RESULTS COF TESTS
General

411 operating data and general observebions dwurlng the five runs of the commer-
cial-scale pilot plant from December 1946 through December 1948 ere proscnted io this
report.

After rm 4 the retort mait was not dismantled or changzd. Run 5 was bogun on
December 13, 1946, snd the specific objective was to mske gas with a high hydrogen-
carbon monoxide ratic. ZFrratic operation dicluied s shut-dows on December 28, after
winich the unit was dismantled for exaxination. Appreciable deoposits ol ash were fomad
on the inside of the outer retort tubs near the gas of ftake and in the lower reasclion -3
zone, In the suame generasl region considerable corresicn and deposits of scale were
observed both ipside and outeside the roetort tube. Corrosion was parlicularly severs
at the welded seams, Measurement of the tube chowed that the dismeter had incrcased
glightly In this region.

The retort tube wee reconditioned and inverted for run 6, which was begum
September 8, 1947, and continued until Octover L. In nine test pericds the condi-
tions to make gas with o high hydrogen-curbon monoxide ratic were determined. This
ratic was varied from 4 to 9 &t mas production retes from 7 So 12 M cu. £+. per hour,
bkxamination of the retort tube after the run reveslsd no important additiomal corru-
slon cxcept at the welded seems near the gas off'take. Corroded weids were repaired
with 310 alloy before rum 7.

¥or run 7, which was begun December 6, lQh?, and ended December 23, the retort
unit was asrranged with o continuous aenulus {see Tig, 4). Agsin the abjective was to
produce gas with a high hydrogen-carbon monoxide retio. The actual retlo renged from
3 ta 6 at gas-production rates from 7 to 11 ¥ cu, 7%, per hour. The ratort tube was
i good conditlon after run 7 erd reguired no maintenance except c¢leaning before it
was reinetalled for rum 8.

Run 8 wus begun Jacuary 16, 19h8, with the same continuous aanalus arrangement
of the retort as in run 7. Furnace femperatures were raised and other operating con-
ditions charged to mske a gas with s hydrogon-carbon weonoxide ratio belween 2.3 and
3.3 at »raduction rates from 7 to 11 M cu, £%. per kour. Whezn the run ended on
February 13, the ouler refort tube showed no a2dditional corrosion, bub measurements
indicated some progressive increase in diumeter.

2-1/k-inch divided snmulus {see fig. 4). Heating was bemun April 3¢, 1948, but oper-
ation became so erratic that the plant was shut down on May k. No successful test

A new centrifucaliy cast HE-alloy tubs was installed for run 9 with a nominal - 3

was completed; acceordingly, no operating data for this run are presented.

A summary of all opersticn of the plant is given in table 1. The hours of oper-
etion huve been calcuisted as the time from ignition of the gas burners wmbtil they
were turned off. In 3,857 hours of operation 756 tons of iignite have heen gasified
to produce 32,975 M cu, £t, of gas. Subitotals In the tuble show the resulig with
each retort tube,
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TABLE 1. - Summary of operstion of commercial-scale pilot plant,

February 1945 through December 10483

T:me Lignite
Bun Retort Date operated, processed, Gas made,

No. tubg}/ From To hr.g/ tons M ecu. ft.i/
Preliminary 1 2/27 /45 315 192 47225 5/131
1 1 6/13/45 6/24 /45 257 55.4 1,626
Subtotal 1 (449) {77.9) {2,357)
2 12/6/45 12/16/45 25 56.0 2,569
2 3/6/4% 3 /a0 /b6 418 ok ) 4,101
2 B/16/4%6 | 5/16/46 /736 6/187.9 B,£90
2 12/13/46 12/28/46 369 5l ,1 2,300
2 (1,781) (392.4) (17,680)
3 9/8/47 10/L /iy 625 118.L 5,680
3 12/1/4h7 | 12/23 /47 h75 Th.1 3,273
3 1/26 /48 2/13/48 Lag 78.9 3,586
Subtotal 3 (1,529) (271.4) (12,298)
9 by L /3018 5/4 /48 %8 k.2 60

ALl

Grand total | types 3,857 755.9 32,975

Includes 72 hours when 7.6 tons of chor was used,

Lignite Tested

1, Spray-coated tube; 2, alloy-clad tube; 3, reconditioned alley-clad tube; L
cast HK-alloy tube

Time to the nearest hour from lighting burners until they were shut off.

Up to and including run 6, gas preoduction was measured with an orifice meter; a
positive-displacement meter was used In all succeeding rms.

L/ Weight estimated from volume measurement,

%5 Estimated; volume was measurced for only part of period.

