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7.0, Surmamary of Coal Pretreatment in the 10-Inch PDU

The most reactive part of coal for producing methane is contained in the
volatile matter of coal, a fact that favors the use of high-volatile coals to
‘synthesize substitute natural gas (8NG) for pipeline use.

As a result of a literature review and batch pretreatment-tests with air
and nitrogen, both reported in IGT Research Bulletin No. 39.% it was con-
cluded that oxidation with air or diluted air was the most suitable method of
destroying caking properties of bituminous coal with minimum loss of the
valuable volatile matter. :

A fiuidized-bed unit was constructed and several tests were conducted at
near-atmospheric pressure with Pittsburgh No. 8 seam high-volatile bitumi-
nous coal. Tests also were made with this coal at pressures up to 1055 psig
utilizing a high-pressure reactor.

. The objectives of the work reported here were:

© ’D;avelopment of a satisfactory, continuous, atmpspheric-pres‘-su're :
fluidized-bed pretreatment unit and process, '

' © Establishment of minimum pretreatnleﬁt conditions for the complete -
range of rank of bituminous coal, and

© Preparation of pretreated coal for the 4-inch-diameter hydrogasification '
process development unit. :

-The investigation continued over the period from October 1964 to July 1969.
A total of about 72 reported runs were made on high-volatile bituminous cozals,
2 on a medium-volatile bituminous coal and 6 on low-volatile bituminous coals.
Toward the end of the investigation, conditions required for minimum pre-
treatment of coals ranging in rank from high-volatile C bituminous to low-
volatile bituminous were determined. )

' Conditions necessary to destroy the agglomerating tendency of caking coals
with minimal pretreatment using air or diluted air were established in an
atmospheric-pressure fluidized-bed reactor. For high-volatile bituminous
coals, which are commercially significant for SNG production, the successful
pretreatment conditions were: '

1) Temperature above 735°F,

2) Oxygen consumption of 1.0 to 2.5 standard cubic feet per pound of
coal fed, and

'3) Residence time exceeding 10 minutes. -
.The volatile matter in the coal was reduced from a range of 33 t039% to

a range of 24 to 26% before free-flowing char was produced which could
be continuously fed to the hydrogasifier.

s« 1GT Resezarch Bulletin No. 39: : : '
Production of Pipeline Gas by Hydrogasification of Coal, Volume 1, -
. 1954-1964, IGT and A.G. A., Chicago, Degember, 1972.
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7.1 Introduction and‘Objectives

As a result of a literature review and batch pretreatment tests with air
and nitrogen, both reported in IGT Research Bulletin No. 39!, it was con-
cluded that oxidation with air or diluted air was the most suitable method of
destroying caking properties of bituminous coal with minimum loss of the
valuable volatile matter,

The most reactive part of coal for pProducing methane is contained in the
volatile matter of coal, a fact that favors the use of high-volatile coals to
synthesize substitute natural gas (SNG), for pipeline use. The volatile matter
also is the first portion of the coal to be oxidized, however, when coal is
pretreated with an oxidation technique. A strong incentive exists, therefore,
to minimize the loss of volatile matter in any pretreatment technique em-
ployed in the hydrogasification of agglomerating bituminous coals. Mini-
mizing the loss of volatile matter during pretreatment was, consequently,

‘a major consideration during the HYGAS pretreatment development program.

Considering the above circumstances, and in order to dissipate the re-
leased heat during pretreatment and still maintain a uniform bed tempera-
ture without hot spots, a fluidized-bed reactor was considered mandatory.

A fluidized-bed unit was constructed and several tests were conducted at
near-atmospheric pressure with Pittsburgh No. 8 seam high-volatile bitumi-
hous coal. Tests also were made with this coal at pressures up to 1055 psig
utilizing a high-pressure reactor. Pretreatment at elevated pressure offers
the possibility of performing both pretreatment and hydrogasification in the
same vessel. Although high-pressure pretreatment appeared to be successful,
the complexities of such a combination tend to outweigh the advantages. The
objectives of the work reported here, therefore, were:

®. Development of a satisfactory, continuous, afmospheric.—pressure
fluidized-bed pretreatment unit and process.

® Establishment of minimum pretreatment conditions for the complete
range of rank of bituminous coal,

® Preparation of pretreated coal for the 4-inch-diameter hydrogasification
process development unit (See Part II of this report),

The investigation continued over the period from October 1964 to July 1969,
In the development of the process most of the work was devoted to a strongly
caking coal from the Pittsburgh 8 seam of West Virginia, although a few runs
were made with Ohio No. 6 and W. Va. No. 5 Block coals, Toward the end
of the investigation, conditions required for minimum pretreatment of coals
ranging in rank from high-volatile C bituminous to low-volatile bituminous
were determined. Data were reported on run conditions, results, and com-
positions of feed and products for every run in which steady state was attained.

although in many cases mechanical or other trouble caused shutdown ahead
of schedule.
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A total of about 59 reported runs were made on the above high-volatile
A and B coals, 13 on two high-volatile C coals, 2 on a medium-volatile coal
(Nicholas County Sewell seam) and 6 on two low-volatile coals (Fayette -
County Sewell and Pocahontas No. 4). Sources and ranks of these coals are
presented in Table 7-1. :

7.2 Apparatus

The 10-inch-diameter reactor described in Bulletin No. 39 was used
throughout the program; however, a number of modifications of auxiliary
equipment, as listed in Table 7-2, were incorporated during the course of
the investigation. The final and most successful version of the apparatus
is shown schematically in Figure 7-1. ' : ' :

. The goal of the principal changes was to increase the capacity of the
effluent gas cleaning system, while maintaining a low pressure-drop. A
Schutte-Koerting venturi scrubber, operated at 55 psig inlet water pressure,
produced a 12~ to 14-in, water-column draft and facilitated reactor opera-
tion with air rates up to about 1300 SCF/kr.

7.3 Procedures

The coal was crushed in a hammer mill, dried, and then screened to
retain the —16+80 USS mesh, About 500 1b of coal was charged to the hopper,
which is connected at the bottom of the pretreater by a screw feeder. Nomi-
nal feed rates of 100 1b/hr could be attained. A 3-in.-diameter overflow
pipe controlied the bed height. The length of the pipe could be changed to
control residence time. The overflow was collected in a receiver and
periodically dumped into storage drums.

Temperature was measured and recorded by thermocouples at several
levels in the bed, and pressure taps at various points indicated the state of
fluidization. Both gases and solids were sampleéd and analyzed.

In addition to chemical analyses, an agglomeration test was performed
on the pretreated char before testing in the 4-in. -diameter hydrogasifier.
This test is a2 modified version of that reported by Forney et al.? with the
temperature of the test at 1400°F (760°C) rather than 1112°F (600°C). o
Details of the method and the basis to assign the residue from the agglomeration
test to one of six categories ranging from free-flowing to fused is desg:ribed
in Appendix 7-A. It was found essential to produce either a free-—'a‘:Zlomng, or
something between a free-flowing and very Iightly-cakc?d_san.qple‘, in the -
agglomeration test, in order to ensure satisfactory fluidization in the 4-inch-
diameter hydrogasifier.



7.4 Results

7.4.1 Temperatures of Pretreatment

Temperature was found to be a critical operating variable. With high-
volatile A and B bituminous coals, a minimum temperature of 735°F was

necessary for satisfactory pretreatment.

The temperature minimum is

evident from Figure 7-2, which shows how reactor temperature and coal
residence time affect.char quality. Data points of Figure 7-2 include:

® Nine tests on an Ohio No. 6 (hvBb) coal (Broken Aro Mine),

Seam

Table 7-1. COAL SOURCES AND RANKS

Mine

County and State

Rank

Pocahontas No, 4
Sewell
Se‘well
Pittsburgh No, &

W, Va. No, 5§
Block {Lower
Kitanning)

Ohio No, 6
Indiana No. 6
Illinois No, 6

Stotesbury No, 10
Lochgelly No, 2
Sewell No, 1
Ireland

Kanawha

‘Broken Aro
Minnehaha
Crown

McDowell County, West Virginia
Fayette County, West Virginia

Nicholas County, West Virginia
Marshall County, West Virginia
Randolph County, West Virginia

Coshocton County, Ohio
Sullivan County, Indiana
Montgomery County, Illinois

Low-volatile bituminous
T.ow-volatile bituminous
’Mcdium-volatilo bitun;)inuus‘
High-volatile A bituminous
High-volatile A bituminous

High-volatile B bituminous
High-volatile C bituminous
High-volatile C bituminous

As classified according to our proximate analyses; borders on medium volatiled,

+
As classified according to our proximate analyses; borders on high volatile.

NOTE:.. See Table 6a-4 and Fi'gure 6a-1 for petrographic information.
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e Four tests on a West Virginia No. 5 Block (hvAb) coal (Kanawha Mine),
and,

e The remainder of points are from tests on the Pittsburgh No. 8 (hvAb)
coal (Ireland Mine).

Below 735°F, even with coal residence times exceeding 2 hours and a wide
range of oxygen concentrations, a free-flowing char could not be produced,
éven when the amount of oxygen reacted was as much or more than in success-
ful tests at higher temperatures. The data of Figure 7-2 also show that,
as the pretreatment temperature is increased above 735°F, the average coal
residence time required for production of a free-flowing char decreased.
These results indicate that two processes are involved in successful pre-
treatment:

1. Reaction with oxygen to form a non-caking skin on the particles, and

2. A temperature-depehdent devolatilization of the interior of the
particles.

If too low a temperature is used, devolatilization will be insufficient and
high pressure will develop in the interior of the particles when they are rapidly
heated to hydrogasification temperature. The internal pressure described
breaks the oxidized pretreatment-skin and sticky, melted coal is exposed.

Conditions required to pretreat high-volatile C bituminous coal are de-
picted in Figure 7-3. For comparison, Figure 7-3 also presents the curve
for the minimum pretreatment temperature of high-volatile A and B coals.
Either a somewhat shorter residence time or a lower temperature is ade-~
quate to pretreat the lower-rank high-volatile C bituminous coal.

Conditions required to pretreat Fayette County Sewell seam coal (Lochgelly
No. 2 Mine), which is a low-volatile bituminous coal bordering on medium-
volatile, are depicted in Figure 7-4. A higher temperature of about 850°F
is required for successful pretreatment of samples from the Sewell seam.
In addition, the temperature was difficult to control during several runs with
this Sewell seam coal because hot spots tended to develop. Furthermore,
the coal showed a tendency for particle attrition.

Low-volatile bituminous Pocahontas No. 4 coal (Stotesbury No. 10 Mine)
was pretreated in Runs FP-95A to FP-98. The pretreated coal was free-
flowing in the agglomeration test, but caked in the hydrogasifier, in spite
of pretreatment conditions as severe as 23 minutes at 855°F. The more
rapid-rate of heating in the hydrogasifier, in comparison to the heating
rate in the agglomeration test, is believed to have caused development of
higher internal pressure in the particles and consequent discharge of fluid
contents to the outside of the particle.

A rather wide gap in rank was noted between the highest rank high-volatile
A bituminous coal (West Virginia No. 5 block, Kanawha Mine), and the Fayectte
County low-volatile Sewell seam coal (Lochgelly No. 2 Mine). Accordingly,
a coal on the borderline between medium-volatile A and high-volatile bituminous

7-8
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(Sewell, Sewell No. 1 Mine, Nicholas County, West Virginia) was tested in
two pretreatment runs. The product from Run FP-139, made with a reactor
temperature of 781 °F and coal residence time of 18 minutes, caked in the
agglomeration test and was used as feed for the second run, The second
run, identified as FP-140, was conducted at an average temperature of
849°F and a coal residence time of 12 minutes. The product of the latter
run was free-flowing and was successfully hydrogasified. Only slightly
longer than 12 minutes residence time probably would be required for
successful pretreatment in a single run at 849°F,

Two-stage pretreatment was investigated in three series of runs with
high-volatile A Pittsburgh No. 8 seam (Ireland Mine) bituminous coal. The
two-stage pretreatment test series included Runs FP-41 and FP-42 followed
by FP-43; FP-59 followed by FP-60; and FP-65 and FP-66 followed by FP-67,
Details of the runs are presented in Appendix 7-B. Adequate pretreatment
required just as much reduction of volatile matter as in single-stage treat-
ment, and no advantage was detected.

7.4,2 Extent of Oxidation

Because pretreatment is an oxidation process the extent of oxidation — in
addition to temperature — is important in controlling pretreatment. The
oxidation rate is rapid and conditions must be carefully selected and main-
tained for smooth operation. Poor pretreatment gas distribution, channeling
through the coal bed, improper coal particle size distribution for good fluidi-~
zation, and excessive solids short circuiting through the reactor all led to
hot spots from localized combustion, poor system operation and an unaccept-
able char product.

The effect of oxygen concentrations of from 2 to 21% by volume in the
pretreatment gas was investigated with high volatile A and B bituminous
coals. Most of the tests were run either with a 50-50 air-nitrogen mixture
as the pretreatment gas (10% O,), or with air (21% 0,). In both cases, the
amount of oxygen reacted influenced the success of pretreatment more
significantly than did the oxygen concentration; however, the minimum pre-
treatment temperature was necesgsary for any success.

Free-flowing or very 1i§ht1y-caked char could be produced at any oxygen
concentration from 4 to 21%, provided the reactor temperaiure was main-
tained above about 735°F and the amount of oxygen reacted was sufficient,

A resume of some of the runs on these coals (Table 7-3) shows the range of
reacted oxygen that resulted in satisfactory pretreatment. The amount of
oxygen reacted was as little as about one standard cubic foot per 1lb, of

coal at temperatures from 735° to 750°F, and as little as about 1. 5 standard
cubic feet of oxygen per pound of coal at the higher temperatures, A resi-
dence time of an hour or more, required in runs in an environment of from

4 to 109 of oxygen at 735° to 750°F, was reduced to between 9 and 30 minutes
in runs with air at from 770° to 820°F.

Oxygen breakthrough, attributed to gas bubbles in the fluidized bed,

amounted to about 10% of the total oxygen fed during runs with 4 to 10%
oxygen concentration,_and increased to about 279 in runs with air.
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Table 7-3.

/ . '
RESUME OF DATA FROM CERTAIN SELECTED RUNS
IN THE EVALUATION OF HIGH-VOLATILE A AND B COALS

Solids 0, S
0, Residence Reacted, Reactor Agglomeration

Run No. Coall Concn Time, min SCF/lb Temp, °F Test Result?
FP-23 ™ 9.6 89.9 1.52 764 FE
FP-28 M 9.75 111.3 2.71 744 FF
FP-34 BA 5.48 115.0 1.11 737 "FE
FP-34A  BA 5.26 109.2 0.88 744 FF
FP-37 M 9.59 75.3 1.06 744 FF
FP-39 BA 9.28 98.3 1.09 739 FF
FP-46 M 9.69 65.9 1.08 743 FF
FP-53 IM 9.96 94.4 1.27 736 FF
FP-59 ;
& 60% M 5.3-4. " 149 1.00 " 737-746 - FF -
FP-66 . . : -
& 67* M 3.8-4. 138 1.07 738-740 FF
FP-71A IM 19.22 19.2 1.45 767 ViC |
FP-74 IM 16.19 33.3 2.32 769 FF.
FP-82C IM 20.9 14.7 1.80 816 'FF
FP-83 M 20.9 13.8 1.54 815 VLC
FP-87 BA 20.9 18. 1 1.58 778 vic
FP-90 5B 20.9 18.5 2.03 803 'FF
FP-93A 5B 20.9 14.7 1.53 802 VLC
3*

Two-stage runs.

T IM, Ireland mine (Pittsburgh No. 8 seam); BA, Broken Aro (Ohio No. 6 seam);.

51, Kanawha mine (West Virginia No. 5 Block seam).

"'_, FF, free flowing; VLC, very lightly caked.

ATROE VLG



7.4.3 Properties of Pretreated Char

Test data show that chars of successfully pretreated high-volatile A and
high-volatile B bituminous coals contained 24 to 26% volatile matter. The
various feed coals originally contained from 33 to 39% volatile matter. The
results stated were independent of the coal source, the nature of the pre-
treatment gas (50-50 air-nitrogen mixture or all air), and staging (single~
or two-stage pretreatment).

The medium-volatile bituminous and low-volatile bituminous coals
were reduced in volatiles from about 19 to 15%, and from about 16 to 149,
respectively, during pretreatment conversion to a free-flowing char.

Table 7-4 compares typical proximate analyses of the feed coal and
product char of the various coals successfully pretreated during the pro-
gram. The operating conditions and results, and the chemical analyses

of coal feed, char product and product gas from the tests appear in
Appendix 7-B,

Bulk densities of the pretreated coal from the successful runs averaged
45, 59 and 91% for high, medium, and low volatile coals respectively.

7.4.4 Supporting Studies

Very few differences were evident in processing characteristics among
the high-volatile bituminous coals. Data obtained indicate that the pre-
treatment yield increases only slightly with the rank of vitrinite. Variation
of yield with vitrinite reflectance is shown in Table 7-5, where the coals
are listed in order of increasing rank,

Yields were calculated by two methods for runs from which the char was
either free-flowing or only very lightly caked in the laboratory agglomera-
tion test. In one method, the yield of moisture- and ash-free coal was cal-
culated from the meastured total char yield and the feed and product analyses,
(Runs in which the material balance recovery was less than 85 or greater
than 100% were excluded.) In the other method, the yield was calculated
from the proximate analyses of feed and product, with the assumption that
the amount of fixed carbon did not change. A similar calculation based on
ash content is often used, but is distrusted here because of the tendency for
dense, high-ash particles to accumulate in the fluidized pretreatment bed.,

The yields from the second method are consistently less than those from
the first method, but both show a trend of slightly increasing yield with
increasing rank. The yield also depends, however, on maceral composition
because the yield from inertinite is expected to be greater than that from
vitrinite, while that from exinite is expected to be much less. The two
higher rank coals have, on the average, more of both exinite and inertinite
than the two lower rank coals. Thus, it is problematical whether the 2 to
3% higher average yield of the two higher rank coals can be attributed en-
tirely to the higher ranks of their vitrinites.

