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Table 1. Properties of CPC Producedlntroduction

Co-relations of certain physical proPerties of
calcined petroleum 6slas (cpc)¡ with temPerature
of calcination and residence t ime at maxlmum
temperature has been well  establ ished(l-4).
Changes in physical propert ies of raw Petroleum
coke (rpc) during heat treatment at dif ferent
temperature and effect of rate of heating upto
calcination temperature has already been reported
by us (5). In the present PaPer' we rePort' nature
and amount of volatile matter (v.m) present
in rpc from identical crude produced by different
refineries, and its effect on proPerties of cpc.
Possibilities of in-situ utilisation of volatile
substances during calcination' has been investigated
for the first time in a specially built vertical
reactor and results will be discussed.

Experimental

Samples of rpc produced in delayed coker of
two refineries based on identical crude with
two extreme level of volat i le Percentage were
selected. These are marked G-l and G-2 with
8.3 and 9.8% v.m. and D-l and D-2 with I  I
and 133% v.m. respectively. Quality of cpc
produced under identical conditions are given
in the table. Cravimetric heat loss curves were
obtained from 200-1000'C with I  g sample of
grain size 4.699 mm to 0.208 mm. Identical
samples were heated in s.s. reactor with tas
collection assembly and tar condenser for chromoto
graphic gas analysis. Heatin6, rate and max.
iemperature were l0"C/m and l000oC respectively.

Possibi l i t ies of in-situ ut i l isat ion of v.m during
calcination was studied in specially designed
vertical s.s. reactor consisting of three chambers
maintainable at 400, 800 and 1200"C by external
heating (Fig. l) .  A central shaft with interlockint
valves, separated the chambers and a downward
movement of the shaft, with a head pulley'
changed the materíal inside from one chamber
to another in the series. Arrangement of inter-
connecting side tubes and a pressure gradient
device allowed the v.m. to circulate in the chambers.
A continuous batch of 200 g cpc obtained after
every 1.5 hr and tested. A similar Port ion of
sample was f lash calcined as before (r) for
comParrson.

Cracking of hydrocarbons was studied in a nitrogen
pursed atmosphere, where v.m. of rpc was Passed
through a column of cpc maintained at l000oC
in s.s. reactor and continuously monitored in
gas chromatograph. Aminco Porosimeter (15000
psi) was used when required'

Flgure 1.  Reactor . for  calc lnat lon of  RPC

Results and Discussion

Results in the Table indicate that cpc produced

from rpc of  d i f ferent  volat i le  level '  s igni f icant ly
di f fer  in physical  propert ies '  chief ly  bulk densi ty
(BD) apparent density (AD) particle density
(PD) and porosi ty.  I t  can be assumed that  BD'
AD and PD, which depend on tota l  porosi ty

developed dur ing calc inat ion and the nature
and amount of  volat i le  matter  determine the
porosi ty development dur ing escaPe. This is
evident  in Fig.2,  where heat  loss curves of  a
high volat i . le  substance indicate el iminat ion
of  v.m. more v igourously and at  an ear ly temp.
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Flgure 2. Ileet loss curves of RPC

than a low volatile rPc, s¡multaneously deter-
mining pore size distribution pattern. and total
porosñy as in Fig.3. it is estimated that l%
iuncrease in v.m. increase porosity and decrease
density by approximately 296 based on mercury
intrusion.

The composit ion of v.m. in G-l and D-l sample
are as follow. The escape of v-m. during heat
treatment upto 1000"C are given in Fig.4.
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in PD, BD and AD is significant in the reactor
calcined material (RC) over the regular calcined
and f lash calcined (FC) material.  ImProvement
in yield by 5-6% over the convent¡onal calciner
is the most economic asPects of the Process.
This could be explained either due to slow calci-
nation(5) or decomposit ion of hydrocarbons,
particularly CH4 and deposition on macroPore
which would affect the densities. This hypothesis

is supported by continuous monitoring of gases
obtained after Passage throduth a column of
cpc held at 1000"C as seen in the cromatotrams
(Fig.5) where peak No.Z is of CH4.

H2
co
co2
cH4 & c2H6
Other Hydrocarbons96 21 6
Tar % 5 6 - 7
tt is seen that heat loss upto 300"C is chiefly
due to entrapped air in both the samPles, const¡-
tuting 5-6% of total volatiles. Elimination of
volatiles actually held within the micro and
mesopores of the particles, takes place from
100"C and onward. Methane, Carbon dioxide
and Hydrogen are the first Permanent tases
evolved at 300'C. Difference in nature of volat i le
in the two samples is evident from gases evolves
at 400o and above. These' are chiefly C3H8'
C4Hl0 ,  C iH l0  and C5Hl2  in  G- l  sample  and
C3HE and C4Hl0 in D-l sample grouped as
other hydrocarbons besides CH4 and C2H6.
These are also different from the Sases as reported
by others(6).

In the light of the above results it could be
explained that, the upward trend in heat loss
curve of D-l12 rpc at an early temperature
is due to high amount of lighter hydrocarbons,
chief ly, CH4 and C2H6' which could also explain
high porosity development because of bulk evolution
consti tut int 7396 of v.m., within a narrow range
of temo. from 400-700"C. In comparison G-1,
2 rpc, cbntaining low amount of CH4 ánd higher
percentage of higher hydrocarbon tnrdergoes
less drastic thermal changes indicating slope
in cruves (Fig.2 & 3). This signifies a loss of
5l% of the total v.m. at 400-700'C range while
45% escape at hither temp. The gradual loss
in v.m. give low porosity and reduction in macropore
volume to tive better said densities- It is also
seen that nature of v.m. rather than amount
is accountable for volatile release during heat
treatment of rPc. The comparatrve amount
of lower and higher hydrocarbons, determining
cpc ProPerties' may be due to interconversible
factois of coking parameter of the two refineries
using identical crude.

Results in the Table are properties of cpc produced
from C-l rpc by dif ferent methods including
the reactor designed. I t  is seen that improvement

Flgure 5. Hydrocarbon peaks of (a) RPC
(b) af ter  cracking

Conclusion
l. Amount as well as nature of volatile

determine c?c proPerties under identical calcination
parameters and they differ in different rPc

of different refineries based on identical crude.
2. Development of porosity and total Pore
volume depend on relative amount of different

v.m. constituent which affect densities of cpc.
) .  The v.m. chief  ly  CH4 could be cracked

and deposited at 1000'C on macropores of cpc
particles to reduce porosity and increase density.
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