
5 

10 

15 

20 

25 

to 

35 

40 

45 

5 O 

Patented Aug. 10, 1937 

UNITED STATES 

2,089,599 

PATENT OFFICE " ‘ 
2,089,599 

' PROCESS OF .TREATING COAL AND COM 
POSITION THEREFOR 

LawrenceiP. Crecelius, Shaker Heights, Ohio 

No Drawing. Application May 5, 1932, Serial 
, ' No. 609,549 

20 Claims. 

This invention relates to a process for the treat 
ing of coal and the burning of the same, which 
coal contains relatively large amounts of iron sul 
phur compounds, such as iron pyrites, for the 
purpose of improving the burning of the coal, 
obviating deleterious ?ue gas and tube slagging, 
and to improve the ash characteristics. 
‘The advance in the art of power production 

in power plants has been signalized by much 
higher rates of burning of coal in furnaces than 
heretofore practiced and an accompanying rela 
tive diminution of the air supplied for two 
main purposes. The higher rates of burning of 
coal was done for the purpose of increasing the 
capacity of a given plant, and the second pur 
pose of relative diminution of air supplied was 
effected for the purpose of decreasing stack 
losses. The effect of this advance or change 
in practice, has been to bring about much higher 
furnace temperatures than were usually regarded 
as good practice in the past. It has also de 
creased very materially the amount of air avail 
able for oxidizing the various elements in the 
coal used for combustion. Furthermore, it has 
operated to increase the speed of heat liberation, 
and, therefore, decrease the time element for 
combustion. 
The whole effect in this change in the art has 

operated to disqualify and eliminate, to a very 
large extent, the use of coals high in iron sul 
phur compounds, such as are mined 
Pennsylvania, Ohio, Indiana, Illinois and many 
other states. The reason for the foregoing is 
the objectionable‘ and disastrous clinkering which 
is produced by coals high in iron sulphur com 
pounds, which when subjected to the furnace 
conditions mentioned before, decompose to fer 
rous sulphide, which melts at approximately 
2140° F., running down on to the grate surfaces, 
obstructing to a large extent the passage of air 
through the grates, and additionally, fusing to 
the iron of the grate bars, thereby becoming per 
manently a?ixed thereto. In the second place, 
due to the high blasting for heavy overloads, 
particles of coal are driven off from the burning 
fuel and are blasted against the boiler tube sur 
faces. Owing to the high temperature of the 
,furnaces, in excess of _2140° F., the ferrous sul 
phide particles which are carried by the coal 
are more or less plastic and accumulate on suchv 
tube surfaces, permanently fastening themselves 
to such surfaces and giving risev to tube slagging. 
In the third place these ‘ferrous sulphide par 
ticles collect on the economizer and preheater 
surfaces, where, due to the low temperature, the 
ferrous sulphide oxidizes to ferric sulphate, which 
converts sulphur dioxide of the ?ue gases into 
sulphuric acid and gives rise to corrosion on~the 
economizer and the preheater surfaces. 

in Western. 
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I have discovered that when such coal as has 
hereinbefore been referred to is burned in the 
presence of chlorine, the ferrous sulphide be 
comes decomposed and quickly forms its stable 
oxides, namely, ferric oxide and sulphur dioxide, 
the ?rst of which passes to the ash and the sec 
ond of which passes out 01' the stack, and that 
consequently the di?iculties in burning coals with 
high iron sulphur compounds, are obviated. To 
accomplish the introduction of chlorine during 
the burning of the coal, two methods may be 
employed, one of which consists in injecting 
chlorine gas directly into the burning bed of 
coal, which may be readily accomplished by pass 
ing in the chlorine along with the air supplied 
for combustion, the chlorine thus ?nding its way 
into and through the burning fuel. 
Another method, and the one which will be 

described more at length, contemplates that the 
necessary chlorine may be introduced into the 

