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CORRELATION OF DOMESTIC STOKER COlliBUSTlON WITH 
LABORATORY TEXTS AND TYPES OF' FUELS 

I. PRELIlllINARY STUDIES 

BY 

L. C. NICCABE* S. KONZO,? AXD 0. W. REES I 

INTRODUCTION 

N 1937 THE ILLIXOIS GEOLOGICAL SUR- 
TTEY niade exploratory stoker tests of 

coals from Franklin County, Illinois,l 
which demonstrated that in these coals 
concentration of vitrain causes excessive 
swelling ancl coke-tree formation where- 
as clarain is more free-burning and has 
considerably less tendency to form coke 
trees. The behavior of these two types 
of coal or mixtures of them could be 
demonstrated in stokers but no exact 
tests sliort of combustion were available 
for determining their suitability. The 
need for such test methods to evaluate 
coals for stoker use is generally recog- 
nized. 

I t  was with this need in mind that 
the exploratory stoker tests were con- 
tinued and were supportecl by a variety 
of laboratory procedures in 1939 and 
1940 by the Illinois Geological Survey 
in cooperation with the Department of 
Mechanical Engineering of the Univer- 
sity of Illinois. These tests ancl the sup- 
porting laboratory data are clescribed 
in  this report. 

The coals were collected and prepared 
under Dr. McCabe7s supervision. Dr. 
Eees directed the routine analyses and 
the special laboratory tests. The com- 
bustion tests were inacle in a domestic 
~~nclerfeed stoker in the Warm Air Re- 
search Xesidence at  the University of 
Illinois under Professor Konzo's super- 
vision. 

The writers gratefully acknowledge 
the helpful suggestions of Dr. G. H. 
Cady, Head of the Coal Division of the 
Survey, ancl of Professor A. P.  ICratz 
of the Engineering Experiment Station 
of the University of Illinois. 

DESCRIPTION O F  T H E  
COALS STUDIED 

The investigation was priniarily eon- 
cerned with Illinois coals and the cliffer- 
ences inherent in them. However in 
order to inquire more acleyuately into 
the problems met in burning bituininons 
coals in stokers and better to test the 
laboratory proceclnres, a few coals that 
originated outside tlie State were in- 
cluded. The origin and the proximate 
and ~~ l t i n i a t e  analyses of the coals ~rsed 
in the tests are given in table 1. 

The banded character of coals, in 
southern Illinois particularly, has an  
important bearing on their preparation 
and utilization. The three most common 
components, fusain, vitrain, ancl clarain, 
are illustratecl in figure 1. The fourth, 
durain or splint (fig. 2 ) ,  occurs infre- 
quently in No. 6 coal in FranklinCounty 
and more abundantly in the splint coals 
of the Appalachian fields. 

Fusain, the most friable of tlie four 
components, breaks clown d ~ ~ r i n g  the 
mining and preparation until the greater 
part  of i t  will pass a 100-mesh screen.2' " 
Little of i t  is found, therefore, in well 
prepared stoker coals. 

Vitrain does not break as easily as 
fusain b ~ ~ t  i t  is much more friable than 
clarain. Clarain is closely lmit and 

* Geologist, Illinois Geological Survey. 
7 Special Reaearch Associate Profesor  of Mechanical 

Engineering, University of Illinois. 
t Cheniist Illinois Geological Survey. 
i h l c ~ a b e , '  L. C., Illinois coals ; Constitution important 

with reference t o  their utilization: Mech. Engr., p. 217, 
March 1938;  Illirlois Genl. Sumey Cir. 26, 1938. 

ZParks ,  B. C., and McCabe, L. C. Fusain content of 
fine sizes of Illinois coal: Trans. Illinois Acad. Sci. 
vol. 33. no. 2 ,  Dee. 1940; Illinois Geol. Survey Cir. 68, 
1940. 

Thiessen Gilbert, Fusain content of coal dust from 
an Illinois bedusting plant:  Am. Inst. Mining and Met. 
Eugr. Tech. Pub. 664, 1936. 



D O M E S T I C  X T O K E R  COitIBUXTION 

TABLE 1.-ANALYSES OF 

- 

Location 

Illinois 
Franklin Go.. . . . . . . . . . . . . . . . 

Franklin Co.. . . . . . . . . . . . . . . . 

Franklin Co.. . . . . . . . . . . . . . . . 

St. Clair.Co.. . . . . . . . . . . . . . . . 

