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@) Partial oxidation process.

@ Synthesis gas is produced by the partial oxida-
tion of a feedstock comprising petroleum coke
and/or heavy liquid hydrocarbonaceous fuel contain-
ing sulfur and having an ash that contains nickel,
vanadium and silicon. An iron-containing additive is
introduced into the reaction zone along with the
feed. In low silicon feedstocks, the additive com-
bines with at least a portion of the nickel constituents
and sulfur found in the feedstock to produce a liquid
‘phase washing agent that collects and transports at
least a portion of the vanadium-containing oxide
laths and spinels and other ash components out of
the reaction zone. A minor amount of an additional
material selected from the group of elements con-

w=Sisting of magnesium, chromium and mixtures there~ .

of is optionally included in the iron~-containing ad-
ditive. The iron-containing additive may be uniformly
Qd dispersed in petroleum coke having a nickel and
Qvanadium-containing ash. By this method, molten
slag having a reduced viscosity and containing the
O nickel-and vanadium-containing impurities from the
feedstock are readily removed from the gas gener-
LLyator at a lower temperature. Further, the life of the
refractory lining is extended. With higher silicon
feedstocks, an iron and caicium-containing additive

is used. Separate portions of the additive (i) generate
the liquid phase washing agent and (i) combine with
a portion of the nickel, calcium and silicon to gen-
erate a liquid oxide-silicate phase that fluxes e.g.
dissolves substantially all of the remaining portion of
said vanadium-containing oxide laths and spinels
.and other ash components. :
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PARTIAL OXIDATION PROCESS

Field of the Invention

This invention relaies to the partial oxidation of
ash-containing heavy liquid hydrocarbonaceous fu-
els, ash-containing petroleum coke, or mixtures
thereof to produce gaseous mixiures comprising
H,+ CO. More particularly, it pertains to an additive
system for removing nickel and vanadium-contain-
ing contaminants along with other molten ash com-
ponents which are produced during the partial oxi-
dation of a heavy liquid hydrocarbonaceous fuel
having a nickel and vanadium-containing ash, pe-
troleum coke having a nickel and vanadium-con-
taining ash, or mixtures thereof, to produce synthe-
sis gas, reducing gas, or fuel gas.

The partial oxidation of liquid hydrocar-
bonaceous fuels such as petroleum products and
slurries of solid carbonaceous fuels such as coal
and petroleum coke are well known processes. The
foreseeable trend for petroleum reserves is that the
produced crude will be increasingly heavier and of
poorer quality. To compensate for this trend, refin-
ers must employ more "bottom of the barrel" up-
grading to provide the desired light products. The
current indusiry workhorse o provide this upgrad-
ing is some type of coking operation (either de-
layed or fluid). A good deal of current refinery
expansion includes the installation or expansion of
coker units, and thus, coking will be a process of
general use for some time to come.

A major drawback for coking is the disposal of
the product coke. With a reasonably ciean coker
feed, the product coke has been substituted for
applications requiring only relatively pure carbon,
such as electrode manufac-ture. However, with the
feed crudes becoming poorer, there are com-
pounding factors affecting coker operations. First,
since the crudes contain more contaminants, i.e.
sulfur, metals (predominately vanadium, nickel and
iron), and ash, and these contaminants are con-
centrated in the product coke, this coke is of a
much poorer quality and is excluded from its nor-
mal product applications. Second, because the
crudes are heavier, i.e., contain more coke precur-
sors, more of this poorer quality coke is produced
from each barrel of ash-containing heavy liquid
hydrocarbonaceous fuel. The manufacture of petro-
leum coke pellets by a delayed coking process is
described in U.S. Patent No. 3,673,080. A fluid
coking process is described in U.S. Patent No.
2,709,676.

The Texaco partial oxidation gasification pro-
cess offers an alternative processing route for the
coke or the ash-containing heavy liquid hydrocar-
bonaceous fuel. For example, water slurries of pe-
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troleum coke are reacted by partial oxidation in
U.S. Patent No. 3,607,157. Gasification is often
cited as a convenient means of coke disposition.
The Flexicoking Process is an integrated
coker/gasifier operation but has been criticized be-
cause of the gasifier design. Further, no molten
petroleum coke ash having a reduced ash fusion
temperature is produced. The decision to use
gasification as a coke disposal means is generally
based on economics. The expected rise in energy
costs and legislation requiring total use of feed
crude should shortly bring about a great utilization
of petroleum coke feeds to the partial oxidation gas
generator.

Previous gasification runs with delayed coke
and ash-containing heavy liquid hydrocar-
bonaceous fusl gave rise to some unexpecied op-
erating probiems. The ash, which normally melts
and is discharged from the gasifier as a slag, was
not melting completely and being discharged but
was building up on the walls of the refractory.
Vanadium and nickel constituents of the ash in said
materials collected on the gasifier walls and formed
oxides during shut-down. Upon subsequent expo-
sure of the gasifier walls to air these deposits
involving vanadium can catch fire with vanadium
converting to the lower melting V.O: or metal
vanadate states. The strong solvent action of vana-
dium oxide on the refractory lining contributed to
the clogging of the outlet in the bottom of the
gasifier. Nickel impurities may under ceriain con-
ditions form troublesome nickel carbonyl deposits
downstream in the system. Fluxing as used in coal
operations and in U.S. Patent Nos. 1,799,885 and
2,644,745 do not provide a solution to these prob-
lems with vanadium and nickel. One object of the
present invention is to make possible an extended
operation of the partial oxidation gas generator
without any shui-down caused by failure of the
refractory lining in the reaction zone that was
brought about by the presence of vanadium.

