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Abstract:

Investigations carried out show that favorable conditions exist for the establishment of a Montana coke
industry. The object of this thesis is the determination of related knowledge fostering the development
of such an industry.

Coals investigated for coking qualities were from the Livingston-Trail Creek, Forsyth, Electric, Red
Lodge, Great Falls-Lewistown, and Bull Mountain fields of Montana. Only coal from the
Livihgston-Trail Creek, Electric and Great Falls-Lewistown fields would produce coke.

Of these, coal from the Livingston-Trail Creek field appears to be the only basis for a coke industry
since coal from the Electric field contains high ash and because in the Great Falls-Lewistown field the
coking coal is intimately mixed with non-coking.

An estimate of $7.15 per ton as the cost of a cleaned, ready-to-coke coal is" given. On this basis, net
selling cost estimates are presented for by-product plant coke and beehive plant coke* They are
respectively $14.40 per ton and $12.75—per ton. A market in this area of 450,000 tons of coke and
300,000 tons of coke, breeze is indicated.

Equipment that was constructed and utilized in the experimental work is discussed and illustrated.
Methods of investigations are described and data ,pertaining to the upgrading of Cokedale No. 3 coal
are presented. Information concerning the three samples of coke produced in a pilot plant is given
showing that byproper upgrading of the Cokedale No, 5 coal from the Livingston-Trail Creek field, a
coke with a fixed carbon content of 85 percent can be produced*
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ABSTRACT

Investigations carried out show that favorable conditions exist
for the establishment of a Montana ¢oke industry., The object of this
thesis is the determination of related knowledge fostering the develop-
mont of such an industry.

. Coals investigated for ¢oking qualities were from the Liv1ngston=
Trail Creek, Forsyth, Electric, Red Lodge, Great Falls=lLewistown, and
Bull Mbuntaln fields of Mbntana° Only coal from the Livingston-Trail
Creek, Electric and Gréat Falls=Lewistown fields would produce coke,
of these» coal from ths. Livingston=Trail Creek field appears to be the
only basis for a ¢éoke industry since doal from the Eleetric field
contains high ash and bécause in the Great Falls-Lewistown field the
coking coal is intimately mixed with non~¢oking,

An estlmate of $7.15 per ton as the cost of a cleaned, ready~to-
coke ¢oal is given, On this basis» nét selllng eost estimates ale
presented -for byaprouuct plant coke ‘and béehive plant coke, They are
réspectivély $14.40 pér tom and $12.75per ton. A market in this area
of 450,000 tons of coke and 300,000 tons of coks, breeze is indicated,

Equipment that was constricted and utilized in the experimental
work is discussed and illustrated., Methods of investigations are
described and data pertaining to the upgrading of Cokedale No, 3 coal
are presentedo‘_lﬁformaﬁjon concerming ‘the “three samples of coks .
produced in a pilot plant is given -sliowing that by proper upgrading of
the Cokadale No, 3 coal from the Livingston-Trail Creek field, a coke
with a fixed carbon content of 85 percent can be produced.
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i INTRODUCTION

In 1952 the Enéineering Experiment Station at Montana State College
opened investigations into the possibilibty of estabiishing a coke indus~
try in Montana., Investigation has revealed thét conditions'exiSt that
are favorable to such an industry and may be listed as follows:

1. Readily available markets in Montana and surrounding areas.

2. Pfésent.sources of supply inadequate,

3, Existence of local fields'bearing coking coal.

A market for Montané coke developed primarily through the es-
tablishment of elemental phosphorus piroducing plants in the.Inte?p
mountain area. Téple.l in the Appendix gives a 1iét of ¢oke users.and
their yearly rgquirementso This indicates a matket fof about 456,000
tons per year of éoke and 300,000 tons per yéar of coks breeze, This
mark;t, iﬁ“addition %0 the nuﬁefous ferrous and nonferrous metal
foundaries on fhe_west Coast, constitute an impreésiva market for cbka:
A Mbﬁtana one ihdustr& would also be exposed 0 overseas ﬁarkets such
| as Héwgii and‘Japéno | |

‘Souféés of coke in the west at present are the by=product coks
planfé ofvthe.sﬁeel‘mil;s at Gemeva, Uteh; Pusblo, Colorado; and
Fontana, Californiéo .Coke is also being supplied in some quantity from
Trail, British Célum.bia° Dufing times of a large steel market, the
steellcompanies utilize most of their.qéke'output in the production of
steei and as a result the coke users in this area experience difficulty

in obtaining sufficient coke at reasonable prices. The phosphorus
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'producéfs uée coke as a chemical in a definite stoichiometric reaction
and have a problem of uniformity. Essentially, the reaction that takes
place in their furnaces may be written as follows: ca5(Pdé)2. # 3sieg»
4 5C = 3ca3105 # 2P. £ 500, The carbon in the form of coke must
be controlled rather closely for efficient 6peration° Wﬁen che is
obtained from many places the fixed carbon will vary considerably,
Tﬂis causes additional analysis and control work on the part of the
phosphorus producers and it is evident that they would be willing o
pay premium prices for a uniform coke producéd by a local coke manu=-
facturer geared to their demandso

Of the coal fields 1nvest1gated only coal from the Sand Coulee
distrlct in the Great Falls=Lew1stown field, the Cokedale area. of the
Livingston-Trail Creek fjeld, and the Blectric field in southern Park
counfy would'produce coke, This may be sustantiated by the fact that
coks industries have been supported by these areas in the'past (4);»~Th9
. coke industry atlBelt was faced with the costly operatién of sebara%ing‘
the coking from the non-coking coal and was abandoned for this réasono
Coal from the Electric field aferages about éo‘percent ash and the coke
indgéfry was abandoned there because the producers eouid not meét'thé 18
percént'minimum ash requiremsnts of the users, éig contrast to this is
the coal from theAbéﬁedale'area which is less ‘than 10 percent ash and .
produces a good guality ?okao Wo, ﬁq Célvert‘(lgll)féﬁétés that labor
troubles caused destruction of the mine portal at C;kedale,in 1908.i5);
Abén@op@egt.of'coking facilities resulted when competition from other

sources could not be mst,.
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This gives an indication that development of any modern coke indus=
$ry in Montana would,logiCall& be cairied out at the Livingstonwifail
.Craek fiélqo It was estimated that two billion toms of coal remaiﬁed'to
be mined in this field_(é); This would serve an 800,000 ton per yeé?
coke industry with about fwo thousand yéars”_sgpplyo- Eof this reason
most of the developmental work in this thesis has been concerned with
coal from this source., Railroad freight rates from'Li%ingston to cokam
using -centers in the fegion are given in.TéBle 2 in the Aépendix. Théy
are tentative but would be no higher than 1is§e§o . |
The Cokedale coal field wds. inspected by.W. T, Shields, ¢ﬁief
Engiﬁeéf 6f:the-RoéhesteruanduP{%tsburgh Eéél Goﬁpany; iﬁ&iana,
APeﬁnsylvania {8) and he estimaﬁed-ﬁhe cost of mining as follows:
Cost Item . ...Cosé per Ton of Washed Coal
Labor 7,°u,woaooo;aoogoaoooooooonoooooo,$3Q50
SUPDLIGR wevossessocoesossossoocosoosss 075
ROYAltY eeeesescucosoanoossossosnosnsss 050
:Qépreg;ation ;;.oa;ooooaooooooooooo,mao 1,00
Pover O U SR 0,30

