: Temperatures corrogponding to cquilbrium for the water-gos chift resction
apd the carben-carbon dioxide reaction are recorded in colums 60 and 6L, RS
mhose for the water-gas shift reactlon were found Trom the synthesig-gas

anglysis =nd the undecomposed steam by calceulating the ratlo (002)(39%
(go)(HEO) and. by using values of the equilibrium constant dotermined by the

Fztional Bursau of Standardsvgi Equilibrium tomporaturca for the carben— :
carbon dioxide reaction were found giml larly. f

-
+ 1

Hoat balances on the process arc rresented in colums 62 to 75 and

thermal efficiencies in colums 76 to 79, The net hcat of gombustion of the
coal used was corrected for the sulfur present, since it is aseumed theit no

80p 18 forusd. The hoat loss zs calculated from the heat balance is comparcd
vith the heat loss caleulatsd from conéuction through the gensrator wall end
fron the rise in Wall femporaturs. The heat logs by conduction was determined
gy-using the averags temperaturs mcasvred by the thermocouples betweon the
gilicon carbide brick and the chrome brick and the aversde surfnce tempsratures
of the sholl, using the thermal conductlivities supplicd by tho brick nmanu- %
factureraz. During the course of a run, the inside brick temperature rose i
gtowly. The heat absorbed by the brick work in the generator was calculated ;
from the average bemperature of each couree of brick et the start and at the

‘and of the run.

Cxveon Bequiremont

Ths oaloulsted oxvgen reguirement, compered with the actual oxygen input,
-giveon in table k4, was calculated bassd on the sseumption that the water-gas

ghift renciion renches couilibrivm st the exit-gas temperature and using 1333

. ETH
the steamicoal ratic, ths pereont carbon gesification and the calculated heat Hﬂk
“lose cbtaining for each run, The agreemsnt botwoen the caloculzated and the " degpds

masurad oxygen input 1s in gerersel satisiactory.

Slez Thistribution end Gonerstor Brickwork Condition

The cheractoristic eleg formetlicn feound in the gomerator vwhen the
Sewickleoy end Wyoming ceoalg wore gasificd is’shown in Figure 25, This mny
not be an exact pictuve of the slag condition exleting during =z gasifying

run in the gererater for the following roogons:

1. During the shorter lay-over periods between runs ond, in most cases,
befors gonorstor shut~downs, the heat-up burner vas uweed, Thiz meant that a Vi
large aroa in the gensretor wag kept above the agh~ecftening point cnd the L
sleg in the lower part could flow down, ' i

. _ ) ]

i 2, Ths necogenry stesm purging of the entire wnit on shui-downs would

_llow Tor zgesification of any occiuded carbon in the aleg. The wrocedurc :
at the conclusion of all the gapifying runs was to steam-purge the entire o
Bit and thon, with the gemerator vent opon, to further stoemriurge the B
8onerator before lighting the hoat-up burner. I% was ncted, ca several
Pccasions, that during stsam purging of the generator or when =% the conelusiom -
of the coal run opesation of the gtoves was contimied to securs more data, E
lue gas was being goncratad and dburncd ot ths vent for 1/2 e 5/4 of zn hour. !

ég-'whgﬂmn, D. D., and cthcrs, Heats, Free Bncygles, and Fagu!irvrium Conetants
of seme Reactions Involving Op, Ho, HeO, €,30, COp, and TE): Not,
Burean of Standerds Rescarch Papor 1634, February 1945, 15 pp.
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TARLE 4. - Comparison of calculated irput witd measured input
' of oxygen to the generator Tor szzh run

Oxygen input, Oxygen input, Cxygen input,
8.C.F. /hr. S.C.F, /hr. 8.0.F. /or.

Run Run: o Run T
No, Calculated Msasured No, Calculatcd Measured No, Calculated Measured
i L,077 1,180 152 3,171 2,792 268 L,379 3,605
A 1,104 1,116  13B 2,672 2,723 2AB 4,109 35,657
oB 1,281 1,h69 15C 2,253 2,6k 27 3,505 3,520
3 1,675 1,634 164 3,117 2,654 28 3,795 3,571
LA 1,879 1,66 16B 3,156 2,669 29 3,5L9 3,310
B 1,769 1,692 160 3,266 2,659  J0& 3,716 3,715
Ko 2,77 1,887 17 . 2,722 2,550 30B 35,761 3,761
5 2,053 1,785 18 2,501 2,370 31A 3,907 3,967
éa 971 1,170 19 2,075 2,171 1B 5,2k 3,800
€8 1,641 1,460 20 5,262 5,850 pve, 73,780 7,672

7 1,731 1,7% 21 3,893 3,968 T
8 1,360 1,220 224 4,710 L, 061
oa 1,361 1,066 22B 5,67k L, 069
9B 1,017 - o5l e3A 3,776 3,725
o9 £59 Bk -+ 23B 3,855 3,506
10 1,035 850 2k 3,33k 3,52
11 75 855 2LB 2,&50 3,193
12 832 853 254 3,116 3,785
15 1,33k 1,150 258 4,377 b, 520
1h 992 1,155  Ave, 3,%80 5,270
Ave, 1,%75 1,288 :

This distribution is significant, however, in that it follows the
temperature gradient in the generator. As a result of the tangential intro-
duction of the reactants, no build-up of zlag will cccur on the wall, ncr
will slag block the offtakes, It appears that the alag from the lLeavier
particles ig thrown out on the wall where the temperature Is higli enough to
keep the sleg fluld enough to run glowly down the wall, whils that from the
very Tine particles is kept in suspension until thrown out in the solid state
in the dust-colliection system.

