MONTANA

STATE UNIVERSITY

Charring of coals from Montana and neighboring states
by Darold E Skerritt

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Chemical Engineering

Montana State University
© Copyright by Darold E Skerritt (1958)

Abstract:

A continuous process for carbonization of non-coking coals has been developed at Montana State
College. The process will produce char which meets coke specifications set by industries in the
surrounding area and creosote which meets American Wood Preservers' specifications from certain
bituminous coals.

The Montana State College char process employs a stainless-steel retort which is made up of four
concentric vertical cylinders. The coal flows by gravity through a two-inch annular space. It is heated
to a temperature of 1200 to 1400 degrees Fahrenheit by hot flue gases from a gas-fired furnace. The
coal is agitated by means of a lift which gives the inner cylinder an up-and-down motion.

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

Coals from Montana, Wyoming, and Utah were tested in the char plant. Those which performed
satisfactorily were evaluated economically to determine the desirability of building a commercial plant.

Estimates show that it would be profitable to build a commercial char plant in Red Lodge, Montana;
Superior, Wyoming; Rock Springs, Wyoming; and Hanna, Wyoming. Of these proposed sites,
Superior, Wyoming appears to offer the highest return on investment.
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ABSTRACT

A continuous process for carbonization of non-coking coals has
been developed at Montana State College. The process will produce
char which meets coke specifications set by industries in the sur-
rounding area and creosote which meets American Wood Preservers'!
specifications from certain bituminous coals.

The Montana State College char process employs a stainless-steel
retort which is made up of four concentric vertical cylinders. The
coal flows by gravity through a two-inch annular space. It is heated
to a temperature of 1200 to 1400 degrees Fahrenheit by hot flue gases
from a gas<fired furnace. The coal 1is agitated by means of a 1lift
which gives the inner cylinder an up=and-down motion.

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

bqals from Montana, Wyoming, and Utah were tested in the char
plant. Those which performed satisfactorily were evaluated econom-
lcally to determine the desirability of building a commercial plant.

Estimates show that it would be profitable to build a commercial
char plant in Red Lodge, Montana; Superior, Wyoming; Rock Springs,
Wyoming; and Hanna, Wyoming, Of these proposed sites, Superior,
Wyoming appears to offer the highest return on investment.
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INTRODUCTION

Other fuels Have taken huch.of the market'away from tﬁé coal

industry. Since there are large deposits of coal in Montana and
neighboring states, development of new markets would be a big boest
for the economy of the .area. |

There 1s a market for .about 900,000 tons of carbon per year in
this area (5), With this in mind,'the Engineering Experiment Station
of Montana State College .sponsors reseérch in the carboniéation of
coal, - ’ |

There have been several previous attempts at lowstemperature
carboniéation of coals (4, 7, 8, 9). ©None .of them were completely
successful. " The feseafch at Montana State‘College, however, has devel-
oped 2 process which 1is successful to date on a pilot .plant scale.

This process turns out .a low-volatile product, which we call char, and
by-product liquids from which, in many cases, a specification graae
creosote can be made.

The char produced.from certain bitumlnous coals has a physical
strength and hardness which make. it equivalent to coke for some uses,
such as in the production of elemental phosphorus. It is impossible
to predict which coals will give the char with the best bhysical

properties., A test 1n the pilot plant is required.
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This past year .coals from Montana, Wyoming; and Utah were tested
in the Montana State College char plant., These coals were tested to
determine the quality of char produced, the quantity aﬁd quality of
by-product oils produced, and any possible operational difficulties
peculiar to the coals, | | i
The coals which performed satisféctorily in the charring tests

were then evaluated economically to determine the desirability of

bullding a commercial char plant,
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FQUIPMENT AND-PROCEDURE

The Montana State College char plant is a.semi*éommereial'pilot
plant with a gapacity of from 2 to 3 tons of coal per day. Figure 2
1s 2 simplified flow diagfam éf this ﬁiant.' The three prihcipal:parts
of the char plant are the retort, theAby%product,recovery,sysfem,-and
the furnace.