TruCking 0000000000000000000000000CGHOG00C 0060

Tipple Labor oooooooouoooooonoeunonoooo .0040 '

Total oonoocooouoooaoooouaoooooooo $?015 N
This is based on'a cleaning plant to produce specification ash content
and that not more than 20 percent of the ccal will end up as rejects

from the washing operation.
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A cogt éé%imate of 1 = 2 million doilars is given in Table 3 in
the Appendix for a by-product coke plant to produce 838 tons of coks
per day. Without considering administrative expenses, interestlon
investment, depreciation, working capital and all city, state and _
federal taxes, the net cost.of. coke would be $11.30. This price is
based on.g ready-to-coke coal cost of $7.15, and a by-product gas
eredi£ of $i.ll ber ton of coke. ﬂ%sjcoal cost is reasonable but
probgbiy no gas credit could be obtained for the low heating-value
by=-product gas due to the agundaﬁce of low-cost natural gas in.the area.
Including aicost of abouti#ébQO per ton for amortizg%ion,~t§xes and ad-
ministrative expense .and omitting thé'$loll gas credit, the cost_df
finisﬁed coke.becomes about $i4,40 per tom, fit should be noted.here
that a by-product plant has 1little or.no flexibility. KOncefheatéd, the
éhamﬂers‘must be kept hét for the enéire life of the oven, 20 years or
more, becaﬁge once cooled, cracks in the brickwork appear and the )
'ehamberé'are no lenger gas-tight. |

:A modgrn beehive. plant can,prodﬁqe.coks at a cost of ﬁlnﬁg pén ton -
.V(S) which includes ‘amortization of inves?msnt as well as opefaﬁipﬁal
costs, :In gddition, it is characteriﬁed by lowep initial iqvgétgent and
ecmpiete’fle;xibilityo ﬁEééh‘beehive oven'prodpces a batch of 6-3 é tons
of coke every 72 hours, They may be shut down and reheated witﬁonﬁ harm
to the oveﬁs° The cost of beehive coke thérefore is: -ﬁvols per”ton of
elean‘cogl 2 0063 # §11.25 per ton of coke & @i,so cokiﬁg cost = |
$12,75 per ton of.finiéhed coke f.0.b. plant, It fﬁenAbacomes evident

that. the beehive plant would be more ideal for the size of h_la;“kei; ‘{;hat &
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Montana coke industry would initially serve.

The'first part of this program was carried out and reported by
Ro, Herzel {5). Work concerning construction and development of neces-
sary equipment for the investigation of carbonizing propertie; of
Montana coals was done., Soms expeiimental work utilizing fhis equipment
was completed. In the period concerned by this thesis, work was con=
$inued on the compilation of carbonizing properties. iﬁ addition the
determination of &oal~upgrading data necessary'in selecting cdmmercial
coal grading equipment was done. Soms equipment asnd techniques were

developed in support of this work.

EQUIPNENT

A% the start of this thesis, the equipment available for use in
connection with this project was a pilot coke plant and accessory equip-
ment. Additional equipment that was constructed consisted of a high
temperature electric muffle firnace for sample analysis, a bench gcale
byaproﬁueﬁ sokp planf, a new roor ror the pilot coks planb electric
oven, a flofation apparatus ror fihe Goal, and equipment to .carry out
free-swelling tests on coal, .;

. Construction 2£;High Temperature Muffle’ Furnace

The electric muffle furnsce was designed féf temperatdres approache-
ing 1000° €, .A maximum of four 2nd one half kilowatts of power was
provided by a 0=-135 volt Powerstat, Heatihg elements consisted gf 80

feet .of No. 18 B & S gage Hichromé'v resistance wire wound in a series
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of eigh% 1/8-inth dismeter. ¢oils. ‘The design temperature could be.
reached in about four hours at maximum power,

The difensions of thé furnace aré givéen in Figure 1 ip the Ap-
pendix, Section A is shown in Figufe .2 and section B is shown iﬁ Figure
3, The containing shell of the fuPfnacé Wwas éonstructed of 1/4-inch
pressed asbestos board held together by 2-inch aluminum angles and No.
10 stove bolts, The muffle was ¢onstructéd of Armstrong A-20 insulating
fire bricks arranged as shown in the sectional drawings. iﬁéu;ét@qn was
provided by finely ground magnesia. ILocation of the muffie.iq the shell
was accomplished by plading split bricks under the muffle and resting

thésé on flat . iron.supborts. The &omplete furnaée wés raised and sup-
ported by %two pine strips. An'Aiﬁétrong A-20 fire brick shaped %o £it,
with an asbestos wrapped bolt as a handle, served as a door to the
muffleol The heatlng elements were placed in the bricks by drllling
9/16=i£ch holes and sldtting them as is shown in F;gures 2 and 3 in the
Appéhdixo Arfangements for easy removal and replacemesnt were provided
for by notching'the ends of the bricks. containing the eleméﬁtso Tempef;
.ature measurement was provided by -installing a- chromsl=alume1 thermo~
couple in one end of the furnace. An oxldlzing atmosphere necessary for
the combustlon.of the samples was provided by blowiﬁg a smgll.jet:of air
into the Qufflé through a stainless steel tube installed at the end of

the furnace.

~

Bench Scale By=Product Coke Piénﬁ

A Eench scale by-product. coke plant was assembled as an accessory
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'to the muffle furnace just‘desci'ibed° A schematic iilustpatibn of this
apparatus is given in Figure 4,

The retort was cohétructéd.ﬁfom a %hréadéd piece of 2i-inch black
pipe and a 2i-inch coupling. Both thé pipe and coupling are closed on
one end by fitting and welding pieces of flat iron té %hemo The
coupling and pipe were graphited and repeaté&ly écréwed together until a

‘smooth tight fit was .accomplished. The off-gas pipe was fitted to the
retort by drilliﬁg and tapping the coupling a% the top. The complete
retort was bolted %o a birick door in the manisr shoin in bhe illus~
tration.

