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, 3,101,303 
PROCESS FOR REGENERATENG MANGANESE 
OXIDE ACCEPTQRS FUR HYDROGEN SUlLlFiDE 

James D. Batchelor, Spring?eld, Va., and George P. 
Curran and Everett Gorin, Pittsburgh, Pa, assigu‘ors to 
Consolidation Coal Company, Pittsburgh, Pa, a cor 
poration of Pennsylvania ' 

Continuation of application Ser. No. 715,136, Feb. 13, 
1958. This application Apr. 29, 1960, Ser. No. 26,927 

7 Claims. (Cl. 202—3l) 

The present invention relates to a process for regener 
ating manganese oxide acceptors for hydrogen sul?de. 
More particularly, it relates to ‘a process for removing 
sulfur contamination from carbonaceous vsolid materials 
by, treatment with hydrogen in ‘the presence of manganese 
oxide-type solid acceptors for hydrogen sul?de. 

Such sulfur removal processes for carbonaceous solid 
fuels have been described in copending U.S. patent ap 
plication S.N. 527,705, now US. Patent 2,824,047, ?led 
August 11, 1955, by Everett Gorin', George P. Curran 
and James D. Batchelor, assigned to the assignee of the 
present invention. A further process relating to sulfur 
removal and calcining of carbonaceous solid fuel briquets 
has been described in copending US. patent application 
S.N. 635,278, since abandoned, ?led January 22, 1957, 
by James D. Batchelor, Everett Gorin, George P. Curran 
and Robert J. Friedrich, assigned to the assignee of the 
present invention. 
The presence ‘of sulfur in carbonaceous solid fuels 

limits their use in metallurgical‘applications. Accord 
ingly, most metallurgical fuels are obtained by employ 
ing low sulfur content starting materials, e.g., low sulfur 
coal is converted to low sulfur metallurgical coke. Sulfur 
removal processes of the typedescribed in the aforemenw ' 
tioned patent applications permit the use of high sulfur 
content ‘fuels as starting materials for preparing low sul 
fur content carbonaceous fuels for metallurgical use. 
For example, the sulfur removal process may be pro 
vided as a treatment for the solid residue (termed char) 
resulting from low temperature carbonization of bitumi 
nous coal. Where ?uidized low temperature carboniza 
tion processes are used, the ?nely divided, low density, 
porous char productis particularly amenable to those 
vdesulfurization treatments. The desulfurization treat 
ment can be applied to any non-caking carbonaceous solid 
fuel such as cokes and chars. ‘Coke from coal and hydro 
carbonaceous residues (pitch coke), coke breeze, and low 
temperature carbonization' char from coal and lignite are 
exemplary. The processes cannot be ‘applied to caking 
carbonaceous solid fuels such as caking coal since the 
thermal treatment encompassed in such processes would 
‘cause these materials to become sticky ‘and form coked 
masses which would bind the acceptor solids, thus pre 
venting their recovery for reuse in the process. Further 
the resulting coke would be contaminated with the accep 
tor solids. Any sulfur transferred from the carbonaceous 
fuels to the bound acceptor solids would remain in the 
solid coke. The processes, however, are applicable to the 
desulfurization of carbonaceous briquets which may con 
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tain caking coal inter alia provided the thermal treat»,v 
ment is conducted to ‘avoid severe caking and accom 
panyiug formation of large coke masses. 

In the aforementioned copending application S.N. 
527,705 solid carbonized carbonaceous fuels are desul 
furized by treatment at elevated temperatures in the pres 
ence of hydrogen and a solid acceptor for hydrogen sul 
?de. A preferred acceptor in this process is one contain 
ing manganese oxide. Examples of manganese oxide ac 
ceptors include particles of substantially pure manganese 

- oxide, inert supports such as silica, alumina and silica 
alumina impregnated with manganese oxide, and high 
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manganese content naturally occurring ores having a low 
content of silica-alumina, calcium and iron. The natue 
rally. occurring ores are more‘ fully described‘in our co 
pending application SerialNo. 715,058, now-US. Patent 
2,950,231, ?led February 13, 1958, by James D. Batch 
elor, "George P.>_ Curran and Everett Gorin entitled 
“Manganese Ore Acceptors for Hydrogen Sul?de.” A 
preferred inert support is mullite which comprises about 
75 to 85 percent alumina and the balance silica. 

