tar. The most sensitive measures of extent of oxidation of coal were agglutinat-

ing value, yield of tar, and coks strength, Correlation cf changes in coal and coke
properties of the sample oxidized at room temperature with those of samples oxidized
ot 99.3° C. established simple factors used to express relative rates of oxidation '

at the two temperatures.
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carbonizing Properties of Chilean Coals

The carbonizing properties of 1C¢ Chilean coalséi/ were determined in an inves-

a tigation to determine {1) whether metallurgical coke could be made from six high-
volatile coals, and {2) whether the quality of four lower-rank coals could be
improved. Of two Schwager-mine coals, No. 5 bped was better for coking because it
contained less sulfur =nd coked more strongly than Ko, 3-bed coal. Of four Lota-mine
coals, the Alta bed, Pigue Nuevo, had the highest coking power and the most satisfac-
tory composition. These coals conbracted during carbonization; they should give no
trouvhle from expansion 1n coke ovens when blended with as much as 30 percent low-
volatile expanding coal. They d1d not oxidize excessively, as might be expected of
coals of similar rank. Four noncoking coals representing (1) Lirquen bed, Lirguen

. pine, Province of Concepcion; (2) Pupunahue mine, Mulpun, Province of Valdevia; (3)

Mina Vulcano, Province of Magallanes; and (k) Mina Flena, Tsle de Riesco, Province of
s gas at 1,000° C., becauss much of the inherent

[47I 7]

an-
3T Magallanes yielded large volumes o
yater was converted to water gas.

Survey of the Coke Tndustry

ire
. : 27 . : . ;
ress in the coke 1ndustry6 / includes new and improved carbenization

- Postwar prog
plants, upgrading of coal, new sources of blending coals, and improved coke

evaluation.

un
N

In an évaluation of trends in our creosote-oil supply,63/ largely derived from
coke ovens, the role of basic domestic production imports and other influencing
factors wes considered, as were the factors that will influence the future supply of

vood-preserving raw materials.

German Low-Temperature Coal-Tar Industry

88

ons to Germany, organized under the suspices of
the Techmical Industrial Inmtelligence Commlittee, heve written a great many reports
deseribing German developments in mining, preparation, and wtilization of coal.

Thess reports are on file at the Bureau of Mines, Washington, D. €., where they are
available for public eXamination. Recause of the importance of the sub ject material,
Bome of the reports or combination of reports were published.

Menbers of technical fuel missi

The production and processing of low-temperature coal tars In Germany were not
BSsociated with high-temperature tar operatlons. Investigation disclosed that
Bermany's incressod demends for liquid fuels guring the period between 1933 and 1945
hag brought sbout the development of low-temperature coal carbonization industry

118
and

,%%7_§€é Footnote 17.
--/ Davis, Joseph D., Coal Industry { Coke Industry): Min. Eng., vol. 1, No. 3, sec.

2, 1949, pp. 120-122,
~3j Brown, Ralph L., Creosote 0il Supply:
vol, i, 1948, pp. 246-259.

Proc., Am. Wood Preservers' Assoc.,
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GASIFICATION gp COAL AND coxm

Use of Oxyeen in Cas Manufacturs

The Lurgi Process of Complete Gasification

This process is a method for gasifying fyuel (char o noncoking coal) ip OxXygen .~
and steam at op to 3¢ atmospheres Pressure, The wWork is being tarried on in the )
Centrail Experiment Station, Pittsburgh, under Cooperative agreement with the Southery”
Natural Qas Co., with equipment designed by 0, Hubmann of the Lurgi go. The Procegs
is continuous and designeqd to cousume 3,000 pounds of fuel per day (24 hours), the

Three coals have been tested in the continuousg generator, They are: Coronsg
coal Frop Alabama, Pittsburgh coal from northern West Virginia, &nd Hiawathg coal

percent COE. After 8crubbing out the 002, the yield 1g about 57,000 cubic feet of
Lpp B.t.,u. gas ber ton of puez g€asified. The fuel used was low—temperature char in
all tases, it being Impossible 4o gasify g caking cosl iy the generator, 714 was
found Fractical to yse virtuslly aij the CO ang H2 in the gas to Synthesize CHy,
using a nickel catalyst, and produce g gas of 900 %o 950 B.t.,u,

Gasification of Lignite and Subbituminous Coal
Research work of the Bureay of Mines on ki ificats Il

bituminous cog1 was reviewed.éé/ Two pilot Plants vere Built 4o develop g retort-

04/ Bhodes, W, 0., German Low-Temperature Coal-Tar Iniustry: Bureay or Mines Inr.
Circ. 7h9o, 19kg, gy op.
6_5/ Newman, 1. L., Report or Subcommittee on Use of Oxygern in Gas Manufacture. Pree.