The gas-séiubbing train consisted of a tar trap, water cooled

. condsnser and & packed scrubber column, Tﬁé éér frap wés assembled from
a 5/4=inch pipe tee, bushed on_fhe runs to 1/4-inch pipe size, aﬁd a
S/Qsinch nipple and cabo Thé condenser was assembled from lengths of
1/4= and 3/4~inch pipe, two 3/4=inch ﬁees.and suitéble.bushingso fhé
two tees were screwed to the threaded. ends of the length of 3/4-inch
pipe. The 1/4-inch pipe was then inserted thfough the 3/4-inch pipe and
éversiza bushings‘that-were screwed into the tees. Thé l/4éineh pipse
was brazed in place and bushingé and nipbles screwsd into the sids
outlets of the tees for water connection. A boftie was provided at the
end of the condenser to collect condensed oil and moisturs, &he
scrubbing column was assembled bﬁ packing a standard glass condenser
with 1/4~-inch porcelain beads and mounting it on a flask as shown in
.Figﬁre 4, 'Solﬁent was pumped to thé top of the column Wi£h a bellows

pump, The dry gas from the scrubbing column was burned in an ordinary
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Bunsen burner, The scrubbing train was connected throughout with
suitable tubing and coupled to the relort with a screwed umion. -

Roof cohstruction for Pilot Goke Piéni Eieétric Oven

. Afﬁstrong A~20 insulating fire bricks were used throughou% the con=
s%ruction«of.the new roof and door for the pilot coke plant electric
oven because of their light weight and insulating properties. Thé
bricks were suspended from a steel frame which acted as a struchural
member of the roof and also served to suppor% the furnéce aoorso Tﬁe
frame‘wés constructed from i%a by 3-inch angle iron 1/4-inch thick,
copsfructioﬁ details are shown in Figﬁfe.s in the Appendix. ~Each of the
bricks was supported from the frame'ﬁj two V/IA;inch machine bolts with
' 1/2-inch nominal washers being placed at contact point with the bricks,
Latite high-temperature mortar was used throughout the comstruction and
a thin solution was painted on all surfaces exposed to the iﬁterior of
the furnéce, .Ehé roof was placed on the ‘furnace and Zénqli%e insulation
f£illed. in around the'framss° The entire ﬁop was covefed by 0.020-inch
alumiéﬁm shéetingo Figure ‘6 shows tﬁe original construction.

Construction g£=FiﬁeFCoai.Fioﬁétion Apparatus

Pfévious experiénée with carbon fetrachloride densify soluﬁipns
indicatéd that the flotation equipment should be designed 9sse£€ially'
fume -free t;JaVOid the toxic effect of the vapors. Figureyv‘shqws a
schematic diagram of the system that was éevelo'pedo Fiéure 8 is a two-
sectional drawing of the flotation hopper. | |

ﬁéch of the solubion bobtles contained ome and one half gallons of

a solution of different demsity. The solutions wePe moved about the
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system by means of vacuum and air pressure through 5/lg;iﬁch and'l/4=
inch cobper %ubing and flared or compressionmjoint brass fiffiné;e Tﬁé,
hopper was constructed from No. 20 gage gaivénized sheet meta11u£ilizing
lap~-solder joint construction. A 100-mesh per ineh screen was plaCed in -
the bottom of the hopper to maintain the coal in the hopper dﬁring
solution changes and a gafe was provided %o divert the upper part of thet
solution containing the floats out through the. side manifold. The
floats were separated from the solution by filtration in a Bﬁéhner
funnel. .

A typical run was carried out in.the following menner. ;A.ZQO»gram.
weighed sample of coal ground to minus 20-mesh was placed;ip %hé hopper
and the lgasf dense solution forced in %hrough valve C, fillingiﬁhe

hopper. Thé coal and solution was mixed by working the'gg%e handle back

" and forth and then %the mixture was allowed'to settle for at"least 30

minutes with the gate in the vertical positiom. Aflﬁhe complé%ion of -
this tiée, the gate was slowly closed and the solution containing the
floats drawn ‘off"'%o the filter funmel %hrough the side max'xii.‘old_. and
valve,BQ An& coal sticking to the sides of the hopper was'washed down
by admittiﬁg a spray of fluid through valve A, The remainder of ths
fluid was dréwn.off through valve D back %o the proper béttie along with
the solufi¢ﬁ that was removed from the bottom of the filt;r funnel,

This oéefation was repea%edvuntil'all succeedingly more dense solufions :
had been used, Ths weight of the "sinks" after the last flotation that

remained in the hopper was determined by differgnceo
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Frée-Swelling Index Apparatus

The equipment necessary for the performance of this test is de-
seribed by the American Society for Testing Mﬁﬁerialé (1)}e The test
bears the ASTM désignation D 720-46, A schematic illustration is given

of this equipment in Figure 9,

METHODS

CéfbonizationhgghMbntana Coal

The basic steps involved in inves%iga%iﬁg samples of coal are
sémpling, determination of-the coking and éeneral qualities, anﬁ:pilot
plant cdking, These steps may nok all be used dependingﬂﬁbdn the
charac%ériétic of the sample. Séﬁpling of the coal was genéfaiiy done
by methods-outlined by the _American Society for Testing Materials (1).
-Cokiﬁg quality refers to a cédl”é ability %o form coke aﬁd tﬁéftype of
. coke that it will make, General quality refers to the ash ‘content and
the extent of oxida%ion of the. coal sample, The deﬁermina;iqnfgﬁ
general guality is explained. in the.Ashing;Cqél and Goke.samples,ana the
Fréewaelling Inﬁex seetions. beéressiVe sfeps’in,determiﬁinéjcoking
quality were'garriéd Qut by heating in a crucible and coking iﬁ the
bench écale éokﬁupiaéﬁp If a saﬁple of cda1>prodpced'favorafle;:ésults
in eécﬁ'qf éhe_above sﬁeps then a larger sample of coal was.coﬁed in the
pilot plant. Freparation of a coal sample consisted of‘ona of two
methods; sizing‘anﬁ then coking the raw samplg; upgradiné the sample.

using previously determined upgrading data, and then coking. The
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determinatioﬁ‘of the upgrading data is explained in the designaﬁed
section, ‘ |

Aftertpfeparation of thellarge sample of coal using £he upgrading.
data determined; the coal was placed in a prepared:re%ort and tﬁe'lid.
wolded on. The retort was then charged to the heated furnace and coked
for about-one hour per inch of retort diameter at the desgred>temper=
a%ure; The power to the furnace was turned off allowing éhe ?etort to
;:qol before femovaio After the retort was reﬁoved from the furﬁaee s
coke removal from the retort was faciliéated by cubtting the lid off'with
an oxy-acetylene torch. If the sample had the. desired pfoperﬁies it was .

sent to0 regional coke-users for evaluation.

Determinafion of Coal Upgrading_Défé

If'it was decided %o investigate further a favorable sample of.coal
for coke prodiuction then upgrading data Wefelﬁetefﬁﬁned;, Since most
commercialk gpgradiné,equipmeh% operates using density diffg;encgs for
ash reméﬁal-thén dénsity segregation daté are desirable for determining
which machine may bq'appiiéa.fo the spééific job. Methods of oﬁtaining
these data.gére“similar ﬁO:thOSQ outlinéd by the Bureau of Mi%es (3,6)o
| “Mine»fﬁﬁ" samples of coai were obﬁained and segregated according
to[size using 3-, 1i=, 3/4~; 3/8-, B/ié;inch and 2Q~mesh per inch,
Tyler séreensg Eéch of the size segregations were then floa%ea on
carbon tetrachloride-isopropyl alcohol solutions having specific
graviﬁes 1.50, 1,45, 1,40, 1,35, and 1.30. Size;density'dis{aribution
of thg~§bal sample could then be de%efmiged and utilized for sample 

ubgradinga”




=]15=

The fine-coal flotation apparatus previously deséribed was con-

-structed in an endeavor to determine the ash distribution in the coal

by densityo. Fine coal is.described by the Bﬁreau of Minés as thaf which
will paéé through a.20=mesh per inch scréen (é)o A sample of the coal
undér consideration was obtained and gfound to fine coal size; It was
then ségregated into density fractions and each fraction analysed for

ash contenfo For boﬁveniencé of use in applying the data obtained, a

- plot of percent ash versus percent recovery was made.