According to the process of US. Patent 2,824,047, 
carbonaceous solid fuels containing sulfur are mixed with 
a solid material (termed an “acceptor”) which is capable 
of absorbing hydrogen sul?de. The mixture is treated 
with hydrogen ‘gas at a temperature above about 1100° F. 
whereby the hydrogen gas combines with the contaminat 
ing sulfur to ‘form hydrogen sul?de; the hydrogen sul?de 
is absorbed in situ by the acceptor. Since the hydrogen 
sul?de is absorbed ‘instantly upon formation, there is only 
a negligible paitial pressure of hydrogen sul?de in the 
desnlfurization zone for inhibiting the reactions whereby 
sulfur is removed from the carbonaceous solid fuels. 
The reaction mixture of solids is separated into (a) prod 
uct desulfurized carbonaceous solid fuels and (b) the 
solid acceptor containing vaccepted sulfur. The acceptor 
may be regenerated and heated by contact with [air to 
restore its hydrogen‘ sul?de acceptor properties through 
elimination of previously absorbed sulfur.‘ The heated 
regenerated acceptor, when mixed with relatively cool 
carbonaceous ‘solid fuels preferably provides the heat 
necessary to raise the solids reaction mixture to a desul 
furization temperature. ' p‘ 
Where the sulfur-containing carbonaceous solid fuel is 

in‘ the form of ?nely divided particles (e.g., fluidized low 
temperature carbonization char, petroleum coke and the 
like), the acceptor preferably is larger in size to facilitate 
separation'of desulfurized fuel from the sul?ded acceptor. 
When the sulfur-containing carbonaceous solid fuel is in 
the form of relatively‘ large agglomerate masses, such as 
briquets,‘ the acceptor preferably is in the form of ?nely 
divided fluidizable size particles to improve contacting 
ef?ciency and to facilitate separation of desulfurized fuel 
‘from the sul?ded ‘acceptor. , 

carbonaceous vsolid fuels contain sulfur in at least 
Some of the sulfur exists as readily remov 

able sulfur Which is organically bound in‘ the carbona 
ceous fuel. This, organically bound sulfur can be removed 
from the carbonaceous solid fuels rather easily by contact 
with hydrogen. If the readily removable, organically 
bound sulfur is represented as —C=S, the desulfuriza 
tion reaction may be represented as follows: 

(—c=s)+H2—>H2S+(—c) 
Some of the sulfur exists as inorganically bound sulfur 

usually in the form of metallic (principally iron) sul?de. 
This sulfur may be removed rather readily by treating the 
carbonaceous solid fuel with pure hydro-gen gas. The - 
reaction (assuming iron sul?de) is as follows: 

FeS+H2—>H2S+Fe 
,The equilibrium ratio for-this reaction His/H2 is very 
low. Hence small quanties of hydrogen. sul?de in the 
gas phase will inhibit the transfer of ‘sulfur from the 
solid to the gas. At 1350° F., ‘for exairnple,‘0.l2 volume 
percent ‘of hydrogen sul?de in the ‘hydrogen vgas is the 
equilibrium value. At 1600° F., 0.28 volume percent of 
hydrogen sul?de in the hydrogen gas is the equilibrium 
value. Thus in order to remove inorganically, vbound 
sulfur effectively, the ratio of H2S/H2 must be maintained 

_ at an extremely low value,~i.e., nearly pure hydrogen must 
be used. . 7 ~ > . 

A further type of sulfur existing in the solid car 
bonaceous fuels'is identi?ed as “di?icultly removable sul 
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fur” which is principally organically bound. This type 
of sulfur exists in the form of refractory organic mate 
rial and various inorganic sul?des. While this sulfur 
theoretically can the removed by treatment of the car 
bonaceous ‘solid fuels with pure hydrogen gas, neverthe 
less, even minute‘traces of hydrogen sul?de are sul? 
cient to inhibit the transter of sulfur from the solids to 
the gas. Removal of the di?icultly removable sulfur 
is not practicable under feasible processing conditions. 
The ultimate desulfurization which can be achieved at 

any temperature depends upon the ratio of Has/H2 in the 
treating gases without regard to the absolute pressure of 
the reaction system. While greater absolute pressure in 
creases the rate of desulfurization, it does not aifect the 
ultimate level of sulfur in the treated solids. In accord 
ance with these ?ndings, satisfactory desulfurization rates 
may be achieved at temperatures above about 1100° F. 
with atmospheric pressure. Higher pressure accomplishes 
the same desulfur'ization in shorter time. A preferred 
pressure range for the desulfurization is about 1 to 6 at 
mospheres absolute. 