Sulfur removed from the coal in pretreating was calculated from the

sulfur'content of the feed and product for a few runs; the amount removed
ranged from 20 to 40 weight percent of sulfur in feed.

7-12




| €991 90§LV

"0 00T 0°00T  .0°00T 0001 0°'00T 0°001 "~ 0'001 0°00T
€9 1'% 8¢ 7e T°L 69 76 ‘T8
8oL 6°9L 9°08 L5l 9789 ¥ 99 9°99 1709
B €T 8°ST £°G1 L'81 6'€2 6'G¢ L €2 € e
%0 9°1 €0 z2'2 70 g8'0 €0 A
JoNpPoLg FEEKS jonpoadg FEEXKD jonpoag pe’3d jonporg FEEK
L6-ad PI1-dd Z76-dd VOoIi-dd
.weas ¥ 'ON wress ﬂm?mm‘ 30019 § 'ON weas 9 ‘ON
£e3uoYed0J 21UIBI1A 3SOM 2IU1BIIA ISOM eUBIPUT
-BIUTBATIA 389M
0'00T 0001 0°00T 0'001 0°00T 6°001
T°11 CRE] 59 LG 921 1°91
§'F9 6 ¥ 9°'89 8°19 0°'29 € 8%
0°¥2 0'€¢€ 952 8 '8¢ 1's2 9'€€
¥0 €€l €0 L€ €'0 0'2
1ONPOIg T pesd jonpoxd PELKS jonpoad vvoh
66-d4 ce-dd 87-d.d
ureas 9. ‘ON wresg 9 ‘ON weas g ‘ON
§10U1((] o140 y3anqsizid

NI QEISIL STVOD SNOMEVA J0 SHSATYNVY HHEHNOM&

3.3.09
gy

uoqIed paxlg

I3jjeUT STIJRIOA

sInysiow

: o, 3 ‘s1gA[RUV SjRWIXOIJ

Isqumpy uny

30anog 1800

81230,
ysv

uoqIed PIOXlg
1937eW STIYRIOA

- 2aNn3sS1OW

°, 3m ‘sisA[BRUY 9jeWIX0A]

9 quuniN uny

80aM0g (80D

MALVIYLEId SELENVIAQ-HONI-01

H-L °1qeL

7-13



P91 905LY
peBueysun uUleWSL 0] PaWINSS®E UCGIED POXI P
. ssdueRq [elIdjEW I00d JOo @snedaq
Papn[oxe 913m 120D wess YJIngsiiid U0 SUNI Om] Pue [BOD SIOUI{] UO SUNI Oom], °D
spiuisnpitres Sulpnoul 'q
110 w1 oﬁﬁ.hﬁ\w JO 90URIOD[IOI WINLUIXBW UBD] B
1°28 L'%8 € 1¢ o1 18°0 P01 § 'ON "BA "M
6°28 F68 9 €1 € 890 8 'ON y3anqsijtg
8°8L F¢8 Z ¥1 9 €C°0 9 ‘ON o4O
8°08 0°08 9 9 ¥ 8% '0 9 "ON ®uelpuj
8°8L €9'28 L 11 € €t 0 9 °‘ON stoulf(r
S154[euy Tleq Iuelg sunyg SJIUIJAoU] oFIUIXY ) 1200
syfunxoag wozg Jonig wory  jueumesijeag & 27 1OA ‘eouei0a[IeY
VN 7, T jo xequunN  ‘yuUdIUOD [RIIVEW © :

‘180D pojesilaag Jo praty

STVOD SNONINALIE HIILVIOA-HODIH A0 INFNILVIYLEYd WOV SATHAIA 'S-L °1qel

7-14



‘7,' 5 Conclusion

' The conditions necessary to destroy the agglomerating tendency of caking
coals with minimal pretreatment, using air or diluted air, were established
in an atmospheric-pressure fluidized-bed reactor. Coals ranging in rank
from high-volatile C bituminous to low-volatile bituminous were tested. For
high-volatile coals, which are commercially significant for SNG production,
the successful pretreatment conditions were 1) temperatures above 735°F,

2) oxygen consumption of 1.0 to 2.5 standard cubic feet per pound of coal
‘fed, and 3) residence time exceeding 10 minutes. The volatile matter in the
coal was reduced from a range of 33 to 39% to a range of 24 to 26 % before
free-flowing char was produced which could be continuously fed to the hydro-

gasifier.
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APPENDIX 7-A

IGT Test for Agglomeration Tendency
of Hydrogasification Feed



7-A.1 Apparatus

Tube Furnace 12 inche s long. A reasonably constant temperatufe of.
1400°F is required; a furnace made from two Fieldner heating elements
is used at IGT. : ' - ' :

Silica Tube (vycor or vitreous). 3/4 of an inch inside diameter, é;zd 30
inches long. ) :

2 Sample Boats made of stainless steel wire screen as shown below.

. Purification Train to handle effluent from the tube, which should be dis-
charged to a hood or purified by passing it through bubblers containing
reagents for removing tarry products. Perchloroethylene followed by
concentrated sulfuric acid is satisfactory. ' :

7-A.,2 Procedure

Position the furnace on the outlet end of the tube and bring its tempera-
ture up to 1400°F. Fill the sample boat and.place it in the cool inlet end
of the tube. Pass nitrogen through the tube at a rate of about 100 milliliters
per minute for 10 to 15 minutes, then switch to hydrogen at about the same
rate. Move the furnace (or alternatively, the tube) up to cover half the
sample boat, After 10 minutes; center the furnace over the boat, After
an additional 50 minutes, move the furnace to its original position, and
switch the gas flow from hydrogen to nitrogen. After 10-15 minutes for
purging and cooling, remove the sample boat and observe the condition of

the residue and characterize its agglomerating property as one of the
following: ' ' :

Free-ﬂowing: The residue contains no agglomeraies and'thus
flows easily on tilting the boat. :

Very Lightly Caked: Agglomerates that brezk easily under slight
pressure or when the residue is tumbled
make up less than 25 percent of the residue.
The residue as a whole, except for particles
touching the container, is free flowing.

Lightly Caked: About half of the sample inthe boat consists
' of moderate sized agglomerates that do not
break up easily under pressure. .

Partially Caked: . More than 75 percent, but less than all of the
sample consists of moderate or large sized
agglomerates that do not disintegrate under
pressure. ' '

Caked: o The residue is coherent, hard,, either ‘éwollezp.‘
or unswollen but the individual particles are
discretely visible.

Fused: . The residue in the boat is a fused, swollen,
: shiny and hard homogenous mass, without’
any discernible particles. ’

7-Al



7-A,3 Fabrication of Sample Boat

Cut a 115 X 36 millimeter rectangular piece of 140 -mesh 316 stainless
steel screen. C

A
a b 12mm
A 3 H Sy
c d 12mm 36mm
D E K L4
e f 12mm
I
F 12441 2 M
mm! mm
= ' 115mm S

Cut AB, DE, GH, and JK. Fold up the upper one third with a crease at

BH. Similarly fold up the lower one third., Fold up cd. Fold ab and ef
over, one inside and the other outside, to make a box end. Fold c over both
to lock all together. (Variations of this fabrication are also suitable).




APPENDIX 7-B

. Pretreatment Test Data and Analysis

From the 10-Inch PDU



Table 7-Bl, Part 1, PRETREATMENT TEST DATA
FROM THE 10-INCH PDU '

Run No. FP-4A FP-5 FP-6
Coal Feed Source Montour 4 . Montour 4 Moutour 4
Sieve Size, USS 10/40 10/40 . 10/40
Pretreatment Gas Nitrogen Nitrogen Nitrogen

. + Air + Air + Air
Purge Gas Nitrogen Nitrogen Nitrogen
Duration of Test, hr 2 2-1/2 2-3/4
Steady-State Operating

Period, min - © 30-120 67-201 L07-169
OPERATING CONDITIONS

Standpipe .
QD, in. 3 3 3
Height, £ 3 3 3
Bed Inventory, 1b 48. 59 38.79 ’ 57.99
Reactor Pressure, psig 1.50 . 1.25 4.80
Bed Teraperature, °F . .
Bottom 780 687 464
1/2 £t -~ 760 . 655 .
1it ! - 734 632
1-1/2 it - 760 663
2 ft 419 765 632
2-1/2 £t ~ 790 692
3 it 522 - -
Average 574 733 623
. Coal Rate (dry), 1b/hr 86.8 49,1 98.6
Air Rate, SC¥/hr ' 234.9 171.6 173.8
Nitrogen Rate, SCF/hr 707.6 683.6 674.0
Oxygen Concentration, mole ¢ 5.2 4.2 . : 4.3
Nitrogen Purge Rate, SCF/hr 3.9 3.0 . “3.1
Air/Cozl Feed Ratio, SCF/lb - 2.707 3,497 1.762
Air/Coz2l Bed Ratio, SCF/hr-1b 4.834 - 4, 424 2.997
Cozl Bed Pressure Differential,: - . . .
in, Hg ' 1.95 1.72 - 1.91
Cozl Space Velocity, . o . ) .
1b/cu ft-hr 74,46 ' 32.40 66,29
Coal Residence Time, min 26.3 47.4 35.3
Pretreatment Gas Residence
Time, min 0.0527 0.0476 0.0658
Superficial Pretreatment Gas ,
Velocity, ft/sec 0.949 1,050 - 0.760
OPERATING RESULTS
Product Gas Rate, SCF/hr 923.6 850.0 825.3
Residue Char (dry), : : . -
wt $dry coal ’ 89.7 97.5 102.4
~Knockout Drum Residue,
wt $dry coal -— 0.1 L0.2°
Condenser and Filter Residue, : . - d
wt $dry coal - - 6.2 © 0.4
Total Residue Char, . .
wt $dry coal §9.7 97.8 103.0
Water and Other Condensates, i .
wt $dry coal —— - .
Overall Material Balance, % - 98. 6 - .l0o.8
Carhon Balance, $ * ° 93.7 99.3
O; Reacted, SCF/1b coal fed - 0.08 . 0.11
O, Reacted, %of O, fed -- . 10.43 . 30.00
PRODUCT GAS PROPERTIES
Gas Composition, maole 4
Nitrogen - . No 95.9 ‘96.6
Carbon Dioxide Gas 0.10 0. iZ
en Samples 3.8 3.
X::égn 0.20 0.21
-Total . + f00.00 100.03
Heating Vealue, Btu/SCF 0.0 0.0.
Nitrogen, and Argon-Free Heating
Value, Btu/SCF 0.0 - 0.0
Specific Gravity, Air = 1.00 0.978 0.978
Laboratory Agglomeration Test of
Residue Evzluation . : .
1356°F - Fused -
* 17060°F Fused Fused Fused
* Carbon in liquids not included .
.t . !
Gross, gas saturated at 60°F, 30 in. Hg pressure. L
SCF—drgy.ga.s volume in SCF at 60°F, 30 in. Hg presasure. B 7506 1 65 5

7-Bl1



Table 7-Bl, Part 2.

FROM THE 10-INCH PDU

Run No.
Coal Feed Source

Sieve Size, USS
Pretreatment Gas

Purge Gas
Duration of Test, hr
Steady-State Operating Period, min

OPERATING CONDITIONS

Standpipe

Qbp, in,

Height, ft

Bed Inventory, 1b
Reactor Pressure, psig
Bed Temperature, °F

Bottom

1/2 £t

1 £t

1-1/2 £t

2 ft

2-17/2 ft

5 ft

Average

Coal Rate (dry), 1b/hr
Air Rate, SCF/hr
Nitrogen Rate, SCF/hr
Oxygen Concentration, mole %
Nitrogen Purge Rate, SCF/hr
Air/Coal Feed Ratio, SCF/1b
Air/Coal Bed Ratio, SCF/hr-lb -
Coal Bed Pressure Differential, in, Hg
Coal Space Velocity, 1b/cu ft-hr
Coal Residence Time, min
Pretreatment Gas Residence Time, min
Superficial Pretreatment Gaa Velscity,

£t/ sec

OPERATING RESULTS

Product Gas Rate, SCF/hr
Residue Char (dry), wt € dry coal
Knockout Drum Residue, wt 4 dry coal
Condenser and Filter Residue, wt ¢
dry coal .
Total Residue Char, wt % dry coal
Water and Other Condensates, wt 4
dry coal
Overall Material Balance, %
Carbon Balance,
O, Reacted SCF'/1b Coal Fed
0O, Reacted, $of O; Fed

PRODUCT GAS PROPERTIES

Gas Composition, mole 4

Nitrogen

Carbon Monoxide

Carbon Dioxide

Oxygen

Hydrogen

Argon

Total b

Heating Value, Btu/SCF
Nitrogen and Argon-Free Heating Value,

Btu/SC¥
Specific Gravity, Air = 1,00

Laboratory Agglomeration Test of Residue

Evaluation
1350°F

1700°F

* Carbon in liquids not included

FP-7

Montour
No, 4
10/ 40.

Nitrogen

+ Air

Nitrogen

2
40-113

3

3
58.90
1.50

656
77
773
717
773
781
756
131, 4
167.9
632.5
4.4
3.0
1,278
2.851
1,88
88, 31
26.9
0.0570

0.878

Fused

Gross, gas saturated at 60°F, 30 in. Hg pressure,

¢ Feed and product gases not included

d Carbon in liquids, tar and product gas not included

7- B2

FP-8

Montour

No. 4
e (1]
Air

Air
2-1/2
99-159

3

3
37.49
3. 40

833
560
510
844

643
678
86.4
833.6
2l.0
9.64
22.24
1.84
58.10
26,0
0.0585

0.852

952.8
92.5

0
bo o
-

100.7
93.1
0.43

21.00

84,1

14.5
0.74
0.0
0.0

0.997
Fused
Fused

SCF — dry gas volume

FP-9

Ireland ~

Mine
~10
Air

Air
2
51123

3

3
47.41
1.25

239
239
246
266
370
462
304
71.2
598.8
21.0
8,41
12.63
1.80
47.86
40.0
0.1086

0. 460

PRETREATMENT TEST DATA

Fi-10

freland
Mine
~-10
Air

Air
2-3/4

3
5
56.34
7.25

700
700
700
705
705
702
49,6
602, 8
21,0
12.15
10.70
2.28
20,84
68,2
0.1565

0.511

601, 2
76.8
5.8

2,1
84,7
2.1 fLiquid)
1.8 {Tar
94.8
85.8

d

No Gas
Samples

Partially
Caked

in SCF at 60°F, 30 in. Hg pressure

B7506 16554



. Table 7-Bl, Part 3. PRETREATMENT .TEST DATA
FROM THE 10-INCH PDU

A
Run Ne. FP-11 FP-12 FpP-13 FP-14 FP-15
Cozl Fead Source Ireland Ireland Ireland Ireland Ireland
& Mine Mine Mine . Mine Mine
Sieve Size, USS -0 -10 -10 . =10 10
- Pratreatment Gas Alr Nitragen Nitrogen " Nitrogen Nitragen
. + Air + Air + Air + Air
Puzge Gas Air Nitrogen Nitrogen Nitrogen Nittogen
Duration of Test, hr o 4-1/4 6 3 . 4 ' 4-1/2
Steady-State Operating Period, nin 201-264 230-366 , 68-183 219-237 86-258
. OPERATING CONDITIONS
Standpipe . .
oD, in. 3 3 3 3 ‘3
Height, ft 5 5 5 - B ‘5
Bed Inventory, 1b 43,27 91.79 73.80 64.8 77.0
Reactor Pressure, paig Lo 1.15 ’ 4,19 1,60 2.20 1,20
Bed Teraperature, °F . .
Bottom 734 133 525 ) - 703
172 &t 734 141 528 654 © 703
1§t 765 441 531 661 703
: 1.172 it 765 438 532 661 703
! . Zft : : 775 444 545 666 704
i . 2.-1/2 £ 773 444 545 658 704
5 ft (4 £t Run FP-14 and FP-15) 81z -— o 698 . 730
Average 765 440 534 666 707
i} Cozl Rate (dry), 1b/hr 48.8 7 72.3 73.4 75.8 73.5
: Air Rate, SCF/hr 603.3 60.2 63.6 .. 275.8 T 274.8
; Nitrogen Rate, SCF/hr - 553.1 : £37.9 314, 7 - 277.3
Oxygen Concentration, mole % 21,0 : 2.1 2.2 9.8 . - 10.5
Nitrogen Purge Rate, SGF/hr - 2.9 2.7 -— -
Air/Coal Feed Ratio, SCF/lb 12.38 0,833 0.866 3. 637 : -3,738
Air/Coal Bed Ratio, SCF/hr-1b 13,94 0,656 0.862 4,256 . 3.537
, Coal Bed Pressure Differential, ' .
; in Hg 2.04 3.04 - 2.90 2.50 2.39
i - Cogal Space Velocity, 1b/cu ft-hr 20.48 30. 40 30,84 . 31,86 29.65
! - Coal Residence Time, min 53,25 76.12 60. 33 51,27 63, 41
i Pretreztment Gas Residence Time, min  0.1062 0.1718 - 0.1348 0.127 0.126
Superficial Pretreatment Gas
Velocity, £t/ sec 0,753 0. 466 0.593 0.631 0. 661
OPERATING RESULTS A .
Praduct Gas Rate, SCF/hr 595.9 654.3 610.6 560.9 ’ 521.5
Residue Char (dry), wt $dry coal 87.34 92.08 . "83.89 89.44 ‘95.60
Knockout Drum Residue, wt . - .
dry coal 0.97 4.24 5.65 5.06 . 1.00
Condenser and Filter Residue, wt K
dry coal 0.65 1.19 1.73 1.16 0.88
Total Residue Chaz, wt $dry coal 88.96 97.51 91,27 95. 66 . 97.48 ,
Water and Other Condensates, wt Co .
dry coal 2.27 0.04 g.11 0.21 2.01
Overall Material Balance, % 95.4 101.2 94,2 95.4 . 97.9
Carhon Balance, 4 95.9 102.2 91.7 91.4 103.9
Q; Reacted, SCF/1b Coal Fed 1.62 0.17 0.17 0.60 0.77
Q; Reacted, % of O, Fed 62, 42 94,86 90. 66 78, 66 . 98, 22
PRODUCT GAS PROPERTIES
Gas Composition, mole % .
Nitzogen 82.6 98.6 98.6 93.9 95,1
Carbon Monoxide 2.6 0.4 0.3 © 1.0 1.3
Carbon Dioxide - 4.8 0.4 0.6 2.4 2.5
i Cxygen 8.0 a.1- 0.2 2.2 0.2
L. Hydrogen -- -- 0.2 -- - 0.1
Argon 0.99 0.15 0,12 0.48 0.40
- Methane 0.2 a.1 .- -- -
Ethane 0.2 0.1 - - . -
Propane 0.4 0.2 .- -~ a. 40
But2ne 0.2 - - - [ -
Total . 99.99. 160,05 100,02 99,98 1a0.00
Heating Value, Btu/SCF* 29.9 9.} 1.6 316 . 14.5
Nitrogen, and Argon-Free Heating .
Value, Btu/SCF h 182.2 726 124 70,2 322.2
- v Specific Gravity, Air = 1.00 1.017 0.978 0.974 : 0.990 .0.989
Laboratory Agglomeration Test of - Very Lightly

Residue Evaluation, 1400°F Gaked Fused Fused Fused G aked

* .
.Groes; gas saturated at 60°F, 30 in. hg pressure. SCF —dry gas volume in SCF at 60°F, 30 in., Hg pressure.

