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plastometer tests appear preforable for gesification by the Lurgl proc-
i, Coals 268 end 270 =ppeared tc have the most desirable properties and
e studied extensively by this method cf complete gagliication.

Coal D8C2 from Greene County, Pa., is high-volatile A bituminous in

and has a high sulfur content. This coel wes used for experiments on

jesulfurization of coal. TIts plastic properties are typical of high-
latile A bituminous coals,

In a special series of four vests, 500°, 400°, and %00° C. chars were
45 from e Texas lignite znd blended with various asphelt binders in the
roporticn of 85:15 of char to binder for plasticity determinations. Only
Eiigﬁt fusion was shown by esny of the blends. The L0e® ¢, cher with a heavy
vhelt binder showed the most fusion, giving a resigtance of 0.9 pound-inch
the Devis plastcmeter test. T o

A revolving drum for sutomaticelly grephing the resistance of & coal
ple as it develops during the Davis plastometer test was devised and In-
ftalled. After some adjustments were made in the gears and pulleys, the
itomatic recorder proved quite satisfactory and has been in continued use
ince early in the year. a ' o

" Swelling Properties of Cozl During the Coking Process

Buresu of Mines equipment for testing the swelling preperties of coal
ing ccking includes two vertical-slot cvene and a sole~heated oven, all
ctrically heated. The large vertical-slot oven uses a steel retort that
ds 350 pounds of coal. The swell vertlcal-slot cven requires no retort,

i its heated surizces are silieon cerbide; the chember holds 17 pounds of
These two vertlical ovens are cperated at constant volume, and the
ssure exerted on the movable wall is measured. This pressure is the mex-

%o be cxpected on coke-oven wells, The scle oven is charged with 4o

f_mmdﬂ of coal and is heated only at the floor. It is operated at a con-
g}apd pressure of 2.2 peunds per square inch, end the percentags of expan-~
o (or contracticn) of the original thickness of coal charge 1s token oe
e characteristic expandion’ index of the coal. -Most duplicets tests in the
‘lp-heated oven give expension results that agree wlthin 1 'percent or less.
115 oven is useful for comparing different coals but does not show the mex-
pressure to be expscted on coke-oven walls, o

" Results from the emell vertlcal oven zre not reported at this time, a8
{#ferent test procedures end heating schedules cre being uasd 0 &Qtermine
e offect of these factors wpen the meximum wall pressures and to develop
rocedure that gives good agreament Detween duplicate teste.  Thirty-nine
e5ts were run in this emall veritjcal oven during the year, and many data
Ve been accumuloted that may lead to a standard test procedure ond COrre-

tion of results with sither the large vertical oven or the scle-heated

venl, One coal blend tested gove maximm wall pressurxes that corrvelated

¥lth the time required for the center of the cozl charge to reach approxi-
tely 100° ¢. This time was less than 1 hour for the slowest heating rate
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or lowest wall temperature at charging. Other ccals or blends MAY nog
this.geme pusceptibility to o glight chenge in heating rate or wall ﬁem;:
ature.at cherging. For this particuler coal blend, the effect of the
ing rote through the preplzstic range seems %o have considerable effect

on the maximum wall pressures when the plastic layers mget., Tsehle 20 &
the oxpanding Droperties of the copls tested during the year in the Bole_
heated oven and the la;ge vortl cal oven. L

A new sample of Pocahontas No. 3 coal (075) for bler-d.ing pupposeg a8
recelved. This coal wos tested In the sole oven and exponded on . &verage
21.7 percent as compared with a- sample from the game mine received and
ed in 1942, vhich expanded en-average Of 24 b percent.

it has been suggesated tﬂmt Beckley coal be used to augment the diminj_
ing supply of low-volatile cosls. . As there are frequent occurrences d .
steep dips and rises in the Beckley bed, with thin cosl on the erests of -
the rises end taick coal in the bottom of the dips, six special samples
for expension tests were taken from various parts of the mine -in addition
to a carbonization sample.. Blends of 20 and 30 percent BeckleJ bed co
with &0 and "{O vercent, respectively, of Pittsburgh-bed coal, did. not &h
dangerous expensicn preﬁsures in the large vertical .oven.: However,- th
30:70 blend was tested at o bulk density of 49.88 pounds per cubic foot: end
gave o meximum woll pressure of 4.4 pounds per square inch. High bulk 4
8ities using the 30:70 blend probably would give dangoroud expansicn press
sures, Two sole~heated cven tests wore made on Beckley coal with oxidize
samples, After 18.4 days of oxidantion et 100% Ci; the expansion.was. dow:
ered to 3,6 percent. £ dry sample oxidized Tor 8.2 days (and water eq
lent to the normal moisture content of:the -coal. then added,) expanded 3(
percent, or almost twice the expansion cf the- unoxidized sample of nomal
moisture content.. L e .

