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ENGINEERING FACTORS RELATING TO THE UTILIZATION
oF THE CANNEL COAL oF SOUTHERN UTAH

INTRODUCT ION

The cooperative investigations of the State
of Utah with the Federal Government, during the years
1919-1924, proved that Utah contains a nuﬁber of very
important bodies of carbonaceous materials offering
excellent opportunities for preducing deéirable new
solid fuels, o0il products and gas, and thereby ad@ new
wealth to the State. Published data‘l) by the invest-
igators are comprehensive, but it is probable that the
commercial significance of these researches have not
as yet been fully appreciated by the Utah public, other-
wise commerecial uses of the results of these investi-
gations would undoubtedly have been appiied.
‘ Utah contains the largest area of oil shales
of any state, and Gavincz) and Karrickcs) have shown
that oils of high quality can be produced from these
shales, also that Utah possesses a resource in this de-
posit amounting to 30 billion barrels of oil. Schmutz(4)

has analyzed the economic factors affecting the production

(1) References made to the published data will be found

in the bibliography at the end of this report,
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of oils from Utah's 0il shales and coals, and he brings
out the fact that the coals contain 150 billion barrels
of 0il, also other products. Larsen and Stutz(5),have
recently studied factors relating to the design and
operation of a low-temperature carbonization plant and
refinery contemplated for Carbon County, Utah to pro-
duce o0ils, gas, power and smokeless fuels from the
major coal bodies of the State. The researches of

(6)

industry should be established in Utah. Speiker(7) re-

Karrick offer many reasons why a large coal-products

ports that the oil sand (rock asphalt) deposit at Vernal,
Utah is probably the residue of a large paraffin-base

0il field, its present magnitude being nearly four

billion barrels of heavy oil., This oil has now been

demonstrated to be an excellent road oil for gravel-
mulch surfacing, or it may be cracked into gasoline,
deisel 0il, and road oil for Utah markets. BrightoncS)
has reported on the many types of hydrocarbons occurring
in the large bodies in Uinta Basin. Also, Allent®) and
(10)

Richardson have reported briefly on the existence of

a large body of cannel coal near Cedar City in Southern

Utah, it being the only body of this type reported in

the far western part of the United States.



The latter deposit of cannel coal has been
selected for this thesis investigation since the pub-
lished data regarding the deposit are meager and there
have been no useful data published heretofore on the
engineering and economic factors fegarding the use-
fulness of this deposit of coal for fuel and for the
manufacture of desirable commodities for the Southern
Utah markets. Therefore, in our study we have care-
fully studied the sources of information regarding the

(11) and have herein

cannel coals of the United States,
presentéd for the most part the results of our engin-
eering experiments to determine the heat requirements
and mechanism of distilling this cannel coal for oils

and gases, also our observation as to the burning and

handling properties of this remarkable éoal.



CANNEL COAL

(11)

Ashley states that, "Cannel coal is a
massive, non-caking, tough, clean, block coal of fine,
even, compact grain, dull luster, commonly conchoidal
cross fracture, having a low fuel ratio, a high per-
centage of hydrogen, easy ignition, long yellow flame,
black to brown greasy streak, and moderate ash, which
is pulverent in burning. It is essentially a rock de-
rived by solidification and partial distillation or
oxidation of water-~laid deposits consisting of or con-
taining large quantities of plant sporeé and pollen
grains and more or less comminuted remains of low orders
of water plants and animals®.

David White,(lg) in writing about his micro-
scopical study of the Utah cannel coal, says, "The fuel
contains very little if any vestiges of the cell struct-
ures of higher plants, being made up largely of lemon-
yellow, more or less 1enticular, or globular, trans-
lucent bodies embedded in a brownish black ground-
mass of somewhat flocculent aspect. Some of the trans-

lucent matter is probably resinous, while it is possible

that some of the lemon-yellow substance, less in quantity

4.



may be gelatinous, though that is not at all certain.
On the whole, the microscopical composition of the coal
is essentially that of a high-grade cannel,.,%

It is generally accepted that bituminous coals
resulted from woody materials whereas cannel coals appear
to have been formed from decayed spores, pollen, leaves
and the cuticle material from plants, thus theée waxy
ingredients account for the high 0il yield which is
possible from most cannel cdals, being usually two to
three times the yield from bituminous coals. The same
organic constituents are largely responsible for the
0il obtainable from oil shales.

Cannel coal is adapted to the common uses
of bituminous coals excepting coke manufacture. It is
especially an ideal fireplace fuel and for a long period
has been accepted as a "deluxe" fuel for this purpose.
It is very clean to handle, attracfive in apperrance,
ignites very easily, gives a cheerful, large, bright,
orange colored flame, and the ash is in pulvérent form,
It burns without disintegration and therefore does‘not
vield as much smoke as the common high volatile bitum-
inous coalé, thus makinz for a very popular domestic

fuel .
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Because of the high volatile content and
high candle power of the volétiles, cannel coal has
been in use extensively in former years in the eastern
United States for coal gas enrichment. In the early
days in Utah cannel coals and o0il shales were imported
from Australia for use in the first gas plant to in-
crease the candle power of the city gas. The principal
use 6f cannel coal in the United States in past years
was for the production of o0il for refining into the
common 0il products. As early as 1846 oil was manu-
factured from coals and in the year 1860, when the
first real discovery of petroleum occurred, there were
fifty five coal-o0il plants operating in the United
States, the largest having a distilling capacity of
six thousand barrels of oil per day. Kérosene (coal-
0il), light lubricants, greases, and wax were the prin-
cipal refined products, gasoline having no market
value at the time., Most of the planfs were in Pennsyl-
vania, Kentucky, and West Virginia although one large
plant was in Boston. The principal cannel coal de-
posits are in Pennsylvania, Kentucky, West Virginia,
Indiana, Ohio, Tennessee, Missouri, Iowa, Arkansas,

Texas and Utah.

6.



UTAH'S CANNEL COAL DEPOSIT

Utah's cannel coal deposit in the Kolob Coal
Field, is shown in Figure I to be in the Zion Canyon-
Cedar Breaks area, forty miles by road from Cedar City,
and occurs mostly in tOWnshi?s 39 and 40 South, Range
9 West. The deposit is now readily reached by road from
the Cedar Breaks highway, and it is probable that an-
other road will soon be completed so as to serve the
deposit from the Mt. Carmel Highway. The cannel coal
crops along the north Fork of the Virgin River in
Straight Canyon and is reported to out-crop also iﬁ.
Orderville Gulch, to the south, a tributary ﬁo‘the
Virgin River. Richardsonil reports the seam at both
locations to be five feet six inches thick.

The~writers inépected the deposit in September
1932 and found the exposed body in Straight Canyon to
measure four-feet eight-inches thick overlain with thirty-
cne inches of sub-bituminous coal and resting upon twenty-
four inches of sub-bituminous coal. The bed is substan-
tially horizontal with a slight dip to the northweste.
Many other out-crops of the seam were noted and it is

probable that the cannel coal extends through much of the
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indicated area in Fig. I. In all probability 500,000
tons of the coal can be mined along the out-crop with
steam shovels without the necessity of mining under
ground. Fortunately cannel coal does not deteriorate
measureably more than an inch or so back from the out-
crop and is much like o0il shale in this respect. The
overlying éub-bituminous coal has, however, weathered
for a considerable distance back from the out-crop and
will have to be discarded.

There is ample flow of water in the river ad-
Jjacent to the coal to support a town, also a mining and
manufacturing operation. An abundance of nearby timber
is available and a number of small sawmills are operating
in the locality where mine and camp lumber can be ob-
tained. Deer, trout, and beautiful scehery abound. It
is suggested that a "Utah Engineers Summer Camp" (U-Dude
Ranch) be developed at the mine site together with a
model coal mine and coal-preducts refinery to become an
income asset to the Utah Research Foundation.

This cannel coal occurs in the lower cretacious
rocks and may be found in the cozl measure about 160 feet
below a white sandstone stratum which stands out prom-

inently throughout the area. Also the coal is 100 feet



e

above the conglomerate at the base of the cretacious
formation.

A 500-pound sample of the cannel coal was
obtained from the deposit which unfortunately was not
a true average of the seam but it is believed to be
adequately representative of the deposit to suffice for
this investigatioen. Chemical analyses of this sample
and other reported analyses on the air-dried basis

are as given in Table I.



TABLE I

—

Bichardson(lo) Allen(g) Thesis Sample
Proximate Top 2 Ft. Iower 3% Ft. Averace Grab Sample
WMoisture 11.77 6.32  ee--- 4.1
Volatile Matter 43.8¢ 47,45 0 o —e--- 51.7
Fixed Carbon 29.32 22.73  e=ee- 22,3
Ash 15.02 23.50 22.2 21.9
Sulphur 1.38 1.6  —----= 1.78
Ultimate
Ash 15.02 23.50 = ceeee eeeea
Sulphur 1.38 LI Jp——— 1.78
Hydrogen 5.87 6.13 = ~emeee aeeaa
Carbon 54,41 52.46 0 @eemem | eeaea
Witrogen 1.21 1.07 ) 1.30 -----
Oxygen 22.11 15.21 2 = eemem cmma-
Calories 5,531.00 5,817.00 @ —=--- 5,495.00
B.T.U. 9,956.00 10,470.00 -=--- 9,860.00
Bbls. oil ————— e 68.8 65,00

10,



OBJECT OF PLANT TESTS

In the visit to the cannel coal deposit in 1932
information was obtained by the writers showing that the
coal deposit was sufficiently extensive and accessible to
large markets by truck and rail to justify its early devel-
opment. This was particularly so in view of the recent
completion of the Cedar Breaks and Mt. Carmel highway to
the north and south of the deposit leaving only a few miles
of private roads to be completed. It was also concluded
that because of the pronounced superiority of this coal as
compared with all other local coals for domestic fuel and
as a source of road oil and motor fuel for the MNational
Parks area shown in Figure 1, that a need existed and an
impetus  could be given the development of this Utah resource
if a study were made of the prosessing of the slack coal
from the deposit. Conseqguently a study was plaﬁned of the
heat requirements in treating this coal as well as an invest-
igation of the products formed.

Advantage was taken of the studies made of this
coal in 1920 by the State of Utah and the Federal Government
in which laboratory processing data were obtained(g} and by
which excellent yields and guality of oil were obtained.

The destructive distillation methiod used stearn as the heat

11.



transferring fluid, the exhaust steam from power plant
engines or turbines being superheated and then passed
directly through bvodies of sized, dust-free, coal. This
method(IB) had subseqﬁently been developed(5) for commer-
cial uses and appeared to have many advantages, so it was
adapted for the thesis study of the cannel coal. In
designing the test apparatus the primary objects were to
minimize radiated heat losses under all procéssing conditions
and then take temperatures =nd heat-flow data throughout the
coal charges and the apparatus, thus permitting a corre-
lation of products obtained with the most ecconomical use
of heat.