- . B7506 1655B
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Table 7-Bl, Part 4,

Run No.
Coal Feed Source

Sieve Size, USS
Pretreatment Gas

Purge Gas
Duration of Test, hr
Steady State Operating Period, min

OPERATING CONDITIONS

Standpipe

OD, in.

Height, ft

Bed Inventory, 1b
Reactor Pressure, psig
Bed Temperature, °F

Bottom

1/2 ft

Average

Coal Rate {dry), 1b/hr
Air Rate, SCF/hr
Nitrogen Rate, SCF/hr
Oxygen Concentration, mole %
Nitrogen Purge Rate, SCF'/hr
Air/Coal Feed Ratio, SCF/lb
Air/Coal Bed Ratio, SCF/hr-1b
Coal Bed Pressure Differential,

in. Hg
Coal Space Velocity, tb/cu ft-hr
Coal Residence Time, min

Pretreatment Gas Residence Time, min
Superficial Pretreatment Gas Velocity,

ft/ sec
OPERATING RESULTS

Product Gas Rate, SCF/hr
Residue Char {dry), wt $ dry coal

Knockout Drum Residue, wt % dry coal

Condenser and Filter Residue,
wt % dry coal
Total Residue Char, wt € dry coal
Water and Other Condensates, wt %
dry coal
Overall Material Balance,
Carbon Balance, $*
O; Reacted, SCF/1b coal fed
O, Reacted, £ of O, fed

PRODUCT GAS PROPERTIES

Gas Composition, mole %
Nitrogen
Carbon Monoxide
Carbon Dioxide
Oxygen ’
Hydrogen
Argon
Methane
Ethane
Propane
Total
Heating Value, Btu/SCF!
Nitrogen- and Argon-Free Heating
Value, Btu/SCF
Specific Gravity (Air = 1,00)
Laboratory Agglomeration Test of
Residue Evaluation at 1400°F

»
Carbon in liquids not included

PRETREATMENT TEST DA TA
FROM THE’ 10-INCH PDU

FP-16 FP-17
Ireland Ireland
Mine Mine
-10 -10

Nitrogen Nitrogen
+ Alr + Air
Nitrogen Nitrogen
[ 2-1/2
130-360 60-150
3 3
5 5
77.0 98.5
6.12 R 2.85
650 622
652 626
653 626
655 627
653 626
653 626
684 652
658 629
72,83 88. 60
136, 60 73.98
430. 05 506. 06
5.06 2.68
2,5 2,75
1.875 0,835
1, 400 0, 751
2.87 : 2.73
29. 37 35,73
80, 32 66, 67
0.170 0,142
0. 489 : 0.587
561,2 670.4
94,06 83,54
0.92 0.10
0.89 1.02
95.87 84,66
0,27 0.17
97.01 93.20
98,93 . 85, 70
0.39 0.18
100. 00 100.00
97.2 98.3
0.6 0.5
1.1 0.6
0.1 -
- 0.1
0. 25 0,10
0.2 -
0.1 —
0.4 0.4
99,95 0.
15,76 92.17
631 573
0.980 0.978
Fused Fused

FP-18

Ireland
Mine
-10
Nitrogen
+ Air
Nitrogen
6-1/2
223-385

3

5
191.0
3.39

581
583
582
601
579
589
606
587
72.63
79.08
487. 42
2,93

1.089
0.783

3.11
29.29
83, 40
0.159

0.525

641. 7
89.09
1.04

1.20
91.33

0.17

" 98.20
92,20

0.2
6.32

446
0.980

- Free
Flowing

Gross, gas saturated at 60°F, 30 in. Hg pressure. SCF — gas volume in SCF at 60°F, 30 in, Hg pressure.

7-B4
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FROM THE 10-INCH PDU

Table 7-Bl, Part 5. PRETREATMENT TEST DATA

Run No. FP-19 FP-20
Coal Feed Source Ireland Ireland
. Mine Mine
Sieve Size, USS -10 -10
Pretreatment Gas Nitrogen Nitrogen
, + Afr +Air
Purge Gas . Nitrogen Nitrogen
Duration of Test, hr 5.1/2 4.1/2
Steady State Operating Period, min 65-312 38-240
OPERATING CONDITIONS
Standpipe
0D, in. : . 3 3
Height, ft ' 5 5
Bed Inventory, 1b 52.5 . 85.5
Rezactor Pressure, psig 2.08 5.34
Bed Temperature, °F
‘Bottom 699 642
1/2 & 700 645
16 ] 701 - 646
1.1/2 & 722 658
2ft 698 643
2-1/2 £t ' 702 647
4 ft - ‘ 77 663
* Average : 706 649
Coal Rate (dry), Ib/hr 68, 49 69.09
Air Rate, SCF/hr 255.8 279.5
Nitrogen Rate, SCF/hr - . 298.1 302.4
_ Oxygen Concentration, mole 4 9.70 10.09
Nitrogen Purge Rate, SCF/hr 2.98 . 2.97
. Air/Cozl Feed Ratio, SC¥/1b 3.73 4.04
Air/Coal Bed Ratio, SCF/hr-1b 4.87 3,27
Coal Bed Pressure Differential, in, Hg 1.87 . 2.37
Coal Space Velocity,1b/cu ft-hr 27.62 .27.85
: Goal Residence time, min . 46,00 74,25
Pretreatment Gas Residence Time, min 0.142 0.160 °
Superficial Pretreatment Gas Velocity,
ft/ sec ) 0.586 -~ 0,520
Coal Space Velocity, 1b/cu ft-hr 27.6 27.8
OPERATING RESULTS
Product Gas Rate, SC¥/hr 616.6 547.4
Residue Char (dry), wt ¢ dry coal 87.33 97. 67
Knockout Drum Residue, wt % dry coal - 3,89 2.72
Gondenser and Filter Residue, wt .
dry coal 2,38 2.00
Total Reaidue Char, wt § dry coal 93. 60 102.39
Water and Other Condensates, wt
dry coal 1.36 - 1,41 -
Overall Material Balance, % 106. 6 100. 4
Garbon Balance, & * 95.3 102.9
O, Reacted, SCF/1b coal fed 0.78 0.85
O; Reacted, $ O, fed 100. 00 100.00
PRODUCT GAS PROPERTIES
- Gas Composition, mole 4
Nitrogen 95.0 95.1
Carbon Mornczide 1,3 1.1
Carbon Dioxide 2.4 2.4
Oz=xygen 0.4 0.6
Hydrogen - .-
Argon 0,41 0.45
Methane. 6.2 -
,Ethane - -
Propans 0.3 0.3
Total + 160.0T 99.95
Heating Value, Btu/SCF 13.7 11,1
Nitrogen and Argon-Free Heating
Value, Btu/SCF 298.2 248.6
Specific Gravity (Aiz= 1.00) 0.988" 1,005
' Laboratory Agglomeration Teat of
Residue Evaluation at 1400°F - Lightly
. Caked

* Carbon in liquida not included

T Groas, gae saturated at 60°F, 30 in. Hg pressure. SCF/hr —dry gas volume at 60°F, 30 in.
Hg pressure, e

"B7506 1655D
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Table 7-Bl, Part 6.

PRETREATMENT TEST DATA

FROM THE 10-INCH PDU :

Run No.

Coal Feed Source

Sieve Size, USS

Pretreatment Gas

Purge Gas

Duration of Test, hr

Steady State Operating Period, min

OPERATING CONDITIONS

Standpipe

OD, in.

Height, ft

Bed Inventory, 1b
Reactor Pressure, psig
Bed Temperature, *F

Bottom

1/2 £t

14t

1-1/2 £t

2 ft

2-1/2 £t

4 £t

Average

Coal Rate (dry), 1b/hrx
Air Rate, SCF/hr
Nitrogen Rate, SCF/hr
Oxygen Concentration, mole ¢
Nitrogen Purge Rate, SCF/hr
Air/Coal Feed Ratio, SCF/1b
Air/Coal Bed Ratio, SCF/hr-1b
Coal Bed Pressure Differential,

in. Hg .
Coal Space Velocity, lb/cu ft-hr
Coal Residence Time, min
Superficial Pretreatment Gas

Velocity, ft/sec
Pretreatment Gas Residence Time, min

OPERATING RESULTS

‘Product Gas Rate, SCF/hr R

Residue Char (dry), wt % dry coal

Knockout Drum Residue, wt $dry coal

Condenser and Filter Residue, wt
dry coal

Total Residue Char, wt $ dry coal

Water and Other Condensates, wt 4
dry coal

Overall Material Balance, $

Carbon Balance, $*

Carbon in Product Gas, wt §
carbon fed

O; Reacted SCF/1b coal fed

O; Reacted, $of O, fod

FRODUCT GAS PROPERTIES

Gas Composition, mole £
Nitrogen
Carbon Monoxide
Carbon Dioxide
Oxygen
Hydrogen
Argon
Methane
Ethane
Propane
Total +
Heating Value, Btu/SCF
Nitrogen, and Argon-Free Heating
Valus, Btu/SCF
Spacifie Gravity, Air = 1,00
Laboratory Agglomsration Tast of
Residue Evaluation, 1400°F

* Carbon in liquid not included

FP-22

Ireland Mine

10/40

Nitrogen + Air
Nitrogen

8-3/4
30-487

3
5
60.0
5.86

742
742
742
742
744
744
756
745
33.76
293.96
313,79
10,16
3.0
8.7
4. 90

1.80
13. 61
106. 64

0.573
0,146

572.99
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Lightly
Caked

Gross gas saturated at 60°F, 30 in. Hg pressure.

30 in. Hg pressure

SCF — dry gas volume in SCF at 60°F,
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Table 7-Bl, Part 7. PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

sun No. FP=23 FP-24 Fp-2 - FP-26
Coal Feed Source emsrrtrrssrieamnes. fr@land Mine ———r————rm—

Siove Size, USS 10/%0 1650 10/80 10/40
Brotrestment Gas Nitrogen + Air Witrogen + Air Nitrogen -+ Air Nitrogen + Alr
Purge Gas Nltro en Nitrogen Nltrogen . Nitrogen
Duration of Test, hr 3- 3 { 9-1/2
Steady~State Operating Period, min 30-168 54-174 24-2 8 283-557
OPERATING CONDITIONS

Standplpe _

0D, in. > 3 3
Helght, ft 5 5. 5 .

Bed Inventory, lb 52.77 65.00 68.00 54,25
Reactor Pressure, psig 5.08 6.99 2.27 4,24 -
Bed Temperature, °F .

Bot.tom 760 c 43 703

1/2 ft . 761 728 T46 728

1rt 763 730 48 731

1-1/2 I% . 763 730 48 731 .

2 £t 6% 749 73k
2-1/2 ft 764 736 749 734

§ore 13 765 =1t 7953

Averag, 764 738 " 731
Coal Rato (ary), Iv/he 35.20 34.28 36.64 31,38
Alr Rate, SCF/hr 272.4 365.2 355.9 125,37 - .
Nitrogen Rate, SCF/mr - 3243 hgh.7 Lot.7 561.5
Oxyzen Concentration, mole % 9.6 9.2 9.8 9.1
Nitrogen Purge Rate, SCF/hr 2.9 2.9 2.6 2.0
Alr7/Coel Feed Ratio, SCF/lb 7.Th 10.65 9.71 13.55
Air/Coel Bed Ratio, SCF/lb-hr 5.16 5.62 5.23 - 7.8%
Coal Bed Pressurc Differential, . '

Ln, Hg 2.54 3.73 2.69 k.37
Coal Space Velocity, lb/cu Tt-hr il.19 13.82 .77 12.65
Coal Residence Time, min 89.9 113.8 111.4 103.7
Pretreatment Ges Residence Time, . : . : R

min 0.14%0 0.113 0.098 0.086
Superficial Pretrestment Gas ’

Velacity, ft/sec 0.594 0.736 0.847 0.969
OPERATING RESULTS
Product Gas Rate, SCF/ 562.7 760.4 740.8 957.3
Rosldue Char (dry), wt % dry coal’ 78.4 88.3 89.3 87.9
Knockout Drum Residue, wt Fa

dry coal, 3.1 1.0 0.9 4.8
Condensor and Filter Residue, wt % :

dry cogl 0.2 . 0 ) 0.3 . O 1.1
Total Residue Char, wt % dry cosl 81.7 89.3 90.5 5.8
Water and Other Cundense.tes, wt % L

dry coal 2.5 1.9 2.9 e : 0.3
Overall Material Ealance, % 89.4 Q0.7 95.6 ) 97.0
Carbon Balance, % 87.9 90.8 . 91.0 . 91.0
O; Reacted, SCF/1b Coal Fed 1.52 2.23 12.03 . 2.08
O, Reacted, % of O, Fed 93.69 - 100.00 100.00 73.32
PRODUCT GAS PROPERTIES
Ges Composition, mole % ‘ .. :

Nitrogen 89.5 9.1 g5.5 gk.0 -
Carbon Monoxide 2.9 1.3 1.2 0
Carbon Dioxide 5.3 0.6 2.2. 2.6
Oxygen 0.6 o 0 2.5 -
Hydrogen 0.7 0.5 0.1 0
Argon 0.42 0.45 0.45 0.37..
- Methane 0.5 0.6 0.3 0.2
gthane 8.1d 0.2 0.1 ¢.1,
ropane 0.3 0.3 0.2 0.2
otal . 99.92 760.0 ~100.05
Moat T Value, Btu/SCFP 22 22.8 158 R
Witrogen and Argon-Free Heabting ‘ ' '

Value, Btu/SCF - 24,7 © 651.1 339.5 -158.8

Speclific Gravity, Air = 1.00 0.997 0. 972 6.985 0.991

Laboratory Agglomeration Test of
Resldue Evalustion at 1400°F Free-Flowing Ftt'ee-Flcwing Free-Flmzing Idghtly Ceked

a Carbon in liquids not included )
b Qross,gas setuveted at 60°F,” 30 in. Hg pressure. SCF/hr — dry volume at
60°F, 30 in. Hg pressure
Not averaged
Plus 0.1% COS

an
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Table 7.Bl, Part 8.

