proved beneficlal, not only fer remcving slag lumps but also for inspection of
the gasifiler interlor and heat trep during short shutdowns, using a perilscope
deglgned for this purpose, :

e A stray ring was instelled btelow the slag tep for a twofold purpose. First,
it cooled the slag gases before entering the piping from the slzg pot, Second, 1t
wes felt that, by pessing the slag through a fine apray of water, the slag would he
ghattered and broksn initc small pleces,

5. The water-Jjacketed vent line leaving the slag pot was replaced with a non-
Jacketed stalnless-gteel line so that the vent lins would be operated at a higher
temperature and would not plug off from woter ccndensaticn, Condempation had taken
place in this line during previeus runs, eventually plugging tre line with moist fly
ash or carbonaceous material, which prevented pulling any vent gas through the sleg
tap.

Durdng the next two rins 1t appeared imposeibls to set peactent rates cor ratios
go as to eliminate the premence of char in with the slag, Although 1% was believed
that the new reactant burners were less sablsfactory than the prevlious ones, it was
though that the 20-percent reduction in primary zons volume might have adversely
- affected gaslfler capacity. Counsequently, after run 25 the primary zore dizmeter
wag increased to Its original 30 inches by removing pert ol the refractory lining,
At tho sawc time, the spray ring was removed from the slag pot, as it had been
responsible for too much couling at the sleg tap.

Although the conical section of refractory cement (fig. 2) =2ided materially in

- removing slag from the slag pot, 1t ercded away after a few rime. A new conieal
section fabricated from sitesl plate proved much more successful, but after = time the
glag tended to bridge over at tke top of this pisce. It was then repleced with a
gemiconleal steel scction, and the slsg pot was egquipped with betier washout facilites.

: No more cheanges were made to the gasifiler wiil after run 32, By this time the
bottom coll of the heat trap had developed a leek, =nd the top of the gesifier was
removed go that the bottom coil could be replnced by a coil of different design, A%
the same time the top ssction of the geeificr was modified zs shown in flgure 5, to
glve quick access to the heat-trap coils,

Ho cther major changes were made to the gagifier through rwm 3.,

Regctart injJectlon buwrner deslgns

' Operation of atmospherlc gasifier 21:9:/ Indicated that continued exzoswrs of re-
fractory linings to eround 3,000° F, In the presence of siag was detrimental to the
linings, Also, when coal and oxygen were introduced through ore bwrner end steam
through another, localized hot spobs developed with resultant refractory damsgs.

. Diring long test runs horizontal injection tubes were semetimes blocked by aleg flow-
Ing dovn refractory walls,

With atmospheric gasifier L, ths inJection burner for all reactants was designed
%o control fleme lengths end temperatires so that slag could be kept fluid withoub
Subjecting the refractory to temperatures ss high as 3,000° F. The first reactant
- burner tested - deelgn 1 (fig., 6) - conslisted of four concentric tubes, The 2
~ Quter tuhes, 3-1/2 inch o0.d, azd 3-inch o.d, steinless-steel tubing, formed the
. bumner wuter Jackst, The tube Inelde of which stesm flowed was 2-—1/1L—inch gtainless
Btesl, and the coal tube was 1/2-inch stainless siesl covered by & l-inch stainless-

- 127 "See work oited in footmote 4, p. 2,
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gteel shield., Both the stesm and coal tuhes were sdjustable to permlt ddfforent
rremizing of reactants, (Column 3 of tavle 1 and tabis 7 (see pp. 17 snd 31 glves
nformation on bumers used for the 34 test rms,)

The orlginal gettings for the reactant burner were determined by trybng cut
the burner in a "mockup” combustlan chamber, This wes done by moving the stesm szng
coel tubes forward snd backwerd in the turmer while the character of the flame was
gtudied through observation portg. Test rin 1 wes made uging what appsarsd tc be
the most favorable settings. Examinations during and following this rm indicated
that temperatures at the slag tap were never up to those required for proper rlag
flow, The residue obiained in e slag pot conslsted of g corslderable volume of
coal char but no slag,

Run 2 was made with tre samqo reactent 'r:-u:.r'rzsr, the only chango being in the
method of mizing of reactants. Only halt of the steam was sent through the reactunt
bturner, end the balance wes sent inte the primary zome through a tangsntial port.
Examlnation after this run showed thet the slag tap ¢id not rezch aleg-removal
't:ExmpeI-zed;u;r':sraJ but the refractory srowmad the tangentlal steam Inlet wag tedly eroded,

To secure better tomperatiwe condltlony run 3 was made , using two design 1
burners set opposite each olher and positioned sc that the flames would strike the
Floor of the rrimary reaction rzone, The tangential stesm inlet in the rimary zone
vas plugged up with refractory cement, FEzamination showed the refractory to te
bedly ercded, with the ercded section about 2 feet lower in the primary zone than in
rwm 2. Caonsiderable char and very 1l1ttle slag were found in the sleg pot., Filgure 7
shows the Bausage-ghaped char formations obiained during this run, Thess shapes
indicated definitely that mixing wes very poor and that reither the steam nor OXyzen
stream was breaking the coal streem 23 1t left the burmer tip,

The firet three runs showed thet resctents would have to be wixed better for
satlisfactory gasification, Therefore, 1t was decided to attach vanes to the ends of
the steam tubes to give s gwlrling motion to the steam ard agsure better mixing of
steam end coal, These new deslgn 2 burners, used for the next six teat runs, Indicated
that the swirling action was definitely a step ir the right dlrection: gasificat en
was improved, temporsture contral was better, and refractery erczion wes reduccd.

