II. EXPERIMENTAL PILOT UNIT FOR UNDERGROUND GASIFICATION STUDIES WITH

© HIGHLY SUPERAEATED STEAM AND OXYGEN

INTRODUCTION -

This project was undertaken in coorperation with Dr. Albert DeSmaele,
Chairmen of the Board, SOCOGAZ, Belgium, to study in an exrerimental pilot
unit the underground production of synthesis gas from coal with very highly
surerheated steam and oxygen. Conditions existing in underground gasifica-
tion were to be simuleted in the two units to be constructed at Morgantown.
Later, after all Plans had been completed, it was decided to build only one
unit at first in order to make the pfeliminary‘investigations. The decision
called for constructing a second unit after the completion of a run in the -
Tirst cne. Thus, the expected orerating difficulties due to shortcomings
of the first unit were to be eliminated from the second unit,

As underground gasification is essentially gasification of coke walls
resulting from the devolatization (carbonization) of coal seams by intense
heat, it was decided to study the gasification of run-of'-oven, high-temperature
coke cemented together into a strong circular wall about 2 feet thick.

APPARATUS AND OPERATING PROCEDURE

The pilot unit constructed is a cylindrical steel chamber 10 feet long
and L feet in diameter, holding about 3 tons of coke, with a h-inch diameter
channel along its axis in the middle. A large (2-million B.t.u. rer hr.)
caracity burner of special design, using natural gas and oxygen, was constructed
to blast the charge from the top. The products of combustion - steam and COp -
could be mixed with enough additional steam in such.a way that all of these
reactants were introduced through the 4-inch channel at 4,0000 F. The products
of gasification moved downward into an 8-inch stack. The immediate objective
was to vary the steam and oxygen to carbon;ratios, and thereby the temperature
of the reactants, to determine the optimum choice of ‘operating variables for
efficient and economical gasification of coal in underground seams.

To build a circular coke wall of maximum strength and bulk density, it
was necessary to find a Proper cement mixture of low inorganic content for
the coke charge. The agglutinating powers of the cement mixtures were deter-
mined in 13 block tests. Each block was built up In a 2 by 2 by 2-foot steel
box (with removable side walls) from layers of lump coke. The interstices
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were filled with minus 2-inch pieces and coke breeze soaked in a thin water
paste of various cements and plastic fire clay, and each dried block was
then tested for its strength.

The shatter tests'made by repeated droppings of a 50-pound steel block
from a 6-foot height over each coke block proved the superior strength of
coke walls of the following composition: .

Percent
Over 2-inch size 1lump COKE essescesoss 45
1/hb-inch to 2-inch pieces of coke ... 2k
Coke breeze (minus 1/4-inch size) ... 26
Portland cement eeseecovescnasesssscs 4.5
Plastic fire clay sseeecsscecsccenace 0.5
: 100.0

A coke wall of this composition had also the maximum bulk density (51.3 1b.
per cu. £t.) with the minimum amount of binding cement. The addition of
fire clay was necessary in order to make the surfaces of the coke lumps
wettable with cement.

Pictures of a.coke block of inferior strength and of one that had the
greatest strength and bulk density among the 13 different cement compositions
tested are shown in figures 16 and 17. The method of building up the coke
wall by layers is seen in figure 16. '

The procedure followed in filling the generator chamber was the same
as that which furnished the strongest coke block, namely, bullding up the
coke wall by layers. A 3-inch iron pipe covered with paper cardboard
(4 inches 0.D.) was placed in the center of the empty shell in vertical
position, and the coke wall was constructed around it. The pire was pulled
out of the charge after it had dried, leaving a h-inch channel in the exact
center of the charge. : '

Details of construction of the unit together with natural gas, steam,
oxygen, and water supply lines are shown on a flow sheet in figure 18. The
appearance of the pilot unit supported on a refractory base with the burner
apraratus on the top, rising 16 feet above the ground floor, is shown in
figure 19. .