PRETREATMENT TEST DATA

FROM THE 10-INCH PDU

Run_Na. FP-27 Fp-28 FP-29 FP-30
Coal Feed Source Ireland Mine

Sleve Slze, USY 10/%0 -20 16/80 16/80
Pretreatment Gas Nitrogen + Air Nitrogen + Air Nitrogen + Air Nitrogen + Alyr
Purge Gas Nitrogen Nitrogen Nltrogen Nitrogen
Duration of Test, hr 8-1/2 9 8- 3-3/4
Steady-Staete Operating Perlod, min 141-453 78-492 36-480 30-165
OPERATING CONDITIONS

Standplpe

0D, in. 3 3 ] 3
Helght, fi 5 7 7 7
Bed Inventory, 1b 62.25 63.0 55.0 62.8
Reactor Pressure, psig 1.95 1.39 1.28 0.3%8
Bed Temperature, °F

Bottom 665 735 745 738
/2 ft 721 741 752 75
1ft 722 45 755 755
1-1/2 ft 723 745 757 758
2 fta 25 T47 760 761
boetp 726 47 760 762
6t 751 751 763 765

Average 719 Thi 756 756

Coal Rate (dry) 1b/hr 30.98 33,97 34,12 19.46
Alr Rate, SCF/hr 537.1 295.8 287.9 287.7
Nitrogen Rate, SCF/hr 787.5 341.4 32L1.5 310.3
Oxygen Concentration, mole % 8.51 9.75 9.92 10.10
Nitrogen Purge Rate, SCF/hr 2.28 3,08 2.97 3,00
Alr/Coal Feed Retlo, SCF/1b 17.34 8.71 8.4} 13.79
Air/Coal Bed Ratio, SCF/1b-hr 8.63 4.69 5.23 4,58
Coal Bed Pressure Differentisl, in. Hg 2.54 0.79 2.63 5.19
Coal Space Veloeity, 1lb/cu ft-hr 12.149 9.78 9.83 5.60
Coal Residence Time, min 120.6 111.3 7 193.7
Pretreatment Ges Residence Time, min 0.056 0.153 0.156 0.151
Superficial Pretreatment Gas Velocity,

rt/sec .50 0.763 0.748 0.775
OPERATING RESULTS
Product Gas Rate, SCF/hr: 1198.7 645,6 631.4 563.4
Residue Char (dry), wt % dry coal 89.05 81.85 86.23 84.96
Knockout Drum Residue, wt % dry cosl 1.23 6.60 2.31 3,20
Condenser and Filter Residue, wt %

dry coal 0.32 0.55 : 0 1.60
Total Residue Char, wt % dry coal 90.60 89.00 88.54. 89.76
Weter and Other Condensates, wt %

dry coal 1.17 5.73 5.93 4,06
Overall Materlal Belance, % 91.2 98.4 99.8 9.1
Carbon Balence, % . 102.5 %.3 93, 93.4
O; Reacted, SCF/Ib Coal Fed 2.63 1.82 1.77 i.l0
O; Reacted, % of O, Fed 72.38 . los.00 100.00 100.00
PRODUCT GAS PROPERTIES
Gas Composition, mole %
Nitr::;pn 9{-% 91{.3 9‘{.;} 9’{2
Carbon Monoxide - . . . .
Carbon Dioxide 2.0 3.4 3.6 2.60
civee e - - e
Eﬁiff’“ 0.43 0.43 0.43 0.48
Methane 0.2 - - 0.5
Ethane 0.1 0.1 - 0.1
Propane —0.2 —9.5 —9:5_ 9.2
Total 100.03 100,03 100.03 99.98

Heating Value, Btu/SCFd 13.56 18.42 17.07 16.86
Nitrogen and Argon-Free Heating

Value, Btu/SCF 211.81 349.5 310.4% 337.3
Specific Oravity (Air = 1.00 0.9867 0.9953 0.9968 0.9853

Laboratory Agglomeration Test of
Residue Evaluation at 1400°F

Carbon in liquids not included

Qo op

at 60°F, 30 in. Hg pressure

Lightly Caked Free-Flowing Free-Flowing Free-Plowing

Temporature at 2-1/2 £t level during Run FP-27
Tempsrature at 4#-ft level during Run FP-27

Groms — gas saturated at 60°F, 30 in. Hg pressure. SCF/hi‘ -~ dry gas volume in SCF

B7506 1655G
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Table 7-Bl, Part 9. PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

Run No.

Feed Source

Sieve Size, USS

Pretreatment Ges

Purge Gas

Duretion of Test, hr

Steedy~State Operating Period; min

OPERATING CONDITIONS

Standpipe

0D, in.

Helght, £t

Bed Inventory, 1b
Reactor Pressure, psig
Bed Temperature,
Bottom

1/2 tt

Avereg

Coal Rate (dry), 1b/hr

Alr Rate, SCF/hr

Nitrogen Rete, SCF/hr

_ Oxygen Concentration, mole %

Nitrogen Purge Rete, SCF/hr

Alr/Coel Feed Ratio, SCF/1b

Air/Cosl Bed Retio, SCF/lb-hr =

Coel Eed Pressure Differential, in. Hg

Coel Spece Velocity, Ib/cu ft-hr

* Cogl Resldence Time, min

Pretrestment Gas Resldence Time, min

s%ﬁrficial Pretrecstment Ges Veloclty,

sec

OPERATING RESULTS

Product Gas Rate, SCF/nx -

Resldue Char (dry), wt & dvy coa.l

Knockout Drum Residue, wh % dry

Condenser and Filter Resldue, wb % dry cozl
Total Residue Cher, wt % dry coel

Water end Other Condensstes, wt % dry coel
Oversll Material Balence, %

Carbon Balance,

Q, Reacted, SCF/lb Coal Fed

Q, Reacted, % of O, Fed.

PRODUCT GAS FROPERTIES

Gas’ Composltion, mole %
Nitrogen
Carbon Monoxide
Carbon Dioxide

Oxygen

Total
Heatlng Value, Btu/SCF+
Nitrngon and Argon-Free Heestlng Value,
Btu/SCF
Speeifle Gravity (Alr = 1.00)
Iahoralory Apglomerstion Test of
Resldue Evaluestion at 1400°F

*  GCarbon in :Liqt.l.Lds not included

FP-31 .< FP-32 F 422'

Irelend Mine o Broken Arg  Mine————"

-Alr + Nitrogerr

-—N1trogen

17-3/4 4172 : 5 -
12_886 60-258 ) 25-300
3 ; 3
69.0 . T2.7 56.5
1.65 0.59 1.35
748 696 745
49 - 697 746
749 699 7
749 700 749
751 704 750
751 702 751
1 3 2
750 . 702 749
18.18 28.37 28,16
276.2 293.7 306.0
308.2 295.0 32k,
9.93 10.48 10.19
3.00 2.88 2.95
15.19 10.35 10.87
4,00 L.04 5.42
4,08 2.66 3.33
5.24 8.17 LI1
227.7 153.8 120.4
0.169 0.161 0.153
0.692 0.722 0.764%
577.2 593.4 596.0
85.50 88.68 88.62
1.7% 0.85 1.53
o} 0 . 0
87.24 89.53 90.15
5.2k 3.735 8.26
Q7. 77 100.80 95.90
89.21 96.01 95.91
2.71 2.17 2.10
85.25 100. 00 106.00
g2.1 93.1 93.3
1.4 1.5 1.3
h.Q L3 3.3
1.5 - . 0.8
0.46 0.40 0.48
0.1 0.4 0.4
0.1 o.% 0.1
Q. 0. - 0.
‘§§Té§ T00. 00 —99,98
b 77 15.54 17.41
199.5 239.1 o 281.3
0.9989 0.9969 0.9931
Frce

+ C(roas — pas saturated et 609F, 30 in. pressure.

6O°F, 30 ln. pressure

7-B9

~Flowing Caked = . Free-Floving

SCF/hr = dry gas volume in SCF at
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Table 7-Bl, Part 10,

PRETREATMENT TEST DATA

FROM THE 10-INCH PDU

Run No. EE~ 22" EE— 26 -35C EE-'Z_:
Feed Source Broken Are Mine Bituminous Coal-
Sieve Size, USS 16/80 16/80 16/80 16/80

Pretregat:sent Gas
Purge
Duration of Test, hr

2-1/4 4.1/4 43/
Steady-State Operating Period, min 30~120 25235 153-360 144-285
OFERATING CONDITIONS
Standpipe .

D, in. 3 3 3

Height, ft 7 Bg 7

Bed Inventory, 1b 57.25 56.884 109.25 59.50

Reactor Pressure, psig 0.82 1.2% .62 2,01
Bed Temperature, °F ]

Bottom 729 736 646 723
2 ft 732 738 646 723
It 733 742 646 723

1-1/2 £t 735 Thy 646 723
£t Tho T46 594 693

P o 748 &i2 762
Average ™7 ;% &35 722

Coal Feed Rate (dry), 1b/hr 29.87 31,24 56.29 55.38
Alr Rate, SCF/hr 147.9 7.7 574.0 276.3
Nitrogen Rate, SCF/hr hy2,6 by2,3 319.8
Oxygen Concentration, mole % 5.48 5.26 21.0 9.73
Nitrogen Purge Rate, SCF/hr. 2.87 3.00 2.72 3.00
Air/Coal Feed Ratlo, SCF/1b 4,95 .73 10.20 4.99
Air/Coel Bed Ratia, SCF/1b-hr 2.58 2.604 5.25 4,64
Coal Bed Pressure Differential, in. Hg 3.67 3.02 3.43 3.61
Coel Space Veloeity, lb/cu ft-hr 8.60 9.00 16.21 15.95
Coal Residence Time, min 115.0 109.2% 116.5 64.46
Pretreatment Gas Residence Time, min 0.159 0.163 0.188 0.171
Superficial Pretreatment Gas Veloclity,

ft/sec 0.734 0.717 0.622 0.682
OPERATING RESULTS

Product Gas Rate, SCF/nr 588.1 598. 4 571.8 644.0
Residue Char (dry), wt % dry coal 85.10 85.20 k.55 84.26
Knockout Drum Residue, wt % dry coal 2.42 2.12 0.15 0.62
Condenser and Filter Residue, wt %

dry coal 0.41 o]
Total Residue Char, wt % dry coal 87.52 87.73 gk.70 84.88
Water and Other Condensates, wt %

dry coal 3.27 5.78 6.26 T7.35
Overall Materisl Balance, % 94,75 97.2 98.67 97.82
Carbon Balance, %* 86.22 91.25 95.76 87.97
O; Reacted, SCF/ib Coal Fed R B} 0.88 0.72 0.94
O; Reacted, % of O, Fed 100.00 88,62 33.65 90.00
PRODUCT GAS PROPERTIES

Gas Composition, mole %

Nitrogen 95.4 95.0 80.9 92,5

Carbon Monoxide 0.7 0.7 0.9 1.1

Chrbon Dioxide 2.2 1.6 2.7 3.1

gen 0 0.6 1.4 1.0

Hydrogen 0 0.1 0 0.1

Argon 0.23 0.26 0.95 0.b7

Methane 0.9 0.7 0.1 0.9

Ethane 0.2 0.2 0 0.3

Butane 0.4 0.8 0.1 0.2

Total 100.03 99,96 100.05 99.97
Beating Value, Btu/Scrt 24,82 33.26 6.37 25.21
Nitrogen and Argon Free Heating

Value, Btu/SCF 564.1 707.6 35.0 360.2

Specific Gravity (Alr = 1.00) 0.9840 0.9832 1.01 0.9892
Igboratory Agglameration Test of
Residue Evaluation at 1400°F Free-Flowing Free-Flowing Caked Lightly Caked

* Carbon in liguids not included

Alr + Nitrogen Air + Nitrogen

Alr

t Gross — gas saturated at 60°F, 30 in. pressure.

30 in. pressure

Alr + Nitrogen

Nitroger

SCF/hr — dry gas volume in SCF at 60°F,

+ Bed Inventory taken as aversge of two previous runs due to solids carryover to knockout pot

7-Bl10
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- Table 7-Bl, Part 11, PREVTREATMENT‘ TEST DATA
‘ FROM THE 10-INCH PDU

Run No. FP-37 Fp-38 - FP=39 . Fp-ho

Feed Source Irelsnd Mine e peProken Are Mine—————
Sieve Size, USS . - ~16 /80—

Pretreztment Ges . - -A1r + Nitrogenr——e—o—m—m——m—m—
Purge Ges . - . . Nitrogen— -
Duration of Test, hr - . 11 5-1/2 8 5-1/2
Steady-Stete Opereting Period, min 156-656 78-330 190-400 79-318
OFERATING GCONDITIONS c :

Standpipe

0D, in. . 3 > 3 .3
Height, ft 7 7 T A
Reactor Pressure, psig 1.80 3.30 - 1.68 1.63
Bed Temperature, .
Bottom The 721 37 713

1/2 £t 43 723 739

1t Thh 723 T4O 5

1-1/2 £t Thi 725 4L 715

s 726 L 716

4 £t 748 729 46 705
6 ft , . 740 716 728 .

Average THY 723 739 .71
Co=l Rete (dry), lb/hr 43,0 58.3 46,7 41.7
Air Rate, SCF/hr 276.2 285.1 293.1 253.8

" Nitrogen Reate, SCF/hI' 328.14 323.7 - 370.1 . 329.0
Oxygen Concentretion, mole % 9.59 9.83 i 9.28 © 9,14
Nitrogen Purge Rete, SCF/hr 2.90 2.9 3.02 - 3.00
Air/Cosl Feed Ratio, SCE/1b 6.42 4,89 6.27 6.09
Alr/Cosl Bed Retlo, SCF/lb-hr 5.11 4,1k © 3.83 * 3.63
.Coel Bed Pressure Differentiel, in. Hg 3.05 3.56 3.60 7.84 -
Coel Space Veloeity, ib/cu ft-hr 12.39 16.80 15.46 12.00
Cosl Residence Time, min T5.3 T70.9 98.3 98.4
Bed Tnventory, lb 54.0 68,9 . 76.5 _t 70.0
Pretrestment Ges Residence Time, min 0.165 0.181 T 0.150 0.173
Superficial Pretrestment Gas Veloclty, .

ft/sec 0.709 0.643 0.780 0.673
QPERATING RESULTS
Product Ges Rate, SCF/hr 603.4 . 608.2 653.6 583.4
Residue Cher (dvy), wt % dry cozl 86.31 84.81 86.39 - - 80.65
Knockout Drum Residue, wt % dry coel 1.72 2.54 2.65 7.21 -
Condenser and Filter Residue, wt % . . ’

cosl 0 o - Q- . 0
Totel Residue Cher, wt % dry coal 88.03 - 87.35 89.04 87.86
Weter and Other Condensates, wt % T . o

dry coal ) 5.52 7.58 7.1 6.27 -
Oversll Msterisl Bslsnce, % 97.60 96.29 97.49 927
Cerban Belance, %* o ¢ 86.36 92.95 y2,31 . o 90.25

‘O, Reacted, SCF/Ib Goal Fed 1.06 0.94 . 1.09 LR O { B
O, Reacted, % of O, Fed : 78. 67 92.12 83.05 86.21
PRODUCT GAS PROFERTIES

Ges Composition, mole %

Nitrogen 92.6 92.9 92.1 93.5

Carbon Monoxide 1.0 1.0 1.1 1.0
Oxygen 2.1 0.8 1. 1.3
Carbon Dioxide %g gg . g; %.g
Hydrogen . . . .
Argong 0.48 0.46 0.43 0. b
Methane 0.6 0.7 0.7 0.5 .
Ethene 0.1 0.2 0.2 0.1
Butene 0.4 0.4 0.5 0.3

Total 99.98 99,86t 100.03 99. 9%
Heeting Value, Btu/SCF 21.34 25.04 26.9% 17.81
Nitrogen end Argan-Free Heating Velue,

BW/%CF 309.2 379.5 420.9 292, 0
Isboretory Agglomeretion Test of Free~ Lightly * Free- Lightly
Residue Evaluation at 1400°F Flowing Caked Flowins - Caked
Specific Grevity (Air = 1.000) 0.9898 0.9901 0.9936 - 0.9886

* Cerbon in liquids not inecluded
+ 0.1% HaS
3+ 0.1% C0S

'B7506 1655J
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Table 7-Bl,

Part 12,

PRETREATMENT TEST DATA

FROM THE 10-INCH PDU

Run No.

Fead Source

3ileve Size, USS

Protreatment Gas

Purge Ges

Duretion of Test, hr

Steady-State Operating Period, min

OPERATING CONDITIONS
Standpipe

0D, in.

Height, ft

Reactor Pressure, psig
Bed Temperature, OF

Bottom
%/2 £t

't
1-1/2 ft
2 ft
4 fe
6 £t

Average

Coal Rate (dry), lb/hr

Alr Rete, SCF/hr

Nitrogen Rate, SCF/hr

Oxygen Concentration, mole %

Nitrogen Purge Rate, SCF/hr

Air/Coal Feed Ratio, SCE/1b

Air/Coal Bed Ratio, SCF/1b-hr

Coal Bed Pressure Differential, in. Hg
Coal Space Veloelty, 1lb/cu ft-hr

Coal Resldencé Time, min

Bed Inventory, lb

Pretreatment Gas Residence Time, min
Sup7rficial Pretreatment Ges Velocity,
ft/sec

OPERATING RESULTS

Product Ges Rate, SCF/hr

Residue Char (dry), wt # dry coal
Knockout Drum Residue, wt ?dry coal
Condenser and Filter Residue, wt &
dry coal

Total Residue Char, wt & dry coel
Water and Other Condensates, wt %
dry coel

Overall Material Balance, %
Carbon Balance, % i

O; Reacted, SCF/lb Coal Fed

O; Reacted, % of O, Fed

PRODUCT GAS PROPERTIES

Gas Composition, mole %
Nitrogen
Carbon Monoxide
Oxygen
Carbon Dioxide
Hydrogen
on
Methane
Ethane
Butane
Total
%zgting V:Illge, Btu/SCF
rogen Argon-Free Heat
Value, Btu/3SCF 1ng
Laboratory Agglomerstion Test of
Residue Evaluation at 1400°F
Specific Gravity (Air = 1.000)

* Carbon In product gas not included
t Not analyzed: c.comtaminated Sepple

7-Bl2

FP-41 Fp-42 FP-43 FP-44

w————Treland Mine——— 6/ FP-42 Char Ireland Mine
1.6/80
—Air + Nltrogen

Nitrogen —_—

3 6-1/2 6-1/2 5-3/4

18-132 70370 30-390 24-373;

3 3 3 3

7 7 7 v

1.24 1.40 1.50 1.h0

721 710 42 el

735 711 T43 ()

738 715 743 (14

738 717 T4y (5

739 716 747 (&1

744 702 T49 e

110 106 2 Ll

733 712 %% TEY)

64.80 65.39 36.50 48,00

266,80 267.1 277.8 204%.0

334.8 322.1 330.0 320,

9.31 9.52 9.60 9. H0

3.00 3.0% 3.00 2.99

4,12 4,09 7.61 Hobl

5.14 4,34 4.89 4,98

2.96 5.06 o4y 3.10

18.66 18.83 10.51 14.0%

48.1 56.5 93.4 6f.y

51.90 61.50 56.76 L4, RO

0.1%2 0.169 0.161 0,104

0.821 0.690 0.127 0.718

594.2 599.5 611.7 HUOL S

72.35 89.19 93.21 R, 0

15.69 0.60 0.65 1.08

2.86 0 0 0

© 90.90 89.79 93.86 wro2

3.78 3.73 2.92 .59

94.73 97.03 99.53 95,81

96.99* o4, 97.73 86,48

0.86 0.77 1.24 1.17

100.00 89,55 77.60 100.00

90.8 92.3 94,31

1.1 1.2 1.0%

%. 8 2.2 -

. .2 2,73

0k 2.2 !