St'. Clair Co. . . . . . . . . . . . . . . . . 

Gallatsin Co. . . . . . . . . . . . . . . . . . 

M7est Virginia 
Raleigh Co.. . . . . . . . . . . . . . . . . 

Raleigh Co.. . . . . . . . . . . . . . . . . 
R, 

Coal 
bed 

6 

6 

6 

6 

6 

5 

Eagle 

Poca- 
~ o n t a s  t 

Sample 

A 

E 

B 

C 

D 

G 

F 

H 

Labor- 
atory 

number 

C-2204 

C-2212 

C- 1988 

C-2133 

C-2134 

(3-2132 

C-2252 

C-2135 

Condi- 
tion * 

Mois- 
ture 

Vola- 
tile 

matter 
---- 

42.8 
45.4 
35.0 
38.0 
34.4 
36.8 
41.8 
46.1 
36.9 
41.1 
36.6 
38.0 

29.9  
30.3 
18.3 
18.4 

Fixed 
carbon 

Agglutinating 
Value (15:l) 

Coking tendency 
observed in the fuel bed 

Sample1 Indicatiop I Sample1 Value 

British Standard 
Swelling Index No. 

A None 
B None 
C None 
D Slight 
E Slight 
F Positive 
G Very positive 
H Very positive 

Sample Value 

Softening Temp. 
Agde Damm 

-------- 

Sample1 Value 

G 324°C 
C 330 
D 331 
E 348 
F 353 
A 361 
B 366 
H 412 

" 1. As received ; 2. Moisture-free. 

A-Franklin County Ill. Durain-rich No. 6 
B-Frsnklin county,' 111. Clarain-rich No. 6 
&St. Clair County I11 Top coal No 6 
D-St. Clair Count>: 111.. Bottom coal ko .  6 
E-Franklin County Ill. Vitrain-rich No. 6 
F-Raleigh County, 'west Virginia. Eagle seam 
G-Gallatin County, Ill. No. 5 
H-Raleigh County West Virginia. Pocahontas No. 3 
Silicon carbide to  c b a ~  ratio, 20 to 1 



COALS STUDIED 

Carbon Nitrogen Ash Sulphur Hydrogen Oxygen Description 

Durain-rich 

Vitrain-rich 

Clarain-rich 

Top coal 

Bottom coal 

2x1 in. screen 

Lump 

Lump 

Initial Contraction 
Interval. Agde Damm 

Setting Temp. 
Agde Damm 

Plastic Interval 
Agde Damm 

Decornpo~it~ion 
Temp. Agde Damm 

Value Sample1 Value Sample1 Value Sample1 Value 
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FIG. 1.-Block of banded coal from southern 
Illinois showing fusain (F) , vitrain ( V )  , 

and clarain ( C) . 

withstancls breaking when nieclianically 
hancilecl. Durain is the toughest and 
most resistant component. The follow- 
ing excerpt from a recent U. S. Bureau 
of Mines publication4 clescribes the 
energy consumed in pulverizing the 
four coal constituents : 

"Contrary to general belief the ash- 
bearing constituents are not always niost 
resistant to crushing, as was shown in 
tests of coal constituents, that is vitrain, 
clarain, clurain, ancl f main-f rain the 
S o ~ ~ t h e r n  Illinois field. The net power 
consumed in crushing the constituents 
from minus 20-mesh to iiiinus 150-mesh, 
with their ash content is given in tlie 
following table : 

coal I 1 
Constituent Fusain Vitrain Clarain ( Durain 

FIG. 2.-Block of banded coal from soutliern 
Illinois showing clarain (C) , and 

clurain ( D ) .  

N e t  h o r s e  
power- 
hours per 
t 0.n o f  
m l n u s  
150-mesh 
product,. . 

A s h ,  p e r -  
cent. .  . . . 

I t  is shown that tlie ciurain, the hardest 
constitnent, contains less asli than the 
clarain, although coinparison of the 
values for fusain with any of the others 
is even more startling. I t  has been 
recognized that fusain is the most easily 
crushecl constituent, in spite of its rela- 
tively large percentage of ash. " 

Stucly of procluction has shown that 
the breakage characteristics of the con- 
stituents in  conin~ercial coal are reflected 
by the energy necessary to pulverize 
them. Both ritrain ancl claraiii can be 
founcl in l ~ l m p  sizes, ancl tlie parting 
surfaces may have a thin layer of fusain 
on them. Nost of the fusain will hare 
been broken ofY, however, ancl can be 
found in the screeliings; or if the coals 
are declustecl, i t  will be in the decluster 
dust. I n  wet-washing most of the fusain 
is carried to the settling pond. For  this 
reason, it is not consiclerecl in the stoker 
tests. 