It is possible to maintain a low value for the ratio 
Hzs/Hz by employing enormous quantities of hydrogen 
as a treating gas. For example, the use of 1000 molar 
volumes of pure hydrogn gas in removing one mol of 
sulfur would create an environment containing 0.10 
volume percent of H28 in H2. Alternatively, the ratio 
Has/H2 may be maintained at a low value by removing 
the H28 from the vapor state as quickly as it is formed. 
The removal of H25 from the vapor state can be accom 
plished by providing in a desulfurization zone a solid 
acceptor which has a greater a?inity for hydrogen sul?de 
than those materials with which the sulfur is bound in 
the carbonaceous solid fuels. A preferred solid acceptor 
is one containing manganese oxide. 

‘ Throughout the speci?cation, the term “manganese 
oxide” refers to compounds containing manganese and 
oxygen, such as MnO, Mn3O4, Mn2O3, MnOZ, which com 
pounds are principally in the form of MnO. The term 
“higher oxides of manganese” refers to compounds con 
taining more than one atom of oxygen per atom of man 
tganese, e.g., Mn3O4, Mn2O3, MnO2. 

The reaction of the manganese oxide in the desulfuriza 
tion treatment is as follows: 

Thus the manganese oxide combines with the generated 
hydrogen sul?de to form manganese sul?de thereby re 
moving from the vapor phase the hydrogen sul?de formed 
by desulfurization of the carbonaceous solid fuel. 

Following su?icient desulfurizing treatment of the car 
bonaceous sol-id fuels, the desulfurized fuels are separated 
from the solid acceptor and recovered as a low sulfur 
carbonaceous fuel product. As such, the low sulfur 
carbonaceous solid fuels are suitable for use as metallur 
gical fuels. 
The separated sul?ded acceptor is regenerated by treat 

ment with air to restore the manganese oxide for reuse 
as follows: 

Thus in the overall process, the sulfur removed from the 
carbonaceous solid fuels is rejected ‘from the system in 
the form of sulfur dioxide. So much of the process has 
been more fully described in the aforementioned applica 
tion, S.N. 527,705. 
The use of H25 acceptors has been'brie?y described 

in relation to desulfunization processes for carbonaceous 
solid fuels. Such H28 acceptors ‘also can be used for 
removing H25 from any gas stream, regardless of source. 
For example, elimination of 1-128 from petroleum re?nery 
Igases, pipeline gas, and the like can be accomplished by 
passing the gases over an H2S-accepto-r containing man 
ganese oxide. The H28 will be absorbed by the acceptor 
‘and the manganese oxide converted to manganese sul?de. 

w The sul?ded acceptor can be regenerated by treatment with 
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air to release sulfur dioxide and restore the manganese 
oxide. 
The phrase “Hzsabsorbing conditions” as employed in 

this speci?cation refers to a non-oxidizing environment 
containing HZS at temperatures Where a favorable equilib 
rium exists for the reaction 

The preferred temperature range for “Hzs-absorbing con 
ditions” is about 1100 to 16100" F. The ability of an 
acceptor to react with H28 “under H2S-ahsorbing con 
ditions” is an important determinant in the efficiency of 
the fundamental desulfurization process. 

Undesirable over-oxidation may accompany the regen 
eration whereby higher oxides of manganese are pro 
duced, for example, Mn3O4 and MnzOs. The presence of 
these higher oxides of manganese is deleterious ‘for tWo 
reasons. 

First, the higher oxides of manganese are reduced im 
mediately upon return to the desulfurization zone by react 
ing with hydrogen gas therein. 

M11304 MnzOs-l-Hze 2MnO+H2O 

Consumption of valuable ‘hydrogen in this manner is in 
e?icient since there is no accompanying desulfurization. 