H

Dakgta Star lignite for all runs was purchesed from the mine at Hazen, Mercer

County, N. Dak., in carlots of Stoker-Nut Size, 1-1/2 by 3/8 inch.
rocceived, excépt for rescreening to 1—1/2 by l/E-inch gize, in all tests reported
Typicel enalyses are given in table 2, which show about 35 to 37 percent
moisture, 6 to 7 percent ash, end 0.6 to 0.9 percent suifur.
poses, this lignite is guite uniform in composition, and test results uare comparable
Experience during earlier runs (2) had shewn that this size would
Tlow freely through g 3-inch anmlus, and this fact was verified in these tests.

herein,

in this respect.

In runs 5 and & a single compositc sample was prepared to represent the runm, but
Individual samples were prepared for each pericd of runs 6 and T

Tor all samples are given in teble 11 in the appendix.

For &ll practical pur-

It was used ag i

Complete analyses



TABLE 2. ~ Typical enalyses of natural lignite gasified i
commercial-scale pilot plant

Bun end period number, 1/5 6C 61
Proximste analysis, percent:
Moisture 36.2
Volotile matter ean 27.
Fixed ¢arbon,.. 0.
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Operating Results

A condensed summary of typical cperating results is given In tablie 3, arranged
in ascending order of H,:C0 ratie in product gas, Although reported on an hourly
basis, these results represent aversse performance during the whole tost period.
Complete operating results for all test periods are given in table 12 in the sppendix,

TABLE 3. - Typical results on gasification of nsbursl lignite
in commercial-scale pilot plant

Run and period number 8D 7C 64 5D TG 5C
Ratio Eq CO I ZAS . uiensnvecsereanes 2430 3 32 3,91 L.oh 5,05 5.95 T.02
Lignite charged 1b. per hr. 346 h36 bg2 323 380 353 295
Gas made...M cu. ft. per hr. [5GC) l/ T.39 16.54% 1068 7.11 7.17 8.97 7.08
Lignite per M ou, ft. of gas.....lb. 46,8 k1.3 Lé6.,2 k5,5 53,0 39,3 41,7
Char removed 1b, per hr. 49.4 58.8 62.6 b3.7 68,7 w3 31,6
Carbon gasificd pereont 67.2 72.8 65.8 65.7 56.7 Th.n
Steam to upper reaction zone, 1b. per

hr. 300 350 5 455
Stean to lower reaction zone,

1b, PET BTy veevncnvans vaen (%/) (E/J (ﬁ/) 5 2hs (E/}
Undecomposed stesm. lb por M cu.Ft. 114 20.% 25.1 . S2.6 39.8
Heat used, B.t.u, per cu, ft. of gZas

Ar,3 120,00 121,11 11,9 122k

Heating value of gas, B t . per
cu, ft., calculated gross, veess 208 277 282
Temperatures, o,
Bottor of combustion chamber 1,930 1,850 1,778
1,501 1,401 1,381
1/ Saturated gas at 609 F, and 30 in, of mercury.
2/ Continuous annulus; no lowsr reaction zone,

Table 3 shows that 40 to 53 pounds of natural lienite was required pev M cu., Tt.
of gas, which when cleaned and couvled had & heating velue of 290 to 299 B.t,u. peT
cublc foolbt. Lower heating values correspand to higher hydrogen-carvon monoy;de
ratics, the range of which was from ¥ to 2.3. Inasmuch as char mey be g useful
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byproduct of this process, the greatest possible percentage of gasification of the
lignite was not an objective.

Other data on the static pressures, retort dimensions, and steam rates are npt
summarized but are reported in table 13 in the Appendizx.

Analyses of Product Gas

Typical average gas analyses from the tests are presented in table 4, with the
heating values from the recording calorimeter und those calculated from the analyses,
The analyses are arranged to show changes as the hydrogen-carbon monoxide ratio in-
creases, complete analyses, heating values, and specific gravities of the product
gas from all tests arc given in teble 14 in the Appendiz, In addition, table 14 in-
cludes the average analyses calculated to an air- and purge-gas-free busis, except in
run 5, when the volume of purgc ges wesnegligible, The correction for air is made first
and assumes thet any cxygen is present as sir. It 1s eliminated, with the eguivalent
amount of nitrogen in air, In the correction for purge gas it is assumed that the
normul nitrogen content of the product gas is 0.5 percent and that any cxzcess nitrogen
is derived Irom alr-free preducts of combustion containing 17 percent carbon dicxicde
and 83 percent nitrogen.

