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Abstract:

A medium temperature, continuous coal retorting process has been developed at Montana State
College. This process will produce from noncoking coals, a char that will meet coke specifications set
by industries in the surrounding area.

The Montana State College char process employs a stainless steel retort which is comprised of four
concentric, vertical cylinders. Coal flows by gravity down the two-inch annular space between the
second and third cylinders. The coal is heated to a temperature of 1300 to 1500 degrees Fahrenheit by
hot flue gases from a gas-fired furnace. The coal is agitated by means of a mechanical lift that gives the
inner cylinder a slight vertical movement.

The char plant operated for extended periods of time without deterioration of equipment, Coals and
lignites from Montana and a high-volatile char from Wyoming were tested in the retort. The Wyoming
char, after being re-duced in volatile matter, was tested by the Victor Chemical Works . The tests
proved that Superior, Wyoming, char will work as well as coke in the phosphorus industry.

Estimates show that it would be profitable to build a char plant in Roundup, Montana, A char plant
using lignites would not be profitable for the locations studied.
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ABSTRACT

A medium temperature, continuous coal retorting process has been
developed at Montana State College. This process will produce from non-
coking coals, a char that will meet coke specifications set by industries
in the surrounding area.

The Montana State College char process employs a stainless steel
retort which is comprised of four concentric, vertical cylinders. Coal
flows by gravity down the two=-inch annular space hetween the second and
third cylinders., - The coal ig heated to a temperatpre of 1300 to 1500
degrees Fahrenheit by hot flue gases from a gas-fired furnace, The
coal ‘1s agitated by means of a mechanical Lift that gives the inner
cylinder a slight vertical movement.,

The char plant operated for extended periods of time without
deterioration of equipment,

Coals land lignites from Montana and a high~volatile char from
Wyoming were tested in the retort. The Wyoming char, after being re=
duced in volatile matter, was tested by the Victor Chemical Works. The
tests proved that Superior, Wyoming, char will work as well as coke in
the phosphorus industry. '

Estimates show that it would be profitable to build a char plant in
Roundup, Montana, A char plant using lignites would not be profitable
for the locations studied.
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INTRODUCTION

Montana, along with most of the surrounding states and‘provinces,
has huge deposits of coal, ngr 200 billion short tons of coal are found
in Montana alone. This coal is of three main types: Dbituminous, sub-
bituminous*-and lignite. |

At the turn of the century many people realized that coal was losing
out to oil, natural gas, and electricity as a source of pouwer in the United
States. They realized that coal would be in over-supply in the future.
As a result of this, many processes were devised to up~grade nen=coking
coal and let them compete as a source of fixed carbon in industry (5, 8%1
9, 11). A market for about 900,000 tons of char per year exists in the
states of Montana, Idaho, and Utah alone (7). This market is being
supplied by an excess of. coking coals used in the steel industry. - The
disadvantage of this is that when the steel industry is booming, the coke
available is in short.supply. Although the market is being supplied by
coke, non-coking coals will produce a coke=like product that will fit
the specifications of industry in this area.,

A coal carbonization pilot plant was built at Montana State College
in 1954 under the sponsorship of the P D P Processing Corporation, A
plant bullt by them at Melstone, Montana, in 1951 met with very limited
.success, s0 they decilided to move the process to the Montana State College
laboratory. The reason for the failure was that mild steel was used in

the construction of the plant, The temperatures reached in retorting
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will disintegra%e mild steel rapidly. The pilot plant at Montana State
College was constructed of stainless steel where the temperature warranted,
The sponsorship of the pilot plant was taken over by the Montana State
College Experiment Station in 1955, This pilot plant operated for three
years. A completely new. pilot plant was buiit in 1957 by the Experiment
Station because of mechanical and furnace difficulties which occurred in
the first one. However, the‘first retoré did.produce char of the specifi-
cations required for the industries mentioned and the retort did not de-
teriorate appreciably during the process. The second pilot ﬁlant has’ done
away wilth the minor difficulties of the first and operates very smoothly.
Runs have been made of 28, 42, and 4% days; with only a few minor shut
downs.