The retort conéists of féur upright, chcentric stalnless~steel
KQyiinders which are 12, .20, éu, and 38 inches in diameter. Coal is '
grévity fea'from hoppérs.above the'retort'into the two+inch annular
épéce between the second and third.cyliﬁders. The annularzspace is
sabpgt 34 inches high,- The inner cylinder is given an up-and=down
mo?ion by a mechanical.lift. .This keeps the coal agitated, preventing
bridéing between the ‘two cylinderé, thus- preventing channeling .and
insuring a more‘unifqrm product, Air is prefented from entering the
“gpnular space by wéter seals at both the top and bottom, The retort
is insulated by a layer ofbloos§ insulatioen contained in a mild steel
shell which houses the retort.

The charred coal is removed from the bottom‘of the retort by two
variablesspeed stainlessesteel screw.conveyorsw By controlling the
speed of these.conﬁeyofs, the throughput, and therefore the volatile
content of the .char, can be fixed at any desired,levéi. The char is
2llowed to fall intoe water-sealed barrels which are removable when

they become full. The barrels are welghed when they are removed.
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This weight is compared .te the weight .of coal charged to the retort
" to determine char yields. -

A thermocouple indicates the temperature-of the char'leaving the
retort. It was found that at char'temperatufes below 1200 degrees
Fahrenheit, the char produced contained more volatilé‘matter than
.desifed, Therefore, the plant wasg operated .so that the temperaturef
of the char‘outlet was bétween 1200 and 1400 degfees,Fahrenheit.

The' upper température 1s limited by throughput.

Hot .combustion gases from the furnace enter the,oupermost annular
space near the bottom and travel upward and then ddwn through the
innermost annular space. Thgy are then pulled by anblower.up thfqugh
" the innér tube, and are recycled to the furnace, The coal is therea
fore heated on both sides as it 1s retorted,

- The moisture and volat;le matfer which are driven from the cogl
in the_charring opératiqn escape from the coal zone through louvers
into four vertical slots which bridge the .outer heéﬁ‘éone. These
gases, which.afe underna slight vacuum caused by a‘blowéf in the by«
product recovery system, are sucked ﬁp through aAVashaped manifold,

- Next; they travel through a c¢yclone which removes any dust which may
become entrained in the gas stream. Both the manifold and cyclone'
are_ﬁeatejacketgd to prevent velatiles from condensing out.

The gases thén pass to the by+produét recovery system. -This

consists of three condenser columns in series in which the gases.are '
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scrubbed with a water spray. The water and volatiles which are con=
densed are pumped by a centrifugal pump to a decanting drﬁm where the
by-product oils are decanted off. The water is pumped thriough a héat
exchanger_which,cools it, and 1t is recyeled to ‘the scrubber colums,
-The permanent gases produced iﬁ.the process are discharged from the
third econdenser through a stack and afe burned. In é commercial plant,
these gases couid be .compressed aﬁd.used to heat the furnace.

The furnace is fired with natural gés, An automatic controller
regulates the amount of gas fired to the furnace, keeping the tempera=
ture of the combustion gasés entering the retort constant.

The furnace is equipped with a draft so that part of the hot com-
bustion gases returning from the retort may be recycled, and the ex=

cess may be vented to the atmosphere,
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RESULTS .AND - CONCLUSIONS

Several coals from Mentana and neighboring states were retorted
in the Montana State College. char plant, The char plent wasg operated
fop two. sustained runs. The first run 1asted 28 ‘days, and the second
lasted 42 days. These runs caused no visible .damage to the retort or
auxiliary eéquipment, | |

-Four of the coals teéted were from tﬁe Red Lodge, Montana éread
These :coals were from the Bfophy, Montana Coal'and Iron, Janskovich,
and Burns mines. ' .-

Five tons .of Brophy ceal was run through the‘COllége retort.