The 3- by 2-inch egg contains some of 
the smaller vitrain bands, b ~ ~ t  for the 
most part  is clarain. T11e No. 2 nut  (2- by 
1%-inch) is still richer in clarain. The 1 .8  

15.6 Fieldner, A. C., and Rice, 13'. E., Annual report of 
research and technoloqic work on coal, fiscal year 1940 :  
U. S. Bur. Mines I. C. 71-13, 1111. 23-24. 1940. 



No. 3 nut  (1%- by %-inch) of well- 
banded coals has eight to ten percent 
more vitrain than the coal bed from 
which it  is mined. This concentration 
prevails clown to tlie 100- or 200-mesh 
size, but fnsain is the predominant com- 
ponent in  smaller sizes. 

I n  general, 800 to 1000 po~mds  of coal 
were prepared for the stoker tests, and 
about 50 pounds were riffled from this 
sample for the proximate and ultimate 
analyses and special tests. Tlie high- 
vitrain sample ('10 percent vitrain, 30 
percent clarain) from Franklin County, 
Illinois, was talien directly from the 
7/16-inch by 10-mesh stoker coal-loacl- 
ing chute a t  the mine. Tlie high-clarain 
sample (84 percent clarain, 16  percent 
vitrain) from the same mine was pre- 
pared by crushing 3- by 2-inch egg-coal 
to stoker size. The durain sample was 
prepared by crushing to stoker size 6- by 
3-inch egg-coal from which the other 
constituents had been removed. 

I n  the Belleville district near Darm- 
staclt in St. Clair County the upper two 
feet of No. 6 coal is a bright micro-banded 
clarain with silky luster, low ash and 
high volatile content, and a relatively 
high B.~.LI. value. Tlie lower four feet 
of the bed consists of alternating bands 
of clarain, vitrain, ancl fusain. The ash 
of the bottom coal is higher and the 
volatile matter and B.t.u. values are con- 
siderably lower tlian in the top coal 
(table 1 ) .  When coals of this type are 
poorly prepared, lack of uniformity due 
to segregation and other factors may 
cause difficulties in stoker operation. 

Because the rocks of Gallatin County 
have been folded and faulted, the No. 5 
coal bed of that region is of higher rank 
than the same bed in Saline Co~ulty. Al- 
though clarain predominates in this bed, 
the coal has been so increased in  rank 
that i t  is all strongly swelling. 

The Eagle Sean1 and Pocahontas coals 
of Raleigh County, West Virginia, are 
high-rank coals not represented in Illi- 
nois but were tested in order to have a 
wider range of coals in tlie stoker and 
laboratory tests. Run-of-mine was 
crushed in  both instances to make the 
stoker coals used in the tests. 

DESCEIPTIOX O F  STOKER 
AND FURNACE 

A complete description of the TT'arm 
Air Research Residence and the forced 
warm-air heating system, together with 
the automatic control system ~ w c i  to 
operate the stoker and the circulating 
fan, has been reported in  two papers.jS 
The heating plant consistecl of a warni- 
air furnace used i11 con~iection with the 
forced-air heating system. The furnace 
was of the cast-iron circulator-radiator 
type having a 27-inch firepot ancl 23-inch 
p a t e .  As shown in figure 3, the stoker 
Tyas of the ~~nde r f eed  type, and the coal 
was delivered from the hopper to the re- 
tort by means of a rotating screw. Tlie re- 
tort was located in the center of the 
hearth. Both the rate of fuel input and 
the rate a t  which air was supplied to 
the tuyeres could be independently regu- 
lated. No cut-off damper was provided 
in the air tube to prevent a i r  being 
drawn through the blower and into the 
fuel bed during the off periods of the 
stoker. The overfire damper in the fir- 
ing door was left open prior to the 
photographing of the fuel bed. The 
pyrex plate glass door which was placed 
in position just prior to the photo- 
graphic study was fitted loosely on the 
furnace front to give a total overfire air  
opening approximately equivalent to 
that provided by the regnlar firing door 
and the overfire damper opening. A 
balanced check damper was installed in  
the clean-out of the chimney and was 
regulated to maintain a constant draft  
of approximately 0.05 inches of water 
in  the smoke pipe. 

