go that the later sgh balences generally showed 80 to 100 percent ash recovery. No
corroctions have been mpde for the dust contemt cf the exhaust geses going out of the
stack; data In table 6 show this quantity to be small,

Comperison of product-ges flow date and residus data

Two general methods sre used to determine cerbon gealfication end other materlal
palance items, namely, calculations Yesed on direct memsurement of product-gas flow
and calculations based on res fdne collectlien, This waz fowmd to bs a useful precedure,
"pgrticularl;y in the carly stages of the program., Dsta on the natwrs of the realdues
obtalned are necessary to determine proper degign of sorubbing and waste-disposal
pquizment., 3By sxtending the weste sampling procedure to determine smounts alsc, an
_independ.ent check on the results from Flow meter calculation is obtalned, which
detects errors in flow measurements that may nct otherwlse be roted, Colwms 27 and
8 of teble 1 compare the carbon gasification by these wo methods and thus show the
‘overall result of srrcrs In measurements. The same date sre expressed graphlcally
in figure 22, Except in the highest gasification ranges, the-carbon gesified, baged
on residuc data, Is seen to be, on the averags, slightly higher than that taged con
“gag-flow data,

teble 1 indicates that flow data were used as standard for 58/3, or £8 percent,

the 85 rmms (cr perlods) reported, residue data were standard for 13 /85, or 15
eroent, end average Gata for 14/85, or 17 percent. However, if the comparison 13
sstricted to the 26 complete rums for which btoth flow and residus data are avallable,
+ ig found that Flow data wers used as the standerd for ¢ rups, or 35 percent,
oagidue data for 3 runs, or 1l percent and average data for 1k runs, or 54 percent.
ks remson for this spparent contradlctlon 1s that separation of residue quentities
¥ periods was generally Imperfect, and the ndjvidusl-period results calculated Irom
o3ldue data tend to be less accurate than those calcuiated from flow data. Thae
elative accuracy of resldue data Increascd when applied to an entire rum, as evi-
3 denced by the fact thet results based on residue data or the average of Flow and
‘residue date were the stenderd for 17 out of these 26 rwms.

Other measrements

. No special problems were encountered in the normal measurements of temperatures
end pressirss required for determining reactent and product flows., For this particu-
Zlar series of test runs, however, the values shown in teble 1, columm 18, for product-
gas flow through the slag throat are of low accuracy. Inltielly, the major interest
In this flow was for control purpcses, that 1s, %o keep the slag throat Just hot
enough for patlsfactory slag flow, and readings of prossure differentlal acroms the
dorifice piate in thc slag-gss vent line werc enough to indicate trends. Temperatures
and moisture contents of the vent gas at the crifice plate were only aprreximated,

d ‘the time intervals corresponding to pressure readings were not recorded. Inasg-
ch a3 the vent gas was reintroduced into the main product-gas stroeem, inaccuracies
vent-gas moasurements did not af'fect the overall measurement of product gms.

These Inaccuracles do have gome effect, however, on the calculated resldence tims in
¢ gasifier (colum 35) and the dlstribution of the sensible heat in the product

g8 (colume 47-50).

The sccurecles cf the veplous hesat-bhalance itcms of table 1 Increaged during
® courge of thism investlgation - as gesifier opsratlon stabllized and mors time waag
devoted to measurements of coollng water, etc,, and to examining spparent Incon-
2 Stencies. The values shown should be reasonably accurate for indicating deslgn
tl‘ends, but individual points apperently out of line with the prevailing values should
Bot be given wndve welght,
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DISCUSSION OF RESULES