This coal treating method used is one of a group

being offered to the Utah Research Foundation.

-~



DESCRIPTION OF APPARATUS

For the purpose of carrying out this inves-‘
tigation, a small distilling plant was constructed. |
Figures 2 and 3 are, resPectively, a schematic plant
layout and a photograph of the test set-up.

The plant, Figure 2, consisted of a gas fired.
superheater (a), a coal retort (b} .and the condensers
(e}, (d) and (e).

The: combustion chamber (f) of the superheater
was constructed of common brick. Heating gas was sup-
plied from the gas line through the control valve {(g)
and was measured in meter (h). The manometer (i) pro-
vided the operator with an instantaneous sight control
of the volume of gas delivered to the two burners.
These burners consisted of the nozzles (j) and the air
and gas mixing tubes (k).

Above one end of the combustion chamber and
supported from the wall by means of a bracket, was the
steam superheating coil consisting of approximately one
hundred feet of 3" standard pipe formed into a ceil
fifteen inches in diameter and forty-eight inches high.

This coil was hung in the annular space between the

¢

13.
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eylindrical column (1) and heat-insulating outer wall
ﬁm), s0 that the hot gases from the combustion chamber
passed at high velocity over the coil counter-flow to
the steam. The outer wall was four inches thick and was
comprised‘of two sheet metal casings filled with "Heatseal",
a diatomaceous silica earth mined near Salt Lake City,
and provided by the Staats Insulating Company. This
structure was supported on a frame work, about ten feet
above the floor. At the inlet to the superheating coil
there were provided a steam gauge to show the pressure
of the steam as it entered the coil, a steam-flow reg;
ulating valve, and a steam separator with a drain as
shown on the drawing, Figure 2.

The coal=-distilling retort (b) consisted of a
thin-walled cylinder (n) of 18-gauge black iron With
welded seams, five inches in diameter and eight feet
high., On the top and bottom ends of the retort were
welded five~inch pipe couplings with screw plugs te
serve as removable closures. At the top of the retort
a flexible connection with the superheater was provided
from a multiple-elbow assembly of one-half-inch fittings
and nipples, thus relieving strains on the superheater

and retort caused by changes of length with temperature.

14.
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To further obviate any strains toe the connection between
the retort and superheater, the retort was made stationary
bysuspending it from a wall bracket with wires connected
to arms welded to the top of the retort. Changes in
length of the retort thus took place downwardly. Like-
wise a flexible multiple-elbow vapor outlet of three-
cuarter-inch fittings was provided at the bottom of the
retort leading inteo the condenser (c), this also prevent-
ing strains to the equipment due to thermal expansion.
The retort was well insulated against heat losses by
surrounding the retort with a sheet iron jacket (o),
spaced six inches from the retort and filling this annular
space {p) with "Heatseal™ insulating material. The in-
sulating material and jacket were supported two feet
above the floor by a circular steel plat;. The lower
four inches of the retort and the vapor connections pre-
truded through this plate allewing free vertical movement
of the retort by thermal expansion and easy access to
the lower retort plug for discharging the treated coal.
The superheated steam connections from the
superheater into the top of the retort were buried in
the same insulating material up to the top of the five-

inch coupling. The remaining exposed portions of the

15.



retort and plug were buried under a layer of ground
asbestos-magnesia insulating material which was removed
while the retort was being charged. A low-pressure
steam gauge (q) was screwed into the charging plug and
served to indicate the back pressure in the top of the
retort above the coal. The lower plug was not covered,
the coal being supported well up within the insulated
retort shaft.

Six thermocouples {(abbreviated to T. C. on
Figure 2) were placed in firm contact with the retort
walls through holes in the retort casing at sixteen
inch intervals, beginning at the bottom of the retort;
also one thermocouple was inserted in the superheated
steam connection at the top of the retort. The thermo-
couple leads were run to the selective switech board (r)
from which connections were made to the potentiometer
(s).

Vapors from the bottom of the retort were
carried to the top of condenser (c) through a vertical
three-quarter-inch pipe. The condensed vapors were re-
moved at the drain provided, and the remaining vapors

were then carried out from the top of the second tube

16.



of this condenser to the condensers (d) and (e).
Condenser (¢) consisted of two vertical two
inch pipes (t) six feet long, joined at their lower ends
and containing a spiral metal ribbon which caused rota-
tion of the vapor Btream and impingement of condensed
particles against the tube walls. ZXach pipe was
surrounded by a steam jacket of four-inch pipe with
steam inlets, blew-off, pressure gauge and valves for
regulating the steam pressure, and therefore the temp-
erature on the two-inch tube\walls. An o0il drain was
provided in the bottom of the connection between the two
two-inch tubes. This condenser thus provided a means of
condensing out of the vapor stream only the high-boiling
0il vapors while preventing any condensation of water
vapoer. By thus removing the high-boiliné oils, which
were found to be heavier than water, the remaining oils
and water could be condensed together in another con-
denser and thence separated by decantation. Without this
selective condensatioh this crude oil, which has approx-
imately the same specific gravity as water, could have
been separated from the water only with great difficulty.
Condensers (d) and (e) consist of two coils of

two-inch pipe placed in series occupying separate compart-



ments in the condenser box (u). Cooling water flowed
counter direction to the vapors being cooled, the conden-
sate from condenser (d) being maintained above 70 de-
grees Fahrenheit so as to prevent the waxy oil condensed
from congealing and clogging the coils. The oil and
water condensates of condenser (d) were drawn off under
a liquid seal and the remaining vapors and gases were
passed into condenser (e) surrounded by cold water so

as to condense the light oils, the latter being collected
in a container shown. The non-coﬁdensable gases were
measured in the meter (v) and were then burned at

toreh (w).

18.



GENERAL TEST PROCEDURE

In conducting the test runs made in this
study, the following procedure was practiced in obtain-
ing the data and observations recorded on the accomp-
anying data sheets.

A 50 pound, representative sample of raw coal
which had been previously sized was charged into the
retort and the upper end of the retoft closed and insule
ated with ground asbestos-magnegsia material. The super-
heater fuel gas was then ignited and the superheater
allowed to warm up. In the meantime, the steam sep=
agator drain was adjusted, condenser {c), Fig. 2, was
heated by raising its steam jacket pressure te 5 1lbs.
gauge,then condenser (d) waé heated by bubbling steam
into its cooling water in order to raise its temperature
between 70 degrees C. and 80 degrees C. where it was
maintained thereafter throughout the run by regulating
the rate of flow of cooling water, and condenser (e)
was‘cooled by turning cold water into its condenser box.

After containers had been placed under the
condensate drains from each condenser, the meter ()

for registering generated gas flow, was read and the

19.



retort temperatures were taken and recorded. The sat-
urated steam was then admitted to the superheater at a
pressure of 20 1bs. per sq. in. gauge. The meter (h),
registering the flow of gas supply to the combustion
chamber, was read simultaneously with the admittance of
steam. The superheated steam pressure indicated by
gauge (g) at the top of the retort was then read and all
readings were taken and recorded at 15 minute intervals.
during the superheated steam period. This is the period
during which superheated steam was being used for dis-
tilling the charge.

At the beginning of each run a large volume
of gas was supplied to the combustion chamber in order
to obtain a rapid rise in the temperature of the super-

-

heated steam up to the pre-determined distilling

(1)

temperature, and thereafter the gas supply was reg-
ulated at frequent intervals to maintain this temperature,
When generated fixed gases from the coal began

issuing from the torech (w) they were ignited, the time

(1) The final distilling temperature is the approximately
constant temperature at which the superheated steam
was maintained during the superheated steam period.

20,



was noted and meter (v) read. Condensed steam and the
médium gravity oils were-coliected‘from condenser {d)
in an oil separator, from Whichjthe water was drawn off
and measured for the duration of the superheated steam
. period, |

The superheater gas supply was then shut off
at eitherZihe following two instants; first, at the |
time when the rate of evolution of the coalﬁ%%gan to
decline which accompanied a change of flame cqloratibn
from orange to light yellow, indicating nearly complete
distillation of the charge; and second, the time at which
it was estimated, by observing the rise of temperature
indicated by the various thermocouples that the upper
part of the retort and contents had reached a high enough
temperature and contained enough heat t; raise the lower
portion of the retort to a temperature slightly above
360 degrees C. (the initial distilling temperature). It
had been proved that this final temperature would complete
the distillation at the base of the charge and that it
would be attained during the dry-quenching peried and
thus decrease the length of the superheated steam period.

Superheated steam of high initial temperature

‘was used to cool the retort and its contents during the

21 .



time designated as the 'dry-quenching period', that

is, the period in which steam was passed through the
superheater and retort with the superheater fuel gas
supply discontinued. vaidusly, the residual heat
within the superheater kept the steam superheated to
some degree after the heating was stopped. This method
of cooling was used in all runs except Test No. 8 in
which the retort and contents were cooled by the method
gset forth in the description for that test. The retort
temperatures during the first part of tﬁe cooling peried-
were read at five minute intervals in order to obtain
more complete da%a on the rapid temperature changes
that occurred during this time. Thereafter readings
were taken every 15 minutes as before. At the instant
the evolution of generated fixed gases éeased, the time
and meter Qv)jfggd.

When all the thermocouples indicated temper-
atures throughout the retort approximating 250 degrees
C. the steam was shut off and the coal residue was dropped
out of the retort by removing the lower retort plug.
This tempeiature has been demonstrated to be sufficiently
low to prevent ignition of the discharged residue. A

few moments were allowed for the condensers (c), (d),

22




and {e) to drain, then the oil condensates were mixed
together and stored for further study.

Bach crude c¢il sample was distilled under
pressure in a two gallen still for the purpose of de-
termining the water contained as emulsion in the crude
0il. Thus the amount of dry crude oil was determined and
recorded. Analytical distillation analyses have previeous-
ly been made on the crude o0il from this coal which had
been produced by the same destructive distillation treat-
ment, and consequently it was not necessary to make these
analyses. However, the yield of crude o0il and its prop-
erties were found to be identical in all of the eight
rung and therefore a sample was subjected to a cracking
and refining study. The distillation and cracking
analyses determined from this sample are.recorded herein.

The thermal value of an average sample of the
generated fixed gases taken during a typical test run |

was also determined.,

23



TEST RUN NUMBER 1

The retort was charged with fifty pounds
of coal sized to -1" to £ %", which was distilled
with superheated steam at 650 Degrees Centigrade
(1202 Degrees Fahrenheit).

The accompanying temperature curves and op-
erating data show that superheated steam first entered
the retort at 244 Degrees Céntigrade and was then
raised to 650 Degrees Centigrade by the end of the first
hour, whereupon its temperature was maintained substan-
tially constant throughout the remainder of the 'super-
heated steam period'. By the end of this period, namely,
two hours and twelve minutes, the formation of fixed
gases had practically stopped, indicating that oil gen-
eration had ceased, whereupon the superheated steam was
shut off.