Summary of the Invention

According to a first aspect of the present in- -
vention, there is provided a process for the produc-
tion of gaseous mixtures comprising H,+ CO by the
partial oxidation of a feedstock comprising a heavy
liquid hydrocarbonaceous fuel having a nickel-and
vanadium-containing ash or petroleum coke having
a nickel-and vanadium-containing ash, or mixtures
thereof; and said feedstock includes a minimum of
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0.5 wt. % of sulfur; and said ash includes a mini-
mum of 5.0 wt. % vanadium, a minimum of 2.0 wt.
% of nickel, and silicon; said process being char-
acterized by the steps of:

{1) mixing together with said feedstock, ad-
diive A comprising an iron-containing additive
when the silicon content of said ash is less than
about 350 ppm, or additive B comprising an iron-
and calcium-containing additive when the silicon
content of said ash is about 400 ppm or more;
wherein the weight ratio of additive A or B to ash in
the reaction zone in (2) is in the range of about 1.0-
10.0 to 1.0, and for each part by weight of vana-
dium there is at least 10 parts by weight of iron
when additive A is used, or at least 10 parts by
weight of iron plus calcium when additve B is
used;

(2) reacting said mixture from (1) at a tempera-
ture in the range of 1200°C to 16850°C(2200°F to
3000°F) and a pressure in the range of about 5 to
250 atmospheres in a free-flow refractory-lined par-
tial oxidation reaction zone with a gas which con-
" tains free oxygen in the presence of a temperature
moderator and in a reducing atmosphere to pro-
duce a how raw effluent gas stream comprising
H:+CO and entrained moiten slag; and where in
said reaction zone when additive A is used said
iron-containing additive combines with at least a
portion of said nickel constituents and sulfur found
in the feedstock to produce a liquid phase washing
agent that collects and transports at least a portion

of the vanadium-containing oxide laths and spinels -

and other ash components and refractory out of the
reaction zone; and when additive B is used sepa-
rate portions of said iron-and calcium-containing
additive (I) combine with a portion of said nickel,
calcium and sulfur to generate a liquid phase wash-
ing agent that collects and transports a portion of
the vanadium-containing oxide laths and spinels
and other ash components and refractory; and (Il
combine with a portion of said nickel, calcium -and
silicon to_generate a liquid oxide-silicate phase that
fluxes substantially all of the remaining portion of
said vanadium-containing oxide laths and spinels
and other ash components;

~ (3) separating non-gaseous materials from said
hot raw effluent gas siream.

According to a second aspect of the present
invention, there is provided a process for the pro-
duction of gaseous mixtures comprising H, + CO by
the partial oxidation of a feedstock comprising a
heavy liquid hydrocarbonaceous fuel having a
nickel-and vanadium-containing ash or petroleum
coke having a nickel-and vanadium-containing ash,
or mixtures thereof; and said feedstock includes a
minimum of 5.0 wi. % vanadium, a minimum of 2.0
wt. % of nickel,and silicon; said process compris-

ing:
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(1) mixing together, with said feedstock, ad-
ditve A comprising an iron-containing additive
when the silicon content of said ash is less than
about 350 ppm, or additive B comprising an iron-
and calcium-containing additive when the silicon
content of said ash is about 400 ppm or more;
wherein the weight ratio of additive A or B to ash in
the reaction zone in (2) is in the range of about 1.0-
10.0 to 1.0, and for each part by weight of vana-
dium there is at least 10 parts by weight of iron
when additive A is used, or at least 10 parts by
weight of iron plus calcium when additive B is
used; ’

(2) coking said mixture from (1) to produce
petroleum coke Having a nickel-and vanadium-con-.
taining ash and having dispersed therein said ad-
ditive A or B;

(3) introducing the petroleum coke from (2) into
a partial oxidation reaction zone as a pumpable
slurry of petroleum coke in water, liquid hydrocar-
bonaceous fluid or mixtures thereof, or as substan-
tially dry petroleum coke entrained in a gaseous
transport medium;

(4) reacting said petroleum coke from (3) at a
temperature in the range of 1200°C to 1650°C -
(2200°F to 3000°F) and a pressure in the range of
about 5 to 250 atmospheres in said free-flow
refractory-lined partial oxidation reaction zone with
a gas containing free oxygen in the presence of a
temperature moderator and in a reducing atmo-
sphere to produce a hot raw effluent gas stream
comprising H: + CO and entrained molten slag;
and where in said reaction zone when additive A is
used said iron-containing additive combines with at
least a portion of said nickel constituents and sulfur
found in the feedstock to produce a liquid phase
washing agent that collects and transports at least
a portion of the vanadium-containing oxide laths
and spinels and other ash components and refrac-
tory out of the reaction zone; and when additive B
is used separate portions of said iron-and calcium-
containing additive (I) combine with a portion of
said nickel, calcium and sulfur to generate a liquid
phase washing agent that collects and transports a
portion of the vanadium-containing oxide laths and
spinels and other ash components and refractory;
and (ll) combine with a portion of said nickel,
calcium and silicon to generate a liquid oxide-
silicate phase that fluxes substantially all of the
remaining portion of said vanadium-containing ox-
ide laths and spinels and other ash components;
and

(5) separating non-gaseous materials from said
hot raw effluent gas stream.
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A small amount of an additional additive, se-
lected from the group of elements consisting of
magnesium, chromium, and mixtures thereof in the
form of compounds such as oxides, may be intro-
duced into the reaction zone. The magnesium and
chromium further increase the life of the refractory
lining.

Disclosure of the Invention

The partial oxidation of heavy liquid hydrocar-
bonaceous fuel and petroleum coke are described
respectively in U.S. Patent Nos. 4,411,670 and
3,607,156. Further, suitable free-flow refractory-lin-
ed gas generators and burners that may be used in
the production of synthesis gas, reducing gas, or
fuel gas from these materials are also described in
the aforesaid references. Advantageously, the sub-
ject process uses relatively inexpensive feedstocks
comprising heavy liquid hydrocarbonaceous fuel
and/or petroleum coke feedstocks having nickel-
and vanadium-containing ashes. Further, said feed-
stock includes a minimum of 0.5 wt. % of sulfur,
such as at least 2.0 wt. % sulfur; and said ash
includes a minimum of 5.0 wt. % of vanadium, a
minimum of 2.0 wt. % of nickel, such as 2.0 to 5.0
wt. %, and silicon.

By definition, the term heavy liquid hydrocar-
bonaceous material or fuel having a nickel-and
vanadium-containing ash is a petroleum or coal
derived fuel selected from the group consisting of
virgin crude, residua from petroleum distillation and
cracking, petroleum distillate, reduced crude, whole
crude, asphalt, coal tar, coal derived oil, shale oil,
tar sand oil, and mixtures thereof.

By definition, the term petroleum coke having a
nickel-and vanadium-containing ash is petroleum
coke made from ash containing heavy liquid
hydrocarbonaceous fuel by conventional coking
methods such as by the delayed or fluid coking
process, such as described in U.S. Patent No.
3.673.080.

