The above tests iIndicated that the design 7 burner was not s officient as
desism £ bu:mer, provebly beesusc the coal stream wag rot Interrupted as effsctively,
It also appeared that , although dssign £ burner gave satlsfactory results within a
limited rengs of reactant ratlos, using a primary-zone constructlon sush ag existed
for rmm 23, the burner was tnduly sensitive to minor changes In reactunt rates ard
reactor geometry, A new design 9 bwrner (fig. 13) wes fabricated and used Tor teat
rus 30 through 34, Its distinctive fegtures Ineluded = ring of & ports in the coal
tube 1-1/% Inches from the buwmer tip designed to admit about 20 percent of tho
gteam-oxygen mizxture to the coal strcam, The ports at the burner tip were staggeres
in two concentric circles as close as possible 4o the cosl tubc, sc As to provide
better mixing with the cosl stresm. Overall burner operation was vory gatlefactory
during tegt rims 30 through 33. 7The gasifier refractory remained in ezcellent con-
dition, and good regquilrements fi gures were obtalned, Xach burucr was changed oncs
during the 295-howr extended mun 34, Buwrner B had given some evideonce of trovble,
g8incs 1t had heen neceasary to blow out B coal feedline Treguently during the first
part of the run, Tnspection of bumer B ef'ter removal showed that lts coal +tube was
badly ercded nesr the tip. In view of tke croslom of burner B and to gein additions]
experience In chenging burners, burner A was changed about ike middle of the rum.
The new A and B burners were continued in operatlon for the talsnce of the rum,

Both sets of A and B buwrmers were found to bLe badly eroded for the 1-1/4 inches
of distance from the auxiliary stesm-oxygen perts to the %ips, fThese recults, based
on perhaps 120 to 150 hours of operation per bturmer, indlcated tkat the method of
adding the auxiliary steam-oxygen mizture uged with deaimm O bdurmers would nog glve
gatisfactory burmer 1ife. Bowever, nev reactant-burner deaigna have been developed,
which have proved very satisfactory in laoter runs, and refractory ercosion has been
almost completely eliminated. -

Coal-Teeding systen

The oal-fesding system from the bateh feeder to the gasifier waa essentially
the sume as that used earlier for atmospheric gesifier 2 and described in g previous
roport.13/ Dwring this Investigetlon on gaalfler 4, the coml-fesding system was made
semlautomatic from the ceal cyugsher to the batch fesder snd the barrel-handling
method of charging the batch fesder was eliminated, The flow of coal from the coal
plle to the gasgifier is shown gschematically in figure 1h.

The raw coal 13 crushed to minus-1/h-ineh size in g cormercial-typs hanmer mill,
conveyed Waing a bucket elevator +o a h-,DOO—pomd-ca.pacity storage hoppor, and fed by
gravity to a Raymond roller mill., The cosl is ground in the roller mill at about

2,500 1b, per hr, for the finer oize of 90 percent through 200-resh, and at = glightly

greater rate for the cosrser size of T0 percent through 200-mesh,

The pulverized coal im conveyed by air to a cyclone sgeparator, with the main
atream then fed by gravity to a Symtron-vibretor gcalper-gereen and the oversize
returned to the roller mill for further grinding. A screw conveyor carries the
pulverized coal from the vibrator o 1of b gtorage hoppers, ssch with a capacity of
about 3,000 pounds of coal,

Coal In the storage hoppers is Fluidized as nesded, using air or Inert g2s, end
is trensferrcd to elther cne of two 2,500-zound-capacity transfer (or woigh) hoppers
mownted on scalss. Coal In a transfer hopper is fluidized 2 few minutes befors needed
and tranaferred to the 1,000-powmd~capacity batch fesder as peeded, uging zlr or inert
gag. Eech time coal is transferred 1o or from the transfer hopper the hopper weight 4
iz recorded so that the coal-consumptlion rate can be determinad,

13/ See work cited In footmote 17, p, 1.
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Exﬁgr/imen'tal work ham been capried out for varlous runs en the moving-bed coke
filter.=2/ When the coke fllter 1s used, about 1,000 to 2,000 std. e.r, rer hr. of
product gas is pasged through the filter to ascertain the dugteremoval efficiency op -
the equipment with synthesis gea,

TEST PROCEIURES USED :i

The test procedurs was sn outgrowth op develomment of that used durlng test
rmms on gagifier E.H/ In gensrel, each run consisted of & heatup portion end =
gaelflcatlon portion, fhe gasificetion portion was Turther divided into pralimin.
ary periods, during which the desired flow rates and refractory temperatures were
sought, and data perisdg of relatively constant conditions, durlng which numericsl
test data were collected,