0.45 o.43 0. 40

0.6 0.4 0.84

g.l 0.1 0.51

. 0.2 0. 42

1 %535 159355 3955

-— 25.64 14.60 26.01

- 294.7 200.0 495, 4
Caked Ceked Free Flowing Lightly Cake:d

- 0.9992 099ty e s
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Table 7-Bl, Part'13,

Run No. -

Feed Source .
Sieve Size, USS
., Pretreatment Gas
:Purge Gas
Duration of Test, hr
-Steady-State Operating Period, min

OPERATING CONDITIONS

- Standpipe
QD, in.
Height, £t
-Reactor Pressure, paig
. Bed Temperature, °F
Bottom
1/2 it
1t
1-1/2 it
2 it
4t
6 £t
Average
Coal Rate (dry), Ib/hr
Air Rate, SCF/hr
_Nitrogen Rate, SCF/hr
- Oxygen Concentration, taole %
Nitrogen Pure Rate, SCF¥/hx
: Bed Inventory; 1b
Air/Coal Feed Ratio, SCF/1b
“Air/Coal Bed Ratio; SCF/lb-hx
Coal Bed Pressure Differential, in, Hg
Coal Sgace Velocity, 1b/cu ft-hr
" Coal Residence Time, min
. Pretreatment Gas Residence Time, min
Superficial Pretreatment Gas Velocity, £t/ sec

- OPERATING RESULTS

" Product Gas Rate, SCF¥/hr

Residue Char (dry), wt % dry coal

Kunockout Drum Residue, wt % dry coal

Condenser and Filter Residue, wt% dry coal
' Total Residue Char, wt % dry coal
! Water and Other Condensates, wt % dzy coal
' Overall Material Balance, %

Garben Balance, %

O, Reacted, SCF/1b Cozl Fed

O, Reacted, % of O, Fed

' PRODUCT GAS PROPERTIES

Gas Composition, mole %

* Nitrogen
Carbon Monoxide
Oxygen
Ca.rhon Dioxide
Hydrogen
Argon
Methane
Ethane
Butane

Total
Heating Value, Btu/SCF

- Nitrogen and Argon~Free Heating Value, Btu/SCF

Laboratory Agglomeration Teat of
Evaluation at 1400°F
Special Gravity (Air = 1,000)

PRETREATMENT TES T DATA
FROM THE 10-INCH PDU

FP-45

7-B13

FP-46 FP-47 F P-éS
Ireland Mine - No. 5 Blaclg ‘W. Va.
16/80 16/80 —1/4 in. 16/80
Air + Nitrogen
- Nitrogen
6-3/4 7-1/2 5-3/4 5
30-218 10-450 30-345 60-29¢
3 3 3 3
7 7 T 7
2.85 1.62 2.56 2.33
732 739 736 733
-732 739 - 736 733
725 742 740 737
726 744 7490 737
728 747 745 741
727 . 747 746 739
728 741 742 744
728 743 741 738
49.60 48.26 48,00 50.70
264.9 275.2 418.1 173.6.
345.7 321.2 559.9 - 445.4
9.12 9.69 8.98 5.8%
3.05 3.00 2.96 3.06
64.50 53.00 72.45 . 68.50
5.34 5,70 8.71 3.42
4.11 5.19 5.77 2.53
2.85 2.75 | 3.68 13.70
14.30 13.90 13.82 14.60
78.0 65.9 90.6 To8L1
0.164 0.166 0.107 -0,167
0.713 0.704 1.094 0.699
619.6 585.0 957. '607.1
91.94 77.19 84.09 | 86,37
132 1.39 3.47 2,93
a [4 0.02 0
93.26 78.58 87.58 89.30
4.85 6.25 4.02 4.96
99.33 98.66 95.37 95.84
96.28 90.30 91.35 92.84
0.94 1.08 1.35 0.65 .
84.06 90.04 73.88 89.96 -
93.7 93.4 93.0 95.5
1.0 1.0 1.0 0.7
1.5 1.0 ‘2.4 . 0.6
2.3 2.7 2.4 1.6
0.1 © 0.l - © 04
0.43 . 0.43 0.43° 0.27
0.5 0.7 0.4 0.6
0.1 0.2 g.1 0.1
0.4 0.5 0.3 0.5
106,03 106,03 160.03 99.97
20,34 26.62 16.49 22.92
344.7 429.3 249.9 545.6
Lightly Caked Free Fiowing Lightly Caked Partially Cakad
0.9880 0.9894 0.9905 0.9819

- B7506 1655L



Table 7-Bl, Part 14,
FROM THE 10-INCH PDU

PRETREATMENT TEST DATA

Run No. P-4 FP-50 Fp-51 FP-52
. No. Block, _—
Feed Source West Virginia Ireland Mine——ee——e———e—
Sieve Size, USS 16/80—
Pretreatment Gas Alr + Nitrogen-
Purge Gas —Nitrogerr
Duration of Test, hr 5 7 12 8-1/4
Steady-State Operating Period,
min 18-300 18-408 25-720 30-490
OPERATING CONDITIONS
Standpipe .
0D, in. 3 3 > 3
Height, ft 7 7
Reactor Pressure, psig 1.86 1.89 1.65 1.46
Bed Temperature, °F
Bottom 750 742 732 719
1/2 ft 750 754 750 734
1t 754 753 748 730
1-1/2 Tt 754 762 754 735
2 £t 756 759 750 732
ST 746 764 756
6 ft 40 4 120 25
Average 750 T 720
Coal Rate (dry), lb/hr 51.00 45,37 39.82 41,79
Alr Rate, SCF/hr 281.3 288.2 271.1 272.%
Nitrogen Rate, SCF/hr 321.2 357.9 307.7 321.8
Oxygen Concentration, mole o 9.80 9.37 9.83 9.65
Nitrogen Purge Rate, SCF/hr 2.97 2.89 3.00 3,00
Bed Inventory, 1b 64.61 47.75 53,75 6%.00
Air/Coal Feed Ratio, SCF/1b 5.51 .35 6.81 6.61
Air/Coal Bed Ratlo, SCF/lb-hr 4,35, 6.04 5.04 L.27
Coal Bed Pressure Differential,
in. 3.54 3.49 2,76 3.7h
Coal Space Velocity, lb/cu ft-hr 14,69 13.07 11.47 11.92
Coal Residence Time, min 6.01 61.79 80.99 78
Pretreatment Gas Residence Time, min 0.164 0.152 0.170 0.165
Superficial Pretreatment Gas
Velocity, ft/sec 0.713 0.765 0.687 0.708
OPERATING RESULTS
Product Gas Rate, SCF/hr 631.0 638.8 614.1 637.2
Resldue Char (dry), wt % dry coal 87.68 84,28 80.71 87.39
Knockout Drum Residue, wt % dry coal 3.06 4,69 8.13 2.18
Gondenser and Filter Residue, wt %
dry coal 0 0 o} Q
Total Residue Char, wt % dry coal 90.74 88.97 88.84 89.57
Water and Other Condensates, wt %
dry coal 4.96 5.61 5.69 4.63
Overall Material Balance, ¥ 99.22 95.51 47.88 100.55
Carbon Balance, % 94,31 9%.89 90.84 99.53
O, Reacted, SCF/1b Coal Fed 1.03 1.05 1.23 1.27
O; Reacted, % of O, Fed 89.17 78.76 86.83 92.06
PRODUCT GAS PROPERTIES
Gas Compnsition, mole %
Nitrogen 93,2 92.9 94,0 yh,.2
Carbon Monoxide 1.2 1.2 1.0 1.1
Oxygen ; 1.1 2.2 1.4 0.8
Carbon Dioxide 2.7 2.5 2.5 2.6
Hydrogen 0.1 0 0 0.1
Argon 0.43 0.47 0.47 0.41
Methane 0.6 0.6 . 0.1 0.2
gha.ne 0.2 o.ﬁ g .1
tane 0.5 0. 0. o.g
Total 0.03 99.97 99.87 O.
Heating Value, Btu/SCF 14.87 23,41 14,5 25.48
Nitrogen and Argon-Free Heating
Value, Btu/SCF 232.4 329.7 265.3 Lok, y
Iaboratory lomeration Test of
Residue Evaluation at 1400°F . Caked Partially caked Iightly caked Caked
Specific Gravity (#11' = 1.000) 0.9900 0.9902 0.9901 0.9931
f B-36281

B7506 1655M
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Table 7-Bi, Part 15,
FROM THE 10-INCH PDU

Run No.
Coal Feed Source

Sieve Size, USS
Pretreatment Gas

Purge Gas
Duration of Test, hr
Steady-State Operating Period, min

OFPERATING CONDITIONS
Standpipe

oD, in.
Height, £t

" Reactor Pressure, psig

Bed Temperature, °F

Bottom

1/2 ft

1ft

1.1/2 &

.2 ft
4 £t
6 ft
Average

Goal Rate (dry), ib/hr
Air Rate, SCF/hr

Nitrogen Rate, SCF/hr o

Oxygen Concentration, mole ¢
Nitrogen Purge Rate, SCF/hr
Bed Inventory, 1b
Air/Coal Feed Ratio, SCF/Ib
Air/Coal Bed Ratio, SCF/lb~hr
Coal Bed Presaure Differential,
in. Hg
Coal Space Velocity, ib/cu ft-hr
Coal Residence Time, min
Pretreatment Gas Reaidence Time, min
Superficial Pretreatment Gas Velocity,
ft/ sec

OPERATING RESULTS

Product Gas Rate, SCF/hr
Residue Char (dry), wt ¢ dry coal

Knockout Drum Residue, wt £dzy coal

Condenser and Filter Residue, wt 3
dry coal ’

Total Residue Char, wt § dry coal

Water and Other Condensates, wt &
dry c¢oal

Overall Material Balance, ¢

Carbon Balance, %

O; Reacted, SCF/1b coal fed

O, Reacted, $of O, fed

PRODUCT GAS PROFERTIES

Gas Compoaition, mole ¢
Nitrogen
Carbon Monoxide
Oxygen
Carbon Dioxide
Hydrogen
Argon
‘Methane
Ethane
Butane
Total
Heating Valus, Btu/SCF
Nitrogen and Argon-Free Heating
Value, Btu/SCF e
Laboratory Agglomeration Test of
Residue Evaluation at 1400°F

Specific Gravity (Air = 1,000)

N

PRETREATMENT TEST DATA

FP-53

Ireland
Mine
16/80
Nitrogen
+ Air
Nitrogen
12
30-720

3
7
1.49

722
740
737
741
740
746
724
736
41,0
271. 6
301.2
9.96
3.10
64.50
6,62
4.21

2.86
11,81
"94.4
0.170

0.687

606.9
89.08

a
89.08

4.32
100.10
88.62
1.27
91.36 .

.

Q.Qt_l\)cl-'.h
i OO
'Fbl

0.4

Toc. 03

'17. 580
313.9

Free
Flowing
0.9913

7-B15

FP-54
‘Ireland
Mine
16/80

Nitrogen

+ Air

Nitrogen

9-1/2
60-570

3
7
1.88

732
740
735
742
738
743
717

735
38.1
275.1
313.9
9.81
3.16
75.00
7.22
3.67

3. 16
10.:97
118.1
0.171

- 0.684

635, 1
83,51
2.08

.o 0
85,59

4,78
99.07
94.97

1.35
89,22

el
OO0 OQO N ML
M

.

o

bR

AV i D b O e e OV

]

N O
.
D
-
ur

w
o
w
.

(-]

Lighﬂy
Caked
0.9891

FP-55 FP-56
Ireland Ireland
Mine Mine
16/80 16/80

Nitrogen Nitrogen
+ Alr + Air
Nitrogen Nitrogen
5 8-3/4
10-253 20-278
3 3 -
7 7
2,04 1.74
688 730
727 748
727 744
733 744
728 745
734 » 751
208 . J26
721 742
38.0 . 378
274. 6 ’ 284.3
318,5 - 324.1
9.72 - - 9.81
2.85 © 5,04
75.75 70. 00
7.23 7.52
3,63 4.06
3.36 2.90
10.94 10.48
122.8 111.1
0.173 0,165
0,675 0,709
614. 4 . 651.9
94.88 ' 8l.54
2.59 - 1.90
[ [ I
96, 47 " 83,44
3.15 4,54
102.04 97.56
89,21 97.73
1.35 1.28
89.04 81,37
93.0 92.5
1.1 1.2
1.1 1.9
3.1 2.9
0.1 a1
0.42 0,47
0.6 0,4 -
0.2 0.1
0.4 0.4
T60.02 99.97
23,409 19,973
354.7 . 285,3
. Caked . Free
Flowing ~
0.9915 0.9917

B7506 1655k



Table 7-Bl1,

Run No.

Feed Source

Sieve Size, USS

Pretrestment Gas

Purge Gas

Duration of Test, hr

Steady-State Operating Period, min

OPERATING CONDITIONS
Standpipe

0D, in.

Height, ft

Reactor Pressure, psig

Bed Temperature, op
tom

Average
Coal Rate, édry),lb/hr
Alr Rate, SCF/hr
Nitrogen Rate, SCF/hr
Oxygen Concentration, mole %
Nitrogen Purge Rate, SCF/hr
Bed ventorg, 1b
Air/Coal Feed Ratio, SCF/1b
Air/Coal Bed Ratio, SCF/lb-hr
Coal Bed Pressure Differential, in. Hg
Coal Space Velocity, lb/cu ft-hr
Coal Residence Time, min
Pretreatment Gas Residence Time, min
Sgtpiri‘icial Pretreatment Gas Velocity,
sec

OPERATING RESULTS

Product Gas Rate, SCF/hr

Residue Char (ary), wt % dry coal
Knockout Drum Residue, wt % dry coal
Condenser Residue, wt % dry coal
Cyclone Catch Pot (dry), wt & dry coal
Total Residue Char, wt % dry coal

Water and Other Condensates, wt % dry coal

Qverall Material Balance, %
Carbon Balance, % .

O; Reacted, SCF/Ib Coal Fed
O, Reacted, % of O, Fed

PRODUCT GAS PROPERTIES

Gas Composition, mole %
Nitrogen

Carbon Monoxide

gen

Carbon Dicxide
Hydrogen

Argon -

Methane

Ethane

Propane

Total

Heating Value, Btu/SCP

Nitrogen + Argon-Free Heating Value,
Btu/SCF '

Isboratory Agﬁlomere.tion Test of
Residue at 1400°F

Specific Gravity (Air = 1.000)

Part 16,

FP-57

FpP-58

Ireland Mine Bituminous Cogl ——
16/80

PRETREATMENT TEST DATA "
FROM THE 10-INCH PDU

FP-60
~= I'P«59 Char ~—

14
20-840

659,1
91.54
2.54
0

. 2.63
96.71

5.77
102.29
98,14

1.44
94.08

©
DO +&

epoon
p-:-z:-\ﬁo OO

o
-+

99.95
19.65

357.4

I
Very Lightly Very
Caked C

0.9902

7-Bl16

Nitrogen ~— “
10-1/4 12-1/4 9
40-490 135-570 60-543

3 3 3

7 7 e

1.36 1.67 1.52
735 726 732
750 37 742
744 731 737
750 741 745
749 740 745
753 74 45
748 Ly
7 737 T
39.46. 48.93 15,20
265.2 159.7 133.0
312.1 75,5 7.2
9.64 5.28 .65
6&.;6 5.115+ g?o
1.50 59.7 56.60
6.63 3.2l 2,94
4,3 2.67 2.35
4,30 4,51 4,18
11.51 14.21 13,03
92.3 72.7 76.3
0.166 0.158 0,161
0.701 0.737 0.678
620,0 600.9 606.1
85.49 89.08 ok, 24
0.80 0.38 0.15
0 0 o
2.33 2.78 1.38
88.62 92.24 95.77
1,43 3.77 o.go
98.28 95.25 98.89
91.06 g4, 03 95.78
1.31 0.44 0.56
93.03 64.15 91.52
93.9 95.1 9%6.7
1.2 0.5 0.6
0.7 1.9 0.4
2.8 1.3 1.5
0.1 0.1 0.1
0.47 0.33 0.22
0.5 0.3 0.3
0.2 0.1 S 0.1
0.4 0.4 0.2
99.97 100.03 100.02 >
22.73 10.40 11.70
05.9 247.4 380.0
lightly Partially Free
aked Caked Flowing
0.9877 0.9831 0.9817

Air + Nitrogen

B7506 16550
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Table 7-Bl, Part 17,

Run No.