After a new batch of coal hacl been 
added to the hopper tlie plant was al- 
lowed to operate intermittently under 
thermostatic control for two or three 
days, a t  the end of which time the fuel 
bed had assumed the characteristics of 
the coal under test. During this pre- 
liminary period of adjustment approxi- 
mately 300 to 600 pounds of coal were 

Kratz A. P. ,  Konzo, S., and Engdahl, R. B., Per- 
formance' of stoker-fired and hand-fired \\*arm-air fur- 
naces in the research residence : A.S.H.V.E. Journal 
section, Heating, Piping, and Air Conditioning, pp. 
732-742, NOV. 1938. 
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PLAN VIEW 

BALANCED DRAFT 77 2" b 

DAMPER IN CLEANOUT I------- l 6  

27 IN. CAST 

AMPER 300-LB. +HI? 

I 

FIG. 3.-Diagram of conversion stoker installation in furnace in research residence. 

burned. The feed rate maintained dur- 
ing the tests was about 26 pounds per 
hour. The setting for air-rate to the 
stoker was maintained the same in all 
cases. The resulting burning rate6 
varied somewhat depending upon the 
coal ~ ~ s e d ,  b-ut averaged about 13 pounds 
per hour. I t  is possible that the rate at  
which air is supplied to the fuel bed 
may affect the coking characteristics of 
the fuel. Hence the results obtained in 
this preliminary survey may not be en- 
tirely representative of the coking action 
of the coal over a wide range of air rates 
and feed rates. It would be advisable 
in any later studies to investigate this 
phase of the problem. 

Iiratz, A. P.,  and Konzo, S., Performance of a stoker- 
fired warm-air furnace as affected by burning rate and 
feed rate : A.S.H.V.E. Journal section. Heating, Piping, 
and Air Conditioning. pp. 55-60, January 1940. 

LABORATORY TESTS 
Proximate and ultimate analyses were 

made on all samples tested according to 
standard procedures of the American 
Society for Testing Mat,erials? 

Swelling index numbers were deter- 
mined according to the British Standard 
method8 with the following modifica- 
tions : 

1. Instead of the B.S. 72-mesh test 
sieve specified by the British Standard 
method for preparation of the test 
sample a No. 60 U. S. Standard sieve 
was used. 

Standard methods of laboratow sampling and analy- 
sis of coal and coke: A.S.T.Y. designation, D271-37. 

British standard method for the crucible swelling 
test  for coal: British Standards Institution pub. no. 

804, 1938. 
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2. I n  place of the " Teclu" burner a 
Fisher high temperature usual style 
burner with grid top was used. B y  plac- 
ing a thermocouple inside the crucible 
and experimentally adjusting the gas 
flow to the burner, i t  was possible to es- 
tablish conditions of proper temperature 
and proper rate of heat rise. Natural 
gas of approximately 1000 B.t.u. calo- 
rific value was used. 

3. Transite pipe class F was usecl for 
the draught shield. This pipe was 4% 
inches outside diameter and 4 inches in- 
side diameter. I t  was cut according to 
the specifications given in the standard 
method. 

4. The crlncibles which were used 
were glazed vitreosil of the following 
specifications : 

External height . . . . . . . . .  .26 to 26.6 mm 
External diameter a t  top. .40 to  41.5 mm 
Internal diameter at base. . l 3  to 14 mm 
Capacity . . . . . . . . . . . . . . . .  . I7  to 17.5 ml  
Weight . . . . . . . . . . . . . . . . . .  I1 to 12 gms. 

5. Silica triangles which are supplied 
as standard items by most chemical ap- 
paratus supply liouses were usecl. Those 
used in  this work were about 63.5 mm in 
length of side with a diameter of in- 
scribed circle of about 31.75 mm. 

Briefly the test consists of heating 
one-gram portions of coal in the stancl- 
ard crucibles a t  a specified rate of tem- 
perature rise until all the volatile mat- 
ter has been expelled. The buttons are 
then removed from the crucibles and 
compared to standard outlines to which 
have been assigned numbers from 1 to 9. 
The average of f o ~ ~ r  sucli tests is the 
value reported. 