In this test run an investigation was made of
the thermocouples and each was found to indicate the
same temperatures immediately before and after the flow
of steam was stopped. This proved that the couples
were reading the true temperature of the retort and con-
tents at each of the respective points throughout the
length of the retort shaft. Couple six was out of ser-

vice during this run.

24 .



The dry-quenching steam was then admitted
into the top of the retort and its flow continued until
all thermocouples indicated temperatures within the
retort approximating 250 Degrees Centigrade. This pre-
liminary run was made for the purpose of observing the
operating characteristics of the retort and to obtain
the accompanying data, no heat economies in the use of

superheated steam were attempted.
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LOW-—.;_‘IPEZ‘A TURE CARBCIIZATICH IRST
Gl CAWMYEL COAL ¥TRGH SOUTHFR. UILLH

University of Utah, May 12, 1933

a)

Test ¥o. 1 . ¥Made by: S. C. Jacobvsen and G. W. Carter.
Size of Coal: -1Mto £ 2¥ . Superhsated Steam Terp._650 %.
Pressure of Saturated Steam to Surervieatver: 20 1b. per sg.in. gauge.
Average Superheated Steam Pressurc 2,54 - 1b. per sg. in.gauvgse.
Barometor: 25434 " .
Pounds of Superheated Steam used per hour: 69

Fetort Teuperatures- °¢.

Time Ave. Hemarks

142 b3 b4 45 16 T
17 {74 ] bol| W 7h i 7h ) o | oWl | 97 |Superheated

Steam Admitted
2:00 | 85| 62| 85| 85| 851 - |365

2115 | 85 | 68| 8 96 [ 132 | - |hgh Generated Gas

: Began
2370 | 84 | 7411201184 [224 | - [H7%
2345 1155 [120| 258 | 395 [ 340 | ~ [650
3:00 [308 [ 198 | 388 | Log [LUso | - [658

3:15 |[41L | 292 ] 480 | 497 | 508 620 | L6g . 3
3:30 (455 [ 334 | 508 | 520 | 536 650 Gas Flame Chgd
from Orange toi:
Yellow -

145 (482 | 364 | 530 [ BH5 [ Bh5 | = | bho
0:00 [RO8 [ 390 BHS T HHH ['Hoh T = 1038 / i
300 | Average [of Nd. 1 Thermocouple = 205 Gas Supply Cut)
4.30 498 | Lo5 | /18 518 I B1lp| - [L4hoO ' [
L:45 [L75 [ Loo | L7 | Lh8 | 436 | - 16 ;
h:00 | 376 [ 357 | 3751 3671 365] - | 240
5330 [ 270 | 278 258 | 2o | 2kl - [160
End of mm.

Ave.,
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Test Yo._ ]
May_12 1933

TABULATED RESULTS

Veight of raw coal charged, pounds......

70.0.

WK ~ OV U W

. Weight of residue irom retort, pounds.... 2%.5
. Teight of volatiles, noxgas.:q...,.......' _26.5
‘Pounds per ton of coal........... Cesreene 1060.
. Quantity of crudé oll, 22110RS..iveseneas 1.6
~ Gallons per t0m Of COAL.veuererivnnenanas 6h,
- Total gas generated, cubic feet.......... 170.
Cubic feet mer £0n 0F COALlearsvrerennsees 6800.
. Time required for destructive . '
, distillation, hours 1.33
. Time that superheated stean was used, _
' “hours 2.27
. Total time of rum, hours..... e ieeaenes Ze]2
., Superheated steam recuired Ior
destructive &1St11;9t10ﬁ, DOthS , 92.
: Pounds per ton of coal, TSN ‘3680
10.Total superhsated steam used, pounds..... 156.
Pounds per 00 OFf COAL. veeinuveeronnanan 6250.
11.Heat resuired for aestrnctiVe '
_ distillation, B.T.U. 10330.
B.T.U. per ton 0f COBLevivnianennunnn ceen 413000.
EEAT DISTRIBUTION I RETORT
per test charge. Percent
B.7.U. of

1. Total heat conbent of superheated steam

entering the retort 257,000 100.00

20 Heat gi'\‘FSLx ’GO the I’etort...........‘--..,.

{ total.

.380 1
,290 0.89

. Heat in voletiles plus fixel zaseS....... 3,870 1.70

a‘ Heat given to the residue........vevviune
B

. Heat coatent of s,gefheate& steam

leaying the retort. JZLE$QQQ_. 82.50

6. Heat unaccounted FO e e ee et e

a7.

®

35, 460 13,80
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360
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| B
|
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TEST RUN NUMBER 2

The retort was charged with fifty pounds
ofjcoal sized to -1" to # %", which was distilled
with superheated steam at 760 Degrees Centigrade
(1400 Degrees Fahrenheit).

Reference to the accompanying temperature
- eurves and operating data shows that superheated steam
entering the retort was raised to 760 Degrees Centigrade

by the end of the first one hour and twelve minutes,

i/ whereupon its temperature was mazintained substantially

constant throughout the remainder of the ‘superheated
gteam period'. By the end of this period, namely, one
- hour and forty minutes, the generated fixed gases had
begun to burn with a very blue flame which indicated
the production of large quantities of water gas from
}'the superheated steam reacting with the carben residue.
Therefore, the superheater fuel gas supply was shut
. off and the ‘'dry-quenching period' was begun and con-
:tinued until all thermocouples indicated retort temp-
eratures had been reduced approximately to 250 Degrees
Centigrade.

This run was made for the purpose of observing

the formation of water gas from the coal residue, also

28,




the operating characteristics of the retort at a

" higher temperature, namely 760 Degrees Centigrade,
":-a;nd to obtain the accompanying data. XNo heat econo-
‘mies were attempted in utilization of the superheated

steam.,

29.



DATY §7TET

LOW-TEIPF ATTRE 24 BCUIZATICN TEST
CJ CAZETL COAL FR0u SOUTELR UDAH

University of Utah, May 12, 1933

Test Wo. 2 . Made O%. Jecchsen and ¢. W. Carter.

Size of Coal:-1" to £ 3" . Sufar ted Steam Teup. (%Y 760 O¢,

Pressure of Saturated Steam to Surerhes 20 1b. per sg.in. gauge.

Average Sumerhezted Steam Pressure plj 1b. per sq. in.gavge.
Baromet-r: o5, 3l GEES

Pounds of Superheated Steam used per hour: 66.

cf‘
'1(0

Retort Teuperatvres- °C. -
Ave . Remarks

142 13 Lh ['s |6 7

7:50 | sk l110] 61} 61| 64| 72 80 ! 71 |Superheated
Steam Admittedl

200 | 88, 108: 88| 88| 88 145 [ 508 Generated Gas
' Began.

g:15 | 82! 106 96| 120! 190 350 | 572
| €:30 | 100 120] 182| 232 290] L4701 652

s (1861 1720 294! 35& | 392 562 709 -
9:00 | 260| 260! Lr2| Lg4| 508 | 620] 770 [ 495
9:15 | 460 | 316| H2k| H43| H18| bb0| (80 Blve Flame

Water Gas)

9:30 | 526| 378] 576l H92| b2b| 00| 7821 Hbb s

. 9:33 | Avérage| of Nb. 1 Thermpcouple = | 265 Gas Supply Cut

g:u0 | 5ol LOB! 529] 60A! 6271 682] 66U '
9:u5 | 5RE| 418l Kol 610) 624| 658| 606 v
-9:50| R&A! Uo6 K9] 606 610] 670| 530 1
—9:55] 563] U3p| 588l 5ol 588] 578 LbS |
110:001554 436 | 578 | 572 | 566 | K40 Lok
10:15] 532 Lo 512 498l 490] u36 31k Gas Generation
Ceased.

10:30] Usg| 394 30 U20| 420i 366 258
10:05] 380 354 360 348 352 302] 193
11:00] 304 310 288 282 281 254 150
11:15) 2u0l 270 236 230 236] 206 128
nd _of Pun.
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M ~ O\ AT e

Test No._ 2

Vay__12 1933

MABULATED RESULTS

50,00

31.

« Weight of raw coal charged, poundsS.......
. Weight of residue from retort, mounds.... 2l.5
. Weight of volatiles, »oundS...evrvensn cee 28.5
Pounds per ton 0Ff coalaiee..cu.u.n. Ceeienn 1140
. Quantity of crude oil, #2210u8...evecians . 1.08
Gallons Per £on 0F COBLueeseveevesransas 63.1
. Total gas generated, cubic feebt........ .. 365
Cubic feet mer tom 0f COALe.cueeeneennssn 14600
» Time reguired for gestructive . :
distillation, hours 1.17
. Time that soperheated steam was used,
: “hours 1.72
. Total time of run, hours.. P 3.42
;:Superheated stedm veguired Jor
: destructive dlstlllatlon, pounds 17,4
a\"Pounds per t0n 0f ©0al it uviriiienaean e 3090
10.Total superheated steam used, pounds. ... 113
Pounds per £01n 0F COAL..uueerrvrnvunaanas 4520
11.Heat recuired for aestructlve E
_ dlstillatlon ‘B.T.U. 11850
s g S pev ton of coal. e . 474000
EEAT DISTRIBUTION Ii RETORT .
per test charge. Percent .
B.7.U, of
4 total.
1. Total heat content of aberkeated steam
2 o entering the ratort 198, 000 | 100.00
2. Heat given to the retort....‘....‘,......L 0,200 | 3,14
: a. Heat given to the residue............. gk §,Sﬁ0 1.9
U4, Eeat in volatiles plus fixed gaseS......._ [,090 | 3.86
. Heat coatent of svperheated steam s e
' : leaving the retort.. 156,200 78.9
" Heat unaccounted FOT v uvrenimeenensinn.ns ©4110] 12,10
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800

760

700

600

400

360

300
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| | /
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|
|

0 L 2

Time 1n Hours

LOG OF RETORT TEMPERATURES
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Sirze oFr CoaL:

- 1"ro+'A2"



TEST RUN NUMBER 3

The retort was charged with fifty pounds
of coal sized to -1" to £ 3", which was distilled with
superheated steam at 760 Degrees Centigrade (1400 De-
grees Fahrenheit).

Reference to the accompanying temperature
'éurves and operating data shows that superheated steam
first entered the retort at 448 Degrees Centigrade and

was raised to 760 Degrees Centigrade by the end of the

. first fifty-five minutes, whereupon its temperature was

maintained subétantially constant throughout the remain-
der of the ‘'superheated steam period®. By the end of
this period, namely, one hour and twenty-five minutes,
it was estimated that the upper part of the retort and
contents were at the proper temperature and contained
sufficient heat to complete the distillation in the
lower portions of its charge. Therefore, the super-
heater fuel gas supply was shut off and the dry-quench-
' ing period was begun which continued until all thermo-
couples indicated retort temperatures approximating

250 Degrees Centigrade. Some of the thermocouples were
partly, or entirely, out of service during this run dbut

the data were preserved notwithstanding.