Feed Source

8ieve Size, USS

Pretrestment Feed Ges

Purge Ges .
Duration of Test, hr '
Steedy-State Opersting Period, min

OFERATING CONDITIONS

Stendpipe
0D, in.
Helght, ft
Reactor Top Pressure, psig
Bed Tempersture, °F
Bottam
/2 %

1ft
1-1/2 £t
2 £t

L fe
6 £t

A
Coal Rate (Dry), Ib/hr
Alr Rete, SCF/hr
Nitrogen Rate, SCF/hr
Oxygen Concentration, %
Nitrogen Purge Rate, SCF/hr
Bed Inventory, 1b
Air/Coel Feed Rstio, SCF/1b
Alv/Coel Bed Ratlo, SCF/lb-hr
Coal Bed Pressure Drop, in. Hg
Coal Space Velocity, l’o/cu ft-hr
Cozl Residence Time, min
Feed Gas Residence Time, min
Superficial Feed Gas Veloc:.ty, ft/sec

OPERATING RESULTS

" Product Gas Rate, SCF/hr

Residue Char (dry), wt ¢ dry coal
EKnockout Drum Residue, wt % dry coal
Cyclone Catch Pot, wt ¥ dry coal

Total Residue Cher, wt % dry coal

Weter and Other Condensates, wt % dry coal
Scrubber 0ils, wt % dry coal

Overall Materiel Bale.nce, %

. Carhon Balance, %

O; Reacted, SCF/Ib Cozl Fed
O, Reacted, % of O, Fed

PRODUCT GAS FROPERTIES

Ces Composition, mole ¢
Nitrogen .
" Carbon Monoxide . T
Oxygen
Carbon DJ.oxide . -
Hydrogen .
Argon :
Methane -
Ethane
Butane +
Total

Heeting Value, Btu/SCF

Nitrogen + Avrgon-Free Hesting Value, Btu/ SCF

Leborstory Agglomeretion Test of
Residue at 1400°F
Specific Gravity (Air = 1.000)

PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

EFR-61 Fp-62 FP-63 FP-64
Irelend Mine
—16/+80
Alr + Niltrogen
Nitrogen
3.8 12.6 12,1 5.8
34~170 80-480 40-690 20-540
3 3 3 3
T 7 T :

1.9 1.53 1.36 1.57
739 T40 740 L1329
748 752 750 LBl
The 745 THE - Th3
47 754 752 751
751 757 753 ;752
TEg 753 725 7?%
i 48 T8

28.2 29.8 4.9 45,4

283.9 267.8 273.9 a7
325.1 334.0 321.1 315.6

9.79 9.34 9.67 9.82

4.8 5.3 5.0 i,
60.75 66.01 49,37 55.10
10.06 8.97 6,10 5.97

4,67 4,06 5.55 5.05

3.58 3.9 3.43 3.47

8.12 8.60 12.93 135.37

131.6 132.7 .7 . .
0.160 0.163 0.162 0.16%
0.751 0. 71k 0.718 . 0.710
598. 590.3 581 8 597.3
98.23 8. 75 .07 80.70
1.00 0.28 o 90 '0.90
2.98 3.30 4.78 RN
~102-2 88.33 89.85 . 85.11
-93 5.15 4,02 1.35
- 1.08 0.36
103-26 96.72 96,19 95.33
125.76 95.79 87.49 83.72
1.82 1.67 1.12 L -1.16
86.13 88.50 87.98 91.22

92.8 92.7 93.1L 93.0
1.2 1.3 1.1 . ~ 1.1
1.4 1.1 1.2 0.9
2.7 2.9 2.7 2.3
0.1 0.0 0.1 I
0.16 0.4z 0.47 043
0.5 0.5 0.5 . . 0.5
o.i 0.2 o.% . o.%
0. 0. 0. Q.

—93.96 _9?_;.'22 99.87 9.95

11. 12.1 25.7 26.1

379.9 185.0 399.8 162, 4
ery Lightly Lightly Very Lightly Lightly

C ke eked . - C

0.9898 0.9883 0.9897 - 0.9808

Computed from the everage bulk density of the cher charged to the reactor and the char removed ﬁ*om

the resctor and the finzl bed height.

7-B17
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Table 7-Bl, Part 18, PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

Run No. ' FP-65 FP-66 FP-67 FP-68
Feed Source Ireland Mine Ireland Mine FP-66 Char Ireland Minc
Sieve Source, USS ~-16+80
Pretreatment Gas Alr + Nitrogen
Purge Gas Nitrogen
Duration of Test, hr 3-3/4 15-3/4 14-1/4 3-1/2
Steady-State Operating Period,
min 0-210 50-819 9-850 110-200
OPERATING CONDITIONS
Standpipe
0D, in. 3 3 +3 3
Height, ft 7 7 7 7
Reactor Top Pressure, psig 1.66 1.79 2.31 2.31
Bed Tempersture, °F
Bottom 726 726 731 716
1/2 ft : . 737 737 742 735
1ft 731 731 736 736
1-1/2 ft 739 739 739
2 ft 47 746 748 735
L ore 749 749 748 738
6 ft 40 %g 7
Average
Coal Rate (Dry), lb/hr 51.8 5177 40.6 769
Alr Rete, SCF/hr 112.5 125.1 127.9 672.8
Nitrogen Rate, SCF/hr - 46,3 564.3 490.4 157.8
Oxygen Concentration, mole percent 4,01 3.8 .34 17.01
Nitrogen Purge Rate, SCF/hr 4,99 4,94 5,18 5.05
Bed Inventory, 1b 44,6 56.0 50.1 1.8
Alr/Coal Feed Ratio, SCF/1b 2.15 2.39 3.12 8.65
Air/Coal Bed Ratlo, SCF/lb-hp 2.52 2.23 2,55 .98
Coal Bed Pressure Differential, 3
in. hg 3.33 3.80 3.55 « b5
Coal Space Velocity, 1b/eu ft-hr 15.05 15,05 11.79 22,41
Coal Residence Time, 51.2 64,3 73.5 40,0
Feed Gas Residence Time, min 0.166 0.143 0.158 0.12%
Superficial Feed Gas Veloclty, ft/sec 0.703 0.816 0.740 0.94%0
OPERATING RESULTS
Product Gas Rate, SCF/hr 385.8 14,2 601.8 g72.8
Residue Char (Dry), wt % dry coal 4.85 1.96 96,25 5.k
Knockout Drum Residue, wt % dry coal 0.86 2.48 1.82 1.37
Condenser Residue, wt % dry coal 0.0 0.0 0.0 0.0
Cyclone Catch Pot, wt % dry coal 1.89 1.80 0.0 3.08
Total Residue Char, wt % dry coal 86.7% 86.24 98,07 88.53
Water and Other Condensates, wt % -
dry cosl 1.09 2.4%0 0.07 0.22
Scrubber 0ils, wt % dry coal 0.0 0.39 0.11 0.67
Overall Material Balance, % ’ 3. 96 96,69 98.62 ol 4g
Carbon Baslance, % 3.89 80.82 94,13 87.63
O; Reacted, SCF/1b Coal Fed 0.45 0. 51 0.59 1.72
O; Reacted, % of O; Fed 100.00 160.00 88, 67 94.11
PRODUCT GAS FROPERTIES
Ges Composition, mole %
Nitrogen 96.9 97.2 97.2 90.6
Carbon Monoxide 0.4 0.4 0.6 2,2
Oxygen 0.0 0.0 0.5 1.1
Carbon Dioxide O.g 0.8 1.1 4.0
Hydrogen 0. 0.1 0.0 0.0
Argon 0.18 0.16 0.19 0.81
Methane 0.6 0.4 0.2 0.6
%m 85 g.l O.g g.%
opane+ . s 0. .
Total t 59,58 "'99.56 ~99.99 ~105. 01
Heating Value, Btu/SCF 30.68 26,29 .95 29.95
Nz + Ar Free Heating Value,

Btu/SCF 1048.5 1001.23 342.83 348,94
Iaboratory Agglomeration Test Lightly Free- Lightly
of Resldue at 14%00°F Caked Caked Flowing Caked
Specific Gravity (Air = 1.000) 0.9690 0.9689 0.9795 1.0001

B7506 1655Q




Table 7-Bl, Part 19, PRETREATMENT TEST DATA
FROM THE 10-INCE PDU

Run No. FP-69 FP-70 FP-718 FP-724
Feed Source ——— lond Mine —————————————e
Sleve 8ize, USS —_— 16480

Pretrestment Feed Gas Alr Alx Alr + N2 Aly
Purge Ges . Nitrogen
Duration of Test, hr 5.0 4.9 2.7 2.3
Stesdy-Stete Opersting Period, )

min 50-250 100-170 29-105 11-60 °
OFERATING CONDITIONS
Stendpipe

0D, in. . ’ 3 > 3 .. .3
Height, T T 4 4
Reactor Top Pressure, pslg 2.51 3.32 3.15 - 1.75
Bed Temperature, °F :
Bottom 570% 552# 674> 692+
1/2 b . 725 702 750 772
725 7ok 766 776
1—1/2 Tt ) 725 . 76 770 776
726 708 71 776
ié §E 71’5’92 7%%% 77127’ g
* *

Avers) e : 07 - 7 775
Coal Rate (Dry), Ib/hr 97.2 120.8 85. 82.3
Alr Rete, SCF/hr 799.6 1003. 4 722.0 674.5
Nitrogen Rete, SCF/hr . 0.0 €.0 66.8 0.0
Qxygen Concentration, % 21.0 21.0 19.22 21.0
Nitrogen Purge Rate, SCF/hr ) 5.2 5.1 5.3 2.9
Bed Inventory, 1b . 54.3 6L.0 29.5 R P A
Alr/Cosl Feed Ratio, SCF/1b 8.15 8.23 8.30 8.07
Alr/Cosl Bed Retio, SCF/lb-hr .73 15.67 2k, 47 16.41
Cozl Eed Pressure Drop, in. Hg 4.69 '5.98 4.15 3.25
Cozl Spece Velocity, lb/cu ft-hr 28.25 35.12 13,87 42,13
Cozl Residence Time, min 33.2 31.5 20.34 . 29.50
Superficiel Feed Ges Velocity, L

£t/sec 0.87 1.02 0.875 0.811

- Feed Gas Resildence Time, min 0.134 0.11%4 0.076 - 0,082

OFERATING HESULTS .
Product Ges Rete, SCF/hr 732.0 916.1 695.3  642.0
Residue Chsr (Dry), wt % cozl 92.59 88.81 86.97 91.52 .
Knockout Drum Residue, wt % dry coal 0.63 0.41 1.52 ] 2.62 )
Cyclone Cateh Pot, wt % dry cosl 3.35 3.56 2.59 . T
Total Residue Char, wt % dry cosl 95.9% 92.37 © 89.56 - _,,914.14
Condensate + Scrubber O0lls, wt % .

dry coal 0.38 0.48 . 1.09 . 1.26
Overall Material Belsnce, % 97.83 . 9477 93.24 97.72"
Cerbon Bslence, % 95.67 93. 47 g92.22 95.03
O, Reacted, SCF/ib Coal Fed : 1.31 1.05 1.45 1.46
Q, Reacted, % o£Q, Fed -75.88 : 60.47 82.25 84,87
PRODUCT GAS FROFERTIES
Gas Composition, mole %

Nitrogen 85.0 81.1 86.9 88.7
Carbon Monoxide 1.9 4.3 2.4 1.8
Oxygen 5.5 8.6 3.7 3.6
Carhon Dioxide 5.2 3.9 4.1 3.4
Hydrogen 0.1 0.0 0.1 0.1
Argon 0.98 0.99 0.98 0.92
Methene 0.4 0.4 0.7 0.6
Ethane 0.2 0.2 .2 0.2
Propene+ 0

99.99 9 0
33.7 1.2 33.2

Litg
Hwlo
u
[=]
.
\o'oo
s
o’
R
[=)
Ny

Total
Heating Velue, Btu/SCF
Nitrogen + Argon-Free Heating

‘Value, Btu/SCF 22k.9 © o 188.4 339.6 . 201.8
Ishoratory Ag 1omeration Test of Very L'lghtly Very Lightly
Reslidue &t 1BOO°F Caked Fused

Specific Gravity (Alr = 1.000) 1.0134 1.0101 1. 001;8 < 0. 9905

* Not included in sverage bed temperature.

B7506 1655R
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Table 7-Bl, Part 20.

Run No.

Peed Source

Sisve Size, U

Pretreatment Feed Gas

Purge Gas

Duretion of Test, hr
s:ggdy—state Operating Period,

OPERATING CONDITIONS

Standpipe

OD, ill

Helght, ft

Reactor Top Pressure, psig
£Loal Bed Pressure Drop, in. Hg
Bed Temperatures, °F

Bottom
1/2 £t
1

it
1-1/2 £t
2 ft

4t
6 ft

Avcrage
Coel Rate (Dry), 1b/hr
Air Rate, SCF/hr
Nitrogen Rate, SCF/hr
Oxygen Concentration, %
Nitrogen Purge Rate, SCF/hr
Bed Inventory, 1b
Air/Coal Feed Ratlo, SCF/1b
Air/Coal Bed Ratio, SCF/lb-hr

PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

FP-‘gg FE-Th
land Ming

Adr + No
2
3.58
32-180

23.10

Coal Space Velocity, lb/cu ft-hr 29.46

Coal Residence Time, min
Superficial Feed Gas Velocity,
ft/sec

Feed Gas Residence Time, min

OFERATING RESULTS

Product Gas Rate, SCF/hr
Residue Char (Dry), wt % c

27.3

0.939
0.071

762.0
oal 82.65

Knockout Drum Residue, wt % dry coal 3.27

Cyclone Catch Pot, wt & dry coal

Total Resldue Char, wt % dry c

.0
oal 85.91

Condensate and Scrubber 0Oils, wt

dry coal
Qverall Materiel Balapnce, %
Carbon Balance, %
O; Reacted, SCF/Ib Coal Fed
O; Reacted, % of O, Fed °

PRODUCT GAS PROPERTIES

Gas Composition, mole %
Nitrogen
gbon Monoxide
gen
%Egn Dioxide
Zen
Ar%on
Methane
Ethane |
Propane
Total
Heating Value, Btu/SCF
Nz mg(:F Ar=Free Heating Value,

Btu/! R
Specific Gravity (Alr = 1.000)

Isboratory Agglomerstion Test
of Residue at 1L00°F

* Not included in average bed

1.46
95. 14
85.60

1.97
88,13

food

Yoo opoo+FPNY

(SR

»n

YO OV R

Vi
o
\D
(&)

305.92
1.0004
Free

Flowix.lg

tempereture.

FP-75
=16+80
Alr + No Alr
N2 Na
)* . 95 8 . 0
4a-255 45-360
3 3
4 4
2.00 1.78
.18 .10
s
7 727
766 725
773 726
774 726
735: T21*
76% ;Eg
53.2 80.9
589.3 599.5
175.6 0.0
16.19 21.0
3. 3.1
30.0 28.6
10.93 7.38
19.67 20.93
27.19 40.9%
33.3 21.2
0.897 0.696
0.074% 0.096
725.3 578.3
86,04 94,62
3.55 0.70
0.0 0.0
89.59 95.32
1.55 0.025
95.82 97.71
gk, 32 9.78
2.32 1.11
100.00 71.43
90.0 84.8
2.5 2.4
0.0 5.6
5.4 5.7
0.1 0.0
0.75 0.97
0.2 0.2
0.2 0.1
0. 0.2
. 99.97
3%.10 16.39
368.71 115.21
1.0068 1.0149
Free- Free-
Flowing Flowing

7-B20

FP-76 FP-77

Various S

Adr + Np Alr + Nz
Nz N

2

6.12 6.72
53-315 41-360
3 2

3 4
2.24 2.07
k.64 k.28
729* TaL»
730 734
734 725
78 7ko
740 71
720* 126"
2% «
’%35 7%3
68.9 72.0
5311.4 568.8
184.0 157.7
16.04 16. 44
3.0 2.9
30.3 29.0
8.43 T.79
19.59 19.58
35.54 36.81
25.8 23.9
0.887 0.833
0.075 0.080

T4y, 1 701,
95.56 o4.38.
1.93 1.32
0.0 0.0
97.50 95.70
" 0.0 0.0
97.96 96.36
96.75 98.24
1.72 1,61
95.35 97.17
89.5 89.1
2.4 2.8
0.8 0.5
6.2 6.3
0.0 0.1
0.74 0.75
0.1 0.1
0.1 0.1
0.1 0.1
95. oF 59.85
14,18 15.89
145.89 156.93
1.0100 1.0096
Free- TFree-

Flowing Flowing

B7506 16558




sec .
. Feed Ges Residence Time, min

Table 7-Bl, Part 21, PRETREATMENT TEST DATA

FROM THE 10-INCH PDU

‘Runy No.
" Feed Source

Sleve Size, USS
Pretrestment Feed Ges
Purge Gss

‘Duretion of Test, hr
‘Steady-State Operating Perlod,
min

OPERATING GONDITIONS

Standpipe
0D, in.
Helght, ft .
Bed Inventory, 1b

‘Reactor Top Pressure, pslg
Coal Bed Pressure Drop, in. Hg

RBed Tempersture,
Bottom

S 1/2 £t
1 £t
. 1-1/2 ft

-2 It
LT

- 6 ft

Aver:

: ege
Coal Rate (Dry), lb/hr

Alr Rete, SCF/hr

" Nitrogen Rate, SCF/hr

Oxygen Concentretion, %

' Nitzogen Purge Rete; SCF/hr

Alr/Coel Feed Retio, SCF/1b
Alr/Coal Bed Retlo, SCF/1b-hr

- Coel Spece Velocity, lb/cu ft-hr
! Coal Residence Time, min

s%%:?ficial Feed Ges Veloclty:

OPERATING RESULIS

. Product Gas Rate, SCF/hr
Resldue Char (Dry), wt % dry coal
Knockout Drum Residue, wt % dry coal
Cyclone Catch Pot, wt % dry coal
Total Residue Cher, wt % dry cosl
Condensete and Scrubber 0ils, wt %

dry coal
Overall Meterial Balance, %

. Cerbon Belance, %

Q, Reacted, SCF/1b Cozl Fed
O; Reacted, % of O, Fed

_ PRODUCT GAS, PROPERTLES

" Gas Composition, mole % -
" Nitrogen
_ Carbon Monoxide

Oxygen

Carbon Dioxide
Hydrogen

Argon

Methane

Ethane -

Total

. Heating Velue, Btu/SCF

Nitrogen and Argon-Free Heating
Value, Btu/SCF

" Specific Gravity (Air = 1.000)
Isboratory Agglomerstion Test of
" Residue at 1Z00°F

* Not included in sversge bed tempersture.

