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4 Application ?led November 28, 1980.’ Serial No.¢498,885. , 

This invention relates to the ap lication‘ 
of color to coal, and has for its 0 ject the 
provision of a simple and effective pro 
cedure whereby a surface ?lm of color can 
be applied to coal in an economical manner 
to give the coal a distinctive characteristic. 
In carrying out the invention, I employ‘ 

suitable chemical reagents which, ‘when 
combined, will produce a coloring. agent 
which is adapted _-to adhere to the surface 
of coal. Amon such reagents are mixtures 
of ferric chlori e and alkali ferricyanides, 
mixtures of ferric nitrate and alkali ferricy 
anides, mixtures of potassium permanga 
nate and ferric chloride or nitrate. In using 
solutions containing ferric chloride or nitrate 
and alkalfferricyanides, I have found it de 
sirable to employ in addition a small quan 
tity of acid, such'as sulphuric, hydrochloric 
or nitric acid in the solution. In solutions 
of potassium permanganate and ferric chlo 
ride or nitrate, it is desirable to add‘ sul 
phuric or nitric acid. The foregoing re 
agents are cited merely as examples, and 
other reagents capable of reacting to pro 
duce coloring agents on the surface of the 
‘coal may be employedin, practicing the‘in- _ 
vention. 
Ihave discovered that to obtain the most 

effective results in the application of color 
to coal, with rea ents such as those men 
tioned, it is desira le to prepare and; main 
tainseparate solutions in water of the re 
spective reagents and to combine such solu 
tions approximately at the time of applica 
tion thereof to the coal. The application of 
the solutions in this manner avoids prema 
ture reaction and loss of some of the color 
ing agent. It is not essential that the solu 
tions be combined at the instant of appli 
cation to the coal. The ?owing streams of 

' rea ent solutions may be brought together 
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an combined to form‘ a sin 1e stream 
which is then directed upon t e coal. I 
prefer, however, to employ a suitable spray 
nozzle in which the two solutions are com— 
bined and by which a spray of the com 
bined solutions is directed upon the coal 
which is supported, preferably, upon a trav 
eling conveyor which moves the coal beneath 

the spray nozzle. The coal may, however, 
be arranged in stationary‘ layers or piles 
and the combined solutions may be directed 
thereon in the form of a spray or otherwise, 
or the coal may be moved on a traveling 55 
‘conveyor through a bath which is constantly ~ 
renewed b the introduction of the separate 
streams o reagents, the bath being prefer 
ably of limited volume so that the combined 
solutions are exhausted substantially. as pro 
duced, that is to say, no considerable volume 
of the combined solutions is permitted to 
stand for an considerable length of time 
when coal 1s not being treated therein. 
Thus I am able to employ the solutions most 
economically and e?’ectively, avoiding losses‘ 
due to remature reaction of the reagents. 

I ?n 1t advantageous, moreover, to con 
nect a source of electrical current respective 
l to'the combined solutions and to the coal‘ 
t rough a suitable metallic support upon 
which the coal is treated. The function of 
the electrical current is not readil ex lain 
able, ‘but I have discovered that t e h m of 
color upon the coal is im roved throu h the 
application of the electrical current in the 
manner indicated, probabl caused ‘by ioni 
nation or lowering the sur ace tension of the 
solutions on the surfaces of the coal. The 
nature and other characteristics of the elec 
trical current apper to have‘little, if any, 
edect upon the results secured. Polarity is 
not important,‘ and I may utilize, therefore,‘ 
either directv or alternating current. The 
amount of current ?owin is, in any case, 
relatively slight. I have ' and that as lit 
tle onieesixth of a milliampere is sum-r 

vention. The voltage I ewise see'to be 
of-relatively slight‘importanoa'so low as 
there is su?cientpotential to e?ect a how 
of current. I have found, for examp ",';that 
a potential o'f230 volts is su?cientlii-kf'l'iower 
or higher voltage may be used, depending 
upon the particularjconditions. A conven 
ient arrangement forthe application of cur» 
rent to the coal is a connectlon from one pole . 
of a source of ‘current to a metallic plate or 
conveyor non- which the coal rests‘,.-;-.the 
other pole 1w. connected to the "nozzle 
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through. which the combined solutions are 
directed upon the coal. . ~ - 

