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Introduct ion

Results of mesophase formation studies
conducted on a variety of hydrocarbon
l iquids inc luding coal  tar  p i tch,  cer ta in
f ract ions of  coal  tar  p i tch and var ious
petro leum residues have been repor t ,ed.  ( f -8)
Only a few investigators have reported on
coke formation ¡rechanisms in actual delayed
coker feedstocks.  Whi te and pr ice (71
described mesophase microstructures in a
number of coker feedstocks ranging from
Gi lsoni te to a decant  o i I .  ! {h i t taker  and
Grindstaf f  (6)  compared mesophase format ions
observed in several reduced crudes which
are the usual feedstocks for the production
of  " regular"  petro leum (sponge) cókes.

One of the principal feedstocks for the
production of premium or needle sokes is
c lar i f ied s lurry  o i l  f rom f lu id cata ly t ic
cracking operat ions.  Due to an increasing
demand for premium cokes, efforts are beinc¡
made to provide additional quantit ies of
feedstocks by upgrading cer ta in s lurry  o i ls
presently unsuited for the production of
h igh qual i ty  needle cokes.  (g)  Some s lurry
oi ls  conta in smal l  amounts of  micron-s ize
cata lyst  f ines which remain in  suspension
despite conventional separation teihnigues
designed to remove them. These catalyJt
f ines,  becauge of  thei r  ext reme f inenáss,
have a.pronounced ef fect ,  on mesophase
formation and thus the result,ant needle coke
structure.  This paper descr ibes mesophase
formations and coke- structures observád in
selected s lurry  o i ls  before and af ter
removal  of  cata lyst  f ines by f i l t ra t ion
techniques.

Experinental

Ma te r i a l s .

head and thermocouple well. The materials
were heated slowly to a predetermined
setting temperature and allowed to remain at
this temperature for a time sufficient to
harden the coke.  To adjust  the volat i le
content of the raw coke to the desired
level ,  f ina l  heat ing was made aü a
relatively slow rate of temperature increase
to a maximum of  55OoC.

Smaller samples \¡rere conveniently
prepared by simulating the above coking
operation on a lest tube scale in a
fluidized sandbath. The maximum operating
temperature of  the bath was 600oC.
Appropr iate controLs for  the f lu id iz ing a i r
and temperature were employed to achieve the
desi red reproducib i l i ty  and min imize
thermal gradients (!3oc) within the bath at
the norq¡al operating temperature of
4 4 0 - 4 5 o o c .

Microscopic Studies.
ff ieatment, lhe glass

test tubes were carefully removed and the
residue recovererf intact for preparation of
polished sections by conventional tech-
n igues.  The pol ished secl ions were
microscopical ly  examined wi th ref lected
polar ized l ight .  Longi tudinal  cross-
sections of the residues were used to
observe the effect of t ime on mesophase
formation. To relate pertinent structural
characler is t ics to ash const i tuents,  var ious
polished samples h¡ere examined with an
Acton Laboratories Model MS64 electron
microprobe.

Ul t ra f i  l t ra t ion .
Fi-fñtffi-conducted unde r vacuum

at about  L20oC in a Buchner funnel  us ing
Reeve Angel  984H f i l ter  paper which is
capable of  reta in ing sol ids in  the range of
approximately  0.1 micron d iameter .  To
ensure a per fect  seal ,  a  th in layer  of  h igh
vacuum grease was applied around the edges
of  the f i l ter  paper.

Resul ts  and Discussion

A most convenient and rapid means of
assessing the potent ia l  o f  a s lurry  o i l  as a
needle coke feedstock is to observe the
mesophase during ttp early st,ages of coke
format ion.  Dur ing recent  evaluat ion
exper iments,  s lurry  o i l  "A, '  vras found to
conta in micron-s ize sol ids,  bel ieved to be
cata lyst  f ines,  which in ler fered wi th the
orderly gro$rth and coalescence of mesophase
spherul i tes.  Sol ids removed by f i l t ra t ion
and analyzed by X-ray fluorescence (XRF)
were found to be composed principally of
sil icon and aluminum which confiimed the
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F.ró'Efr¡rry oils identif ied as ,,A,, ancl
were evaluated.  Except  where indicated,
slurry oils were used as receiveá from
ref inery.  per t inent  properüies-ot  t f , "feedstocks are su¡nmar lzeá Uefow.--

A B

API @ 6OOF
V iscos i t y r  cps  @ 210o r
Conradson Carbon, I{t. t
Carbon,  Wt.  t
Hydrogen,  Wt.  t
Su l f u r ,  ! { t .  t
Aromaticiry (NMR)

-  2 . 1  4 . 6
2 7  1 5
1 0 . 9  5  . 2
9 0 . 3 0  9 0 .  o s

7  . 2 2  8  . 1 2
1 . 3 1  l . l s
0  . 6 7  0 . 6 0

Laboratory Cokinos.
@were  made  i n  a  4

l i ter  g lass f lask equipped wi th a d is t i l l ing
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i : esence  o f  ca ta l ys t  f i nes .  S i ze  ana l ys i s
: . ! '  Coul ter  Counter  ind icated the f ines üo
:e 63* less than 2 microns.

Coke for¡nat ion in  s lurry  o i l  "A"  is
: - :aracter ized by the fo l lowing st ructura l
r ¡ r i a t i ons :

l .  a  f i ne  d i so rde red  s t ruc tu re  ( i . e .  non -
coalesced nesophase) dur ing the in i t ia l
s tage .

i .  a  coarser  d isordered st ructure h¡ i th
increasing tendency for  coalescence of
the i r regular  spherul i tes.

3.  normal  spherul i te  formal ion,  growth
and coalescence.

Slurry o i l  "8" ,  a  known precursor  of
: i igh qual i ty  needle coke,  is  charact ,er ized
i'.rring the entire coke formation process
r i th  no inhib i t ion of  normal  spherul i te
lormat,ionr 9ro\¡¡th and coalescence. Removal
cf  the sol ids f rom s lurry  o i l  "A"  resul ted
in nesophase format ion which h¡as essent ia l ly
equ i va len t  t o  s l u r r y  o i l  "B " .

Certain anomalous structures observed
cy polarized l ight microscopy \¡¡ere examined
:y electron microprobe to determine the
:rature of  the in ter fer ing sol ids.  These
structures h¡ere scanned to detect the
presence of  a luminum and s i l icon.  The
Sisordered struclures which were
gredominant during the early stages of coke
formation were shown to contain concentra-
: ions of  approximately  5-109 of  a luminum
and s i l icon.  Areas of  h igh concentraLions
of catalyst f ines which were randomly
Cispersed throughout the disordered
resophase structure yielded aluminum and
si l icon contents as h igh as l5 t .

Laboratory cokes vrere prepared from
l .  s lurry  o i ls  "A"  and "8, '  as received f rom

the ref inery;
2.  s lurry  o i l  i lA"  af ter  removal  of  f ines by

f i l t ra t ion;
3.  s lurry  o i l  "8"  af ter  the addi t ion of

small amounts of micron-size alurnina.

Evaluation of the laboratory cokes
indicated that, interference of mesophase
formation by catalyst f ines or by
del iberate addi t ions of  f ine ly  d iv ided
alumina resulted ín a more isotropic
st ructure than is  desi red in  h igh qual i ty
needle cokes. Removal of the finei from
slurry o i l  "Au resul ted in  a sui table
needle coke feedstock.
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