Agglutinating value determinations 
were made according to the "Proposed 
Method of Test for Agglutinating Value 
of Coal" as published by the American 
Society for TestingXfaterials." ratio of 
15 silicon carbide to 1 coal was usecl for 
all samples with the exception of sample 
E' where a ratio of 20 to 1 was used. 

The apparatus used for crushing test 
buttons was designed and built in this 
laboratory. 

This method is a laboratory test for 
obtaining information on the coking and 
caking properties of coal. I t  is an  ap- 
proximate measure of the material in  
coal which becomes plastic nnder -the 
influence of heat. Briefly the procedure 
consists of mixing coal with an  inert ma- 
terial such as silicon carbide, coking the 
mixture as in a volatile matter deter- 
mination and determining tlie compres- 
sion strength of the buttons so formed. 

The apparatus usecl in this test was 
similar to that described in U. S. Bureau 
of Mines Bulletin 344.1° This apparatus 
was further clescribecl by Tliiessen.ll I t  
consists essentially of a cylindrical cop- 
per block three inches in  cliameter ancl 
seven inches long which is fitted into a 
specially built electric furnace. Two 
y2-inch holes are provided in this copper 
block for the small saiiiple tubes. The 
apparatus is so arranged that a one- 
pound rod rests on one sample while a 
micrometer distance gauge is mounted 
on tlie top of the roc1 in such a way as to 
register contraction or expansion of the 
sample. The other sample is allowed to 
expand ancl contract freely. Tliermo- 
couples are providecl for temperature 
readings. I n  the tests the samples of 
coal which have been compressed in  the 
sample tubes under a weight of 5.8 kilo- 
grams are heated at  a specified rate, and 
distance gauge and temperature reacl- 
ings are recorded. When plotted, these 
data show the initial softening tempera- 
ture, tlie decomposition temperature, the 
solidification temperature, ancl the plas- 
tic interval. 

Vroposed method of test for agglutinating value of 
coal (propo5ed draft)  : A.S.T.M. Standards on Coal and 
Coke, p. 95, 193s. 
lo F'ieldner, A. C., Davis, 5. D., Thiessen, R., Kester, 

E. B.. and S e l v i ~ .  W. ,4.. Methods and anuaratus used 
in determining che gas-. coke-, and by-piiduct-making 
properties of American coals: U. S. Bur. Mines Bull. 
344,  p. 16, 1931. 

l1 Thiessen, G., Coke from Illinois coals: lllinois 
Geol Survey Bull. 64, Appendix B. page 223,  1937. 



FIG. 4.-View of the furnace showing pyrex cloor, lamps, and camera in position for 
photographing fuel bed. 

PIIOTOGRAPHIC PEOCEDUTZE graphs of the fuel beds were taken a t  
int&vals as follows : A pyrex glass cloor replaced the firing 

door while the fuel beds were being Fuel beel prior to stoker operation 

photographed (fig. 4) so that the normal Star t  of stoker operation 
operation of the stoker n.as not affected. F ~ l e l  becl after five minutes of stoker 
The combustion chamber was illurninat- operation 
ecl by two No. 2 Photoflood lamps in re- Beginning of off-period 
flectors; this lighting was necessary to Photograph of 
properly distinguisli between coke and 
clinker masses. 

A Weston meter was ~ ~ s e c l  to deter- 
mine the proper exposure of the jlilrn. 
Exposures were made at  IG frames per 
second with a 15 inin, F 2.7 lens. Four 
hunclrecl feet of 16 inin, Type 8, Kocla- 
chrome film was used in making the 
moving pictures of the f ~ ~ e l  beds of -the 
eight coals. This was suppleliientecl by 
300 feet of film showing the coals, special 
laboratory equipment, and titles. Photo- 

RESULTS OF  TESTS 

Analyses of the coals used in  this 
stncly are given in table 1. Results of 
the special tests are given i11 table 2, and 
British S t  anclarcls Swelling Index b ~ ~ t -  
tons are shown in figures 5 anci 6. Photo- 
graphs of stoker fires for the fuels 
stucliecl are shown in figures 7 and 8, and 
clinkers from vitrain- and clarain-rich 
fuels are shown in figure 9. 
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FIG. 5.-British smelling index buttons for. hand-picked bandzd ingrecllents. 
a. durain; b. clarain: c. vitrain;. 