A was mentlionsd carlier, seversl cooling-coil arrengements and nine designa
of reactant burners were uscd during this investigation, Alsg, ma was stated
previously, the emplasls on development of an operable process placcd two limlts-
tlons on the range and nature of the test conditions reported on here., Time did
not allow for a large number of check teats under absolutely similer conditions
and, siuce the gasifier was tc be operated wder slagging conditions on this
partleular fuel, the lower oxygen tg cerbon ratlog (under 10.7 std, e.r. per 1b.)
were ot Inveatlgated, To single cut the specific effects on changes in rcactent
ratlos, 1t was deslrable to minimize the effecis of the abcve dssign changes, as
well a&s changes in coal-feed ratea and methods of heating rcactanta. & atudy of
the results ghowed +thet s 13 through 23 provided the teat data for slngilng out
the effscts of vxygen-carbon and steam-carbor retics - in that ng changss were made
in cooling-ccil arrangement or method of heating reactants, and only two deaims of
reactant burners (designs 5 and 6) werc used, Coal-feed rates varied from 329 to
627 1b. per hr., but this was thought to have less effect than changes in reactant
ratios. The polnts shown on the plots In thils section have heen limited to reaulty
from thess runs,

Effect uf oxygen-carbon ratio

Filgure 23, based on date from table 1, kas been prepared tc indleste the effect
of nxygen -~carbon ratlo, that is, standerd cubic feet of ox¥gen gupplled por pound of
carbon In the coel, on tke percentage of carbon gasified for rune 13 threngh 23, The
801id line shows a substantial incresse In carbon gasification with Increase in
oxygen-carbon ratic, send the general ghape of the curve holds for the fuur steam-
carbon ratios shown. Most of the triangles fell above the line and most of the
squares helow the line, indicating that, for a glven oxygen-carbon ratlo, somewhat
hetter carbon gasification was achieved for the low steam-carben ratios (0.5-0.70
1b, psr 1b,) than for the kigher ratioa (1,00-1.50 1t, per 1b.), The points reypre-
senting the highest steam-carton ratios (1.51-1,65 1b. per 1b.) coincide with high
cXygen-carbon ratlos hecauze 1t wag gcnerally'found.necessary to supply extra oxygen
along with extre gtcam to meintain temperatures high enough for satisfactory alag
flow,

Flgure 2L shows the sffect of the oxygen-carbon ratlo on the carbon regulrement
per thousend standard cubic feet of CO0 + Hy fur four ranges of gteam=-carbon retlesz,
As wag oxpected, the carbon requirement decreases wlt: increase In oxygen-carbon
ratlos, Alsoc, for a glven cxyren-carbon ratio, the carbon reculrement is lowest for
the lowest steam-carbon ratlo, For example, for an oxygen-carbon ratio of 12 gtd,
c.f. per 1t,, the carbon requlrement is only 27,0 at the lowest gtoam-carbon ratia
(0.50-0.70 1&, per 1t.), and is 28,9 powmds at the next higner steam-carbon renge
(0.80-0.86 b, per 1b.).

Figure 25, alsc based on data from tahls 1, Indicetes the effect of tho cxygen-
cerbon ratic on the oxygen regulrerent - for Four raages of gteam-carbon ratiocs,
Separate ordinates have been used to avoid confusion of polnts. It 18 geen that,
for the ranges of CXyzgen-carbon ratiog covered, the oxygen reguirement in¢reases with
lnerease in oxygen-carbon ratio, The range covered is insufficlent to show whether
the curves pass through minimums st lower Oxygen-coal ratics and whether the oXygen
reguirerenty incresse with still lower oxygen-carton ratioz. Ths Imogranm for future
testing work with the bituminous coals contemplates a seriles of tests In {the lower
czygen to cerbon ratios, Such tests would of couras te Iin the nonslagglng range aend
would elso gerve to check the operability of the gasifier unger such condltlons,
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Effect of steam-cerbvon ratio

Flgure 26 shows the considereble lncresse In carbon dlcxide of the dry preduct
g with increase in steam-carbon end pxygen-carbon ratios, namely, from about 10
' porcent with a steam-carben ratlo of 0.5 1b. per ib, snd an oxygen-carboen ratic under
12 std. c.f. per 1b, to sbout 22 percent for a stesm-carbon ratio of 1,6 Ib, per 1b.
and sn oxygen-carbon ratlo of over 13 std, c.f. per 1b.