The water-cooled burner and steam-superheating head, which furnishes
a meximum of 2 million B.t.u. per hour, was tested outside in the open prior
to its installation. The flame test, shown in figure 20, indicated that a
high-intensity flame of normal shape developed, and the size of the flame
could easily be controlled by manual regulation of a valve on the oxygen
line. The natural gas was automatically proportioned by means of a diaphragm-
type governor with 2.2 times its volume of oxygen. The steam issuing from a .
3 /t-inch wide annular ring of 12-inch diameter mixed well with the flame,
against which it was directed at a slight angle.
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19. - Pilot unit for study of
underground gasification
of coke walls,



Figure 20. - Flame test with burner and steam superheater
used for study of underground gasification
of coke walls.

Figure 21. - Middle section of generator after run made
for underground gasification studies.



‘Calculations showed that the natural gas, having a net calorific vaéue
of 1,018 B.t,u, (60° F,, 30" Hg, dry) and containing 80,3 percent CHA,tluf
rercent CoHg, 1.12 percent N, and:0.0B percent CO,, could be burned a.JC O;
rate of 1,965 standard cubic feetZl. per hour, Using oxygen at the rate
L L30 standard cubic feet rer hour fer a theoretically cemplete combustlgn,
tie theorstical yield of combustion preducts would be k,2h8 stan@arq cutic
feet of steam (202.2 lb.); 2,207 standard cubic feet of carbon d10x1Qe, and
22 standard cubic fest of nitrogen, cor a total of 6,577 standa;d cub%c feet
per hour, The thecretical flame temperature, taking into consgderatlon the
extent of the dissociation of Hy0 and COp, would then be 5,285° F. However,
ty the admixture of steam (340° F., 100 p.s.i.g.) at the rate of 15,910
standard cubic feet per hcur (758 1b.), the thecretical flame temperature
would decrease to h,OOOO F,gﬁ/ Thus, the burner apparatus was c%pable*of
delivering hourly 960 pounds of steam (202,2 + 757.8), 2,307 cubic feet of
cerbon dioxide, and 22 cubic feet of nitrogen at a thecretical temperatgre
of 4,000° 7,

OPERATING DATA AND RESULTS

The run was preceded by a Preliminary heating reriod, intending to
raise the temperature of the charge gradually to about 1,800° F. by blasting
it with a flame, using only one-fourth of the natural ges and oxygen calcu-
lated above for a heat release of 2 million B.t.u. per hour and a flame
temperature of 4,000° F. Too rapid heating of the circular coke wall was
thought to be~detrimental, because rapid expansion might cause the concrete
wall to decrepitate. The Plans called for the admixture of excess steam at
the start of the Preheating rericd, so that the temperature of the flame
would be about 1,000° F. The flame temperature was to be increased
gradually to 1,800° F.

When the temperature of the coke wall had reached 1,8000 F., after
about 30 hours of preheating, it was found that the rate of blasting could
not be incressed as Planned, because considerable back pressure developed,
‘Through a sight glass on the burner head it was seen that several 4- o
6-inch pieces of coke became dislodged from the circular wall and choked
the flow of the make gas at the bottom of the k-inch channel. Injection of
Oxygen alone was attempted for a total of 45 minutes with the intention of
burning off the obstructing lumps of coke, aiding, meanwhile, the Tassage
of the product gases by the suction of a steam jet installed in the 8-inch
stack.’ For a while it seemed that the channel might clear by this Procedure,

but additional lumps of coke began to dislodge from the wall until, finally,
the run had to be discontinued.

_ _Several 2-foot sections were cut horizontally across the generator
after the remaining charge had cooled sufficiently for handling. The middle
section is shown in figure 21. :

Although the run was incomplete owing to the failure of the coke wall
(the high initial strength of which, by all evidence, had decreased rapidly

g%/ See footnote 13.
2L/ Dissociations of H>O (2 percent) and CO, (20 percent) have been taken into
account .
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at higher temperatures), it proved the feasibility of gasifyiqg even such
unreactive substances as a high-temperatyre cocke containing 23 percent of
inert material if the temperature of the rsactants is sufficiéntly high.

It is believed that an 8-inch channel in the middle of the. charge may have
prevented clcogging by-dislodged pieces of coke, as many of the lumps :
probably boke loose because of the high velocity of the steam and COs

blown downward toward the bottcm cutlet (680 ft. per soccoend at 2, OOOO F.).