I believe that the improved results ob 
served in the application of electrical cur 
rent in the procedure as described de nds 
upon the provision of an electrical c arge 
‘upon each of the droplets constituting the 
spray of combined solutions, and that this 

' charge is dissi ated when the droplets 
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strike the coal, t us causing the reaction to 
speed up as well as to spread the solution 
over the surface of the coal more readil 
and thoroughly. As hereinbefore indicate , 
however, I am b no means certain that the 
explanation indicated is scienti?cally cor 
rect, and I do not wish, therefore, to be 
bound by any explanation or theory, since 
the results described have been obtained and 
observed in the application of reagents to 
the'surfa'ce of coal ‘in the manner indicated. 
The invention will be more readily under 

stood by ‘reference to the accompanying 
drawing, which illustrates diagrammaticab 
ly a type of apparatus adapted for the ap 
plication of the procedure, it being under 
stood that other and equivalent means may 
be utilized. ‘ ' 

Referring to the drawing, 5 indicates a 
suitable conveyor, preferably a metallic belt 
traveling over suitable pulleys or sprockets 
6 in the direction indicated by the arrow. 
The conveyor may be operated from any 
suitable source of ower. A hopper 7 is 
?lled with lumps 0 coal 8 which are deliv 
ered continuously to the conveyor. As the 

_ coal travels on the conveyor it is subjected 
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to a spray of combined solutions of chemi-‘ 
cals from a spray nozzle 9'which is supplied 
through pipes 10 and 11 from sources in 
which quantities of solutions of the reagents 
are ‘separately maintained. The coal upon 
which the spray of combined solutions is di 
rected travels ‘with the conve or and is dis 
charged into a hopper 12 rom which it 
may be withdrawn. In traveling on the 

. conveyor the coal is more or less coated ‘with 

. produce the coloring agent. 
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the combined solutions, which by reaction 
The ?lm of 

color may be apparent while the coal is still 
wet‘ with the solutions, and as the coal dries 
the ?lm becomes more apparent and im 
parts to. the ,coal a characteristic appear 
ance; 

the colored coal may be marketed, therefore, 
as a distinct and recognizable product. 
As .he'reinbefore indicated, it is desirable 

to apply electrical current from a. suitable 
source to the coal undergoing treatment.‘ As 
:indicated in' the. drawing, a generator 13m 
other suitable source ‘of current is provided, 
and a conductor 14 is connected toy-one pole 
of'the'generator and to the nozzle 9; The 
other pole is connected by a conductor. 15 
to the journal 1.6 ._ of one of the pulleys ‘or 

The ?lm is _relatively stable, is not‘ 
' easily removed by washing .or abrasion, and 
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sprockets 6, and thus to the conveyor 5 trav 
eling thereon. With this arran ement'cur 
rent is permitted to ?ow while t e spray of. 
combined solutions is directed upon the coal 
in any manner and with the object herein 
hefore described, I _ . 

As examples of the ‘procedure, I may pre 
pare solutions containing 5 pounds of ferric 
chloride crystals to 100 gallons of water, and 
6 pounds of, an alkali ferricyanide such as po 
tassium ferricyanide to 100 gallons of-water, 
and these solutions separately’ maintained 
may be introduced to the‘ spray nozzle 9, 
mingled therein, and directed upon the coal.‘ 
I ?nd it desirable to add to one or the other 
of these solutions approximately 2 pounds 
of nitric acid per hundred gallons of water. 
In place of ferric chloride crystals in one of 
the solutions, I prefer to employ 14 pounds 
of ferric nitrate er hundred allons of 
water, and to add t ereto 2 poun s of nitric 
acid per hundred gallons of water. When 
the solutions asdescribed are combined and 
spread upon coal, either with or without'lthe 
application of electrical current, thereaction 
results in depositing on the coal an insoluble 
?lm of Prussian blue or related [chemical 
compound, which imparts to the coal a dis 
tinctive color characteristic. The color is 
generally bluish, but as the ?lm is relatively 
thin and tends to be iridescent, it may range 
from blue to violet and even 
and yellow. ‘‘ 
A similar brownish ?lm may’ be produced 

by preparing one per cent so utions of .po 
tasslum permanganate and of ferric chloride 
or nitrate with the addition of about one per 
cent of sulphuric acid to either solution. 
Such solutions may be maintained separate 
ly and'combined at approximately the time 
of application to the coal. The resulting 
?lm is an oxide or hydrated oxide of man 
anese and iron, and when applied to coal 

