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PRODUCTS BY THE SHELL GuSIFICATION PROCESS (*)

L.W. ter Haar,

Bataafse Internationale
Petroleunn Maatschappij N.V.,
The Hague, Holland.

The development of rocesses for the direct reduction of iwon ore
with gaseous agents has been stimulated by two mein factors, viz, the
inereasing demand for steel all over the world and the local shortage
of suitable coal for the manufacture of metallurgical coke. The economie
necessity to switch from coal to another source of carbon monoxide and
hydrogen has also been felt in other than metallurgical industries,

The rapidly increasing demand for water gas as basic material for
processes such as the orcduction of town zas, the synthesis of methanol
and armonia, the hydrogenation and hydrodesulphurization of petroleum
fractions, and the hydrogenation of vezetable oils has resulted in an
increasingly important call upon oil as 2 raw material in the production
of gas for use in industry.

The Bataafse Internati nale Petrolsum Maatschapplj, a service
company of the Royal Duteh/Shell Group, decided in 1954 to embark on the
development of an oil gasification orocess. The nroduction of water gas
-complying with specifications of the chemical industry and of the town
gas industry was the first'aim of this develonpment. &t present four
units, with oill throughputs varying from 50 to 200 tons per day, are in
operation in Europe for the produetion of synthesis gas, and four
other units, of which one for the production of & town gas component,
are under construction.

It was recognized by Shell that specifications of gases fow
reduction purposes often will differ from those of water gas for industwiel
applications mentioned above. Special versions of the Shell process
have therefore been developed for the manufacture of reducing gas ef
widely varying quality, composition and cost. Designs for pilot plang
gasification installations suited for metallurgical research and
_development are available. In any version of the Shell process any
gaseous or liquid hydrocarbon may be processed. Industrial size units
of proven desizn await their use in the metallurgical industry.

, © In this paper both the production.of high quality reducing
gas by gasification of oil with oxygen and the production of gas of
lower quality and cost by gasification of oil with air  will be dealt with,

(*) Paper for presentation at the Symoosium on Pilot Plants in

Metallurgical Research and Development - 15th to 18th February,1960,
Jamshedpur.

Not to be reproduced in any media. (C) National Metallurgical
Laboratory, Jamshedpur.
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THE SHELL GuSIFIC.TIUN PROCESS:

A, Description of the Process:

The Shell Gasificaticn Process is based on the partial
oxidation of a hydrocarbon feedstock either by oxygen, air enriched
with oxyrsen or air. The reaction is a continuous non-catalytic flame
type which takes »Dlace in a reactor specially developed for this
purpose. When using oxysen or air enriched with oxygen, the nartial
oxication has to be ecarricd out in the oresence of steam which is
acting as a moderztor. Instead of steam, carbon dioxide can be used
if a CO-rich zas mixture is wanted. In the cass of gasification with
air no addition of steam to the reactor feed is required. The reaction
conditions can be readily adadted to the feedstock selected. The process
is capable of converting any gaseous and liquid hydrocarbon feedstock,
from methane to residual oil, : g

This is significant advantage, since it permits adaptation
to the most economic foedstock, which in different areas and under
various market conditions with regard to the oil industry, does not
necessarily have to be fusl oil, but may be for instance a low octane
gasoline fraction.

_ ~ The term "partial oxidation" describes the net effect of a
number of component resctions which oceur in the flame, 4s is well
known, such flame reactions are of a complex nature and not yet
completely uncorstood, but o good idea of their owversall effect can be
obtained by recsardins them as essentially involving a two-stage
mechanism. :

as the firgt stnte, a complete oxidation reaction is assumed
in which part of the hydroearbon charped (or lighter ones derived from
these by cracking renctions) is burned. .

The oxidation renction can be expressed as:

.
CH, + (& +mn) 0y — nCOy + (3 ) HyO

These reacti mns ere hizhly exothermic and proceed rapidly to an
equilibrium in which the oxyzen is very nearly cxhausted. The heat
liberated is sufficient tu raise a mixturc containineg a large
stoichiometric gxcess of hydrocabons to the process temperature

(1200 to 1500°C) and, &t this temperature, to supply the heat requiree
ments of subsequent and parallel endothermic reactions. These secondary
reactions, which requirz the above high temperatures to attain
reasonable reaction velocities, are of the types:

Oy + WHZ0 > nC0 + (2 + n) By

CnHm + nCOs > 2nC0O + ( % ) H2
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It is thus seen that the primary combustion produets serve as oxygen
carriers, the oxygen of which is transferred to, and serves to gasify,
the carbon contained in the unburned nart of the hydrocarbons. These
hydrocarbons need not be of any virgin type but may rather originate
from thermal destructicn, which occurs wherever the original charge is
exposéed to high temperature and is not yet in contact with oxygen or
oxidizing sases. ;

although hydrocarbons thus. formed as short=-lived intermediary
_ products may facilitate the zasification recetion, they do not appear
in the ultimate gas oroduct to any appreciable extent.. Whereas methane
normally occurs in conecentrations in the final gas of s few tenths of a
volume ner cent, hydrocarbong with a greaticr number of carbon atoms,
which can be detected only in trace quantities, quickly die out as the
sizé of the molecule increases, Intimate contact between the reactants
ensures the simultaneous occurrence of the component reactions and thus
prevents excessive temperatures which would result at any points where
the primary reaction might loecally attain dominance. & burner of
special design is essential in order to obtain intensive mixing and

" fhus uniform temperature cdistribution.
i ;

The distribution »f the elements carbon, hydrogen and oxygen
among the: components of the wet gas ultimately Uroduced is determined by
the equilibrium of the CO shift reaction :

This egquilibrium is, in foct, closely approached.

Residual quantities of two of the intermediary products
formed by thermal destruction of the virgin hydrocarbon fractions, vis,
of methane and carbon, apoear in the effluent gas of the gasification
reactor. This occurs in spite of the fact that their equilibrium
concentrations under the prevailing chemical conditions are negligible

. or even zero: carbon should be consumed. completely by-edther tha
Boudouard reaction

C + COp — 2CO
or ‘ths water gas rezction
G HéO;:f CO + Hy "

while methane should be similarly exhzusted by the steam reforming
reaection

CH, + Ho0 2 CO + 3 Hy

The experimental fact that these two jroducts, although present in only
small quantities, have nct virtually disappeared is due to the relatiwvely
slow rate at which the consuming reactions proceed. It is then clear
that an inerease in process-temperature will antail a deecrease of both
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Experience both on ilet Llants and commereial installations has shown
- how commercial grade firebricks pey be used for the brickwork of the
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the relative amount of carbon found in the effluent zas and the concentration

of residual methanc in it. The latter varinble is s> ‘marked a function
of the reaction temjerature that, for a given set of conditions, it can
be used as a fairly good indication of process temoerature.

48 already mentioned, the reaction temperature may vary
between 1200 and 1500°C. The pressure in the reaction space mey range
from 3 to 40 kz/en? a2bs und even hirher, if required.

. When air is used, the economic “ressure rangé lies between
1 and 7 kg/em@ abs. .

In view of the temderature =zt which the process takes place,
the utilization of waste heat is an economic necessity whenever, the
product is required at = lower temverature. Despite the presencé of
carbon in the sas, it has buen possibla to develop a hishly efficient,
Shell-patented waste hect hoilsr which can produce steam of any

desired oressure-in continuous operation. The overall thermal efficiensy -

of the mrocess is thersby incrszased to a value of 87.5% for gasification
of -3000 seconds fuel with oxyren, for example.

The oroblems eonnected with the production, separation and
recovery of the small percentace of carbon.which is formed were
successfully sclved ns the Jrocess-was developed. The -special constwuetion
of the waste heat boiler prevents the carbon carried by the hot gases
from the combustion chanmber from being deposited on the hoat transmitiing
surface, =nd thus from acvorsely affecting heat transfer. Downstream of
the waste heat boiler the carbon is separated from the zas streams by
means of water, = soecizl orocess beins used. The gases leave the
separation stave esssntially-free from carbon. The carbon-water slurwy
is orocessed in special equi ment to remove the water and to recover the
carbon in 2 form suiteble for either further use or burning. Water
leaving the curbon recomery equi ment is essentially free-fram-carbon,

. e

B, Pilot_Plapts ant—Comercial Installati.nss

The srocess wes developed with the 2id of two pilot plante
which had oil throushputs of 2 and 10 metrie tons per day. It nroved
poseible to construct ‘ractically-the entire »lant from mild steel,

reactor.