Upgrading Coal for Sample Efoduction
Iﬁ the preparation of coal for the production of a coke sample in
the pilot plant, density solutions of carbon te%raéhlorideeisopropyl

alcohol, carbon tetrachloride=ndrmal heptane and zine chloride-water

' were used. -In general the solution would be contained in a vat and the

éoal floated on if. The "floats"'were removed after each fresh addition
of coal-and the "éinks" allowed fo remain in the bottom'or the vat uﬁtil
completion of thé.procésso After sufficient "floats" were obtained they
were charged to the retort and. coked.,

It aﬁy size prepafaﬁion was $0 be made it was carried out utilizing
a small jaw crusher and a.small hammermill, ééfeening'was done with a
set of Tyler screens or with apparatus construeted for the individual
case. |

Anélysis of Goko énd C&ai Séﬁples

Aﬁalyses carried out in this thesis may be grouped into ash de=

terminations, proximate analyses, sulphur determinations, apd free-
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swglling index determinafipns. ASince ash content was of primary
importance in this investigation é proximate analysis was Qarried out
only in special cases, Réference was made to'fhff-for'accepted‘mefhods
of solid fuel analysis (7). and to- ASTM Test D 720-46 for the free-
swelling index determination (1)e |

Ash analysis was. accomplished by first weighing out ?wo’fogrsgram
porpions of éaeh coal sample into weighed porcelain crugiﬁleéo Moéf
of the volatile matter wés then driven off over a large F;sher.burper
and the samples fired in the muffle furnace for a 12 hour period at
7509 to 850° C, Ihg weight of residue was reported as ash.

Pioiimate analyses were made on four-gram samples of coal weighed
out into crucibleso ‘Tﬁe weight ef free moisture was determined by
placing the sample in a drying oven at 110° €, for - two hourso Com= .
bustlble volatlle matter weight was determined by first plaelng the
"covered erucibles over aAFlsher burper until most of the volatile matter
was drlven off then heating in-the high temperature muffle furnace for
15 minutes at 850° 0 900° ¢, Ash determination is described aboveo

Sulphur determlnatlons were carried out by oxidizing 1/2=gram9 €0=
mesh per ineh grind, portions of each sample in sodium peroxidg bombs.
The contenﬁs éf 9ach bomb were then dissolved in 100 milliliters of
dis$illed Watef and the-pH,feaﬁced to about 10 by the addifion of HCl.
After fni;éring out the ferric-hydroxide precipitate, the. pH was lowered
to 3 by adding more Hei; .At‘%his point each solution,wag heated to
boiling and an exeess of barium chloride-added, precipitating the

sulphur as barium sulphate. ﬁﬁé‘weight of the sulphur was détermined by
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filtering out and-We;ghing the barium sulphateo'

The above determinations although described for coal were applied
to coke and char samples. Eéﬁpwgram samplés were ﬁsed instead of one-
gram samples for greater precisiomn. |

Free-swelling index determinations.wére carried out on coal
samples obtained from core drilling the face of a coal Seam. The-
index indicated the felative amount of coal oxidation. 'Wﬁen cores were
~ removed from the bit they were placed under an atmosphers.of natural
lgas and br?ught %0 the laboratoryo After.grinding to 680-mssh per inch
size, four one=-gram portions of each sample ‘wers weighed intq,sfandard-
crucibles.and beated using %he'equi?msnf illustrated in Eig@re 90 The
index of each coke button formed was detérmined.by comparison of the
outline oﬁ the bustton with a series.of standard o1.‘1{:li‘n'es_n " The avefage‘
index %o ﬁhe‘nearesﬁ'half unit was‘reportedo If the spread of ;he four
individual indexes was more than ome unit it was ie@uiredtthafj%he

semple be rerun until this condition was eliminated.

. NmmEﬁIALS ‘
In ths earbonlzation study, coals from ﬁhe flelds 1isted in Table 4 _
wers 1n.vest1gatedo Coal samples were .. solicited from.all. interested
parties and in some cases were obtained by travellng.to the‘fleld with
‘ sampliné equipment and optaiﬁing.thgm_directlyo Gokedale No. 3 coal’
from the’ Livingston-Trail Creek field was obtained in this mannmers
LWofk‘with miscellanéogs;coal:samples%ﬁnot connectediyith:the'&irect

investigatioq-oflfhis thesis, was done for %he_mbniana State College
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Physical Plant and for the State 'of Montana Purchasing Aéenio Coal and
char samples from the P D P.ffocessing Company, Raundup, HMontana, wers

analysed as an aid to their invesfigationso

' - DISCUSSION OF RESULTS

Tables 4 through 12 in the Appendix represenf'fhé'results of the
experimental work done in this fhesis. Resulbs of the carbonization
study aaaried out are in Table 4. Aah analyses, inclﬁdiﬁg‘those made in
the proximate analyses, are listed in Table 5. Table Svconﬁains the
proximate analyses, Sulphuf determinations are presented in Tabla 7 and
all pertinent data concerning ?he runs in ﬁhe'pilot coke plant are given
in Table 8o fable 9 conbains free-swelling indexes and all coal upgrad-

ing data are contained in Tables 10, 11, and 12. .

Ash Analyses and‘Pfoximate'Analggas

Aaalyses dealing with carbonization studies were made throughoui
the periad of this %hesiso Table 4 conbains a compila%ion of the coals
worked with and indicates whether or not they coken Ash analyses of
these samples are Numbers 2, 3, 5 6, 7, 9, 10 11, 12 14, 15, 17, 26
27, and 28 in Table 5»

Ash analyses made for the P D P Processing Company at Roundup,
Montana, are numbered 13, 16, 17, 25, 299 35, These analyses were made
as an aid in their developmenﬁal work in the utilization of non-coking -

coal for production of coal chemicals and a smokeless fuel, The Se
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anaiysgs are also listed in Teble S'undéinPEQxima%a Analyséézﬁﬁhbefé 3,
6, 7, 13, 13, and 14, |

Coal upgrading analysis work is represented.by Ash Analyses 18, 23,
24, 30, 31, 32, and 33 in Tgble 5, Analysis 18 was made on the various
fractions of a fine~-coal fl§tation carried. out on Goksdale Fo. 3 coal in
the fine«coél flotafibn appératuso' T;Bula%ed results appear in Table
12, Anglyses'zs and 24 were made on & floated sample of édkedale Nb; 3
coal and the coke produced from it. AﬁalyseS"so, 31 and 32 are for the
various fractions of é Cokedale Nd. 3 coal sample being prepared for
cokiﬁg,,with Number 33 being of the coke produced.,