7.B21

FP-78A FB-79° FP-80 - FP-81 Fp-82¢ . FE=83
- eland Mine
~16+80
- Al
- - Nitrogen
5.0 2.4 1.8 . 2.2 ° 3.3
70-220 25-120 kg-2ho 107-60 37-60 20-120
3 3 3 3 3 3
b L i L } i
30.6 27.0 25.5 23.6 23.7 24,5
2.82 2.12 1.60 1.05 1.70 1.1%
6.14 k.70 4.86 k.55 4,27 k.00
557* 695* 708% 759 T55* 709
768 782 792 80L 810 807
772 782 79% 802 814 814
775 78k 799 806 819 818
776 786 798 806 818 819
T75% 783* 800 806+ 820* 819
'_7%1;* 76T * 800* 796* 8a5* 824
77 T 797 [$3
100.1 3 105.4 88.2 95.0 1ok.7
1231.0 933.3 1151.5 1086.% 1127.6 1077.0
0.0 0.0 0.0 0.0 0.0 - 0.0
21.0 21.0 21.0 21.0 21.0 21.0
5.5 2.9 4.2 2.1 .9 5.1
12,11 10.51 10.76 12.13 - 11..68 10.15
40.21 54.58 15.19 16.09 7.8 - 43.95
51,24 4h,78 53.93 45,15 64 53.51
18.1 18,2 - 1h3 15.8 14,73 .85
1.39 1.11 1.43 1.40 1.46 59
0.048 0.060 0.046 0.048 0.046 0.0u8
1139.8 850.3 1102. 4 1001.3 1067.2 1040.7
92,0 88.76 85.22 3.39 89.94 88.09
0. 0.0 .0 0.0 . 0.0
3.24 0.0 3.62 0.0 2,01 1.64
95.28 88.76 88,84 98.39 91.95 89.73
Q.76 0.69 0.51 .54 0.95 '0.6%
94,99 91.90 92.148 99.76 95.2% |,  93.57
.00 94.68 92.38 106.91 .66 935.61
1.71 1.58 1.56 1.95 1.80 1.54
66.27 70. 64 68.09 75. 61 72.42 71.43
84.0 83.8 84,1 85.6 83.8 83.5
2,2 2.4 2.2 1.8 2.3 2.5
7.6 6.6 T.2 5.6 6.2 6.4
4,2 4.6 L1 L.6 ) 4.8
0.1 0.1 0.1 0.1 0.1 0.1
1.01 1.02 1.01 1.05 1.04 1.02
g.2 0.5 0.5 0.2 0.8 0.7
o.%_ o.g 0.1 . 0.2 0.2 -o.g
0. 0. Q. 0. 0. . 0.
—100.01 ~100.02 "I'otTJT. 00,0 “'99’9_. 24 ~100.02
26.20 36.64 31.72 34.2 41.8 38.95
17h.76 243,34 213.01 256.38 276.35 251.59
1.0113 1.0123 1.0095 1.0130 1.0107 1.0123
: Very Very : . Very
Iaghtly Iightly lightly K  lightly Fres~- 1lightly -
caked caked caked caked

- flowing - ceked

B7506 .1655T



Table 7-Bl, Part 22.

PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

Run No. FP-8u4A FP-8 FP-86 FP-87 FP-88 FP-89A
Ireland Irelend  Broken Arrow -

Feed Source Mine Coal Chars Chars Broken Aro i Jogal ———

Sieve Size, USS ~16+80 —

Pretreatment Feed Gas Alr Aly + N Alr

Purge Gas Nitrogen

Duration of Test, hr 1.83 7.3 5.6 5.93 k.0 4 42

Steady-State Operating

Period, min 20-60 46-392 14-320 26-330 3.170 28-210
OPERATING CONDITIONS
Standpipe

oD, in. 3 3 3 3 3 3

Height, ft 4.0 4.0 4.0 4.0 4,0 4.0
Reactor Top Pressure, psig 1.07 0.72 0.78 0.76 0.71 0.0
Coal Bed Pressure Drop, in. Hg 3.33 2.85 3.20 3.71 3.57 3.23%
Bed Temperatures, °F X

Bottom (631)+ (558} (727)* (778 )> (794)* (7v7)~

1/2 £t 795 712 720 776 800 01

1t 798 715 721 777 800 8o2

1-1/2 ft 802 715 721 777 801 8oy

21 803 714 720 780 802 8of:

4 £t 806)* 707)* 722)* 8 798} (U

6 ft 834 )« 68 * 66)* - g';t)P-z'

Average 0l 720 7 0l “04
Coal Rate (Dry), 1b/mr 94.75 61.05 75.35 89.85 83,22 89,84
Air Rate, SCF/I‘m . 951.9 534.3 674.7 904,12 901.7 867.0
Nitrogen Rate, SCF/hr 0.0 114.8 0.0 0.0 0.0 0.0
Oxygen Concentration, % 21,0 17.29 21.0 21.0 21.0 21.0
Nitrogen Purge Rate, SCF/hr 5.03 5.07 5.09 5.32 5.15 5.07
Bed Inventory, 1b 24,83 26.87 32,26 27.62 27.33 23.13
Air/Coal Feed Ratlo, SCF/1b 9.89 8.57 8.72 9.85 10.01 9.4
Alr/Coal Bed Ratio, SCF/1b-hr 38.34 19.89 20.92 32.73 33.00 37.48
Coal Space Velocity, 1lb/cu ft- 3

hr 8.53 31.43 38.99 46.26 45,39 4G, by
Coal Residence Time, min 15.47 25.85 25.02 18.06 18.21 15.07
Superficlal Feed Gas Velocity,

ft/sec . l.22 0.798 0.827 1.16 1.19 1.1y
Feecd Gas Residence Time, min 0.054% 0.083 0.080 0.057 0.056 0. 0%
OPERATING RESULTS
Product Gas Rate, SCF/hr 851.5 597.8 619.0 843.2 837.3 809.8
Residue Char (Dry), wt %

dry coal 78.39 95.01 390.18 83.54 86.50 81.40
Knockout Drum Residue, wt

Z dry coal 0.0 0.0 0.0 0.0 0.0 0.0
Cyclone Catch Pot, wt % dry

zoal 0.89 o.72 1,64 1.77 0.41 1.0%
Totul Resldue Char, wt % dry

zoal 79.28 95.73 91.82 85.31 86,91 8p.0%
Condensate and Scrubber 01ils,

wt % dry coal 0.60 0.0 0.0 1.28 2.6 2.10
(werall Material Balance, % 84,71 93.95 90.74% 89.61 89.63 89.40
Carbon Balance, 82.83 96.61 94.67 90.68 9%.80 90,67
O, Reacted, SCF/Ib Coal Fed 1.71 1.45 1.4 1.58 1.82 1.66
O; Reacted, % of O, Fed 81.40 79.10 75.06 74.91 80. 21 82,25
PRODUCT GAS PROPERTIES
Gas Composition, mole %

Nitrogen 86.2 88,7 83.7 83.2 82.9 8.0

Carbon Monoxide i 2.5 2.2 2.6 2.4 2.9 2.6

Oxygen 4.3 3.9 5.6 5.6 i i 4o

Carbon Dioxide h.3 4.2 7.0 6.0 6.6 6.5

Hydrogen 0.1 0.1 0.0 0.1 0.1 0.1

Argon 1.05 0.83 0.98 1.01 1.00 1.00

Methane 0.6 0.1 c.1 0.8 0.8 0.7

%It;}mne N 0.2 0.0 0.0 0.3 0.4 0.4

opane: 0. 0.0 0.0 0.6 0. 0.7

Total g9_.35 00.0 . T00. 01 W'g'd .
Heating Value, Btu/SCF 35.h2 8.28 9.21 36.33 47,25 4o.25
N2 and Ar-Free Heating Value,

Btu/SCF 277.8 79.36 60.14 230.06 293.49 268,732
Specific Gravity (Air = 1.000) 1.0060 1.0027 1.0214 1.0162 1.0197  1.0178
laboratory Agglomeration Test  Free- Free- Free- Very Lightly Free- Free-

of Residue Char at 1400°F Flowing Flowing Flowing Caked Flowing Flowing

* Not included in average bed temperature.

7-B22
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Table 7-Bi, Part 23, -PRETREATMENT TEST DATA
FROM THE 10-INCH PDY

Run No.

Feed Source

Sieve Size, USS
Pretrestment Feed Ges
Purge Gas -

Duration of Test, hr

‘Steady-Stete. Opereting Period, min

OFERATING CONDITIONS

Stendpipe

0D, in.

Helght, ft

Reactor Top Pressure, psig
Coel Bed Pressure Drop, in. Hg
- Bed Temperatures, °F

Bottom

1/2 £t

1t

i-1/2 ft

2 ft

L 1e

G It .

Average

Coal Rete (dry), 1lb/hr

Alr Rate, SCF/hr -
Nitrogen Rete, SOF/hr

Oxygen Concentretion, %
Nitrogen Purge Rate, SCF/hr
Bed Inventory, lb
Air/Coal Feed Ratio, SCF/1b
Alr/Coal Bed Retio, SCF/Ilb-hr
Coel Spece Velocity, ib/cu fi-hr
Cozl ‘Residence Time, min
Superficilel Feed Gas Velocity,
‘ft/sec - .

feed Gas Residence Time, min

OPERATING RESULLS

Pruduct Gas Rete, SCF/hr

Rosidue Char (dry), wt # dry coal
Knockout Drum Residue, wt % dry

© coal

Cyclone Cetch Pot, wt % dry cosl

Totel Residué Cher, wt % dry coel

Cuondensate end Scrubber Oils,

wt % dry coal

Overzll Materisl Balence, %

~ Cerbon Belence, %

O, Reacted, SCF/Ib Cozal Fed

O, Reacted, % of O, Fed

FRODUCT GAS PROPERTIES

Gas Composition, mole % -
Nitrogen
Carbon Monoxide

Oxygen

Cerbon Dioxide
Hydrogen
Argon

Methane

Ethane
Propanet

Total
Heeting Velue, Btu/SCF
Ne- and Ar-Free Heeting, Value,
Btu/SCF
Specific Grevity (Air = 1.000)
Iehorstory Agglomeretlon Test
of Residue Cher at 1%00°F

'* Not included in-averzge bed temperature.

7-BZ23

FP-90 Fp-91 FP-92 FP-934 FP-g4
West V- ﬂrg.n%?é%’ock No. 5~ FpP-91 Cher
Alr
Nitrogen
1.95 5.37 5.70 3.15 3.27
28-60 17-305 28-325 17-172 12-180
> 3 3 3 3
1.0 4.0 L.0 0 4.0
0.63 0.77 0.8% 0.73 0.0
2.57 1.79 0.43 0.70 0.72
(806)*  (77%) (799)*  (803)*  (728)*
805 775 799 800 726
803 775 799 8ao 726
803 75 799 802 727
803 775 802 803 723
go%. é?gog* Sog : 302 §7216+g*
1)+ 759 )* * S 122* . 56 )*
B05 %06 02 T
85.78 84,38 96.37 103.16 gr.uh - |
879.9 97k.0 1113.6 1181.2 656.8
0.0 0.0 0.0 0.0 0.0
21.0 . 21.0 21.0 21.0 21.0
4,08 4,99 5.29 5.36 5.00
26.8 27.7 27.4 25.6 34,9
10.09 11.3 1L.46 11.33 744
32,8 35.1 40.6 46,2 .18.8
43,9 13,2 49,0 52.5 .5
18.46 19.42 16.95 14,72 23.76
1.19 .17 1.26 1.6 1.54
0.057 0.053 0.043 Q0.043 0.078
830.9 911.9 1009.0 1081.5 636.5
83.77 88.35 84,31 85.60 93.59
0.0 0.0 0.0 a.0 0.0
0.87 1.7% 1.76 1.38 0.62
gh.6h 90.09 86.07 86.98 ok.21
1.29 0.83 0.97 0.80 - 0.18
90. 04 92.72 89.86 90.36 g95.94
89.47 92,68 91.51 91.67 95.24
2.03 1.59 1.68 1.53 1.03 -
94, 40 66.20 69.46 63.87 - 65.21
86.6 83.1 83.0 81.5 82.5
3.8 2.2 2.5 2.5 2.5
1.3 7.5 6.8 7.9 T.7
I, 9 5.0 k.9 5.2 - 5.9
0.2 0.1 0.1 0.1 0.1,
1.02 0.29 . 1.00 0.96 0.95
0.9 0. 0.6 0.6 0.1
0.2 0.1 0.2 0.2 0.0
1.1 ._0.6 0. 1.0 0.2
100,02 . 99.99 760,00  99.96 “"‘"529. E)
52,95 28.19 40.48 13,01 k.27
Yar. 7% 117.19 252,99 2i5.19 86.25
1.0060 1.0145 .01 1.0173 1.0180
Free- Iightly Free- Very Light- Free-
Flowing Ceked Flowing 1y Csked Flowing

B7506 16_55v



Table 7-Bl1,

Run No,
Coal Feed Source

Sieve Size, USS

Pretreatment Feed Gas

Purge Gas

Duration of Test, hr

Steady~State Operating Period,
Min

OPERATING CONDITIONS

Standpipe

OD, in,

Height, ft
Reactor Top Pressure, paig
Coal Bed Pressure Drop, in. Hg
Bed Temperatures, °F

Bottom

1/2 ft

1ft

1-1/2 4t

2 ft

4 ft

6 £t

Average

Dry Coal Feed Rate, 1b/hr
Air Rate, SCF/hr
Nitrogen Rate, SCF/hr
Nitrogen Purge Rate, SCF/hr
Oxygen Condentration, %
Air/Coal Feed Ratio, SCF/1b
Air/Coal Bed Ratio, SCF/lb-hr
Coal Space Velocity, 1b/cu ft-hr
Coal Reasidence Time, min
Feed Gas Residence Time, sec
Superficial Feed Gas Velocity,

it/ sec
Bed Inventory, 1b

OPERATING RESULTS

Praoduct Gas Rate, SCF/hr
Total Gasified Char, wt £
dry coal
Cyclone Catch Pot, wt $dry coal
Total Residue Char, wt $dry coal
Condensate and Scrubber Oils,
wt $dry coal
Overall Material Balance, %
Carbon Balance,
O; Reacted, SCF/1b coal fed
O; Reacted, % of O; fed

PRODUCT GAS PROPERTIES

Gas Composition, mole %

Nitrogen

Carbon Monoxide

Oxygen

Carbon Dioxide

Hydrogen

Argon

Methane

Ethane

Propane*

Total .

Heating Value, Btu/SCF
N; and Ar-Free Heating Value,

Btu/SCF
Specific Gravity (Air = 1,000)
Laboratory Agglomeration Test

of Residue Char at 1400°F

Not included in average bed temperature,

Part 24,

FROGM THE 10-INCH PDU

FP-95A

Pocahontas
No, 4
~16+80
Air
Nitrogen
5.62

6-315

792
793%
789*%
790
86,36
1113,8
0.0
5.01
21,0
12,6}
30,36
44, 51
24,93
0,046

1.45
36,69

1054.2

84.83
8.07
92,90

0.0
93.32
93.59 ,

1,51
55,72

®

OOOOO.OA\DN!V
w

g e .
-aoon-gn—wonw

DR

99.97

o
.