Closer study of the ashes derived from the
partial oxidation, without an additive, of a feedstock
comprising heavy liquid hydrocarbonaceous fuels
and/or petroleum coke having nickel-and vanadium-
containing ashes shows that they are largely com-
posed of oxide and sulfide compounds of vana-
dium, nickel, iron, along with some normally occur-
ring mineral matter species. Also present are
vanadiumcontaining oxide laths selected from the
group consisting of V, V+Ca, V+Fe, V+Al, and
mixtures thereof, as well as vanadium-containing
spinels of the spinel-type aluminate phases with
any metals selected from the group consisting of
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V, Fe, Cr, Al, Mg and mixtures thereof. The pres-
ence of abundant interlocking needle to lath-like
crystals is the cause of the high viscosity of the
slag.

The metals present in the ash provide a sys-
tem that is significantly different from that occurring
in coal. A further factor is that the total ash content
of the petroleum coke or heavy liquid hydrocar-
bonaceous fuel may be only about 0.5 to 5 weight
percent (wi.%), whereas coal typically contains 10-
20 wt. % ash. The comparatively low ash con-
centration in petroleum coke and heavy liquid car-
bonaceous fuel may be the reason why the.ash
removal problem is only noticed after prolonged
gasifier runs. The opportunity for the effective ash
and additive mixing which is necessary for washing
the vanadium constituents out of the reaction zone,
and for effective fluxing, is therefore greatly re-
duced.

It is theorized that in the heavy liquid hydrocar-
bonaceous material and petroleum coke systems, a
good deal of the ash material is liberated as in-
dividual molecular species. This is because, upon
vacuum distillation or coking, the metallic species
in the crude, which are generally presented as
porphyrin type structures (metal atoms, oxides or
ions thereof confined in an organic framework), are
entrapped within the collapsed carbon matrix.

Problems arise when the heavy metal constitu-
ents build up in the system. In particular, vanadium
and nickel are known to accumulate on the walls of
the refractory-lined reaction zone of the partial oxi-
dation gas generator and not flow smoothly from
the gasifier under normal gasifier conditions. During
shut-down and subsequent exposure of the gasifier
walls to air, these deposits involving vanadium can
catch fire with the vanadium converting to the lower
melting V20s or metal vanadate states. These ma-
terials prove to be very corrosive to refractory,
thereby decreasing the life of the refractory lining
of the reaction zone. These problems and others
are minimized by the subject process in which the
amounts of vanadium constit-uents remaining in the
reaction zone are substantially reduced or .elimi-
nated.

This invention involves the use of an iron-
containing additive. More particularly, it is proposed
to employ the above-mentioned additive A when
the feedstock in use yields an ash with a silicon
content of less than about 350 ppm, and the
above-mentioned additive B when the feedstock in
use yields an ash with a silicon content of about
400 ppm or more. Further, a means of infroducing
these additives (otherwise called "addition
agents™) into the system to give maximum effec-
tiveness is provided. '
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Operation of the process on low silicon feed-
stocks using additive A will now be described in
greater detail.

The iron-containing additive A comprises an
iron compound, preferably iron oxide. In the reac-
tion zone of the partial oxidation gas generator, the
additive combines with at least a portion, such as
substantially all or a large fraction e.g. about 40 to
100 wt. %, for example about 70 to 90 wt. % of the
nickel constituents and sulfur found in the feed-
stock to produce a low viscosity liquid phase wash-
ing agent or carrier. Advantageously, the sulfur
potential in the gas and downstream gas cleaning
costs are substantially reduced or possibly elimi-
nated. This washing agent is in the liquid phase at
the temperature prevailing in the reaction zone and
substantially comprises in wt. %: iron sulfide about
75 to 95, such as about 80 to 90; nickel sulfide
about 0.5 to 3, such as about 1 to 2; and iron oxide
about 2 to 8, such as about 3 to 6. The viscosity of
this washing agent at 1093°C (2000°F) is in the
range of about 10 to 20 poises. (1 poise = 100
mNs/m?) Further, it was unexpectedly found that
this liquid phase washing agent has a strong wet-
ting capability for the high temperature non-flowing
vanadiumcontaining oxide laths and spinels. This
washing agent functions in a completely different
manner than that of a fluxing additive which may
be used for example to solubilize slag constituents
in coal. For example, this washing agent does not
solubilize the troublesome vanadium-containing ox-
ide laths and spinels. Rather, it serves as a carrier
and washes them out of the reaction zone. This
washing agent washes at least a portion, such as
from about 40 to 100 wt. %, such as about 60 to
80 wt. %, and preferably all, of the vanadium-
corttaining contaminants out of the reaction zone of
the partial oxidation gas generator. The mixture of
this liquid phase washing agent and vanadium ox-
ide is referred to herein as slag and comprises
about 1 to 10 wi. % such as about 4 to 8 wt. % of
vanadium oxide. Further, it was unexpectedly found
that high silicon e.g. greater than about 350 ppm
would interfere with the formation of the liquid
phase washing agent in the partial oxidation reac-
tion zone.

. R was unexpectedly found that other benefits
could be achieved by including, in the iron-contain-
ing additive, an additional material selected from
the group of elements consisting of magnesium,
chromium, and mixtures thereof. The elements are
provided as suitable compounds selected from the
groups consisting of oxides, hydroxides, carbon-
ates, bicarbonates, sulfates, nitrates and mixtures
thereof. The tfotal amount of the compounds of
magnesium, chromium, and mixtures thersof in the
additive may be in the range of about 1.0 to 10.0
wt. %, such as about 2.0 to 8.0 wt.% of the
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additive. The addition of the aforesaid supplemen-
tal amount of magnesium and/or chromium com-
pound saturates the slag with respect to these
constituents thereby preventing their dissolution
from the refractory. The life of the refractory lining
is thereby extended.

A suitable amount of iron-containing additive is
introduced into the reaction zone along with the
fuel feedstock in order to satisfy the following two
ratios: (i) a wt. ratio of iron-containing additive to
ash (noncombustible material) in the reaction zone
in the range of about 1.0 -10.0 to 1.0, such as at
least 2:1 weight ratio, for example about 5.0 parts
by wt. % of iron-containing additive per part by wt.
of ash in the feedstock; and (ii) at least 10 parts by
weight, such as about 10-30, for exampie 20 parts
by weight of iron for each part by weight of vana-
dium.

Advantageously by the subject process, the
molten slag which is produced in the reaction zone
has a low viscosity e.g. less than 20 poises at
1083°C (2000°F), in comparison with prior art high
viscosity slag. This facilitates slag removal. Further,
at shut-down of the gasifier, the refractory walls of
the reaction zone are provided clean with substan-
tially no net accumulation of vanadium contamin-
ants.