1m arts thereto an iridescent color effect. 
he temperatures at which the solutions 

are maintained and applied to the coal may 
be varied widely. The reaction tends to be 
more rapid'as the temperature rises, and it 
is desirable, therefore, to heat the solutions 
to‘ a temperature above atmospheric, al 
though satisfactory results can be secured 
at temperatures above 45 to 50° F. If the 
solutions are to be heated, steam can be in 
troduced thereto at the spray nozzle or 
otherwise, or heat can be apphed by steam 
coils immersed in the receptacles for the 
respective solutions. . >_ 

The methods described are merely illus 
trations ‘of different procedures whlch can 
be used in carrying, out the invention, and 
the explanations of reactions herein pre 
sented are likewise'merely for the purpose of 
illustration and ‘are not intended to limit the 
invention. ' . ‘ 
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the coal with the solutions as combined. 
4. The method of coloring coal which 

. comprises 

. 1,911,808 ’ 

tails of the rocedure, the reagents employed 
therein, and) the apparatusutilized without 
departing from the invention or sacri?cing 
any of the advantages thereof. 

I claim: . 
1. The method of coloring coal which 

comprises establishing separate ?owing 
streams of solutions of ‘chemical reagents 
which whencombined will produce a color 
ing agent, bringing the streams of solutions 
together approximately at the time of appli 
cation thereof, directing a spray of the com 
bined solutions upon the coal ‘to be treated, 
and connecting a source of electrical cur 
rent. respectively to the coal and to the com 
bined solutions. _ 

2. The method of coloring coal which 
comprises establishing separate ?owing 
streams of solutions of chemical .reagents 
which when combined will produce a color 
ing agent, bringing the streams of solutions 
together approximately at ‘the time of appli 
cation thereof, directing the solutions as 
combined upon the coal to be treated, and 
connecting a source of electrical current re 
spectively to the coal and to the combined 
solutions. - 

3. The method of coloring coal which 
comprises establishin separate ?owing 
streams of solutions 0% ferric'chloride and 
an alkali ferricyanide, bringing the streams 
of solutions together-approximately at the 
time of application thereof, and treating 

establishin separate ?owing 
streams of solutions 0 ferric chloride and 
an alkali ferricyanide, one of the streams 
containing also an acid, bringing the streams 
of solutions together approximately at the 
time of application thereof, and treating the 
coal with the solutions as combined. 

5. The method of coloring coal which 
comprises establishing separate ?owing 
streams of solutions of ferric nitrate and an 
alkali ferricyanide, bringing ‘the streams 
together approximately atthe time of ap- 
.plication t ereof, and treating the coal with 
the solutions as combined. ‘ - 

6. The methods of coloring coal which 
comprises establishing Y separate ?owing 
streams of'solutions of ferric nitrate and an 
alkali ferricyanide, one of- the streams con 
taining also an acid, bringing the streams. 
togetherapproximately at the time of appli 
cation thereof and treating the coal with 
the solutions as combined. ‘ _ - 

’ 7. ‘The method of coloring coal which 
comprises establishing separate ?owing solu 
tions of ferric chloride and an alkali ferri 
cyanide, bringing the streams of solutions 

. together approximately at the timeof appli- ' 
cation'thereof and directing a spray of the 
combined solutions upon‘ the coal _to be 
treated. a _ ' ~ 

bined solutions. 

3 

8. The method of coloring coal which 
comprises establishing separate ?owing solu4 
tions of ferric chloride and an alkali ferri 
cyanide, one of the streams containing also 
an acid, bringing the streams of solutions to 
gether approximately at the time _of appli 
cation thereof and directly a spray ‘of the 
combined solutions upon the coal to _. be 
treated. ' - 

'9, The method of coloring coal which 
comprises establishing separate ?owinggsolu 
tions of ferric nitrate and an alkali ferri 
cyanide, bringing the streams of' solutions, 
togetherapproximatel'y at the time of ap 
plication thereof and directing a spray of 
the combined solutions upon the coal to be 
treated. _ . 

