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ABSTRACT OF THE DISCLOSURE 
Hydrocarbons such as partially refined petroleum are 

brought into contact with a sulfide-containing alkali metal 
carbonate melt at elevated temperatures. Depending upon 
conditions, the hydrocarbons undergo thermal or cata 
lytic cracking, hydrocracking, hydrogenation, dehydro 
genation, or hydrodesulfurization. Heat is Supplied to the 
conversion process by contacting the melt and heavy car 
bonaceous by-product with a reactive form of oxygen. 
Provision is also made for the removal of excess Sulfur 
values. 

CROSS-REFERENCE TO RELATED APPLICATIONS 
A method for producing heat by reacting a sulfide con 

taining melt with a reactive form of oxygen and then 
reducing the sulfate formed back to the sulfide with a car 
bonaceous material is described in copending patent ap 
plication Ser. No. 77,219, entitled, "Method for Produc 
ing Heat" by J. R. Birk, filed Oct. 1, 1970 and commonly 
assigned with the present invention. O 
A method for pyrolyzing carbonaceous materials with 

attendant recovery of pyrolysis gases wherein the pyrolysis 
is accomplished in a molten salt mixture containing alkali 
metal sulfide and sulfate is described in copending patent 
application Ser. No. 77,225 by J. R. Birk and D. A. Huber 
entitled, "Pyrolysis Method,” filed Oct. 1, 1970 and com 
monly assigned with the present invention. 

BACKGROUND OF THE INVENTION 

(A) Field of the invention 
This invention relates to the field of hydrocarbon con 

version processes. More particularly, this invention re 
lates to the conversion of partially refined petroleum prod 
ucts such as distillation residuals into more valuable 
products by way of thermal cracking, coking, catalytic 
cracking, hydrocracking, hydrogenation, dehydrogena 
tion, or hydrodesulfurization. Still further, this invention 
relates to a method for carrying out hydrocarbon con 
version processes in a sulfide-containing alkali metal car 
bonate melt. 

(B) Description of the prior art 
Progress in petroleum refining is dependent to a large 

extent upon improvements in processes designed to con 
vert partially refined petroleum products into more valu 
able products. The conversion processes all rely upon the 
application of heat. Two basic types are utilized, those 
using hydrogen and those not using hydrogen. 
Among those not using hydrogen, thermal cracking is 

the oldest and most highly developed process. Thermal 
cracking involves splitting of large hydrocarbon mole 
cules into smaller molecules at elevated temperatures. A 
portion of these smaller molecules represents stable light 
hydrocarbons Such as gasoline, refinery gas, light oils, 
and gas oil. The remaining products are heavy oils and 
coke. The process is known as thermal cracking when the 
feed is gas oil or topped crude oil. If, on the other hand 
the feed consists of a residual material the thermal de 
composition is known as viscosity-breaking or coking. 
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2 
The formed is a mild reduction in molecule size and is 
usually conducted on a once-through basis whereas the 
latter is a severe cracking operation. Conventional crack 
ing processes often result in extensive coke formation, 
products of low grade, and the presence of sulfur-contain 
ing gases in the refinery gas product. In addition, prior art 
processes yield cokes containing excessive amounts of sul 
fur. These cokes are generally of little value. 

Catalytic cracking as the name implies is the decompo 
sition of hydrocarbons in the presence of a catalyst. Cata 
lysts normally employed include fuller's earth, kaolin, 
silica-alumina, and synthetic and natural zeolites. Prob 
lems involved in catalytic cracking include coke build-up, 
degradation of catalyst, heat exchange and complexity 
of equipment. 
The term dehydrogenation refers to two separate proc 

esses. The first is the conversion of alkanes and heavy 
alkylenes to lighter alkylenes. This process is sometimes 
referred to as vapor-phase cracking. Examples are the 
production of butadiene from butane via butene. The sec 
ond type of dehydrogenation is a catalytic reforming in 
which a dehydrogenation of cyclic compounds occurs 
along with other reactions. When used herein the term 
dehydrogenation refers to the first of these processes. A 
major problem in the production of alkylenes is the low 
yields conventionally obtained. 

Petrochemical conversion processes utilizing hydrogen 
include hydrocracking and hydrodesulfurization (hydro 
treating). 

