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SYNTHESIS GAS PROCESS
(D07 ,695-F)

This inventlon relates to the conversion of liquid
hydrocarbons to gasecus products comprising carbon monoxide
and hydrogen, or synthesis gas, and entralned carbonaceous
solid, This process makes possible the economical operation
of a synthesis gas generator in reglons devoid of mineral-free
water but having an abundant supply of low cost river or saline
watar which would be, ordinarily, unsuitable for chemical pro-
cessling. |

In one of its more specific aspects, the Invention is
directed to a gasification process wherein a hydrocarbon-water
complex is partially oxidized in a generator to produce hot
synthesis gas. The hydrocarbon-water complex is formed by
contacting =aline water with a hot hydrocarbon liquid, character-
ized by its high selectivity for water rather than for salt, and
a water solubillity that 1s highly sensitive to temperature, for
example, petroleum hydrocarbon ligulds which dlssolve about 10
to 50 percent by weight of desalted water at high temperature
(about 500-650°F.) and release the water upon cooling. Heat to -
effect this extraction may be recovered from the generator effluent
gas stream. To prevent vaporization of the liquid in the extrac-
tion zone, pressures are maintained high (about 1500-2650 psig).
The saline water raffinate, with increased salt content, may be
discarded or further processed tc recover the minerals,

In another specific embodiment, a portion of the hydro-
carbon water complex 1s decomposed inte a mineral-free water
phase and a hydrocarbon phase by reducing the tempergture of the
complex by at least 30°F. The hydrocarbon phase which separates
iz heated and recycled to the extractor in a continucus process
to form additional complex and mineral—freg water, The
rvater phase from the decompossd complex, after separation, is

used to satisfy diverse reguirements in the procaess for mineral-
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iree water., For examplé, a portion of this water may be mixed
with a portlon of said complex to dllute the liguid feed %o the
generator; or a portlon may be mixed with the quench water to
¢ool the generator effluent gas stream; or a portion may provide
the steam requlrements for a subsequent carbon menoxide shift
converslon step to yleld addltional hydrogen,

In still another embodiment, a portion of the hydro-
carbon-water complex is used to effect resolution of the disper-
slon of carbonacenus soiid in the quench water,

The lmportance of an efficient process for the produc-

‘tion of synthesis gas for use in the production of ammonia and

related fertilizer prdducts hag been emphasized by the recent
growth in the world's food requirements, Also, demand for
hydrogen from synthesis gas for petroleum and petrochemical pro-
cesses such as hydrotreating, hydrodesulfurization, and hydro-
erackling has increased as has the demand for methansl and other
chemicals made by the vapor phase synthesgis from mixtures of
hydrogen and carbon monoxide.

' Carbon monoxide and hydrogen, or synthesis gas, may
be economically produced ln quantity by the partial oxidation of
hydrocarbon liqulds. In the knowﬁ partial oxidation processes,
a liquid hydrocafbon 1s reacted in a non-catalytic flame with ah
oxygen—rich stream at an autogenously maintalned temperature
within the range of about 1800-3500°F,, preferably about 2200-
2800°F. and a pressure within the range of about 100 to 2600 psig.
Mineral-free water is introduced into the reactlon zone to assist
in control of the reaction temperature and as a reactant to in-
crease the relative amount of hydrogen produced,

The present inventlon makes 1t possible to exerciéé

better control over the quallity, quantity, and the physlcal
form of the HEO in the feed stock - the preferred amount being

in the range of about 0.2 to 1 1b, of water per 1b. of hydrocarbon

.
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+iquid. Usually, low HpO to hydrocarbon ratios are desired for
excess water favors high resildual methane., In such instance, to
maintain the same temperature 1n the generator, more oxygen must
be consumed and this lowers the soot make. More methane glives

a lower hydrogen purity; more oxygen consumed requires a larger,
costly oxygen plant; and a desilgn soot make lower than 1-2 percent
may be Insufficlent to seguester metal flux compounds, thereby
shortening the 1ife of the refractory iining the generator.

However, high temperatures resulting from ilnsufficient HEO will
also shorten the 1life of the refractory lining. The reactants

are usually preheated to a temperature of about 500-700°R.
Unburned carbon appears as very fine partlcles in the hot effluent
gas stream from the geaction zone. Removal of the entralned car-
bon from the product‘gas and recycling the carbon to the generator
as feed, as well as recovering heat from the hot effluent gas
from the generator are important features 1n the process of the
invention., The desalinatlon step 1s another advantage, wherein
the regquirements for mineral-free water In the procesgs are satis-
fied by desalting readlly available low-cost saline water such
as sea water. FPFor example, should the synthesis gas from the
gas generatlion step be used as feed stock in a subseguent water
gas shift process, then steam to supply that consumed in such a’
process is also provided in the process of the inventlon,

The use of liquid hydrocarboﬁ feed stocks and thelr
cheap transportatisn make thls process attractive in areas
where natural gas is not available in appreclable quantitiles.
Operating the process at hlgh pressure offers savings in com-
presslon costs of the product gas, efficient heat utilization,
and smaller process equlpment. -