Miscélléneous analfses are represented by Numbers 4, 7, 19, 20, 21,
34, and 36. Anélysié.4 was m@dé on a sample. of coke p;cked'up at the
old Electrie coke-opsrations and presumably made there, Tbe coal from
.Kéht,‘Wéshingtén, in Ahalysis'75.was aequired for a,coqpar#son between
coking céal fromiWéshington and M‘ontana° Aﬁélyses 19, 20; and 21 were
' made as services to the organizations lisbed, Aﬁalysis 54 was made on
a sample of coke made 'in a beehive coke plant by the Récﬁéster and -
P;ttsburéﬁ Coal Céﬁpany.a% Indiana, Pénpsylvénia,“to'péé&ide a compari=
son bebween eastern and .western cokes - Aﬁalysis Sé.was mad; for the
PD P.P:ocessinngOmﬁaﬁy, Roundup, Montana, to déhe%minanfﬁeléémposition
of.a_dustltﬁat cdllecteﬁ in the off-gas pipe at their plante

Sulphur Dé%ermiﬁa%ions

Sulphur determinations wefe 'iade on a sample of fluid coke from
Carter 0il Company at Billings, Méhﬁana, and a sample of coke that was

made from Gokedale N§° 3 coal. The sulphur content of the fluid coke
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was made as part of an investigation to find a practieal method of
exfrécting sulphur from the coke., After a portiﬁn of the sample was
placed in carbon disulphide fof 24 hours the porfion was analysed. Tﬁs
incerease in sulphur was fhought %0 be caused by some carbon disulpﬁide‘
;emaining~ip the coke after extractiqn. The coks sample analysed was
from the third coks run.lisbed in Tébie 8, Its éﬁlphur_content was
detepmined befdrefsending it out for commereial evaluation.

The coke runs that were made in the pilot coke plant during this
'périod of work are listed in Téﬁlenao Coal for the first run was
" obtained freéh'from the ming and broken into walnut size pisces. Aféer
washing in water,~it was piéced in(a prépared retort and coked. Tﬁé
result was a very si;very éoke that had fair gtrength and good abs'
‘peéranée. Iﬁ wgs not homogenous however, due to the size of the coal
used, The coking temperature was about 950° G, Tﬁe prineipal objection
to this coke, however, is its high‘ash content, 18.4 percent;

The second run wés made on coal that was floated on a 1.45 specific
gfavity solution of zime chloride. The coal was ground to minus £0-mesh
in a hammermill beforé flotation. iﬁa‘coke produced héd poof appearance
and streﬁgth but waé of fair quality, the ash content ﬁging 16;5-par= “
@enﬁo Th@coké at the center of the retort was light and.porops ﬁhile
that around the edge was more dense, It was fhopgh% that the reasoa for
the poor appearance was that it was excessively oxidized by the zinc -

chloride in the flotation process. For this reason this type of
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soluﬁion would not be recommended_fof fipe-coal flotation,

Tﬁe third run was made using a eoal floéted on a 1440 speeific
gravity solution of carbon'tetraehloride=normal ﬁeptane mixture. The -
coal was first ground in a jaw cfueher with a one-inch jaw opening
then screeeed over a 20-mesh screeno' The'lerge cosl was floated and
placed in $he coking rebort. The coke produced was of good quality with
good appearaneesand~s£ructure'and an ash content of 14 peréen.‘i;° Iﬁlwas
heated at 850° Co for 14 hours and as a result contained negligible'
volatile mafter and about 85 percent fixzed carbon.

lAil of the retorts ueed in the above runs were l4-inches im di-

emeter and 26-inches high. Ne,daﬁa were collected on by-products.

Free=S&elling iﬁdexes

The freeFSWelling indexes made are listed'in Table 9. They‘Were
made on core drillinge taken from an abandonsd Cokedale No. 3 mine,
Indexes 1 to 5 were made on core drillings taken from different depths
parallel 4o the vein in'a pillar of the mine. A dirt pocket was struck
at he three-fooh depth. The coal from this depth thersfore aid nok |
form coke buttons. Tﬁie is,charae%eristic of Cekedale Ne¢15 coal in
that the variation of coal qualit& %bfoughout the vein was extensive,

Fpeequeiling Indexes 6, 7, and 8 also indicate the preseece of a
dirt pocket at the three=foot leveloA Howsver, both this and ths above
determination indicate no excessive oxidation. Indexes 9 to 14 were'
made on eoal frem another spot in the mine nearer the entrance and show

that this coal had undergone more oxidation than that from deepér in the

mine,
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Mine-Run Size Dié%ribuﬁion'2£=Coked§leIggy 3 Cosl

Table 10 presents the size distributuon of a mine-run sample of
Gokedale No., 3, The term "mine-run® is used to describe the sample
because it was obtaineq in-a mannerﬁas close as possible to commercial
mining. -The entire 828-pound sample of the coal was screened through
'T§ief scree@s of sizes 3-, 1i=, 3/4-, 3/8=, 3/16-inch and £0-mesh per
iﬁcho 'Thé,amount of pius 3-inch size was negligible, indi;ating that

this coal is very friablse,

Size Density Distribubion of Coksdals No. 3 Goal

The data in Tabie 11 are the percen@ile distribution according to
size and density of the above sample of Cokedale No. 3 coale Afﬁer_fhé
.size segregation was accomplished each pf'the'size fractions were
) sgparatéd aecording té density by floating them on succeedingly lighter
solutgons of carbon tetrachlioride and isopropyl alcohol.

Individual and Cumulative Diéﬁribution‘gﬁ,Ash in a Fipe Ground Sample

T eeTscreec T —G | GETS )

Table 12 in the Appendix embodies the data obtained By the fio»'

- tation of a Cokedale No..3 coal, The coal was ground to minus 20=-mesh

per inch size and floaded in the fine-coal flofation apparatus shown in
Figure 7. Figure 10 isia-plo% of these data, Tﬁis‘flot was ased as a

é&ide in fléating the eoal used in the third run of the pilqt coke |

plant,.




2,

L. .

2B
SUMMARY
Coal from the following areas invéstigated will produce coke:

Sand Coulee District. of Great.Falls-Lewistown field, Gokedale Vein

No. 3 of Li@ingstoneTréil Creck field, Blectric field in southern

Pérk.counﬁyo
Commercially acceptable coke was produced from Cokedale No. 3 coal
from the Livingston-Trail Greek field_by applying upgrading methods

in its preparation.




jee%o

=24
AGEKNOWLE DGEME NT

The author acknowledges with thanks the support of the Engineering

Experiment.sféfionyof Montana State College which sponsorq&_%his pro=




1.
2o

..30

4

~25= -
LITERATURE cxfmn

Amerlean Soelety for- Testlng Materlals, 1953 Book of ASTM Standards,
Part 5, Philadelph1a9 Pa., 1953,

Bird, B.: NL, and H, Eo M?assmore9 The Float .and S1nk Test for Fine-

' Coal, Bur. of Mines R, I. 2586, Dept. of Intr,, “Washington, De. Bo,p.