‘The purposes of the tests at Montana State College are to see how a
coal will react in the.retort-and to determine the quality of the char and
the quality and the quantity of the by~product oils produced. During the
past year twenty-three different ceals and lignites from Montana, Wyoming,
and Utah were tested. A high volatile char (10 to 12 percent volatile

matter) made from Superior, Wyoming, coal was also tested.
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EQUIPMENT AND PROCEDURE

The char pilot plant at Montana State College has a capacity of from
two to three tons of coal per day. A simplified flow diagram is shown in
Figure 2. As shouwn, the main parts of the char plant are the furnace, .
the by-products recovery éystemy and the retorst. |

The retort is made up of four vertical concentric stainless steel
cylinders. An outer shel;‘which houses the retort .is madé of mild steel
and has a diaméter of 58 inches. The four inner cylinders which comprise
the heated part of the retort are 12, 20, 24, and 38 inches in dilameter,
A loose Zonolite insulation is placed in the annular space between the
shell and the outer cylinder. Coal is carried to the top of the retort
in five-gallon buckets and fed into the four hoppers,‘ The_c&al then flows
by gravity through the two-inch annular space betweén the éecond and third
cylinders. .The innermost cylinder is given a8 slight vertical movement by
a mechanical 1ift. This helps to prevent bridging between fhe two
cylinders, thus insuring a uniform broduct, because no channelé form,
The retort stands 11 feet Y inches high‘from the floor. The height of
the.anﬁular space through which the coal flows is 34 inches. Air is
prevented from enteriﬁg this annu;ér space by water seals at both the
top and bottom,

The charred coal drops from the annular space into a funnel type
stainless steel shell at the bottom of the retort. It then falls into

an auger box and 1s removed by two screw conveyors. .Thé'throughmput and
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thus the volatile‘matter of the.char can be varied greatly depending
upon the speed at which the conveyors are operated. The char then drops
into a water-sealed barrel. When a barrel becomeé full, it is removed
and a new one 1s put in its place. .The full barrel is weighedy then
dumped. The char is cooled and put into storage on an Open#air chgr
deck, From the weight of the entering coal and the net barrel inghf,
the yield of char is determined.

Gases and vapors which are driven from the coal, during'the charring
operation; escape from the coal zone through louvers into four vertical
slots which bridge the outer heat zone. .The louvers, which may.be,seen
in theAAQA crosg-sectional view in Figure 2, are arranged similarly to
venetlan blinds. The gases and vapors are pulled sthrough the gas mani~
fold by a blower located in. the récovery system. Next, the gases pass
'through a cyclone which removes any dust that may be entrained in the
gas stream. There is a heat jacket around both the manifold and the

'cyclone to prevent the volatile matter from condensing out,

The dust free gases are then sent to three condensers operating in
series. Water and oills are tondensed out by a cold water spray at the‘
top of each condenser. The temperature of the last condenser is maiﬁu
tained under 100 degrees Fahrenheit.totmake certain that all the cone
densable matter has been'reméved from the gas stream. A centrifugal
,pumb'forces the condensed wéter and oils from the bottom of the condensers
to a decanting drum. The tars, being'more dense; are removed from the

bottom. Water that is taken off the top is sent through a heat exchanger
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where 1t 1s cooled and forms the cold water spray for the condensing
system. [The permanent gases are flared. In a commercial plant, these
gases would probably be used to heat'the furnace,

The charring.of the coal is accomplished by hot combustion gases
from the furnace. - These gases enter the outer=—most annular space near
the bottom of the .retort and travel upwérd and then dewn through the
Innermost annular space, thus the coal 1s heated on both‘sideé as 1t
is retorted. .The gases are then pulled by a blower up through the inner
tube, and are recycled to the furnace.