Hydrocracking is the decomposition of hydrocarbons at 
high pressures and elevated temperatures with the addi 
tion of hydrogen and usually in the presence of a catalyst 
Such as Zeolites with a platinum, tungsten oxide, or nickel 
hydrogenation component. These catalysts may be altered 
by promotion with another metal or by some pretreatment 
Such as Sulfiding. Under these conditions hydrogenation 
occurs simultaneously with cracking. Thus, there is little 
build-up of tar or coke. A number of problems are in 
volved in these processes including catalyst deterioration 
by Sulfur, ammonia, or ash; presence of hydrogen sulfide 
in the products; and catalyst deactivation by coke deposi 
tion. 

Hydrodesulfurization (hydrotreating) refers to a proc 
ess for the removal of sulfur and nitrogen from hydro 
carbons. Typical feeds for desulfurization include straight 
run products, cracked products, feedstocks to catalytic 
reforming, feedstocks to hydrocracking, lubricating oils, 
catalytic cracking feeds, cycle stocks, or aromatic distil 
lates. High-sulfur residuals are also treated by this process 
to produce low-sulfur heating oils which can be burned 
without pollution by sulfur oxides. The process is similar 
to hydrocracking with the exception of the materials used 
for catalysts. In the case of hydrodesulfurization, the ox 
ides and Sulfides of iron, cobalt, tungsten, nickel, or molyb 
denum are commonly used. Temperatures for the process 
range from 290-430' C. and pressures range from 200 
2000 p.s. i. Present desulfurization processes involve large 
capital costs and usually do not achieve the extent of de 
Sulfurization required to meet present and future standards 
particularly in the case of desulfurization of heavy oils 
and residuals. 

Thus, it is seen that each of the above noted conversion 
processes is in need of improvements. 

Until recently, the use of molten salts as a reaction 
medium for major industrial processes had not been con 
sidered practical. U.S. Pat. 3,438,722 Suggests their use 
in the absorption of sulfur oxides from flue gases. U.S. Pat. 
No. 3,252,773 Suggests the use of an alkali metal carbon 
ate or hydroxide melt to gasify coal. U.S. Pat. 3,252,774 
Suggests the use of molten salts for the production of hy 
drogen-containing gases from hydrocarbons by a gasifica 
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tion process. In addition, molten salts are being investi 
gated for and used in a wide variety of applications. These 
include, for example, (1) reaction medium for production 
of aluminum, sodium, magnesium and fluorine; (2) media 
for processing spent reactor fuel elements; (3) electrolyte 
for fuel cells; (4) solvent for plating of refractory metals; 
(5) solvent for fluxing and descaling operations on metals; 
and (6) fuel solvent and heat transfer agent for nuclear 
reactors. Of importance to this disclosure is the use of 
molten salts for cracking hydrocarbons. Thus British Pat. 
1,144,500 discusses the use of molten zinc chloride as a 
catalyst for hydrocracking. Although molten zinc chloride 
has been shown to be an effective catalyst for hydrocrack 
ing polynuclear hydrocarbons, several difficulties arise. 
For example, zinc chloride is deactivated by sulfur and 
ammonia to form zinc sulfide and ammoniates of zinc 
halide. In addition, regeneration of the molten salt cata 
lyst involves either combustion with simultaneous vola 
tilization of zinc chloride which must be recovered or dis 
solution of the catalyst in a two-phase (water and organic) 
system. In the former situation, steam generated in the 
combustion process hydrolyzes zinc chloride vapors to 
produce hydrochloric acid and zinc oxide. The hydro 
chloric acid must be recovered and reacted with the zinc 
oxide at lower temperatures to reform the zinc chloride. 
In addition, the sulfur product is sulfur dioxide which 
must be collected and reduced for reclamation of this ma 
terial. The latter technique for regeneration is complex 
and consumes, instead of produces, energy. 

Other workers have used molten carbonates for crack 
ing light hydrocarbons such as ethane. These workers, 
however, did not contemplate the use of sulfide in the 
melt, hydrocracking, coking of residuals, or heating by 
internal cyclic reaction. In addition, the prior art has not 
provided an acceptable means for sulfur removal from 
the melt. 