This run was made for the purpose of observ-
1Eiing the operating characteristiecs of the retort under
conditions applying better heat utilization, wherein it
was demonstrated that by discontinuing the heating of

. the superheater during the latter part of the distilling
period it was possible te completely distill the lower
part of the charge by‘utilizihg the sensible heat of

" the coke in the upper portions of the retort. Other data

were also recorded,
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DATA SF

S

LOW-TEMPERATURE CARBOIIZATION TEST
o CA..\.»..L COaL ”"iOu SOUTEER UTAH

Uhiversity of Utah, May1®, 1933

est No._3 . Made by: S. €. Jacchsen and G. W. Carter.

jize of Coal: -1" to £ . Superheated Steam Teup. JﬁQ_.c

iressure of Saturated Stea:a to Sunmerheater: 20 1b. per sg.in. gauge.

verage Superheated Steam Pressure 3,7 1b. per sg. in.gauvge.
Barometsr: or UL "Eg. ‘ '

- Pounds of Superheated Steam used per hour: 56

Time Ret ovrt Temperatures -‘ ¢. N ave Remarks
142 L3 1% |5 |6 |7 -
2:051 g2 6d ! 74| - hoo hug | 70 [Superheasted
1. A — Steam admitted!
2:10 1 1 ‘ Generated Gas___{
2:15] 82 63 - | 76| - Phli 19508 - .
2:30] 65 64 - - h71 |626 ]
L o:45] 66 94 - - pb78 1700 | | -
| 3:00] 118 176 - - b4o | 764
| 3:15| 218 260 - - [f00 [ 782 ' '
| 3:30] 292 314 - T Z [f22 | {9% |538 |Gas Supply Cut}
- ] L 5

196
37
460
536
P66 _
No. 1 Thermocouple £ 118| at 3:3L
3335 330 344 - | - - | 734 1762 ;
3:40| zhg 278 - | - - | 722 | 698 . |
108
390
390
308
308

- | 686 {620 | L78|
- | 6RY | R66
- 615 | 7516

H83 | 571

4:05] 4oo 4oQ - 531 | 416 Generated Gas
Ceased
- | _4:15] 399 393 - - 1 460 ] 368
[ _b:30] -1 39§ - - | 3721276
SRR - | 320 | 220 '
. | _5:00] -1 294 - - - | 2801192
-} 5:30] -1 238 - [2hh] - 1206] 139
M End df Run '
Ave L
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'Tes‘ 3
| .av_._l;__lfafs

TABULATED RESULTS

Wéight.of faﬁ cdal CEarged, pbﬁnds,}.ﬁ.,u ' 50.0

vod,
| 2. TWeight of residue from retort, pounds.... 21,5
3. Teight of volatiles, moundS.....oeveeanen_ 28.5
, Pounds per ton of coal.......... P s 1140.
4. Quantity of crude oil, £2llonS.....v.iese._ S 1.61
Gallons per tOn Of COAL,.svseesseeisnanes 6.5
5. Total gas generated, cubic feet......cvve 330.
Cubic feet mer t01 OFf COAleuutvareenennns 13200.
6. Time réquired for destructive . ‘
distillation, hours .67
7. Time that superheated. “tean was used,
'i hours - 1.48
8. Total time of TuUM, NOUPS...ivevrvenavenns 3.0
9. Superheated steam reoulred for . i
k) destructive d*stil;atlon, pouncs 83.
Pounds per ton of coal.is...euv... weieeve. 3320.
‘10, Total superheated steam used, pounds..... . g7
Pounds ver ton of coal...... B . _ 2296‘
11.Heat recuired for destructive ' -
; ; , dlst11¢atlon B.T.U. 11350.
B.T.U. per to.l of coa.v. S .o . hR).L()OO

EEAT DISTPIBUTICH I RETORT

per test charge; . Pércént
‘ SR ‘B.T.U.} of
4 totel.

1. Total heat content of sunerneated steam

« entering the retort 3”6 000 ]QQ 00
2. Heat glJen to the retort.....ev.cvvneeav 5,840 | - 4,00

a.;Heat given to the resigue. .....,\,,...... 3 ﬁgg s RR
5

. Heat in volatiles plus fixed basea....... z 200 4. gh

. Heat content of SLpe;heate& steam

R
: : leaving the retort.. | “Zglggw v
6. Heat unaccounted fOT....i.eeeereuerrsennn M 1§0 10458

35,
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800-‘-5uperhe.o+ed Steam Pd—=t+—+ Dry Quenching Period ——

7601— Final DisHHing Tcmpera*?ure-"l.ﬁ, _ _ _ S

700

600

Gener—o+ad Gos Began
400
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360P— - i S -—
300
200

4 1

oo
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o = ro

0 ' | 2 3
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TEST RUN NUMEER 4

The retort was charged with forty-nine
pounds of coal sized to -1 to £ &%, which was dis-
tilled with superheated steam at 535 Degrees Centi-
grade ( 995 Degrees Fahrenheit).

Reference to the accompanying temperature
cur#és and operating data shows that superheated
steam entering the retort was raised to 535 Degrees
Centigrade by the end of the first five minutes, and
thereafter its temperature was maintained substantially
constant throughout the remainder of the ‘superheated
steam period'. By the end of this period, namely, one
hour and thirty-eight minutes, the rate of formation
of fixed gases had decreased to a low value, indicat-
ing that distillation of the oils was approaching com-
pletion. Therefore the superheater fuel gas supply
was shut off and the ‘dry-quenching period' was begun
which served to complete the distillation and was
thereafter continued until all thermocouples indicated
retort terperatures approximating 250 Degrees Centigrade.

This run was made for the purpose of observ-
ing the operating characteristics of the retort at a

lower temperature than was previously used, nanely,

36.




’5555 Degrees Centigrade, and under conditions applying
ffeconomical heat utilization, and to obtain the accomp-

;1anying data.
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DATA SIFET

LOW-TELPEZATURE CARBCIIZA?ION TEST
O CAWTL COAL FEGif SCUTEFRY (o2

University of Uteh, May 1521933.

‘Test Mo. L4 . Made by: S. C. Jacobsen and G. W. Carter.

‘Size of Coal: 1" to 4 %” . Superkeated Steam Temp. 535 .

' Pressure of Saturated Steam to Surevheater: 20 1b. per sg.in. gauge.
#ﬂxerage Svperheated Steam Pressurc 249 - 1b. per sg. in.gauge.
it Barometar: 25 o 1Y "Hg.

Pounds of Superheated Steam used per hour: 65

Fetort Temperatures- °c. .
. Ave. Remarks

R
gy | 84l B6| 58 ' 67 | Superheated
Steam Admitte

\ST RN

46 | 280
761 84| - 90| 92| 88| 738

Generated Gas

Began
781 86| - 90| 148 350 | H34 .
771 90! - | 168 302| Lug | K36
9] alh| - | 272 394| k82| 526
174 | 233] - 328 | Uo2] g2 54K
277! 304] - 366 | 44| Lgg ! sLO
329] 341 - | 380] L57] 506 HL5 | 40O ¥

Aver of ¥o. 1|[Thermocougle = | 143 | Gas Supply Cuff

383 B59| 504 | 519 '
354 | 358 38| LH07 L84 IR0 1
300] 305 - 3821 432, 4h8] 390 | 431 :
368 | 370 370 410! L430| 342 f
371] 364] - | 326] 356 3581 255 Generated Gas |

Ceased

AN
=
O

o3
o

]

341] 312) - 276] 302] 290! 206
300| 276] - 24| 258 2Ub| 168
o058 | 2hal - 218] 230 206] 121
223]| 210| - 194! 204] 126 120
End of Tune
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Moy 13 13 1933

TAEULATED RESULTS

Weight of raw ccal charged, poundsS.......
TWeight of residue Irom retort, pounds....
Teight of volatiles, noudS..vvivvnueeain
Pounds per ton of coal........... Ceeees .e
Quantity of crude 0il, #215008..cceceeons
.Gallons per ton Of COal.iiviivesrnacsrrase
. Total gas generated, cublc feet..........
Cubic feet mer ton O0f Coalieevarvineienas
Time requlrpd for aestructive
Gistillation, hours
Time tnat sqperheatea steam was used,
hours

.

49,0

26.0

23.0.

: QHO-

_1.03

£3.8

15

3060,

1.8

1.62

Total time of run, hours....... Ceiaiaeeae

2282

Superheated steam Leouired for
destructive distillation, pounas
j Pounds per ton of coal.i...ivevriiiveessnns
10.Total superheated steam used, poundsS.....
- Pounds ver toa of coal.
11.Heat recuired for destructive
o ' gistillation, B.T.U.

..

Wi N O UF | E Wi

B.T.U. ver ton of COalevuesnnenn.. e reee.

EEAT DISTPISUTICN IX RETORT

pef test charge.

1. Total heat content. o¢'sarerneated steam

109,

4200,

105,

c et etV L2V s e e e .

4300.

9910. .

.KQGMQO,

| Percent

"U.l of

{_total.

eatering the retort _160,800 | 100.00

2. Beat given to the retort.....ieeveeaeveea_ 4,160] 2.58
E. Heat given to the residuve........ . Ry L 1.94 -
. Heat in volzstiles plus fixed bases......, i:lho‘ - o.57
5« Heat content of superheated steam Y ' o
L i leaving the retort..132,400 | 82.10

6. Heat wnaccounted for.......... e c...._16,980

10.51



Thermocouple Reodings in Degr‘ces Cen'f'ic)roc:’e
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TEST RUN NUMBER 5

The retort was charged with forty-seven

ade (1202 Degrees Fahrenheit).

Reference to the accompanying temperature

' y the end of the first fifty-five minutes, whereupon
é temperature was maintained substantially constant
roughout the remainder of the 'superheated steam
eriod'._ By the end of this period, namely, one hour
ind thirty minutes, the rate of formation of fixed
ases had decreased to a very ldw vzlue and a2l1ll thermo-
couples indicated retort temperatures above the 'In-
| tial distilling temperature'. Since these two con-
tions are indieative of completion of distillation,
' the superheater fuel gas supply was then shut off and
ﬁ$he '‘dry-quenching period' was begun, which continued
iintil all thermocouples indicated retort temperatures
iﬁpproximating 250 degrees Centigrade.

This run was made for the purpose of observing

40,



the operating characteristics of the retort using
the smaller sized coal, namely, -+" to £ 4", and to

obtain the accompanying data.

41.




DATA SITET

LOW-TELPETATURE CARBCIIZATION I"S'"
C.., \J.A. T:TL C,:;I\ FTO S(J TAE .....: hH

University of Utah, May 14, 1933

yt- Wo._h Vade by: S. C. Jacobsen and G. W. Carter.

JV 1 Kl 0

‘Size of Coali_ —z" {o;f- %,-" . Superheated Steam Temp. 650 "C.

\Pressure of Sawratcd. team to Sacerheater: 20 1b. per sg.in. gauge.
verage Svpsrheated Steam P1 essure L4416 1b. per sg. in.gauge.

