e t  high a t  170'F. before  any evidence of  p a r t i c l e  adherence occurs. 
lower sof ten ing  poin t  p i t c h e s  would be s a t i s f a c t o r y  i n  l o c a t i o n s  with lower alobient 
temperatures, 
evaluated i n  a two-foot diameter  Babcock and Wilcox exper imenta l  cyclone furnace.6 

Obviously, 

The burning c h a r a c t e r i s t i c s  o f  350.F. s o f t e n i n g  poin t  p i t c h  have been 

Severa l  modi f ica t ions  were made t o  t h e  normal opera t ion  of t h e  cyclone furnace .  

1. Cold a i r  was used i n  p u l v e r i z i n g  and charging t h e  p i t c h  so i t  would 
n o t  melt before  enkiri-iiig t h e  furnace.  

2. An ash with a s u i t a b l e  f u s i o n  temperature was added t o  t h e  p i tch  t o  
form a f l u i d  s l a g  coa t ing  on t h e  wal l s  of  t h e  cyclone. 

The ash which was added was from t h e  burning of c o a l  and t h e  q u a n t i t y ,  5%. was chosen 
a r b i t r a r i l y .  This q u a n t i t y  could have undoubtedly been reduced or t h e  s l a g  could  
have been recyc ied  if no such m a t e r i a l  were cont inuously a v a i l a b l e .  
c h a r a c t e r i s t i c s  of the  p i t c h  were e x c e l l e n t  i n  every r e s p e c t .  The flame was s t a b l e  
and c l e a n ,  t h e  appearance of t h e  s t a c k  was e x c e l l e n t ,  and the  oxygen content  of t h e  
f l u e  gas was 2% i n d i c a t i n g  about  10% excess  a i r .  
i n g i t i o n ,  d u s t  car ryover ,  o r  f lame propagat ion.  There was no b u i l d  up of s l a g  i n  
t h e  combustion chamber, and t h e  burner  i t s e l f  was c l e a n  wi th  no b u i l d  up of p i tch .  
The carbon l o s s  t o  t h e  s t a c k  was below t h a t  obtained with c o a l  f i r i n g ,  which is i n  
rho range of  one pound per  1000 pounds of f l u e  gas. During the t e s t ,  no p a r t i c u l a r  
e f f o r t  was made t o  c o n t r o l  t h e  gr inding  of t h e  p i t c h  o r  t h e  s i z e  of the  s l a g  p a r t i -  
c l e s .  The p i t c h  W P S  ground i n  a hammermill and found t o  crush more r e a d i l y  than  coa l .  
About twice the  percentage passing through a 200-mesh screen  was obtained from pi tch  
than from c o a l  us ing  t h e  same crushing  equipment. Based on t h e  observa t ions  o f  t h e s e  
t es t  runs,  the  furnace  equipment manufacturer b e l i e v e s  t h a t  petroleum p i t c h  is a 
s u i t a b x e  f u e l  f o r  a cyclone furnace  and t h a t  it can be f i r e d  wi thout  d i f f i c u l t y .  
provided the  minor modi f ica t ion  t o  the f u r n a c e  mentioned previous ly  a r e  made. 
cornparision with bituminous c o a l ,  petroleum p i t c h  h a s  a number of d i s t i n c t  advantages 
f o r  use as a b o i l e r  f u e l .  It is much e a s i e r  t o  p u l v e r i z e ,  r e q u i r i n g  lower power and 
rraintenance c o s t s ;  i t  r e q u i r e s a  reduced c a p i t a l  c o s t  by e l i m i n a t i n g  the  requirements 
f o r  f ly-ash removal equipment; and i t  has e x c e l l e n t  i g n i t i o n  and burn ing  p r o p e r t i e s  
and a high BTU Content. 

The burning 

There were no problems w i t h  

I n  



6 .  
There are mauy o t h e r  i n t e r e s t i n g  and p o t e n t i a l  uses  for petroleum pitch. o t h e r  

than t h a t  of f u e l .  
Petroleum p i t c h  a s  was mentioned e a r l i e r  i s  somewhat similar t o  c e r t a i n  n a t u r a l  
bitumens occuring i n  the  western part of  the  United S t a t e s .  Petroleum p i t c h  is 
p o t e n t i a l l y  cheaper and undoubtedly could be used f o r  many o f  t h e  a p p l i c a t i o n s  now 
r e q u i r i n g  t h e  n a t u r a l l y  o c c u r r i n g  bitumens. Petroleum p i t c h  can be used satis- 
f a c t o r i l y  a s  a b inder  f o r  carbonaceous m a t e r i a l s ,  a l thcugh f o r  t h i s  purpose it is 
not  q u i t e  as  good as c o a l  tar p i t c h  because of its h igher  v o l a t i l e  conten t .  Anather 
use f o r  p i t c h  is i n  b e n e f i c i a t i o n  o f  non-coking coa ls  when added i n  2 m u n t s  of 10% 
t o  2G%. Various p i t c h e s  have a l s o  been t e s t e d  f o r  many o t h e r  lower volume uses. 

A summary i n  Table  JV gives p r o p e r t i e s  of  s e v e r a l  pi tches .  

PRODERTIES OF DISTILIATE PRODUCTS FROM PIT€?? VAMJFACTURE 

The economic advantage t o  t h e  petroleum indus t ry  i n  making p i t c h  is t h a t  of 
o b t a i n i n g  a d d i t i o n a l  y i e l d s  of  g a s o l i n e ,  furnace o i l ,  and c a t a l y t i c  cracking charge 
s t o c k  and decreased y i e l d s  of No. 6 Fuel  @il. 

\men producing p i t c h  by vacuum d i s t i l l a t i o n ,  a l l  d i s t i l l a t e  o i l s  a r e  s t r a i g h t  
" 

run s t o c k s  .and r e q u i r e  f u r t h e r  t rea tment  only when t h e  crude is high i n  n i t rogen  or  
s u l f u r  conten t  o r  when t h e  heavy gas o i l  conta ins  more metals o r  a h i$er  carbon 
r e s i d u e  t h a n  is d e s i r e d  f o r  c a t a l y t i c  cracking.  

. t h a t  t h e  e n t i r e  gas o i l  f r a c t i o n  from producing a 360°F. s o f t e n i n g  poin t  p i t c h  is 
s a t i s f a c t o r y  a s  a c a t a l y t i c  c r a c k i n g  s t o c k  but  t h a t  the..furnace o i l  requi res  de- 
s u l f u r i z a t i o n  t o  meet p r e s e n t  day s u l f u r  s p e c i f i c a t i o n s .  

' 

Data from B a x t e r v i l l e  Crude i n d i c a t e  

When producing p i t c h  by v i s b r e a k i n g  fol lcwed by d i s t i l l a t i o n ,  t h e ' r e s u l t i n g  
g a s o l i n e  and furnace o i l  f r a c t i o n s  r e q u i r e  f u r t h e r  t reatment  because of t h e i r  poor 
s t a b i l i t y ,  high . s u l f u r  c o n t e n t ,  and t h e  low octane number of t h e  @soline, A l a rge  
p o r t i o n  of t h e  g a s  o i l  f r a c t i o n  can be c a t a l y t i c a l l y  cracked without  a pretreatment ,  
but  t r e a t i n g  t h e  e n t i r e  gas o i l  f r a c t i o n  w i t h  hydrogen g r e a t l y  i n c r e a s e s  t h e  amount 
o f  o i l  a v a i l a b l e  f o r  c a t a l y t i c  cracking.  Inspect ions of d i s t i l l a t e  f r a c t i o n s  from 
s e v e r a l  crudes when making p i t c h  by v isbreaking  fol lowed by d i s t i l l a t i o n  a r e  given 
i n  Table  V. Many of t h e s e  d i s t i l l a t e  f r a c t i o n s  have been c a t a l y t i c a l l y  t r e a t e d  with 
hydrogen i n  t h e  labora tory  and all have shown cons iderable  improvement. For example, 
a pretreated,w@tha had a n a p h t k o e  conten t  s l i e h t l y  ;higher than t h a t  of s t r a i g h t  run 
Kuwait nagfithaand was shown t o  be  a b e t t e r  reformer charge s tock.  
f r a c t i o n s  were e a s i l y  t r e a t e d  with hydrogen t o  produce premium Wo. 2 Ft:e1 O i l s .  
The heavy gas o i l s ,  e i t h e r  t re .a ted  or  u n t r e a t e d ,  were found t o  be n o t  q u i t e  a s  socd 
as s t r a i g h t  run o i l s  f o r  use a s  c racking  s tocks .  
t i o n s  and cracking c h a r a c t e r i s t i c s  of these  s t o c k s  is given i n  Table  V I .  

The furnace  o i l  

A comparison of  t h e  the  inspec- 

ECON(?MICS 

The economics o f  producing s o l i d  petroleum p i t c h  can vary  widely depending upon 
t h e  crude s o u r c e ,  the r e f i n e r y  l o c a t i o n  and the a v a i l a b i l i t y  of i d l e  tbernal cracking 
ecwipment. I l l u s t r a t i v e  economic s t u d i e s  showed a payout time a f t e r  income tax of 
5.6 years f o r  making p i t c h  from B a x t e r v i l l e  Crude by vacuum d i s t i l l a t i o n  when assum- 
ing  a v a l u e  o f  $8 per  ton  for  p i t c h .  
a BTU b a s i s  one ton of petroleum p i t c h  (17,000 BTU per  pound) is equiva len t  t o  
about  one and one-third tons of bituminous c o a l  (14,000 R T U  per ocund). -2 ravout  
t i m e  of 3.4 years  was obta ined  f o r  mzking p i t c h  by v isbreakingavacuum reduced 
Eas te rn  Venezuela Crude and then d i s t i l l i n g  the  v isbreaker  res idue.  
c racking  equipment were a v a i l a b l e ,  t h i s  payout time would be even lower. This 
l a t t e r  payout is q u i t e  a t t r a c t i v e ,  but i n  each case  both economfcs and an adequate 
and permanent market must b e  developed. 

l3is va lue  f o r  p i t c h  is conserva t ive  s i n c e  on 

If i d l e  thermal 
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8. 
Table v 

Reduced Crude 
Charge Baxt8mdlI.e 

33.3 

Carban Residue: % 34.9 
%= Softening Point: 'E'* 280 

1-9 
58 -4 

30OeF. E.P. Gasoline 

Gravity: *API 
sluur, L: % 0.88 
Research Methodr Octane Bo. 
Clear 68 .O 
+3 cce TEL 76.2 

Yield, P by Pol. 

2.4 
LL.8 Gravity: *API 

sulfur, L: % l J 7  
Research Method: Octane NO. 
Clear &9*2 

w, %by Vole 

+3 Cc. TEL 57.2 

Yield ,  % b y  Vole 5.5 
G r d t y :  O A P I  30.5 
Sulfur, BraunShell: % 2-57 
Aniline Point: OF. 129 

Characterization Factor ll.50 

Characterization Factor ll.70 

Furnace Oil 

Cracking Stock 
-01. 

6700~. IBP Gaa Oip 
Gravlty: O d P I  19.1 
6dfur ,  &amshall: % 3-36 
Sedimemt: % 

dsTM D 473-48 0.02 
Carbon Residue, Conradson: % 0.7 
Ash, Humble: % 0.0004 
Metals: PPM 

Vanadium 0.02 
W i C h I  0.08 

Characterization Factor ll.53 

7 -1 

2.9. 
10.0 Gravity: 'API 

Carbon Residue, Conradson: % l&.l 
Characterization Factor 11.30 

Sulfur, Eiraun-Shell: % 3.61 

Western 
Venezuela 

L6.L 
162 
253 

10.1 
63.2 
0.8& 

79.0 
87.2 

6.7 
LL.1 
1.34 

60.8 
70.2 
11.43 

14.7 
29.6 
2-34 
118 
11.39 

19.3 
15.5 
20 94 

Q).Ol 
1-03 
0.0002 

0.08 
0 005 
11.33 

9.3 
7 -1 
2.96 
13.4 
Ll8 

E a s t e r n  
Venezuela 

ll.5 
180 
26.5 

8.8 
63.5 
0.72 

77.9 
05.6 

5.3 
Wk8 

55.7 
65 -8 
11-67 

- 

13 e3 
31.2 
1-83 
129 
ll.52 

18.1 
19.0 
2 . n  

a l e 0 1  
1.12 
0 -0057 

0 e03 
* 0.07 
11.55 

9.7 
8 -5 
2e3L 
16.5 
11.30 

Kuwait - 
1L.4 
165 
27 -7 

ll.2 
61r.3 
0.93 

73.0 
Bo.3 

6.5 
44.7 
1.30 

R e 0  
60.6 
n.66 

l4.5 
27 e9 
3.b7 
l l 4  
u.25 

u. 9 

5.20 

0.01 
1.04 

13.0 

o.mol 

0.05 
11.05 

l.2 -7 
1.0 
6.l2 
16.6 
10.66 

0.03 
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Table V I  

CATALITIC CRACKIN3 cEIARAC~SI1cCS OF 
VIEGININ, CATALXTIC AND VISBREAKEFt G A S  OILS 

Charge Stock Pmperties 
Gravity:: O A P I  
sulfur: % 
Carbon Residue: % 
Vanadium, PPM 
Characterization Factor 

Conversion: % by V o l m ~  

Yields: % by Volume 
Depropanized Gasoline 
Light Catalytic Gas Oil 
Heavy Catalytic Gas oil 
Coke 
Gasoline: Coke Ratio 

Kuwait H e w  
CatalytLc 
Gas Oil 

25.6 
18 07 
L7.1 
6.6 
3.9 

9. 