DISCUSSION OF  RESULTS 

The correlations attempted in this 
study were (1) correlation of laboratory 
tests with combustion behavior i11 the 
underfeed stoker, and (2 )  correlation o i  
types of coal with combustion behavior. 
There appeared to be no correlation be- 
tween agglutinating and Agcle Danim - i d -  
ues and the formation of coke in the fire 
bed, which was the principal combustion 
behavior characteristic observed. How- 
ever the authors believe that results of 
these tests may be correlated with corn- 
bustion characteristics other than coke 
formation. A study of such correlations 
and of correlations with other chemical 
tests is now in progress. Correlations of 
British Standards Swelling Index values 
and types of coal with combustion be- 
havior were possible and the discussion 
deals mainly with these correlations. 

Figure 5 illustrates the swelling but- 
tons obtained from hand-picked samples 
of durain, clarain, and vitrain from a 
mine in Franklin County, Illinois. Tlie 
durain s a m p l ~  (Sgnre %a) showed no 

tendency to swell and is therefore as- 
signed a swelling index of one. Clarain 
(figure 5b) and vitrain (figure 5e) had 
swelling indices of 3 and 5 respectively. 

Large samples having the purity of 
small hand-picked samples could not be 
readily prepared. While the 8063- to 
1000-pound samples were not composed 
entirely of a single ingredient the con- 
centration obtained by the preparation 
methods described earlier i11 this report 
is sufficient to illustrate the characteris- 
tics of the predominant ingredient in the 
sample. 

The egg-coal crusheci to make the 
clurain-rich stoker fuel contained some 
 itr rain and clarain. The standard coke 
button for this fuel is given the number 
3 in table 2. The predominant clurain 
influence on the swelling is b r o ~ ~ g h t  out 
by comparing these buttons (figure 6a) 
with the hand-picked clurain and clarain 
buttons (figures 5a and 5b).  British 
Stanclarcls Swelling Index buttons for 
coals A, F, G and H are shown in fig ~ u r e s  
6a, b, c, d. Figures '7a and '7b are en- 
largements from moving picture film of 



FIG. 6.-British swelling index buttons for certain stoker fuels studied. 
a. Durain-rich stoker fuel; b. Eagle Seam, West Virginia, stoker fuel; 
c. Gallatin County No. 5 stoker fuel; d. Pocahontas stoker fuel. 

two stages in burning of the ciurain- 
rich coal. The stoker is just coming on 
in figure 7a and the fuel bed is readily 
seen. Figure 7b, after five minutes of 
stoker operation, illustrates the freedom 
from coking and the uniformity of the 
fuel bed. There is somewhat more 
smoke at  the beginning of the off-period 
with clurain than with the clarain or 
vitrain. 

The clarain-rich fnel ("B", table 2)  
had a swelling index of 3 as did the 
hand-picked sample (figure 5b).  Figure 
7c i l l~~s t ra tes  the beginning of stoker 
operation and 'id shows the open nature 
of the fuel bed after five minutes in the 
on-period. 

The vitrain-rich sample (" E ", table 
2) has a swelling index of 4% as com- 
pared with an index of 5 for the care- 
fully hand-picked sample, which indi- 

cates the presence of a small amount of 
ciurain or clarain. However, figure 7e 
illustrates the tendency of the  itr rain to 
form coke in the off-period. Figure 7f 
illustrates the behavior of this friable 
coke tree after five minutes of stoker 
operation. Only in mild weather when 
the stoker operates infrequently might 
any difficulty be encountered with a 
vitrain-rich coal of this type. 

The top coal of tlie Belleville District 
of St.  Clair County has a swelling 
index of 4 ;  the bottom coal has a swell- 
ing index of 4% (table 2, samples C and 
D) .  There is practically no coke forma- 
tion apparent when the top coal is burn- 
ed, and only a sliglit tendency to form 
coke in the bottom coal (figures 8a and 
8b) . The difference in swelling tendency 
is attributed to tlie presence of a greater 
amount of vitrain in tlie bottom coal. At  
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FIG. 7.-Photographs of stoker fires with fuels as  follows: 
a. Stoker fire, durain-rich fuel, stoker just turned on 

_ b. Stoker fire, durain-rich fuel, after 5 minutes of operation 
c. Stoker fire, clarain-rich fuel, stoker just turned on 
d. Stoker fire, clarain-rich fuel, after 5 minutes of operation 
e. Stoker fire, vitrain-rich fuel, stoker just turned on 
f. Stoker fire, vitrain-rich fuel, after 5 minutes of operation 