The partial oxidation reaction takes place in a
reducing atmosphere under the following condi-
tions:

temperature:-from 1200°C to 1650°C (from 2200°F
to 3000°F), such as about 1260°C fo 1480°C
about 2300°F to 2700°F) for example about
1500°C to 1550°C (about 2725°F to 2825°F);
pressure:-from about 5 to 250 atmospheres, such
as about 15 to 200 atmospheres. When steam or
water is used as a temperature moderator the
H.0/ffuel weight ratio should be in the range of
about 0.1 to 5.0, such as about 0.2 to 0.9; and
atomic ratio of free oxygen to carbon in the fuel -
(O/C ratio) should be in the range of about 0.6 to
1.6, such as about 0.8 t0 1.4. .

The composition of the hot, raw effluent gas
stream directly leaving the reaction zone of the
free-flow partial oxidation gas generator is about as
follows, in mole percent: H,:-10 to 70; GO:-15 to 57;
C0.:-0.1 to 25; H.0:-0.1 to 20; CH,:-nil to 60; H,S:-nil
to 2; COS:-nii to 0.1; N;:-nil to 80; and Ar:-nil to 2.0.
Particulate carbon is present in the range of about
0.2 to 20 weight % (basis carbon content in the
feed). Ash is present in the range of about 0.5 to
5.0 wt. %, such as about 1.0 to 3.0 wt. % (basis
total weight of fuel feed). Depending on the com-
position after removal of the entrained particulate
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carbon and ash by quench cooling and/or scrub-
bing with water and with or without dewatering the
gas stream may be employed as synthesis gas,
reducing gas or fuel gas.

The iron-containing additive may have fortu-
itous catalytic properties in addition to its utility in
the generation of the washing agent, as previously
described. For example, it may act to produce
more and/or a better quality of light products from
the coker operation. it may also aid in the gasifica-
tion reactions either by increasing the reaction rate
and thus the throughput capacity of the gasifier or
by increasing the conversion of the soot and thus
the overall efficiency of the process. Again, how-
ever, this invention dges not depend on the cata-
lytic properties of the iron-containing additive.

It was unexpectedly found that a preferred iron-
containing additive for mixing with the heavy liquid
hydrocarbonaceous material having a nickel-and
vanadium-containing ash or petroleum coke having
a nickel-and vanadium-containing ash includes iron
compounds selected from the group consisting of
oxides, sulfates, carbonates, cyanides, chiorides,
nitrates, and mixtures thereof. As the iron com-
pound, water soluble iron salts are useful. The iron
compound can be a ferro or ferri organic com-
pound selected from the group consisting of naph-
thenates, oxalates, acetates, citrates, benzoates,
oleates, tartrates, and mixtures thereof. The ad-
ditive A should be finely ground, that is, com-
minuted.

In one operation of the process described
herein, the aforesaid mixture of fuel feedstock com-
prising heavy liquid hydrocarbonaceous fuel having
a nickel-and vanadium-containing ash and/or petro-
leum coke having a nickel-and vanadium-containing
ash are introduced, together with the iron-contain-
ing additive into the partial oxidation gasifier. In
another operation, the iron-containing additive is
mixed with the heavy liquid hydrocarbonaceous
material having a nickel-and vanadium-containing
ash and the mixture is then fed into a conventional
coking unit to produce petroleum coke. By this
means, the finely ground iron-containing additive
may be intimately mixed throughout the petroleum
coke product. The preferable particle size of the
comminuted iron-containing additive and the com-
minuted petroleum coke is in the range of ASTM
E-11 Standard Sieve Designation about 210
microns to 37 microns, or smaller. The ingredients
of the aforesaid mixtures may be separately
ground and then mixed together. Alternatively, the
ingredients may be wet-or dry-ground together.
Intimate mixing of the solid materials is thereby
achieved, and the particle sizes of each of the solid
materials in the mixture may be substantially the
same. The dry-ground mixture may be mixed with
water or a liquid hydrocarbonaceous material or
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both to produce a pumpable slufry having a solids
content in the range of about 50-65 wi. %. Alter-
natively, the solid materials may be wet-ground
with the liquid slurry medium. Alternatively, the
mixture of particulate solids may be entrained in a
gaseous medium and then introduced into the gas
generator. The gaseous transport medium may be
selected from the group consisting of steam, CO,,
N., free-oxygen containing gas, recycle synthesis
gas, and mixiures thereof.

in the aforesaid mode of operation wherein
comminuted iron-containing additive is mixed with
the heavy liquid hydrocarbonaceous fuel having a
nickel-and vanadium-containing ash and fed into a
coker, the additive may be introduced directly into
the ash-containing petroleum liquid feed to the
vacuum distillation tower, which normally precedes
the coker unit. In either unit operation (coking or
distillation), substantially all of the iron-containing
additive should stay behind in the desired bottoms
stream. In other words, there should be little, if any,
carryover of the additive with the lighter products.
A possible advantage for mixing the additive with
the vacuum tower feedsiream in preference to the
bottoms stream (i.e. coker feed) is that the feed to
the vacuum tower is significantly less viscous than
the bottoms from the vacuum tower. A more thor-
ough mixing may be thereby effected.

For example, a mixture comprising a high-
boiling liquid petroleum i.e. heavy liquid hydrocar-
bonaceous fuel having a nickel-and vanadium-con-
taining ash and the comminuted iron-containing
additive at a temperature in the range of about
340°C to 500°C (about 650°F to 930°F) is intro-
duced into a delayed coking zone, for example by
way of line 33, such as shown and described in
U.S. Patent No. 3,673,080. At a temperature in the
range of about 430°C to 480°C (about 800°F to
895°F) and a pressure in the range of about 3.30
to 9.83 bar (about 20 to 60 psig), uncondensed
hydrocarbon effluent vapour and steam are re-
moved overhead and petroleum coke in admixture
with iron-containing additive is removed from the
bottom of said delayed coking zone.

In another mode of operation, a mixture com-
prising a high-boiling liquid petroleum having a

-nickel-and vanadium-containing ash and the com-

minuted iron-containing additive at a temperature in
the range of about 290°C to 400°C (about 550°F -
1o 750°F) is introduced into a fluidized bed coking
zone for example by way of line 31, such as shown
and described in U.S. Patent No. 2,709,676. At a
temperature in the range of about 540°C to 650°C-
(about 1000°F to 1200°F) and a pressure in the
range of about 1.65 to 3.30 bar (about 10 to 20
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psig), uncondensed hydrocarbon effluent vapour
and steam are removed overhead and said petro-
leum coke is removed from the bottom of said
coking zone.