Coal blenfls were submitted by thﬂ Gitizens Gﬂ's & Coke Utility, Indian
apolis, Ind., te check the expension-of, oil samples containing a high pe
centage of Pocahontas No, 3 coal. The first of these blends, coal 257
consisted of 49.5 percent BEsgle coal from the border of Fayettc and. Relelgh
Counties, W. Va., and 50.5 perceni Focazhentas No. 3 bed coal from Raleigh_
County,. W. - Va. The second blend, coal 2574, consisted of 55.0 percent,
bed and 45 percent Pocu.hontus No. 3 bed conl. Blend 25TA was received
the ciled. copdition; no.unoiled sauples were recelved. Both the oiled =iy
unoiled blends were tested in the sple-heated oven and the large vertical
oven. The la.rge oven tests on the oiled ssmples all gave preasures greater
than 4,4 poundé per squere dnch, or the limit of the goge.. An-sttachment s
hes sines been added to the large wvertical.slot oven, 8o that pressure W
to 5 0 pounds per: squars. inch czn be mea,sured. P :

The 1.55 floats from two hign—volatile A coals s, }?owellton and NO- c
Gas,. were cleaned by a heavy-media process, and each sampls was then bl
with 20 and 30 percent Pocshontas Ko.- 3 coal (675) -All of these blends
ccmtrac.ting in the sole~heated oven. : -
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I. C. 7haT

Although the chemical analyses, carbonizing properties » end plastig
properties shoved no significant differences for Pocahontes No, 3 apng Pogas
hentag Ne. 4 bed cosls, their expansion differed by 5.6 percent. Pocahes
No. 3 expanded more then the No., 4 coal, and its coke wes slightly sty
Prolonged oxidation of these two coals resulted in apprecicble reductimﬁn
their ezxpanding properties. '

Blending Propertiss of Cozsls

For o mmber of years it has been the prectice in the Burecu of Min
Corbenisation Laboratory to make blending teets cn 21l coels included in
the Burvey of Carbonizing Properties of American Coals, A1l low- eni. .
nedium-volatile ecals heve been blended with Pitisburgh-bed coal from the
Warden mine, which has been chosen as stendard, snd high-volatile coals have
been blended with a low-volatile conl considered as stenderd, Several lo
volatile cozls heve been used, but Pocshontas No. 3, from Kimball, McDowell
County, W. Va., has been used in most cases. Blending proportions werg
chosen arbitrarily, being 20 and 30 percent of the low-volatile cosl with
80 2nd 70 percent of the high-volatile. Results of these blending tests
have been published with other dste on the cosls in guestion, bui up to th
present, no attempt hias been mads to summarize the results ana generalize .
on the effect of blending upon guality of the coke snd yields of byproducts,
The d.%_t-‘- hove been collected and swmmerized in Report of Investigations %-
5956.—97 The following concluaions were reached as = result of the SummAT,

e,

The results of BM-AGA tests at 900° €. of 12 low-volatile, § medium-
volatile, and 26 high-voletile coals and their blends were analyzed 6 de-
termine the effects of blending upcn the guality of coke and yields of hy-
broducts. The low- end medium-velatile coals were blended with 7C and 80
bercent Pittsburgh-bed cocl; 5 low-volatile cosls were blended with various
high-volatile coals in the same proporvicns, The relative coking power of
the individual cosls and their blends was determined by comparing the shatie
and, tugbler indexes of the cckes., The following conclusions as to results:-
in the BM-AGA retort were made from this gtudy: .

-

1. The aversge coking power of medium-volatile coals equals that of
low-volatile coals, Thisa equality holds trme if they are carbonized sep-
arately or as blends with Pittaburgh-bed cozl.

2. The most sfrongly coking medium-volatile coals coke fully as well
a8 the most etrongly coking cocl of any rank when carbonlzed separstely.

3+ The coking power of medium- end low-volatile coals generally indi-
catee their value es blending cosls » 2lthough ancmalous results are sometimes
obtoined where different high-volatils coals are used. The coking power of

binary blends correlatss with that of the higher renk cozl more clogely when
mediwn-voletile coals are blended.

4, Pocchontas No, 4, Pocchontas No. 3, ond Becklsy are satisfactory
low-volatile coals for blending with high-volatile eastern coals, Bleéndas'

69/ Bee footnots 62.

iyee
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ontaining Pocahontas Ko. l& coul i‘rom No, 4 mine Rale:.gh Count,,r, W. Ye. s
yiald.ed. slightly stronger coke then similar blends containmg Pocanhontes No,
3 coal from No. 3 mine, Wyom:ng County, W. Va.