Tests 4 through 9 also indicated the need for considerable develoment befors
the burners could be regerded as setisfactory. Refractory erosion was now centered
near the eads of +the burners, and flashbecks continued to oceur at the cosl~fasdline
aight glasses, wherea conveyling cxygen was added to the aystem, After rum & hoth
btrrers wers lengthened to pre ject sllghtly past the interior vortical refractory
lining and thus minimize erosion erownd the bwmers, It wes alsc thought that the
lower temperatures a8t the birner tips would help eliminets fleshhacks in the coml
feedlines,

The above change in burner lecation effectsd scme improvement in conditlons.
With oxygen intrcdnced arcund the cuter amnular space, temperelures remained higher
than desired srownd ths ends of the burners and refracitory eroplon was not eliminated,
Also, eVen with low cxygen-~coal ratlos and low carbon gasification, the upper throet
gradually increased in temperature and eventually beceame too hot, Considerstle cher
was s5ill produced, and mixing eould not ba regerded as seiiafectory,

Commencing with rmm 10, the stesm and oxygen were preheuted togothisr to sbout

60C° ¥, , and the coal was preheated to abont 300° F, Figure 9 ghows the design 3
birner used for rwm 10, Coal was admitted through the central +tube as before, snd

5785 -8 .
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the steam-oxygen mixture was admitted through the aymular spece surrownding ths cosl
tube, This deslgn brought the reactien hot zons closer tc the slag tap and awsy from
+he refractory wall. It preduced eroslon erovnd the burmer tips, permitied slag
tapping with legs vent gas, and allowed hlgher carbon utlllzaticon without overhsating
of the upper throat. Material requirements remeined high, however, and a small
quantity of product gas teslked through the packing glend in the ammuler space formerly
need for oxygen, causing miner explosicns as the gas seeped out intoc the atmospherse.

runs 11 and 12, differed from the design 3
-cxygen tube filled with
Overall

Design 4 burner (fig, §) used for
only by having the smnular space swrrouwnding the stomm
shredded agbestos to prevent leaking of product gas back through this apace.
rosulte indicated that steam-coel ratios wnder 0.8 1b, por 1b. could not be used

without excessive rofractory temperaturcs near the burner +tips.,

d support coil (mentioned earlier) was installed n
the upper throat refractory to permit operating over a wide rarngc of reactant ratios
ylthout dsmagning the upper tlroat, end the burners were lengthened to protrude
 through the support coll. These dealgn 5 burncre (fig, 10) were used for runs 13
througn 20, Rwm 13 and the next fow runs dememstrated the value of the support coil
for protecting the upper throat snd secondary-zone refractory end indl cated the lower
materials requirements pogsible with Jower gteam~coal ratios, Soms refractory eroslon
nesr the burner tips cocurred during those tests with the lower steam-coal ratios,

Aoy run 12 the water-coole

g. 11 ) were cmployed for teats 21 through 23, for a total
time., Overall results were vVery sncouraging. HNo
from test 21, but some Incipient erceion on the slop-
4 during test 22, and considerable erosion
terizl requircments were obtalned at

Design 6 burners (fl
of over 100 hours of operating
pefractory demsnge wes observed
ing surfaces oppealte the burners ccourre
jecurred here during test 23, Ezcellent ma
stesm-coal retios of 0.4 and 0.5 1b. per 1b.

After run 23, the cecling coll (f1g. t) vas installed in the primary zone to
permit operation over & wide renge of reactent retios without excessive eroslon In
the primery zone, New design 7 burners (rig. 12) were installed at the sume tins.
Larger cosl tubca were ssed to decrengc the coal-stresm veloclty from about 50 to
30 £, per zcc,, snd the burmers wors equipped with packlng glends to permlit varying
the distence of projection into the gasificr, However, the distance of the steam-
0Xygen ports from ths coal stresm was incressed, Design T burnsrs, used in rmms 24
through 27, troved less gatlsfactory then the deslgn & burmers. During the Lirst
two teats large quemblties of cher formed. slong with the slag, snd no reactent rates
. or ratios tried were succeggful in eliminating this cher formation. Results still
“were not sobisfactory for rum 26, even though the primary zone had been Increased
to ibs original dicmeter and tre velocity of the coal stream was increased to about
50 ft. per sec, (by addlng inert gas at the coal Tcedline sight glasaes)., For test
27 the burmers were pulled back so thet their projection was the same a3 for tests
- 21 through 2%, but no appreclable improvement was noted,

Following rum 27, the design 6 brrners were reinstalled and were used for the
next two tests. No appreclable improvement wes noted Tor ruvn 28, and 1t was found
after the rim thet bumer A had projected farther into the gasifier thezn Intended.
During yun 29 the burners wers alined as for run 24, wsing minimm pro jection into
- the remction zone, Test perleds were rim using rormal flow of water to the reactant
‘Purner jJackets znd using no flow to the primery-reaction-zons wall colls; some
- improvement in requirements was noted for the second comditlon, Refractory exsmine-

tiom aften the run showed considerable erosion in the primery zone norcss from

burner A,