Gas Oil From 

t o  Make Pitch 
Visbrealdng 
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F I G U R E  I 

PRODUCTION OF PITCH BY VACUUM REDUCTION 

NAPHTHA 
FURNACE 

OIL  

C ATALY T IC 
1-1 CRACKING 
I, C H A R G E  

TO PPI  N G VACUUM ATMOSPHERIC 
REDUCTION DlSTl  L L A T I O N  

FIGURE 2 
PRODUCTION OF P I T C H  BY V I S B R E A K I N G  

7 GASES T 
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REDUCED 
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T 
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GASOLINE 
NAPHTHA 
FURNACE OIL 

PITCH HEAVY CATALYTIC 
GAS CRACKING 
01 L CHARGE 

VISBREAKING ATMOSPHERIC PARTIAL ATMOSPHERIC 
STEAM CONDENSER DIST ILLATION 

D l S T l  L L A T I O N  



12 

F i g i r e  3 
PEl'RdLEL?I PITCH PRODUCED BY CdOLIPiC ON A STAINLESS STEa BELT 

FIGURE 4 
INCIPIENT FUSION PO I NT OF EASTERN VENEZUELA PITCH 
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STRUCTURE DETERMINATION OF RESINS FROM PITCH OF 
LOW-TEMPERATURE TAR BY COMBINED PYROLYSIS 

AND GAS-LIQUID CWROMATOGRAPHY 

Clarence Karr, J r . ,  Joseph R. Cornberiati, and Patricia A. Estep 

U. S. Department of the Interior, Bureau of Mines, 
Morgantown Coal Research Center, Morgantown, W. Va. 

This report is the second by this laboratory on investigations of the composi- 
tion of the resins from pitch in connection with the Federal  Bureau of Mines' research 
on the nature of coal and its products. 
mination of resins by ring analysis and spectral characterization'. The present work 
involves structure determination of resins from pitch of low-temperature tar  by com- 
bined pyrolysis and gas-liquid chromatography. 

The f i r s t  report concerned the structure deter- 

. 

Pyrolysis o r  thermal degradation of complex substances is one of the oldest 
methods of structure determination. 
to isolate the pyrolysis products immediately upon formation so that they can be iden- 
tified before they a re  lost or  altered in secondary reactions. 
no previous reports in the literature on structure determination of resins from pitch 
by pyrolysis. 
however, because they a re  major components of the pitch, and, in the case of some 
bituminous ta rs ,  make up a s  much as half the weight of the total tar. 

Gas-liquid chromatography makes it possible 

There a r e  apparently 

The characterization of low-temperature tar resins is important, 

The conditions of .pyrolysis were chosen to yield, insofar a s  possible, p r i -  
mary products that would give the maximum information about the structure of the 
resin. The products of greatest interest were those large enough (C, and greater)  to 
yield meaningful clues to structure. The pyrolysis temperature was generally in the 
range 52O"-53O0C., or  above the temperature at which no volatile pyrolysis products 
a re  observed, and the heating time was only a few seconds. In addition, because the 
sample was heated in the absence of a i r  in a g l a s s  container, catalytic effects should 
have been quite low if not non-existent. 
'could be considered to represent primary fragments f rom the resin molecule. 

Under these conditions the pyrolysis products 

EXPERIMENTAL 

Many pyrolysis experiments were made under a wide variety of conditions to 
gain some insight into the behavior of the various resins from several pitches. 
report has been limited to the experimental procedures and results that a re  of 
greater  interest. 

This 

I 
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Apparatus 

The pyrolysis apparatus consisted of a small coil (diameter, 1/8-inch) made 
from a 25.5-inch length of 28-gauge nichrome wire suspended in a stainless-steel 
chamber connected directly to a gas-liquid chromatographic unit by a short length of 
1/8-inch stainless-steel tubing, a s  shown in Figure 1. The chamber, the conpecting 
tubing, and a longer preheating section of tubing were all electrically heated to 
approximately the same temperature, which was a few degrees below the GLC column 
temperature. 
pyrolysis chamber into the column. A 30-second maximum electrical timing switch 
and powerstat were used to control the firing period and voltage for  the pyrolysis coil. 
The maxim- temperature obtained during fir&g was determined in calibration runs 
with a thermocouple; the helium flow and other conditions were the same as during the 
pyrolysis runs. This thermocouple was placed inside a glass tube, which in turn was 
inside the coil. T h e  thermocouple leads passed through gas-tight fittings in the lid of 
the pyrolysis chamber. 
itself was estimated by means of thin films of materials selected to mel t  at specified 
temperatures. 

Helium ca r r i e r  gas was passed through the preheat section and the 

In addition, the maximum temperature of the coil surface 

Two different columns were used in order  to determine the pyrolysis products 
under different conditions. One column was constnicted of 15 feet of l/.l-inch diam- 
eter  aluminum tubing and packed with 25 weight-percent polyphenyl ether on 30 to 60 
mesh  firebrick. The other column consisted of a 20-foot length of 1/4-inch copper 
tubing filled with 75 g. packing made from 25 percent Apiezon L grease on 30 to 60 
mesh firebrick. A column temperature of 220°C. was used so that relatively high- 
boiling products, such a s  phenols and naphthalenes, would be readily detected, if 
present. 

Gas-liquid chromatographic fractions were collected for  infrared spectra. 
The higher boiling fractions were  collected in 6-inch 18-gauge needles cooled in pow- 
dered dry ice. 
boiling fractions (below benzene) in order  to have enough cooling surface to condense 
this mater ia l  f rom its dilute mixture in the helium ca r r i e r  gas.  
then be warmed, and the evolved gas readily condensed in a 6-inch needle. The nee- 
dles were stoppered at both ends with Teflon plugs and kept in Dewar flasks filled 
with powdered dry ice until the infrared spectra could be obtained. To determine the 
spectra, each needle was given a single rinse with 15 pl. carbon disulfide introduced 
into the hub end with a micro syringe. 
of the needle into a 0 .5  mm. ultramicrocavity cell, which was then stoppered and 
placed in a liquid cell holder. 
denser in the spectrophotometer. 
elsewhere'. 

A U-trap of 1/4-inch aluminum tubing .was required for  the lower 

This U-trap could 

The solution was allowed to flow from the point 

The cel l  holder in turn was placed in the 6X beam con- 
The details of this cell holder have been described 

Pyrolysis resul ts  

The results of the pyrolysis of the semi- solid, benzene-soluble, petroleum 
ether-insoluble res in  f rom Nugget, Wyoming, subbituminous coal tar pitch may be 
cited a s  an example. 
to 175"C., using a sealed glass tube technique. 

The resin w a s  pyrolyzed at about 528%. in a chamber preheated 
This procedure consisted of placing 

I 
I 

i 
about 25 mg. of the finely divided resin in a glass capillary tube that was then evacuated, \ 

I 
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Figure 1. Pyrolysis apparatus for sealed glass tube 
technique. 
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sealed, and inserted in the coil. 
volts, the tube shattered at  8.4 seconds. 
tube after this length of time was determined from the calibration runs with a thermo- 
couple. 
gas-liquid chromatographic column by the s t ream of helium. The pyrolysis residue 
appeared to consist of a mixture of char  and an unknown amount of essentially unal- 
tered resin. 

With th is  size sample and a setting of about 22.5 
The maximum temperature inside the glass 

The volatile pyrolysis products were swept immediately and directly into the 

Although the resin is subjected to a high pressure in the last few seconds 
b e f o r e  the tube shatters, this increased pressure  has Little apparent effect on the 
nature of the pyrolysis products a s  compared to heating a f i l m  of- res in  on the coil. 
This was shown by depositing a thin layer of the resin from solution on a coil and 
firing at various 'mown maximum temperatures. 
the low molecular weight res ins  (M. 400 to 5 0 0 )  simply evaporated from the coil and 
were deposited on the cooler walls of the pyrolysis chamber. 
obtained on the chromatogram at the retention time for  a i r ,  which had apparently been 
trapped in the semi-solid resin f i l m .  There were no other peaks, indicating that the 
resin had been distilled at about 500 "C. without decomposition to lower boiling mate- 
rials. [This suggests the possibility that at least some of the resins found in tars 
produced by low-temperature carbonization (500 "C. ) a r e  essentially unaltered "coal 
molecules. fl] The medium molecular weight resins (M. 500 to 6 5 0 )  however, did not 
completely evaporate from the coil under these conditions, and at higher temperatures 
(around 5 3 0  "C. ), decomposition occurred. The chromatograms of these pyrolysis 
products were basically the same a s  those obtained with the sealed tube technique. 
The main difference between the two methods was the sharper, better resolved peaks 
with the sealed tube method. Pyrolysis of resins in evacuated sealed glass tubes thus 
had five distinct advantages: (1) no sample w a s  lost from the pyrolysis zone by evap- 
oration; (2 )  the resin was not heated on a metal  surface so possible catalytic effects 
were avoided; ( 3 )  the pyrolysis products were swept into the gas  chromatographic 
column during an exceedingly brief interval when the tube shattered; the resulting 
chromatogram had sharper and better resolved peaks; (4) the tube shattered SO vio- 
lently and into such small  pieces that no sample remained in the pyrolysis zone; and 
(5) the little "spike" produced on the recording by this pressure surge was an accurate 
indication of zero time. 

At coil temperatures around 500"C., 

A small peak was 

A typical chromatogram obtained with the subbituminous resin using the 
sealed tube technique and the Apiezon L column is shown in Figure 2. A recording 
with the methane peak 1 off-scale was chosen so that the minor component peak 1 2  
would be evident. (All peaks were recorded at the same attenuation. ) On other 
chromatograms, it w a s  c lear  that peaks 4 and 5 were separate. The relative reten- 
tions of the pyrolysis products producing these peaks a r e  compared with the relative 
retentions of pure compounds in Table I. The wavelengths of some of the observed 
infrared absorption bands of the trapped fractions corresponding to peaks 7 through 
I4 a re  also shown in Table 1, as well as the quantities of pyrolysis products deter- 
mined from corrected peak areas and spectra of trapped fractions. 
the pyrolysis products with relative retentions l e s s  than that for  n-pentane were not 
considered pertinent to the present work. 
ing that peaks 1 through 4 a r e  undoubtedly produced by the<, through C, hydrocarbons, 
all of which a re  gases. 

The identities of 

Nevertheless, evidence was obtained show- 

Several attempts were made to obtain evidence for  pyrolysis 

t 
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products with retention tinies greater  than that for  o-xylene. 
largest sample size of resin, the highest semitivity setting of the GLC apparatus, 
and a more  sensitive flame detector instead of a thermal conductivity detector, the 
recording beyond the o-xylene peak remained a straight h e ,  including the region 
for higher boiling compounds such a s  phenol and naphthalene. 
tions it w a s  k n o w n  that very small quantities of these compounds could be detected. 

However, even with the 

Under the s-e condi- 

In addition to the infrared absorption bands listed in Table 1, there  were 
several  bands, characteristic of M e r e n t  types of olefins, which were readily 
observed. These w e r e  bands at 10.14 and 1 1 . 0 6 ~  due to a-olefins, a band at 
1 1 . 3 0 ~  due to branched (2-position) a-olefins, a band a t  14.4% due to cis-olefins, 
a band at 10.38~ due to trans-olefins, and a band at 12.32+~ possibly due to branched 
internal olefins. The band a t  6. Ip due to the C=C stretching vibration in olefins was 
detected, this being a weak band as is observed for non-conjugated compounds. 
individual olefin compound could be identified with certainty. 
however, that most of these olefins had the same h iguy  branched carbon skeleton 
a s  the saturated hydrocarbons. This condition was verified by the complete absence 
of the band at 13.80~ due to the -(CHJ4- group o r  larger .  Conversely, the 8 . 5 7 ~  
band for  the "isopropyl" grouping of carbon atoms was frequently observed to be a 
major band. 
group. 

No 
It appeared likely, 

Bands at 7 . 2 3 ~  and 7.30~ also indicated the presence of the (CH,),CH- 

DISCUSSION 

From the large number of pyrolysis experiments that were made, it appeared 
from the repeated evidence of characterizing infrared absorption bands and the 
excellent agreement with relative retentions, that the 3 major liquid pyrolysis 
prociucts of the subbituminous resin were 2,3,4-trimethylpentane, 2,2,4-trimethyl- 
pentane, and benzene, in that order  of decreasing quantity. 
highly branched, relatively high carbon number (C,) satnrated hydrocarbons w a s  of 
unusual interest. 

The large quantity of 

A s  previously mentioned, it appeared reasonable to assume that, under the 
conditions adhered to in this work; these pyrolysis products represented primary 
fragments from the res in  molecule. 
were very likely free radicals a t  the instant of formation, that i s ,  that a f ree  radi- 
cal  mechanism was involved in the thermal degradation around 500°C. 
almost cer ta in  that the benzene rings found in the pyrolysis products existed as 
such in the resin molecule. These monocyclic aromatics (benzene, toluene, the 
3 xylenes) a r e  present in the same quantities a t  the threshold temperature for  
pyrolysis (slightly over 500 "C. ) a s  at  much higher temperatures (up to about 650 'C. ) -  
Non-catalytic aromatization is generally considered to become significant only for 
temperatures at o r  above about 650'C. 
rate of formation of aromatics  from non-aromatics at about 500 "C. is presumably 
too slow to account for their production during the 2 or  3 seconds that the resin is 
heated above 300 or  400 "C. DHONT has pyrolyzed a wide variety of pure compounds 
over "Chromosorb" at 550°C., the products being immediately analyzed by gas- 
liquid chromatography3. 
alcohol) yielded benzene a s  a pyrolysis product. Aliphatic compounds yielded no 
benzene under these conditions. 

It was recognized *&at the actual fragments 

It appears 

In the absence of specific catalysts, the 

Compounds containing a benzene ring (such as benzyl 



From the pyrolysis resul ts ,  it would appear that the resin molecule contains 

F r o m  previous work on the 
isolated benzene rings joined together by saturated, fused multi-ring systems with 
saturated bridge carbons, including quaternary carbons. 
resins a s  well as the non-resinous portions of the ta r ,  it i s  known that the great 
majority of alkyl groups on aromatic rings a r e  methyl groups, with very small amounts 
of ethyl and propyl groups, and negligible amounts of butyl groups. 
could contribute products only to the permanent gases, in particular methane. 
aliphatic compounds above C4 in the pyrolysis products must  therefore come from 
internal structures, that is, ring structures, rather than side chains. 