Second, the reduction of these higher oxides of man 
ganese produce water vapor which tends to suppress the 
H23 absorption reaction. 

The reaction equilibrium for the H28 absorption is a 
function of pHZO/PHZS. Extraneous water vapor in the 
system will limit the rate of H25 absorption. 
The object of the present invention is to minimize the 

production o-f‘higher oxides of manganese in the acceptor 
regeneration treatment. 

According to the present invention, a portion of the 
MnS in the acceptor is allowed to remain in the acceptor 
throughout the regeneration treatment. By allowing 
about 2 to 15 percent of the manganese to remain in the 
‘form of MnS, the yield of MnO is unexpectedly selective 
to the substantial exclusion of the undesirable higher 
oxides of manganese. The residual MnS does not affect 
the subsequent HZS absorption properties of the acceptor 
since the MnS passes through the desulfurization zone 
unchanged. ' 

In the preferred embodiment, the acceptor is used not 
only to remove HZS from the vapor in the desul 
ufurization zone but also to provide the heat requirements 
for raising the temperature of the carbonaceous solids 
(undergoing desulfurization) to the desired desulfuriza 
tion temperature. Thus there exists ‘an overwhelming 
stioohiometric excess of MnO in the desulfurization zone, 
dictated by the heat balance requirements. 
For a ‘full understanding of the present invention, its 

objects and advantages, reference should ‘be had to the 
following detailed description and accompanying drawings 
in which: 

IGURE 1 is a schematic flow diagram illustrating a 
desulfurization process for carbonaceous solid fuels em 
ploying solid acceptors \for hydrogen sul?de; 
FIGURE 2 is a graphical illustration of the state of 

oxidation of the manganese oxide acceptor according to 
the extent of sulfur removal in the regeneration zone; and 
FIGURE 3 is a graphical illustration of the manner 

in which the regenerating oxygen is distributed among 
three competing reactions in the regeneration zone. 
The generalized ?ow sheet of FIGURE 1 illustrates the 

manner in which an acceptor desul?urization process can 
he carried cutin a continuous manner. A desulfuriza 
tion zone It) receives non-caking carbonaceous solids con 
taining sulfur through a conduit 11 and regenerated ac 
ceptor solids through a conduit 12. In this instance, the 
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\active ingredient of the acceptor solids is manganese 
‘oxide. A hydrogen-rich treating gas consisting essentially 
of hydrogen is introduced into the desulfurization zone 
10 through a conduit 13. Additional gases, consisting of 
hydrogen gas, are autogenously produced through devola- 5 
tilization of the carbonaceous solids at the elevated tem 
perature of the desulfurization zone 10. Under preferred 
operating conditions the autogenously produced devola 
tilization gases will be in su?icient quantity to provide the 
full hydrogen requirements for desulfurization so that 10 
extrinsic hydrogen production is not required. 
The desulfurization zone 10 is maintained at a tem 

perature from about 1100 to about 1600° F. Belowv 
about 1100° F., the desulfurization rate is low. Opera 
tion above about 1600° F. requires excessive heat and 15 
also promotes rapid deactivation of the acceptor. The 
pressure level preferably is high enough to provide a 'hy 
drogen gas partial pressure'of at least one atmosphere. 
A total pressure of from one to six atmospheres is 
preferred. . 
A t ipical char (containing sulfur) produced ‘by ?uid 

ized carbonization of Pittsburgh Seam coal at 950° yields devolatilization gases containing 58.6 percent hy 

drogen and 24.8 percent methane at 1.3 atmospheres and 
1350° F. The same char yields devolatilization gases 25 
containing 48.7 percent hydrogen ‘and 32.9 percent meth 
ane at 3 atmospheres and 1350° F. , 

During passage through the des-ulfurization zone 10, 
the treating gases remove sulfur from the carbonaceous 
solid fuels. 

forming hydrogen sul?de. 
The HES, upon formation, is at once absorbed by the 

solid acceptor and removed ‘from the gas phase. 