The outside dimenslons of the furnace are: . 11 feet 4 inches long;
5 feet U inches. wide; 7 feet 8 inches high. The walls are constructed
of two rows of fire brick covered on the outside with a roﬁ df insulation
brick, A mild steel shell encases all four éides of the furnace, The
roof, unattached to the walls of the furnace, is hung in place from
three I~beam stands shaped somewhat similarly to inverted G's. The roof
i1s made of plastic brick which may be molded -into shape before hardening,
The floor of the furnace is mde of two rows of fire brick on top of
ventilation tile., Air is blown through the slots in the ventilation
tile.and water pipes are placed between each row. In this way the
furnace floor can be kept relatively cool so that the heat from the
furnace will not crack the concrete floor of the laboratory.

There is an 18 inch baffle three-fourths of the way back in the
furnace; The hot gases pass over the bafflé and mix with the recycled

1

gases from the furnace. This insures better combustion and a more
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uniform heat flow, .The amount of natural gas fed to the furnace is
regulated by an automatic controller which keeps the output temperature
constant, usually at 1700 degrees Fahrenheit.

Temperature readings were taken every half hour throughout a run by
meaﬁs of thermocouples. The two most important temperatupes were at the
outlet of the last condenser, as mentioned before, and the char discharge
temperature. The latter temperature was kept between 1300 and 1500
degrees Fahrenheit. This was found te be sufficient to drive off the
required amount of volatile matter. The char discharge temperature was
regulated by varyiﬁg the speed of the discharge .augers. A faster through-

put will lower the temperature.
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RESULTS AND CCNCLUSIONS

There were tienty-three different coals and a high volatile char
tested in the Montana State College char plant this past year, The
coals studied in this report are listed in Téble I, along with the type
of coal and the mine location. The remaining coals were studied in a
previous report by D. E. Skerritt (1Q).

East Belt .coal presented a somewhat unique problem, Their coal
seam consists of a one to two foot layer of coking coal beneath a two
to three foot layer of non=-coking coal with a six=~inch layer of slate
between them. Coking coals cause trouble in this type;of process because
they fuse to the sides of the retort (10). Therefore, the coal was run
through first at 500 to 600 degrees Fahrenheit in hopes of oxidizing it.
Oxidation of some coking coals is known to reduce the coking properties.
This scheme did not work well and during the second time through., fhe
coking coal caused some clogging. The layer of slate makes this coal
have a high ash content and the char will not meet phosphorus company

specifications. This char was not evaluated economically because of

Athe high ash content and the low 0il yields obtained (see Tables II and

I1I).

Seven of the coals tested were from the Roundup, Montana area, Each
of these coals ran through the retort well and no trouble was encountered
with them. Since none of the chars from these coals can pass the phos=

phorus industry's hardness test, the best market for char fwom Roundup
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coals 1s the ferrochrome manufacturing operations at Nye, Montana. The
char specifications for this plant are: less than 0.2 percent sulfur;
less than 5.0 percent volatile matter;.and more than 84 percent fized
carbon. No si%e specifications were given. Of the seven coals tested,
only three would produce a char which met the specifications. .Those
were Roundup Mining, Square Deal, and P.M. chars.

A little over 4.2 tons of Roundup Mining coal were run through the

retort. A ton of coal yielded 1230 pounds of char and 8.9 gallons of

0ils. The char was produced at an éverage rate of 3230 pounds per day.
As shown in Tgbles I and IV, thé char had a fixed carbon content of
85.6 percent and a éulfur content of 0.18 percént.

Square Deal coal, which is mined‘from a .continuation of the same
seam as Roundup Mining, is of course very similar to the latter coal°v
Each ton of Square Deal coal yielded 1172 pounds of char and 10.7 gallons
of oils. The char, which had fixed carbon and sulfur contents of 86.5
percent and 0.10 percent respectively, was put through at 'an average raté
of 3050 pounds per day.