In accordance with the process of this invention a
hydrocarbon 1iquid, characterized by 1ts abllity to extract more

water at a high temperature than at a lower tempverature, and brine
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4re brought together In an extraction column at high temperature
(about H4C0°F. or above) and pressure (about 1500-2650 psig) to

form a hydrocarbon-water complex substantially free from inor-
ganic compounds, The term "brine" is used 1n a broad zense to
denote the entire range of concentrations of water soluble inor-
ganle compounds 1in water, for examplé, natural saline water con-
talning sodlum chloride, 1ncluding brackish water, sea water, and
saturated or nearly saturated brines, such as the brine in Great
Salﬁ Lake or brines obtained from wells, In addition to socdium
chloride containing solutlons, other brines to which the process
may be applled include aquecus solutions of dissolved mineral salts,
for example, halldes, carbonates, and sulfates of sodlum, potassium,
lithium, cadmlum, magnesium, zinc and copper. -

Almost any hydrocarbon suitable‘for charging a synthesis
gas generator may be used in the process of this invention,
ineluding: butane, pentane, haxane, benzol, toluol, natural gaso-
line, gasoline, naphtha, gas 611, residual fuel, reduced crude,
whole crude, coal tar oll, shale oil, and tar sand oil. For
practlcal purposes hydrocarbons whlch are liquld at complex-
forming conditions are preferred,

The term "complex" is used herein to designate the
solution of water In hydrocarbon liquid; especlally fhe extfact
leaving the extraction zone, since it 1s not entirely certaln at
this time whether 1t 1s a true solution of water 1n hydrocarbon
liguld or a hydrocarbon solutlion contalning a hydrate of the
water and hydrocarbon. The exact solvatlon mechanlsmby whilch the

hydrocarbon liguid extracts salt-free water from the brine and

“the structural configuration formed when this mineral-free water

15 bonded to the hydrocarbon liquid to form the complex is not

known, Polarity and hydrogen bonding offer a plausible basis for
the phenomenon., Whereas hydrogen bonding probably plays no

slgnificant role in connection with the éolubilization of water in

N
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aydrocarbons, it is perhéps one of the reasons why salts remain

in the aqueous phase and do not dlssoclve in the water-hydrocarbon
complex, High temperature decreases the polarity of water so

that it becomes more like that of a hydrecarben and therefore

the solublllty of the water in the hydrocarbon 1s increased,

The solubllity of hydrccarbon in water is only a fraction of that
of water in hydrocarbons. For example, at 250°C. the solubility
of water in petreleum o0il 1s 30 mol percent, whereas £he solubl-
11ty of petroleum oll in water 1s only .04 mol percent. It is
interesting to note that the solubility of water in stralght-run
petroleum fractions is substantlally independent of the molecular
welght of the fraction. Sclubility of water in hydrocarbon
tlguids is a direct functlon of temperature and pressure, fncreased
temperatures increase the vapor pressure of water which increases
its solubility in hydrocarbons. As the temperature increases,

the three dimenslonal molecular structure of watzr decreases and
becomes more chéin-like due to'dissociation and therefore
structurally more-like hydrocarbons, This increases solvation

for substances dissoive best in others most 1like them, Since the
molecular size of water as an assoclated material is decreased

at high temperature, this also contributes to increased solubility
of water in hydrocarbons as temperature 1s increased,

The hydrocarbon-water complex is immiscible with the
residual brine and may be separated therefrom by gravity. After
separation, the complex may be fed directly into the gas genera-
tor where 1t is reacted 1n a non-catalytic flame with an oxidant
to produce synthesls gas, There are maﬁy advantages in the
direct feedlng of the complex Eo the generator rather than
feeding separate streams of reactants., The complex is an

intimate comblnation of water and hydrocarbon with molecules of

- water bonded to molecules of hydrocarben. Distribution of com-

vonents in such a combination is mipericr to any that can be

—D—
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achieved by mechanical mixing. As a result, the reaction ef-
ficlency in the generator is improved. Better temperature
control 1s now possible using less water. It alsc assists
in the atomization and burning of the hydrocarbon fuel, producing
more carbon mdnoxide and hydrogen with less carbon formation,
Since the complex 1s supplied to the reactlon zone superheated
and at high pressure, specific oxygen consumption can be reduced.
A single feedstream of the complex eliminates the cost of pre-
heating and compreasing separate feedstreams, as well as saving.
the cost of heaters and compressors. By operating at a reduced
oxygen %o hydroearbon ratlo, the generation of carbon.monoxide
1s favored over the generation of carbon dioxide. Hydrogen
yield in the =subsequent water—gas shift reactlon is therefore
improved. A steady feed rate to the generator is easy to achleve
with the single stream complex 1n which the reactants are already
present 1n the desired ratlo., The metering and mixiné problems
with separate feeds are thereby avolded. The ratio of‘water to
hydrocarbon in the complex is controlled to a considerable extent
by the gxtraction temperature. Thls ratio may be made equal to
the desired steam to hydrocarbon ratlo 1n the generator. When
necessary, supplemental water or hydrocarbon liquid may be mixed
with the complex to adjust lean or rich feed mixtures,