N
-

50.02
1.,0110

Free
Flowing

PRETREATMENT TEST DATA

FP.96 FP-97 FP-98 FP-99 FP-100
Pocahontas Pocahontas  Pocahontas Dlinois Nllinois
No, 4 No. 4 No. 4 No. 6 No. 6
—16+80 ~16+80 ~16+80 -16+80 ~16+80
Air Air Air Air Alr
Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen
7.67 6. 5. 55 6,68 1,4
20-380 16344 4-320 26-375 12.60
3.0 3,0 3.0 3.0 3.0
4.0 4.0 4,0 4.0 4,0
0.86 0.88 1.16 0.68 0.85
1.63 1,46 1,74 0.71 0.95
830% 858% 853* 785% 8l3#*
826 853 849 77 803
826 853 849 77 803
828 855 850 781 807
830 857 851 782 805
828 859 851 782* gla*
814% 853* - 772 g34%
8 855 350 780 /05
94, 65 107,05 107,93 65,67 82,25
1242,1 1291,0 1349.0 1164.9 1277.6
0.0 0,0 0.0 0.0 0.0
4,16 4.10 5,22 ‘4,97 4.88
21,0 2l.0 21,0 21,0 21.0
13,03 11,87 12,30 15,38 13,58
29.20 30,17 31.40 43,55 54, 62
48,04 54,83 55, 28 38,18 47.43
26. 78 23,65 23,51 21,19 14,91
0,041 0,038 0,037 0,044 0.040
1,64 1,76 1,79 1,51 1,68
42,54 42,87 42,98 26,75 23.39 -
1211,0 1160, 6 1246, 4 1078.2 1223.9
81,04 79.74 81,77 82.85 84.95
12,09 12,23 14,03 2.22 1.84
93.13 91.97 96.80, 85,07 86.79
0.0 .0 0.0 1.51 0.0
95.74 90.87 94,29 91.53 88,37
95,77 93,53 97.41 92,63 92.73
1.49 1,71 1,67 2.47 2,28
54,04 67.84 63, 68 66, 48 69,98
80,3’ 82.3 82.1 82,3 83.2
2.6 3.1 3.0 2.5 2.3
9.9 7.1 8.0 7.4 6.7
5.3 5.7 5.3 5.7 5.7
0,2 0,2 0.1 0.1 0.1
0.99 0.97 0.97 0.97 0.97
0,6 0.5 0.4 .5 0.5
0.1 0.1 0.1 0.2 0.2
0.0 0.0 0.0 0.3 0.3
99.99 59.97 99.97 99.9 99.97
16,59 17.18 15,54 24.31 23,67
88, 69 102,67 91.87 145,29 149. 56
1.0140 1,0126 1.0129 1,0158 1.0149
Free Free Free Free Free
Flowing Flowing Flowing Flowing Flowing

7-B24
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Table 7-Bl, Part 25. PRETREATMENT. TEST DATA
FROM THE 10-INCH PDU '

‘Run No. : )  FP-1018 FP-~102D
Feed Source Illinols No. 6
Sieve Size, USS . : —_—— 16480 .
Pretregtment Feed Gas - - Air
Purge Ges Nitrogen
Duration of Test, hr 1.35 5.28
Steady-State Operabting Period, min 15-60 : 27-290
OFERATING CONDITIONS
Standpipe ’
QaD, . 3.0 3.0
Nelght, ft 4.0 k.0
Reactor Top Pressure, psig 1.15 1.30
Goal Bed Pressure Drop, in. Hg 1.30 1.44
Ted Temperstures, O
Rottom (796)* . (775)"
1/2 ft . 798 775
11t _ 798 775
1-1/2 £t 798 775
2 {t o 797 T4
4 Pt . : 805) 174
6 ft : 81l)» ) . 57622'
N Average T . T
Coal Rate (Dry), lb/kw 93.38 - T 9L.81
Alr Rate, SCF/hr 1282.6 1296.4
Nitrogen Rate, SCF/hr 0.0 0.0 .
Oxygen Concentration, % 21.0 ., 21.0
Nitrogen Purge Rate, SCF/hr ) . L9
Bed Inventory, Ib 35.23 . 28.0
A1r/Codl Feed Ratio, SCF/Ib 12.05 12.98
Air/Coal Bed Ratio, SCF/lb-hr 36.40 : 46.30
Coal Space Velocity, Ib/cu ft-hr 53.67 50.36
Coal Residence Time, min 19.85 16.82
Superficial Feed Gas Veloclty, ft/sec 1.62 1.60
Feed CGas Residence Time, min 0.041 0.042
OPERATING RESULTS . .
Product Gas Rate, SCF/hr 1193.4 1230.49
Residue Cher (Dry), wt % dry coal 83.70 95.55
Cyclone Catch Pot, wt % dry coasl 1.92 0.93
Total Residue Char, wt % dry cosl . 85.62 . 9%.48
Corlensate and Scrubber Olls, wt %-
dry coal - 131 0.74
Overall Material Balance (Dry), % T 93.15 . . .97.29
Carbon Balance, % - 93.30 103.60
O, Reacted, SCF/Ib Cozl Fed 2.21 2.09 .
Q, Reacted, % of O, Fed . 76.93 70.67
PRODUCT (GAS PROPERTIES
Gas Composltion, mole % .
© Nitropen 82,4 82.6
Carbon Monoxide 2.8 2.1
- Oxygen 5.1 6.5
- Carbon Diloxide 6.6 6.6
Hydrogen L 0.6 0.0
Avgon - 0.99 6.99
Methane 1.0 0.6
- Ethane 0.1 0.2
_ ' Propanet 0.1 L 0.4
~ Totel 99.99 : 99.99
Heating Value, Btu/SCF . 32,61 26.25
..Nz- and Ar-Free Heeting Value, .. .
. SCF . 186,31 - ) 1 159.96 .
Speclfic Gravity (Air = 1.000) - 1.,0119 1.,0210 . .
Isboratory lomeration Test of Free- Free~
Residue at 1400°F .

Flowing C ' Flowing

* - Not included :Ln average bed tempersture.

- - B7506 1655% -
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Table 7-Bl, Part 26. PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

0. FE-10 FP-104  FP-10 FP-106 i_*‘l’_-%gl
ed Source ——=Tilinols No. 6 ———  =Tndiene No. 6 —

Sieve 8ize, USS -16480

Pretreatment Feed Gas Alr

Purge Gas Nitrogen

Duration of Test, hr 1.58

4.33 7.1 5.83 2,93
Steady-State Operating Period, min 25-63 29-239 74372 17-326 29-321
OFERATING CONDITIONS

Standpipe .

D, in. 3.0 3.0 3.0 3.0 3.0

Height, ft 4,0 ) k.o k.0 .0
Reactor Top Pressure, psig 1.40 1.32 1.59 1.8%4 1.73
Coal Bed Pressure Drop, in. Hg 1.40 1.23 1.20 1.4% 1.74
Bed Temperatures, °F )

Bottom (812)+ (79%)* (800)* (796)* (776 )*

1/2 £t 812 794 800 796 776

11t . 812 794 800 797 776

1-1/2 £t 813 794 800 797 777

2 ft 814 79% 800 197 1717

4oy 816)* 9% 799 799)* 779

6 It 814} * * 2 ) * 1)*

Average T
Coal Rate (Dry), 1lb/hr 92.83 83.04 87.60 82,19 83.76
Air Rate, SCTF/hr . 1287.9 1252,2 1229.4 1216.2 1219.1
Nitrogen Rate, SCF/hr 0.0 0.0 0.0 0.0 0.0
Oxygen Concentration, % 21,0 21.0 .21.0 21.0 21.0
Nitrogen Purge Rate, SCF/hr 4,98 5.08 4,88 5,34 4.99
Bed Inventory, 1b 20,0 22.5 24.5 25.5 27.5
Air/Coal Feed Ratlo, SCF/1b 13.07 13.33 12,72 13.02 13.04
Air/Cosl Bed Ratio, SCF/lb-hr 49,53 55.65 50.18 47,69 4y, 33
Coal Space Velocity, 1b/cu ft~hr 49,67 47.35 18,73 47.08 47.12
Coal Residence Time, min 15.83 4,37 15.20 16.38 17.65
Superficial Feed Gas Velocity, ft/sec  1.62 1.59 1.52 1.49 1.48
Feed Gas Residence Time, min 0.041 0.042 0.044 0.045 0.045
OPERATING RESULTS
Product Ges Rate, SCF/hr 1130.1 144,11 1097.3 1182.0 1158.5
Resldue Char, wt ¥ dry coal 82,84 77.08 77.94% T7.76 2.55
Cyclone Catch Pot, wt % dry coal 1.16 6. 2.53 3.16 2.12
Total Residue Cher, wt % dry coal 8k, 00 83.hy 80.47 80.92 8L.67
Condensate and Scrubber Oils, wt %

coal 0.37 0.39 0.69 0.67 0.37
.Overall Material Balance, % 87.40 90.85 86.16 1.80 92.15
Carbon Balance, % 93.71 92.6 83.63 7.22 90.92
O, Reacted, SCF/Ib Carbon Fed 2.13 2.21 2.30 2.14 2.03
O, Reacted, % of O, Fed 73.2 70.1 78.2 78.2 66.4
PRODUCT GAS PROPERTIES
Gas Composition, mole %

Nitrogen 84.9 82.3 81.2 81.8 82,2

Carbon Monoxide 1.8 2.4 2.4 2.5 2.3

Oxygén 651 6.6 7.2 6.8 7.4

Carbon Dioxide 4,7 6.5 7.0 6.6 6.1

Hydrogen 0.1 0.1 0.1 0.1 0.1

Argon 1.05 1.00 1.02 1.02 1.00

Methane 0.6 0.5 0.5 0.6 0.4
Ethane + 0.2 O.ﬁ O.E O.ﬁ 8.2

Propane 0, 0. 0. 0. .

Total . §9.35 ~166.00 100,02 100,02 B
Heating Value, Btu/SCF 28.15 26.52 26.5! 27.83 22.68
No- and Ar-Free Heating Value,

Btu/SCF 200.35 158.80 149.16 162,01 13%.99
Specific Gravity (Air = 1.000) 1.0095 1.0203 1.0241 1.0209 1.0189
Iaboratory Agglomeration Test Free- Free- Free~ Free- Free-

of Residue Char at 1400°F Flowing Flowing Flowing Flowing Flowing

* Not included in average bed temperature.

B7506 1655Y
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Table 7-Bi,

Paxt 27.

PRETREATMENT TEST DATA

FROM THE 10-INCH PDU -

Fp-108

FP-112

* Not included in averape bed tembere.mre.

7-B27

Flowing

Run No. FP-108 FP-110A FpP-1114

j West Virginia
Peed Source Indishae 6th Vein Seem - Sewell Seem
Sieve Size, USS —16+80
Pretreatment Feed Ges Alr
Purge Ges Na
Duretion of Test, hr 2.93 5.17. 5.08 4.62 472
Steady-State Operating )

Period, min 45-120 62-248 22-283 32-245 18-265"
OFERATING CONDITIONS
.Standpipe

D, . 3.0
“Height, ft 4.0
Resctor Top Pressure; psig 1.88 1.45 1.47 2.10 2.1%
Coal Bed Pressure Drop, in. Hg 1.48 1.32 1.43 1.72 2.7
Bed Temperatures, °F . )

Bottom (813)* (817)* (811)* (806 )+ (81,)

i/2 ©t 814 820 811 806 816

1t 81k 822 813 806 816

1-1/2 £t .81k 821 81k 807 810

2 £t 81k 825 815 go7 8Ly

i R N A !

t * 16)* .{802)* < 05)¥
. Averege _ 14 24 13 : 1T

Cozl Rate (Dry), Ib/hr 103.71 104,61 106.52 g2.40 9,69
Air Rate, SCF/hr . 1ig.0 1417.8 1127.5 1479.0 8
Nitrogen Rete, SCF/hr 0.0 0.0 0.0 0.0 0.0
Oxygen Concentration, % 21.0 21.0 21.0 21,0 21.0
Nitrogen Purge Rete, SCF/hr %.89 4.98 5.06 5.67 5.18
Bed Inventory, 1lb 17.0 16.5 18.75 19.75 215
Air/Coal Feed Ratio, SCF/1b 12.27 12.75 12.40 14.65 14.88
Air/Coal Eed Retio, "SCF/lb-hr 85.47 85.93 76.13 74.88 K75
Coel Space Velocity, lb/cu ft-hr  58.27 56.0b 58.04 50.90 50. 30
Cozl Residence Time, min 8.82 8.90 9.77 11.73 19.09
Superficlel Feed Ges Veloclty, . .

£t/sec 1.75 1.80 1.84 1.79 1.83
Feed Gas Residence Time, min 0.038 0.037 0.036 0.037 0.03%6
" OPERATING RESULTS
Product Gas Rete, SCF/hr 1360.1 1293.0 1415.0- 1413.2 . 1430.0
Residue Char (Dry), wt # dry . . . :

coal 69.32 79.39 80.67 80.11 40. 10
Gyclone Cstch Pot, wt # dry

coal . 11.36 2.27 2.35 3.33 2.B5
Totel Residue Char, wt % dry :

“eoal . 80.68 81.66 83.02 83.44 [FANEN
Condensete and Scrubber Oils, . .

wt % dry cosl | . 1.22 1.18 0.98 1.67 0.0
Overall Msterial Balance (Dry), ¥ 92.29 88.59 y3.12 42,78 - LA
Cerbon Balsnce, % 87.51 87.61 £9.09 91.52 93,02
O, Reacted, SCF/1b Cozal Fed 2.20 1.95 2.06 - 2.12 1,74
O, Reacted, % of O, Fed 76.8 68.7 73.4 63.2 - H5.4
PRODUCT GAS FROPERTIES
Ges Composition, molie &

Nitrogen 81.9 82.1 81.2 81.1 . 81.1

Carbon Monoxide 2.5 2,6 2.6 2.6 2.6

Oxygen 5.1 6.9 7.9 8.0 Q.7

Carbon Didxide 7.9 6.0 5.8 6.0 y.7

Hydrogen 0.3 0.1 0.1 0.1 | 0.1

Argon 1.01 1l.02 0.99 1.01 © 0.8

Methane 0.7 0.7 ) 0.7 -0.5 - 0. -

Etheane 0.2 0.2 0.2 0.2 0.1 -

Propenet . 0.4 0.4 . 0.5 0.5 0.%

Total e 760.01 100.02 99.99 100.0L 09, W

Heating Value, Btu/SCF 29.47 29.15 31.67 29,68 21,87
Nz~ end Ar-Free Heeting . :

Value, Btu/SCF 172,143 172.66 177.85 165.91 122,03
Specific Gravity (Air = 1.000) 1.0235 1.0173 1.0177 1.0201 1.0153%
‘Isbhoratory Agglomerestion Test Very Lightly Free— Free- Free- Liphtly -

of Residue et I1400°F Caked Flowing Flowing Caukeexl

B7506'1655z
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Table 7-Bl, Part 29. PRETREATMENT TEST DATA
FROM THE 10-INCH PDU

Run No. . “FP-139 . EP-140
Feed Source . Nicholas Co. Sewell Seam Product of Run 139
Sieve Size, USS mesh . =10+ 80 - =10 +80
Pretreatment Feed Gas Nitzogen Nitrogen
+ Air + Alr

Purge Gas . Nitrogen . Nitrogen
Duration of Test, hr 14,42 9.40
Steady-State Operating Period, -

Min © 65-828 0-565

OPERATING CONDITIONS

Standpipe .
oD, in. g 3 3
Height, ft 4 4
Reactor Top Pressure, psig 1,48 3.05
Goal Bed Pressure, Drop, in. Hg 4.56 4, 50
Bed Temperatures, °F .
Bottom (740) * (847) *
1/2 ft ' 772 . 854
1ft 74 853
1-1/2 £t 797 829
2 ft 778 8585
4 ft 784 855 .
6 ft !824! * !854! *
Average 78 &
Goal Rate (Dry), 1b/hz 111,63 . 112.05
Air Rate, SCF/hr 1115 © 1095
Nitrogen Rate, SCF/hr 328 356
Oxygen Concentration, $ 16.2 15.8
Nitrogen Purge Rate, SCF/hr 4.1 . 4.1
Bed Inventory, 1b 33.28 22.0
Air/Coal Feed Ratio, SCF/1b 9.99 9.77
Air/Coal Bed Ratio, SCF/1b-hr 33,53 49,77
Coal Space Velocity, 1b/cu
fthr 56.95 56.93
. Coal Residence Time, min 18.09 11.88
Feed Gas Residence Time; min 0.038 - '0.039
Superficial Feed Gas Velocity, )
ft/ sec 1.76 1.70
OPERATING RESULTS
Product Gas Rate, SCE/hr Not Not
Metered Metered
Residue Char (Dry), wt ¢ "
dry coal - 76.17 ) 77.50
Cyeclone Gatch Fot, wt & -
dry coal 9.85 No Data
Total Residue Char, wt ¢ ‘ :
dry coal 86,02 - -
Condensate and Scrubber Qils,
wt $dry coal No Data No Data
Overall Material Balance
Dry § - : -
Carbon Balance, ¢ - -
O, reacted, SC¥/ib 2.097 2.051
Oy reacted, ¢ - ——
PRODUCT GAS PROPERTIES .
Gas Gomposition, mole $ No Gas ) No Gas
Nitrogen Samples .~ Samplea
Carbon Monoxide
Oxygen
Carbon Diaxide
Hydrogen
Argon
Methane
Ethane
Propane
Total -

Heating Value, Btu/SCF

N;- and Ar-Free Heating Value,
Biu/ SCF

Specific Gravity (Air = 1.000)-

Laboratory Agglomeration Test

‘of Residue at 1400°F - . Fused Lightly
. : . . . Caked
* Not included in average bed teraperature B7 506 16 5 5BB ’
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FP-35
Reactor Residue

Feed BResidue Receiver

FP-~35C
Reactor Residue

Residue Receiver

Feed

YA
Reactor Residue

Residue Receiver
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PRETREATMENT ANALYSIS DATA FROM THE 10-INCH PDU

Table 7-B2, Part 7,

M No.
Sample

Proximate Analysis, wt %
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PRETREATMENT ANALYSIS DATA FROM THE 10-INCH PDU
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Table 7-B2, Part 10.
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