' Barouetar: 25146 "He,

Pounds of Superheated Steam used per hour: 53.6

| Time Retort Tsiperatures- ¢,

! Ave. Remarks
. |
1le L3 bk Vs be b7y

10370] 70 | 86 | 63| 62| 62| 38 | 32 | 59 |Superheated
i Steam Admitted

10:55] 64 | 78 | 58] H8 | 66 | 66 [Lp8
11:00! 86 | 86| 74 | 68 | 68 | 80 |L68

1121°? Generated Gas
Began
11:15! 8 | 89| 76! 72 1120|310 | 570 Genérated Gas
11:30] 82 | 86| 86 | 172 | 316 | 168 | 622 Meter out of
11:45] 80 {134 [ 222 | 258 | 4Ok | 536 [ 651 Order

12:001198 | 24& | 322 | 3Lk | b6k | 560 | 656 i
12:15[%92 [ 362 [ 390 | 398 | 490 | 578 | 640 Lol B
12:20| Avpragd of No. 1 [Thermocouple = 174 [Gas Supply Cut:
12:25/406 | 38L [ Log | 41k | 4oL [ 582 [ 596 [L69 -
. {12:30/418 | 396.] 416 | 416 | 486 | K60 | haa 3

112:35[430 [ Lol | 418 | LOg | 4og | 52l | UsT Generated Gas |

} Ceased
12:40/ 438 [ 408 | 416 | 39h [ Uho | Lof [ 412 -
112:L5[h4p ThO8 | LOR | 375 | o2 | Lh2 | 34k
1:00]398 | 366 | 350 | 306 | 358 | 350 | 232
1:15[ 316 | 208 | 286 | 254 | 292 276 | 184
_1:30[ 26k | 258 | 250 | 222 | 252 232 | 150
' End jof run.

- Ave.
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Test No._H
Moy 1l 1933

TABULATED RESULTS

1. Weight of raw coal charged; pounds......._____ 47.0

2. Weight of residue ‘rom retort, pounds.... 24.0
3. Teight of volatiles, =0undS. ..., eeevarnen 23,0
' Pounds per ton of coal.......... veean s o Qb
~ Y. Quantity of crude oil, g,hlohs,....,;....' U 1.73%
Gallons per ton of coal... ........,....;. ' 65.
5. Total gas generated, cubic feet..........(Meter out of
Cubic feet ner ton of coal.,............., ~ order)
6. Time requlrea for aestructive . ’
. ’ distillation, hours 1.37
7. Time that sqperheated steam was used, «
hours 1.5
8. TObal time Of TUR, HOUFS....evevsresnaeas - 2.b7
§. Superheated steam recuired for ' ’ o
. destructive distillation, pounés _13.6
Pounds per ton of coal...... veveavenevasae_ - 3100,
10.Total superheated steam used, pounds..... 80.5
 Pounds ver ton of o8l ..veirerrirenn.aaao_ 3420,
1l.Heat recuired for destructive . .
distillation, B.T.U. 10600.
B.T.U. Der t0n OF COALeuersnvuenrerronnns 424000,

ms.m DISTPIBUTICH IH REIORT

per test charge. ' | Percent -

B- T;‘Up 4 Of ; )
4 _total.

1, Total Aeat content of superheated steam

atering the retort 132J¥EL~;iQQAQQ* :

2- Heat givel’i to thﬂ fefort”.-.-....a...--- --54-12@-—— ..-,-—J-‘ o— &-&—-
. Heat given to the residue........evev.voe 3,540 | 2,68

. Heat in volatiles plus fixed zases......._ 5,090 | 3,86

5. Heat coatent of superheated steam ,
) : leaving the retors. ]Q5, 800 | &Q.
6. Heat unapcountea ior.._.f ........... co.e. 12,450 | 9.Lg
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TEST RUN NUMBER 6

The retort was charged with fifty pounds

| of coal consisting of two selected sizes, namely, -1" to £ 4%
and -i" to X %“, each of twenty-five pounds weight. The
glarger size filled the lower half of the retort and the
%Bmaller size the upper half, and the entire charge was dis-
ftilled with superheated steam at 650 Degrees Centigrade

(1202 Degrees Fahrenheit).

. The accompanying temperature curves and operating
:idata show that superheated steam entered the retort at 101
Degrees Centigrade, and by the end of the first/forty-fdur
f“minutes it had reached 650 Degrees Centigrade, whereupon

its temperature was maintained substantially constant through-
out the remainder of the 'superheated steam period'. By

1;the end of the period, namely, one hour anl nine minutes,

'éit was esﬁimated that the upper part of the reteort and con-
tents were at the proper temperature and contained sufficient
fﬁheat to complete the distillation of the coal in the lower
;ﬁportions of the retort. Therefore, the superheater fuel gas
supply was shut off and the dry-gquenching period was begun
which continued until a2ll the thermocuuples indicated retort

temperatures approximating 250 Degrees Centigrade.
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This run was made for the purpose of observ-

ing the operating characteristics of the retort using

kil

mixed size coal under conditions applying economical

heat utilization and to obtain the accompanying data.
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DATA SHEET

LOW-TEIPECATURE CATBCIIIZATICH TEST
- OF CATEL COAL FROL SOUIEHERT UTAH

University of Utah, May ll, 1933

" Test o. 6 . X¥ade by: S. C. Jacobsen and G. W. Carter.

. Size of Coal:_* .  Superheated Steam Terixp.ggg °c.
Pressure of Saturated Steam to Sunerheater: 20 1b. per sg.in. gauge.

. Average Superheated Steam Pressure 346 1b. per sg. in.gauge.
i * Barometsr: 254146 "Eg.

Pounds of Superheated Bteam used per hour: 56

,W ‘ .
Retort meeratores-— C. Ave. Remarlcs

142 L3 4 {'s5 |6 ‘"{‘

3301 | 7% (106 1102 1106 1106 | 80 1101 | 96 ISuperheated
_ Steam Admitted |

205 | 92 [110 {106 [106 |106 | 84 |A60 _

108 nerated Gas +
Began
3:15 | 90 1106 |102 1102 [106 [2ug8 [610
3:30 | 88 |106 [115 [184 [3u46 [ug2 |6up .
345 J102 {154 | 240 [308 [LLg [552 1652
4200 |20 292 1360 [386 1510 |578 652 110~ Gas
715 [346 |370 | 408 ‘ulu‘%%;z 588 [612 U456 | Supply Cut
Avérage| of Np. 1 Thermgcouple = |14
L:20 [GoOL 394 TLoL [Loh [siLk [566 [5oL
L:25 JLo2 [410 {428 [L2p (490 [532 (460
4230 [B34 [h1g [La6 |LO6 [Lee |[L4sl 1398 Generated Gas !
. Ceased
345 526 [T12 [ 380 (350 392 384 272
53700 |360 |3542 | 325 | 288 [322 |310 |21k

5:15 [278 [277 | 280 {244 [or6 [24h 1106
H:30 253 |2n8 | 243 (202 |2Up 218 (134
End ofi{run.|

’Ave .

* 25 1bs, -1" to 4 %n
25 lbs, —3" to £ "
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Test No. 6

-

May 14 _ b 1633

TABULATED RESULTS

. Weight of raw coal charged, poundSvi..... _ _____ 50.0

 Weight of residue irom retort, Hounds..... 25.00
. Teight of volatiles, nounds..... FLL TR SN - 25.0
Pounds per ton of coal.;;,...;..;...;...g - looo.
. Quantity of crude o0il, 721108S....veceaes l.02"
Gallons per ton of COBL.i..vveeasess S o4, 75
. Total gas generated, cubic feet.........{Meter out of
Cubic feet mer ton of coalis......... e e order)
Time required for destructive . :
\ distillation, hotrs : 1.25
Tlme tnat superheated steam was.used, o
, : hours 1.15
. Total time of TUN, NOUrS..u.veeeerncveren ’ 2.4
; Superheated steam reguired Ior '
’ destructive distillation, pounds bl
~ Pounds per ton . of €o8l...i....... rhaanes ) 257M
-Total superheated steam used, PoOUAdS....._ 'R
Pounds per toa of coal. Chrdeieaenees . 257M
.Heat resuired for destrvctlve
. distillation, B. T U. 10600.
- B.T.U. per ton of coal..... e ieeneonieee ~_Lahipoo,

EEAT DISTRISUTION IN RETORT

per test charge. : Percent
: S " B.T.U,} of
» 4 total.

Total heat content of superheated steam ot
entering the retort 104,000 | 100.00

Heat given to the TetOTta.v:ceeresvnoasns M,EHO - L,36

. Heat given to the res idue..,.;.‘;..,;...L 3,410 %.28

. Heat in volstiles nlus fixed zaseS..,...,. 1,6&0;’ 1,58
Heat content of superheated steam /

leaviqg the retort. SM ,500 | 81.20

Heat wnaccounted for. L B 910 9.5 .

47.




~ Distilling Period ——[~*Dry Quenching Period-‘

~Superheated Steam Pde—* |
700 ’ ‘
(.

Final Distilling Temperature -.
650 - h!

1

!

|

Generated Gas

L-"' Ceased ‘

360} e P S

Thermocouple Readings in Degrees Centigrade

2,1
3
24
200
:7
100
| ] |
| || |
% T 2 3

Time in Hours

LOG OF RETORT TEMPERATURES
TesT No. ©
Size or Coar: ~I"rea +'A" =12 "ra+Y




TEST RUN NUMBER 7

The retort was charged With,forty-eight
pounds of coal, sized and placed in the retort, from
bottom to top, in the following order: 16.5 pounds
of -1" £L%; 16.5 pounds of -3" to A4+%; and 15 pounds
of -%" to £ 1/8". The charge was distilled with
superheated steam at 760 Degrees Centigrade (1400 De-
grees Fahrenheit). »

Reference to the accompanying temperature
curves and operating data shows fhat superheated
‘steam entered‘the retort at 484 Degrees Centigrade and
was raised to 760 Degrees Centigrade by the end of the
fifst fofty-four minutes, whereupon its temperature
was maintained substantially constant tnroughout the
remainder of the *superheated steam period'. By the
end of this period, namely, one hour and thirty-five
minutes, the formation of fixed gases had ceased, in-
dicating that distillation was complete, whereupon the
superheated steam supply was shut off.

" Advantage was taken of the opportunity te
study the temperatures throughoutlthe retort insulating
wall = by periodically moving all of the thermocouples

at one inch intervals outwardly from the retort surface,
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to the retort casing surface. (See Figure 4 ,

Page 52 ). The dry-quenching steam was then admitted
to the retort and its flow continued until all thermo-
couples indicated temperatures approximating 250 De=-

- grees Centigrade.

This run was made for the purpose>of observ=~
ing the operating characteristics of the retort using
coal of three different sizes, also to obtain retort
insulation temperature gradients, and to obtain the

accompanying data. No heat economies were attempted.
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LOW-TEIPERATURE CARBCIIZATICH TEST
C3 CAEL COAL FROU SOUTEERT UTAH

University of Utah, Mayl5, 1933

' Test No. 7 . XMade by: S. C. Jacobsen and G. W. Carter.