Although, the original 1ptcnt10n was to bulld a second unlt after
campletion of a run in the first <ne, further experimental work was. daferred
indefinitely owing to the urgoncy of other investigations,

The operating results are'inccmplete. Severalvimportant measurenents
cculd not be made because of clogging of the channel -in the center of the
charge, which necessitated the use of steam jets in the 8-inch pipe line
ccnnecting to the stack. The suction thus provided balanced the back
pressure developing in thé'generator, tut the steam introduced prevented
the determinaticn of the flow rate of the make gas. Similarly, measurements
of the flow rates of natural gas, oxygen, and steam by orifice meters failed
during a considerable part of ‘the run, as the high back pressures spoiled
the readings of the pressure differential across the orifices. Nevertheless,
a rough estimate of the flow rates, l.e. inputs of natural gas, oxygen, and
steam, was made.

~Blasting the charge with oxygen before the final shut-down was also a
rathér disturbing factor. This, and the fact that an unknown quantity of
air leaked into the unit, prevented the sitolchicmetric c@lculatlcn of the
cutput of the make gas,

The available operating data and results are given in table 14, The
high COp content of the make-gas and low percent steam deccmposed are
probably due to the extremely short contact (or residence) tlmb of the
reactants, approximately 0,015 seccnd at 2,000 F.

CONCLUSIONS

A_preliminary run. of 21 hours! duration in an experimental pilct unif,
constructed for the study of underground gasification of ccke walls with

" oxygen and very highly superheated steem, proved that the production of

synthesis gas is pcssible even from such unreactive substances as high-
temperature ccke containing 23 percent inert material. Although the run was
discontinued because of the fallure of the cemented circular ccke wall, the
feasibility of gesificaticn was demcnstrated.
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APFENDIX

OPERATING DATA AND RESULTS ON VARIOUS RUNS
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1 No. 9 72.0 ~ = 1:1.85! 172.0 5.80 ; é0.k0: 3.50 [0.58 -
3 do. 72.0 10.33 ¢ 1.85 | 156.4 455'u01o;2;m rhos3 o -
5 do. 72,0 . .37 4857 1564 0 6.12) k280 0 1.1 (13370 -
6 do. 72,0 .1.25 k.80 71.0° 2.27T; O | .33 {139 ! 3.4
8 do. 72,0 +1.88 , 5.86  71.5; 1.98] o ¢ .38 11.15 | 89.0
9 - .do. .72.0 '1.80 | 6.67 T2.k4 i 2.531 0 1 k2 1.2 14700
12 ;. do. 72.0 T1.88 ! L7370 50.71 321 © 07 | 1.01 ¢ 7647
13 do. 72.0 k.31 | 9.9} 132.04 1.30; 90 15 | 1.27 |276.0
15 do. 86.3 '1.00 '15.50 | 131.3 | 1.91| O {1k 80 1279.0
17A" do. 72.8 1.25 {15.20 { 146.5 | 1.7 o | .13 .91 ; -
22 do. 78.6 1.11 [1k.801] 142813501 o 1 .17 | .01 jagk.a
234 do. 78.6 :1.00 ;15.00 ! 129.1 ;- 1461 0 J1 .81 ;303.8
2k do. T8.6 ;2.50 {15.00 116.9 | 1.0k 0 .08 731 31k.6
278 do. 78.6 :2.40 i20.00 122.8 | 1.3 0 .09 58 1 -
27F - do. :79.6 {1.08 129.60 @ 115.6 | 1.86| o O7 | 37 1 -
29 © do. 91.1 ;2.10 !16.25 | 116.3 86| o 06 | 67 |297.6
31¢! de. 91.1 .1.50 !19.20 | 139.7 ! 1.01! o© 06 | 68 4 -
332 d. '91.1 ;1.0 !15.90 ) 123.1; 2] o ' nil | .73 l2ge.g
34 do. 91.1 .1.85 !17.20 | 190.1 911 0 1 0.5 {1.03 ¢ -
36 do. :91.1 - L4.13 l18.00 97.0- & .95 0 06 50 2451
37 do. 9L.1 !6.00 116.10 . 79.1 ; L6y o 05 A6 1 235.1
Lo Sew1c}lev 7L.3 ;3.20 [19.4k, 253.2 ¢ h.12 | 36.30 25 L1 -
b3 do. T1.8 ! .83 31.00 : 252.5 | L.37 i 36.%0 16 541 838.2
b do. 713 1 1.92° 28.90  252.5 | k.69 | 39.90 .19 56 | 792.0
Le i do. 71.3 '2.95 |44.60 ; 282.6-1 .80 0 .02 62 | 884.2
bt do. 89.1 :3.00 13k.05 i 282.6 .68 0 .02 .82 | 810.7
4 1 do. B89.1 k.00 135.40 0 32207 7L 0 02 1- .90 :800.3
bo | do. 9.1 i3.20 B7.50 280 | 761 0 | .2 | 5 |762.0
50 | do. 89.1 ‘3,08 40.50 ' 30k.2 L1F 0 w02 L7k Tolglk