Presasures in the extractor are great enough %o keep

the feed streams liquid and to offset line drop between the

extractlon column and the generator. The high temperature and

pressure of the complex and its unique physical combination with

' water, reduces its viscosity. Consequently, pumping is facilitated

and piping, fittings and puﬁping equlpment can be made sﬁaller and
therefore less expensive. This also permits fhe processing of
low-EOSt normally viscous hydrocarbons,

In forming the hydrccarbon-water complex an unforeseen

advantage ¢of the process of this 1nvention occurs 1n the extraction

-6
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step when dissolved water-soluble mineral salts ard fine parti-
cluate matter in the hydrocarbon liguid are removed by the counter-

current washing with brine.

The solubility of water in hydrocarbon llquid varies
with the temperature. Over a temperature range of 400-650°F,
and pressures o 2650 pelg, aromatlcs are the best sblvents for
water followed by paraffins, then olefins, For example, at 580°F.
o-xylene dissolves 18 wtk, % water, n-decane 13 wt, %, and propy-
lene tetramer 7 wt. %. Above 580°F. the solubility increases
10 rapldly, and at 610°F, o-xylene dissolves 30 wt. % water,
' n-decane 25 wt. % and prepylene tetramer 18 wt, 4. At 628°F.
the o-xylene extract was 40 wt. % water. Salt in the product
water referred to herein as "mineral-free water" was 1ln the
case of o-xylene less than 0.0l wt, %, The unexpected zero
distribution coefficlient of the salt between the hydrocarbon
rich phase and residual brine phase makes feaslble the one-stage
extractlon of pure water from éaline waters, This result is more
surprising when compared with the super-eritical distillation of
sea water in which the overhead "steam" phase contains about 7
- 20 percent of the salt in solution.
. _ A préferred mode of operation using naphtha and
brine is illustratéd in the aécompanying drawing and described
in the_following detalled deseription and specific examples,
Although the drawing illustrates a suitable arrangement of appar-
atus by which the process of this invention may be practiced, it
is hot intended to limit the invention to the particular apparatus
or procedure described in detail hereafter. '
;_ With reference to the drawing, extractor 1, operated
at a pressure of about 1700-19C0 psig and a temperature of
30 400-650°F., comprises upper chamber 2 and lower chamber 3, sepa-
" rated by transverse trap tray 4, Passage between chambers 2 and 3

in elther direction is provided by downcdmer 5 in trap tray 4.

T
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srine, at ambient temperature, for example, about 70°F, is
delivered through line 6 into the upper part of chamber 2. Down-
wardly flowing brine from line & comes intc intimate contact with
an upwardly {lowing stream of hot hydrocarbon liquid which enfers
the lower part of chamber 2 through ilne 7 at a temperature 1n
the range of about 400-650°F, Picking up heat from the hydro-
carbon ligquid, the brine flows through downcomer 5 and enters
lower chamber 3 at poilnt 8 below trap tray 4. Here the hot brine
comes Into direct contact with hot hydrocarbbn liquid from line 10
which extracts mineral-free water from the brine and comblnes
with it to form a complex substantlally free of salt. Being lower
in specific gravify than brine, the complex accumulates in annular
space 9 below trap tray 4. Hot hydrocarbon liquid is introduced
through line 10 at some intermediéte point in chamber 3: Part
of the hydrocarbon liquild combines with demineralized water
extracted from the hot brine to form the complex; part passes
up through downcomer 5 to heat descendlng brine; and part contacts
and heats the feed hydrocarbon liquid which enters at the bottom
of chamber 3, through line 11, at amblent temperature, for example .
about 70°F. |
_ The liquld streams leaving extractor 1 lnclude:
hydrbcarbbn liquid by way of line 12 at the top of chamber 2,
after being contacted by and coocled to the approximate temperature
of the brine entering from line 6,.for example, about BO°F;;
hydrocarbon-water-complex by way of line 13 from annular accumu-
lator space 9, at the elevated temperature required to form the
complex, for example, about 400—650°F.§ and concentrated brine
by way of line 14 at the bottom of chamber 3, after beilng con-
tacted by and cooled to the approximate temperature of the hydro-
carbon llquid entering from line 11 for example, TO°F,
The operating pressure of extracteor 1 and the

temperature of hydrocarbon liquid streams entering through lines

-8-
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and 10 determine the mol percentage of hydrocarbon and water
in the complex, These parameters may be adjusted to yleld a
complex in which the ratio of hydrocarben to water is about the
same as the ratio of hydrocarbon to water in the feed to the
synthesls gas generator. The cold hydrocarbon liguid in line
12 is reheated to the desired extraction temperature and recy-
cled baék to extractor 1, entering as previously described by
way of lines 7 and 10. Heat for this hydrocarbon stream may be
provided by means of heater 15, or obtained from heat recovered
from the hot effluent product stream leaving the generator
reactlon zone by means of a waste heat boller or heat exchanger
not shown. The concentrated brine discharged from extractor 1
through line 14 may be discarded or 1t may be recycied to extra-
tor 1 by means not shown. In some instances it may be profitable
to process the discarded concentrated brine to recover the minerals
contained therein. The concentration of the brine raffinate
leaving extractor 1 after one cycle is about 10 to 20 percent
salt.