) 5ince the high oxygen-carbon ratlos were used with the high eteam-cerbon ratics
to provide the necessery reactlon temperature, it is not possible to determire how
mich of the high carbon dicxide percentege ig dwe *to each, The high steam~-carton
ratio moves the water gas shif't equllibrium towsrd the carbon monoxide plus hydrogen
side of the reactlon, and some of the extra oxygen turna carbon monoxide to carbon
dioxide. However, stoichliometry indicates in the exsmple cited ebove that probebly
less then & third of the increase in carbon dioxzide perccntage is due to the burning
of carbon momoxzide by extra oxygen. Since the guantity of valuable CO + Hp psr lb,
eoal In the product gag may be arsumed to be epprozimately proportional to 100 per-
cent minus percent CO2, =n importent adventage of low stesm-cerbon and oXygen-Ccaroon
ratics 1o 1llustrated, nemely, %o reduce the emownt of dilutent carbon dicxide.

Flgure 27 shows the large inmcrsese in H2-CO ratic with incresse in stesm-cerbon
vatic for three ranges of oxygen-carbon ratio. Secparate curves are evident for each
baygen-carbon ratio. These curves illustrate a possible adventege of the higher
steam-carbon ratios if a Ho-CO ratio of 1,0 or greater iz dealped, For exaumple,
using the milddle line tascd on an oxygen-carton ratic of 12-13 std, c.f. per lb., &
gteem-carbon ratic of 0.5 1b, per 1b, gives a Hp-00 ratlo of cnly 0.72, and a steam-
carbon ratlo of about 1,15 1b. per 1. iz pequired to give a Hp-C0 ratio of 1.0.

The cptimum stesm-carbon ratic is infivenced by the Ho-CO ratlc desirsd in the
aynthesis ges and the rslative reactents coots per unit of gas of this compoaitlon,
using various steam-carbon ratlos. A savings In matorial reguirements per M std.
£, of (CO + Hp) preduced, achleved by reducing the CO, concentration with a low
tesm-carton ratlo, may be more then offset by the extra cost of shifting the Hp-CO

atio.

Figure 28 hag been included to show tke effect of atesm-carbon ratlo on ateesm
decomposition, using data appearing In table 1 and caleuliated from hydrogen and

Xygen balences, (The genérally good agreement between calculated end experimental
Molgture contents was gilven esrller In table 4.} The sclid lins indicates that the
Quentity of gtesm decomposed per poumd of carton ls approximatsly proportional to

$he steam-carbon ratio end amownts to about 25 percent of the process sisam introduced,
This confirms resulte on atmospheric gasilier 2,20 :

PROCESS HEAT BATANCE

Using operating results, which it 1s Indicated would be obtalned In large-scale
?:‘-"nitﬂ, 2 hest balence for this process has been prepared and Is shown in figure 29,

t 18 interesting to compare this with a similar hest balance for the standard blue

8 process using coke es a fuel (fig, 30), Those data are taken from another

blication,21/

120/ Sep work oited In foomote 4, p. 36,
&l/ Morgen, J. J., Menufactured Gas:; Vol. 1, 1926, pp. 2hE-2L7.
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Full scals operatlon of this Procesz should give a more favorshle comparison
thar. indicated here,

To dete, the methods uged to introduce the reactante have been substantially 4y,
Bams, that ls, the coal has heen Ffed Inte the resctor in a dense-phage fluidizeg
state and mixed with the nteam and oxygen Introduced through mmall ports at high
velocliles. 4s has hoen shown rreviously, the nature of the remctant burner used iy
relation o s given resction Space has a consldersble effect on the materiuls regus
ment per thousand cublc fest of CO + Hp produced, There is & iarge fleld for develny.
ment in burmer deslen and 2lsg In methods of introducing the conl or conveying 1%
from the mill to the burmer, Colncldental with this thers ig the neesd to develop
burner designs that will allow for considerable turndown without material reduction
In efflclency and will alse have mechanleal festures permitting long life,