SUMMARY OF THE INVENTION 

We have now discovered that a variety of petroleum re 
fining processes may be undertaken by contacting the 
feedstock with a sulfide-containing alkali metal melt, pref 
erably a sulfide-containing alkali metal carbonate melt, 
under the appropriate operating conditions. These proc 
esses may be carried out with or without catalysis and 
with or without the addition of hydrogen. Heat for the 
conversion reactions is supplied by contacting the melt 
containing coke with a source of reactive oxygen such 
as air. In addition, it is possible to remove accumulated 
sulfurous compounds by suitable processing. 

Accordingly, the objects of the invention are: 

to provide an improved hydrocarbon conversion process; 
to provide an improved hydrocarbon cracking process; 
to provide an improved thermal cracking process; 
to provide an improved coking process; 
to provide an improved catalytic cracking process; 
to provide an improved dehydrogenation process; 
to provide an improved hydrocracking process; 
to provide an improved hydrodesulfurization process; and 
to provide an improved method of supplying heat for hy 

drocarbon conversion reactions. 

These and other objects and advantages of the inven 
tion will become more apparent upon consideration of 
the following detailed description of the preferred em 
bodiments of the invention wherein reference is made to 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a flow plan repre 
senting the major steps of the invention. 

FIG. 2 is a schematic illustration of a preferred form 
of reactor for reheating the melt. 
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4. 
DETALED DESCRIPTION OF THE PREFERRED 

EMBODEMENTS 

The present invention is broadly directed to the conver 
sion of hydrocarbons into more valuable materials by the 
application of heat. Other major variables include cata 
lyst type, pressure, temperature, and the presence of hy 
drogen. A schematic flow plan representing the basic 
process is illustrated in FIG. 1. That figure shows the 
basic steps of contacting a hydrocarbon with a hot melt 
containing an alkali metal carbonate-sulfide mixture and 
then withdrawing and separately heating the melt to sup 
ply heat for the conversion reaction. A hydrocarbon feed 
10 is introduced into converter unit 12 at feed zone 14. 
The composition of this feed steam will depend upon the 
particular conversion process undertaken, but generally 
will be selected from the group consisting of methane 
(to produce hydrogen), ethane (to produce ethylene), 
light hydrocarbons, naphtha, kerosene, refinery gas, nat 
ural gas, light gas oil, heavy gas oil, atmospheric resid 
uals, tar, vacuum residuals, and virgin hydrocarbon-con 
taining materials such as crude oil, coal, oil shale, and tar 
sands. A preferable class of materials are the petroleum 
residuals. Once in converter 12, the feed contacts a molten 
salt at a temperature of from about 400 C. to about 
1100 C. depending upon the conversion reaction desired. 
If the reaction is one which involves hydrogen, a stream 
of hydrogen 54 may be added to converter 12 at feed 
Zone 14. Upon contact with the hot melt, conversion 
of the feed begins and the lighter hydrocarbon gases and 
liquids pass upwardly through packed bed portion 16 
of converter 12 in a generally counter-current relation 
ship to the hot melt. The converter is designed such that 
the conversion reactions are complete when the gases 
reach the upper part of packed portion 16 and enter 
plenum portion 18 of the converter reactor. The product 
gases are withdrawn via line 15. Heavy products such as 
coke remain in the melt and pass downwardly to sump por 
tion 20 of the converter. From here, the melt and char 
or coke contained therein are sent via line 22 to a heat 
generation zone 24. 
The composition of the molten salt used in these proc 

esses may vary somewhat depending upon the conversion 
process undertaken, particularly with respect to catalyst 
composition as will be described hereinafter. Neverthe 
less, it is critical that the melt contain from about 1 to 
about 25 weight percent sulfur as a sulfide. The alkali 
metal ions are the preferred cationic component of the 
melt although other metal ions may be used. A very desir 
able melt for most uses consists of alkali metal carbonate 
and alkali metal sulfide. Use of the carbonate is partic 
ularly advantageous when removal of sulfur from the 
products is desired, as the carbonate has the ability to 
absorb sulfurous compounds which are liberated from 
the feedstock at elevated temperatures. For example, in 
a hydrocracking operation the mechanism may be repre 
sented as follows: 

R-S-R'--H2-->R-H-I-R-H-I-HaS catalyst 

where R and R' represent the hydrocarbon portion of a 
sulfur-containing molecule. The HS which is given off is 
absorbed by the carbonate melt according to the reaction 

HS--MCO-> MS-CO-HO 
where M=an alkali metalion. This absorption reaction is 
equilibrium controlled. The equilibrium constant 