A typical heatup operation commenced ahout 4 pm. end continued mtil about
8 a.m. the next morning, Dwring this time the alr and neturel-gas flows o the heat-
up burners were Increased graduslly sc that temperetures Indicated. by thermoeouple g
(primary-zone refractory) folloved on "example™ time-temperature curve and tempera.-
tures indicated by other thermocouples remained wlthin specified limits. The fina]
temperature for thermocouple 9 was 8 predetermined gafe opereting limit of about
2,25C9 7, Product-of-combugtion gases wore vented out ths stack at the top of the
gegifier, Fnough water flow wazs uged to maintain the tempsrature of the water
leaving the buyrmer Jackets, the heat-trap calls, ete,, at about 150° F,  About o
hours before scheduled stert of coal gagification, the coal feeder was mressurized,
end coal In the fesdex was fluldized, At the game time heating of the steam guper-
heater was begun, using gettings +o give the specified stesm rete and temperature
wlth the superheated sleam vented to +ho outside, '

During the next 2 hours the gusifler vent was closed, superheated steam was
gent Lo the gagilier, insri gas wes sent through the reactent-rurner coal tubes ana
to various parts of the dust Train, and smay-water flows in the dugt traln wers
adjustod, A suction of 2 incheg of water at the top of the gagifier was mﬂ.intaineﬁ,
using the Sutorpilt exhauster, tn pull hot product-cf-combustion geees through the
dust train to bring it 1o the desived temperature,

When spot analyses of &3¢ samples from the dust tpaip showed the system to be
Droperly purged of Oxygen, coal and oxygen flows were begun, The Sutorkilt exhauster
w28 get immediately to maintain € inches of vater pressure at the top of the gagifier,
heatup burnerg were turned off as soon as ignition was verified, purgces were dig-
continued, and e 8pot analysis of product 888 wag obtalned as goon as possible,

The nezt 1 to 3 hours ade up the firat preliminary period, Tuis time was uged
to check equirment operation, catebligh reactant rates, as Indiceted by temperatures,
€28 anmiyses, and visual obsewations, ad to allow the gasifier to approach equili-
brim operation,

A2 soon ag reasonebly steady equilibeium was attained, the first datg period
vas Legm. Eech dete period was continued for 3 % 8 hours irf rogsible, longsr
intervels being used for Some periods of test 3k, Temperature, Iressure, and flow '
data were recorded, most readings being taken onco every 10 minutes for a typical test

15/ Egleson, G, C., The Design ang Operation of g Moving Bed Filter for the Removal
of Dust from Gages . Submitted for Master of Sclence degree, Depart, Chem,
Eng., West Virginie University, 1gho, 81 pp,

17/ See work clted in feotnote 4, pp, 13-18.
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rm, {Although nearly all these data wers alec recordsd on recording-type instru-
ments, periodlc inspectlon of these readings provided gquick indications of awbnormal
conditions end use of data chests expedited the later calculations of test results.)

Grab semplss of product gas were taken each 1/4 howr after the product-ges flow-
mebers., 2Spot analyges for GOz, Oz, and CO were made on every other sample for control
purposes, and complete snalysss were made on selocted semples among those remalning
for report purpouses, A composlte sample also was collected at thes geme location for
the duration of the data period. Samples of sleg-pot vent gre were taken when con-
gldered necesgary, generally 2 or 3 +times pex feadt rum.

The slag pot was flughed out porlodically, generally once sach 1/2 hour, and the
glag wae retained for weighting sand analysis, Sludge-tank overflow water was metered
- and sempled periodically for residus content, and residue semples were obtained from
© the seal pot, slag-pet overflow water, etc, DPreduct-gas sulfur samples were gerer-
ally cbtained, and the gaas was sampled for dust and moisiure content for meny of the
rumns.