Gases are recovered from the desulfurization zone 10 
through a conduit 14 and recirculated through conduit 13 
for further contact with carbonaceous solids undergoing 
desulfurization. A net product gas is removed through 
a conduit 15. > 
The required residence of carbonaceous solids in the 

desulfurization zone 10 depends upon the lability of the 
contaminating sulfur ‘and also upon the level of ‘desul 
furization desired. It must be borne in mind that theul- ‘15 
timate sulfur level of the product is determined by the 
level of H25 concentration which the managnese oxide 
will maintain. Where the hydrogen partial pressure of 
the treating gases is about one ‘atmosphere or greater, 
satisfactory desulfurization can be achieved by subjecting 5 
the carbonaceous solids to the desulfurization conditions 
for a period of about three hours or less. Increased ab‘ 
solute pressure, as already pointed out, promotes more 
rapid \desulfurization. 

Desulfurized carbonaceous solids are removed from the 
desulfurization zone 10 as product through ‘a conduit 16.. 
Sul?ded acceptor is removed through ‘a conduit 17 and 
passed to an acceptor regeneration zone 18. Air is in 
troduced into the regeneration zone 18 through a conduit 
19 to raise the temperature of the acceptor through com 
bustion of sulfur along with a portion of the carbona 
ceous solids commingled therewith and to remove sulfur; 
there?rom through oxidation to sulfur dioxide. 

MnS+%O2—> MnO+SO2+heat ‘ 

The temperature within the regeneration zone 18 is main 
tained at about 1300 to 1800“ F. Hot ?ue gases contain-‘ 
ing sulfur dioxide \are removed from the regenerationzone"v 
13 through a conduit 20. ' 

Excessive oxidation in the regeneration zone 18 will 70 
result in the conversion of some MnO to higher oxides of. 
manganese ‘as described. According to the present inven 
tion, the residence time and oxygen input rate are regu 
lated to restrict the oxidation such that from about 2, 
to about 15 percent of the available manganese remains‘ 75 

6 
in the vform of MnS. The two-mentioned variables are 
regulatedv such that the amount of oxygen introduced is 
within about 20 percent of that stoichiometrically deter 
mined for complete oxidation of all the MnS entering the 
regeneration zone 18. Substantially complete CO‘HSUITIP-e 
tion of the introduced oxygen will occur. This oxygen in 
part is consumed by the desired reaction 

MnS-137202» MnO-l-SOZ-l-heat . 

and in part through combustion of carbonaceous, solids to 
provide the heat requirements ‘for the process 

and also in part to produce the undesirable higher oxides 
of manganese ' 

I 3MI1O+1/2O2+MI13O4. 

ZMnO + 1/2 02+ Mn2O3 

Regenerated ‘acceptor is returned to the desulfurizatiou 
zone 10 through the conduit 12 without deliberate cooling 

0 v to serve therein as a means for removing H28 therefrom 
and to supply the heat requirements thereof. 
To illustrate the unexpected results accruing from the 

practice‘o-f the present invention, an introductory expla 
nation of the terminology will be helpful. In consider 
ing a mixture of various ‘oxides of manganese (MnO, 
Mn3O4, M11203, for example) the ratio of oxygen to man 
ganese can be calculated and the mixture can be identi 
?ed by the empirical formula: MnOx Where x is the cal 
culated ratio. 

If all the manganese exists as MnO, the value of x is 
1.00. If all the manganese exists as Mn3O4, the value 
of x is 1.33. If all the manganese exists as M11203, the 
value of x is 1.50. By this system of representation, it 
is apparent that the desired value of x in the empirical ex 
pression ‘for the oxides of manganese should approximate 
1.00 for a regenerated acceptor entering the desulfuriza 
tion zone. 

Referring to FIGURE 2, the value of x in the expres 
sion MnOX has been graphically presented as ‘a function 
of the percentage of MnS which is oxidized during re 
generation in air. To develop the curve of FIGURE 2, 
a sul?ded acceptor was exposed to oxygen in a ?uidized 
'bed at 1700° F. The speci?c ‘acceptor was a substan 
tially pure screened fraction of manganese oxide. The 
material was prepared ‘by decomposing manganese nitrate _ 
to manganese oxide. .The manganese oxide was bri 
quetted, calcined, crushed and screened. Samples of the 
acceptor were drawn periodically ‘for analysis. About 
60 percent of the available manganese was in the (form 
of MnS when regeneration was commenced. The asso 
ciated carbon was ?nely divided particles of pitch coke. 
From FIGURE 2, it is seen that the yield of higher 

oxides of manganese is negligible until the last portion of 
the MnS begins to oxidize, as evidenced ‘by the value of 
x in the expression MnOX. 'The value of x does not rise 
above 1.01 until about 90 ‘percent of the MnS has been 
oxidized. Thereafter the value of x increases markedly 
as the residual. M113 is oxidized. Hence it appears that 
formation of signi?cant quantities of higher oxides of 