(CO) (HO) (MS)/(HS) (MCO) 
and free energy of this reaction, where M is sodium, as 
a function of temperature are given in Table I where a 
negative free energy indicates a most favorable situation 
for the forward reaction. 
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TABLE. I.-HYDROGEN SULFIDE ABSORPTION 

Free 
Equi- energy 

librium (kcall 
Temperature (C.) constant mole) 

0.040 --5.95 
0.137 --3.16 
0.744 --0.53 
2.68 -1.96 
7.23 -4.33 
15.2 -6.56 

At relatively high temperatures, and with low water and 
carbon dioxide concentrations, the absorption reaction is 
favored. At lower temperatures the reverse reaction (i.e. 
regeneration of the carbonate melt) can be carried out by 
adding steam and carbon dioxide. This latter reaction will 
be described hereinafter. 

In heat generator unit 24, the withdrawn melt which 
contains carbonaceous char or coke is contacted with a 
reactive source of oxygen, preferably air 26. Because of 
the sulfide content of the melt, the oxygen oxidizes the 
sulfide in preference to the carbon contained in the melt 
according to the reaction: 
(1) S-F-I-2O >SO 
Simultaneously, the carbon contained in the melt reacts 
with the sulfate formed in Reaction 1 according to the 
following equation: 
(2) 2C--SOF->SF-2CO 
Reaction 1 is very exothermic whereas Reaction 2 is en 
dothermic. The composite of Reactions 1 and 2 results 
in the liberation of an amount of heat equivalent to that 
given off in the reaction: 

In order to accomplish these reactions the temperature 
should be above 300° C. for Reaction 1 and above 600 
C. for Reaction 2 and preferably between 800° C. and 
1200° C. for both reactions. These temperatures are far 
below the operating temperatures of most furnaces and 
boilers. These reactions can be carried out at any prac 
tical pressures; however, increased pressure decreases the 
volumetric throughput of gases through the molten salt. 
As a consequence of these reactions, sufficient heat is 

generated to sustain the conversion reactions carried out 
in converter 12. Because it is necessary to return the melt 
to converter 12 in the sulfide form, the ratio of carbon 
and oxygen used in heat generator unit 24 must be suffi 
ciently high. If there is an insufficient amount of carbon 
contained in the melt entering heat generator unit 24 a 
supplementary source of carbon 28 may be provided. 

Maintenance of from about 1 to 25 and preferably from 
2 to 10 weight percent sulfur in the melt will assure that 
Reactions 1 and 2 above occur in preference to the reac 
tion C--O->CO. In other words, substantially all of the 
carbon should be consumed by the mechanism of Reac 
tion 2. 

In addition to a carbonaceous reductant, i.e., the char 
resulting from the hydrocarbon conversion reaction or a 
supplemental carbonaceous source, it may sometimes be 
desirable to include a catalyst for the reduction reaction 
Reaction 2 in the melt. Iron has been found to be a good 
catalyst for the reduction reaction. Thus, an amonut of 
iron ranging from about 0.5 to about 7 weight percent of 
the melt may be used. The iron may be added to the melt 
in the elemental form or in the form of compounds con 
taining iron such as iron sulfide or iron sulfate which 
are compatible with the other melt constituents. Alternal 
tively, the catalyst may be incorporated in or deposited 
on the packing used in converter 12. 
FIG. 2 illustrates a preferred form of apparatus for 

carrying out the heat-generation reactions. There, 100 rep 
resents a reactor vessel consisting of a sulfide oxidation 
zone 102 and a sulfate reduction zone 104 separated by a 
slotted partition 106. Partition 106 is constructed with 
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6 
two major openings 108 and 110 which provide fluid com 
munication between zones 102 and 104. The sulfide oxida 
tion zone 102 has associated therewith an air inlet and 
distributor system 112, and gaseous outlet 116. The sul 
fate reduction zone 104 has associated therewith a melt 
inlet 114, supplemental carbonaceous material inlet 118, 
a melt outlet 120 and a gaseous outlet 124. 