In other modes of operation, the present inven-

-tion may be applied to other similar petroleum
processes that produce a stream suitable for
gasification. Any "bottom of the barrel” process
that does not upgrade the bottoms or residue
stream to extinction must ultimately produce such
a stream. These streams, either liquid or normally
solid but pumpable at elevated temperatures, will
produce the same gasification problems as dis-
cussed for coke. Thus, the concept of introducing
an iron-containing additive as part of the petroleum
processing prior to gasification should, depending
on the specific process, produce a feedstock that
will be free of the gasification problems mentioned
above. Most of these processes employ va@uum
distillation as pre treatment. Accordingly, as de-
scribed above, the iron-containing addition agent
may be mixed with the vacuum distiliation feed
having a nickel and vanadium-containing ash. The
additive will then emerge from the distillation col-
umn in the bottoms stream. In turn, the bottoms
stream is the feed stream for the upgrading pro-
cess. This incorporation of the iron-containing ad-
ditive shouid not adversely affect these processes,
and the iron-containing addition agent should: ulti-
mately emerge with the vanadium-rich residue
stream from each respective process. In all of
these processes, this residue stream should .be
suitable for gasification by partial oxidation.

During study of the use of additive A, it was
unexpectedly found that the softening temperature
of the additive could be reduced by about 56 -
167°C(about 100-300°F), such as about 111°C -
(about 200°F), by mixing a calcium compound with
the previously described feedstock, e.g. petroleum
coke, liquid hydrocarbonaceous fuel, or mixtures
thereof. The calcium compound may be selected
from the group consisting of calcium oxide, calcium
carbonate and calcium hydroxide. By adding cal-
cium in this manner, the partial oxidation gas gen-
erator may be started up at a lower temperature
e.g. about 111 -167°C (about 200 to 300°F) lower.
The calcium compound is temporarily introduced
into the partial oxidation reaction zone at start-up in
admixture with the feedstock and/or iron-containing
addition agent in the critical amount of about 2.0 to
8.0 wt. % or below of the weight of additive A. The
calcium compound will lower the softening tem-
perature of the additive, thus enhancing the rate of
sulfur pick-up in the slag. it was found that when
the addition of caicium compound exceeded 8.0 wt.
% of additive A then calcium sulfide and caicium
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carbonate would clog up the central passage of the
dip tube thereby blocking the discharge of the hot
effluent gas stream from the reaction zone into the
quench water.

Shortly after start-up when the sulfur begins to
transfer into the molten slag, the liquid sulfide slag
of iron and nickel will lower the softening tempera-
ture of the iron-containing agent thus eliminating
thereafter the need of introducing caicium. Excess
calcium will pick up the sulfur to form an un-
desirable viscous sulfide phase. Keeping the
amount of calcium to 8.0 wt. % and below of the
iron-containing addition agent will ensure the wash-
ing of the high-melting calcium sulfide phase with
the high-melting vanadium laths and spinels. The.
use of calcium in this manner in admixture with the
iron-containing additive is substantially different
from its use as an ash fluxant, as described in U.S.
Patent No. 4,277,365.

The following Example | is offered as a better
understanding of the present invention in relation to
low silicon feedstocks, but the ‘invention is not to
be construed as limited thereto.

EXAMPLE |

Synthesis gas substantially comprising in mole
% dry basis H, 25 to 45, CO 20 to 50, CO, 5 to 35,
CH, 0.06 to 8.0, and CO;+H,S 0.1 to 2.0 is pro-
duced in a free-flow refractory lined partial oxida-
tion reaction zone, such as that shown and de-
scribed in U.S. Patent No. 3,607,157. The feed-
stock comprises an atomized aqueous dispersion
or a dispersion of substantially dry petroleum coke
having a nickel and vanadium-containing ash and
being entrained in a gaseous transport medium
comprising of a mixture of free-oxygen containing
gas and steam. The ash in the petroleum coke
comprises about 12.0 wt. % of vanadium, about 5.0
wt. % of nickel, and contains less than about 250
ppm of silicon. About 3.2 wt. % of sulfur is present
in the petroleum coke. The petroleum coke has a
nickel and vanadiumcontaining ash and also has
uniformly dispersed therein an iron-containing ad-
ditive comprising about 100 wt. % of iron oxide..
The weight ratio of iron-containing additive to ash
is about 5 to 1. The weight ratio of iron to vana-
dium in the reaction zone is about 16 to 1. In
another run the petroleum coke having a nickel and
vanadium-containing ash and being in admixture
with the iron and calcium-containing additive is
introduced into the free-flow partial oxidation zone
as a pumpable slurry of petroleum coke in water.
The solids content of the slurry is about 60 weight
percent.
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The petroleum coke is reacted with a free-
oxygen containing gas e.g. air, oxygen-enriched
air, substantially pure oxygen, in the presence of a
temperature moderator, e.g. H.O, CO,, N, in the
refractory-lined partial oxidation reaction zone at an
autogenous temperature of about 1510°C (about
2750°F) and a pressure of about 6 atmospheres.
The molten siag droplets are readily separated
from the hot effluent gas stream leaving the reac-
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tion zone by gravity or by quenching and/or scrub-
bing the gas stream with water or other gas scrub-
bing medium. The ash fusion temperature for the
liquid washing agent and associated ash was below
1150°C (2100°F). In comparison, the ash fusion of
the coarse slag with no iron-containing additive was
greater than 1510°C (2750°F). The chemical com-
position of the slag is shown in Table | below.

Table I - Chemical Composition of Slag

Slag Type FeS NiS FeO Ca0 CaS Si0, V,0, Others ')
(produced from)
Liquid Phase  81.1 1.2 4.1 0.8 1.2 1.1 6.3 4.2

Washing Agent

(l)Minor ash components and refractory pick-up.

The accompanying Figure 1 is a photomicrog-
raph (enlarged 500*) of a cross-section typical of
the slag produced from the liquid phase washing
agent and illustrating the undissolved vanadium-
containing oxide laths L and spinels S in a matrix
of liquid phase washing agent M.