O manganese can be avoided by allowing a portion of the 
MnS to remain on the acceptor during the regeneration 
treatment. ' . 

For a further illustration of the present inventionpthe 
curves of FIGURE 3 present graphically the distribution 
of oxygen entering a batch-wise acceptor regeneration 
zone as a function of time. A speci?c acceptor was the 
same substantially pure material described in connection 
with FIGURE 2. Initially the sul?ded acceptor con 
tained about 60 percent of its manganese as MnS. Some 
finely divided pitch coke particles were comrningled with. 
the sul?ded vacceptor. ' Air was passed through the 
acceptor-coke mixture as a ?uidizing gas. ' 
About 85 percent of the initial oxygen reacts with the 

MnS to form MnO. exclusively; the remainder of the ini 
tial oxygen reacts with carbon from the coke to supply 



heat; none of the initial oxygen reacts with MnO to form 
higher oxides of manganese. Following about ?ve min 
utes treatment at a constant air input rate, only a minor 
portion of entering air reacts with MnS. The bulk of 
the air is used in the carbon combustion reaction. A 
signi?cant portion of the air is consumed in forming un 
desirable higher oxides of manganese from the MnO al 
ready produced. Regeneration treatment extending ‘be 
yond about ?ve minutes (at the air input rate used to 
develop the curves of FIGURE 3) would result only in a 
slight ‘decrease of the MnS content of the acceptor at the 
expense of a signi?cant increase in the content of unde 
sirable higher oxides of manganese. 
The cross hatched area under the curves of FIGURE 

3 corresponds to the cumulative amount of oxygen con 
sumed in each of the three competing reactions. Continu 
ing the regeneration treatment beyond about ?ve minutes 
would produce more higher oxides of manganese than 
MnO (from NnS) under the conditions employed for 
obtaining the data to develop the curves of FIGURE 3. 
The exact cut-off point for the regeneration will vary 

according to the relative oxygen-to-sul?ded acceptor ?ow 
rate. However, a satisfactory cut-off will be achieved 
when from about 2 to about 15 percent of the MnS on 
the sul?ded- acceptor is allowed to remain on the regen 
erated acceptor. The utilization of oxygen in the regen 
eration process will be nearly quantitative, i.e., substan 
tially all of the oxygen introduced will be consumed. 
Accordingly, the quantitytof oxygen should be within 
about twenty percent of that determined stoichiometrically 
for reacting with all of the available MnS. 
The temperature range for the regeneration is from 

about 1300 to 1800° F, preferably from about 1300‘ to 
1600° F. Where the acceptor comprises an inert support 
such as silica-alumina, silica or alumnia impregnated with 
manganese oxide, regeneration should be conducted at a 
relatively low temperature within the range. Elevated 
temperature treatment of supported acceptor promotes 
deactivation of the manganese as described in our co 
pending applications S.N. ‘692,865, now U.S. Patent 
2,927,063, ?led October 28, 1957; SN. 692,897, now US. 
Patent 2,950,229, ?led October 28, 1957; and S.N. 
695,467, now US. Patent 2,950,230, ?led November 8, 
1957. Regeneration of high manganese content acceptors 
preferably is conducted ‘at somewhat higher temperatures 
within the range 1300 to 1800° F. High manganese con 
tent acceptors include those prepared from substantially 
pure manganse oxide as well ‘as those comprising natural 
ly occurring manganese ores as set forth in copending 
application SrN. 715,058, now US. Patent 2,950,231, ?led 
by us February 13, 1958. ' 
The present process can be applied to advantage in 

an cyclic desulfurization process employing manganese 
oxide acceptors and also employing hydrogen gas as the 
sulfur transferring medium. Gaseous streams and vapor 
ized sulfur-containing liquids can be desulfurized as well 
as the carbonaceous solid fuels herein described. 