l/ﬁOn moist basis, as charged.

2/ A1l gas data refer to 60° F. ., 30 in. Hg, drj. .

3/ Consists of steam originating (2) from moisture in coal and (v) gteam in-
Jected In certain. runs, where the input of the natural gas 1s 1ndicated
(c) steam formed as'a result of the combustion of natural gas was *ncladed
in the ftotzl sgteam input.

h/ Natural gas was injected for the experimental purpose of supp¢y1nc super-
heated steam and COo by the oombuotlon of natural gas with sufficient
amount of added oxygen.

5/ Ib. per lb dry, ash~free coal.

3937 - 38 -




s £ g =m0 g o oB |af &
=~ ! =~ = ! | G : | © -] 5} :
. H . g g , Fw i £ I O M (O M
P j L) D 1w : ~ : ik H - ~ 3 3
Gy Gy 4o { : . — 3 oS e .o
M : M - 3% | -'91 !8 © ;_.O g"': ‘-\
g 1 B s =< ~ 12 g3 | Amdy 8
: O {o» £ o= X Q 9 4
P ~ 8 g |8 e~ | 8° 188 &I
|§ i 5 2 g e { O mﬁ , S0
.5 0 HdalB 8 8% 1%8% | g" 1g88°
«5 Eﬁ"igf %'8 ; o o - e A 30
. - ] © i P G = © . OR®
o s . g+ | i« 5 g g + = 9l
=l oa . %)  BEa < | 0w o o 8 2HggE
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3 - ) - ; - ‘_ - E - | - - - -
54 - Tt s - - - - -
6 1 966.0; 1,k12 16490 § 65.5 1 0.85 % 82.2 1 77.6  31.6 - % 22,310
8 | 803.01 1,706 k66,7 6580 - 1 - - 31.1 - ;15,240
9 ; 93.0:1,057 :36L.1 | 45.b - - - 27.3 - 121,750
12 | 661.0 1,047 86.0 (616! - . - - 55.2 - | 21,510
13 | 73,0 ‘706.03 98.9 135.51 - i - - 57 .4 - llko,e1s
15 i 470.6 1 T795.0,143.7 | 55.2 - - - 32.k - {22,600
2 T R - - - - - - -
22 | k35.5 . €84.91158.2 | 50.3 Lo, 7h.3 | 6.9 | 36.8 - {30,000
23A ) k25,0 560.6.100.5 | 49.b Loo : 7.6 | 63.0 | b1k - I 32,522
2Lk | 371.6 ) 506.9¢ 69.2 | 48.0 4.65 1 69.3 56.0 | 46.1 - ! 32,536
TR R A I A A
§ic 390.7 . 510.1} 6k.3 !54.6 1 8.50 , 8.1 | 23.7 1 39.2 - 129,381
gii% 42?.3 i 51_.L8.9= ?.6 5%.3 3 u:ho i 73.0 | 59.8 | hs.7 74 .3 ’22,670_
36 395.8  587.2 81.0 | 73.h § 8.30  55.0 i 34.0 f 27.2 i - 519,220
ig 336.5 . UB6.0 76.7 | €8.5 | 9.90 1 38.8 | 12.6 136.8 ¢ - 21,450
R T T R < 1> S R S A
43 1203.5 | 230.0109.5 {37.0 | 11.50 | 62.9 | 55.7 | €0.0 .- 148,800
Wk :205.& L 230.8'124.3 i36.5 i 8.50 i T70.6 @ 624 ! 0.8 | 81.9 156,800
b6 1319.6 1 353.5,17.8 !50.k 1 21.20 [ 51.8 | 35.5 i 48.0 . 87.0 36,575
by 1348.6 . 39347 17.6 thoo 10,70 E8.8 | 6.5 [ 56.3 86.5 13,600
b8 1ho3.3 - Lb56.7,18.6 lhh2 11125 168.3 | 612 |5k 77.9 k0750
Lo i372.7 hak.5120.9 iho2 1h.00 63.3 {5k j51h 78k 135,660
20_:330.9 367.2°18.5 kb1 33,60 66.7 584 : 5L T79.1 141,790
l/._/ See footnote 1 on page 39. 7
9_/.‘5‘. C. input minus F. C. output, divided by F. C. input.
7/ B.t.u. output in gas divided by B.t.u. input in coal. :
8/ B.tw. output in gas plus residue divided by B.t.u. input in coal.