- furnace, by employing suitable chemicals; which 
are preferably ?rst sprayed upon and distributed 
through the coal to be burned. 
Speaking in general terms, the chemicals used 

may be said to comprise a suitable deliquescent 
halogen compound, such for instance, as calcium 
chloride or magnesium chloride or mixtures of 
the two, together with suitable catalytic mate 
rial, such as manganese dioxide, iron oxide, 
chromium oxide, used two or more of them to 
gether, give most satisfactory results. 
Preferably the composition which has just been 

described, may be made up as a liquid and dis 
tributed over the coal uniformly by spraying it 
upon the same, preferably at the mine, so that 
its quantity and distribution may be properly 
controlled, and thereafter the coal may be 
shipped in the usual way to its destination. How 
ever, under such circumstances, it is necessary 
in order to maintain the composition properly 
distributed and associated ‘with the coal, to pro 
vide a ?xer, which renders the composition sub 
stantially una?ected by exposure, to which the 
coal may be subjected in transit, thus making 
certain of the presence of the treating compound 
in the coal when the coal is burned. 
One suitable composition for treating the coal 

is made up as follows: 
- Percent by weight 
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Calcium chloride 92 
Potassium dichromate ____________________ __ 3 
Manganese dioxide 3 , 

Tannic acid 2 

It has been found that a quantity of the above 
composition equal to approximately 5% of the 
sulphur content in the coal is suitable for the 
purpose. 
The reactions when coal is burned with a com 
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position of the general character recited above 
are as follows: 

' * > ‘I Calcium chloride (C'aClz) 

5 This medium vis inherently deliquescent and 
provides the small amount of water necessary to p 
the process, inasmuch as both chlorine and steam 
are essential. 
under heat (beginning ataa temperature of about 

10 932° F., and terminating at a temperature of 
about 1652° F.), yielding calcium oxide (CaO) 
and- hydrochloric acid (HCl). Hydrochloric 
acid alone is not satisfactory for decomposing 
iron sulphide but must be converted into ‘chlo 

15 rine. To accomplish this two catalysts are 
employed. ' v - 

Catalysts 

Manganese dioxide (Mn02) and chromium 
oxide are employed for conversion of the hydro 
chloric acid into chlorine. Although, with re 
spect to the formation of chlorine from hydro 
chloric acid, manganese dioxide and chromium 
oxide perform as catalytic agents, it has been 

20 

as mium oxideare used together the catalytic con 
version of hydrochloric acid into chlorine is ac 
celerated by some six or more times the activity 
of either one used alone. The chromium oxide 
functions as a promoter catalytic agent. Obvi 
ously by the use of the terms “manganese di 
oxide” and “chromium oxide” there will be in 
cluded as coming within the ‘same scope, chemi 
cal substances which when heated decompose to 
form manganese dioxide and chromium oxide, 
respectively, where such substances produce the 
effect of manganese dioxide and chromium oxide 
in. the conversion of chlorine in the'burning of the 
coal as previously described. 
'- In order to affix the calcium chloride and the 
manganese dioxide and the potassium dichromate 
to the coal su?iciently well. to insure its retention 
against rain and snow, I add as a- ?xative, tannic 
acid (C14H1o0s). I have found that instead of 
supplying the chromium oxide directly, that 
when potassium dichromate is substituted, the 
?xative step is brought into play; This is due to 
the fact that the potassium dichromate ‘and 
tannic acid‘ react upon one another in the pres 
ence of moisture and produce an insoluble ?oc 

50 culent tanninbichromate precipitate which af 
fixes the whole to the coal and secondly, that 
under heat at the proper temperature, the tan 
vninbicl'iromate is oxidized producing, the emo 

, mium oxide required as av catalyst, as before 
55 described. ' I 

' Without in any way intending to limit myself , 
in any precise way to the ‘description which fol 
--lows, the general reactions occurring in the burn 
ing fuel bed may be generally stated as follows: 

60 , Beginning at a temperature of approximately 
. 932° F., and up to a temperature of approximately 
-1652° F., the deliquescent calcium chloride is de 
composed into calcium oxide and hydrochloric 

' , acid. The effectiveness of the hydrochloric acid 
65 after its liberation in decomposing iron sulphide 

_ is not limited to its acidic properties, but is tre 
. 'mendously'advanced by its catalytic conversion 
hinto'chlorlne, due vto the presence of the man 
v'glanese dioxide and chromium oxide. 