The char was produced at an average rate.of 2540 pounds per déy. As
shown in Table I, the .char produced had a fixed-carbon content of 86.7
percent, Thils meets the specifications which afe set by the phosphorus
and nen=~ferrous metals industries in this areé. The cﬂar produced A
fréﬁ-Brpphy coal .agglomerated, giving it a hardness-suitablé.for use
in the phesphorus industry.

Phesphorus manﬁfacturers require a char with physieél strength to
resist break-up ‘during handling. The char must have a size range bef
tween ;/8land,3/4 inches. The qh;r must also .contain less than 5 pers
cent volatile matter and have .a fixed=carbon content of.aﬁproximately
85 'percent or greater. | .

Each ton of Brophy coal yieldéd 1080 pounds of char and 19.1 gals

lons of by~product oils, These yield figures, along with yields from
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other coals are tabulted in Table II.

A creosote whieh meets speclfications set by‘the American Wood
?reservers Association was pfoducéd,' The oil préduced from chars
ring Brophy coal was distilled into three.fractiong.' A gasoline cut
accounted for -11.3 percent of the o0il by volume. The -creosote
fraction was 68.4 percent of the total volum?’of 0il, The remain=
der waéhpitch. Table III shows a comparisen of the .creosote fraction
with Ambrigan Wood Preservers! specifiecations (2),

'?Coal from the Re¢d Lodge mine owned by Mentana CoalJaﬁd Iron
Company‘prodqced 4 char which is véry similar to the char.produced
gfom Brephy coal. - The char had a fixedscarbon content of 84;6-pena
beﬁt. Each toﬁ of Montana Coal and Iron coal produced 1068 pounds ‘
of char and 20.4 gallons of oils.

Sinee the .analysis; hardness, and ylelds of éhar producedrfrqm
Montana Coal and Ian.Qéal.iS‘Sé similar to that produced from Brophy

coal, .1t 1s assumed that the two coals are equally suited for chars

_.ring.

Over twe tons of coal frem the ﬁanskoviéh mine near Red Lodge
was tested in the char p;ant} The char producéd.ﬁas high in ash
with.a,fixed&carbon content of only 71.4 percent, This .char is not
suitdble for use in the .elemental phesphorus industry;

Char_produced from the Burns miné,near Red Lodge was .also of inz

ferior quality. The fixed<carbon content was enly 70,0 percent}
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Four high=coking coals from Utah were tested in the Montana.State
College char plant; The coals tested were from mines owned by Independ=
ent Coai and Coke, Knight+Ideal, Kennelworth, end Western,Aniline,and
Cnemical Company., These coals coked up inside the retort, proving -
themselves unsatisfactory for charring in g plant .0f this design,

| Three coals from Wyoming were retorted in the char plant, Wyoming
cosls tested were Union. Pacific coal from Superior; Rainbow cqmi from
Rock Springs; and Monolith coal from Hanna.

‘Coal from,the Union Pacific Coal Company mine in Supefion, Wyoming
pnoducediagglomerated char whieh had a fixed=carbon content of 91.2
percent. The physical strength of this cnar was tested by Westvace
Chemical Company of Pocatellé,-Idaho. The char had a tumbling strength
of 92.5. A tumtling strength above 90 meets specifications for coke
In elemental phosphorus proeduction,

Each ton of coal from Superior yilelded 1082 pounds of char and
27.1 gallons .of oils. A creosote was made by distilling off 80.5 voie
ume percent of the . oils. .The remainder of the olls was piteh. No
gasolline cut ﬁés taken., Table IV is a comparison of the .distillate with
American Wood Preservers! specifications (2). |

.Coal from the .Rainbow mine in Rock Springs, Wyoming; owned hy
Kemmerer Coal Companyi-also produced an agglomerated. char. The tunbling
strength of the Ralnbow char was 91.1. The fixed-carbon content was

'~92.7 percent, .The Rainbow ceal yielded 1080 pounds of char and 20 1
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-gallons of by-preduct oils per ton. .