The condition of the generator lining at various steges of the operation
is shewn in figures 26,A, through %3, B, :

In general, the silicon carbide lining vemeined good after a total of
56,000 pounds of coal throughpuit., Incipient fellure of the Thermolith cement
chowed al the Jointeg, Lhowever, the penctration being 1/2 inch in soms cases.
The conditlion of the gilicon carbide tubes in which the water-ccoled cenl-
injection tubes are insertesd also remsined good, although the Thermolith
cement around them ercded badly.

[
i
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Figure 26A. - Steam iniet from stove "g" before firing
generator, May 1948,

Figure 268, - Steam inlet from stove "A", showing s)ag attack, May [9US.




Figure 27A - Sight-hole tube before firing generator,
May 1948,

Figure 27B. - Sight-hole tube, showing slag attack, May [19%9.




Figure 28A. - Inside generator looking up to ocutlet
before firing, May |94s.

Figure 28B. - Inside genaratar looking up to outlet, showing slag on walls, May 949,



Figure 29, - Coal-inlet tube with water-cooled nozzle inserted, showing slag
attack, September 199,




Figure 30B, - Typical slag farmation on generator wall, September [848.




Figure 31B, - Steam inlat from stove "B", showing siag attack, September j9U9.




Figure 32A. - Coal-feed tube "C", January [950.

Figure 32B. - Loal-feed tube ™"D", January 1950,




Figure

e E : - CERT AR

23A, - Steam inlet from stove "A", Janwary 850, after cleaning away
slag and damaged tube.

e R

Figure 338, - Thermocouple tube "E", January 1950.
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Figure 34. ~ Plot of percentage of total ash remaining in generator

against percentage of total carbon gasi fied.



On conclusicn of the runs using steam at line temperature, 240°F., the
. yell arsas surrounding the steam inlet tubes and the tube ends were found
:padly deteriorated from slag attack and probable veaction between the chroms
‘ apd silicon carbide brick. According to cerrespondence, laborateory tests

. paye shown that fluxing of sllicon carbide and chrems brick will occur at
2,750°F. Deterioration of the magnesite tubs probably was caused by slag
sttack, as test results made on a small funace have shown rapid glag attack
* on magnesite trick at about 2,600°-2,700°F,

Teble 5 shows the percentage of the total ash in <the eoel which remained
a5 olag in the generator and the percentege of total carbon gazified in each
. yun, and figure 34 shows these data plotted against each other. It cen be

i geen that the percentage of ash remaining as slag increases In an almost
 gtraight line relationship with the percentage of cerbon gasified,

pABLE 5. - Dercentage of tctal ash in coal remaining in gemerator as slag
: end Torcentage of total carbon gasified, based on residus
rmespurement, rung 1 ~ 31

Ash remaining in Total cerbeon Ash remaining in  Total carbon

Run generator as gapifled, Run generator asz . gagified,
o, alag, percent percent ¥o. glaz, percent percent
3 49,1 85.9 154 30,0 - 81,6
2A £0.5 89.5 158 8.7 81.1
2B £6,8 Bo.6 15C 28,6 g1.6
3 5.3 : 83.9 16 b, 6 86,1
A 58.9 85.6 17 3k, 0 83.3
LB 53,0 85.6 18 s - T - 8.9
5 53.9 85.6 19 - 33T 78.9
5 73.9 88,0 20 35.7 85.2
6A 77.8 b,k 21 hG,7 89.5
6B 66.5 ° o1.h o 5L.5 86.5
T 62,0 93,5 23 32,4 20.0
a8 59,7 86.3 2h .2 75.9
9A 65.2 88.1 25 50,3 91,0
OB 53,0 8.1 26 ' bk, 3 82,0
- 9C 5%,% 76.0 27 36.5 8s.2
10 %28 3,3 1/ 28 55.5 88,5
11 45,0 73.2 1/ 29 60.9 92.3
1 6%.0 7.1 1/ 30 6,3 95.2
13 29,5 6.3 i/ = 55.7 9k.g
1k 22.5 £0.7 :

—_—

Ef Al rone except 28-31 were con Sswickley-seam coal from the Bunker mine,
Monongalia County, W. Va,, Zuns 28-31 were on Rock Springs, Wyo., ccal
az ueed at Louwislana, Mo,

The final pericd only was used in runs 16, 22, 23, 2k, 25, 26, 30, and 31,
gince in that pericd conditiong atabilized and wers more rearly accurate.