' Size of Coal:_* . Superheated Steam Temp._ 760 °C.

- Pressure of Saturated Steam to Sunerikeater: 20 1b. per sg.in. gauge.
;“lwerage Superheated Steam Pressure 343 1b. per sqg. in.gauge.
1 Barometsr: 25e3 "Eg.

Pounds of Superheated Steam used per hour: 61

Time Ave Remarks

Retort Temperatures- °C.

142 L3 b4 s le |7

32Ul 1 38 | 384 38| LO | 58 | 60 |ugh | 70 [Superheated
_ : | | Steam Admitted
3:h2 . Generated Gas 1
. ‘ - 1 Began |
4:00 | 76 | 64| 64 | B2 1116 | 3R”8 | KoL
4:an [ 70| 661 76 {148 | 366 | g6 |66
4230 | 76 {134 | 250 | 298 | 468 | 586 | 772
4s:Ls 1220 | 278 | 360 | 378 [ 552 [ 654 | 77L
5:00 B34k [ 556 | 4O8 | 4OL | slip [ BL& | 798 |500
H:15 [430 [LoL W48 [ L6L [ 592 1706 {805 {550
H:20 | Average {of No. 1 Thermocouple = |150 |Gas Supply Gutf
Steam Supply . %
Cut
The following data was taken tlo detbrmin¢ the |temperature
grediedt from the| retort oubward|to the casing, R
525 1238 | 220 | 286 | 258 | 376 [ 436 | - 302 |1" from retort}
5332 | 96 | 80| 1ho [ 1o | 2321328 | - [107 12" from retorti
5135 | bo | 50| 82| 70[106 [ 158 | =~ 87 |3" from retort
5:40 | 32| 34| LO| 34| 6L 84| —~ | L& [4n from retorty

pslif [ 24 [ — | 32| 30 B6[ -~ | - | 33 [B" from retort
Hh50 1 29| 29| 28| 29] 29| 28| - 28 |{Surface of
Note:| The [Last [serids of tempegratures wete retort casing
taken wifh a mercuriial thermometer} Mean of the
b:lh 1422 1 306 390 | 3bb | 418 | 422 | 2h8 ave.temp.from
©:30 [3ho [ 312] 314 ] 288 | 322 | 296 | 10 5:25 tohih0 was
ba¥45. 1266 | 2581 258 | 244 | 274 | 244 | 120 168 i

* 16,5 of =1" to £ &"; 16,5 of -3" to ¢ §"; 15.0 of -%" to 4 1/8"

50.



WR ~N O U WwWR

Teight of raw coal cherged, pouhds ...... . 48,0

. Weight of residue irom retort, nounds.... 22.0
. Teight of volatiles, DOVAGS......veesnss . 26.0
Powds per tonm of coal.i.. ... .....0uu s lOSO,»

Quantity of crude oil, 2255008..ivenvrvee__ 1.72
Gellons per ton of COBL..veve.... RS __bb.
. Total gas generated, cubic feeb......... . (Meter out of
Cubic feet 1DOT ton 0f Coalei.eresernnn. . order)
. Time required for destructive .
distillation, hours _ 1.33
. Tlme that SJperheated steam was used, :
hours ‘ 1.6
. Total time of run, AOUPS + o e v iavennnss cere 3.0
. Superheated steam ;eculred for :
' destructive distillation, pounas ’ 8l.2
Pounds per ton of coal.......... eeeneeee __5380.
10.Total superheated steam used, pounds..... 98.
Pounds per ton of coal....... eeeveenevnn.__ HOBO.
‘11.Heat recuired for destructive ‘ T o
 distill etion, B. T U. 11500.
B.T.U. per ton of coal..... P . 460000,

HBAT DISTRISUTICH IN RETORT

per test charge. = ’ Percent
: ST B.T.U. of o

Total heat GOAtent of super}eated steam i 5
eatering tHe retort 111 000 }100.00

4 total.

Heat given B0 the TeLOTb.u.ssesevioanses 6,000 | 1?3{51

Heat glve to the resldue. ..... W7y RS

‘_w34§QQ_;~jh22.;
. Heat in voletiles plus fixed baSGS-...r.,m‘6,150"‘rz.qnl‘.

Heat coatent of superhsated steam | A
1eav1ﬂg the retors.. 12M 000 | 72.50

. Heat unaxpountea FOT o evs comapip il S v 30,450 1 17,83
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TEST RUN NUMBER 8

The retort was charged with fifty pounds of
coal sized to -1" to #%"™, whiéh was distilled with
superheated steam at 760 Degrees Centigrade (1400 De-
grees Pahrenheit).

| Reference to the accompanying temperature
curves and operating data shows that superheated steam
entered the retort and was raiSed to 300 Degrees Centi-
grade by the end of the first twenty minutes, Whereuﬁon
its temperature was maintained substantially constant
for the remainder of the 'preheating period!. By the
end of this period, namely, one hour and ten minutes,
number one thermocouple had reached 135 Degrees Centi-
grade. The superheated steam temperature was then
raised to 760 Degrees Centigrade where it was maintained
substantially constant for the remainder of the 'super-
heated steam period'. At the end of ﬁhis period, namely,
one hour and ten minutes, the superheated steam was shut
off, the_upper retort plug removed, and saturated steam
passed through the superheater and exhausted to the
atmosphere until the superheated steam had been reduced
to a temperature of 200 Degrees Centigrade. Meanwhile,
all retort temperatures were read and recorded. The

retort plug was then replaced and steam from the.cooled

52.




superheater was then passed through the retort until
all thermocouples indicated retort temperatures approx-
| imating 250 Degrees Centigrade.

This run was made for the purpose of observ-
"ing the operating characteristics of the retort when

. low temperature superheated steam was used for preheat-
ing the charge, also for cooling all of the résidue,

which results appear in the accompanying data.
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DATA SEUET

LOW-TELPEDATURE CARRCOIIZATICH IFST
G CAWIEL 00Cal FROW SCQUIHFET UlAH

University of Utah, Mayl7, 1933

S. Jacobsen and G. W. Carter.. o
Surarheated Steam Temp. 760 ~C.

Sacernsater: 20 1b. per sg.in. gauge.

Test Wo._ 8 Made by: 3.
Size of Coal:=1" to £ ¥

Pressure of Saturated Steam

4o
vy

(RSN 2R VAN

Average Suparheated Steam Pressurc el 1b. per sg. in.gauvge.
Barometer: 25,18 "Eg.
Pounds of Superheated Steam used per hour: 60.0
+ Manm o5 - o
Pime Retort Teuperatures- C. | Ave. Remarks
142 L3 v 4 V5 LG 7 .
3:50| 18] 24| 20! 20| 16] 22 Lo
4:10| 84| w4l B8l K6l 92| 222| 298
L:o0| 82| 60| 124 82| 12u| 2Ll 302
Ysho| 86| 86| 1U6| 154 210! 270] 298
4:50 | 104| 108 166] 166| 218; 274| 300
5:00 | 132} 134 180! 176| 228! 280| 306 | 205 [*
5:02 ' (Superheated)
(Stm. Temp.)
53105 | 154[ 150/ 190| 180| 230] 282] 394 (Increased )
5:15 [ 174] 164 204 192| 254| 3561 K52 Generated Gas
Began S
5:30] 192| 182] 278] 235| 324| L72; 660 {
Rhidh | 230 222 282| 312| B18| Hob! 735 b
6:00! 280] 2068] 358] 398 Lg2| blh! 760
b:ll ‘ Sup.Steam and |
6:13 | 332 318 u06! L27! 540l eu2] 700| L8l lGas Cut. Ji
6:29 | Stesam turned phroubh superhedter, [but dxhausted to
the gtmosphere| untill thefmocoiwle No. 7 [reached 415,
6:45 [ 248l 320 94| Log| 5oLl Loo| Loo
7:00| 225 3171 382 394 522! LOO[ 292
7:15] 206] 316] 376 380] 502 342| 236
7:35] 178] 304 364 364] Lol 282] 200
7:47 ] 286 316] 354[ 316l 342l 230; 170 Saturated Stm.
7:5h2; 306] 306 321l 276] 304 218 154 Admitted.
g:00] 300] 277 27 2W3] 270 203! 136
g:151 2381 233 233 2091 2331 181 120
Note: This charge was preheated to an average of 205° C.

before carbonization began.
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Test Wo.__ g
May 17 1933

TAEULATED RESULTS

1, Weight of raw coal charged, pounds....... 20.0
2. Teight of residue irom retort, nounds.... 22.0
7. Teight of velatiles, povads............. . 28.0
Founds per ton of coal............... P, 1120.
L. Quantity of crude 0il, £81l00S...eeveerns 1.625
Gailons per tom 0f COBlavrveeernnsn. ceeen 65.
H. Total gas generated, cubic feet..........(Meter out of
Cubic feet mer ton 0f coalieeveeenennn. . order)
6. Time required for destructive
distillation, hours , 1.15
7. Time that superheated stesn was used,
hours 1.15
8. Total time of TUn, HOUrS.....vcvireereaas 3422
@. Superheated steam recuired for
destructive distiliation, pouncs 69.5
Pounds per ton of coal...... e . 2780.
10.Total superheated steam used, PoUNdS....._ 69.5
Pounds per ton of coal.........vvvuiene, 2780,

11.Heat recsuired for destructive

distillation, B.T.U. - 1710
B.T.U. per ton of coal......... P EQg:qu

EEAT DISTERIBUTION IN RETORT

per test charge. ' Percent
B.7.U. of
4 _total.

Total heat content oI superheated steam

entering the retort 121,000 1100.00

Heat given to the retort................. 3 U501 2.83 _

. Heat given to the residue............... ._2,190 920

Heat in volztiles nlus fixed gases.......__L,170 ] 3.u>o

Heat coantent of svperheated steam

leaving the retort.. 95,200 | 78,73

Heat wnaccounted foT. e «.15,990 13.22
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HEAT CALCULATIONS FOR TEST RUN NO. 6

The following information is presented to
show the bases upon which the‘tabulated results and
the figures representing the heat distributien in the
retort were calculated, Test No. 6 is chosen for this
purpose, since it is typical of the series of tests
nade . The numbers of the items appearing below éorres-
pond to similar numbers presented on page 47. For
figures used in the calculations see data sheet, page

46, Items not listed are self-explanatory.

TABULATED RESULTS

3. Weight of volatiles, pounds

This is the difference between the weight of
the raw coal charged and the weight of the residue, which
iss |

50 - 25 = 25 pounds.

6. Time required for destructive distillation, hours

This is the total elapsed time from the in-
stant superheated steam was admitted to the retort to
the instant that thermocouple number one reached the
initial distillation temperature, namely 360 degrees

Centigrade.,
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7. Time that superheated steam was used, hours

This is the total elapsed time from the in-
stant superheated steam was admitted to the retort to
the instant that the superheater gas supply was shut off.