Operation of the process on feedstocks of
higher silicon content is similar, such that what has
been stated above in relation to the use of additive
A on low silicon feedstocks also applies generally
to use of additive B on higher silicon feedstocks.
Further description of the use of additive B is given
below. :

The "higher silicon” feedstocks contemplated
are those with a silicon content of more than 350
ppm, that is, about 400 ppm and above, such as
from about 400 to about 5000 ppm, for example in
a range of from 450 to 1000 ppm.

The use of additive B containing both iron and
calcium, has the unexpected effect of producing
two slag phases, namely the aforesaid washing
phase and, in addition, an oxide/silicate phase
which fluxes ash constituents of the feedstock. Ad-
ditive B thus functions in a dual manner.

It is stated above that high silicon contents
would interfere with the formation with additive A of
the liquid phase washing agent. With additive B,
however, it was found unexpectedly that this inter-
ference from the high silicon content is no longer
present.
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The iron and calcium-containing additive com-
prises about 30.0 o 90.0 wt. %, such as about 50.0
to 80.0 wt. % of an iron compound, preferably iron
oxide, and the remainder may substantially com-
prise a caicium compound, preferably calcium ox-
ide. For example, there may be about 10 to 70 wt.
%, such as about 20 to 50 wt. % of calcium oxide
in the iron and calcium-containing additive. In the
reaction zone of the partial oxidation gas generator,
a first portion of the additive e.g. about 10-90 wt.
%, such as about 25-75 wi. % of the additive
combines with a large fraction e.g. about 40 to 95
wi. %, say about 70 to 90 wt. % of the nickel
constituents and sulfur found in the feedstock to
produce a low viscosity liquid phase washing agent
or carrier. Advantageously, and as with additive A
described above, the sulfur potential in the gas and
downstream gas cleaning costs are substantially
reduced or possibly eliminated. This washing agent
is, as with additive A, in the liquid phase at the
temperature prevailing in the reaction zone and
substantially comprises in-wt. %: iron sulfide about
75 to 95, such as about 80 to 90; nickel sulfide
about .5 to 3, such as about 1 to 2; and iron oxide
about 2 to 9, such as about 3 to 6. The viscosity of
this washing agent at 1093°C (2000°F) is again in
the range of about 10 to 20 poises.

The washing agent washes from about 40 to 80
wt. %, such as about 60 to 70 wt %, of the
vanadium-containing contaminants out of the partial
oxidation gas generator. The use of the iron and
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calcium-containing additive in this manner to pro-
duce a washing agent is substantially different from
the use of a calcium carbonate fluxing agent in
coassigned U.S. Patent No. 4,277,365.

The remainder of the iron and caicium-contain-
ing additive unexpectedly combines with at least a
portion e.g. about 30 to 100 wt. %, say about 50 to
80 wit. % of the remaining nickel, calcium and
silicon .in the reaction zone to generate a liquid
oxide-silicate phase that fluxes e.g. dissolves sub-
stantially all of the remaining portions of said
vanadium-containing oxide laths and spinels and
other ash components to produce a substantially
homogeneous slag. Ordinarily, silicon impurities
are immiscible with high melting point vanadium
species and will not flux them. However, this prob-
lem has been overcome by the subject invention;
The liquid oxide-silicate phase has the following
chemical composition in wt. %: calcium oxide
about 10 to 70, such as about 20 to 50; caicium
sulfide about 0 to 1.0, such as about 0.01 to 0.50;
silicon dioxide about 5 to 25, such as about 1 to
10; nickel sulfide about 0 to .5, such as about .01
to .05; and minor ash components and refractory
pick-up about 2 to 10, such as about 3 to 6. The
slag formed with the liquid oxide-silicate comprises
about 1 to 10 wi. %, such as about 3 to 7 wt. % of
vanadium oxide.

As with additive A, benefits could be achieved
by including, in the iron and calcium-containing
additive, an additional material as described above
and selected from the group of elements consisting
of magnesium, chromium, manganese, and mix-
tures thereof. The elements are provided as suit-
able compounds selected from the groups consist-
ing of oxides, hydroxides, carbonates, bicarbon-
ates, sulfates, nitrates and mixtures thereof. The
total amount of the compounds of magnesium,
chromium, manganese and mixtures thereof in the
additive may be in the range of about 1.0 to 10.0
wt. %, such as about 2.0 to 8.0 wt. % of the
additives.

The addition of the aforesaid supplemental
amount of magnesium and/or chromium compound
saturates the slag with respect to these constitu-
ents thereby preventing their dissolution from the
refractory. The life of the refractory lining is there-
by extended. It was also unexpectedly found that
the addition of a manganese compound increased
the fluidity of the slag. Specifically, the addition of
a manganese compound, such as a manganese
oxide, resulted in lowering the ash fusion tempera-
ture and enhanced the fiuidity of the oxide-silicate
slag containing dissolved vanadium constituents.

The amounts of iron and calcium-containing
additive B introduced into the reaction zone along
with the fuel feedstock can be as described above
with reference to additive A.
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Advantageously by the subject process with
additive B, two types of molten slag are produced
in the reaction zone each having a low viscosity
e.g. less than 20 poises at 1093°C (2000°F), in
comparison with prior art high viscosity slag. This
facilitates slag removal. Further, at shut-down of
the gasifier, the refractory walls of the reaction
zone are provided clean with substantially no net

~accumulation of vanadium contaminants.

The partial oxidation reaction takes place in a
reducing atmosphere under conditions which can
be those described above with reference to ad-
ditive A, except that the temperature preferably
does not exceed 1593°C(2900°F).

For additive B, the preferred iron and calcium
compounds are those of iron described above as
preferred for additive A.

The following Example Il is offered as a better
understanding of the present invention in relation to
higher silicon feedstocks, but the invention is not to
be construed as limited thereto.