In uslng lower rank coals it ia indlcated that heat recovered from the proceag
may be uaed 4o Adventage to prehsat thom before their admission to the remction 2one;
Such preheating, in +the range 700 -900 ., may, by a process off partial gasificatign’
In low cost tubuisr atyle heaters, so prepare the coal that the time needed fop ths
reactlon 1s lesaened or the capaclty of a given reaction space, In throughput per
unit of tims, is greatly Increased, Exporiments on such Drensating of theae coals,
both in the denge ana dilute Flvidized thase are wderway,

Experience in other indugtpies where slags of varying composition sre dealt
with has shown thet for gasiflers of this type there may not be one refractory sulg-’
able for all coals, In ths cowrse of the experimental program 1t 1s expected +hag af
considerable variety of refractories will be tried out, :

FROCESS COST EVATUATION

The mresent status of the sxperimental work does not allow for more than =
tentative projection or the probable cost of eynthesls gas made by thils procsss,
The probable renge of reactant requirements per M. c.f. of CO + Hp producsd, which
will be affected by the Ho-C0O raticg nesded in the synthesis and ty the rank of the
coal used, csn be get reszacnably well, fThe magnitude o the heat lossea per powmd
of coal used in fuli-gesle reactors can be estimatod wlthkin reasonable limits,
Although exect date on refractory life In those reactors have not heen chtained, a
rrojection baged on the expserience to date, Both in the pllot plant described here -~
and others of a gimiler nature, indicates thut thiz will net bhe a major oblection
to the mrocoas,

Buch cost eveluations have beon mﬁde,gg/ snd further elaboration in +thig report
does not seem necssgary, Asouming costs for coal, oxygen, and stesm in the ranges
showm in Figure 31, 1t is indicated that the materlals cost per thousand cablc feet
of CO + Hp produced wiill be about 20 to 25 cents,

sctants per thousand stendard cubic Fest of (CO + Hp) from the individusl veactant "
regulrements end Prices, In the eéxample ghown, the aszmmed regulrements orf Lo
pounds of coal, 20 powmds of 1,000° 7, steam, and 355 gtd, o,f. of oxygen per thou-
send stenderd cubic feet of (CO + Hp) =re based on those Biven In tuble 1 for test
T 33, The asgumed mrlces at the gasificr of $5.50 per ton of coal, $0.40 per
1,000 pounds of 1,000°F. 8team, and $6,50 per ton for cxygen Bre based on date
prosented 1o the previcue reference.23

22/ Ses footonote 5.
23/ Bee work cited in footnote 5, table 3. The steam nrice of $C.25 per million

B.t.u, has been taken as equlvalent to approzimately $0.40 per 1,000 pounde of ;
1,000° F, steam,
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The actual prices of coal, steem, and oxygen will depend on the locality
and the size and type of Installation, The reader can sélect reactant rsquirements
paced on those of tabls 1 or on what appeer rcascnable for hls contemplated applica-
+tion end use reamctant prilces bases on those prevailing in his locallity. Then, using
figuwre 29, he cen determine graphically the resulting totel cost of reamctants per M
std, c.f. of {CO + Ea),

TEVELCPMENT OF EXFERIMENTAL FROGRAM

Since the completion nf the lest test on which data sre given in this repord,
test 3%, sbout 20 more tests have been made, After test 34 the gasifier deaign was
stebilized apmroximately as shown In figure 5, A veriety of coals have been tested,
including a subbituminous C cosl, an enthracite, end a western bltuminous coal, Also,
tests have been mede on the productlon of gas using large percentages of nitrogen in
the reactants.

As has been mentioned before,ﬁ&/ the procesg has been adapted to full-ccale
opsration elsewhere but a considerable field ol investlgatlon remalns to develop the
- most efficient equipment conmstruction possible and to determlre the optlmum cenditions
for the gasifilcatlon of eny particulsr fusel,

: The process has indiceded an adaptability to a large renge of fuel types, btut as
yet 1t im not possible to predict, without actual test runs, the test reactant feed
‘ratios for any one fusl, Consequently, 1t is expected that for some time the program
will be devoted to testing a widse renge of cecal types or ranks, and will Include a
study of variables, for ezemple, preheating of resctenta, heat lesses, and reactent

ratios, '