The creosote fraction of the oilé produced would not quite meet the
American Wood Preservers! specifications (2). A comparison of the creow
sote fraction with these specificétions is shown in, Table V.

"Coal from the P.M. mine'gavé 1184 pounds of char and 11.7 gallons of

oils for each ton charged. The char had a fixed carbon content-of 84.2

percent and a sulfur contenﬁ of 0.14 percent, The creosote did not meet
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AW.P. specifications as shown in Table VI. Table VEihlso shows th;
results of distillations on some other Roundup crosotes.

Several Bastern Montana lignites were run through the Montana State
College char plant. All the lignites acted similarly while retorting.
‘They all broke into fines and were quite dusty, however no trouble was
encountered because of this. The results of the tests are recorded iﬁ
Tables II.and III. The C. Sorenson mine at Savage, Montana will serve
as an example of the others. From each ton of this lignite came 1004
pounds of char and 5;8 gallons of oils, The char was 77.3 percent
fixed carbon and 14.5 percent ash., .The liguid by-products from ligﬁites
will th meet A.W.P. specifications because of their low specific graﬁity
and the large amount of material found in the lower boiling ranges (ll}.

A1l chars, while cooling, pick up moisture from the atmosphere,

Most chars rarely adsorb more‘than one to two percent moisture., However,
lignite chars will adsorb up to six percent water. This is probably duel-
to the greater number of cracks and holes in a soft.char than in a hard
one, thus giving the soft char a much larger surface area on which to
héld water., A test was made to see how long it would take a lignite
char, dried in aip at 103 degrees Centigrade to regain all its moisture
while cooling. As shown in Pigure 3, all the water was regained after «
one hour,

.Bulk densities of all the chars, ground to approiimately 80 percent
minus 100 mesh, were taken, A corfelation was thought to exist between

bulk density and ash content or a combination of ash and volatile matter
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contents, No correlation was found tb exist, probably because the chars
did not all have the same type of ash. The unground bulk densities were
taken in hopes of a correlation with through-put. .This, however, falled
to show any sound results,

Approximately 80 tons of & high volatile char was run through the
Montana State College retort at an average rate of 4140 pounds per day.
This high volatile char was made from Superior,~Wy§ming coal by putting
it thfough a Lurgl Process char plant at Beinfait, Saskatchewan, Canada.
The Lurgi Process, it was found, did not produce a char wikh low enough
volatiles to meet phosphorus.company specifications. The char was then
shipped to Montana State College where the volatile matter was reduced to
around three percent from its original eleven percent, This low volatile
char was tested by a phosphorus producer, the Vietor Chemical Works at
Sidver Bow, Montana. The test was performed by mixing the char with coke '
in varying amounts. No difference in operation.was noted between pure
coke and the mixtures. The test proved that Superior char will perform
equaily as well as coke in making elemental phosphorus. A previous
report by D. E. Skerritt shows that a char plant in Superior, Wyoming,
would be economically successful (10).

Economic consideration was given to Roundup Miniﬁg, Square Deal,
and P.M. coals of Roundup and C, Sorenson lignite of Savage. Square
Deal coal is so similar to Roundup Mining that the two are considered the
same for the remainder of this report. Also, the economics of Savage

lignite will not be greatly different than any other lignite tested this
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past year, The_factors which influence the economics are: the yields of’
char and oils, the price obtainable for these, the distance from the
markets, and the price of coal,

Ferrochrome grade char will bring $22.70 per ton deliveréd to Nye,
Montana (6)., The market for lignite char is the taconite industry in
eastern Minnesota. They will pay $12.40 per ton délivered to the plant
(4) . The char prices listed in Taile VII are net prices f,o.b. plant

-site. In calculating these values, freight rates were taken from Figure 1,
a plot of freight cost per ton of coke breeze versus rail miles (L0).