1924,

'Campbell, M° Ro, Contrlbutions to Economic Geolong‘USGS Bulle%ln

471, Dept. of Intr., pp. 392, Washlngton D, Go, 1911,

Combo, Jo Xay Do Mo Brown, Ho F» Pulver9 and D, A. Taylor Coal N
Resources of Montana, USGS Circular 53, ‘Dept. of IntT., Washlngton,

D, Go, 1949,

Do

6o

7.
‘ Fourth Edo, pp° 208, MbGraw=H111 New York, 1932,

-‘ 80

Hbrzél, R.,-M; S, Thesis, Msnﬁana-sfaﬁé Colloge, 1953,

McMilan, Eo Ro, and Bo M. _Bird, A Float and Sink Method snd
Apparatus. for: ‘Pesting Coal, Bur._of Wines Re L. 25 70, ﬁepte of

, Intr., Washingbon D, Co, 1924,

Parr, Se Wo, The Analy51s of Fuel, Gas, Water and Lubrieants,

Shields,'wq Jo, Personal Communication.




" Table

Table

Table

Table
Table
Table
Table
Table
Table

Table

Table
iﬁble
Figure
Figufe
Figure
Figure

Figure

Figuré

: Fiéure

Figure

Figure

.Fignre

1o

.
Be
4o
So
6‘!
70
8o

e .

106

11,

12,

1,

2a

50 :

4o

6o

e

8o

%

10.

=26=
APPENDIX
Market Estimate for a Montana Coke INAUSHTY .e.oeeoo.so
Estimated Railroad Freight Retes for Bulk COKe ,......
By=Product Coke Plant Cost Estimate ,,;,....,,.,..,,.,
Montana Coals, Inyestigated for Coking,Qnélities..;a,..
Ash Analyses .,ooooa.ioéoooooa.oooo..o.,noo.no.°.7..o.

PI"OXima'tG imalyses ooooooononuuoooo'oooooooooooooooowoo

Sulphur Determindtions ccececcccoccconcscosccoscccossos .

Pilot Coke Plént RUDS cecossoccososscscsssssossosssase
Fige=Swelling Indexsas .un;o,.oooaoooooofoeo.oooo...oco
Minaéﬁun sizerbiétribution of Cokndale ﬁoo 3 Cdél coos
SizeéDensity Distribution of Gokadale Noo 5 Goal c0o00

Individual and Cummlative Distribution of: Ash ’
in a Fine Ground Semple of Coksdale Noo 3 Coal ceoe

High temp@rature Mffle fwl."néce RN X a0 _o—o' Goo0000 ° oo

Section A,Qf.high temperature muffle £UPrn8Ge ccsvosccog

Section B. of high temperature miffle furnace c.ccessce
Schematic illustration of beanch scale coke plambt cecoe

Sross-section showing roof and door construction ... ..
’ Of @l@@tri@ @Ok@ mnace 0000000000000000000?000000

Cross-secbion showing original furndce construction ..
Schematic diagrém of £lotation apparatus csessscssesss
sfess=section ghowing details of hoppsr cpnsgru@tien °

Schemdtic illustration of free-swelling index

equipmsn G0N0 Q000000000000 0000000000000000000000000

Plot of upgrading data represented im Teble 12 cscoces

27

28
29
51
32
35

37

58

39

40

41

T

43
44
45

46
47
49
50

Sl

52 .




Table 1,

MARKET ESTIMATE FOR A MONTANA COKE INDUSTRY

Plant and Locatien Yearly Tonnage Price Now Being Paid péer Ten Present Source
. Coke Frelght
Westvaco Chemical D1v1s;on 200,000  $15.00 $ 5.50 . GenéVa, Utah
Pocatelle, Idaho . 11,00 Cleveland, Ohio
Victor Chemical Wbrks 100,000 15,00 7,00  Geneva, Utah ,
Silver Bow, Montena - 11,00  South Chicago, Tllirois
Monsanto Chémical Co. . 100,000 15,00+ . 4o55  Geneva, Utah
Soda Springs, ldahe N o _ '
Amepican Sm@ltlng and 300,000 (breezs) 10,00 5,00  Trail, British Columbia
Refining Co, - A .
Eagt HelenaP Montana 3 4
: _ o ) . &
Anacéonda Copper Minilg Co. 209000 (P coke) 10,08 7,00 Genévay, Utah '
Anaéonda and Greab Falls, 2,000 (foundry) - 20,00 9,00  Pueblo, Colorado
Montana S ]
Great Western Sugar Coe 500 20,00 8,25 . Pueblo, Colorade
Billings, Montana . ‘
Gréat Western Sugar. Co, 500 cremencn
. Lovell, Wyoming
Holly Sugar Cos = - - 500 -
Hardln and Sldney, Vontana 500 : .
UtahnIdaho Sugsr Co, _
Chinook, Montans, ' 500 ' i
Sugar City, Idaho = - 7500 . e

. Wheeler and Toppenish, Wash, 1,000 N
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| Tablé 2,
ESTIUATED RATLROAD FRETGHT RATES FOR BULK GOKE *
Livingston; Montana 03 | Rate per Short Ton
East Helena, Montanf coeeecccoscosssocaccccossesoances §:4o00

Amcond&" Montana 00000000000000000060G000600A000000¢08 ll-el's

Silver Bow, Montana ceceseccssscsscosesecsscsoscosceos  Lol5
Pocatells, Idaho cs000000000000000000c00ss0s0cc0sasass 6000
Portland; Oregon seseeseccssoscossosssesscsscscassacos  To55
Seattle, Washington ecescscescscessocacesssonsosonsas  To95

# Made by P. A. Walsh, General Freight Agent, Northern Pacific

'Railway, Saint Paul, Minnesota
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Table 30'
BY=PRODUCT GOKE PLANT CO§T'ESTIMAT

Basis,

1, 1330 tons of coal per day ab 63 percent conversion to coke or
838 tons of coke per day.

25 Byhproduct gas credit of 15 cents per thouSand cublc feet of
gas or $L.11 per ton of coke,

3. Estimated cost ex¢lusive of admihistrative expense, interest
on 1nvestment, depreciation, city or state tax, working capltal,
and federal income tax.
Lo Treated coal ready to eokeée $7.15 per tom.
Operational costs per day.

1. Operatimg labor ooeoo@cosoé:ooooeooooaoooooaeooooooooooo-%*13733

2, Repéirs and maintenance: Labor 090eooaoooooeooogooewwo;@ 495

| Naterials cosssssecsoscssosssos 250
3? Operating utilities ooocooeooagoevoowo;ge.ooe;o.oooaoaoa - 638
be Byaﬁroduct plant, supplies 0066000000000000000000000000000 363

56 Miscellaneous expense (s%op insurance, office and
. shop vaeat 10NS @tC) cso0vooo000000000000000000006000 19221

6o Coal charged soceoscccescsscosensooosacasccosaocossssceo . 99500

. Total'nmnﬁfacﬁuring expénses 000000000 0000000000000000 %i?:iﬁﬁ
Credits pér day.