Three Dlants of larger size have heen bullt. One is
situated at the Shell Haven flefinery, England, and processes 200 tong
of oil per day. Another, conetructed for the Union Rheinische
Braunkchlen Kraftstoffwerke, Wesseling, has an oil intake capacity
of 100 t/d, while a third “lant started operating a few months
ago. 11 plants are composed of sets of reactors with an oil input
of 80 tons per day and their asuxiliary equisment. In addition four

. Shell Gasificution Plants are under construction, including a 4~reactor

plant for the South Eastern Gas Board in Englanc.
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Standard reactors with capacities of 25, 50 ahd 100 tons
per day of hydrocarbon input are available.
C. Production of Reducing Gases by Shell Process:
1. Gagification with oxypen and steam
Manufacturg of a woter ggg: |

7 Results typical of sasification of héavy fuel oil with
_oxygen in a commercial size reactor are given below:

Input ¢ Fuel vil, 3000 sec Redwood 1 wviscositys 1 kg

Oxygern, as 100% but of 95% mrity '0.75 Nm3
Stean. to reactor s _ 0.4 kg
Outout: Water gas, dry basis : 2.95 Nm3
Sathisn 3 0.03 kg
| Steam from waste heat boiler : 2.3 kg

The dry gas has apgrbximately the following volumetric compositions

Hydrogen ' 46.1%‘
Carbon monoxide 46.9%
Carbon dioxide ‘ 4.3%
Total hydrogen suiﬁhide and carbonyl sul-hide 0.9%
Methane : : : ; 0.4% -
Total nitrogen and traces'of other gases 1.4%
Carbeon content less than 1 mgﬂﬁnS

The gas is a very suitable starting material for the synthesis
of chemicals such as ammonia and methanol, and can also be used as a
blending component for town gas manufaciure. : 4

Water gas has strong reducing properties and may be used as
such in the direct reduction of iron oxides. 4 direct rcduction process
which may‘be mentioned in this connection is, for instance, the Kellogg
(Hyl) orocess.
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anufacture of hydrosen from water zas: '

Hydrogen can be oroduced from a crude gasification product

by applying conventional catalytic earbon monoxide conversion with

stean followed by removal of the carbon dioxide formed. According to ,

the literature *) the H-ir:n irocess requirss hydrogen at elevated |

sressure (250 »siz is mentioned). Obviously a oressure gasification |
. process has a number of acdvantages for this application, the more so L

since the treating snd conversion of the gas is also oreferably carried ;

out under oressure. The Shell Gasification Process, whose ressure can

be adjusted to suit the operating conditions of the further plant, is

therefore considered an excellent tcol for this purpose.

Manufacture of = CO-rich pns: r

1 For some metallurgical sroucesses a gas rich in carbon monoxide

is required. Such 2 7as can be produced by gasification with oxygen in the }
Jresence of sufficient carbon dioxide and-stean. 4 gZas with, for instance, ¥
a carbon monoxide to hydrogon ratio of 2 can be produced under the following
conditions: '

Input Fuel o0il, 3000 sec Redwood I viscositys 1 kg

I Oxygzen, as 100% but of 95% purity : 0.80 Nm3 ;

o Cerbon dioxide to reactor ; - 0.52 kg |
Outut: Dry gas H 2.99 Nm3 :
| . Carbon H 0.03 kg
Stecm from waste heat boiler 1 2.5 kg

The dry sas has the following analyéis, in volume per genti.

L -derogen . 29.3%
y Carbon munoxide 59,2%
% Carbon dioxide 8}8% |
; Methane | ‘ 0.4%
| Total hydrogen sulphide and carbonyl sul-hide 0.8%
Nitrogen and argon 1.5% :

2. Gasification with air: b I

If', as part of a beneficiation irocess, hematitic ores have
to be partially reduced to an artificial magnetite, this is preferably
effectad with a gas hoving weak raducing oroperties. 4 direet route to

| *) .M, Squires 2nd C.:. Johnson, The H-Iron Process, Journal of Metals,
3 hpril, 1957, ». 5886,

|
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the' manufacture of such a sas is given by gasification with air rather

. than with oxygen. The ressure range in which gasification with air is
more economical than that with oxygen lies between 1 and 7_kg/cm2 abs, as

already stated. Operatinz data typical of zasification of Bunker C fuel

oil with air are given below:

Gasification sressurc, osig : o o (o)

kir preheat temperature, o€ 550 * 560
Gas compositisn at 209C, sercent volume basis
Carbon monoxide : 23.6 21.6
Hydrozen 16.5 13.3
methane 0.1 0.1
carbon dioxide 15 2.6
nitrogen SO 5 61.3
hydrogen sulphide and carbonyl sulphide 0.4 0.4
water vapour 1.5 0.7
Lower calorific value, keal/Nm3 1150 1010
Carbon content, ppm 100-300 10-30
Gas yield on feed, Nm3/kg 6.15 6.45
Steam oroduced on feed, kg/kg 5.6 4.65

The low carbon content of the gas is obtained by removing the
carbon in the same type of equipment as used for gasification with oxygen.
For many apolications, however, carbon removal might not be necessary.
Without earbon removal the carbon- content of the gas will be of the order
of 2500 DM

Gasification of liquid fuels with 2ir might also find application
in the production of gaseous fuel for kiln processes, which require accurate
control of reaction temperatures throughout the kiln (the R-N nrocess for
sxample).

For direct recuction to sponze iron, gases with a very low
water vapour and carbon dioxide content are required. In the sponge iron
productior process less use of heat exchange can apparently be made than
_ in magnetic roasting, so.that the content of inert materials, like
. nitrogen, in the gas sh‘uld be reduced as much as possible. 4 pressure
gagification orocess using oxyssn has the advantapges of easy removal
of water vapour and of carbon dioxide from the gas, and further that
there is a low content of inert material. Nevertheless, zasification
with air should be given serious consideration for production of
reducing gases for total reduction because of its lower manufacturing
cost, as will be shown in the following paragrapvh.

D. Cost of Reducing Gas from 0il:

For the cost of reducing gas no absolute figures can be given
in this paper because the cost of oil, labour and maintenance and the rate
of depreciation will lergely depsnd on local conditions, which will differ
from case to case. However, a general indication of the cost of reducing
gas is obtained already by expressing it in terms »f the cost of oil, as
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shown in the table below. The costs shown for water gas and hydrogen

include the cost of oxygen required for gasification. The range in gas
cost shown oririnates from variations in cost of oil znd in the rate of |
cepreciation.,

Production cost of reducing ras from oll *)

Reference: 0il orice er unit of lower heating value (1.hov.): 1

\

: - |

Type of gas Cost of gas ner unit 1.h.v, |
|

, Low calorific wvalue gas,

1150 keal/Nn3, 100-300 5. carbon 1.4-1.6
1000 keal/Nm3, 10-30 “m crbon I SR ‘
Water gas (93% vul of CO+ Ho),carbon-free 2.4-3.0 . 3

Hydrogen of éechnical rrade 53.,4-4.7

— -

*) Note: Gasification cajacity about 200 tons daily throughput’ of oil, !

It is concluded from the sabove comparison that, for equal cost
of reducdng gas oer unit of iron, the overall thermal efficiency of a
reduction process using low calorific gas can be allowed -to be only
55-60% of that of =2 reduction process on water zas for example.

E., Gasificaticn Feedstocks: e
| ¢ It should be stressed that the Shell Gasification Process ie '
capable of hundline a wide variety of hydrocarbon feedstocks, ranging
from natural 7as to C-grac: fusl. The Shell process gasification effiecle
is equally good for beth licht and heavy feedstogks. The choice of the
feedstock will thercfore be soverned by factors other than the technology
of the Shell Gasificution Process, such as the availability and price
the feedstock.

.-

F, Conclusions:

i number of exanoles have illustrated the versatility of the |
Shell Gasification “rocess for the production of a wide variety of
hydrogen and carbon monoxide mixtures from any oil fraction. Oxygen, air
enriched with oxyren and 2ir can be used as oxidant in this process.

For the production of gas to be used under pressure oxygen
has great advantagzes, since it offers economic gasification under pressure

and easy removal of unwanted by-oroducts like water vansour and earbon
dioxide,

e®
.
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In the production of reducing sgses at low pressures, on the
other hand, eir has great economic advantages over oxygen. Redueing
gases produced from oil fracti:ns by gasification with air will no
doubt find application in the rocessing of low grade hematitic iron
ores. Whether this low cost gas, characterized by a high content of
inert material, can als> be econcmically used in direct reduction to
sponge iron will depend, among ether things, on the extent to which use can
be made of heat exchange in sonee iron production,

For the manufacture of reducing gas with both oxygen and
air Shell have available Jroven desizns of resctors ranging in capacity
from 2 to 100 tons oer day of oil throu hput. This range covers the
requirements of both pilot plants.and-commercial plants in the
metallurgical industry.
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