Coal from a Hahna} Wyoming mine owned by the Monolith Coai Company
produced a soft char when rétorﬁed'in the Montana. State College char )
plant. The char eontained 86.0 .percent fixed carbon. Thisichar.will
not meet the .speecifications of the elemental phosphorus industry, but

will meet the specificatlons of non~ferrvous metal producers;

An economic comparison was made for coal charring operations in

Red Lodge, Montana; Superior, Wyoming; Rock Springs, Wyoming, and Hanna,

Wyoming, The -factors which influence the -economics are the ylelds of
char and liquid by=products, the price obtainable for the char, the
distance from markets, and the price of the coal. |

?hosphorus grade éhar Wiil bring $22 pér ton delive¥ed to the
phosphorus producer. .Char bréeze, used in léad and zinc roasting
operationsg, on the other haﬂd, Will.only'bring $llb50 pef ton delivered
to. the smeiter.

Superior and Roek Springs ehars are .only about one=third fines
since sized .coal is available; while Red Lodge chér yields aboué 50 pefa
cent breeze. .All of the Hanna char must be gold as breégé'bécause it
will not meet phosphorus producers! specifiCations.

-The char prices listed for economic bomparisdn in Table V are an
average prioeé including both coarsé,char‘and breeze, Théy afe net
prices f.o.b. plant site. In calculating these values, freight rates

were taken from a plot of freight ‘cost per ton éﬂ gbke breeze versus

ir
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rail miles (6). This plot may be seen in Figure 1.

Markets for char in Montana are VictorrOheﬁical Works at Silver
Bow, and American smel.ting and Refining Company at East Helena. Other
char markets in the .area are Westvdco Chemical:Company at Pocatéllq,
Idaho; Monsanto Chemical Companj.at Soda Spriﬁgs, Idaho; and U. 8.
Smelting:and Refining Company at Garfield, Utah.

Freight rates for Red Lodge char are based on markéting.the fines
at Hast Helena; and the coarse material at Silvér Bow. \

.The price of coarse char from Superior and Rock Springs are
figured using Soda Springs, -Idaho as the market. Garfield, Utah is
the xntended.market for the chaf breeze from Superior and.Rock Springs
and all of the Hanna chér.

 The average price of the liduid by-produets produced ﬁas taken as
22 cents per gallen (1). |
-The operating expenses are calculated to be about $3%.52 per ton

of coal charged. A breakdown of the .operating expenses may be seen in

Table VI. The cost of the coal was obtained from the mine owners.

An economic.compafiSOn for variéus chars has been made based on
bdth a 100&£Qn of echar per day.plant, and & 500<ton per day plant, The
results are tabulated in Table VII.
' A charring,oﬁeration at any of the sites mentloned would beé profit«
able. Superior; wyoming'appears to be the lOcétion which will yield

the. highest .return on investnent.
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In every case, a plant capable of producing 500 tons of char per
day gave a slightly higher return on investment than a 100+ton per
day plant. The investment required for a 500~-ton per day plant was,
of course, much higher.
The economic calculations .are based on building a new plént at
prevalling costs. No consideration was glven the present charring

facilities at Red Lodge, Montana.,
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Mine
Brephy

Mont..Coal & Iren
Janskovich

Union Pacific

Rainbow

-Monolilth

Burns

TABLE I

ANALYSIS OF VARIOUS .CHARS

Volatiles Fixed Carbon
. 3.0% 86.7%
bo 8.0
4.6 T1.4
3.2 91.2
3,0 92.7
3,0 86.0

4.0 70.0

Ash

10.3%
12,0
2l 0
5.5
4.3
11.0

26.0
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TABLE II

DATA ON VARIOUS COALS

Mine Char Yield .01l Yield - Production
. % by Wt, gal/ton ‘Rate

' ' - 1b, char/day
Brophy 51,0 19.1 2546
Mont, Coal & Iron 53,4 20,4 2290
Janskovich 51,6 9.4 . 2210
Burns 53,8 12.8 . 1650
Union Pacific 54,2 27.1 1610
Rainbow 52.0 20.1 2100
Morolith 54,3 26.0 1695
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TABLE ITI