Haritshorne coal from the Q;.zallty mine R Sebastlun County, Ark.,’ is a
very. satisfactory ow-volatile cosl Tor. blending with Henryetia coal’ :E‘rom
ouah%s end Bevier coal from Kf_.nsc_.s.

& 5.. Blends of low-volut:.le conls ,,rield. more coke and less tar, light
-oﬂ. end ‘gos than blpndu oonteining cgual proportions of medium-volatile.
i b." Thp yield of pgos on:the volire basig is :.,pproxmc.tel,f the sSonme for

ends of low—volatlle and medlum—vola ile coals,

[
Sy

Tl'ie bove ccnclus:.ons are 'm..,do with respect to the ccking conditicns .
prevailing in the BM-AGA test. retort. They are presented for the :Lnfoma.-
‘t.icn of the coking: mdustr,f in- the hope that discussion and publication of
results of plent operation will show how the results of the ﬁM-—AC:A abpara-

is can be applied. m the stud.y of b" encu.ng problems :

‘Bureau of Mines-Anmerican Gas Assbciztion
(BM-AGAT Appa.;mtus end Procedure '
pApnaratus and. methods used. in the Bureau of Mmes-Americon Gas Associa-

tin carbd ization-teat procedure were déscribed in Buresu oft Mines Mono-.
graph 5,19/ published after completion of the first 30 coals to be tes ted. -
Binety co&ls have nov been tested by the BM-AGA methods end gradunlly, over
&:period 'of 16 years, minor modifications in apparetus snd procedure have..
Been introdiced. as experience gpimed mﬁlcated., ‘Rodicel chenges have not
feen edopted, because any redical departure from Procedures or 1gmally de-.
vised would interfere with comperisdss of new test:data with these. alrea.dy
ollected., parctus and procedure now dsed are- describved in ;echnicu.'}_ .
icfoper 685,11 issued. during the year. The main improvements made in a.ppa.ra-

8 were (1) use of the ¢lectric furnace exclusz,vely Tor heating the retorts
tﬁSpensing entirely with the ges furncce), (2) provision of water jeckets

r the light-oll scrubbers, in which the tempereture. s controlled auwto- -
Btically at 5° €., (3) better instrumentatiord, end (4) provisicn for study-.
ing the exponding and ox1alzmg properties of coals. Procedures hdve been
modified only 28 to miner detcils im-the interest of highpr ‘precision, snd
Song tests have been added to give rore complete informetion. . For- exomple, .
Yatey dlsplacenent of the rétorts is determined before :.ncl "“tev' carboniza—- :

n tests, These jeste show whether- the. coal exponds strcngly enough to '

I0rm: the retorts and m¢ic ote roughly whether the coal is strone,l.f or

s

-Fleldner, A. C., end Davis, Jv.D., G'u.S" P “Coke- s and By—Proauct I&hking
' Proper‘tic.a of Americon Céals and Their Detarminatlon. Bureau of -
Mines’ Mono.. 5, 193k - 168 DD,

Rﬂynolda . By ond Holmes, C. R., Procedare and .fmupur:_»tas for Deter-
mlnmg the Carbonizing Properules of American Coazls by the Bureau
of Mines-Armsrican Gas Association Method: Burean of Mines Tech.
Paper 685, 1946, 35 pp. :
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moderately expsnding. Coals .that do not expand gtrongly enough 4o defory
the retorts should give no troubls in. o .byproduct oven unless -charged: s
-higher densities. More sttention is now paid to the demnsity of charyg
the retorts, because charge density strongly influences expansion and ghy.
sical properties of the coke tc some extent. - T

Bulk-Density Redearch :

The extent of packing coel particles. (thet is the bulk density of thg
coal) in coke-oven charges has a maried influence upon the behavior of &
charge during coking. Fluctuations in the bulk density of coal c;e_uge_‘.t
ing charges psr oven with resultont uneven plant operatiom and poor -gual.
of coke output becanse of under- or over-coking of the charges. -Exceagivy
tow bulk densities con cause fluxing of the brickwork of thie oven walls :
vhen the oveps are being operated at the meximm flue temperdture, - Exces
sively high bulk densities can cause generction of exceselvely high press

sures, which distort and domogs the trickwork of oven walis. frore

A nev test nethod ,z?_/ called the dropped-coal method was developed
the Bureou of Mines for predicting the average density of coal in coke-ov
charges, 80 that coke producers -could have a reliable method for guidans
in their effort to produce larger quentities of higher-guelity coke in
existing equipment. Filgure 23 gives o comparison of actusl bulk densitie
with those cbtained by the new dropped-cosl method s the stonderd A.8.:7
method, and the cone method.  The average density in the oven is the base
or zero line in this 1llustration; the plotted points show how for Sampl
of various oven charged devicted from the bull density ‘of . the actual pven
charge when the samples were.tested by the various netfods. In the range
studied, the dropped-coal method developed by the Burémi followed the
results with great fidelity, regardiess -of moisture content, oil treatnen
or fineness. of crushing of the cozl ; Wheresas previously existent methode’’
were found to vary widely fru: the desired behavicr. These studies o
firmed the opinion of many cperctors thet the older.test methods did no