Since the oils produced would ﬂot meet AW.P. specifications, the éverage
price was taken to be 14 cents per gallon (1), )

The eoonoﬁic comparison for the various chars has been based upon
the siée'of plant needed; The Fe?rochrome mill will use 25 tons of char

per dgy while. the taconite industry will use a great .deal more. in view
of this, a 100 ton per day plant was proposed for Savage, Estimated
operating expenses are listed in Tables VII and VIII. The final results
are shown in Table X, |

A charring operation for any of the three sites mentioned in Roundup

would be profitable. The Savage site would lose,money due to its dis=

tance from the markets.
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TABLE I

COALS STUDIED IN THIS REPORT

Mine Location Type of Coal
East Belt Coal Co. Belt, Mont. - Bituminous
Mountaln States Mng. Roundup, Mbntﬁa Subhbituminous

Roundup Mining Co.
Square Deal Mining
Johnies Coal Co, n n . "
Divide Coal Co., n " "
Gildroy Coal Co, " n ' n

P.M. Coal Co. n ! . 1

North Star Coal,. - Coalwood, Mont. | Lignite
Thiel Bros. Sidney, Montn. .
J. Albrecht Bloomfield, Mont, : "
Peuse Bros. Glendive, Mont. "
C. Sorehson _ Savage, Mont. "

D. 0. Clark Mine Superior, Wyo. High Volatile Char
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TABLE 11

ANALYSIS OF VARIOUS CHARS

Percent Percent Percent Percent

Mine Moisture Volatiles Fixed Carbon Ash

East Belt 4.0 81.3 14.7
Mtn. States 4.0 82.0 14.0
Roundup Mng. 4.0 85.6 10.4
Square Deal 1.9 86.5 11.6
Johnies 2.9 88.1 9.0
Divide 3.8 88.8 7.4
Gildroy 4.1 86.0 9.9
P.M. 4.0 84.2 11.8
North Star 3.9 5.3 76.7 14.2
Thiel Bros. 3.7 4.8 73-5 18.0
J. Albrecht 3.2 5.8 76.2 14.8
Peuse Bros. 5.8 6.2 80.4 7.6
C. Sorenson 4.2 4.0 77-3 14.5

D. 0. Clark 3.9 90.1 6.0
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TABLE 111

DATA ON VARIOUS COALS

Char Yield Oil Yield Production Rate
Mine % by Wt. gal/ton of coal Ib. char/day
East Belt 64.2 5.8 3500*
Mtn. States 48.0 8.5 2530
Roundup Mining 8.9 3230
Square Deal 58.6 10.7 3050
Johnies 52.4 12.0 2250
Divide 48.1 10.3 1960
Gildroy 52.2 14.0 2375
P.M. 59.2 11.7 2090
North Star 49.3 4.2 1670
Thiel Bros. 45.7 5.7 1500
J. Albrecht 51.7 4.8 1080
Reuse Bros. 40.6 3.1 1150
C. Sorenson 50.2 4.8 980
D. 0. Clark 89.7 4136

*Predried Coal
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TABLE

v

DATA ON SULFUR ANALYSIS AND BULK DENSITY FOR VARIOUS CHARS

Mine

East Belt
Mtn. States
Roundup Mng.
Square Deal
Johnies
Divide
Gildroy
P.M.

North Star
Thiel Bros
J. Albrecht
Reuse Bros.
C. Sorenson

D. 0. Clark

# S

2.62

0.10

0.26

0.44

0.43

0.14

0.05

0.06

0.17

0.05

Bulk Density 80% minus

100 Mesh

Ib/cu.

54.1

50.3

44.7

44.3

48.4

48.8

52.0

53.0

43.4

39.6

40.0

32.1

39.2

ft.

Bulk Density
Unground

39.0
41.2
38.0
41.2
36.5
35.6
42.6
38.9
39.0
36.5
36.5
34.9

34.9

Ib/cu,

ft,
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TABLE V

COMPARISON OP CREOSOTE FROM SQUARE DEAL COAL WITH AMERICAN

WOOD PRESERVERS'

Creosote Test

S. G. at 38/15.5°C.

Distillation up to 210°C.

up to 235°C.
up to 270°C.

up to 355°C.