1, Cg@lltar, 13,300 gal. at 9 cents per 831lo cococvccosscecs B:1y197

2, Ammonium suiphgte, 16 tons at $35 per tON scececoscsceco 560

3o Gag surplus, 9,310,000 ef at 15 cents per Mef ceescsccco 931

Lo Light oil, ZOQ gélo at 15 cents per gals oocosccoseccosos - 3@
5, Coke breeze, 66,5 net tons (5 percent of coal) at $3 ceo 200
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Table 3, (continued)
BY~PRODUCT COKE PLANT COST ESTIMATE %

' Total CreditsS oooocseossesevecsssoscscoososcosooascoa $ 357h8
Net manufacturing expenses per day '

$13,200 - $3748 = $ous2
Cost of coke per ton | )

$9452/(0,63 X 1330) = $11.30

"~ Cost of pl;nt g
$1,000,000 to $2,ooo.;,oob

% Estimate made by Koppers Company, Pittsburgh ,' Permsylvanis,




) Qoals
Cokedale No. 3
Cokedale No.o 4
Cokedale Noo 5
Colstrip
Electric No, 1
Electric No, 2
Wa§hoe

Belt

éelt

Roundup -

Bearcreek No, 2
ﬁearcreek Noo 3

Bearcreek Noo &

Table l[—o

MONTANA COALS INVESTIGATED FOR COKING QUALITIES

Field . Coking

L1v1ngston réll Creek
Liviggs@oinrai} Creek
Livingston=Trail Creek
Foysyth.

Eleetrie

Electrie

Rgd Lodge

Great Falls-Lewistown

_Grgat Falls-Lewistown

Bull Mountain
ﬁed Lodge
Red iodge

Red iodge

Yes
No
No
No-
Yes
No
No
No
Yes
Ne

No

No

No

Remarks

From an abandoned mine near the old
Cokedale mining avrea
From anAoutcropplng

' Fram several locations along the field

From Rosebud bed

From center of a coal p11e at old coke
operations’
From ‘an outcrepping

=Tq=

-- - Y

From gpper vein in Sand Coulee distriet .
From lower vein in Sand Ceulee district
From PDP Proce551ng Cosy Roundup9 Montana
Frem seam No, 2

From seam Noo é

From seain No. 4




" Number
1

10
11
12

13

15

16

Date

9=30=53

10~ 9=53
10~ 9-53
10=22=53

110 2453
11- 2-53

12212453

12-13-53

12-13=53
12~13m§3
1o 6a5l,
11554

1-19-54

1-29=54

1=30=54

2=10=5),

=52
Table 5,
ASH ANALYSES
Coéi‘and Remarks

Coal made from Cokedale No, 3 coal
on September L4, 1953,

Electrie Noo, 1 coal
Electric No. 2 coal

Coke picked up at site of old coke.
operations at Electriec coal fields

Cokedale No. 5 coal from an air shaft
Cokedale No, 5 coal from an old mine

Cosl from Kent, Washingten

Washoe, Monbtana coal

éokedale_Noo L, coal from an outcropping
Goai from Colstrip9 Montana strip mine
Ooal from Belt, Montana (upper vein)

Cokedale No, 5 coal from Section 23
obtained by blasting into outeropping

Char from PDP Processing Co., Roundup,
Montana '

Cokedale No, 3 coal from pillar in
abandoned mine

Coal from Belt, Montana (lower vein)

Char from PDP Processing Co., Roundup,
Montana

Percent ash

18,4

18,5
12,1

18,0

5083
8056

2349
26,6

6068
6oL

12,7
10,20
779
6090

14,38
13,80

L9k
49,7

9026
9025

10.3%
10 03‘2
14,22
13,80

34,00
33,00
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Téble 5. {continued)

ASH ANALYSES
'Number  Date . . Goal and Remarks .. Percent Ash
17 2«10-54 Coal from FDP Pfdcessing 0., Roundup, 9,00
Montana ) ' 9.20
18 2-11-54 Cokedale No. 3 cogl, ground to minus 20~
mesh per inch size and density segregated
Floats or Sinks Specific Gravity
F 1,30 3.27
F 1.30 . 2,66
by 1.35 7.79
F 1.35 7.61
r 1.40 13.20
r 1.40 13,60
F 1.45 17.60
F 1,45 17.40
F 1.50 24,80
F 1.50 24,80
S 11050 40080 o
S 1.50 41,40
19 2~13=54 Heating coal from Montana State Colliege 50955
‘Physical Plant 6,02
20 2-13-54 Coal from Twin Bridges Orphanage, 11.29
. sample marked #Feb, 7% 11.88
21 2-13=54 ,Goal from Twin Bridges Orphan.ages io.sv
. .gample marked “Feb. g¥ 10,27
22 2-24-54 Cokedale No,. 5 coal floated on a 6630
1.45 Sp.G,. solution of“Znﬂlz‘ . 6.10
23 2-24-54 "Sinks™ from above flotation ' 35,22
' ‘ 36,10
24 3= 9=54 Coke made from coal reported in 16,50
Analysis 22 16,58
25 3-13-54 Char .from FDP Processing Co., Roundup, 19,50

Montana ‘ 20,65
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Table 5o.(ééntinued)

ASH ANALYSES
Number Date . .Coél and Rémarks ?bfcent Ash

26  3-39-54 :Coal from No. 2 seam at Bearcreek, 4.84
Montana 4,83

27 3=29=54 Coal from No., 3 seam at'Bearcreek, - 7,63,
¥ontana 7.58"

28  3-29-54 Coal from No. 4 seam at Bearcreek, 8,10
Montana - , 5,81

29 3-29-54 Char from PDP Processing Co., Roundup, 23,30
' Montana ‘ 23,38
30 4-29-54 Dried coal sample of Cokedale No. 3 " 16,43
from abandoned mine . C 14,72

31 4-29-54 - Coal from Analysis 30 floated on a . 8.20
- 1,40 Sp.G. solution of 0614 and n=CpHje - 8.24
32 - 4-29s54 "Sinks® .from above flotation - 49.25
) 47,90

33 4-29-54 . Coke made from coal in_Aﬁalysis 31 : 14,28 °
- . lSp 26

34 4-30-54 Coke from R & P Coal Co. beshive ovens, 10,01
- Indiana, Pa, , 8.20
35 . 5-11-54 Char from FDP Processing Co., Roundup, 16,76
Montana ' ' 17.05

36 5-12-54 Dust from.offagés pipe at. FDP Co, retorta 41940

Roundup, Montana = . 41,00




Number-

]

10

Date

11 2-53. .
e 6Bl

11954
1e2§=54
1=30=5L
2=10=54
é=10=51;,
2=i3=5h
2513=5§

2=13=5l,

Ta.ble 6 °.

'PROXIMATE ANALYSES

Coal and Remarks

:Cok@délevmoe 5 coal from air shaft

Coal from Belt, Montana (upper vein)

Char fiom PDP Processing Co.,
Roundup, Montana o -
Cokedale No, 3 coal from pillar in
abandoned mine

Coal from Belt, Momtana (lower vein)

Chaxr™ from PDP Proc6331ng Cooy
Eoundup, Montana

Coal from FDP Processing COQ,
Roundup, Mbntana

Heating Coai from. Mbntana State
College Physleal Plant

Coai from Twin Brldges Orphanage,

sample-marked. "Feb. 7" A
Ccal from Twin Brldges Orphanage,
sample marked "Feb 9w

Percentile Analysis

; F?d,
53.17

54692
55025

64,013
63085

18,06
48,68

47.48
49,10

5985
59428

42,50
43,10

47,28
14815
33.55
39,52

41,33
41,53

VoCoM,

41,10

30,70
30,70

26,61

26990.