In operation, the reactor is filled with melt 122 to a 
point higher than opening 110. Air is supplied to oxida 
tion zone 102 through distributor system 112, causing sul 
fide salts to be oxidized to sulfate salts according to Reac 
tion 1. The introduction of air also causes an upwardly 
directed flow of melt in zone 102. Nitrogen from the in 
troduced air leaves the oxidation zone portion of the re 
actor via line 116. Circular flow patterns developed in the 
melt cause oxidized salts to flow through opening 110 to 
reducing zone 104. Here at inlet 114, melt containing a 
source of carbonaceous material or supplemental carbona 
ceous material 118 is added thereby causing a reduction 
of the sulfate to the sulfide according to Reaction 2. Car 
bon dioxide produced in this reaction exits the reactor 
vessel at 124. Reduced melt from zone 104 is carried by 
established flow currents through opening 108 of partition 
106 to zone 102. Melt containing sulfide is removed 
through outlet 120 to a sulfur removal unit via heat ex 
changer 34 and to the converter 12. The exit gases may 
be heat exchanged. 

Alternatively, partition 106 need not be present in 
reactor 100. In this situation, Reactions 1 and 2 are car 
ried out together. In this case it is preferable that an ex 
cess of carbon be present so that under steady state oper 
ating conditions Reaction 2 is favored and the sulfur 
present in the melt remains in the sulfide form. Under 
these conditions the oxygen reacts with the sulfide in pref. 
erence to reacting directly with carbon. In other words, 
Subtsantially all the carbon will be consumed by the mech 
anism of Reaction 2. 

Returning now to FIG. 1, it is seen that a portion of 
the heated melt from heat generator unit 24 is returned 
directly via line 30 to converter reactor 12. A second 
portion is sent via line 32 to a heat exchanger 34 where 
it is cooled to a temperature of from about 900 to about 
450° C. From there, it is sent through line 36 to a sulfur 
removal unit 38. In this unit, the molten sulfide salt is 
contacted, preferably in a countercurrent fashion, with a 
stream 40 containing carbon dioxide and steam. As shown 
in the drawing, the carbon dioxide may be obtained from 
heat generator unit reactor 24 via line 42 and the steam 
is obtained via line 44. As a result of contact within unit 
38, the following reaction occurs: 

MS -- HO H CO-> MCO --HS 
where M=the cationic content of the melt, usually a mix 
ture of alkali metal ions. The HS produced in this reac 
tion is fed via line 46 to a Claus unit 48 where sulfur. 50 
is produced. Alternatively, the H2S can be utilized as the 
feedstock for a sulfuric acid plant. The carbonate formed 
in unit 38 is returned via line 52 to converter 12. The 
proportion of melt treated in unit 38 will depend upon 
the sulfur content of the feedstock. If the feed to con 
verter 12 is sulfur-free, then a sulfur removal unit such 
as 38 is not necessary. If however, the feed contains sul 
fur, the melt circulating through converter 12 and heat 
generator unit 24 will experience an increase in sulfur 
content as the melt absorbs the sulfur from the feedstock. 
In such a case, it is desirable to maintain the sulfur con 
tent below about 25 weight percent. 

Conditions within converter 12 will vary depending 
upon the feedstock and the desired conversion. Tempera 
tures during cracking operations will vary from about 
400 C.-1100 C. with the lower portion of the range 
representing viscosity breaking and mixed-phase cracking 
and the upper portion of the range representing more 
severe cracking operations such as coking. Catalysts may 
be added to the melt or incorporated into the packing of 
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converter 12 for the purpose of increasing the rate of 
the desired reactions. Preferred catalysts include oxides 
and sulfides of iron, cobalt, molybdenum, tin, nickel, 
tungsten and other transition metals. In addition, the alkali 
metal sulfide content of the salt has also some catalytic 
effect. 

Conversion reactions such as hydrocracking and hydro 
desulfurization (hydrotreating) which require hydrogen 
are accomplished by introducing a stream of hydrogen 54 
into converter 12. Converter 12 is also pressurized to ap 
propriate hydrocracking and hydrodesulfurization pres 
Sures which normally range from about 6 to about 130 
atmospheres p.s. i. at temperatures of from about 450 to 
about 550° C. Catalysts may also be used in these proc 
esses. The preferred catalysts include oxides, halides, and 
sulfides of transition metal elements. 