The hot hydrocarboen-uwater complex is withdrawn from
extractor 1 through line 13 and may be divided into three
streams: One sfream'of hydrocarbon-water complex is directed
to separator 16 by way of lines 13 and 17 and heat exchangers
18 and 19; bne stream 1s directed to mixing valve 65 by way of
lines 13, 28, valve 39 and line 29; and one stream is directed
to synthesis gas generator 50 by way of lines 13, 28, valve 39
and lines 36 or 37 and 38. A major portion of the hydrocarbon-
wvater complex is directed into separator 16 by way of line 17
through indirect heat exchangers 18 and 19 which reduce the
temperature of the hydrocarbon-water complex to ambilent, about
80°F. while maintaining a pressure of about 1875 psig. Under
these conditions, the solubility of water in %the hydrocecarbon

iiquid ig almost zero and separation of the phaszes takes place’

-9~
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-n separator 16, Almost pure water settles to the bottom of
separator 16 and almost pure hydrocarbon liquid floats to the
top. Tha hydrocarbon liquid withdrawn overhead from separator
16 throuph line 20 1g¢ passed through heat exchanger 18 where
it is heated to about the temperature of the complex in line
17. Thils stream of hot hydrocarbon 1s then mixed with the
hydrocarbon stream withdrawn overhead from extractor 1 through
line 12 and sent to heater 15 for further heating and recycling
to extractor 1.

If the hydrocarbon to water rapio of the complex in

line 13 is to¢ rich for direct feed into synthesis gas genera-

tor 50 by way of lines 13, 28, valve 39 and lines 36 and 38

then the hydrocarbon-water complex may be mixed with a portion
of mineral free water drawn from the bottom of separator 16
tﬁrough lines 21 and 22 and.the mixture fed to generator 50 by
way of llnes 37 and 38.

In a similar manner, carbon-complex slurry feed to
generator 50 taken from the top of separator 75 may be mlxed with
a portion of mineral-free water from separator 16, This oper-
ation will be described later in connectlion with the carbon
recovery system. The remalnlng portion of mineral-free water
from separator 16 ma& he passed through line 23 and 24 to
flash tower 55 where the pressure is suddenly reduced from

about 1875 psig to a much lower pressure. Any hydrocarbon

dissolved in the watev vaporizes under these-cohditions, passes

off the top of the flash tower through line 25, and may be

~discarded along wlth some low pressure steam that 1is formed.

Deminerallzed water withdrawn from the bottom of flash tower
55 through line 26 1s compressed to about 1700-190C psig, the
pressure in the gas generator, by pump 60 and fed into the

generator guench water system through lines 26 and 27.

~10-
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A portion of the hyd?ocarbon—water complex withdrawn
from extracter 1 through line 13 may be used in the carbon
recovery system that strips carbon particles from the product
stream. For this operation, a portion of the complex 1s passed
through lines 13, 28, valve 39 and line 29 into mixing valve or
nozzle 65 where it Is intimately contacted by a stream of duench
water contalning 0.1 to 2 percent by welght of dispersed carbon
leaving from the bottom of synthesis gas generator 50 through
lines 30, 31, pump 70 and line 32 at a high temperature of about
550°F, Ppump 70 located between llnes 31 and 32, raises the
pressure of the quench water to that of the hydrocafbon—water
complex in line 29, Carbon separates from the quench water
dlspersion by forming a slurry with the hydrocarbon-water complex,
For the sake of brevity, this slurry is referred to hereiln as
the carbon-complex siurry. Clarifieq quench water and the carbon-
complex slurry afe geparated by passlng the mixed streams through
line 33 to separator 75 which may be a relétively gqulescent
settling zone, a éentrifugal separator, or any other known
separator means, The high temperature in the system facillitates
phase separation by reduclng fluid viscositles, Separation of
the carbon-complex slurry from the clarified water may be acecel-

erated by the addition of an emulsion breaker. Clarified water

from phase separator 75 1s sent to flash tower £5 by way of lines

34 and 24, Operatioh of flash tower 55 has been breviously des-
cribed. . The carbon-complex slurry, taken from the ﬁop of separ-
ator 75, is fed to generator 50 by way of lines 35 and 38, as
previcusly mentloned. This slurry may be also blended with
mineral-free water from separator 16 by way of lines 21, 22, and
37 or hydrocarboanater complex by way of lines 13, 28, valve 390,
and 1ine 36.