40,01
39051

38,30
37.10
7o15
6,72

4850
47470

31,90
32,60

31,28
33,78

3L.48
32,18

Ash
5.83

14,38
14.05

9,26

9425

10.34
10,32

14422
13.80

33400
34,00

9.00
9620

5655
6,02

11,28
11.88

10,27
10,57

=Gg=




Numbes:
11
12

13

IDate

3= 9=54

3=13=54
3=29=5L

5=11=5L

Table 6, (contimued)

PROXIMATE ANALYSES

Coal and Remarks

Coks Tiade frém Cokédals Ne, Coal
floated on Lo&5 Spe.Ge solution

Chaz from PDP Processing G@eg
Roundup, Montana

Chay from PDP Preocessing Coo,
Roundup, Montana

Char firom PDP Processing Coey
Roundup, - Montana

FaMe

F.C,
81,51,
81036

73685
76050

7078
71,82

7323
Tho3h

Percentile Analysis

VeCols

1,96
2966

-ha19
3032

Lo18
Lolb

6.38
5.05

Ash

16,50
16,58

20 06'5

19,50

24,30
23.38
16,76
17,05

<9¢~=




' Number

[N S - T |

Date

21451,

21 lym5l,

5=-11‘=’5Ll' |

T&ble o
SULPHUR DETERMINAIQﬁﬁi

Sample and Remarks_

_Same

Fluid 8oké from Carter 0il Co. abt Billihgs, Montana
after being extracted with €Sy for 2L=hours
Same’ . i . C
Coke made from Cokedale No. 3 eoal on April 29, 1954

Same

Fluid coke from Carter Oil Co, at Billings, Montana

Pgrcent Sulphur
6454
6425
6,78 -
‘ 6;§2
1.29 |
1ok

=bg=




Nomber

Date

9= 4=53

2215

42951,

Ta'ble 80 '
PILOT COKE PLANT RUNS
Coal and Remarks Charging Temperature

°¢ F.Cs

Cokedale No, 3 cosl brokem to 950 71,20 -
walnut size and charged web to 71017

the retort°

_Cokedale Moo 3 coal. ground to 850 81.5h

fiinus 20-mesh in hammermill” and : 81,36

' floated on a 1:45 Sp.G. ZHel,

Solutlono

Cokedsle No, 3 coal drushed in~ 850 s

Jaw=crusher with l~inch openlng e
and floated on & 1.40 Sp.G.. :
solution of CClA and naC7H16

Percentile Analysis

F.M,

[

e

VEC eMo
2,18
2,11

1.96
2,06

. Ash

2662
26,72

16,50
16,58

13,26
14028




Number

13
1L

Dater

3 98l

3-30-54

. 3=30=54

Table 9.
Coal and Remarks

Coal core=drilled from an abandoned

" Cokedale No. 3 mine pillar

Cogl eore=drilled from an abandoned
Cokedale No, 3 mine shaft

Coal ¢ore-drilled from an abandoned’

Cokedale No, 3 mine shaft

. FREB-SWELLING TNDEXES

Depth

| 1
Surfage L

1«--1';1:° L:

2=ft, 3

3

i

3=ft, Non=agglomerating

lefho 13

surface 2
1-ft, &
3=fto L

surface 2%

1-fte 3%

2aft, 3

2%=ft, 3%

3-tho b

hefto

Sample
2 3
3 4
k3
2%
1 13
1E 2
R
3 13
25 2%
oL
1A 3
5 5
b &
5 4

LT

=&

Ay,

1
2
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Table 10.
MINE-RUN SIZE DISIRIBUTION OF COKEDAIE NO. 3 COAL
Size | - | . 'P‘ere'en';‘,'
Larger than 13=inches sssoscscosscssccsoscsocosscosscasosnocco 2004
1i~ x 3/4~inches oo.,.,,.,o,o.,,,..;,.,.a,...,.;.,..,,a.uocoe 6.67
3/4~ x 3/8-inches toeeosacooacasanssoeiascoscsocsansasscaases 18,82
/8 X B/16~ANCHOS. «cooeoseosssscsscooasacoasoccosssssiooosoo Blo3D
3/16~inch X 20-mosh POT 1BCH seucecsrecssacssasomeonscasoacas 59092
Smaller than 20-m5sh POr iNCh eceeesececesecossooscssasssesss LBs20

Tota:l 000000000CD000‘0000000°000000050900000000000009000 100000




Dénéi%y

1.50
1,45
1040
1035

1.30
less.

Tpﬁals

bl
T.ab le 1l.
SIZE=DENSITY DISTRIBUTION OF COREDAIE NQ. 3 COAL

Tylér séreen Size y
#20 mesh %3/16 » ;3/3 ® A3/g w1l wo

84,38 % 10.89% 8,34 % 2.45-% 0,66 %

1060 % 0.48 % 0,26 % 0,10% 0,07 %

1.80%  0:83 % 0047 % 0027 % 0016 %

2.69% 176 % 1.07% 0,47 % 0,18 %

B.70 % 8,00 %4 1o63 % 1,65 % 0,77 %

5,75 % 5,38 & 5,05 % 1,75 % 0050 %
( : 005 7 "_LoT! Y

39,92 % 21.35 % 16,82 % 6,67 % 2,04 %

Total plus 13,20 % of less than 20-meSh coocccccoccaaseses 100,00 %




INDIVIDUAL AND CUMULATIVE DISTRIBUTION OF ASH IN A FINE GROUND
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Table 12,

SAMPLE OF COKEDALE NO. 3 COAL

Density WE. % Wh,. Cum,WT, % %
- Coal Ash Ash . Ash Recovery Ash
506 60 2.96 1.50 1.50 50,60 2097
1,50 . —
) 21,49  7.70 1,65 3,15 72009 4,37
1.45 : e '
- .120 90 ‘ 15020 l'o 70 4085 84. 99 5072
1,40 ,
7,13 17.50 1.25 6,10 92.12. 6063
1.35 : ;
4,61 84,40 1.13 7053 96,73 7,48
1030 . ' : .
less 3.27 41.10 1034 8,57 100,00 ° 8,57
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HEATING
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Figure J(JCtloo B of -0 n 7wu:;.ar-turd Juffle Purorca
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figure 4.
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SUB-DOQR

ALUMINUM SHEET

RNACE SUPPORTS -r
SUPPORT FINGERS
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Figure 5¢ Gross—33ction showing roof end door construction of 3loctrlc coica Xurn ceO
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FigUro 6. C-  -auction ChoxlIr; ori i. I Turn co c¢c n”trcciion.
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ASH CONTENT VS RECOVERY BY FLOATATION
FOR COKEUALE NO. 3 COAL

PERCENT RECOVERY

let of the upgrading data re; resented in Table

12.
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