Dehydrogenation is carried out at low pressures and 
at temperatures of from about 450-950 C. 
The operation of these hydrocaron conversion processes 

according to the present invention has numerous advan 
tages. For example, coke formation and deposition do 
not present a difficult problem. Coke is continuously re 
moved from the conversion reactor with the molten salt 
stream and used as a reductant in the heat generation 
zone. Therefore, the catalysts used in the process of this 
invention do not undergo deterioration or fouling. In addi 
tion, due to the direct contact of the hydrocarbon with 
the molten salt, heat transfer in the cracking reactor is 
very efficient, and good temperature control can be at 
tained. Finally, since hydrogen sulfide is completely con 
verted to alkali metal sulfide in the conversion reactor, 
the gaseous products do not require desulfurization. Due 
to the high reactivity of the carbonate melt with organic 
sulfur compounds, a large fraction of the sulfur is re 
moved from the liquid products also. Consequently, fur 
ther refining of the cracking products is simpler and less 
expensive as compared to the refining of the products 
obtained by other cracking methods. In addition, all of the 
sulfur that is removed from the petroleum residual is re 
covered as hydrogen sulfide which can be conveniently 
converted to sulfur or sulfuric acid. 
The following examples are illustrative of the basic 

principles of the invention. 
EXAMPLE I 

Thermal cracking of residual 

A 550 C.--vacuum residual was thermally cracked in 
the presence of molten alkali metal carbonate eutectic. 
The residual can be described as follows: 

TABLE II 
Residual description 

Yield on crude (wt. percent) ---------------- 50.4 
Yield on Crude (vol. percent) ---------------- 46.1 
Rams bottom carbon residue (wt. percent) ----- 25.1 
Density at 15.6° C. ------------------------ 1,0689 
Analysis (wt. percent): 

Sulfur -------------------------------- 7.71 
Carbon ------------------------------ 80.36 
Hydrogen ---------------------------- 9.58 

Fifty grams of this residual was added in 2-3 gram in 
crements to a reservoir (10 cm. I.D. x 20 cm, height) 
below a packed column (5 cm. I.D. x 61 cm. height 
packed with 6.4 mm. alumina raschig rings). The pack 
ing was coated with 150 grams (50 g. each of Na2CO3, 
Li2CO3, and KCO) of alkali metal carbonate salt. The 
temperature of the entire system was maintained at 580 
C. Helium (100 mls./min.) was used to purge the 
petroleum gases through (1) the packed column, (2) a 
water cooled condenser, (3) a Dry Ice-acetone cold trap, 
and (4) a gas chromatograph. The coke that was pro 
duced in the test was oxidized with oxygen and the prod 
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8 
uct, carbon dioxide, was collected and measured. The re 
Sults of the test are as follows: 

TABLE III 
Yield 

Material: Yield (g.) 
Coke ---------------------------------- 10.4 
Oil (from condenser) --------------------- 3.8 
Light products (from cold trap) ------------ 6.3 
Noncondensable gas ---------------------- 10.0 

The remaining 20% of feed was believed to be pre 
dominantly represented by heavy tars and oils and coke 
which were trapped in the flow lines of the apparatus. 

EXAMPLE II 

Thermal cracking and dehydrogenation of ethane 
Three hundred grams of a melt containing equal weights 

of LigCO3, Na2CO3, and KCO contained in a ceramic 
crucible was used to crack and dehydrogenate ethane at 
various temperatures. The test involved purging ethane at 
1 I./min. through the melt (7.5 cm, depth) and analyzing 
the products by gas chromatography. The reactions that 
took place are as follows: 

C2H6 ->CH-2CH (a) 
CH-> H2 -- C2H4 (b ) 

Table IV gives the results of the tests at various tempera 
tures. 

TABLE IV.-ETHANE CRACKING 

Ratio, Re 
Percent action (b)| 
ethane Reaction 

Temperature (C.) reacted (a) 

650 1. 28 
775. 24 2 
975. 92 0.5 

EXAMPLE III 
Sulfur removal 

The mechanism by which sulfur is removed during hy 
drocracking using molten carbonates may be represented 
as follows: 
(A) R-S-R'--Ha-R-H-I-R-H-I-FIS catalyst 
(B) HaS--M2COs->MaS-COa-HO 
Both of these reactions have been demonstrated. For ex 
ample, with the use of catalysts such as the oxides and sul 
fides of iron, cobalt, tungsten, nickel, and molybdenum. 
Reaction A is routinely carried out. Thus, it is apparent that 
metal sulfides can be used as catalysts. The addition of 
these catalysts to a molten alkali carbonate-sulfide mix 
ture should not hinder their reactivity. In fact, sulfide, iron, 
and iron compounds such as iron sulfide have been found 
to catalyze the reduction of sulfate by hydrogen in a molten 
salt environment, 