FIG. 8.-Photographs of stoker fires with fuels as  follows: 
a. Stoker fire. top bench St. Clair County No. 6 coal, after 5 minutes of operation 
b. Stoker fire, lower bench St. Clair County No. 6 coal, after 5 minutes of 

operation 
c. Stoker fire, Eagle Seam, West Virginia coal, after 5 minutes of operation 
d. Stoker fire, Gallatin County No. 5 coal, after 5 minutes of operation 
e. Stoker fire, Pocahontas coal. stoker just turned on 
f .  Stoker fire, Pocahontas coal, after 5 minutes of operation 



FIG. 9.-Clinkers from vitrain- axil clarain-rich fuels. 

the beginning of the off-period the top 
coal has a considerably greater tendency 
to smoke than the bottom coal. This is 
explained, in part  at  least, by the higher 
volatile content of the top coal (46.1 
a,nd 41.1 per cent respec&ely on t'lie 
dry basis). 

The Eagle Seam coal (Raleigh Couii- 
ty, west Virginia) is assigned a swell- 
ing number of 5. A peculiarity of this 
coal is that after heat is reniovecl from 
the crucible the apexe? of the hnttons 
collapse. This may ha\-e some bearing 
on the behavior of this coal during com- 
bustion. In assigning a swelling nuni- 
ber this apex is restored, however. Fig- 
ure 8c shows the conciition of the fuel 
bed after the stoker had operated for 
f i ~ e  minutes. Par t  of the coke ring 
formed on the hearth appears i11 the 
foregromcl of the figure and a coke tree 
appears in tlie center. The coke formed 
in-the stoker n-as dense but in spite of 
this the response to combustion TT-as not 
unsatisf aetory. 

The Gallatin County (No. 5)  coal, 
~ i t l i  a swelling index of '7v2. 11ad a tend- 
ency to form flat masses of coke in  tlie 
furnace rather than coke trees (fig. 8d ) .  
Such coke masses ignited less readily 

than tlie original coal when the stoker 
came oil after being off for some time. 

The Pocaliontas f ~ ~ e l  bed is shown in 
figure 8e and f .  Figure e shows tlie 
appearance with the stoker just coming 
on aiicl f sliows the appearance after 
operation for five minutes. Reference 
to this figure and table 2 shows that 
there is considerable coke formatioil 
with this fuel (swelling index nuniber 
9) under the conditions used for this 
s t ~ ~ d y .  

Figure 9 shows a vitrain clinker as 
compared to a claraiii clinker. The vit- 
rain cliiilier appears to be cieiiser and 
harder than tlie clarain clinker. 

SUMMARY 

This paper is a preliiiiinary attempt 
to correlate behavior of various types of 
coal in an ~lnderfeecl stoker with labora- 
tory tests for the few samples stucliecl 
under one specific set of conditions. 

The tests substantiate earlier findings 
in to the iiiiportance of plij-sical 
composition of coal, that is, types of 
fuel, as related to combustion b e l ~ a ~ ~ i o r .  

No correlations between agglutinating 
\ d u e  and Agcle Danini plasticity tests 
and coke formation were apparent. 



20 D O M E X T I C  X T O K E R  COfWBUXTION 

Correlation between British Stand- 
ards Swelling Index values and coke 
formation in the stoker fire was appar- 
ent. This is in accord with the findings 
of Sherman.12 On the basis of these 
studies it  appears that coals with B. S. I. 
numbers below 434 or 5 do not form ap- 
preciable masses of coke in the fuel bed 
whereas coals with B. S. I. numbers of 
5 or above may form large amounts of 
coke. 

Although coals of high-vitrain content 
tend to form more coke than those of 
high-clarain and high-clurain content, 
this difference is not as striking in the 
present tests as might be predicted from 

the swelling index numbers of the hand- 
picked constituents of the Franklin 
County coal. 

Laboratory tests described in this re- 
port measure more or less specific char- 
acteristics of coal. On the other hand, 
behavior of coal in an underfeed stoker 
is influenced simultaneously by many 
physical and chemical properties. The 
influence of certain properties may 
mask that of others. S t ~ ~ d i e s  are now in 
progress to clarify some of these rela- 
tionships. 
--- 

l2 Sherman, Ralph A., The evaluation of coal for use 
i n  domestic stokers : Univ. Illinois Eng. Experiment 
Sta. Cir. ser. 39,  pp. 39-57, 1939. 