8. Total time of run, hours ’

This is the total elapsed time from the instant
superheated steam was admitted to the retort to the in-
stant that thermocouple number one reached 250 degrees

Centigrade while the retort was being cooled.

9. Superheated steam reguired for destructive dis-

tillation, pounds

This is the total superheated steam used in
the time specified in item 6 above,.

10. Total superheated steam used, pounds

This is the total superheated steam that was
passed into the retort during the time specified in item
7 above.

11. Heat required for distilling the coal, B.T.U.

This is the heat given to the coal charge it-
self during the time specified in item 6 above. This
is the product of the weight of raw coal charged, times
the specific heat of the raw coal, times the temperature

difference between the figure representing the average
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of the thermocouple readings at the end and the figure
for the average temperature at the beginning of the
period specified in item 6 above. Substituting gives:z

50x.31x682 = 10,600 B,T.U.

HEAT DISTRIBUTION IN RETORT, B.T.U.

1. Total he=t content of superheated steam entering

retort

Since the published steam tables do not give the
Aproperties of superheated steam above 1000 degrees ¥Fahr-
enheit, it was found necessary to substitute in Good-

enough's empirical equations

‘Hg = 0.320 T, £ 0.000063 T2 - 23.583 - C3,(1£0.0342,%)

Tg T3
A 0,00333p £ 948,7
in which

Hg = total heat of one pound of superheated stean
above 32 degrees F.

Ty = superheated steam temperature- degrees Fahr.
absolute.(

GS = a constant, the logarithm of which is 10,7915

p = pressure of superheated steam, pounds per sq.

in. absolute.
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HEAT DISTRIBUTION IN THE RETORT, B.T.U. (Con't.)

The superheated ateam'temperaxure corresponding
to 625 degrees C. (the average temperature du%ing the
superheated steam period) iss

T, = 1157 £ 460 = 1617 degrees F. absolute.

The average superheated steam pressure was found
by adding the average reading of the gauge to the
barometric pressure. Thus

P = 3.6 £ 25.46 = 3.6 £ 12,48 = 16,08 1b. per sg. in.
2,04 absolute.

Substituting the above values in Goodenough's
equation gives the total heat of one pound of super=-
heated steam as being 1616 B.T.U,

The total heat content of the superheated
steam entering thékretcrt is the produét of heat con-
tent of one pound of steam, the pounds of steam used

(1)

per hour, and the time in hours, which is:
1616 x 56 x 1.15 = 104,000 B.T.U,

2. Heat content of retort

This quantity is equal to the product of the

weight of the retort shell and the specific heat of the

(1) As herein used, this time is that specified in item
7 under "Tabulated Results".
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sheet steel, plus the product of the weight of the Te-
tort pipe couélings and plugs and the specifie heat of
cast iron, each product being multiplied by the temp-
erature difference.(l) |

Weight of retort sﬁell equals weight in
pounds of one square foot of U, 8., Standard Gauge sheet
metal, times the square feet of retort surface:

2:5 x pi x 5/16 x 8 = 26 pounds.

Weight of 5" cast iron pipe coup-
lings @ 10 1bs. each = 20 1bs.

Weight of 5% cast iron pipe plugs
@ 5 1lbs., each = | _10 1bs.

| Total 30 lbs.

Specific heat of sheet steel = 0,117
Specific heat of cast iron #.0.1298

Therefore the heat given to the retort iss
(26x0.117430x0.1298) (853 - 205) = 4540 B.T.U.

3. Heat given to the residue

This quantity is equal to the prqduct of the
weight of the residue, the specific heat of the residue,
andvthé temperature difference, between the awerageﬁmax-
imum temperature of thé residue and the -temperature of
the coal as it entered the retort, is

25 x 0.2 x (752 - 70) = 3410 B,.T.U.

{1} As herein used, the temperature difference is the
difference between the average of the thermocouple
readings in degrees F. at the end and beginning of
the time as described in the ".... footnote, on the
preceding pagee.
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4. Heat in volatiles plus fixed gases

This quantity is equal to the product of the
weight of the volatiles, the specific heat of tﬁe vol-
atiles, and the temperature difference between the
average temperature of the vapdr as it left the retort
during the superheated steam period and the temperature
of the coal as it eﬁtered the retort, which is:

25 x 0.3 x (289 - 70) = 1640 B.T,U.

5. Heat content of superheated steam leaving retort

This quantity is based on the average read-
ingé of number one thermocouple during the time aé herein
specified, and a pressure of 14 pounds per sq. in. ab=-
solute. This is higher than atmospheric pressure by the

‘amount of the friction head in the condensers and the
piping. The heat content of one poun& of steam based
on an average temperature of the vapor as it left the
retort at 289 degrees F. was found from steam tables
to be 1182 B,.T.U. Therefore the total heat of super-
heated steam was

1182 x 62 x.l.15'= 84,500 B.T.U.

6. Heat unaccounted for

This quantity is the heat imparted to the in=-

sulating material, plus the heat lost by radiation from

6l.




the retort casing surface, from the highly heated retort
éap, and probably from errors in observed éxit steam
temperatures. This amounts approximately to 4,000 B.T.U. -
the heat imparted to the insulation assuming the Z2-inch
layer of insulation next to the retort fluctuates about
500 degrees F. in heating and coolingy.and is unaffected
beyond a point 2 inches from the retort, also 2000 B.T.U.
lost by radiation. This total of 6,000 B,T.U. subtracted
from the 9,910 B.T.U., shown in the unaccounted for heat
in the "Tabulated Results" for Test 6, still leaves

3,910 B.T.U. unaccounted for which must be the heat lost
from the very high température surfaces at the top of

the reﬁort and probably errors in the observed temp-
eratures of the discharged steam and volatiles. All
thermocouples, excepting No. 7 which was inserted within
the superheated steam line, were placed in contact with
the outer wall surface of‘the retort and undoubtedly

gave low readings.
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DISCUSSION OF RESULTS

GENERAL. The purpose of the foregoing cufves is te
show the instantaneous temperatures and particularly
the rate of change of temperature, of the superheated
steam and the coal throughout the retort during the
progress of the test runs. The thermocouples placed
 at regular intervals aleng the length of the retort,
ag previously described, are numbered from 1 to 6 in=-
clusive, the one at the vapor outlet being designated
as number 1. The temperature of the superheated steam
as it entered the retort was determined by thermocouple
number 7. |
Except for the gréph representing conditions
of test No. 8 in which the charge was prtheated and
finally dry-quenched with relativély low-temperature
superheated steam, the curves herein presented are sub-
stantially of the same general shapegl)Throughdut all
of the tests, it is interesting to note the consistent
lagging of the temperatures near 100 degrees C., as

indicated particularly by thermocouples No's. 1, 2 and 3,

(1) Dotted curyves indicate probable temperatures. Ther-
mocouples in these cases were either out of order or
being used to obtain temperatures in the retort

insulation.
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during the firét part of the superheated steam‘periad
when the coal in the lower zones was being heafed up by
condensation of the steam, fellowing this the subse<
guent rate of temperature increase as indicated by the
slope of the curves, and then the erossing of the curves
as the retort is cooled, ultimately resulting in revers-

ing the final.arrangément of the curves.

COAL SIZE vs DISTILLING PERIOD. Tests No. 1 and No. 5

show the influence of the size of coal on the length of
time required for distillation at the same final distill-
ing tempeiature. The charge used in Test No. 1 was
sized to -1" to £ 3" and that used in Test No. 5 to

-4" to 44", Comparison of the distilling periods as
indicated on the curves shows the periqd in No. 5, ex-
ceeding by 2 minutes that in No. 1 in which the larger
coal was used. This appears to be in a direction con-
trary to the expected results. However, it was observed
that this cannel coal tended to fracture when it was
crushed, into flat laminated pieces which were thin in
section and yet large enough in the other dimensions

to be withheld by a 4" meeh., Hence, the larger size

of coal was usually no thicker in its smallest dimension

than the smaller size and will distill in like periods
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of time, also the pieces became porous with many small
cracks paréliel to the bedding plane which made them
permeable to the superheated steam. This effect would
not be measurable in treating coal'lumps of much larger
sizes. Also, it should be noted, that the distillation
progressed down through the 8-foot column of coal, in
both instances, at the rate of l1-foot in each 10 minute-
interval, Or, if we consider the range of temperature
within which the coal is distilled as 360 degrees C. to
450 degrees C., then in each instance the average period
that the coal particle is undergoing distillation is
twenty minutes. Previous work, however, has demonstrated
that coal of the two sizes used will aétually distill

in less than twenty minutes, and therefore the distilling
périod is in these teéts entirely'goveéhed by rate of
heat supply and not by coal particle size, With coal
charges composed of lumps having minimum dimensions of

1 inch the effect of lump size an_distilling;rate'would
be important. Lumps l-inch minimum diameter will re-
quire approximately 1 hour to distill and 2-inch lumps

nearly 3 hours under the above conditions.

SUPERHEATED STEAM PERIODS vs ECONOMY. The charge used

in Test No. 5 was heated with superheated steam until

o
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after the end of the distilling period, while in Test
No., 6 the heaﬁing gas supply of the superheater was

shut off before distillation was compléted in an effort
to use the steam most economically (note the length of
superheated steam period in each case). An inspection
_of the curves for Tesﬁs No. 5 and No. 6ashows.thai using
the same final distilling temperature (650 degrees C.)
and securing complete distillation in both cases, the
superheated steam period was 20 minutes shorter in Test
No. 6 in which steam economy was practiced than in Test
No. 5. Obviously, then it is distinetly advantageous
from the standpoint of econemy to shut off the superheater
gas supply before distillation is complete, since the‘l
same end conditions of distillation result. The prac-
tical apﬁlication of the economy Would.%e to divert the
superheated steam into another retort at this moment.
Curves for Tests No. 2 and No. 3 show a similar saving
of superheated steam at a higher final distilling temp-

erature (760 degrees C.).

DISTILLING PERIOD vs FINAL DISTILLING TEMPERATURE. Test

No. 3-and Test No. 4 were both run with an attempt to
secure superheated steam economy, but different’ super-

heated steam temperatures were used, No. 4 being
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535 degrees C. and No. 5, 760 degrees C., By reference

to the curves it is seen that the distilling period for
No. 4 at the lower temperature is 8 minutes longer than
No. 3. It will also be noted however, that the rate of
temperature increase as of thermocouple No. 7, indicated
by the slope of the curve, is much slower in Test No. 3
than in Test No. 4., Hence if superheated steam had been
raised to its final temperature in equal periods of time,
then, with the same flow of steam, the distilling period
of Test No. 3 at tha»higher distilling temperature would
have been much further reduced. It may be concluded,
therefore, that the higher superheated steam temperatures
will decrease the length of the distilling peried as

well as the consumption of superheated steam.