Reaction B has similarly been demonstrated. Thus, HS, 
130 cc./min, and CO2, 370 cc./min, were mixed in a mix 
ing chamber and then bubbled through four inches of 
alkali metal carbonate melt consisting of reagent grade 
K2CO3 (100 g.), NaCO3 (60 g.), and LiCO (100 g.). 
The reaction vessel was made of vycor and was heated to 
500 C. with a Marshall electric furnace. The test was con 
ducted for one hour, with melt samples taken at the begin 
ning, middle, and end of the test. The evolved water was 
trapped with Mg (ClO4)2 and the remaining gases ana 
lyzed by gas chromatography. Aliquots of the inlet and exit 
gases were injected into the chromatograph with a Perkin 
Elmer sampling valve. Results are shown in Table V. 

Initially, as indicated in the gas chromatographic results 
in Table V, nearly 100 percent of the HS was absorbed, 
and at the end of one hour about 50 percent was still being 
absorbed, 
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TABLEW 
Inlet and Exit Gas Analysts for HSCO 

Plus MCO . 

HS 

18.0 
0.35 
3.1 
4.4 
5.4 
6.7 
7.4 
7.9 
9.2 

All numbers are relative peak heights on the gas chromat 
ograph. This example illustrates the ability of an alkali 
metal carbonate melt to absorb HS at elevated tempera 
tures. 

EXAMPLE IV 
Heat generation 

Twelve grams of coal were used to partially reduce 60 g. 
of sodium sulfate dissolved in 300 g. of an alkali metal 
carbonate melt in a ceramic crucible at a temperature of 
from 840-870° C. At the end of 15 minutes 44.7% of the 
sulfate was reduced to the sulfide; at the end of 25 min 
utes no further reduction of the sulfate had occurred. 
Therefore, the coal was assumed to have been completely 
expended during the reaction. The temperature of the sys 
tem was allowed to stabilize. Air was then purged through 
the melt. At the instant the air purge was initiated, the tem 
perature of the melt started to increase appreciably as a 
result of the oxidation of sulfide. It continued to increase 
until the air purge was stopped at which point the tem 
perature of the melt began to decrease. For example, when 
air was purged through the melt at 2.1 1./min, the melt. 
temperature rose from 891.5 C. to 918 C. in 3.0 min 
utes. Before and after the air purge, the melt was decreas 
ing in temperature at a rate of about 6 C. per minute. 

EXAMPLE V 
Absorption of sulfur from coke during heat generation 
A test was carried out in which fluidized coke was con 

tinually added to an alkali metal carbonate eutectic melt 
(315 g.) containing initially 15 g. sodium sulfate at 1472 
F. (800° C.). At the same time air was purged through 
the melt in order to reoxidize the sulfide to sulfate. The test 
was terminated after 192.4 g of coke had been added and 
all the sulfide had been converted back to sulfate. Table VI 
gives the results of this test. 

TABLE VI 

TABLE WIACCUMULATION OF SULEUR IN THE MELT 

MSO 
(wt. S (wt. Sadded 

pcreent) pcrcent) S (g) (g) 

Outset.----------------- 4.53 1,06 3.34 O 
Conclusion.------------- 7.50 1,76 5.54 2.67 

Assuming coke to containi.39% S, as stated by Phillips Petroleum Co. 

These results show that the sulfur content of the melt 
increased by 2.2 g. while theoretically 2.7 g. of sulfur 
were added to the melt. The sulfur accumulation in the 
melt represents 81% of the theoretical addition. There 
fore, during heat generation substantially all the sulfur will 
remain with the melt and not end up as an air pollutant. 