:"2/ Per ton of dry coal.
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EA é*% Analysis of dry ﬂ A 3
S i B carbonaceous residue, © 0 a4
= ‘gfgg rcent gghm
: © {Total ! )
E Egﬁ Ash V.M. |F.C. | C 'S gﬁS%
1 - - - - - - -
3 - - - - - 1 - -
5 - - - - - | - -
6 | 11.3 |15.5 (15.5 |67.2 - - -
8 - 0.8 | - - - - -
9 & - - - - - -t -
2, - - - ] - - - -
13 - a2.7 | - - Ty T i
15 : 17.0 {2k.9 27.0 |72.7 - - -
A - j12.0 | hog8hko - -y -
22 113.9 [13.7 } 8.9 477k - 0 -y -
23A 1 13.5 [16.4 | 3.2 {80.4 - o= -
2k ' 1k.8 117.9 [10.3 i71.8 - - -
27E 1 - - - - - - -
27F | - - - - - !_% -
29 L 28.6 [10.2 | 9.1 180.7 - - | -
31C, - - - - R T
334 15.0 113.5 1 6.1 81k ¢ - 1 - -
3ba - - - - - - -y -
36 133.9 [13.1 | 9.1 177.8 e -
37 [ k2.1 j11.5 (116 7607 0 - - i -
ky -+ - 26.8 ;10.7 62.5 - -y -
43 113.8 {32.4 | 5.9 161.7 - b= -
‘bh 11047 130.6 1 2.7 166.7 | €4.9 12.9) 10,330
b6 121.0 [25.9 1407 694 | 715 241 10,k20
by 113.1 135.8 1 5.0 159.2 ; - ' -1 9,580
b8 . 1k.0 133.3 [ 3.5 63.2 ; - i - i 9,580
ko 118.1 J25.5 | 5.8 i6h.7 | 68.2 2,20 9,580
50 - 1k.7 32,5 2.7 648 , - | - 578
Analysis of ccals gasified in various runs‘Tﬁoisture~fré€‘Easis), percent
Fuel charzed t __ Wyoming No. 9 coal | Sewickley coal
Serial numbers of runs 11 - 28 t 29 - 39 Lo - 51
Volatile mather sieeeeececvescnnes * k1.5 | 38.7 34,7
Fixed carbon secesessescocnrsonnas | 53 .5 ! 56.2 53.0
ASh tuiiiiiiiiiiiiiiiiii i, 5.0 5.1 2.3
Hydrogen «veseressresssnssoosecnns | 5.7 % 5.2 k.o
Carbon seeivvirenenencsnnssosnnane | ™3 71.5 73.0
NItrogen «..ieieseiiescinesnnennas | 1.4 1.5 1.6
OXYVEEN evveeneevotvarsonnsncnnnnnsa i 12.8 ! 15.9 5.3
SUILUY svvitseserocacssonssscenees : .8 i S| 2.9
Butwll/ teiiiiiiiiiiiiiiieiiea., (13,175 i 13,215 13,200
Ash-softening temperature, °F. ... : 2,340 i 2,340 2,210
Moisture in coal as charged ...... | 5.9 4.5 2.0
11/ Gross B.t.u. per 1lb. of dry sample..
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