EXAMPLE Il

Synthesis gas substantially comprises in moie
% dry basis H, 25 to 45, CO 20 to 50, CO, 5 to 35,
CH. 0.06 to 8.0, and CO,+H,S 0.1 to 2.0 is pro-
duced in a free-flow refractory-lined partial oxida-
tion reaction zone, such as that shown and de-
scribed in U.S. Patent No. 3,607,157. The feed-
stock comprises an atomized aqueous dispersion
or a dispersion of substantially dry petroleum coke
having a nickel-and vanadium-containing ash and
being entrained in a gaseous transport medium
comprising a mixture of free-oxygen-containing gas
and steam. The ash in the petroleum coke com-
prises about 12.0 wt. % of vanadium, about 5.0 wt.
% of nickel and contains about 650 ppm of silicon.
About 1.8 wt. % of sulfur is present in the petro-
leum coke. The petroleum coke has a nickel-and
vanadium-containing ash and also has uniformly
dispersed thersin a mixture of iron and calcium-
containing additive comprising 75.0 wt. % of FeO
and 25.0 wt. % of Ca0. The weight ratio of iron
and calcium containing additive to ash is about 5 to
1. The weight ratio of iron plus calcium to vana-
dium in the reaction zone is about 25 to 1. In
another run the petroleum coke having a nickel-and
vanadium-containing ash and being in admixture
with the iron-and calcium-containing additive is in-
troduced into the free-flow partial oxidation zone as
a pumpable slurry of petroleumn coke in water. The
solids content of the slurry is about 60 weight
percent.

The petroleum coke is reacted with a free-
oxygen containing gas e.g. air, oxygen-enriched
air, substantially pure oxygen, in the presence of a
temperature moderator, e.g. H,0, CO,, N, in the
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refractory-lined partial oxidation reaction zone at an
autogenous temperature of about 1510°C (about
2750°F) and a pressure of about 6 atmospheres.
The molten slag droplets are readily separated
from the hot effluent gas stream leaving the reac-
tion zone by gravity or by quenching and/or scrub-
bing the gas stream with water or other gas scrub-
bing medium. The ash fusion temperature-°C(°F)
for the slag formed from the oxide-silicate fluid
phase was as follows: initial deformation tempera-

10

ture -1249 (2280), softening temperaiure 1282 -
(2340), and fluid temperature 1316 (2400). The
viscosity of this slag was 15 poises at 1357°C -
(2475°F). The fluid temperature of the liquid wash-
ing agent and associated ash was below 1149°C -
(2100°F). In comparison, the ash fusion tempera-
ture of the coarse slag with no iron and calcium-
containing additive was greater than 1510°C-
(2750°F). The chemical compositions of the two
types of slag are shown in Table Il below.

Table II - Chemical Composition of Two Slag Tvpes

Slag Types FeS NiS FeO Ca0 cCas SiO2 V203 Others(l)
(produced from)

A.Liguid Phase 81.1 1.2 4.1 0.8 1.2 1.1 6.3 4.2
Washing Agent

B.Oxide~ 9.8 0.01 34.2 31.7 0.9 13.1 5.9 5.3

Silicate Phase

(l)Minor ash components and refractory pick-up.

The photomicrograph of Figure 1 is typical of a
cross-section of the Type A slag produced from
the liquid phase washing agent which slag is simi-
lar o that generated in Example | above.

A photomicrograph (enlarged 500 *) typical of a
cross-section of the Type B slag produced from
the liquid oxide-silicate phase with dissoived vana-
dium constituents is shown in the accompanying
Figure 2.

Claims

1. A process for the production of gaseous
mixtures comprising H,+CO by the partial oxida-
tion of a feedstock comprising a heavy liquid
hydrocarbonaceous fuel having a nickel-and
vanadium-containing ash or petroleum coke having
a nickel-and vanadium-containing ash, or mixtures
thereof; and said feedstock includes a minimum of
0.5 wt. % of sulfur; and said ash includes a mini-
mum of 5.0 wt. % vanadium, a minimum of 2.0 wt.
% of nickel, and silicon; said process being char-
acterized by the steps of:

(1) mixing together with said feedstock, ad-
ditive A comprising an iron-confaining additive
when the silicon content of said ash is less than
about 350 ppm, or additive B comprising an iron-
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and calcium-containing additive when the silicon.
content of said ash is about 400 ppm or more,
wherein the weight ratio of additive A or B to ash in
the reaction zone in (2) is in the range of about 1.0-
10.0 to 1.0, and for each part by weight of vana-
dium there is at least 10 parts by weight of iron
when additive A is used, or at least 10 parts by
weight of iron plus calcium when additive B is
used;

{2) reacting said mixture from (1) at a tempera-
ture in the range of 1200°C to 1650°C (2200°F to
3000°F) and a pressure in the range of about 5 to
250 atmospheres in a free-flow refractory-lined par-
tial oxidation reaction zone with a gas which con-
tains free oxygen in the presence of a temperature
moderator and in a reducing atmosphere to pro-
duce a hot raw effluent gas stream comprising H,
+ CO and entrained molten slag; and where in
said reaction zone when additive A is used said
iron-containing additive combines with at least a
portion of said nickel constituents and sulfur found
in the feedstock to produce a liquid phase washing
agent that collects and transports at least a portion
of the vanadium-containing oxide laths and spinels
and other ash components and refractory out of the
reaction zone; and when additive B is used sepa-
rate portions of said iron-and calcium-containing
additive (I) combine with a portion of said nickel, -
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calcium and sulfur to generate a liquid phase wash-
ing agent that collects and transports a.portion of
the vanadium-containing oxide laths and spinels
and other ash components and refractory; and (ll)
combine with a portion of said nickel, calcium and
siican to generate a liquid oxide-silicate phase that
fluxes substantially all of the remaining portion of
said vanadium-containing oxide laths and spinels
and ather ash components; and

(3) separating non-gaseous materials from said
hot raw effluent gas stream.

2. A process according to Claim 1 wherein said
heavy liquid hydrocarbonaceous fuel having a
nickel-and vanadium-containing asf feedstock is
selected from the group consisting of crude resi-
due from petroleum distillation and cracking pro-
cess operations, petroleum distillate, reduced
crude, whole crude, asphalt, coal tar, coal derived
oil, shale oil, tar sand oil, and mixtures thereof.

3. A process according to claim 1 or 2 wherein
seid heavy liquid hydrocarbonaceous fuel having a
nickel-and vanadium-containing ash is a pumpable
slurry of petroleum coke in water.