Coke residue

Water Wt. %

Benzene

Insoluble Wt.

%

Specifications
1.03 +

5.0 (wt.$)
5 - 25
20 +

60 - 85

2.0 -

3.0 -

0.5

SPECIFICATIONS

Square Deal Creosote

1.025
1.7
11.7
27.1
71.0
1.2
pass

pass
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TABLE VI

COMPARISON OF CREOSOTE FROM OTHER ROUNDUP COALS WITH
AMERICAN WOOD PRESERVERS' SPECIFICATIONS FOUND IN TABLE V

Creosote Test Mfcn. States Gildroy P.M. Divide
S. G. at 38/15.5° . 1.025 1.035 1.020 1.04
Distillation up to 210° C. 5.6 6.2 5.6 1.9
up to 235° C. 11.8 13.5 15.8 16.9
up to 270° C. 27.4 25.9 30.6 35.1
up to 355° C. 82.9 76.5 73.8 77-3
Coke Residue 0.9 1.2 1.4 1.9
Water Wt. % pass pass pass pass

Benzene Insoluble Wt. / pass pass pass pass
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TABLE VI

COMPARATIVE ECONOMICS OF THE CHARS

Revenue Roundup Mng. P.M. C. Sorenson
Plant Size - ton char/day 25 25 100
Char Price - $/ton $19.70 $19.70 $ 4.90
Char Yield - Ibs./ton 12)0 1184 1004
Income from Char -

$/ton coal $12,)0 $11.65 $2.46
Liquid By-product Yield -

gal/ton coal 8.9 11.7 4.8
Income from By-products

$/ton coal $1.25 $ 1.64 $ 0.67
Total Income - $/ton coal $13.55 $13.29 $ 3.13

Expenses

Operating Expenses -

$/ton coal $ 6.28 $ 6.40 $ 3.49
Coal Cost - $/ton 4.50 4.50 2.10
Total Cost - $/ton coal 10.78 10.90 5.50

Net Income Before Income
Taxes - $/ton coal 2.77 2.39 -2.46
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TABLE V 111

ESTIMATED OPERATING EXPENSES

Charge — 40.7 ton of coal/day yields 25 tons char/day

350 daysl/year

Electricity

Plant labor - J men/shift; 3 shifts/day
at $2.00/hr.

Plant Superintendent - $550/mo.
Utilities - Steam, Gas, Water
Payroll Taxes and Office Overhead
Repair Materials

Administrative Expense

Plant Amortization - 10% of $200,000

Investment

TOTAL EXPENSE

Per Ton of Coal

$ 0.08

3.55
0.45
0.11
0.06
0.25

0.25

1.48

$ 6.28
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TABLE 1IX
ESTIMATED OPERATING EXPENSES

Charge — 186 tons lignite/day yields 100 tons char/day
350 days/year

Per Ton of Lignite

Electricity $ 0.18
Steam and Water 0.10
Labor - 5 men/shift; 3 shifts/day

at $2.00/hr. 1.45
Plant Superintendent 0.13
Analyst u 0.09
Fuel 0.09
Repair Materials 0.20
Plant Amortization 0.65
Payroll Taxes 0.22
Property Tax 0.16
Administrative Expenses 0.22

TOTAL EXPENSE $ 3.49



Plant Investment

Net Income A fter
Fed. Income Tax

Annual Return on
Investment - %

Plant Payout Time
Years
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table X
ECONOMIC COMPARISON

P_M.
23 ton char/day

Roundup Mng.
2% ton char/day

$200,000 $200,000
$ 26700 $ 24,000
13.2 12.5

7.6 8.1:

C. Sorenson
100 ton char/day

$600,000

Loss
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Figure 3 - Percent Moisture Regained versus Time for Char made
from Peuse Brothers Lignite.
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