Thus alkyl groups 
The 

A resin molecule containing as part of its structure a unit like 5,6,6a,  7 ,8 ,  
12b-hexahydro-6,7-dimethylbenzo[c]phenanthrene could conceivably split up (with, of 
course, transfer of hydrogen from other structural units) to form 2,3,4-trimethyl- 
pentane, a s  shown in Figure 3.  Only those methyl groups required for the formation 
of 2,3,4-trimethylpentane a r e  shown; additional methyl groups would be present, a s  
determined in previous work'. One of the benzene rings in this unit could be released 
a s  such, or both benzene rings could be incorporated in the formation of the pyrolysis 
residue o r  char. The fact that the resins are rich in oxygen (10 to 15 weight-percent) 
whereas no oxygen-containing organic compounds could be identified in the volatile 
pyrolysis products would indicate that the oxygen-containing units in the resin (pr i -  
marily benzene rings with phenolic hydroxyl groups) a r e  involved in char formation. 
Under these circumstances, there would be a greater proportion of aliphatic compounds 
than aromatic compounds in the volatile products, such as was actually observed. 

Although the pyrolysis results might appear unusual o r  unexpected, neverthe- 
less  the general structure of the resins indicated by these results is the same as that 
indicated by ring analysis (including ring arrangement), infrared spectra, and ultra- 
violet spectra'. 
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Figure 2. Chromatogram of pyrolysis products from 
a subbituminous resin. 
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\ 
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Figure 3. A representation of the pyrolysis 
of a hypothetical resin molecule. 
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THE STRUCTURE OF PETROLEUM ASPHALTENES 
AS INDICATED BY PROTON MAGNETIC RFSONANCE 

By R. S. Winniford and M. Bersohn 
California Research Corporation, Richmond, California 

Introduction 

Proton magnetic resonance has been used in the past  t o  provide informa- 
t ion  on the s t ructure  o f  asphalt fractions.  
proton magnetic resonance data are  combined with infrared data t o  yield informa- 
t i o n  suggesting the s i ze  of the clusters  of arormtic rings in a number of asphalt  
fractions, including asphaltenes. Gardner, Hardman, Jones, and Wil l iams2 used pro- 
ton magnetic resonance t o  provide information on the s t ructure  of thermal diffusion 
fractions of petrolenes from an asphalt .  

In a paper by R. B. W i l l i a m s , '  the 

I n  the present study, the proton magnetic resonance data have been com- 
bined with other analyt ical  data and contributions from the  l i t e r a t u r e  t o  yield 
information about the s t ructures  of four asphaltenes. The folir asphaltenes include 
two asphaltenes from asphalt  crude o i l s ,  an asphaltene produced by air  blowing, and 
another produced through a cracking process. 

Proton k g n e t i c  Resonance Data 

Proton magnetic resonance spectra were obtained on a Varian Model A-60 
NMR spectrometer a t  14,090 gauss. 
used a s  a basis for quantitative analysis were taken with a sweep width of 1000 
cycles per second, a sweep time of 250 seconds, an R F  f i e l d  of 0.08 milligauss, 
and a f i l t e r  band width of one cycle per second. 

The solvent used w a s  carbon disulfide.  Spectra 

Characterist ic spectra for  the four asphaltenes a re  given in Figures 1, 
2, 3, and 4. The horizontal  scale of the spectra,  labeled PPM, shows the "chemical 
s h i f t "  downfield from a reference material, tetramethylsilane, a t  which the various 
proton types appear. The magnitude of the s h i f t  is  expressed in  par t s  per million 
of the reference f ie ld ,  14,090 gauss. 

The Varian A-60 spectrometer resolves the hydrogens into four cltisses. 
These classes are methylene, methyl, benzylic, and aromatic. Aromatic protons a r e  
seen at  6.5 to  8 ppm. 
gens give the t a l l  peak a t  1 .2  ppm, while the methyl protons produce the peak a t  
0.8 ppm on the shoulder of the methylene peak. 

The amplitude of the peaks i s  governed by the concentration of the par- 
t i c u l a r  hydrogen type and a l s o  by the instrument set t ings.  Thus, it has no abso- 
l u t e  value and the spectra have a purely a rb i t ra ry  v e r t i c a l  scale .  
of t h i s  study, only the in tens i ty  of the various peaks r e l a t i v e  t o  t h a t  of the 
methylene peak i s  required. 

Benzylic protons appear a t  2 t o  3 ppm. The Ethylen ic  hydro- 

For the purposes 

Enc1.-Tables I and 11 
Figures 1 through 8 

, (RD 622541, RD 522542, 
RF: 622497, RF 622498, 
RD 622499, and w 622500) 
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The peaks obtained were compared by planimetry. The repeatabi l i ty  i n  
t he  area measurement obtained t h i s  way was be t t e r  than 1% in the case o f  the large 
peaks. 
asphaltene from the air-blown California residuum, the repeatabi l i ty  was 2 6% to  8$. 
The peak fYom the a r o m t i c  proton of the Venezuelan aspha1tene.-was too small t o  
measure. 

For the smallest peaks, such as  that due t o  t h e , a r o m t i c  proton of the 

The error  in repea tab i l i t y  of the spectra' themselves w a s  negligible. 

Figure 1 shows the spectrum of an asphaltene from a Venezuelan crude o i l  
which is widely used for asphalt  manufacture. Figure 2 is the spectrum of an as- 
phaltene from a crude o i l  of t he  San Joaquin Valley Area i n  California. This o i l  
i s  d s o  widely used fo r  asphalt  manufacture. The spectrum of. Figure 3 i s  t ha t  of 
an asphaltene produced by laboratory a i r  blowing a t  475O F of the residuum fmm the 
California crude oil of Figure 2. 
tenes contained in the air-blown asphalt  a r e  formed in the air-blowing process. 
Figure 4 shows the spectrum of the benzene soluble, heptane insoluble asphaltenes 
produced in cracking the California residuum of Figure 2. This crackisg was done 
by a refinery thermal cracking un i t  operating a t  a temperature of 'WOO F. 

.. In  t h i s  process, about 85% of the t o t a l  asphal- 

Analy t ica l  data on these asphaltenes are  given i n  Table I. It is. recog- 
nized t h a t  asphaltenes are heterogeneous substances and that  these data, therefore, 
r e f e r  t o  the average composition. However, it is  not possible to  deviate very 
widely from these ana ly t i ca l  r e s u l t s  and s t i l l  have asphalt  fractions which retain 
the  so lub i l i t y  character is t ics  of the asphaltene class.3 

The areas under the peaks of Figures 1, 2, 3, and 4 were measured for each 
of the classes of protons t o  give a quantitative measure of the r e l a t ive  amounts of 
each type of proton present. 
shown in the spectra between the peaks for the aromatic and benzylic protons. 

The base l i n e  for  these areas is that  o f t h e  minimum 

The areas so obtained were all divided by the area fo r  the methylenic pro- 
tons in tha t  par t icular  spectrum t o  provide r a t io s  between the  amounts of the d i f -  
ferent proton classes present. 

Average Molecular Structures 

These r a t i o s  are  given in Table II. 

Us- the r a t io s  between the four classes of hydrogens and other chemical 
and physical data, one can construct formuJas which are consistent with these data. 
This has been done t o  provide the average molecular structures of Figures 5, 6 ,  7, 
and 8. The r a t io s  between t h e  hydrogen types shown on the .figures are  those of the 
molecular structures drawn. They f i t  as closely as was possible the data of Table 
II on the asphaltenes. 

A br ief  j u s t i f i c a t i o n  for  the drawing of average asphaltene molecules may 
be desired at th i s  point. 
c l a s s i f i ca t ion  and t h a t  the p o s s i b i l i t i e s  fo r  variation from molecule t o  molecule 
a r e  almost infinite. Also, t h e  average s t ructure  of various fractions from asphal- 
tenes w i l l  d i f f e r .  Nevertheless, there i s  an over-all  average ring size,  an average 
content o f  polar atoms, and some arrangements which a re  preferred over others.  For 
t he  very reason t h a t  the individual molecules a re  different ,  w e  are forced t o  con- 
s ide r  average structures.  We believe t h a t  these a re  su f f i c i en t ly  helpful i n  giving 
a general id.ea of the nature of the species t o  overcome the cr i t ic ism that they are 
only average structures.  

C- 

tures  portrayed nay b e  c i t e d  t h e  high mss spectrograph data of Clerc and O'FTeal'On 

It is recognized tha t  asphaltenes a r e  a heterogeneous 

Among t he  pertinent l i t e r a t u r e  which is d ram upon t o  arr ive at  the s t  
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asphalt, wherein polynuclear aromatic ring systems were ident i f ied  and a l so  the 
work of Carlson and O'Neal5 on heavy petroleum compounds wherein it was deduced 
tha t  the rings in these compounds were condensebtogether and tha t  the  a l ipha t ic  
portion of the molecule was primarily one lnng chain. Sergienko and Fustil'nikovaO 
and Fischer and Schram7 have conducted hydrogenation experitcents on asphalts lead- 
ing t o  the conclusion tha t  sulf'ur and oxygen compounds form the majority of the con- 
necting links between segments of the  asphaltene molecules. 
deduced from chemical analyses tha t  three f i f t h s  of the  bonds formed in  the air-blow- 
h g  process were e s t e r  bonds. Evidence tha t  the nitrogen in asphaltenes is primarily 
included i n  the condensed ring portion of the  molecule was provided by the studies 
of  Ball, e t  a1.9 Additional evidence regarding the  types of oxygen containing func- 
t i ona l  groups was provided by Knotnerus.10 X-ray d i f f rac t ion  studies by Erdman and 
coworker& indicated tha t  the asphaltenes consisted of systems of polynuclear -0- 
matic-plates carrying side chains and connecting links of paraf f in ic  nature. 
size of the condensed ring systems i n  the  molecules of Figures 5 through 8 is con- 
s i s t en t  with Erdman's X-ray d i f f rac t ion  data.n 

Gappel and Xnotaerus8 

The 

The molecular weights of the asphaltenes of t h i s  study were not determined. 
They are  assurned t o  f a l l  i n  the r 
is indicated by recent researchl2%7~13 on asphaltene molecular weights. I n  sys- 
tems where association of the a s  haltenes can occur, e x t r e u d y  high molecular weights, 
up to  500,000, can be obtained.$ However, where conditions of  the  determination 
a re  such as w i l l  minimize asphaltene association, the values appear t o  fa l l  i n  t h e  
v i c in i ty  o f  2000 t o  3000.6,7,13 A lower molecular weight is assumed f o r  the  cracked 
tar asphaltene, a s  it is  derived by degradation of na tura l  asphaltenes with breaking 
off of side chains and a l ipha t ic  connecting links between ring systems. 

e between 2000 and 3000 molecular weight which 

The a i r -b l am asphaltene of Figure 7 is purposely shown less condensed 
than the natural  asphaltenes (Figure 5 )  as the air-blown asphaltenes a re  =de by 
condensation and aromatization of the smaller and l e s s  polar r e s i n  molecules. 
natural-asphaltenes m y  a l so  polymerize; however, i n  the  air-blown California re- 
siduum the bulk of the asphaltenes come from nonasphaltene precursors. Ester links 
between th  segments a re  shown in accordance with the findings of Goppel and 
Knotnerus.' We suspect t ha t  these e s t e r  groups a r i s e  from the rearrangement of 
peroxide links which formed or ig ina l ly  through the coupling of f ree  radicals pro- 
duced by the reaction with oxygen. 

The 

The cracked t a r  asphaltene of Figure 8 is  r e l a t ed  t o  the na tnra lasphal -  
tene of Figure 6 and can be made from it by aromatizing portions of the ring system 
of Figure 6 and by breaking of f  a l ipha t ic  fragments from the  na tura l  asphaltene. 
These processes are known t o  occur i n  cracking of petroleumhydrocarbons. 

A few hypothetical structures for  asphaltenes have been presented in t h e  
l i t e r a tu re .  
data reported i n  t h i s  paper. 
contains too muc 
Carlson, e t  al,ltf is much too low in methylene hydrogen and also has too much benzylic 
and noc enough methyl. The structure drawn by Gardner, Hardman, Jones, and Wil l iam2 
l o r  t h e i r  petrolene Bac t ion  No. 10 is  a near asphaltene i n  chemical composition; but 
i t s  Loose structure contains f a r  too much aromatic hydrogen f o r  an asphaltene and 
probably, therefore, it should be drawn as  a more compactly condensed molecule. The 
structure drawn by Givenl5 for bituminous coals cannot be correct for  petroleum 
asphaltenes a s  it contains f a r  too much oxygen and shows no methyl o r  methylene 
hydrogen a t  a l l .  

None of these is  en t i r e ly  consistent with the proton magnetic resonance 
The asphaltene drawn i n  a previous paper by WFnniford3 

benzylic hydrogen and not enough methyl hydrogen. That drawn by 

The chemical nature of asphaltenes can by no means be considered settled 
It is  not believed t h a t  large deviations from by the br ie f  r e su l t s  of t h i s  study. 
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these r e s u l t s  o n  the r a t i o s  o f  various classes of hydrogen WFU be found. 
more information is needed on t h e  nature of links between the r ing  systems and. o n  
the  s ize  of the ring systems. 
oxygen, sulfur, and nitrogen should be further c la r i f ied .  