Uncombined oxygen is fed to genesrator 50 through 1line

40, By limiting the oxygen supply, maximum yields of carbon

-11-
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Jonoxide and hydrogen are obtained. Air, oxygen-enriched air,
cr essentially pure oxygen in eicess of 95 mol percent oxygen
may e employed in the process. 99.5 mol percent oxygen 1s
preferred,

The hot gaseous effluent leaving the combustion zene
In generator 50 1s cooled guickly from a temperature of about
1700-2500°F. to 500-800°F, by passing the hot gas down through
dip-leg 41 which discharges below the water level in the quench
chamber located at the bottom of generater 50, The cold quench
water enters the generator through line 42. Draft tube 43
sﬁrrounding dip=leg 4L creates an annulus through which the
mlxture of gas and entralned water rises vigorously. The gas
mixture passes out of the generator 50 by way of line 44 carrying
gome carbon entrained in the product stream., This carbon is
removed by passing the product stream through turbulent mixer 80
where it 1s contacted by water from line 27. Mowever, most of
the carbon is dispersed in quench Qéter that leavés generator 50
through lines 30, 31, pump 70 and line 32. As previously described,
this carbon 1s recovered from the quench water by being contacted
with a portion of the complex in mixing valve 65 followed by
settling in separator 75. Some hydrocarbon fuels such as fuel
oil contaln ash, To prevent the aceumulation of ash in the quench
water, a small amount of the quench water containing ash and some
carbon may be dlscharged from the bottom of generator 50 through
lines 30 and 61, heat exchanger 62, and line 63; or this stream
may be recycled to extractor 1 by means not shown.

To remove excess water from the mixture of steam and
gases leaving mixer 80, the mixture 18 introduced into separator
B85 by way of line 45, Synthesls gas and steam are taken off
overhead from separator 85 through line‘46, heated to a temperature
of 700°F. by means of heat exchanger 90, and fed into catalytlc

shift converter 92, At a pressure of about 1650 peig and a

-12-
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temperature of about 700°F., carbon monoxide reacts with steam
over beds 6f catalyst in shift converter.92 to produce carbon
dioxide and.additlonal hydrogen, The shifted gas is withdrawn

from shift converter 92 through line 47, cooled in cooler or

‘heat exchanger 94 to a temperature of about 125°F,, and then

introduced 1lnto separator 96 by way of line 48, Ata temper-
ature of 125°F. and a pressure of about 1600 psig, the water
is condensed from the synthesls gas and 1s withdrawn from the

bottom of separator 96 through line #9. The shifted synthesis

"gas 1s withdrawn from the top of separator 96 by way of line

5l. Carbon dioxlde and othef impurities in the synthesis gas
may be removed by steps not shown, and the resulting purified
hydrogen stream may be used for ammonia synthesils, ore reduc-
tion, or for any of a variety of hydrogenatlion operations.
The water withdrawn from the bottom of separator 96
through line 49 13 raiseqd by pump 52 to a pressure of about
1750 psig and combined with water from flash tower 55 by way
of line 26 in which is located pump 60 and a portion of the
water from the bottom of separator 85 by way of line 86, pump
53 and line 87 to flow into mixer 80 by way of line 27.
Oﬁeration of mixer 80 to remove carb?p from the product gas

stream from generator 50 has been previously described,

. By means of pump 53, a pqrtion of the water from the bottom

of separator 85 1s pumped into the generator quench system
by way of lines 86 and 42, |
The following Speéific example illustrates the
process of this invention.
15,274,000 standard cublc feet per day of synthesis
gas comprising about 66 mol percent hydrogen, 30 mol percent
carbon monoxide, and 3 mcl percent carbon dioxide ars made by

the process of fthis inventlon Trom the following raw materials:

“l3~
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12,000 1bs, per hour of sea water containing 3.5
percent by welight of salts; 8,212 1bs. per hour of naphtha of
68° API gravity having a gross heating value of 20,420 B,T,U,
per 1b, and an ultimate analysis by weight of 84,21 percent
carbon, 15.69 percent hydrogen and 0,10 percent sulfur; and
113 short tons per day of 99.5 mol percent oxygen.

A hydrocarbon-water complex, for feeding a synthesis
gas generator preferably free of catalyst and packing, 1s pre-
pared in an extractor operated at a pressure of 1500 psig. The
aforementioned sea water and naphtha feed streams enter the tower
at amblent temperature, about 70°F., and flow countercurrent to
each other, These streams are heatéd to a temperature of about
550°F. 1n the vielnity of the tower trap tray by direct contact
with 69,901 1bs. per hour of hot naphtha which enter the tower

at a temperature of 580°F. as follows: 15,806 1bs. per hour of

' naphtha are introduced into the upper chamber of the tower and

flow in direct contact with the descending brine; and, 54,095
1bs. per hour of naphtha are introduced into the lower chamber
of the tower and flow in direct contact with the upwardly flowing
sea water. During extraction, about 3,907 lbs. per hour of naphtha
rise through the downcomer in the trap tray connecting the upper
and lower chambers,

The compositlon of the complex formed from mineral-free
water extracted from the sea water and combined with naphtha
under the conditions prevailing in the vicinity of the annular
ring below the tower trap tray 18 about B6 percent by weight
naphtha and 14 percent water,

After exhausting 1ts heat to the feed streamg, 19,713
ibs. per hour of naphtha leave at the top of the extractor at a
temperature of about 80°F. This stream of naphtha is combilined

with 50,188 1bs. per hour of naphtha taken off the top of a

~14-
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.eparator tower which will be described later, reheated to
a temperature of 580°F,, and recycled back to the extractor.