EXAMPLE VI 
Effect of temperature and iron on reduction rate 

Tests were carried out to determine the effect of iron and 
temperature on the reduction of sulfate with coke. For 
the control test an alkali metal eutectic carbonate-sulfate 
melt containing 100.8 g. K2CO3, 11.8 g. LiCOs, 37.0 g. 
Na2CO3, and 84.9 g. Na2SO4 (25% MSO4) was reduced 
with 2.5 times stoichiometric coke (36 grams). To deters 
mine the effect of iron on the reduction rate the melt con 
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10 
sisted initially of 100.8 g. KCOs, 11.8 g. LiaCO3, 52.4 g. 
NaCO3, 64.3 g. NaSO4, and 40.3 g. FeSO47H2O (25% 
MSO). Melt samples were taken periodically throughout 
each test and they were analyzed for sulfate, sulfide, and 
carbonate. The results of these tests are presented in Table 
VII. 

TABLE VII 
Reductions with coke 

Conditions: Reduction time (hrs.) 
600 C. --------------------------------- a 91 
700 C. -------------------------------- 2.9 
700 C. with Fe -------------------------- 1.9 
800 C. --------------------------------- 0.50 
800 C. with Fe ---------------------- O,23 

a Based upon the first 31.5% reduced (28.5 hrs.). 
b Mechanical agitation, as opposed to agitation by means 

of a purge gas, was employed in this experiment. 
The invention has been described herein with reference 

to preferred embodiments and specific examples. However, 
it will be apparent to those skilled in the art that many 
other modifications, adaptations and uses of this hydro 
carbon conversion process are possible without departure 
from the spirit and scope of the invention as defined by the 
claims below. 
We claim: 
1. A closed-cycle method for the conversion of hydro 

carbons into more valuable products comprising the steps 
of: 

(a) contacting said hydrocarbons with hydrogen and an 
alkali metal carbonate melt containing from about 
1 to 25 wt. percent sulfur in the form of alkali metal 
sulfide in a conversion zone at a temperature from 
about 400 to 1100° C. to form valuable hydrocar 
bons and coke, 

(B) separately recovering said valuable hydrocarbons 
from said conversion zone, 

(C) withdrawing said melt containing said coke from 
said conversion zone, 

(D) feeding said withdrawn melt from step (C) to a 
heat-generation zone wherein said withdrawn melt 
is contacted with a reactive form of oxygen at a 
temperature between about 600 and 1200° C. where 
by said coke and oxygen are consumer according to 
the reactions, 

SF-4-2O)SOF 

thereby heating the melt, and 
(E) circulating heat-supplying melt from said heat 

generation zone to said conversion zone. 
2. The method of claim 1 wherein said hydrocarbons 

are selected from a member of the group consisting of 
light hydrocarbons, naphtha, kerosene, refinery gas, nat 
ural gas, light gas oil, heavy gas oil, atmospheric resid 
uals, tar, vacuum residuals, crude oil, coal, oil shale and 
tar sands. 

3. The method of claim 1 wherein said reactive form 
of oxygen is air. 

4. The method of claim 1 wherein Reactions 1 and 2 
are carried out in separate portions of said heat genera 
tion zone. 

5. The method of claim 1 wherein said heat-genera 
tion zone is undivided, Reactions 1 and 2 being carried 
out together, and wherein said oxygen is controllably fed 
in preselected amount at less than that stoichiometrically 
required for oxidation of the coke present in the melt so 
that under steady-state operating conditions the sulfur 
present in the melt is maintained substantially all in 
sulfide form and substantially free of the sulfate form. 

6. The method of claim 1 wherein said melt contains 
from about 0.5 to about 7 weight percent iron. 

7. The method of claim 1 wherein a supplemental sup 
ply of coke is added to said heat generation zone. 

(1) 
(2) 
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8. The method of claim 1 wherein said melt contains 
a catalyst selected from a member of the group consisting 
of oxides, halides and sulfides of a member of the group 
consisting of iron, cobalt, molybdenum, tin, nickel and 
tungsten. 

9. The method of claim 1 wherein step (A) includes 
hydrocracking in said conversion zone. 

10. The method of claim 1 wherein step (A) includes 
hydrodesulfurization in said conversion zone. 

11. The method of claim 10 wherein a portion of said 
heated melt from step (D) is treated to remove a portion 
of its sulfur content prior to the returning of said heated 
melt to step (A). 

12. The method of claim 11 wherein said melt from 
step (D) is treated with a gaseous mixture containing car 
bon dioxide and steam to form hydrogen sulfide gas as 
a recoverable product and at the same time regenerate 
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alkali metal carbonate for recirculation in the process to 
step (A). 
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