However, 

Also, the disposit ion of t he  heterocyclic atoms, 

1 
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TABLE I 

ANALYTICAL DATA ON ASPHALTENES 

I 

> 
1 Per Cent 

I Carbon 
> 

Hydrogen 

Ni t rogen  

S u l f u r  

Oxygen 

Carbon/Hydrogen R a t i o  I 

ASph, 

Venezuelan C a l i f o r n i a n  

81.17 85.54 

7.86 8.08 

2.02 3.33 

6.89 1.28 

2.02 2.48 

0.86 0.89 

I I I 
I 

l t ene  
Air-Blown 

C a l i f o r n i a n  

86.22 

8.22 

2 . o  
1.89 

3.74 

0.88 

Cracked 
C a l i f o r n i a n  

88.43 

6.63 

2.08 

2.24 

0.62 

1.12 

CALIFORNIA RESEARCH CORPORATI N 

RSW 
RICHMOND, CALIFORNIA 4-24- z 2 

J 

b 3 



TABLE I1 

Aromatic 

R A T I O S  OF T H E  AMOUNTS OF PETHYLENIC, 
METHYL, B E N Z Y L I C ,  AND AROMATIC PROTONS 

SHOWN B Y  THE PMR SPECTRA 

T r a c e  

2 l l f  o r n l a n  

1.00 

0.60 

0.45 

0.19 

A i r  Blown 
: a l l f o r n i a n  

1.00 

0.90 

0.44 

0.16 

Cracked 1 
:a l i f  o r n i a n  

0.49 

0.72 

0.66 1 
I 

i 

C A L I F O R N I A  RESEARCH CORPORATION 

RSW 
RICHMOND, C A L I F O R N I A  4-24-62 



FIG. i 

ASP HALTEN E FROM VENEZUELAN 
CRUDE OIL  
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FIG. 2 

ASPHALTENE FROM SAN JOAQUIN VALLEY 
CRUDE OIL  
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FIG. 3 28. 

ASPHALTENE FROM AIRBLOWN 
SAN JOAQUIN VALLEY RESIDUUM 
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FIG.4  

ASPHALTENE FROM THERMALLY CRACKED 
RESIDUUM-SAN JOAQUIN VALLEY CRUDE O I L  1 
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FIG. 5 

ASPHALTENE FROM VENEZUELAN 
CRUDE OIL 
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Methylene 1.00 % H =  8.0 
Methyl 0.40 % N =  2.5 
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FIG. 6 

ASPHALTENE FROM SAN JOAQUI N 
VALLEY CRUDE 01 L 
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FIG. 8 
ASPHALTENE FROM THERMALLY 
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C .  IN.  De'!ialt, Jr., and M. S. Morgan 

bkllon Ins t i tu te  
Pittsburgh 13, Pennsylvania 

Introduction 

Coal-tar pitch is  the residue, boiling a t  tunperatures above 3 j G O  C ,  frm 
the fract ional  d i s t i l l a t i o n  of coal tar. 
tar yield f ~ m  iign:tem?erature carbonization i n  coke ovens, i ts  chemical coxposition 
is  not nearljr as well 'norm as  tha t  of of the m a i l e r ,  more-voiatile fractions.  
Csal-tar ? i tch has nuzerous lazge-scale uses, some of which c a l l  for noaification or' 
the na te r ia l  by p:hysical o r  chemical techniques. ;Towever, much or' t h i s  mcdification 
i s  empirical t3  the extent that -&e results are  meamed in terms of efficacy f o r  a 
specific er-d-use rather  than i.n terns 3f chmge i n  cheinical s t r u c t u e .  
investigations .sf the chemistry of t h i s  ra+Aer intractable material  are desirable 
tsxard' de2reloping new uses and placizg pitch-treating sroced?rres on a more scie2t?tific 
basis. '![it1 the develocment of proton magnetic resonance ( PXX) techniques, a p r m i s - k q  
method of examining *he types of hydrogen in pitches 5ecams available. Attention s a s  
therefors  turned t o  the resu l t s  vbich might be obtained bg PhZ exaaination of ,itches. 

Chezicallg s p e a k i x ,  pitch cannct be considered a s  a s i rg le  t'jpe, but ra ther  

.il'&ough it consti tutes about 50% of the 

Additional 

there are la rge  differences betTeen pitches, dependins upon t h e i r  source. 
pitches, Thich are of primary concern in <lis gaper, are produced f r m  high-rank 
(cokirg) c o d s  a t  very high temperatures (lCCOo to  13COo C )  . >e severe cmdit i3cs  
cont ro l  the p r c d x t  ss List coke-ova pitches consti tute a nzrrov c lass  Samg coal- 
tar ?itches, as ir-dicated by T J o l k ~ n n . ~  'D-ejr are <i.e most aromatic zr" the pitckes, 
Lqd a precise nomatici ty  cetemination is necesszrJ to distiquisi .1 one Zron another. 

Coke-oven 

Tine z r m a t i c i t y  3f a ?i tch can be defined by two parmeters.  One is  the 
rasio of the aromatic s t r x t u r e s  t o  the whole ?itch.  Tile other is t he  degree of con- 
densation of tb.e aronatlc porticn. 
ool>?.?enylene- t o  the graai te- type.  
&ious types of data, bc1ud-G density, atomic C / k  ra t io ,  and the r a t i o  of arorat ic  
hydrogen ( S a r )  to  t o t a l  hydrogen ( H ) .  
highly aroEatic riiaterials i%e coke-oven ?itchss,  since the proportion of nsn-aromatic 
hydmgen atoms is  greater Eian +&at of =or-aromatic carbon atans. 
phenan'aene w i t h  6.75 non-aromatic carbon atoms has 2% non-amnatic hydmgen a t m s .  

This degree of condensation could ranggo fmm t'ne 
Aromaticity factors  can be calculated fron 

The l a t t e r  i s  the most sensi t ive method for 

For exm?la, me'hyl- 

Considerable work has been reported toward establishing an infrared X a r h  
m e a s ~ r a e n t , ~ , ~ , ~ ~ ~ , ~  but nore detailed and re l iab le  data are reported from R,R 
m e a s u ~ e m e n t s . ~ , ~ , ~ , ~ , ~  Three types of hjdrogen r e r e  estimated i n  pitch-like na te r ia l s  
by mR methods: 
rings, o r  alpha hydrcgen (a) j and hydrogen on other s a t k a t e d  hydrocarton structures,  
o r  beta hydrogen (ED). 
calculate  s t ructural  parameters for pitch-like materials through the  use of such PL!R 
data. 

aromatic hydrogen ( H a r )  ; hydrogen on saturated carbon alpha t o  m n a t i c  

Both Brom and Ladner;? and 0th and TschamlerS were able t o  
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For s t ruc tura l  analysis, B m  and Ladner ' s  method appeared especially 
su i tab le  for adaptation t o  coke-oven pitch. 
portion of t h e i r  pitch-like materials were derived by subtracting the non-aromatic 
at- hTln t he  whole. 
H/C r a t i o  in the  substant ia l  f ract ion of non-aromatic structures.  
parmeters  of the i r  d i s t i l l a t e s  proved to  be functions of the ranks of the  parent 
coals. 
proportion of non-aromatic structures.  

Details of the s t ructure  of the ammatic 

This introduced an uncertainty by requiring an estimate of the 
Nevertheless, the 

Coke-oven pitches in t h i s  andlysis should enjoy the advantage of a very low 

Rao, hlurty, and Lah i r i '  reported the  use of the PMR spectrum in the char=- 
t e r iza t ion  of the 65 weight per cent carbon disulfide-soluble f ract ion of a pitch 
tha t  was evidently of coke-oven origin.. only 2s of the hydmgen was non-aromatic, 
and 70% of t h e  non-aromatic hydmgen was of the  alpha type. They concluded that  the 
nan-aromatic hydrogen was mostly present as methylene-, methyl-, and smal l  alkyl- 
subst i tuents  on aromatic ring systems. 

determination of cer ta in  aspects of the chemical s t ructure  of coke-oven pitches. 
This paper describes the  'application of PMR spectrometric methods t o  the 

Experimental: 

A ser ies  of coke-oven pitches representing a wide range of electrode-binder 
pmpert ies  w i t h  a narrow range of softening points and, f o r  comparison purposes, a 
lorn-temperature-carbonization pi tch from a subbituminous B coal were selected. The 
analyt ical  data  for these pitches, together w i t h  the sources and methods of preparation, 
a re  summarized in Table I. 

A.C.S. reagent-grade carbon disulf ide was used t o  prepare the pitch extracts 

The reference 
for the  PMR determinations. The in te rna l  PMR standard was Anderson Chemical Division 
of Stauffer  Chemical Cornpang's rrpUre'r grade of tetramethylsilane ('ES). 
compounds were fluorene, m. p. ll4-116O C (lit., U5-1l6O C )  , and acenaphthene, rn. p. 

Carban Disulfide-Soluble Fractions of Pitches 

93-940 c ( l i t . ,  95O c).  

The carbon disulfide-soluble PMR spectra samples were prepared in the fol-  
1- manner: Samples of the  pitch weighing 5.00 g. and sized t o  pass a 20-mesh 
sieve were added t o  50 m l .  of carbon disulf ide in a 250-ml. beaker with stirring. 
bea!cer was covered with a w a t c h  glass,  and the  magnetic stirring was maintained f o r  
30 minutes. 
funnel and washing w i t h  25 m l .  of carbon disulf ide,  the so l ids  were air-dried and 
weighed. The f i l t r a t e  and washings were concentrated on the steam bath (in a hood) t o  
give a 60% weight/volume (w/v) solution. 
=de up as needed were placed in Varian A-60 Spectrometer sample tubes, ana a trace of 
TIS w a s  dissolved in each sample. 

Determination of PMR Suectra 

The 

After col lect ing t h e  insolubles on a 6O-ml., medium-porosity f r i t ted-glass  

Samples of this solution and of dilutions 

The PMR spectra were recorded on a 10 in. by x )  in. record sheet using a 
The samples were spun rapidly at mom temperature, and the Varian A-60 Spectrometer. 

spectra  were traversed slowly (sweep time 500 sec.)  from 550  t o  50 cycles per second 
(c.P.s.) below the TIE l i n e  ( the  increasing-frequency convention w a s  observed). 
Radio-frequency (RF) power se t t ings  were intermediate-between 0.04 and 0.M miuigauss 
(&.)-and f i l t e r  bandwidth w a s  usually se t  at 1 C.P.S. 

Determination of the Xntegrds of the PhR Spectra 

After  plott ing a s p e c t m ,  the in tegra l  of the curve was recorded elec- 
t m d c a l l y  in a 10 in. by 20 in. area of chart ,  using t ie  same sample and conditions, 
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with the exceptions and precautions noted below (see Figure 1). 
t o  insure both s t a b i l i t y  of the integral  and non-saturation of any of the sample 
protons. 
of about 0.4 mC., while the sweep time was s e t  dona t o  50 o r  100 seconds. 
of a particular proton would resu l t  in an area under its absorption band less than 
?roportional t o  the number of protons represented. 
s table  integrals. 
f o r  b t e g r a l s  was important. 
and f inal ly ,  it was sometimes advantageous t o  increase the RF power. 

Care was necessary 

To avoid saturating sample protons, the RF energy was kept below a set t ing 
Saturation 

Three factors  were used to  obtain 
The use of only the most concentrated, the 30 and 60% w/v, solutions 

Also, the sweep time was reduced t o  50 o r  100 seconds, 

Estimation of Hydrogen Types from PLR Integrals 

Quantitative estimation of the hydrogen types involved measurement of the 
integral  heights a t  the following frequencies ( tau  values; see Figure 1): 
hydrogen together w i t h  phenolic hydrogen (Hph), approximately 4.5 tau; for  alpha2 
hydrogen (e; t h i s  is hydrogen on any carbon atom which joins two aromatic rings),  
6.60 tau; fo r  alpha hydrogen, approximately 8.1 tau; and f o r  beta hydrogen, the end 
of the spectrum (about 9.2 tau).  These boundary tau values were equivalent t o  the 
following frequencies in C.P.S. below T M :  about 4.5 tau, n e e  315 c.P.s.; 6.60 tau, 
190 C.P.S. fo r  30% and 180 C.P.S. for 606, w/v solutions; and 8.1 tau, 110 C.P.S. for  
both 30 and 60% solutions. The considerations which led t o  the choice of these fre- 
quencies w i l l  be discussed i n  the following section. 

for  aromatic 

PEn Frequencies (Tau Values) 

The use of dissolved TMS eliminated volume suscept ibi l i ty  correctionslO and 
interference by the standard in regions where the pitch components absorbed. 
not, however, prevent anomalous aromatic medium effect& from interfering. 
of different  concentrations of pitch fract ions in carbon disulf ide showed frequency 
differencgs as great as  0.40 p.p.m. ( tau units). 
t ion t o  i n f i n i t e  di lut ion with the internal  standard was necessary. This procedure 
w i t h  CS2 extracts  of pitches 1 and 2 gave smcoth curves and i n f i n i t e  di lut ion frequencies 
f o r  various absorption components of the spectra (see Figure 2 ) .  

I t  did 
The spectra 

To eliminate these effects ,  extrapola- 

The use of carbon disulfide provided a pitch solvent with Van der Waals de- 
shielding effect  about the same as  that  of carbon tetrachloride,12 the tau solvent. 
Therefore, the i n f i n i t e  di lut ion frequencies should be very nearly t rue tau  values,13 
in which form they are herewith reported. 
tau thus obtained for the methylene l i n e  of acenaphthene in pitch (lit., 6.66 tau).  

This was confirmed by the value of 6.68 

The choice of the frequencies l i s t e d  in the preceding section t o  divide 
There was a between the four t m e s  of hydrogen was made i n  the following manner: 

broad region of zero signal between aromatic and non-aromatic bands, centering i n  the 
4.5 tau region, 
ring, is m r e  deshielded than alpha hydrogen. 
occurs at lower tau values (frequencies). 
acenaphthene methylene peak a t  6.66 tau because this is an intermediate type between 
alpha and alpha2, although it i s  formally alpha hydrogen. 
absorption below 6.60 tau was at t r ibuted t o  alpha2 hydrogen. 
t o  changes i n  pitch concentration necessitated the use of the t w o  frequencies. For 
the boundary between alpha and beta hydrogen, the spectrum of pitch 7, which shoved 
separate absorption maxima f o r  beta and for  alpha hydrogen types, was considered (see 
Figure 3 ) .  The minimum between these maxima occurred at about 8.2 tau. To avoid 
overestimating alpha hydrogen, a value near 8.1 tau was chosen. 
such a s  durene methyl groups (7.86 tau) and excludes such types as Me3Cu (8.44 tau) 
and cyclohexane (8.56 tau).  