Am, Gag, Assoc., New York, 1948, Pp. 302-307,
§§/ Parry, v. F., Developments by the Bureau of Mines on Gasification of Lignite apg
Subbituminous Cogt, Skillings Min, Rev., vol, 37, 1948, op, 1, 4, ang 15,

1
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Gasification of Lignite for Preparation of High-Hydrogen Water Gas

Investigations of the gasification of lignite in the externally heated, contin-
wous, anmular retort were continued at Grend Forks, N. Dak., during the past Tiscal
year. Table 13 summarizes this work.

TABLE 13
Lignite
) Hours used, Gas made,
B Run Retort tube operated | pounds cu. ft. 8.G.C.
9 vevv. | Cast HX 21107 vuireunn.. 48 28,400 64, 000
10 vesv. | Cast HK 81207 sevnsanns 53 ;/ 1
il ..... Rolled plate 310 alloy. 694 3L 760 | 7,303,773
8L5 373,160 7,943,773

1/ Tube failed.

a This additional operational experience has contributed to the perfection of the
process and equipment. The heart of the gasification unit is the retort tube, and
attention has been concertrated on three major points.

The rirst point deals with the material out of which the tube may be made. Four

Table 1% summarizes this information.

TABLE 14%. - Compariscn of tubes

Tube No. Material Construction Service
1 ......| Metcolized steel| Welded rolled plate | Unsatisfactory.
2 vevee. | Pluramelt LU6 Welded rolled plate | Failed through
distortion.
3 vesn.. | HK alloy Centrifugally cast Surface too rough
one-weld seam weld failed.
oo, 310 alloy Welded rolled plate | Satisfactory,

From an opereting experience of more than 4,600 hours with four tubes, it is
concluded that coated or sandwich-type tubes are unsatisfactory because of blistering
&nd physical distortion due to difference in coefficients of expansion; asg-cast tubes
&re unsatisfactory because of the roughness of the surface and the eccentricity of
the tube; rolled-plate construction with the minimum length of welds ie desirable;
and 310 slloy apparently is satisfactory.

The second major point is the 1ife of the retort tube. Tube L has been operated
694 hours with no sign of serious corrosion. In addition, a flame guard of the same
310 alloy hes been in service for more than 4,000 hours and is sti1l in excellent
tondition, There is no sign of mechanical or physical distortion. A Very conserva-
tion estimate of the life of this tube is 10,000 hours.

The third major point is the determination of limiting operating conditions for
this process and this generator, During this fiscal year it has been determined that
(l) the minimum operating temperature should be 1,0000 F. at the gas off-tuke to

Prevent the formation of tars; (2) the maximum operating temperature should be 1,900°

3t - 65 -
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feet of dry gas per day,

Laboratory Experimentation
T 2aperimentation

on & hearth constructed of fire brick and insulating brick.67/ The sirulated over-
burden was composed of fire brick
thick layer of diatomaceous earth,
fitted with regenerators ang suitable equipment for handling blast air and product
ga8es., During experimentation, the retort was altered repeatedly in sige and con-
struction, remaining, however, an essentially horizontal and rectanguiar unit,

Lleven experiments Were carried out with this retort, During the firgt runs, g
gas having g heating valye of arproximately 50 B.t.u. per cubic foot wag Produced.

gives the results or four of the latter test runs made in this retort, The calorific
vaelue of the product gas ranges from 9p B.,t.u, t0 112 B.t.u. per cubiec foot, The gas
Qualities given are the average for the gas-making parts of the severa] test rung,

During the test rung, the relationship between length or Passage and the eoncen-
tration or OXygen, carbon dioxide, ang cerbon monoxide in the blast or breoduct gas
was determined., Qas analyses were nade after the air-gas hag traveleqd 5, 20, 30, 7o,

Percent point by high carbon dioxide, ang the 50-, T0-, and 95-percent points by in-
Creasing Percentages of carbon monoxide with a maximum Percentage or carbon monoxide
at the 95-percent point, The laboratory tests indicated that it should be Possible
to use g simple air blaest and broduce a gas with a heating valus of' 8pproximately
100 Bt .1, Per cubic foot by the wnderground gasification Process,

Second Field-Scale Experiment gt Gorgasz Ala,
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coal by nature and consisting of approximately 100.68/ 69/ The coal bed is L2 inches
thick and relatively level; it lies under an average over-burden of 150 feet., One of
the purposes of this second experiment at Gorgas is to study the characteristics of a
ynit installation for underground gasification. BSuch a unit consists of (1) a gasi-
sication chamber that is a passageway in the coal bed; (2} inlet end exhaust channels
for blast and product gases, respectively; and (3) machinery and piring necessary to
operate the system. The installation for the second experiment at Gorgas, Ala., is
chown in the schematic diagram (fig. 19).

