fieme would flash back through the pipe, The sound of the Flasghback always prompted
the operator to shut off the ccal and oxygen immediately, so that no damnge was done
except that cauged to the flame mrrestor by the Iressure wave, In 1 or 2 Ingtances
in actuzl operatlon of the gaslfler later, the feed was not cut off immedlately eo

that the flame was not extinguished and burned for a short time at the end of the coal
screw.

: The tunnel tests alsc furnished opportmity for the operating persennel to
pecome familisr with the panelboard controls and their operaticn,

inltial Operations

When the construction of the gasifier sypstem was virtually complete, these tumnel
teets wers texmineted end the fiyst trisl operatlion of the gasifiler was ym on May if-,
1949, To meke the conditions as mild as posalble, the wnit was started with the Full
sbeam rate of about 2,000 pounds per hour, hemted to a temperature of =boub 2,000° F,
pnly the No, ? coal screw on the south end wag used, with a coal rate of ahcut 400
pounda per hour and sn oxygen flow of ahbout 3,000 cubic feet per hour. This operation
yes continued for approximately 2 hours. Temperatures ranged from 1,600° 4o 1,700° F,
ibout 15,000 cubic feet of gas per hour waa mroduced, containing about 28 percent
sarbon dloxide with a hydrogen-carbon monoxide ratio of 2.6:1. The high hydrogen and

carbon dloxide In this mms were, of couwrse, due to the very high steam-coal retis
anployed.

3 Irlal rins were then made in which 2, 3, and 4 coal screws were uged, leading to
irn 4 oon June 8, 1949, in which design coal and oxygen rates were reached, The oper-
ation of the wnlit was quite satisfactory. HJowsver, during the latter part of rum &

the coal-oxygen flame on the No. 3 screw at the south end flaghed back, and after ths

‘m ovldence of slight slag deposition wag cbssrved In the cones around the burner
pozzled,

7 In the next few runs various means were tried to prevent the fleshback and to
Ninimize the slag depositlon, Previous tunnel combustlon tests had demongtrated that
0 prevent flashbacks a minfmum plpe-flow velocity for the coal-cxygen stresm of 70
feet por second was necessary, This was not always attained in the ecarly tests,

wing partly to the fact that in using multiple tubes for oxygen-coal traneport 1t was
UIficult to balance the flows exactly. Although the total flow might have provided

n adegquate veloclty when divided equally per plpe, In actual.practice it was not oo
Ulvided, end quibte often 1 or 2 of the pipes would operate st & mArginal flow rate.

1o aggravate this situation, some of the pressure surges In the line might have dropped
ble Plow below the 70 feet per mecond and thus mreclpliated the flaskhback.

It wag thought that these fluctuatlons might be due to sccumulations of coal on

¢ wvalls of the plpes, and sn ettempt was made at syntematic pipe repping during the
18, Thls effected some redustion in the line swrging but appsrently 414 not eliminate
6 flashbacks, which persisted through rmm 8,

: A partloular effort was made to maintaln the volocity in the individual coal

P.i?es above TO feet per second., Algo, the oxygen purity dropped from 98-1/2 to 95 per-
by dilutlon with air at the inteke of the oxygen booster. No further flashbacke
Yere encomtered after this, ezcept In rwms 25, 40 and 43 and in rm 36, which was made




with an extra fine coal grind, No Turther study of the problem wes mede, 28 1t was
concluded that the most oritical factor was the velocity of the oxygen-coal stream in

the trensport pipes.

However, Tthe oxygen concentratlion was kept at &8 percent throughout the rest of
the work on thig wit, This would be about the purilty of tonnage oxygen, and lt wag
felt that the results might be morc gemerally applicable,

To prevent slmgging around emd over the burnér nozzles, new burners, which pro-
Jected & luches out into the cones, were installed for yvm 5. However, the nozzle '
on the soith end developed a coocling-water legk in the course of the run and had @
be replaced by cue of the original fiush bumners for rwn 6. Inspection after this rm
indigated very clearly that slag deposition on azd around the flush burnmer nozzle
wag much greeter than around the ono on the norih end with the L-inch projectlon,
A ney b-ineh projection durner wes Installed in the south end for run 9, and slagging
in the cones wac reduced efter thls chauge. L

In these early runs & vigual examinatlon of the interior of the gasifier was
mado after sach of the runs through peepholes located in the gasifier shell at
strateglc points. These permltted obgervation of the slagging sround the burners as
well ag in the msh legs. It wes also noted that the annular steam rings In the cones
aromd the burmers had developed definite cracke by run 5, As these rings were N
designed to whirl the ateam out to the gasifier lining nd thus sagist In protecting %
1% from high-temperature attack, thls development was cause for some concern, Howeverj
ne particulsr ercslon of the lining was noted in thege early rimna.