70_'_sulphide is attacked by both hydrochloric acid 
. and chlorine, principally the latter, yielding fer 
rous';chloride and hydrogen sulphide, both of 
which are volatile and rapidly converted into 
ferric-oxide and sulphur dioxide together with a 

‘id-liberation of hydrochloric acid, which, due the 

Calcium chloride decomposes‘ 

found that when manganese dioxide and chm- 

The iron _ 
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continued presence of the catalytic agents before 
mentioned, is converted again and again, with 
violent rapidity into free chlorine, to repeatedly 
attack‘ the ferrous sulphide in the manner previ 
ously described. The ‘repeated cycles of reactions 
explains the comparatively small quantities of 
chemicals employed in treating the coal. 
While I have before indicated that there is 

some latitude in the employment of chemical sub 
stances to accomplish the desired result, it should 
be noted, however, that the chemicals used must 
be capable of effecting the reactions necessary to 
the production of chlorine in the burning fuel at 
a temperature below the fusion temperature of 
ferrous sulphide, which is approximately 21400 F. 

It will be obvious that the chemical materials 
with which the coal is treated may be suitably 
prepared in the correct proportions and shipped 
as an article of commerce to be applied to the 
coal, either at the coal mine or applied to the coal 
just previous to its use. . It has been found ad 
vantageous to apply the mixture of materials to 
‘the coal at the mine, and where this is done the 
coal, with the chemical materials applied there 
to, is shipped as an article of commerce to the 
consumer. . ' . 

This application is a continuation in part of 
application Serial No. 541,523, ?led June 1, 1931, 
in the name of Lawrence P. Crecelius. 

' While in the foregoing speci?cation the inven 
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tion has'been described in connection with the- ' 
treatment and burning of coal, it'will be under 
stood that it is intended to include not only coal 
but coke, lignite, peat and other substances of 
similar category wherein is involved the problem _ 
of the removal of iron sulphur compounds. 
Having thus described my invention, what I 

claim is: Y 

1. A composition of matter_for the treatment 
of coal comprising a chloride which upon heating 
decomposes below the fusion temperature of iron 
sulphide, together with manganese dioxide and 
a substance containing chromium oxide. 

2. A composition of matter for the treatment 
of coal comprising a deliquescent chloride, man 
ganese dioxide and a substance ‘containing chro 
mium oxide. . ' 

3. A composition of matter for the treatment 
of coal comprising a chloride which‘ upon heating 
decomposes below the fusion temperature of ' iron 
sulphide, together with manganese \dioxide, 
potassium dichromate and tannic acid. 

4. A composition of matter for the treatment 
of coal comprising calcium chloride, manganese 
dioxide and ‘potassium dichromate. 

5. A'composition of matter for the treatment 
of coal comprising calcium chloride, manganese 
dioxide, potassium dichromate and tannic acid. 

6. A composition of matter for the treatment 
of coal comprising a chloride which upon heating 
decomposes. below‘ the fusion temperature of iron 
sulphide, together with an inorganic oxidizing 
agent and'an oxidation catalyst of the type of 
manganese dioxide. , 

'7. A composition of matter for the treatment 
of coal comprising a chloride which upon heat 
ing decomposes below the fusion temperature of 
iron sulphide, together with an oxidation catalyst 
of the type of manganese dioxide and an oxidiz 
ing agent which acts as a promoter catalyst. 

_8. A composition of matter comprising a del 
iquescent chloride, potassium dichromate and 
tannic acid. ' i 

9.‘ The method of treating coal for the purposes 
described, which consists in applying to the coal 

40 

45 

50' 

55 

60 

65 

-70 

75 



0,089,599 ’ " 3 

a composition containing calcium chloride, man 
ganese dioxide, potassium dichromate and tannic 
acid. 

10. The method of treating coal for the pur 
5 poses described, which consists in applying to 

the coal a composition containing a chloride 
which upon heating decomposes at a temperature 
below the fusion point of iron sulphide, an oxida 
tion catalyst of the type of manganese dioxide 

10 and an oxidizing agent which acts as a promoter 
catalyst. 