If ths coal Ieed was interrupted for any reason, the oxygen flow was turmed off,
snd inert gas was passed through the reactant-burner coal tubes to prevent them from
overheating, At the concluslon of any dats period, except the last one of a multi-
pericd run, the settings would be changed to those desired for the nexzt data periled
and gesification would be continued throughout a stabilizing interval - generelly 1/2
to 2 hours - before the next dats period,

At the coenclusion ¢f a normal test run, the oxygen and coel flows were discon-
tinued, inert gas was passed through the burmer coal tubss, the heatup bwxmers were
- turned on, end the dust train was purged with Insrt gas. After ges samples showed
satlsfactory purge conditlons, the gasifier was vented at the top, the steam and
inert-gas flows fo reactent injectlon buwrners were discontinued, and the heatup
burners were turned off, Dwring this time the water flows %o colls and smrays wers
comtinued as needed to prevent local overheatlng,

During the course of these 34 test rums, the operating procedure was modified
a8 required by new egulpment end suggested new technigues, For example, the steam-
Ooxygen superhesater, the coal preheatera, and the capacltomster were flrst used with
run 10, and the new oxygen plant supplisd oxygen for the first time for rm 30, Also,
after Ingtellation of & recycle water pump, part of the water uesed in the heat-trap
colls was recirculated, and the water exit temperaturs was increased to 220° ¥,
Several Improvements In gas-~ and residue-sampling techniques were worked out,

Operability of plant

The gasifier hasz opereted very well throughout all tests made to date, Tech-
nlgues have been developed to permit passing hot product ma through the heat trap
without excessive buildup of fly ash on the coils, The material requirement per
wit of product gus has been greatly reduced since the nitlal rum, Refractory
8rosion has hsen virtwally climineted in the later runs, Installing the support
coll was & distinct Improvement, since it permitted operating over a range of tempers-
tures in the primary zone without eroding the refractory at the upper throat,

Installation of the steam ejJestor In the slag-tap gacliine increased opsrability

of the equipment by permitting slag geses to be pulled through the slag tap so tuat
the throat temperatire could be brought up high encugh for auitable slag flow. It
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18 been found that the amount of Blag-tap gus required to be draws through the lowep
irvat decreascs =8 the conl rate Increases. Much better efficiemcy ism abtained

rom the eguiment if the slag tap 1z kep small; a throat 6 t¢ 8 inches in dirmeter
i8 glven the best results to date,

to time to Improve elag removal,

The present type has & semicoricel bottom

wipped with 2 good water-washout system. Provislons have been made fop rodding

it the slag pot eshould glag hang up there, but since thils bottom has been Installed
rodding hes been required, Testa were made uging a spray ring In the slag pot

d a water-Jacketed wall, but these were both removed as they kept the temperatures

- the slag tep too low end cauced the slag to build up end block the aslag tap., The
ag pot is now lined with o L-1/2-inch thickness of K=30 insulating brick down 4o

& water level, Shell coils weore Installed in the primery zons ag & safety feature,

ould any portion of the refractory be severely eroded, the coil section adjacent

the refractories would prevent purning through the shell,

Muck experience in operation has been galned, It iz now pogalitle, while holding
fixed coal-feed rate, to vary both the oxygen-coal and stean-coal ratics, meintain
>d meterial requiremsnty, virtually eliminats refractory erosion, and maintain good
1igging conditions, Fear that en exploalon would ocour in the gystem because of s
Aporary excess 0xygen supply has been eliminated. It has been found that, ghould
1gglng of the coal Ffeedline caume the coal flow to stop temporarily, it is not
essary to shut off the oxygen flow Instantently. Ample tlme can be rermitied to
sempt to free the blockage, but after o few geconds , 1f the coal csnnot be again
i to the gagifier, & normel shutdown must be mede

A great Improvemsnt in the safely of the operetion was eliminati
veying ozygen. Aptroximately 20 parcent of the oxygen had heen admitied at the
it glazages on the coal Tesdllne, While this method had been uged occasional

shbacks occurred st the aight glaspes, causing at least temporary shutdowns in
- tests wntil the glasses could be replaced,

o of the ogal

After test 9 the conveying ozygen was removed, and the coal was cerrisd with
rt gas, All the oxygen is now fed in through the hurners and rescts with thke coal
the burner tipe. No difficulties have been encowntered In this method of feeding,

the efficlency of +the gasifier hag ret been affected by the emall quantity of
rt gas ussd to carry the coal, i

Methods of measuring reactant and product gquartities

Flowa of oxygen end stsapr to tre gasifler
atandard oriflee-type flovmeters, with flow
rded In the pllot-plant instrument room,
flrst checks the ozygen rate, and a posit
r checks the product-gas rate, The coal
drmined by meesuring the Tressure drop a

racy of these various measurements is 4
~eguilta,

; #nd product gas from it, are measured
rates, ‘bemperatures, end preasures

A second oxygen meter in geries with
ive-displucement-type Roote-Connersvilie
-feed rate (as mentioned earlier) is
cross & mecallbrated coil. 7The prohably
iscusged later In the sectlon cn accuracy

The oxygen piping is go installed that, should the oxygen flow be shut off for
reason, the aystem is automatically purged with Cos.