2400 1bs. per hour of rafflnate-sea water contalning
about 17.5 welght percent salts are cooled from 550°pF, to BO°F,
by contact with the rising feed stream of cold naphtha intro-
duced near the bottom of the extractor. The concentrated sea
water 1s withdrawn from the bottom of the extractor for discard
or for further processing.

68,000 lbs. ﬁer hour of hydrocarbon-water complex, com-
prising, 9,600 1bs, of mineral-free water dissolved in 58,400 1bs.
of napntha are withdrawn from the tower in the vicinity of the
annular ring. A majer portion, about 58,450 1bs. per hour of
complex is cooled by a series of heat_exchangers to a temperature
of’80°F. At this temperature and pressure, about 1,875 psig, the
solubility of water in naphtha 1s reduced to zero and in a separa-
tor the complex breaks down into 50,188 1lbs. of naphtha and
8,250 1bs. of water containing about 12 1bs, of dissolved naphtha.
The naphtha 1s drawn off the top of the separator, passed through
a heat exchanger, combined with the naphtha stream leaving thé
top of the extractlon tower as previously mentioned, reheated to
580°F. and recycled to the extraction tower. 1950 1bs, per hour
of clear water from fhe bottom of the separator are mixed with
the carbon-complex slurry from the guench-water carbon recovery
system, %o be described.latéf, and fed to thé syﬁthesis gés |
generator, The remaining portion of the separated water stream,
comprising 6,300 1bs. per hour of mineral-free water and 12 _
1bs, per hour of dissolved naphtha, 1s comblned with 6,300 1bs,
per hour of water from another separator, to be descriped
later, and then passed into a flash tower to remove the
naphtha dissclved in the water. 12 1bs. of raphtha and 300

tbs, of steam are vaporized in the flash tower by suddenly

-15-
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educing the pressure from 1875 psig to about atmospheric and
may be discarded from the process, 12,300 lbs. per hour of
water from the bottom of the flash tower are pumped into the
quench water system of the synthesis gas generator and will
be described further. Removal of naphtha in the quench water
by this flashing operaticn prevents the poisoning of the shift
conversion catalyst utllized in a subsequent step in the pro-
cess, |

| To remove the carbonaceous solid disperséd In the
generator'quench water, a small portion of the complex with-

drawn from the extractor at a temperature of 550°F. and 1875

‘psig, comprising 338 1lbs. per hour of water dissolved in 2,050

1bs. per hour of naphtha, 1s mixed with a 6,300 1bs, per hour
portion of dquench water contalning 35 lbs. of carbonaceous
80l1ld leaving from the bottom of the generator. The carbon

in the duench water 1s preferentially attracted to the naphtha

in the complex and forms a carbon-complex slurry which 13 separated

from the water in a separator. 2,423 1lbs. per hour of carbon-

complex slurry drawn off the top of the separator are combined

with 1,950 1bs; per hour of mineral-free water and fed to the
EyntheSis'gés generatof along with 7,162 lbs. per hour of
hydrocarbon-water complex from the extractor. 6,300 1bs. per
hour of clarified water drawn off the bottom of the carbon-
complexlslurry separator are combined with 6,312 1bs, pér"ﬁour
offwaterrfrom the hydrocarbon-water-complex separator, as pre-
viously described, and sent to the flash tower wnere 12 lbs, per
hour of dissolved'naphtha are removed, A 500 1lbs, per hour
portion of quench water containing 3 1lbs, per hbur of parbon and
a small amount of ash 1s taken from the bottom of the generator
énd discarded to prevent buildup of metal salts 1in the quench
system. The metal salts are introduced 1n minute amounts with

the naphtha feed,
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The charge %o the synthesis gas generator includes

7,585 1bs, per hour of hydrocarbon-water complex comprising

1,350 1lbs, per hour of mineral-free water dissolved in 8,200

lba. per hour of naphtha containing 35 1lbs. per hour of carbon,
plus 1,550 1bs., per hour of mineral-free water. This mixture

18 reacted in the generator at a pressure of 1,700 psig and a
temperature of 2,800°F. with 113 tons per day of 100 percent
oxygen contalned in an oxygen stream of 99.5 mol percent purity,
Impurities in this oxygen stream are primarily nitrogen and
argén. All of the naphtha and oxygen are consumed in the reactor
plus 500 1bs. per hour of water, Synthesis gas of the following
composition and amount 1s produced in the generator along with

38 1bs. per hour of unconverted carbon.