The alpha2 hydrogen, since it is  close t o  two rather  than one aromatic 

The boundary was chosen jus t  below the 
Thus, the alpha2 hydrogen absorption 

Conservatively, then, 
B e  anomalous s h i f t s  due 

This includes types 

I' 
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Uolecular Weight Determinatian 

b l e c u l a r  xeight m e m e m a t s  were ebullioscopic 'Rith incremental addition 
Sol-rents r e re  benzene and freshly of sample and extrapolation t o  infinite dilution. 

mepared chloroform, depending upon the so lubi l i ty  of. the sample. 
foaming or incomplete so lubi l i ty  prevented determiqazion of molecular weQht in 
cer ta in  cases (see Table 11) . 

Interference S y  

s t ruc tura l  Parameters 

From ET& and elementary analyt ical  data, Bmwn and Ladnes vere able t o  
calculate the following average s t ruc tura l  character is t ics  of  - their  pitch-like 
materials: 

fa, the r a t i o  of aromatic carbon ( C a r )  t o  t o t a l  carbon ( C ) ,  

a, the f ract ion of t he  t o t a l  available outer-edge posit ions of the 

H a r u / C a r ,  the atomic H/C r a t i o  that the average ammatic skeleton 

aromatic skeleton which is occupied by subs t i twnts ,  and 

muld have if each substituent mere replaced by a hydrogen 
atam. 

Brown and Ladner developed the following equations for calculating these 
parameters : 

c Ha* sa* ----- 
H x  Y 

C 
H 

fa  = - 

( 3 )  

. t f  x y 
a 

where Cfd and O h  are  the  atomic rat ios ,  obtained from elementarj andlysis; &* = m, 
the  r a t i o  of alpha-type hydrogen t o  t o t a l  hydr0gn-n obtained from ?hlR s p e c t m e t r i c  
amitysis; I%* 
a n a s i s ;  x = &tt and y = H d C e ,  the atomic ra t ios  of hydmgea t o  carbon in *,e 
alpha and beta structures,  b o t h  of which must be obtained by estimate; Ear* = Harp, 
the  r a t i o  of ammatic hydrogen t o  t o t a l  hydrogen obtained indirect ly  from PhR spec- 
trometry with the  help of elementary analysis, assuming 60% of &&e t o t a l  oxygen t o  be 
phenolic. 
(Ha2 + ph) seen in F%R spectra, Har* was ca lcda ted  by the  following equation: 

ti /ti, the r a t i o  of beta-type hydrogen 70 t o t a l  hjrdrcgen fmm 2 , ~  

Since phenolic hydrogen ( H p h )  is  included in the "aromatictt hydrogen 



37. 

They a s w e d  that every oxjzen atom was present as a substi tuent on an arcmatic nucleus 
in CaLpleting t h e  development of the above equations. 

Their method f o r  the conversion of the hydrogen d is t r ibu t ion  in coal-like 
materials to  carton st ructure  was adapted for use with coke-oven pitches. 
were made in the assumptions and equations as described below. It is  accepted that  
6cs of the t o t a l  olr~gen is  phenolic, but Brown and Ladner's assunption +&at a l l ' o f  the 
oxygen occurred as substi tuents on a rma t i c  nuclei  could not be j u s t i f i e d  for coke- 
&en gitcnes. 
substi tuents but i n  other forms, amang which heterocyclic oxygen must be included. 
Alpha2 hydmgen i s  included in the equat ims separately as  w, with z = 2 the estimated 
r a t i o  of hydrogen t o  carSon in such groups, and F&* = **/ti. 
-1 substituent in b-own coke-oven pitch components is the methyl gmup, th.e value 
of x (estinated H/C ratio f o r  alpha s t ructures)  is raised from the  value of 2 t o  2.5. 
The value of y = 2 i s  retained. 

Changes 

Instead, the remaining 40% oxygen is  assurred t o  occur not as aromatic 

Because the predombant 

Considering equation (l), a term f o r  alpha2-type carbon is added t o  its 
nunerator, the number of aromatic carbon atoms, giviog C - @ 
equation f o r  coke-oven pitches is the following: 

Q - Cg. The resulting 

H 

Considering equation (2),  it i s  necessary t o  add a term f o r  the contribution 
of alpha2 strvctures t o  the t o t a l  nunber of substi tuents.  
two substituents, t h i s  added term must equal 2 x e', which is  2 @/z. 
(2) for  detelmining the degree of si i3sti tution of coke-oven pitches, the following 
equation i s  used:. 

Since each bridge represents 
To replace 

I 

p 
\ 

* %* 0 Ha* + - +  0.6-  
2.5 H 

-_ Y 
u =  

%r- 
2 .5  

w* + - + ( s a  + ph)* 

Similarly, equation ( 3 )  is  replaced by the  f o l l o h n g  ea-uation for  the atomic 
C / k  r a t i o  of the hypothetical unsubstituted average aromatic nucleus of coke-oven 
pitches : 

I 

This degree-of-condensatian parameter is also the r a t i o  of t o t a l  aromatic carbon t o  
aromatic edge-carbon. 

Equations 4 ,  5, and 6 were used t o  calculate parameters f o r  the carbon 
disulf ide solubles of eight pitches and f o r  the  carbon disulfide-soluble, n-hexane- 

The parameters of low- 
teqera tue-car joniza t ion  pi tch 7 were calculated by means of ecpations 1, 2, and 3 .  
Data a d  resu l t s  a re  l i s t e d  in Table 11. 

--oluble ( res in)  f ract ion of one of the coke-oven pitches. 
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Results and Discussion 

?MI Suectra of Coke-Oven Pitches 

%e carbon disulfide-soluble f ract ions of coke-web pitches, using the 
V a r i a n  A-60 Spectrmeter,  shcred hydrogen dist r ibut ions 1i.n keeping eth the reputed 
high arcmaticity o f  thess pitches. 
Kie i igner  inolecular seight  rosin f ract ion si' ?i tch 2 had an evmen a ! e r  (955) -tic 
i;ydroge-n cmtent .  
l c - K - t ~ ? e r a t . J r e - c ~ o o ~ z ~ t i o n  Pi tch carbon disulfide-soluble fraction. 

Frcn 80 t o  90% o f  t he i r  hyckagen was aromatic. 

W s  is  in sha=rp contrast  vith the 20% of amnatic hydrcgul in the 

There nere o n l y  b o  absorption mxba i n  the coke-oven p i t c h  spectra: the 
30th b d i c a t e  t)Tes closely associated with arozatic- and the alpa-hyd-0gei-i bands.  

armattic r-rs. 
hydrogen nct associated wit;? yljr aromatic r i q  (beta  hydrogen). 
carcmizat ion pitch 7 dlso f e l l  in the l a t s e r  category (see rimgre 3 ) ,  e w o i t i n g  tvro 
naxiza in the beta h'jdrogen reglcn. The t o t a l  alpha and alpha2 'hydrogen in coke-oven 
pitches sas ce-rer l e s s  than 795 OS' the ncn-armatic Qidrogen, Thus, 3niy 2I.s of the 
non-amiratic and XI&- &.2$ cf The t o t a l  'hydmgen ta i led  t o  s b o ~  a close proximity t o  
an m m a t i c  ~ i n g .  

Zeports m o-her pifches2,s~8 'nave & o m  an additional band due t o  
Lm-tenper%tme- 

In adt i t ion t o  tke  above c -a ide ra t iom,  which are based on tau values, there 
nas the s a s i o i l i t y  s f  -&e ncn-aroroatic pmtcrs  of the  coke-oven pitches t o  the 
anomalous aroaatic rcedLum shifts. 
held close t o  aroxmtic r-s, s k c e  p rz f f in s  71-0 insansi t ive to '&ese effects.  

This is  a fur ther  indication tha t  these protans are 

Individual Components 

7iit!!mt f r a c t i o n a t i q  +&e pitches, it vas Fssible in  four cases t o  identifjj 
acenaghthene, and in ?wo, iluorene, as components .-f +he pitch. mere is a p s s i b i l i t y  
t ha t  yet other  of i i e  =ore aoudant  coqonents c a d  +&us be identified,  since a 
nlm'cer o? shar, -hdiv5dual geaks appeued in each spect-run. 
cord im the c=nclusicns 2s ts ident i ty .  
?e&s in question dth those of the added authP,?tic csxrpouod a t  one concentratim. 
The second tactor  ::as repet i t ior ,  of the same resu l t s  a t  anothar coocentration or' the 
pitch ~h the  solvent. 'Thus, t-?e aromatic aedium effect 'mas Shonn t o  be TL-E same for 
the axben t i c  cs~~ound ma Lhs pitcl? ccnponent. 

'm0 factors combined to 
Ibe r"irst factor  vas the ident i ty  of the 

Structural  Parmeters 

A 3mm-Ladner t m e  of analss is  of &&e and elenentam andLrtical data. 
tcgetker with aoleculax weight data,  bemi t ted  zhe follomkg ccnc~s iors - regard ing  ' \ t _-. molecular s t x c t u r e  (see Table II): I 

Carbon Arzmaticitp ( f a )  

Tne coke-oven-pitch carbcn disulfide-soluble fractions bere estimated t o  \ 

zontain snly 2.5 t o  5.7$ mn-aromatic carbon atoms ( f a  = 0.975 t o  0.943). 
cetveen coke-oven pitch 2 and I c m - t u l 3 e r a t u r e - c ~ j o ~ ~ z a t l o n  -,itch 7 is available --ugh 
t he i r  r e s in  fractians,  xhich js: calculation contahed 1 and 33% non-arcnatic carSon 
( f a  = 0.987, 0.67) , respectively.  

A contrast 

\ 

Only from 6 t o  12 of e v e n  LOO available s i t e s  for  subst i tut ion murid the \ 

\ 
averzge nucleus i e r e  occupied by subst i tuents  in these coke-oven-pit& fraCtiOXX3 
(u = 0.063 t o  0.U6). 
molecular seight f ract ion of pitci.1 2. 

The v a h e  was 2 per 100 lover (u = O.@@) in the larger  
Such trends t o  less subst i tut ian in larger 
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molecules of pitch have been reported by other workers using other r n e t h o d ~ , ~ ~ r ~ ~  
Again, comparison with pitch 7 serves t o  emphasize the high arcmaticity of the coke- 
oven pitches. 
banded t o  substi tuents in pitch 7 resin fraction. 

S i x t y  f ive per cent (u = 0.65) of the edge aramatic carbons were 

. 
I 

,' 

f 

i 
I 

C h  o f  the Ammatic Nucleus (Car/Raru) 

The atomic C/b r a t io s  of the average hypothetical unsubstituted aromatic 
nucleus ( C a r / H a r u  values) of the coke-oven pitches were, f o r  carbon disulfide-soluble 
fractions,  1.5 to  1.7, and for  the res in  f ract ion of pi tch 2,  1.83 (Table 11). The 
interpretat ion of these numbers depends upon the molecular weight of the materials. 
With the molecular weights, the degree of condensation of the average aromatic 
nucleus was shown t o  be nearly l inear  (of the benzene-naphthalene-phenanthrene series:  
each ring fusion involves only tm carbon atoms). 

The average mlecular  weight of the carbon disulfide-soluble f ract ion was 
about 403. As a resul t ,  an average aromatic nucleus of 7 to  8 rings w i t h  one sub- 
s t i tuent  w a s  indicated. The res in  f ract ion of pitch 2 with molecular weight 660 would 
indicate an average aromatic nucleus with near 13 rings and about 1.3 substituents. 

To i l l u s t r a t e  this, fo r  the fractions of pitch 2, a type molecule was chosen 
a s  a possible structure fo r  +>*e average molecule, as shown in  Table III. 
tha t  the higher molecular weight fractions of coke-oven pitch, such as the C - 1  sooty 
material, do not approach graphite i n  s t ructure  but may b e  mostly L inea r4  condensed 
aromt ic  ring systems. 

This suggests 

PLR Solvent 

Carbon disulf ide proved t o  be a good solvent f o r  PMR examinatian of coke-ovea 
The soluble f ract ion represented a large proportion--60 t o  8@-of the t o t a l  
Solutions of concentrations up t o  60% were readi ly  available in this ncn- 

pitches. 
material. 
protonic solvent, permitting accurate quantitative work, and the in f in i t e  di lut ion 
values were very nearly t rue  tau values. 

summary 
Proton magnetic resonaoce spectrometry proved a useful method for  t he  charac- 

m e  estimation of aromatic and three t -pes  of a l iphat ic  te r iza t ion  of coke-oven pitch. 
hydrogen by this means made possible t i e  formulation of a s t ructure  fo r  the typical  
molecuie in the carbon disulfide-soluble fraction. This w a s  a linearl~ condosed 
arccat ic  nucleus w i t h  2 t o  65 of the carbon atoms occurriOg as  substi tuents which 
were predominantly methyl groups. 
was equivalent t o  7 or 8 fused aromatic rings. 
identified h several  of the pitches. 
be Gf value i n ' a  search f o r  correlations between the  Chemical and physical properties 
of a coke-oven pitch and its efficacy in a par t icular  industrial. end-use. 