11. The method which consists in burning in 
the presence of air, coal containing iron sulfur 
compounds in such quantity as to normally form ‘ 

15 objectionable clinker and subjecting the burning , 
coal to the action of a chloride which decomposes 
at a temperature below the fusion point of iron 
sulphide, together with a catalytic agent and a 
promoter catalytic agent whereby by chemical 

20 action there is provided a continuous and sum 
cient supply of chlorine to effect substantial de 
composition of the iron sulfur compounds to form 
a stable oxide of iron and a stable oxide of sulfur. 

12. The method which consists in burning in. 
25 the presence of air, coal containing iron sulfur 

compounds in such quantity as to normally form 
objectionable clinker and subjecting the burning 
coal to the action of calcium chloride, together 
with a catalytic agent and a promoter catalytic 

30 agent, whereby by chemical action there is pro 
vided a continuous and sufficient supply of chlo 
rine to effect substantial decomposition of the 
iron sulfur compounds to form a stable oxide of 
iron and a stable oxide of sulfur. 

35 13. The process which consists of burning in 
the presence of air, coal containing iron sulfur 
compounds in such quantity as to normally form 
objectionable clinker and subjecting the burn 
ing coal to the action of a chloride which de 

40 composes at a temperature below the fusion point 
of iron sulphide, together with manganese di 
oxide and chromium oxide to thereby produce a 
continuous and sufficient supply of chlorine in 
the burning coal during the combustion thereof 

45 to effect a substantial decomposition of iron sul 
phide into a stable oxide of iron and a stable 
oxide of sulfur. ' 

14. The process which consists of burning in 
the presence of air, coal containing iron sulfur 

50 compounds in such quantity as to normally form 
objectionable clinker and subjecting the burning 
coal to the action of a calcium chloride, together 
with manganese dioxide and chromium oxide to 
thereby produce a continuous and sufllcient sup 

55 ply of chlorine in the burning coal during the 

combustion thereof to e?‘ect a substantial de 
composition of iron sulphide into a stable oxide 
of iron and a stable oxide of sulfur. 1 

15. The method which consists in burning in 
the presence of air, coal containing iron sulfur 
compounds in such quantity as to normally form 
objectionable clinker and subjecting the burning 
coal to the action of a chloride which decomposes I 
at a'temperature below the fusion point of iron 
sulphide together with an oxidizing catalyst of 
the type of manganese dioxide, and an inorganic 
oxidizing agent whereby by chemical action there 
is provided a continuous and su?icient supply of 
chlorine to effect substantial decomposition of 
the iron sulfur compound to form a stable oxide 
of iron and a stable oxide of sulfur. 

16. The method which consists in burning in 
the presence of air, coal containing iron sulfur 
compounds in such quantity as to normally form 
objectionable clinker and subjecting the burning 
coal to the action of a calcium chloride, together 
with an oxidizing catalyst of the type of manga 
nese dioxide, and an inorganic oxidizing agent 
whereby by chemical action there is provided a 
continuous and su?icient supply of chlorine to 
effect substantial decomposition of the iron sulfur 
compound to form a stable oxide of iron and a 
stable oxide of sulfur. 

. 17. As an article of commerce, coal upon 
which there has been deposited a mixture of 
calcium chloride together with manganese di 
oxide, potassium dichromate and tannic acid, 
which causes the mixture to become ?xed upon 
the coal. , I 

18. As an article of commerce, coal upon 
which there has been deposited a mixture of a 

, deliquescent chloride together with a mixture of 
an oxidation catalyst of the type of manganese 
dioxide, an inorganic oxidizing agent and a sub 
stance which ?xes the said material upon the 
coal. 

19. As an article of commerce, coal upon 
which there has been deposited a mixture of a 
deliquescent chloride together with a mixture 
of an oxidation catalyst of the type of manga 
nese dioxide, an inorganic oxidizing agent and 
tannic acid. _ 

20. As an article of commerce, coal upon 
which there has been deposited a mixture of a 
deliquescent chloride together with a catalyst 
and a promoter catalyst and a substance which 
fixes the chloride and catalytic material upon 
the coal. 
~ LAWRENCE P; CRECELIUS. 