According to the provisions of the patent statutes, we 
have explained the principle, preferred construction, and 
mode of operation of our invention and have illustrated 
and described what we now consider to represent its best 
embodiment. However, we desire to have it understood 
that, within the scope of the appended claims, the inven 
tion may be practiced otherwise than as speci?cally illus 
trated and described. 

This application is a continuation of our application 
Serial No. 715,136, now abandoned, ?led February 13, 
1958. 
We claim: 
1. in a process employing solid acceptors containing 

manganese oxide for absorbing hydrogen sul?de at tem 
peratures above about 1100° F. to form manganese sul 
?de, followed by oxidizing the manganese sul?de to man 
ganese oxide by reaction with oxygen, wherein undesired 
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higher oxides of manganese are formed, in said last 
mentioned step the improvement which minimizes forma 
tion of said higher oxides, comprising controllably oxidiz 
ing only about v85 to 98 percent of the sul?de sulfur in 
said sul?ded acceptors so as to maintain ‘about 2 to 15 
percent of the manganese in the form of MnS, whereby a 
major portion of the manganese is in the form of MnO 
and formation of higher oxides of manganese is mini 
mized, and recovering the thus-treated regenerated ac 
ceptors for reuse under Hzs-absorbing conditions. 

2. The improvement of claim 1 wherein the solid ac 
ceptor comprises a manganese-oxide impregnated inert 
support which is an oxide selected from the class consist - 
ing of silica, alumina and silica-alumina and the regen 
eration temperature is between 1300 and l600° 

3. The improvement of claim 2 wherein the inert sup 
port comprises mullite. 

4. The improvement of claim 1 wherein the solid 
acceptor comprises substantially pure manganese oxidev 

5. The improvement of claim 1 wherein the solid 
acceptor comprises particles of naturally occurring high 
manganese content ore. 

6. ‘In a process employing solid acceptors containing 
manganese oxide for absorbing hydrogen sul?de at tem 
peratures above about 1100° F. to form manganese sul 
?de, followed by oxidizing the manganese sul?de to man 
ganese oxide by reaction with oxygen, wherein undesired 
higher oxides of manganese are formed, in said last 
mentioned step the improvement which minimizes forma 
tion of said higher oxides, comprising introducing into 
a regeneration zone maintained at ‘a temperature from 
1300 to 1800° F. relative quantities of sul?ded acceptors, 
combustible carbon, and oxygen so that only about 85 to 
98 percent of the sul?ded sulfur in said sul?ded acceptor 
is oxidized, withdrawing acceptor from said regeneration 
zone containing 2 to 15 percent of its sul?de sulfur and 
containing a major portion of its manganese in the form 
of MnO, and recovering the withdrawn acceptors as a 
stream for reuse under H2S-absorbing conditions. 

7. In the method for removing sulfur from particulate 
carbonized carbonaceous solids which comprises pre 
paring an intimate admixture of said carbonaceous solids 
and particulate acceptor solids comprising manganese 
oxide, subjecting said admixture to treatment at a tem 
perature above 1100° F. in the presence of hydrogen 
gas until a portion of the initial sulfur has been removed 
from said carbonaceous solids and transferred to said 
acceptor solids thereby forming manganese sulfide, sepa 
rating particulate acceptor solids containing manganese 
sul?de from low sulfur carbonaceous solids as product, 
and restoring the H28 absorbing property of sul?ded 
acceptor solids for recirculation in the process, the im 
provement in said last-mentioned step comprising in 
troducing into a regeneration zone maintained at a tem~ 
perature from 1300 to 1800” F. relative quantities of sul 
?ded acceptor, combustible carbon, and oxygen so that 
only about 85 to 98 percent of the sul?de sulfur in said 
sul?ded acceptor is oxidized, withdrawing acceptor from 
said regeneration zone containing 2 to 15 percent of its 
sul?de sulfur and containing the major portion of its 
manganese in the form of MnO, and recovering the with 
drawn acceptor as a stream for reuse under Hzs-absorbing 
conditions. 
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