10. The method of coloring coal which 
comprises establishing separate ?owing solu--. 
tions of ferric nitrate and an alkali ferri 
cyanlde, one of the streams containing also 
an acid, bringing the streams of solutions 
together approximately at the time of ap 
plication thereof and directing a spray of 
combined solutions upon the coal Fto‘ be 
treated.‘ . v i ‘ I‘ 

11. The method of coloring coal which 
comprises establishing separate'?owing solu 
tions of ferric chloride and an'alkali ferri 
cyanide, bringin the streams of solutions 
together approximately at the time of the 
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application thereof, directingtaspmy of the " 
combined solutions upon the coal to be 
treated, and connecting a so rce of electri 
cal current respectively to t e coal and to 
the combined solutions. ' - 

12. The ‘method of coloring coal which 
comprises establishing separate’ ?owing solu- . 
tions of ferric chloride and an alkali ferri 
cyanide, one of ‘the streams containing also 
an acid, bringing the streams of solutions 
together approximately at the time of ape 
plication thereof, directing a spray of the . 
combined solutions- upon ‘the coal to be 
treated, and connecting a source of electri 
cal current respectively to the coal and .to‘ 
the ‘combined solutions. 

‘ 13. The method of coloring coal which‘ 
comprises establishing separate ?owing solu 
tions of ferric nitrate and an'alkali ferri 
cyanide, bringing the streams of solutions 
together approximately at the'time of appli 
cation thereof, directing a spray of the com 
bined solutions upon the coal to be treated," 
and connecting a source of electrical cur 
rent respectively to the coal and to the com-. 

14. The method of coloring coal which 
comprises establishing separate ?owing solu 
tions of ferric nitrate and an alkali ferri 
cyanide, one 'of the streams containing also 
an acid, bringing the streams of solutions 
together approximately at the time of appli- 
cationthereof, directing a spray of the com 
bined solutions upon the coal to be treated, 
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and connectin a source of electrical cur-v 
rent respective y to the coal and to the com 
bined solutions. 

15. The method of depositing a colored 
5‘ metal salt upon coal which comprises es 
tablishinga ?owing stream of a solution of 
a compound of the metal, the salt of which 
it is desired to deposit upon the coal, estab 
lishing a separate ?owing stream of a solu7 

1” tion of a chemical reagent which will react 
with the ?owing stream of the metal com 
pound to roduce the colored metal salt, 
bringing tlge streams of solutions together 
a proximately at the time of application‘ 

15 t ereof, and treating thecoal vwith the solu 
tions ascombined. . t ' > 

' 16. The method of depositing a- colored‘ 
1 metal salt upon coal which comprises estab 
lishing a ?owing stream of a solution of a 

99 compound of the metal,lthe salt of which 
it is desired to,deposit_ upon the coal, estab—. - > 
lishinn' a separate ?owing stream-of a solu 
tion of a chemical. reagent which will react 
with the ?owing stream of the metal com 

2.5. ound to produce the colored metal salt, 
gringing the streams of solutions together _ 

- approximately at‘the time of application 
thereof, and directing thesolutions as com 

.~ bined-upon the coal to be treated. 
3°, 1_7.-'The method of de ositing a colored 

metal salt upon coal whic comprises estab-' 
lishing a ?owing stream of a solution of a 
compound of the metal, the salt of which it 
is desired to deposit upon the c'oal,-estab 

35;,lishing aseparate ?owing stream of a solu 
tion 'of a chemical reagent which will react 
with the ?owing stream of the metal com 
pound‘ to produce the colored metal salt, 
.bringing the streamsv of solutions together ' 

40 a proximately at the time of a plication 
_. t ereof, and directing a spray o the com 

bined solutions u on’the coal to betreated. 
In testimony w ereo'f I a?ix my signature. 

45 ERNEST VICTOR COLLINS, JR. 
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