Some slagging over of the ash-leg ducts at the floor of the gasifier was alsa
noted in these Inspections; but, from lis appearance and the small smount of ash,
alag, snd cokelike material actually withdrawn from the ash legs (through the water
sealf, the gasifier appeared to be operating In s manner to pass virtually all the : *
mineral matter of the coal out in the effluent gus gtream, Thig material was sarubbed!
out of the gas with water and gent to the settling basin. Analyses of this &sh and
s Pew chocks on its volume were later determined., In the early serles of rums
(through run 12) the retlo of cxygen to coal was kept low (bslow 8 cubtlc feet of oxygel
per pound of coal) because of the degire to explore cantlously the temperature effoctB:
cn the gasifier lining., Iater, when higher oxygsn-coal ratlss wers employed, the o
quantity of slag depcsited In the gaaifler and collected through the ash legs lncreasel
appreciably. The coal grind for these Flrat 12 runs was 75 percent through 200—mesh."(

Two means of detexrmining coal rates were avallable - the gpeed of the previously ™
calibrated coal screws end the welgh-hopper deta, Frequently, the two did not agree,
and after the Tirst few runs the welgh-hopper dats were teken as flnal,

After run 12 it wae felt thaet enough operating experlence tad besn gained to MO
cead with the study of process varlsbles in the gaalfier performence. A prmber of ”’
ninor repairs and alterations were made &t thie time to improve the faclliity for opers
tion end collection of data. The date for the flrst 12 runs are of questionable walue
bocause of the exploratory nature of the operetions, Conseguently, these data &re not
presented, nor sre they congidered In the analysis of the graifier's performence.
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Study of Process Varlables

Ratlo of Qxyeen to Coml

: The ratlo of oxygen to coal iz expressed as standard cublc Pestl/ of 100-percent
ox¥gen 1o the powndg of dry coal fed to the gnsifler, The coal uzed in this gtudy
{from Rock Springs, Wyo,) was consistent enough In analysis that expression of the

- resulis on the basls of oxygen-carbon ratic made no Important difference in the
esults. (See Appendix for coal analyses,)

. In this etudy runs were selected in which virtually the only veriable was the

' oxygen~-coal ratio. However, this could net be achieved entirely, owing to varlaticns
"In the feed of reactants and in the performsnce of the gasifler itgelf. For thism
‘reason, in c¢lagsifylng the data for analysis srbitrarily selected rangss were chosen
 for the other variables, such as steam-coal ratio and process-steam temperature. With-
In these ranges the data were remarksbly consistent in demonatrating the offect of

the oxygen-coal variable, as noted later. The dsta from all the runs (after run 12)
that met the following requirements were used. Detailed data For these runs and all
others affter rm 12 are mresented in Appendlxz A,

1. Duration of run, 1/2 hour or longer, after operations werse stabilized.
2. & bumers operating,

3. L-Inch- or 16-inch projection burners used,

b, 0.8 to 1.2 pounds of stean per pound of cosl.

5. 1,4850 to 1,750° ¥., temperature of process steam.

6. 1,975 to 2,350 pounds per hour, coal-feed rate., Rock Springs, Wyc., coal
ground to 85 o 90 percent through 200-mesh sisve, _

7. 94-1/2 to 97 percent process oxygen.

. Average coal-particle residence time In the gagifier wmder these conditions ranged
from 2-1/2 to 3 seconds,

No attempt was made to control the gasifier temperaturs., The average of the cone
temperatures obtained renged from 2,375° to 2,665° F,

Table 1 presenis data obtained by thls selection.

———

1/ Standard cuble feet for this report stands for dry gas at 60° F, and 30 inches Hg
end willl be abbreviated to std,c.f.
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TABLE 1. - Gonverslons and temperatures - base runs

gtd.c.f, .

100-percent Carbon Temperature, °F.,
Run |oxzygen per 1b,|converslon | Average
No. dry coal peroent In cones| Gas exit
1ha,. 7.6 68.5 2,375 2,110
1LB.. 7.8 70.0 2,370 2,140
1ug.. 8.1 Ti.h 2,460 2,150
234,, 8.9 81.0 2,525 2,335
16... 9.0 78.9 2,520 2,230
LkoA.. g.1 T9.5 2,490 2,260
2644, G2 81,7 2,595 2,350
ITaus 9.6 83.1 2,515 2,275
e3n,. 9.7 85.7 2,650 2,415

9.8 83.6 2,625 2,295

32,..] 11,0 89,8 2,665 2,405

In figure 4 the carbon converslon is plotted against the oxygen-coal ratilo,
and In figure 5 the gaglfier cone and exlt gas temperatwres are shown to be functions
of the oxygen-cozl ratlc, Figure 4 la considered a baslc performance curve for the
Foppers gasifier, and data obtalned from rwms made wmder condlflons verled beyond the
acope of the specifled categories wlll be compared to 1k,

Another measurs of gasification performsnce is the requirement of coal and oxygen
per unit of synthesls gaa (CO + Hao) produced. These reguirements cen be combined into
an srbitrarily devised "economlc factor," This, In effect, expresses the charge for
coal end oxygen per 1,000 (M) stendard cubic feet of {0 + Ep, In computing it 10 cubic
Teet 1s taken to be equivalent %o the cost of & poumd of coal. Thua, the economlc

factor will be the sum of the pounds of coml and cne-tenth of the cublc fest of oxygen
congsumed Iin produeing 1,000 standard cuble feel of CO + Ha.
Teble 2 gives the coal and oxygen regquirements (per M std.c.f. of CO + Ho) and

the economlc factors for the rvoa previcusly selected.

TARLE 2. - Materials requlrsmentas and econcmlc factors - base rumns

S Oxyoen - Ib. dry coal Std.c.f. 02 _

Rum coal per M std,.c.f, per M std.c.f. Economlc

No. ratio CO + H2 Co + Ho factor

Ao 7.6 k5.1 : 3hh 79.5

I4B....] T.8 bk L ' 345 78.9

4G, .. 8.1 k3.6 351 : 78.7

234A....| 8.9 38.2 338 72.0

16..... 3.0 38.9 350 73.9

4OA..,.0 9.1 37.5 4z 71,7

PEiease] 9.2 38.9 359 7L .8

FTawenn © 9.6 38.2 365 Th.7

23B....| 9.7 37.1 362 73.3

B, 9.8 37.2 365 T3.7

32. 0. 11.0 36,4 398 76.2
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