TABLE 15. - Results of laboratory experiments

Experiment .......... Cehrsadesresarerararaaanes T g 10 11
Weight of ChAYEE ivivvvesivirronasnnsses 1bao]| 5,180 8,738 8,185 8,030
Weight of re8IdUE tiivivinrronroncnnanans do..| 1,453 L 920 k717 3,002
Percent CONSUMEA +vvvvvevwnenanrsanss Creeanaeas e Ly 43 75
Meximum air FlOW wsuvsesaseses CU. ThH, per hr,.} 2,350 3,6k2 4,600 2,940
Afnalysis of charge, percent:
Hydrogen ....... e eridearereasiesernrenenns . 4,6 L 2 b2 HI!
CEYDOI vevvmernnervoronssnmnnassssncsas heaas 75.9 75.6 78.2 76.6
FHibTOBEIL v ovenerennreranrsssnnaasnannns ceees 1.2 1.3 1.3 L.h
CEVESTL vervsninernnsonasarsnnsnns e riesee s 6.1 5.6 4,7 6.2
SUITUT ssvrvnncenassasens Ceeeseararararaaans 9 1.3 .9 .G
ASH tiviinninrsrcenannnas Ceeraenerarrase s 11.3 12.0 10.7 10.4
Heating valu® sececsveeseesesss Bobous por 1b,|13,220 13,010 13,390 13,250
Tength of TUM veevevnonoronsnascnnnnss ves hr., 106,250 . 83.5 he,3 12k.5
Gasification Period .vieereverenrsnessans A0, 31.5 52.0 20,3 22.5
Average gas analysis, percent:
COo vuvvriinniiiarararnensnasens fereraaaraen 8.7 10,2 7.7 T.7
e Ceaserrrensans .2 .6 .5 3
02 vvnvrnvrnearanennanss e ereraeeeaaas VN .2 .2 5 b
CO feveeeinnn e rraraeaanran Cerieaanas 19.9 12,1 k.7 20.9
O k.3 9.5 10.7 h.5
cﬁk e e 1.0 2.L 2.0 2.3
o itaesesnusenanartnsrorssersoranonnansnns 65.7 £5.0 63.9 63.9
Heating value +.eevesesess B.t.u. per cu. ft.. g2 106 112 111
Lold-gas effici®rCy ..ieeesveseass.as percent, 55.6 75.0 80.9 6.5

The experimental unit consists of a straight-line passage in the coal bed with
surface connections at one end through an ocutcrop seal and at varicus points along
its lergth by vertical boreholes. The passage is divided into five sections, four of
¥hich are 300 feet long and the Tifth 200 feet. Each section may be used separately
85 a gasification unit, or several sections may be combined to form a ma jor unit. The
Passzge in the coal bed consists of twe parallel entries 10 feet wide separated by a
solid pillar of codl 10 feet wide. Roreholes have been drilled at 300-foot intervals
from the surface to the coal seam, opening at the bottom into crosscuts connecting
Ehe two entries. The southernmost 300-faoot section consists of & single entry 10
set wide.

§§7—§ée footnote 6.

_2/ Fies, M. H., Elder, J., L., Graham, H, G,, Montgomery, R. C¢., and Jernigan, J. M.,
The Second Underground Gasificatlon Experiment at Gorgas, Ala.: Descriptive
pamphlet of the Gorgas Project, 1949, 19 pp. Issued by Bureau of Mines.
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The objectivesof this secend field scale experiment are:

1. To determine the quantity of coal that can be gagified from the given
initial combustion zone and the shape and extent of the burned-out area formed
during this gasification, ‘

2. To test the design and construction of types of product gas cutlets, inclug.
Ing the seals required. .

3. To determine the operaticnal characteristics of the experimental installs-
tion under such variation of conditions as the nature of the installation and
brogress of work indicated to be desirable; for example, the length of passags re-
gquired, the optimm rate of flow, and the pressure drop.

4, To determine the quality end quantity of the product gas generated under the:;
experimental conditions. A secondary phase of this objective will be the determira-
ticn of the quantity of tar and related byproducts obtained.

5. To obtain all possible information regarding the action of heat on the
overlying strata,

6. To develop, without interfering with the foregoing objectives, such funda-
mental technical and economic information as is likely to be helpful in selecting
plant sites, plant installation, and operating processes.

Construction work on the Gorgas project was gtarted in the latter half of June
19L8 and was completed in March 1949, The underground entries were driven into the
coal bed, and conveyors were used to load out and transpori the coal to the surface.
Two 18-inch-diameter and three 28-inch-dismeter churn-driil holes were drilled from
the surface to the entry. The strata through which esach borehole passed were
pressure~grouted by means of four f-inch churn-drill holes spaced 4 feet #rom the
center point of the large hole. Generally, the first two grout holes took appre-
ciable gquantities of cement grout, and the last two refused grout, indicating that
the underground crevices intersected by the holes were securely stopped.

