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various origins, five of which were vacuum tower bottoms.

TABLE I
FEEDSTOCK PROPERTIES AND FEEDSTOCK PROPENSITY DATA

Feedstock CCR PITCH DENS PI Tl H/C N S ASH Tg Tge
Heavy Gas Oil 0.0 00 0992 00 0.0 1.475 0.38 3.6 0.00 480 480
Resid 1 159 900 0989 11.8 174 1558 045 133 0.034 458 456
Heavy Oil 1 133 510 1009 155 072 1452 04° 4.5 0.59 457 460
Resid 2 140 150 1064 276 006 1.074 005 02 0.00 457 456
Resid 3 10.6 545 0975 73 004 1518 046 3.01 0.02 453 453
Heavy Oil 2 158 670 1.024 191 028 1451 04 5.2 0.08 451 450
Resid 4 174 994 1009 158 0.14 1339 074 1.8 0.026 448 446
Heavy Oil 3 167 670 1.016 223 0.09 1497 0.8 5.7 0.24 447 447
Heavy Oil 4 182 73,0 1026 210 003 1479 0.6 5.2 006 447 445
Heavy Qil 5 190 820 1.023 186 026 1.434 0.5 33 0.12 445 447
Resid 5 186 951 1022 215 0.l 1.308 072 334 0.12 443 445
Resid 6 23.0 80.0 1.025 200 0.12 1386 04 0.0 0.02 443 443
Resid 7 223 983 1019 159 001 143 03 4.3 0.03 442 442
Resid 8 256 990 1.031 200 0.5 1415 04 4.5 0.05 440 440

Minimum values 0.0 00 0950 00 0. 1.000 0.0 0.0 0.0 420
Maximum values 30.0 1000 1.100 400 3.0 1.600 1.0 7.0 1.0 490

a; and A' -0.48 -006 029 -023 020 001 -001 -004 0.10 175

Data Treatment

The experimental method described earlier provides information which is used for determin~
ing temperature TF associated with a certain amount of reactor residue (coke) formed during the
run. This can be accomplished graphically as shown in Figure l. Values of selected feedstock
properties can then be correlated with the TFs of individual feedstocks. Although the correlation
can be performed by various empirical approaches, the present one evaluated the constant A and
powers aj in the empirical formula

a.
Y=A 4 X °

i=1 1)

where Xj relates to k selected feedstock properties and Y relates to T. The values in TableI
were transferred to the pertinent X; and Y by "scaling" which uses chosen minimum and maximum
quantities in the relationship

P-Pmi

X =1+ min 2)

Pmax™~ Pmin
where X is the scaled quantity and p is either property or TF values in Table I. It appears from
Equation 2 that all the scaled variables X; and Y assume values between 1 and 2 while exhibiting
comparable deviations within these limits. The limiting vaiues pp,;, and p,, ., Were chosen to suit
the expectations and are also shown in Table I. The scaling seems appropriate with respect to the
use of Equation 1 because the powers a; indicate the effect of the property on coking propensity
which is independent of the dimension and magnitude of the property measure.

The parameters aj; and A in Equation 1 were evaluated statistically by appiying multiple
least squares regression and using different combinations of feedstocks and their properties. This
procedure helped to establish the correspondence between changes of a property value and TF
rather than the best numerical fit.

RESULTS AND DISCUSSION

Values of Ty (°C), associated with the feedstock coking propensity, corresponded to the
information of 53 g of reactor residue and are inciuded in Table I. As shown in Figure 1, the
amount formed increases with increasing T, thus feedstock coking propensity must be higher for
lower values of T_.. As expected the highest T (480°C) was obtained for the heavy gas oil having
less tendency to coke. Ty values for the rest of the feedstocks varied between 440 and 458°C and
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are shown in decreasing order (increasing coking propensity) in Table I.

The results of the parameter evaluation are given at the bottom of Table I and show the a;
quantities for each feedstock property. For the set of parameters shown, a five-variable analysis
indicated a multiple correlation coefficient of 0. 988 for the 14 feedstocks. Applying the set of
parameters to Equations 1 and 2, the back-compound values T ¢ at the right-hand side of Table I
can be compared with the Ty values. The differences are within 3°C, which is considered to be
the extent of experimental error in determining TF'

The magnitudes and signs of the aj quantities can be used to assess the effects of properties
on coking propensity. Thus high values of CCR and PI indicate severe coking propensity while high
values of density, TI and ash content tend to reduce it. The comparative effects of H/C, nitrogen,
sulfur and pitch content are marginal, Unfortunately, most of the property variations cannot be
rationalized as independent; some are actually quite interdependent. Obviously, feedstocks having
higher contents of CCR and PI would likely be "heavier’ in terms of their density, and thus in the
empirical relationship the positive effect of density would somewhat offset the negative effects of
CCR and PI, However, the combined effect of the three may be interpreted in terms of general
reactivity, since among the large molecules the high density ones are probably more stable than
the less dense molecules. Further, it appears that the presence of inert solids of carbonaceous
or mineral nature, as identified by TI and ash components, would provide additional lowering of
coking propensity,

Coke formation under hydroprocessing conditions occurs as cracked intermediates are re-
constituted into large polymers. This phenomenon can be observed microscopically with the
appearance of anisotropic mesophase spheres which grow through coalescence and ultimately form
coke. Different types of coke have been found to form in the reactor depending on the feed com-
ponent(l). Obviously, a variety of molecular types can take part in coke formation although the
large molecules, which are present in heavy and residual oils but absent in gas oils, are more likely
to form mesophase.

It would be beneficial to link the coking propensity to compound-type characterizations as
this would allow evaluation of the coke formation as a competing reaction. However, this approach
is uncertain when analyzing large molecules. For example, discrepancies in determining average
molecular weight of bitumen have been explained only after a detailed examination of solvent effects
on such oils (2). -

When hydroprocessing is applied as the primary upgrading step, the key role of hydrogen is
to prevent coke formation. This requires effective hydrogen transfer to the unstable species so that
the chain of events involving molecular growth or coalescence is interrupted by saturation. Typically,
the maximum conversion of pitch depends. on the maximum operating temperature that can be applied
without causing reactor coke formation. The higher the feedstock coking propensity, the more
effective hydrogen transfer is needed to achieve comparable conversions, which can be established
by further increasing the hydrogen pressure or using hydrogenation catalysts. Another alternative
is using solid additives (3) which lower the coking propensity when slurried with the feedstock.
Actually, the main function of effective additives is to enhance the hydrogen transfer and is exhibited
in the lowering of coking propensity (4). An additional function is that of an inert solid, as shown
earlier, which possibly interferes physically with the coalescence and growth of mesophase. The
extent of the lowering of coking propensity by solid additives was found to depend on both the additive
and feedstock properties. A modified set of parameters would have to be established to assess
processability for each functional additive.

SUMMARY

-An experimental method is described whereby the feedstock coking propensity under hydro-
processing conditions is assessed.

-Temperature values associated wlth coking propensities of 14 feedstocks are shown,

-These are correlated with a selected set of feedstock properties using an empirical rela~-
tionship.

-Parameters obtained are used to indicate the impact of changes in feedstock properties on
processability,
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Fig.1: Amount of residue vs. operating temperature for two
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feedstocks. Coking propensities indicated by TF
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