The zverage molecular weight was near 400, which 

It is hoped tha t  these methods w i l l  prove t o  
Fluorene and acenaphthene were 
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Table I 

,‘ 

Pitch 
Des ianat iona) 

1 
2 
3 
4 
5 
6 
A 
C 
7 

A n a l y t i c a l  Data, Sources, and Methods of Preparing 
ibqerimentd Pitches 

Benzene Quinoline 
Softening Insoluble, Lnsoluble, 

Point, O C ,  c.I.A.~) ,I%. ap W t .  fa 

89.0 
90.2 
93.5 
94. 9 
90.6 
88.2 

102.3 
95.0 
59.5 

33.2 1.3.1 
32.6 12.8 
29.7 10.58 , 
28.0 9.13 
17.5 6.87 
13.0 2.44 
25.5 12.4 
25.0 4.2 
e -- 

A t o m i c  
C h i  Ratio 

1.80. 
1.93 
1.87 
1.76 
1.78 
1.61 
1.84 
1.73 
0.95 

a) 
1. 
9.1% of s ta r t iq  pitch. 
tar. 3. Laboratory d i s t i l l a t i o n  of 36.2 rd. $ from a production tzr. 4. Xend 
of 88.55 wt.  $ l O 5 O  C p i tch (produced by d i s t i l l a t i o n  of l i g h t  tar a t  50 m. t o  
3COo C )  with Ll.45$ of coal-tar d i s t i l l a t e  o i l  (boil ing 230° t o  270° C ) .  5. A 
production pitch a f t e r  removal of n-heptane solubles. 6. Laboratory d i s t i l l a t i o n  
of a 69O C pitch from l i g h t  tar. Produced by p l a n t  d i s t i l l a t i o n  of production 
tar .  Produced by adding quinoline t o  &&e parent t a r  of A, centrifuging +his 
mixture to  remove insolubles, and then d i s t i l l i n g .  
blowing a t  120° C a tar from low-temperature ca.r’conization of a sub-bituminous B 
coal. 

Tcermal treatment of a 74O C pitch at 380° C for 24 houzs and back-blending Kit;? 
Laboratory d i s t i l l a t i o n  of sof t  pitch fro3 a production 2. 

A .  
C. 

7. A 60° C pitch produced by 

b, C u b e - i n - a i r  method. 
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I Table I11 

I 

i 

Correlation of Structural  Parameters i n  Pitch Fractions 
wiLi Possible Type hblecules 

PITCH #2 FRACTION 
or 

m KxmJT.z 

CS2Soluble Fraction 1.66 386 0.975 0.066 1.71 

1.61 364 0.965 0.062 1.75 
r .  

(C2d154CH3) 

Resin Fraction 1.80 660 0.987 O.O@ 1.83 

J 

} - C &  1.77 666 0.981 . 0.036 1.86 
/ 

1 
( C 5 2 3 2 d b )  

1 
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I I 
Frequency, cps from TMS 315 I ao I IO 

I 

Figure 1. PKi Spectrum a d  Integrals: ? i tch 6, Carbon Disu l f ide  Solubles 

Figure 2. Z x t r a p o l a t i a  of 3.F. F r e q u w i s  to 'Lnfinite Dilution 
Wit;? IntsrnaL Stmdrd: ?itti; 1 - C&. Zxtract 
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PITCH *7. CSz-SOLU8LES 

i 

, -. r i g w e  3. Congarism c:' ?!.E Spectra: Coie-Oven Pitch (No. I) and 
5 3 V - - ; ~ ~ P r a ~ ~ e - C ~ . j o n i z a t i o n  ? i tch  (No. 7) ; 
cs2 Sdub les ,  6% ;Y/V in CS2 
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THE USE OF TBE BRAHEIJUER PLASTCGRAPEi IN STUDY IN^ 
TEE RHEOLOGY OF ELEECROIIE MIXES 

T. F. Eckle, A. T. Elenice, and F. A. Smith 

U. S. S t e e l  Corporation 
Applied Research Laboratory 
Momoeville , Pennsylvania 

Introduction 

The performance of the continuous, self-baking Soderberg electrode, 
which i s  Kidely used in the production of primary aluminum, is closely related 
t o  the rheology of the  carbon mix t h a t  is added t o  the top of the electrode. 
The f l u i d i t y  must be suf f ic ien t  t o  ensure an even distribution of the mix over 
t h e  top of the electrode and t o  permit t h e  mix t o  iill voids t h a t  are  created 
when contact studs a r e  removed. However, separation of the binder f romthe 
aggregate or di f f icu l ty  in containing the  mix i n  the sheet metal casing m y  
resu l t  if the mix is  excessively f lu id .  

Some investigators have attempted t o  obtain mixes Kith proper f lu id i ty  
t ion  t h a t  the rheology of by studyin@; the rheology of t h e  binders Kith t h e  ass 

t h e  rheology of  the mix i t s e l f .  2). "he l a t t e r  approach appears t o  be t h e  more 
desirable because interact ions between the  binder and aggregate influence the  
rheological behavior of the mix. 

the  m i x  i s  a function of t h e  rheology of the  binder.1 T * Others have Investigated 

A method in  which a Srabender Plastograph :is used for  measwin@; the 
of the Soderberg mix was described a t  a previous meeting of t h i s  consistenc 

division.3y In the development of the  method a t  the Applied Research Laboratory 
o f  the U. S. Steel  Corporation, a petroleum-coke aggregate WBS used t h a t  had a 
smaller size-consist than is comonljj used in plant  practice.  The method has been 
extended t o  include the  neasurement of the consistencies (rheological measurements) 
of Soderberg mixes containing plant-scale aggregates. 

The present paper presents typical  resu l t s  tha t  were obtained in an 
investigation t o  (1) use the  consistencies of mixes prepared with plant-scale 
aggregates t o  predict the optimum binder content for  optimum electrode properties 
and (2) determine the influence o f  temperature and time in  the Soderberg electrode 
on the consistency of the m i x .  

Experinental 

The two electrode binders and the plant-scale petroleum-coke aggregate 

Some of the more common properties of the  two binders a r e  shown in 
used in  t h i s  investigation a r e  representative of the materials in use a t  a carbon- 
paste plant.  

* See References. 
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Table I. 
ta ins  s l ight ly  more benzene- and quinoline-insoluble matter than Pi tch A. 
p lant  experience has shown that subtle but significant differences exis t  in the 
performance of the  two binders: 
use Of more binder f o r  optimum electrode performaace than Pitch.A, and the elec- 
trodes produced with Pitch B performed bz t te r  than the  electrodes from Pitch A .  

The properties of the  two binders are  similar; however, Pitch B con- 
Paste- 

pastes prepared with Pi tch B required the 

The plant-scale petroleum-coke aggregate was graded into the seven 
fractions shown in Table 11. 
ponding t o  the percentage-shown, was used in each binder-aggregate mix. 

The appropriate weight of each fraction, corres- 

The major phases of the present investigation a re  a s  

1. Determination of the maximum mix consistency f o r  
concentration and optimum electrode properties. 

'were used b the  preparation of mixes containing 
percent binder); 

follows : 

optimum binder 
(The two binders 
from 28 t o  35 

2. Investigation of the effect  of mixing temperature and holding 
time on the  mix consistency and electrode properties. 

The Brabender Plastograph, shown in Figure 1, was used t o  prepare 
Soderberg mixes and measure t h e i r  consistencies. 
operation of the instrument i s  given below. 
are  driven by a dyramcmeter, which i s  suspended between f loat ing bearings. 
torque produced as  the blades rstate i n  the  mix a t  a constant ra te  of shear i s  
transmitted t o  the dynamsmeter. The dynamometer t rans la tes  t h e  torque through 
a series of balance levers t o  a direct-reading balance, which i s  calibrated t o  
indicate the torque in meter-gram units.  
record'bf the consistency in terms of meter-gram uni t s .  Excessive movement of 
the lever system i s  dampened by an oil dash pot. 

A br ief  description of the 
The signa blades in  t h e  mixing head 

The 

A s t r i p  chart  provides a continuous 

The m i x i n g  head has a working capacity of 650 m i l l i l i t e r s .  It is  
heated by recirculating hot o i l  from a constant-temperature bath through a jacket 
t h a t  surrounds the  mixing head. 
instrument manufacturer, minimizes t h e  loss  of heat from the head and i s  an 
kdispensable a i d  in maintaining the  mix a t  a miform temperature. 
small opening in the  l i d ,  coke additions can be made without removing the l i d .  

A special  insulated l i d ,  not supplied by the 

Through a 

In the determination of maximum m i x  consistency for  optimum binder con- 
centration and o p t h m  electrode properties, mixes containing from' 28 t o  34 per- 
cent of Pitch A and mixes containing from 30 t o  35 percent of ,Pitch B were pre- 
pared a t  155 C. In a l l  t e s t s ,  the weight of the  m i x  was held constant a t  TOO grams. 

In the preparation of a typical  mix, the calculated amount of binder 
i s  added t o  the preheated mixing head and i s  allowed t o  melt f o r  eight minutes. 
The binder i s  then mixed for  seven minutes t o  permit temperature equilibration. 
The 0.525-inch t o  3-mesh fract ion (preheated t o  155 C) i s  then added through the 
opening in the insulated l i d .  The remaining fract ions are  added in the  order of  
decreasing s ize  a t  5-minute intemals. 
t o  (1) permit thorough wetting of the  large coke par t ic les  before the addition 

This sequence of coke additions i s  used 

i 
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of fine par t ic les  t o  prevent uncoated -&e par t ic les  fYom plugging the pores of 
the large par t ic les  and ( 2 )  minimize preferent ia l  absorption of binder by the 
f i n e  par t ic les .  Mixing i s  continued for 30 minutes a f t e r  the addition of the 
l a s t  coke fraction. The torque reading, in  meter-grams, a t  the end of t h i s  
mixing period i s  recorded as  t h e  consistency of the  mix. 

The temperature in t h e  Soderberg electrode ranges from about 950 C a t  
the lower working face t o  about 150 C a t  the top. 
it i s  lowered, and the unbaked mix i n  the upper end of the electrode i s  subjected 
t o  gradually increasing temperatures. To provide an indication of the  effect  
of increasing temperature on t h e  consistency of the mix and on the electrode 
properties, four mixes were prepared a t  temperatures between 155 C and 225 C .  
The optimum concentration of P i tch  A - a s  used with the mixing procedure previously 
described. 

A s  t h e  electrode is  consumed, 

In t h e  Soderberg electrode, temperature changes occur gradually, and 
a given portion of the  unbaked mix may be subjected t o  a specific temperature 
f o r  a re la t ive ly  long period of time. 
consistency of the mix was determined by repeating consistency measurements on 
the  two mixes with the  optimum concentration of Pitch A a t  155 C and 225 C'. 
t h e  conclusion of t h e  normal mixing time, the mixer was stopped, and the mix was 
mintained a t  the mix temperature u n t i l  the  consistency approached the limit-of- 
scale value of 1000 meter-grams or  24 hours, whichever was shorter. Consistency 
measurements were recorded hourly. 

The effect  of time without mixing on the  

A t  

All mixes were packed in to  perforated graphite molds and baked t o  1000 C 
a t  a controlled ra te  of temperature r i s e  i n  24 hours. 
then t e s t e d  f o r  crushing strength and e l e c t r i c a l  r e s i s t i v i t y .  
bak? and tes t ing specimen electrodes has been described by Jones, Simon, and 

Results and Discussion 

The baked electrodes were 
The procedure for  

w i l t .  ) 

The relationship 'oetween the mix consistency and electrode crushing 
strength a t  various binder concentrations i s  shown in Figure 2. 
t h i s  relationship, the  experimental data are  plot ted in bar-chart form. 
l ined bars represent t h e  c o n s i s t e x y  of the  mix a t  various levels of binder con- 
centration, and the dotted bars show the crushing strength of specimen electro6es 
from those mixes. The number a t  the  bottom of each bar represents t h e  percentage 
of binder in the  m i x .  

To i l l u s t r a t e  
The 

This chart indicates  t h a t  the Plastograph is  suff ic ient ly  sensit ive t o  
detect changes i n  binder concentration as  small as  1 percent and tha t  a good cor- 
re la t ion ex is t s  between the mix consistency and the electrode crush- strength. 
A s  the percentage of binder increases '  within the limits shown, the consistency 
and cmshing strength values pass through a maximum simultaneously. 
tionship indicates t h a t  the mix-consistency measurement can be used t o  predict 
the  optimum binder content f o r  optimum electrode crushing strength. 
t h e  optimum binder content f o r  optimum electrode crushing s t r e w h  i s  32 percent 
and for  Pitch B, the  optimum binder content i s  34 percent. 
re la te  w e l l  with carbon-paste-plant data on these two 'oinders. 

This re la-  

For Pitch A, 

These resu l t s  cor- 
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The relationship between the mix consistency and the  e l e c t r i c a l  res is-  
t i v i t y  of specimen electrodes i s  shown in Figure 3. 
between these parameters. 
a maximum, the r e s i s t i v i t y  values pass through a minimuin. 
-her substantiates the  premise tha t  the mix-consistency measurement can be 
used t o  determine the  optimuin binder content f o r  optimum electrode properties. 

A good correlation a l so  e x i s t s  

This relationship 
For each binder, as  the consistency values pass through 

The ef fec t  of temperature on the  mix consistency and electrode crushing 
strength i s  i l lus t ra ted  in Figure 4. 
A, show successive decreases in consistency as  the temperature of the m i x  increases. 
"he decreasing consistency results from increased f l u i d i t y  of the binder a t  the 
higher temperatures. Simultaneously, the electrode crushing strength increases 
with-hlgher m i x  temperatures and lower consistencies. The increase in strength 
i s  par t icular ly  pronounced between 200 C and 225 C .  The higher crushing strengths 
apparently resu l t  from the increased f l u i d i t y  of the mix. The method described 
here would provide a suitable means of determining the temperature suscept ibi l i ty  
of mixes prepared with various binders. 

The mixes, prepared with 32 percent of pi tch 

A suscept ibi l i ty  index (SI)  could be calculated with t h e  f o l l o w  
equation: 

(Consistency a t  155 C) - (Consistency a t  225 C) 
Consistency a t  175 C SI = 

A low value for  the  suscept ibi l i ty  index (approaching zero) i s  indicative of a 
mix tha t  i s  not sensit ive t o  temperature change, whereas a high suscept ibi l i ty  
index would be obtained with a temperature-sensitive mix. 