The five large borsholes were sealed at the surface by lengths of water-
Jacketed pipe set in conecrete (fig, 20). These seals extend approximstely 25 feet
below the swrface and are seated on hard strata. The two 18-inch boreholes are
unlined below the surface seal, It 1is possible that the natural strata will crumble
and slag at high temperatures and block these boreholes, To prevent this, the 28-
inch diameter holes were fitted with a refractory lining 4 inches thick.

In addition to the large boreholes, a mumber of holes £ inches in dismeter have
been drillied from the surface to the coal bed. Each of these was Fitted with
thermocouples to measure the temperature rise in the coal bed., The holes are so
Placed that the progress of the combugtion zone may be traced.

An entry seal was constructed acrogs the two entries 141 feet in from the out-
¢rop. This geal consists of & fire-brick wall backed with concrete extending across
and 25 feet beyond the outby ribs of the entriss. The wall extends 6 feet inbo ton
rock and 2 feet into the bottom. Outlet pipes have been sealed into this stopping,
o that it may be used to withdraw gas from the underground system.
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On the surface, & 20-inch air manifold has been constructed along the line of
+he entry and extending from borehole I to borehole V (fig. 21). This manifold is
connected to eack of the borsholes in such a way that the borehole may be used
pither as an inlet or outlet for the system.

Three electric motor-driven compressors Were installed to supply alr for gasifi-
cation of the coal. The major cempressor unit is a two-cylinder reciprocating com~
pressor designed to compress T,200 cubic feet of air per minute with a discharge
pressure of 30 pounds per square-inch gage (fig. 22). This machine is driven by an
2n0-horsepoweyr synchronous motor. Two smeller compressors are for stand-by use,

Operation of the project has been confined to the 300-foot section between bore-
holss I and ITI. The ribs of the single entry were undercut to a depth of approxi-
pately 15 inches, and & pile of broken coal approximately 15 feet long and 2 feet
geep was placed adjacent to the bottom of borehole I. Pine wood was stacked on this
pile of broken coal, anéd the mass of combustible was saturated with fuel oil. On
Merch 18, a thermite hand grenade was tossed down borehole I to ignite the coal
seam. At this time air was flowing at a rate of 1,600 cubic feet per minute, enter-
ing at borehole I and leaving at borehole II. TFor several days after the initial
1 firing, temperatures ynderground continued to rise, the oxygen content of the gases
issuing from borehcle II decreased, and the carbon dioxide content of the gases in-
creagsed, After 4 days, the oxygen content in the product gas reached a value of
4.1 percent, and the carbon dioxide content reached 13.6 percent. At this time the
carbon monoxide content ranged between 1 and 3 percent. After the fourth day, the
oxygen and carbon dioxide contents of the product gases respectively increased and
decreased from the values given above unbil, after 11 days, the carbon dioxide con-
tent was 4 percent end the coxygen content 12 percent. Also, during this 11 day
: reriod the combustion zone moved from borehcle I toward borehole II, and it was then
E: necessary to reverse the flow of blast air in order to drive the ccmbustion zone
& back toward borehole 1. During these first 11 days the alr flow was ranged from
1,500 to 6,000 cubic feet per minute in order to find the optimum flow rate.

‘APter this initial pericd, the project was operated centinucusiy. Flow was re-

§  versed periodically in order to ralse tempe
g | level, and an estimeted 10 feeb of coal has

ratures underground to the highest possible
been burned from each of the ribs of the

single entry.

This quantity of coal is approximately 900 tons. There was no diffi-

culty in maintaining a fire in

the coal bed, and there is svery evidence that the roof

fell uniformly as the coal was burned. The pressure drop over the first 200-foot
section of emtry increased from approximately 1-1/4 inches of mercury to 12-1/2

inches of mercury with a blast rate of 7,200 cubic feet per minute. Test observations
Indicate that the pressure drop is very nearly proportional with the length of the
entry, indicating a uwmiform fall of roof. Oxygen is still present in the product
Bases, bup mg the resistance to flow has increased the oxygen content has decreased.
Good contact between the coal face and the air blast has not yet been achieved, as a
bnyaSS exists through the broken rocks that have fallen inbo the original entry. A
System ig being developed whereby this alr by-pase through the broken rock will be
Choked off and the contact between the air blast and the ccal face will be improved.
At this time the rate of consumption of coal averages 15 %tons per day, with a blast
rate of 7,200 cubic feet of air per minute. The carbon dioxide content of the product
Eases ranges betwesn 7 and 8 percent and the oxygen content between 12 and 11 percent.
N € product geses now always contain carbon monoxide, hydrogen, and methane in amcunts
Nging Pyrom 0.2 to 1.0 percent each, Combustible gases appear to be Forming on the
Uai-coke faces but zre being burned by the alr by-pass before they can be withdrawn
Ton the system.
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