GENERATION OF WATER GAS. It was found in the runs using

superheated steam at temperatures of 650 degrees C. and
above, that large quantities of gas were generated, as
may be séen by refefence particularly to the data sheet
of Test No. 3, the steam temperature of which was 760
degrees C. This gas was identified by the flame color
and behavior in burning as blue water gas produced by

the combination of the chemically reactive coal residue
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with the highly heated sfeam, in accordance with the

following reactions:

6/1{20 CO/H2

C A 2H0

co, £ 2H,

Mixed with this gas was also some of the gas formed
from the residual volatiles of the coke residue con-
sisting of methane and hydrogen, also possibly some

distillation gases.

PREHEATING EFFECTS. The curves for Test No. 8 show that

thermocouples Fo. 1 and No. 2 reached a temperature of
135 degrees €, in 70 minutes while the preheating of the
charge with superheated steam at 300 degrees C was in
progress. In Test No. 3 made at 760 degrees C., the
curves show that these thermocouples did not reach this
same femperature until 55 minutes of the superheated
steam period. Also in Tests FNo. 2 and 7 made at 760
degrees C., at the end of 55 minutes of the superheated
steam periods, these thermocouples indicated 250 de-
grees C, It will be noted further that in dry-quenching
the charges in &ll the various tests the lowest temp-
erature reached by the steam leaving the retort,‘couple

No. 1, was approximately 250 degrees C. ”$
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Therefore it is obvious thaﬁ%%he proposed method
of using this»steam leaving the retorf, during the dry-
quenching period, for preheating a ffesh coal charge in
another retort, that much high-temperaturé steam Would‘
be saved. The superheated steam period was 70 minutes
in Test 8, 95 minutes in Test 7, 85 minutes in Test 3,
and 100 minutes in Test 2. Had it been that the super-
heated steam used in Test 8 was initially at 760 degrees
C., a8 would be the case in a commercial plant where the
steam at constant.temperature is diverted from one re-
tort to the next, it is probable that the superh;_ated
steam period and the preheating period would each have
been 60 minutes or less, making a total period of 120
minutes.

There are good evidences why.%he entire out-
flow of steam; 0il vapors, and gases from the base of
one retort should pass through the next retort of fresh
coal enroute to the condensers, thus serving to preheat
the new coal with both the exit superheated steam and
the dry=-quenching steam, and continuing until the new
charge has stored within it the greatest quantity of
heat. In the case of cannel coal, from Which‘the coal

residue will not have extensive market wvalue because of

)
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its high ash content, the final cooling of the residue
to a safe temperature for storing might be advantageously
done by discharging it and spraying with water. This
procedure serves to keep the retorts free for distilling
purposes during the greatest percentage of their time,
which would not be the case if they were used to serve
as dry-quenching chambers. In the case of coals such

as the Barbon County coals from which the smokeless

fuel residue is the important product desired, the coke
should be dry-quenched with steam in the retorts te

the safe storage temperature thus keeping the product
physically dry. In this procedure the dry-quenching
steam might be best derived by recovering the sensible
and latent heat of the volatiles issuing from one re-
tort by condensing them in an evaporatgk type of con-
denser, the new lew-pressure steam then being passed

through the coal residue immediately following the di-

verting of the superheated steam into the next retort.

DISTILLING GRADED SIZES OF COAL. As shown above, there

was no reduction in time consumed in distilling the
charges comprising the different sizes of cannel coal,

this being because of the fact that the largest lumps

70.



used, nanely, - 1 ﬁ’% inch actually required much less
time to distill them than the time for the distilling
heat-wave (360 degrees C. to 450 degrees C.) to pass
entirely through the retort from top to bottom. Had
the lumps heen over l-inch in minimum dimensions a

coal charge of the height, or even greater ar’less
neight, and with the same flow of steam, would have
consumed more time; Howe#er, there is the'practieal‘
consideration to be met as to the best way to effectively
distill the maximum quantity of the slack coal at the
proposed cannel coal mine. It would appear'from the
foregoing data that the slack coal should be screened
to several sizes and these placed severally into the
retort with the coarsest at the base and the finest
dust free size, say - * £ 1/8", at the top as applied
. in Test No. 7. The size from dust up to 1/8-inch Woﬁld
then serve for stoker fuel under the boiler or for heat-
ing the separately fired superheater. In a stoker this
high oil=yielding fuel should undergo combuétion much
like an oil fire. In the treatment of Carbon.county
slack coél the physical properties, crushing strength
and insipient fusibility of the coal while undergoing
distillation, requires that the retort charge be com-

posed of stratified layers with the coarsest (the
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strongest) lumps at the base of the charge so as to
avold crushing and yet compress slightly while improv-
ing the density and hardness of the smokeless fuel

product.

RETCORT INSULATION AND‘TEMPERATURE GRADIENTS. Figure 4
shows the temperatures‘along the retort surface and &t
six equidistant points throughout the thickness of the
insulating wall at the thermocouple positions shown in
Figure 2. These meésurements were taken during Test Fo.
7 after the production of o0il had ceased and the retort
had therefore been receiving heat for approximately 1%
hours. The temperature readings on the retort wall were
taken after the flew of steam had Been shut off. Hach
thermocouple starting with No. 1 was ré&ad and then moved
out 1 inch from the wall into the insulation. After No.
7 was read a second reading was made of Xo. i and it
was then moved out another inch. Thus the measurements
were taken out to and including the surface temperature
of the insulating wall, the entire set of temperature
readings requiring about 50 minutes.

It is recognized that the temperature gradient
through the wall at each thermocouple position should be

a curve of logarithgic form if the temperature of the



heat-receiving surface had been constant. This, however,
was not the case since during the progress of the dis- |
tillation all points aleng the retort had been gradually
rising in temperature in accordance with the records
shown in Test 7 graphs. Consequently it may be stated
that the points on each thermocouple curve above the
abscissa, figures 1l to 6, are instantaneous records of
the temperature af the insulating material, which is

the additive effect of an infinite series of heat im-
pulses, of increasing potential, moving out tnfough the
insulating wall. Therefore the curve is steeper than

if the temperatures had been stationary. The temper-
ature of the outer surface Qill, of course, move up

and down as the waves of heat pass down the retort in
successive distiilation tests. The fiéﬁre shown on
Figure 4 for the surface temperature was used in cal-

culating the heat loss.

YIELD OF PRODUCTS. It will be observed by referring

to the data on each test that the oil yield was the same
in all instances within the range of posgible experimental
error in collecting the 0il and its distillation to re-
move the contained water., It is logical to conclude

that the yields actually were the same considering that



the particles of coal throughout the charge expérienced
prractically the same rate of rise of temperaturé in all
tests while péssing through the distillation range

(360 degrees C. to 450 degrees C.). Although the con-
tents of the retort were heated hotter in some tests,
this occurred after the oil was removed and carried out
of the retort(14).-

The average yield of crude o0il in this study

was 64.0 gallons per ton of coal, that reported by Allen
68.8. _ i
The latter analysis was made by Karrick in
the U, S.‘Bufeau of Mines in which the following data
regarding the oil also appears:
¥Specific gravity of cfude oél -.9i8 at
. 15,56 degrees C.; Baum® 22.5.
Viscosity of crude oil at 60 degiees c.
- 57 Saybolt.
Setting Point of crude oil - 34 degrees C.
DISTILLATION ANALYSIS PERCENT SPECIFIC GRAVITY

First drop 49 deg.C.

Percent to 150 deg.C. 4,34 767
" * 200 deg.C. 11.54 830
" " 275 deg.C. 16.67 .865
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SPECIFIC ~ SETTING

VACUUM ANALYSISz  PERCENT GRAVITY  VISCOSITY POINT
Percent to 200 deg.C. 1.87 +889 40 -15 deg.C.
"W w995 deg.C. 27.14  .920 66 36 deg.C.

Residﬁﬂmﬁwaxy and o0il probably will yield goed
percentage of high melting point wax."

Thesis éracking analysis at 120 1bs. pressure,
gave 15 gal, refined gasoline, 12 gal. kerosene, 15 gal.

fuel o0il from which diesel o0il and road o0il can be re-

fined, 2 gal. of cresylic acid, 52 lbs. of ashless coke
from each ton of coals

The measurements of coal gas were made and re-
corded for each test ahd_it was found that the average
distillation gas had a fuel value of B.T.U.

The canﬁel coal residue was Easily kindled

and burned very well without smoke,
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SUMMARY

An engineering~investigation has been made of
a valuable natural resource of the State of Utah, - the
cannel coal body in the Zion Canyon - Cedar Breaks aresa
of Southern Utah. .The dvailgbility of this undeveloped
body is noted, also its prébablekeconomic importance to
the State. Attention is now directed to the potential
usefulness of this g;eat bpdy, offering many new
Mechanical, Mining, and Chemical Engineering studies for
engineering students of the University, also as a source
of revenue for the Utah Research Foundation which has
just been created, |

A "heat™ and “products" study has been made
in the destructive distillation of this cannel coal. Super-
heated steam was used as the heat-transferring fluid,
wherein the heat units involved have been measured and
their distribution traced dﬁring the mechanism of the heat
transfer steps while heating, also while abstracting
heat, "™dry-quenching® the residue, with low tempermture
steam., The quantity of coal gas and the semi-coke were
determined, also the crude oil p?oduct was refined into
desirable petroleum derivatives.

Steam from turbine exhaust or other economical
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source, when reheated, provides an effectual way of
transferring the necessary heat into batches of dumhfree
slack coal and acceomplishing very rapid distillation.,.
Important economies in steam consumption are obtained,
(1) by preheating the coal, (2) Ey using maximum steam
temperature, (5) by using physically dry coal, (4) by
reducing heat absorption in walls of retort by using
retort covering of low conductivity and heat capagity,
therefore by using iarge diameter charge of coal to min-
imize surface loss factor, (5) by reducing-fadiation
losses, (6) by utilizing the heat stored in top portion
of coal charge to distill by transfer of its heat to the
lower portion of coal charge, (7) by using sensible
heat of coal residue to preheat new coal, (8) by con-
densing the issuing steam and oil vapors in an evaporator
and using the new steam generated to dry-quench and pre-
hea£ other new coal charges, (9) by using very tall re-
torts full of properly sized coal. The data indicate
that the small diameter retort used in these studies
can apply economies and distill coal with less than one
pound'ofvsteam per pound of coal treated.

Thisbcannel coal, unlike the fusing types of

bituminous coking coals, has the desirable physical
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property of holding its form without crushing or cohesion
while passing through the treatment. The solid residue
is active chemiecally, though high in ash, and should be

g good smokeless domestic fuel or fuel for industriel
ga8. The crude oil was readily cracked into a color-
stable, non gum-forming gasoline with small refining
loss.

The slack coal should provide & permanent sup-
prly of low=-priced city gas and diesel'peweréplant oil
for Cedar City; also motor fuel and road oil for the
Nationai Parks area, and develop & new coal mining in-
dustry of & remarkable coal with steady employment f or
labor in Southern Utah.
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