4. A process for the production of gaseous
mixtures comprising H.+CO by the partial oxida-
tion of a feedstock comprising a heavy liquid
hydrocarbonaceous fuel having a nickel-and
vanadium-containing ash or petroleum coke having
a nickel-and vanadium-containing ash, or mixtures
thereof; and said feedstock includes a minimum of
0.5 wi. % of sulfur; and said ash includes a mini-
mum of 5.0 wt. % vanadium, a minimum of 2.0 wt.
% of nickelad silicon; said process comprising:

(1) mixing together with said feedstock, ad-
ditve A comprising an iron-containing ad.ditive
when the silicon content of said ash is less than
about 350 ppm, or additive comprising an iron-and
caicium-containing additive when the silicon con-
tent of said ash is about 400 ppm or more; wherein
the weight ratio of additive A or B to ash in the
reaction zone in (2) is in the range of about 1.0-
10.0 to 1.0, and for each part by weight of vana-
dium there is at least 10 parts by weight of iron
when additive A is used, or at least 10 parts by
weight of iron plus calcium when additive B is
used,;

(2) coking said mixture from (1) to produce
petroleum coke having a nickel-and vanadium-con-
taining ash and having dispersed therein said ad-
ditive A or B;

(3) introducing the petroleum coke from (2) into
a partial oxidation reaction zone as a pumpable
slurry of petroleum coke in water, liquid hydrocar-
bonaceous fluid or mixtures thereof, or as substan-
tially dry petroleum coke entrained in a gaseous
~ transport medium; :
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{4) reacting said petroleum coke from (3) at a
temperature in the range of 1200°C to 1650°C -
(2200°F to 3000°F) and a pressure in the range of
about 5 to 250 atmospheres in said free-flow
refractory-lined partial oxidation reaction zone with
a gas containing free oxygen in the presence of a
temperature moderator and in a reducing atmo-
sphere to produce a hot raw effluent gas stream
comprising H, + CO and entrained molten slag;
and where in said reaction zone when additive A is
used said iron-containing additive combines with at
least a portion of said nickel constituents and sulfur
found in the feedstock to produce a liquid phase
washing agent that collects and transports at least
a portion of the vanadium-containing oxide laths
and spinels and other ash components and refrac-
tory out of the reaction zone; and when additive B
is used separate portions of said iron-and calcium-
containing additive (I) combine with a portion of
said nickel, calcium and sulfur to generate a liquid
phase washing agent that collects and transports a
portion of the vanadium-containing oxide laths and -
spinels and other ash components and refractory;
and (I} combine with a portion of said nickel,
calcium and silicon to generate a liquid oxide-
silicate phase that fluxes substantially all of the
remaining portion of said vanadium-containing ox-
ide laths and spinels and other ash components;
and

(5) separating non-gaseous materials from said
hot raw effiuent gas stream.

5. A process according to Claim 4 whersin said
ash-containing heavy liquid hydrocarbonaceous
fuel is a high boiling liquid petroleum feed to or the
bottoms from a vacuum tower or a fractionator.

6. A process according to Claim 4 or 5, in step
(2) of which, the mixture from step (1) is introduced
at a temperature in the range of from about 340°C
to 500°C {about 650°F to 930°F) into a delayed
coking zone where at a temperature in the range of
from about 430°C to 480°C (about 800°F to
895°F) and a pressure in the range of from about
3.31 to 9.93 bar (about 20 to 60 psig), unconden-
sed hydrocarbon effluent vapour and steam are
removed overhead and said petroleum coke having
a nickel-and vanadium-containing ash and having
uniformly dispersed therein said iron containing
additive is removed from the bottom.

7. A process according to Claim 4 or 5, in step
(2) of which, the mixture from step (1) is introduced
at a temperature in the range of from about 290°C
to 400°C (about 550°F to 750°F into a fluidized
bed coking zone where at a temperature in the
range of from about 540°C to 650°C about 1000°F
to 1200°F) and a pressure in the range of from
about 1.65 to 3.31 bar (about 10 to 20 psig),
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uncondensed hydrocarbon effluent vapour and
steam are removed overhead and said petroleum
coke is removed from the bottom.

8. A process according to any one of the
preceding claims wherein said additive A or B
contains iron compounds selected from the group
consisting of oxides, sulfides, sulfates, carbonates,
cyanides, chiorides, nitrates and mixtures thereof.

9. A process according to any one of the
preceding claims wherein the additive A or B com-
prises a ferro or ferri organic compound selected
from the group consisting of naphthenates, ox-
alates, acetates, citrates, benzoates, oleates, tar-
trates, and mixtures thereof.

10. A process according to any one of the
preceding claims wherein the additive A or B is a
water-soluble iron salt.

11. A process according to any one of the
preceding claims including the step of introducing
said additive A or B into the feed to or the bottoms
from a vacuum distillation unit, in order to effect
said step of mixing.

12. A process according to any one of the
preceding claims wherein said mixiure of additive
A or B and feedstock which is the product of
mixing step (1) has a particle size not larger than
that defined by ASTM E-11 Standard Sieve Des-
ignation of 210 microns.

13. A process according to any one of the
preceding claims wherein at least 30.0 wt. % of the
additive A or B is constituted by an iron compound.

14. A process according to any one of the
preceding claims including the step of mixing in
step (1) sufficient of additive A or B to permit
conversion of substantially all of the sulfur in said
feedstock inio the sulfides of iron and nickel, so
that said sulfur may leave the reaction zone in the
slag.

15. A process according to any one of the
preceding claims in which additive A is used and
including the steps of a) introducing a calcium
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compound in the amount of from 2.0 to 8.0 wt. %
of said iron-containing addition agent A into the
reaction zone of the partial oxidation reaction zone
at start-up to reduce the softening temperature of
the iron-containing addition agent, and b) discon-
tinuing step a) after start-up.

16. A process according to claim 15 wherein
said additive A or B is iron oxide; and said iron
oxide is in admixture with calcium oxide.

17. A process according to any one of the
preceding claims including the further step of
modifying the additive A or B by the addition to it
of one or both of magnesium and chromium.

18. A process according to claim 17 wherein
said magnesium and/or chromium is provided as
compounds and in a total amount of from 1.0 to
10.0 wt. % of said additive.

19. A process according to claim 18 wherein
said magnesium and chromium compounds are
oxides.

20. A process according to any one of the
preceding claims wherein said liquid phase wash-
ing agent contains the following constituents in
substantially the following wt. % ranges: iron sul-
fide from 75 to 95, nickel suifide from 0.5 to 3.0,
and iron oxide from 2 to 9.

21. A process according to any one of the
preceding claims wherein additive B comprises
from 30.0 to 80.0 wt. 20 % of an iron compound
and the remainder substantially comprises a cal-
cium compound.

22. A process according to any one of the
preceding claims including the further step of
modifying additive B by the addition to it of at least
one of magnesium, chromium and manganese in
the total amount of about 1.0 to 10.0 wt. % of the
additive.

23. A process according to any one of the
preceding claims wherein additive B is used, and
additive B contains manganese oxide.
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