COMPARISON OF CREOSOTE FROM BROPHY COAL
WITH AMERICAN WOOD PRESERVERS' SPECIFICATIONS

Creosote Test

S. G. at 38/15,5°C

Distillatien: up to 210°
210-235
235=270
270355
555+

Coke.Residue

Water, Wt. %

Benzene Insolible Wt. %

Specifiecation Brophy Tar
1.03+ 1.039
5. - (wt.%) 3.36
525 4,34
20+ 36.83
60585 70.18
4o | é' 28,60
2.0- 0.8
5,0= . Pass
0,5= Pass




. TABLE IV

COMPARISONNOF CREOSOTE FROM UNION PACIFIC COAL
WITH AMERICAN WOOD PRESERVERS' SPECIFICATIONS.

Creogote Test

S. G. at 38/15.5°C

Distillation: up to 210°C

Coke Residue
Water, Wt, %.

Bengzene Insoluble

210-235
235<270
270-355
355+

Specification U. P, Tay

1.03+ 1.023

5 (Wt, %) 0.91
5425 7.09

20+ 27.63
60-85 65.24
4o~ 4.1
2.0~ .17
3,0+ ‘Pass
0.5~ Pass




. TABLE. V
COMPARATIVE ECONOMICS OF SEVERAL -CHARS

Revenue Red T.odge, Superior, Rock Springs,

Montana T Wyoming Wyoming
Char Price - $/ton $11,25 $13,27 $13.35
Char Yield - lbs/ton 1080 1084 ' 1040
Income from Char. =~ $/ton
.. coal 6.08__ . 7.18 6.95
Ligquid bysproduct yield -
gal/ton coal 20 27 20
Income from by-products =
$/ton coal 4o 5.94 4 4o
Total Income = $/ton coal 10.48 13.12 11.35
Expenses
Operating Expenses < . L
$/ton coal 3,52 3.52 3,52
Coal Cost = $/ton 4.80 4,50 . 4,50
Total Cost .~ $/ton coal 8.32 -8.02 8.02

Net Income before Income tax =~
$/ton coal - 2.16 . 5.10 3.33

Hanna,

Wyoming

$5,00
1086

2.TL

26

5.72
8.43

3.52

2.00

5.52

2.91

“2c
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. TABLE VI
ESTIMATED OPERATING.EXPENSES

Charge #- 185 tons of coal/day yields 100 tons/day
of char, 350 days/year.

Per Ton of Coal

Electricity : : $0.08 (1)
‘Plant Laber = 5 men/shift; 3 shifts/day;
at $2.00/nr. ' $1.uy

Plant Supefintendent-2:$550/ﬁ0nth . ' $0.11
Utilitles + Steam, Gas, Water : $0.09
Repalr Materials . . $0,25
‘Payroll Taxes and Offide Overhead ' $0.06
"Property Tax and Insurance .= 3% of .

' Plant Investment : $0.28
§eiling,and Administrative Expenses ‘ $0.28

Plant Amortization = 10% of $600,000
. Irivestment. ' $0,93

TOTAL .EXPENSE $3.52




100 ton/day Plant

Plant Investment

. Net Income .after

Fed. Income Tax.

Anmmual Return on
" Investment .= %

Plant -Payout Time = yrs.

SOO‘tqn/day Plant
Plant Investment

Net Inceme after
Feéd, Income Tax

Annual Return on
Investment, .= % -

Plant Payout Time .= yrs,

ECONOMIC COMPARISON -

TABLE VIT

Red Lodge, Superior,
Montana Wyoming
$600,000 (3) $600,,000
674500 159,000

11l.2 26.5

8.9 3.8
$2,900,000 $2,900,000

357,000 795,000 -

11,6, 27.4

8.6 3.7

Ro¢k Springs;

Wyoming

$600,000
108,000

18.0

'5.',6

530,000

18.3
5.5

Hanna 5
Wyoming

$600,000

90 ;000

15.0

6.7

$2 ;900,000

450,000

155

6.5
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