. Mol %
Coinposition et Dry
carbon monoxlde -~ 37.25 41,96
hydrogen. O B6.TT 52.71
carbon dioxide 3.76 4,04
water ' 11.25 R
methane. . 70,84 : 0.94
nitrogen and argoen 0,11 0.12
hydrogen sulficde l __g;gg _0.,03
Total 100.00 100,00
MSCF/OD . 12,497 11,091

The effluent gases leaving the combustion zone are
cooled from a temperature of about 1,700-2,500°F. to a temper-
ature of 500-800°F, by direct contact with 41,500 1bs. per hour
of water in the quench sectlon of the generator., During guenching,
part of the unconverted carbon in the effluent gas ié scrubbed
therefrom and disperses in the quench watef. Reﬁoval of thils
carbon from the quench water by forming a carbon-slurry complex,
vhich 1s fed back to the synthesis gas generator, has been

previously described,
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The remainder of the unconverted carbon 1s serubbed

from the synthesis gas stream, now containing an additional

37,500 1bs, per hour of steam picked up during quenching, by

contact with 58,000 lbs. per hour of nigh speed water. This
mixture 1s then Introduced into a separator where the unvapor-
lzed water totallng 58,000 1bs, per hour 18 separated from the
synthesis gas., The synthesls gas containing vaporized water
(steam), at a temperature of 550°F., 1s taken overhead, heated
to a temperature of TOO°F.; and then introduced inte a catalytiec
shift converter which 1ls operated at a pressure of 1650 pslg and
an average temperature of about TO0°F. ‘Beds of catalyst disposed
through thils converter promgte the reactlon of steam with -carbon
monexide in equimolar quantitles to.produce carbon dloxide and
additional hydrogen. A total of 8300 1lbs. per hour of water are
consumed in the shift converter. The shifted gas 1s cooled to
about 125°F. and introduced into g separator vessel. There at a
pressure of 1,600 psig, the unconverted water in the gas stream
15 condensed and withdrawn.from the ?ottom at the rate of 29,200

ibs. per hour., This water is combined with 12,300 1bs. per hour

of water fromlthe bottom of the flash tower, and 16,500 1bs, per

hour of water from the bottom of the separator followling the
synthesls gas high speed carbon scrubber to tofal 58,000 1vs.
per hour of water used in the operation of said high speed
serubber. An additional 41,500 1bs, pér hour of water from the
‘aforementioned separatpr_ié recycléd?to‘the quench ring of the
synthesls gas generatvor, .

- | The shifted éynthesié gas withdrawn from the'tﬁp

of the separator following the shift converter in the amount

‘of 15,274,000 standawicublc feet per operating day comprises

the following molal composition, on a dry basis:
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Compositlon Percent
carbon monoxide 3.08
hydfogen 65.65
carbon dioxide 30.48
methane 0.68
nitrogen + argon 0.09
hydrogen sulfide 0,02
Total 100,00

Af'ter removal of carbon dioxide and other impurities .

the resulting hydrogen stream may be used in ammonla synthesis

or any of a varlety of hydrogenation bperations.

.A second speciflc example is presented in which the
compositlon of the hydrocarbon-water complex 1s proper for direct
feading to the synthesis gas generatbr without the addition of
supplemental water or hydrocarbdn. '

In this example the process flow ls the same as that
followed in the first example with the exception that no supple-
mental water 1s used to dilute the complex feed stream to the
generator. Furﬁhermore, the same quantity of sbifted synthesi;
gas of ldentical compositlion is produced from the same‘amountj
of raw sea water and naphtha. By operating the extractor at a

teﬁperature of 605°F. 1n the vicinity of the trap tray, instead

-of at 550°F. as in the first example, a stream of hydrocarbon-

water complex having a composition of éB welght pzrcent water
dissolved 1n 72% naphtha may be drawn off and fed directly into
the generator. .

Thé extraction temperature of 605°F, in the vieinity
of the trap tray is malntained by heating the naphtha and sea
water feedstreams with a total of 36,473 1bs. per hour of
naphtha, at a temperature of 665°F. - 7,243 1lbs, per hour of
naphtha in the upper chamber and 29,230 1lbs, per hour of

naphtha in the lower chamber, Within the extractor some 1z,742
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ba, per hour of naphtha rise through the downcomer in the trap
tray connegting the upper and lower chambers. The stream of
hydrocarbon-water complex drawn off the extractor contains 9,600
1bs, per hour of mineral-free water dissolved in 24,700 1bs. per
hour of naphtha.

After exhaustlng 1ts heat to the feed streams, 19,985
lbs. per hour of naphtha leave the top of the extractor at a
temperature of about 80°F, This stream of naphtha is combined
with 16,488 1bs. per hour of nabhtha at a temperature of 575°F.
coming from a separator by way of a heat exchanger to be further -
mentioned., The combined naphtha streams are heated to 665°F, and
recycled to the extraction tower, Heat requlrements are about
8,825,000 B,T,U, per hour,

About two-thirds of the stream of complex leaving the
extraction tower is cooled from 605°F. to a temperature of 340°F.
by exchanging heat with.the aforementioned 16,488 1bs, per hour
of'naphtha comlng from sald separator, The complex is further
cooled to a temperature of B0°F, and paésed into said separator
where 6,300 1bs, per hour of minerél-freé water containing 12
lbs, of narhtha are drawn off the bottom and dlrected to a flash
tower in the same manner as described in the first example.