The e f fec t  of hold time without mixing a t  two temperatures on the mix 
consistency and electrode properties i s  shown in Table 111. When the m i x  i s  main- 
tained a t  155 C f o r  7.5 hours, the m i x  consistency increases from 600 meter-grams 
t o  1000 meter-grams. Substantial  improvelnents in the electrode crushing strength 
and e lec t r ica l  r e s i s t i v i t y  are  noted. Similarly, a t  225 C, the  m i x  consistency 
increases from 190 meter-grams t o  600 meter-grams i n  24 hours, with significant 
improvements in  electrode properties.  The increased consistency and improved 
electrode properties result ing from extended time a t  high temperatures may be due 
t o  an aging or curing of the binder tha t  i s  i n i t i a t e d  or  accelerated by the presence 
of the carbon aggregate. 
as  the unbaked mix i s  subjected t o  elevated temperatures f o r  extended periods of 
time. 

Similar effects  probably occur in the Soderberg electrode 

The rheology of the  mix i n  the  upper portion of the  Soderberg electrode 
is  strongly influenced by temperature and by the length of time the mix i s  exposed 
t o  elevated temperatures. 
sistency, wbereas an extended holding time without mixing a t  elevated temperatures 
tends t o  increase the  consistency. 
improve the electrode crushing strength and e l e c t r i c a l  r e s i s t i v i t y .  

Increased t e q e r a t u r e  tends t o  decrease the mix con- 

The over-all  effect  of both factors  i s  t o  

Sumnary 

Consistency measurercents on Soderberg mixes containing a plant-scale 
The consistencies were aggregate have been made'with a Brabender Plastograph. 

t 
I 



used t o  predict  the optimum binder concentration f o r  each of two binders. 
different  amount of each binder was required for  optimum binder content and 
optimum electrode properties.  
plant  data on the two binders. 
consistency and electrode properties were a lso  studied. 
tends t o  decrease the mix consistency, whereas consistency incEeases with an 
increase in holding time without mixing a t  elevated temperatures: 
e f fec t  of the t w o  factors  is  t o  improve the electrode crushing strength and 
e l e c t r i c a l  res i s t iv i ty .  

A 

This difference was ver i f ied by carbon-paste- 
The effects  of temperature and time on t h e  m i x  

Increased temperature 

The over-all 
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The Brabender Plastograph 

Figure 1 

MIX CONSISTENCY AT 155 C, CRUSHING STRENGTH, 
".lW-g,&7l. a xg,cm2 
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MIX CONSISTCNCY AT 155 C, ELECTRODE RESISTIVITY. 
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Figure 3 
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PROPERTIES OF PITCHES 
PITCH A PITCH 8 

SOFTENING P O l M  (CIA1.C 

BENZENE INSOLUBLE. ut Y- 

PUlNOLlNE INSOWBLE,w? .I. 

5.0 

5.0 

IS .0  

10.0 

15.0 

20.0 

33.0 

COKE VALUE IWNRAOSONI. ut X 5 8 . 5  I 58.3  

SPECIFIC GRAVITY 60 F I S O F  1 . 3 2  1.29 

I 
Table I 

PARTICLE-SIZE DISTRIBUTION 
OF PETROLEUM-COKE 

EFFECT OF TIME ON MIX CONSISTENCY 
AND ELECTRODE PROPERTIES 

/' 

,' 

TEMPERATURE, C 

n o L o  TIME, noum 

MIX CONSISTENCY. meter-prom6 

ELECTRODE STRENGTH. kg/crnz 

ELECTRODE RESISTIVITY. 
ahm-crn I IO-' 

Table 111 

155 

74.5 63.2 

225 



.WID TEST METHOD FOR T E  IIETE~IINATIO~N CF THE BESZENE- 
-AID QmoLInE-IIusoL-mLE comm GF TITCEES 

R. W. Domitrovic, 3. M. Stickel,  F. A. Smith 

Applied Research Laboratory 
U. S. S t ee l  Corporation 

Naroevi l le ,  Pemsylvania 

Iritroduction 

Tests t o  deternine t h e  amoullt cf benzeze- and quinoli3e-insolubie matter 
in pitch a r e  -,ridely xsed 57 producers aEL consumers of pitch.  For example,. sevsrsi  
thcusmd scl;v-ect-irrsol.kles tests are p?rfo,med atmdauy a t  u. 3. S t e e l ' s  pitch- 
prodticing f a c i l i t i s s .  
content of p i t ch  is Sased upon 8 t e s t  that vas &vslcped 5y the Earret t  Company 
(presentbj a division o f  Allied Chemical Corporaticn) . 

The presect t e s t  nethod for  ~ A e t e r m b i ~  '&e benzene-bsoiuble 

Briefly, t h e  Earret t  procedure involves digestion of t he  pi tch sample 
i n  toluene, f i l t r a t i o n ,  an& then extraction of the residue in reflux- benzene. 
Because of the'  tine-consuming extraction phase, the Barrett  t e s t  requires in excess 
3f 24 b o a s  t o  c o q i e t e .  
especially io plant control work, prompted t h e  Applied Research Laboratory of U. S. 
S t ee l  t o  develop a rapid benzene-insolzbles t e s t  t ha t  could be completed in about 
6 hours. 

The undesirabil i ty of lengthy a a l y t i c a l  procedures, 

This paper describes the sal ient  f e a e a s s  of +A= rapid aenefnoci fo r  derer- 
mining the benzene-insoluble content sf pitch.  
quinoline in sohb les  i s  a l s o  &esc?ikeci azd d ismssed  brlsS.J-. 

A r%! id  nethod far A e t e ~ A h g  

Expsr imes ta l  Wcrk 

me % r e t <  method f o r  i i s t e w  b e u e r a  ksokik les  i s  an O p i r i c a l  

T 3  &if,?, 23 ST4 ( h r i c a n  
rcethcd -;La* bas be52  sed tk-au$Oilf; t he  industry ,Tier a mabe? 02 yzars and has 
Seen sccepted as  a mr~ c r  l e s s  stasdard pmced'ae. 
Society for Test ing Materials) test cethcd for beueni hsolu3les has been 6evissd. 
Ia devzioping a rapid =tho&, t ' l a  fouow-icg ckjectives bier2 f b d :  (1) The tw 
required t o  c o 4 l z t e  %e test sho1;18 1- 8 hocrs or l e s s .  
by the  new method shcu3 .3e eqxi-r%leri; t c  those o-atainitd by the Bz;Tett rrethod. 
( 3 )  E e  general F r b c i p i e i  of l i qes t i an  azd e-cract ion should be r e ~ i n e d .  

(2) The values obtained 

The ragi& 'cs?ners-iassl&it t e s t  cioselg 6uplicstes t he  Eiarrett rethod 
in a l l  phases except that the s izz-ccns is t  Gf the p - r t i c k s  in t h e  sample i s  
controlled arid t h z  r e f lux  e-utrsctior a>paratus asd t e c k i q u e  are  chacged. A 
number of  modifications ha-ze been m8e in the procedce  and in t he  des+@ o f :  the 
apparatus. 
method but in much l e s s  time. T& aT2arstus u s ~ 9  ia each method is shown in 
Figure 1. i n  the 3 e w  De!ethod, t h e  q e c i a i  extraction f l a sk  and t he  f i l t e r  pager 
thimble of the Earrett test a r e  replaced Kith tne more nodern and ver sa t i l e  
Soxhlet extraction apparatus and Soxhlet paper extrsction thimble. 

These c h w e s  o r w i d e  t b s  sme deqrss c f  extraction as t he  3arrett 
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L q o e a n t  added featxr-as of tk S c x U s t  e-xtraction apparatus a re  shorn 
i n  Figure 2 .  The wire spacer, wkich r e s t s  cn t h e  bottom of the  extraction cup of 
the  SOxhlet apparatas, posit ions the thimble so  t h a t  the  miedle of the  thimble is  
a t  the  top of tfie siphon tcbe. 
thimble and a t  the  same time prevents loss of sample t'mough cverflow. 
guide, bu i l t  onto the  bottom of the con&e2ser, d i r sc t s  a l l  of t he  refluxing stream 
i z to  the  thimble. 

This prcvi&es an adequate l i qu id  l e v e l  in  the 
A reflux 

Without the gdide, ccrsiderable sclverit by-passes the  thimble. 

The coal-tar pitches selected f o r  use in t h i s  study represent a wide 
r a w e  (15 t o  35 w t  $) of benzene-insolable coEtents. 
more comon properties c;f these pitches.  Three cf the  pitches were obtained from 
t a r s  recovered da-ing t h e  h i g h - t e q e r a k r e  carborizatiar cf bi tunimus coal. The 
f o u t n  p i tch  was przducsd fzom tsr' from t h e  low-tempsrat?ll-e carbonizstion of sub- 
bitiunizious coal. The t a5 le  shovs tke berzene-insol~st~le cs?tezt cf t he  pitches a s  
detzrmired Sy the 3arrz';t net>&. 

\ 

Table I shows some of t he  

13 the z w  raTid method, s t s l l a r d  s a p l i n g  pro;&i-es ( A S M  D 140-55 and 
ASM D%-35) arz followed t a  i m - z e  t h s t  tke  ps r t io2  used f o r  ans lys i s  i s  represen- 
t a t ive  c,f t ~ a  pi5ch sarpls.  IL a&ditica, whan t??? pi';ch i s  s e f i c i e z t l y  hard it is 
gromd %c pass tk-mgh a U. S. %. 6G s lese  ard the  t e s t  smple  i s  collected f r o m  
material :etsine& G X  a U. S. E.2. 100 siece.  This i s  dcze $2 cS';ain a sample with 
a pa r t i c l e  s ize  (0.0058-b. t a  9.0082-in. diame-;er) t h a t  w i l l  irsure good solvent 
contact. The pa r t i c l e s  should be sLLfficisr,tly m a l l  so  t h a t  the  s o l v a t  car: be 
rapidly absorbed, bGt not so small t ha t .  agglmerstion o r  packiw cf f ines  can 
prevzat or r e t a rd  solverk contact .  Tnhs sample size i s  aLj3j.lstz.l t o  y ie ld  apcrox- 
imately 0.25 gram of insohk19 material  ( x u a l l y  1 cr 2 @;rams). 
weighed into a 'oesker axd digested 5 60 m i u s i t e r s  (d) o f  t o h s z e  f o r  30-minutes 
on a steam bath. The crzfez ts  of the Sesker aze:tl;sn t z w s f e r r d  t o  a 30- by 77 m 
(si.n.gle ;eight) Soxhls t  e-xkacticx thimSle t h a t  has been ~ i e v i ~ d s l y  t a r ed  in a 
weighing bot t le .  
irsolx31e matter i s  5res fer r23 .  t o  %he thiuibli by the  cse o f  a brush and a small 
31~15)12?t of t o l u e x .  
the suspension has passed t h r o q h  t'e thim'cl?, ths thinhle i s  xashed with b a z e n s  
as& tbex placed bLtc 8 44-rn Soxllef  aqarat 'Js fo r  extractic?.  
graamlly to the f l a sk  ts avoid th?  p s s s i b i l i t y  of l i @ d  erqtL?g k t a  the extrac- 

close atte2:ior c,f t h e  q a r a t ~ .  Onze the desire& thro7@-p-k i s  achieved, the 
test will proceed p rac t i ca l ly  xzatton&e.d. 
of 4 i?c;.cs x i th  a sipnozing cycle of as2PrixWtely three  nin-ites. 
inatss a so l -en t  yeflux r a t e  of ab.oi;t l81X m l  per  Lo-=. 
the thimble is  zell?~~-~-~?l, air-dz-iei for  15  r i z s t e s ,  oven-h-ied fc.; 30 mirutes a t  
105 C, ccolnd i2 a d e s i c c s t x ,  ami wsighed. S i x  hsilrs a,n9 r.?qLi-ed to complete 
the di temicat ion cf LIS a r x m t  cf s a q l e  ksc l l ib ie  ia b e r z s x .  

Tf?s sample i s  

The thiTbls i s  placed i n  a crucible hcLder mer a bsaker and the  

F i g a x  5 shows t k i s  operation. tka tha  l i qu id  portion of 

Eeat i s  applied 

L .  b i o n  tu3e. The gradilal heatL7 per i s2  recpirzs aTproxizately 1s miciites snd the  

Tie sxtraztisr:  is c:r?&ict& f c r  a t o t a l  
This approx- 

A t  the  ezd of t h i s  period 
, 

Res-dts a33 Discussioz 

Seysral st?ps were 7?.rGki2z in arri-ring at, the FXPC cpirating ccndi- 
Zions fo r  the Soxhle5 e z r a c t o r .  They were (1) determination of t h s  pe-rmeability 
of ?;he ~ o x 3 l e t  thimble r e l a t ive  t 3  the f i l t e r -psper  thimSle, (2) establishment of 
the  xaxim3m tlrou&p-& capacity f o r  bzrzzne in t he  Soxhlet apparatus, and (3) 
e s t a b l i s h a n t  of ths tAhroughput of benzene in the Far re t t  apparatus when operating 
a t  the recommegded Soilup r a t z .  



That the Soxhlet thimble is no more permeable t o  the  retained insoluble 
matter than i s  the f i l t e r -paper  thirriole was established by az experimect in which 
t h e  Soxhlet thimble was used in the extractio3 apparatus of the  Barrett method. 
This experiment showed t h a t  the tlse of t he  Soxhlet thim3le gave results ident ica l  
t o  those obtained in a test  i n  vhich the  fi l ter-paper thimble was used. 

The Soxhlet thimble was fomd t o  be capable of handling a l l  the  benzene 
returned t o  the  siphon cup of the  Soxhlet extraction apparatus a t  maxirmun boilup, 
which was 1800 m l  per hour. 

The average thoughput  of benzene in  the  Barrett  tes4. (about 80 drops 
per  minute) is  about 6600 m l  in 24 hours. 
paratus required s l igh t ly  less thao 4 hours t o  reflux the same quantity of benzene. 