- results.that paralleled ectual oven bulk densities closely enough toall
the use of correction factors. The complete report on this work glves 4
tailed data on the comparative tests end also covers .general ofpedts 0
bulk-~density control as well as factors influencing the packing beHavi
coal in fuli-scale ovens and test containers, : g i

Gasification of Subbituninous Coal and Ligilte

Research and develoment work on gasification of lignite ond ieubb
nous coal in externally hected alloy retorts was continied on the spmalld
‘pilot plant ot Golden, Colo., and on the cammercial-size pilot plant &b’
Grang Forks, N, Dek. ‘The -largs plant was operated 1,400 hours during-the
year to produce 16,000,000 cubic -fest of various gredes of water gdé Trom
naturael lignite, : : . . . = =

12/ Auvil]H. S,, Schmidt, L, D., end Graham, H. G., Gonfrol of Bulk Defizs
" sitles in Coke Ovens: Studles of Precision and Application of Vars
~lous Testing Methods: Burecu of Mines Rept. of Invesﬁigations"5955

May 1946, 21 pp, F ' :
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Figure 23. - Comparison between test results and the average density in
byproduct ovens at various moisture levels. OQiled and
unoiled coals.
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- Research work wag conductéd 4t Golden to cbtain data cn the mechanism
of the reactions encountered when coal 1s converted to gas in an-externally
ted retort and to observe the Tactors affecting capacity of the retort.
‘It vas demcnstrated that the rate of ges formation can be increased from
66 to 8L cubic feet Per hour per sguare foot of hested surface by decreas-
g the width of the reaction zone from 2.75 to 2.0 inches. Further stud-
es were made on control of the composition of water ges by varlaticns in
temperature and in the concentration of steam, and the physical and chemi-
cal properties of high-ash char residues were determined. .

The composition of water gmses fram low-rank fuels can be varied over
.wide renge. Figure 24 shows the change in gss composition and hest of
sacticn as the concentration of steam is increased, In the process under
m%rgstigation s the HQ/QO-I-COE ratio In the water gas, designated by "Z;" can
e varied from 1.35 to 1.80 by adjusting steam concentration and tempera~
ure.. An important objective of pilot-plant tests has been to work out the
perating problems involved in making these different gredss of water gas.

the water gas 1s to be used for the menufacture of industrial hydrogen,
the value of "Z" should be 1.7 o0 1.8, and & high concentration of stean
-and relatively low. temperatures are cmployed in making the gas. On the
iother hend, i1f the water gas is to be used for meking synthetic gesoline,
kich needs & gas having a HE/CO ratio of sbout 2.0, the apparent equili-
rlum or "Z" will be 1.3 to I.5. Low steam ccncentration and relatively
gh temperatures are necessery for these conditions. The intermediate
‘water gases that have en apparent equilibrivm denoted by "Z" of 1.5 to 1.7
fre the caslest type of gases to make in the exterpally heated retort, be-
cause the natural balance.of hydrogen and carbon in the low-rank fuels
avors this equilibrium at moderate temperatures. These intermediate gases
Tobably will be useful as industrial heating ges. No tar is formed in this
cess, but the combined hydrogen appears in the finel gss in the form of
aturated gaseous hydrocarbons and flluminants.

¢+ The investigetions during 1946 cn the two pilot plants have solved
many practical problems encountered in this new method of méking water ges.
- The pilot plants were deseribed in the 1945 report of research and techno-
Jdoglc work on coel. It was found that both llgnite end subbituminons coal
¥l move freely through nerrow reacticon zones 2 inches wide. High rates
Of heat transfer through the metel wall in the renge of 6,000 to 7,000
B.t.u, per hour Per square foot were attalned, It was further chserved
that the high-ash char residues are emensble to hendling in simple mechan-
@l end pneumitic devices. In the large plant, the uncenverted cher is
emoved continucusly into & receiver end then extracted and transported
rom the mechine by a gps. jet, which conveys the char eny desired distance
rom the generator. It wes cbserved that operating problems increased ea
¢ concentration of steam was advenced. - ;

The _behaviof of the alloy steel retort with respect to ;i,'bﬂ_ ‘i,ife and
08t 1s zn important objectlve in operation of the planta,. In.the large
Plant, the vessel is 4 fest In diameter and 20 feet in length., Tt is sus-
Pended in a vertlcel furnace » which generates temperstures of 1,500° F. to