The remainder of thé processing is simlilar with respect
to operating condltions and flow rates as described in the first
example. ,

The process of the inventioﬁ'has béen described
generally and by examples with reference to hydrocarbon and saline
water feedstocks of particular compositions for purposes of
clarlfy and illustration only. It will be apparent to those skilled
in the art from the foregeing that various modifications of the
process and materlals disclosed herein can be made without depar-

ture from the spirit of the invention.
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the embodiments of the invention In waich
an exclusive property or privilege 1s claimed ara defined
as ol lows:

1. A process Tor tho converslon of a

'hydrocarbon ligquld, charscterized by the ability to

extract more water at a hlgh temperature than at a lower
temperature, and brine into synthesis gas which comprises:

(a) contucting said hydrocarbon liquid and
said brine at & pressure in the range of about 1500 <o
2650 psilg, and a temperature of about 400°F, or above -
to extract water substantlally free from inorganile
compounds from sald brine and to comblne sald water with saild
hydrocarbon to form a hydrocarbon—ﬁater conplex;

(b) separating saild hydrocarbon-water cbmplex
Trom the reactant stream; and

(c¢) subjecting a portion of sald separated
hydrocarbon-ﬁater complex to partial oxidation wlth an
oxygen-rich gas to produce a product gas stbreanm comprising
carbon monoxide, hydrogen, and entrained carbenaceous
solid,

2. The process of Claim 1 wherein the operating.
pressure of the extraction zone 1s about the same as the
pressure in the partial oxidation zone and excceds the
bressure necessary to maintain the contacting fluids in
sald extraction zone in a iiquid phase,

3. The process of Claim 2 wherein éaid hydro-
carbon-water complex has a water to hydroecarbon ratio of
about 0,2-1:1 by weight,

4. The process of Claim 1 with the additional
steps of cooling sald product gas mixture by direct quenching

in water, thereby adding water vapor to the product gas and
effecting remaval of sadd carbonaceous solid from said gas

stream by forming a dlsperaion thereof in sald quench wvater;
and, separating snidd product pgos from sald quench water,
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5, The procesé of Claim 4 wherein said carbon

monoxide in said separated product gas is reacted with water

vapor in a water-gas shift reactlon to produce hydrogen and

carbon dioxlde,

6. The process of Claim 1 with the addltional steps
of decompesing a pertion of sald hydrocarbon-water'complex
formed by the extracting of step (a) into a ﬁater phase and a
hydrocarbon phase by reducing the temperature of said complex;
separating sald water phase from said hydrozarbon phase; and
heating and recycling said hydrocarbon phase in a liguid condli-
tlon %o sald extraction zone for contact wlth said brine as

sald hydrocarbon.liquid,

7. The process of Claim 6 wherein a portion of saild
water phase is mixed with that bortion of sald hydrocarbon-water

complex fed to the partlial oxldation zone.

8. The process of Claim 6 wherein a portion of said

water phase 1s mixed with sald quench water,

9. The process of Claim 4 wherein a portion of said
hydrﬁcarbonuwater complex is mixed with a pertlon of said quench
water effecting resolution.of said dispersion into clarified
water and a slurry of carbonaceous solid in said hydroqarbon-water
complex, separating sald slurry from séid clarified water, and
passing sald slurry as feed to a partlal oxldation zone while

recycling sald clarifled water back to sald quench water.

10, The process of Claim 9 wherein sald hydrocarbon-
water complex 1s mixed with saild quench water at substantially

the same temperature and pressure of said extraction zone,

11. The process of Claim 6 whereln a portion of said
water phase 1s used to supply water vapof required for the shift

converslon of carben monexide in the product gas.
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12, The process of Claim 6 wherein sald

" hydrocarbon vhase 1s recyoeled to said extraction zone
after being heated to the proper temperature for forming
sald hydrocarhon~water cenplex at least In part by heat
recovered from saild product gas stream. |

13. The process of Claim 6 vhereln a portlon
of said hydrocarbon liquid phase 1is mixed‘ﬁith gaid complex
to enrich the hydrocarbon liquid-water feed to the partial
oxidation zone.

1%, The process of Claim 1 whereln the product
gas of step (c) is cocled by indirect heat exchange to a
temperature of 500-800°F,

15. TIn a process for produclng hydrogen and
carbon monoxide by pértial oxidation of a hydrocarbon
liguid fuel characterized by its abllity to extract
nore water at a high temperature than at a lower
temperature, the improvement of reacting sald hydrocarbon
fuel iIn a partial oxidation zone in the form of a
hydrocarbon-water complex having a water to hydrecarbon
ratlo in parts by weight of about 0.1 to 1 parts of

water for each part of hydrocarbon liquid fuel.
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