A t  maximum boilup, the Soxhlet ap- 

Another matter ‘that has considered concened the tenrperatures t o  which 
Sinze the  erkerior of the thimble t h e  samples e r e  su5jected i n  the  rapid t e s t .  

i n  the Soxhlet apparatlls is p a r t i a l l y  immersed in the bamene condensate during 
a portion of *the extraction cycle, it was conceivable t h a t  the  condensate could 
lower the t e a p e r a t r e  of t he  coxtexts of the  thinble.  In the  Barrett apparatus, 
t h e  thimble is constantly bathed ?y solvent vapors and refluxing s?lvent. 
ascer ta in  whether t k r e  was a temperature d i f f e r a c e ,  an experiment was performed 
i n  which thermocouples were suspended in the l iqu id  and vapor portions of the  sol- 
vent i n  an operating Soxhlet extractor.  
temperature d i f f e ren t i a l  was within one degree Ce3tigrade. A t hemcoup le  was also 
suspended i n  the  vapor p x t i c n  of the  Barrett apparatus and it was established that 
t he  vapor temperatures =-re the  same ir? both apparatus. 

To 

A f t e r  the f irst  few siphon cycles, the 

The rapid benzene-insolubles t e s t  was performed by each of three opera- 
to rs ,  who conducted three dLplicate t e s t s  on each p i tch  sample, t o  establish the 
repea tab i l i ty  of the  t e s t .  The resu l t s  of the  t e s t s  a r e  shorn i a  Table I1 and 
p lo t ted  in Figure 4.. The horizontal  l i n e  across the  center 3f t he  chart  in 
Figure 4 represents a scale f o r  benzeils-insolubles v a l i i s  as determined by the 
Barrett  t e s t  method. Tie p c h t s  02 the scale a re  the average of three dupliczte 
determinations f o r  benzem-i3soluble ccntents of th2’ fovr samples wh=n t e s t ed  ‘OJ 

the  Barrett method. 
percentage of sample, fron tke values sS$air~,d 3y the  Earrett  method ( the  horizontal 
center l i n e ) .  m e  l i nes  G g r e s s x g  frcm the  horizoztal  ceater line rzpzesent the 
limits of reproducibil i ty a s  established by the  Sa r re t t  meA%.od. 
i n  percentage of sample a s  0.1 -i C.05 x percent insclubla m t t e r  7 3  benzene. The 
points above and ‘selow t s e  c e r t e r  l b e  represent the valczs o3tsiaed 5~ the rapid 
benzene-insolu51-s methcd. 
and each point represerts a mew v a h z  as determined from 5he v a h e s  of  auplicate 
t e s t s ;  a s  s t a t ed  before, each Gqerator performed three  dqd ica t e  t e s t s  or s ix  
t e s t s  per p i t ch  sample, ZG obtain three ne= values f o r  comparison v i th  the stand- 
ard value (center l h i 3 J .  

The -rertLcal scale represects t h e  deviation, expressed i n  

This i s  expressed 

Tce Lifferezt symbols represent differen2 opzrators 

A s  may be seeE on tne grappn, most of the values o3taineL by the rapid 
procedure f a l l  within the limits of reproducibility s e t  for  the values by the 
Barrett method. 

Mean and standard deviation values fo r  each of the pitches analyzed by 
the rapid method are  shown i n  Table 111. 
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Because of the exceptionally good reproducibil i ty and the  savings in 
time, we f e e l  the rapid t e s t  method f o r  benzene insolubles is a good replacement 
for  the Barrett t e s t  method. 

Quinoline Insolubles 

The l e s s  time-consuming a quali ty control t e s t  o r  specification t e s t  is, 
the more desirable it is. 
the portion of sample insoluble in quinoline r equkes  only about 3 hours t o  
complete, the poss ib i l i t y  of shortening the time requirement was investigated. 
As i n  the investigation of the rapid benzene-insolubles t e s t ,  the objectives 
included the l imitation t h a t  the  empirical values a s  obtained by t h e  presently 
used procedure would be duplicated, and tha t  t he  general p r inc ip les  of digestion 
and extraction should be retained. 

Even though the commonly used method fo r  determining 

A t e s t  meeting these requirements was developed which could be completed 

Time requirements were decreased by changing the  techniques of 
in l e s s  than 1 hour. 
i n  principle. 
extraction and drying. 

The new rapid procedu-re d i f f e r s  l i t t l e  from the  old procedure 

ExperFmental Work 

The p i tch  samples tes ted  were the same as  those used i n  the  benzene- 
insolubles study. Also, the  same techniques of sample preparation were followed. 

s ize  t o  
fo r  two 

In the rapid quinoline-insolubles test, a weighed sample of suf f ic ien t  
yield 0.1 gran of insoluble material  i s  digested with hot (170 C )  quixoline 
minutes. The digested sample i s  then f i l t e r e d  with the  a i d  of suction, 

as shown in Figure 5, through a Selas crucible ( f ine  porosity) containing a quan- 
t i t y  of diatomaceous f i l t e r  aid. When substantially a l l  of the  material has been 
transferred from the  beaker t o  the  crucible, t he  beaker i s  rinsed Kith 20 m l  of 
hot (170 C) quinoline; t h i s  material i s  a l so  transferred t o  the  crucible. Any 
par t ic les  tha t  adhere t o  the  beaker a re  washed in to  the crucible with benzene. 
The f i l t e r  cake i n  the c,ncible i s  then washed with 80 ml. of benzene and then 
with 80 ml of acetone. After the acetone wash, the f i l t e r  cake is  dried while 
s t i l l  under suction by means of a 250-watt infrared lamp mounted about 12 inches 
above the crucible. 
t o  r e w e  the small amount of acetone vapors tha t  a r e  evolved. 
15 minutes), the crucible i s  cooled in a desiccator and weighed. 

T h i s  operation should be conducted i n  a well vent i la ted  hood, 
When dry (about 

Results and Discussion 

To develop a rapid quinoline-insolubles t e s t  msthod tha t  would re ta in  
the basic principles of t h e  old nethod, it was necessary t o  reduce the  time re- 
quirement by a l te r ing  the techniques of operation. 
t ions of digestion. 
quinoline from 80 C t o  l7O C and shortening the  time of digestion from 20 t o  2 
minutes did not a l t e r  the end result. Adding an acetone wash t o  t h e  procedure 
shortened the drying process. The acetone removes benzene, which i s  more dif-  
f i c u l t  t o  vaporize, from the  quinoline-iasoluble matter. Subsequent removal of 
the  acetone was quicfcly accomplished by the application of heat fron a heat l a m p .  
F'urther time savings were derived by using previously dried crucibles and f i l t e r -  
a id  material. 
w e d  l e s s  than 1 hour t o  complete a s  opposed t o  the  3 hours fo r  t he  old method. 

One area stadied was the condi- 
It was detexnined tha t  idcreasing the  temperature of the 

The sum of these time savers resulted i n  a rap id  method tha t  re- 

' I  

i 



Table N and Figure 6 show the  r e su l t s  of rapid quinoline-insolubles 
Tre horizontal  l i ne  across the center tests a s  determined by three  operators. 

of the chart  represents a sca le  f o r  quinoline-insolubles values a s  determined 
by the old method of t e s t .  The points on the  scale a re  the average of t k e e  
se t s  of duplicate determinations of quinoline-insoluble contents of the four 
samples t e s t ed  by the  old method. The ve r t i ca l  scale represents the  deviation, 
expressed in percentage of sample, from the  values by the old method (the 
horizontal center l i n e ) .  
the  limits of reproducibil i ty a s  established by the  old method. This i s  ex- 
pressed i n  percentage of sample a s  0.10 + 0.02 x percent insoluble na t te r  i n  
quinoline. 
obtained by the  rapid quinoline-insolubles method. The different symbols 
represent different operators and each point represents a mean value a s  deter-  
mined from the  values of duplicate t e s t s .  Each operator performed three dup- 
l i c a t e  t e s t s ,  or six t e s t s  pe r  p i tch  sample, t o  obtain three mean values fo r  
comparison with the standard value or center l i n e .  

The l i nes  digressing from t h e  center l i n e  represent 

The points above and below the  center line represent t he  values 

A s  was true with t he  benzene-insolubles values, neariy a l l  the quinoline- 
insolubles values obtained by the rapid nethod f a l l  ??i.tnin t ke  limits of repro- 
duc ib i l i ty  s e t  for  t he  values obtainable by the old method f o r  quinoline insolubles 

Mean and standard deviation v a h e s  f o r  each of the  samples analyzed by 
t h e  rapid method are  shown in Table V. 

sumaary 
Methods have been developed fo r  the  rapid determination of benzene- 

and quinoline-insolubles in pitches.  The rapid benzene-ixsolubles t e s t  requires 
6 hours t o  complete as compared t o  the 24 hours necessary fo r  the  generally used 
Barrett  method. The rapid quinoline-insolubles t e s t  requires 1 hour t o  complete 
a s  opposed t o  3 hours for  t h e  old method. 
methods cor re la te  w e l l  with those of the  standard methods. It i s  hoped t h a t  the 
time advantages gained warrant the consideration of these rapid t e s t s  as accept- 
able methods fo r  analysis of benzene- and quinoline-insoldble matter. 

Results obtained with the  rapid t e s t  

i 

i 
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Takle I 

Properties of Pitches 

P i tch  
A B C D 

Benzene Insolubles, w t  $I 14-73 22.57 33.94 35-42 
Quinoline Insolubles, wt $I 2.25 9.98 12.23 28-99 
Softening Point, C 78.3 105 * 5 u7.5 64.9 
Cpke Value, wt '$ 42.5 56.0 58.9 35.8 

Table I1 

Results of Benzene-Insolubles Determinations 

Rapid Method 

Operator Run No. 

I 1 
2 
3 
4 
5 
6 

I1 1 
2 
3 
4 
5 
6 

I11 1 
2 
3 
4 
5 
6 

Barrett  Method 

* Mean values 

- I - Pitch,  w t  '$ 

14.17 
14.26 l4 ' 22* 

13.85 14' l8 
14.50 

14.82 15.02 
15.22 

13'% 14.00 14.13 
13.63 iJ .89 

13 - 37 
l4*j2 14.50 14.69 

15.40 15.35 15.31 
15.08 
15.97 

14-73 

15-53 

21.72 32.60 J6.09 
2L.80 32.39 32.50 35.60 35*85 
21.61 3422 3.01 
22.46 22'04 34.39 36.10 _.  

33-70 33.60 34.90 34.35 
33.50 34.82 21' 'I. 21.92 22.40 

22.50 
23.44 22*97 
21*61 21.51 21.41 
22*57 22.90 23.22 

33.55 33.5'; 

33.55 33.55 
33.33 

33- 59 

33.17 32*92 33.04 

37.29 s.96 
36 -63 
36*84 36.70 36.56 
36m33 36.43 36.53 

36-36 36.64 32.20 
33. a3 36.91 22'06 22.04 22.02 

23.38 33'77 34.00 36'19 36.01 

22*56 22.20 35*05 35.00 
23.64 23*51 34.24 35.83 

35.74 35.44 35 * 14 21.85 34.94 

22 * 57 33.94 35.42 
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Table III 

S t a t i s t i c a l  Data f o r  the  Rapid Benzene-Insolubles Test 

Pithh 
A B C D 

Number of Runs 18 18 18 18 

Mean 14- 53 22.31 35.57 36.10 

Standard Deviation 0,663 0.718 0.912 0.682 

Table IV 

Xesults of a inol ine- Inso lubles  Determinations 

Rapid Method 

Operator Run No. 

r, 1 
2 
3 
4 
5 
6 

I1 1 
2 
3 
4 
5 
6 

I11 1 
2 
3 

' 4  
5 
6 

Pitch, w t  $ 
A B C D 

2.20 10.21 12.16 29.46 
2.22 2'21* 10.26 12.17 *'l7 29.98 a'22 

'-33 2.32 2.30 
2'28 2.29 2.30 

2.27 2.28 2.28 

10.26 
9.74 

10.20 
10.23 
10.24 
10.17 

2.33 9.84 
2.45 2.39 10.05 

10.13 2'22 2-29 2.35 
10.29 2*45 2.40 2.32 

10.00 

10.22 

10.20 

12.17 
12.18 
12.93 
12-79 
11-93 
12.94 

12.18 

12.96 

L2.44 

28 * 99 
28.86 
28.95 
28.90 
28.92 
28.85 

28.94 

28.93 

28.89 

12.31 28.47 9.95 13-27 12-79 28.76 28-62 
10.12 12.13 Q.41 28 28:79 64 28.72 

12.69 
10.30 12s27 12-25 12.23 28.38 28.s 

28.33 

Barre t t  Method 2.25 9.98 12.23 28 99 

* Meanvalues 
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Table V 

Statistical Data for the Rapid Qdnoline-Insolubles Test 

Pitch 
A B C D 

Number of Runs 18 18 18 18 

Mean 2.29 10.16 12.38 28.71 

Standard Deviation 0.081 0.150 0.377 0 * 325 

i 
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Extraction Apparatus for Benzene-Insolubles Tests 

Figure 1 

Modifications of Soxhlet Extractor 
for Rapid Benzene-lhsolubles Test 

Figure 2 
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Transferring Insoluble Matter to Thimbles in 
Rapid Benzene-lnsolubles Test 

Figure 3 

OEVIATIOM I N  Z OF SAMPLE 

0 - B I R R E T I  I M D  
ul o-oPERaroR I 

0 0  
+ -  , 0 

8 - -.a 

BENZENE-INSOLUBLES. W T  Z 

Statistical Data for  Benzene-lhsolubles Test 

Figure 4 
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QuinoLine-Insoluhles Filtering Apparatus 

Figure 5 

OUlnOLlME-lNSOLUB~ES. Wl .I. t l  

Statistical Data for Quinoline-Insolubles Test 

F igure  5 
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