Stabllit{y of refragtory linings

In the early stages of the ex

rerimental work with this gse ifler, 1t wvas mesumed
+ the 1ife of the refractories,

partlculaxrly in the I imary resction zone, would
-1k -
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Figure 13. - Atmospheric pressure gasifier 4; primary reaction zone after run G4-34.



§ 1o short. During develomment of sultable operating procedures end rcactant-

1 wlectlon-buwrner design 1t was expected that the Iining woltld be sublected to wn-

{ ssually severs temperature condltions, Also the oplimwm positicmirg of the burmers
end correct diameter-length relationships for the react=znt chamber were nct ¥nown.

3 Consequently, the corlginal lining was made with a good-grade, eorparatively low
$ cost, stendard flrebrick, B & W No. 80 brand. Experlence soon demonstrated that the

§ refractory in the sccondary reaction zone is not gubJected to any severe condltion;

§ ihe original lining %s still in use, It was found that the refrachory in the throat

{ tetween the two zones would have, at leest during the development sisge, only a very
¥ short life, becausc very high temperatures were dsveloped near the burncr ends, when
‘pertein reactant ratiocs and bwmer designs were used, To protect the refractory in
‘the throat snd to prevent losa of any of the refractory In the uppsr zone a water-

: cooled coil was placed as shown in figure 3., Since this coll was Inatalled no further
“peintenance on the upper throat brickwork has been necesasry. The bottoem side of this
- coll is studded and covered wlth refractory cement, which 1s patched 28 needed,

Before mm 24 there weye eseveral occeslonm when hot spots developed on the shell
of the primary zone, These were in the arca opposite the reactent burnmers, where the
‘yertical wall of the primary zone mects the sloping bottoms, Such erosion of the
rickwork conld csuse a hazerdows conditlon by weekening the shell sc that gas could
scape. To provent this, the primary-zone shell was protected by a water coil (fig,
). The heat loss from such a coil was calculated to be about 75,000 B,t.,u. per hr.,
cor about 1,5 percent of the heat In the coal at a 500-1b,-per-hr, rate. Foxr 11 tests
" the everage losg has been measured at 72,630 B,t.u, per hr. at an aversge coal-feed
ate of 450 1b. per Lr,, or 1,3 percent of the heat in the coal,

To determine the rete et which erosion was cccurring &t the two points opposite
the burner ends, thermocouples were installed, ss shown In figuwre 15. Thermocouples

0 and 11 were 9-1/2 inches from the shell smd couples L3A and khA, 10 Inches. In

the extended test run 34, erosion was rapld during the first few days of the run, as
videnced by a rapld rise in tempersture on couples 434 and 4hA. These couples were

" burned out, and thermocouple hLA wes replaced by thermocoupls 4B, as shown in figure
©15, The cpening for thermocouple 43A was plugged with cement. UThere was a slow rlse
¢ in temperature for a few days on thermocoupls 4B, and the rise on 10 =nd 11 also
continued, Then about 4 to 5 days before the end of the test these temperaturcs
tebilized, indicating thet refractory equillbriwm conditions had been oblalned. The
act that tho brickwork condition has stabilized, as shown in figwre 15, was further
tonfiymed by enalyses of the slag tupped at various times during the test, In the
trly stages of the run slag flowed sluggichly =and the temperatures In the throat, as
dicated by couples 10 emd 11, snd the smount of ges pulled through the sliag tap were
igher thesn had been thought necessary., Semples of this slag showed a definlte re-
fractory content, When the temperatures on theymoocouples 10, 11, and L4B had etebl-
Uzed the slag wes flowing more freely at lower slag-tep temperaturss, Semplss off
this glag showed it to be virtually all cosl agh, After this mwm the two eroded arcas
fig, 15) were patched up. Thiz Allmul refractory lining has been In use, &8 of

pril 1953, for 320 hours of heatup time and 530 hours of coal-gasification time. This
overs a pericd of 19 tests with the usual cooling down of the gasifier between tests.
1th the exceptlon of replacement of the slag-tep brick no other repairs have been
teded for this lining,

Because of the consten’t flow of slag through the slag tap there is slow erosion
T the refractory, wlth conseguent incresse in slag-tap dlameter, On the pregsut
gasifier, the slag-tap brick is replaced when necessary to keep the dlameter at & to
inches, These replacements are not frequent.
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