Results from the continuous record of the carbon dioxide analyrzer are not pre-
sented, but these sgree well with the carbon dioxide content in the aversge analyses,

TABLE 4, - Typical analyses of product gas trom commercial-scale pilot plant

Run and period mumber............... ©OE 8D T 6A . 5D G 5C (2=
Ratio HoiCOussreneaniunarnnanenna... 2.30 3.32 3.91 L0k 5,05 ».9% 7.02 8,99
Constituent, percent by volume:
COpannn... rreenaseereaaaeaneeaas B3, 18,8 20,5 21,6 23,7 23.7 25.3 26.8
5 ... 0.1 0.2 0,2 0,1 0.2 0,2 0.2 0.2
Omvraneneraarossanciransassessass 0.2 0.2 0.1 0.1 0 0.1 0.1 0.2
COnrmvevnnnssnnsnnasnennsssssees 2.3 17.6 150 1kh.2 11.9 10.2 8.8 6.8
B iraearrarararrianinnnnen seeeee 55,8 584 58,6 57,3 60,1 60.7 61.8 61,1
CHh o veerennrnrnasassanseranasanes 2.6 2.9 3.1 3.3 3.3 2,5 2,3 2.6
CoHgowennnvinrssaaeranasiareenaes 06 0.2 0.7 0.1 0.2 0.8 0.6 0.3
o ieinenseneitanaeninannan. eers 3.0 Ly 1.8 3.3 0.6 1.8 0.9 2,0
Gross heating value, B,t.u. per
eu. It.:
Calorimeter...... vovevvnveernaes 293 281 274 270 260 263 257 246
Caleulated. s, vissnssanersaeaaanas 264 279 282 265 270 270 263 250

Analyses of Char

Characteristics of the char were determired from proximate and ultimate analyses
of composite samples, including proporticnal amounts of char, blow-over dust, and
solid resldues recovered in the sump of the water scrubber. FPrevious experience had
indicated that no vital information wowld become avallable Trom analyses of sach king
of regidue, No defermination of size comsist was maede on any residue,

Typical analyses of these composite samples with different ash contcnts are given
in table 5, The ash ranges from 25 to nearly 47 percent and, as would be expected,
increases scmewhat as the prreentage of carbon decreases. Complete information for
all test periods is prescoted in table 15 in the Appendix.
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SBome of the results in tables 5 and 1% show that the conventionsl meilbods af
proximate and ultimate snalyeis do not yield satistactory results when applied to
char. For meny high-ash chars the sum of the constituents in the normsl ultimate
analysis, except oxygen, exceeds 100 percent, Much of the sulfur and some of the
carbon in the char remain In the ash during ignition of' the analytical sample,
Bezinning with run 6 and coatinuing thereafter, the amounts of thesc clements so
retained were determined, and the results ore included in the tables as equivalent
percentages of sulfur trioxide and carbon dioxide in the originel cher. Although
some effects of this condition are known (high ash, low fixed carbon, sulfur reporied
twice), no corrections of eny kind have heen made to the results in tables 5 and 15,
althougn no oxygen 1s reported in ithe ultimate analyses for run & and subsequent runs

TABLE . = Analyses of chars from commercial-scale pilot plant

|

Run and period mumber......... temerenae AF €3G 8E &g TG a0
Proximate analysis, percent:
MOIahuTe . v e senarenaarnnnnenn 1.5 1.5 0.3 0.5 0.6 0.8
Volatile mather. e e veverannnarss iz.3 11.8 6.9 £§.8 0.8 10.8
Fized carbon..eressecuarearans- ceee 60,8 56,6 58.3 50.6 6.1 41,8
S 25.4 30.2 s Lo, 1 k2,5 k66
Ultimate analysis, percent:2
BT OEE e s et s sanastonearanansansonn 1.8 1.6 0.6 0.9 1,0 1.2
CaYDOml, cuvnnrrnnncnrnenns Ceereeeanes a6 .8 62,7 67.3 2.0 56.1 51.5
i e v o .0 « 0.6 0.5 0.4 0.k 0.4 0.4
21 B 5 1 A 0.6 0.8 3.1 K 2.7 2.5
ASHL/ i i e a5k 30,2 3.5 ol k2 L6
50,3/ 2,87 1.8, 7.2 6.2 6,09 5.92
N 4.63 438 2.3 3.2 Lok 5,83
Heating value....iveu.. ..B.t.u. per 1h, 12,410 ,THO 10,370 9,650 B,66G 8,120
Corbon gasified.vusiussansvas.a percent 67.0 1.9 7.2 7.0 TH.3 7.9

1/ Ash wncorrected for sulfur and carbon reported as 507 end COp.

2/ Oxyzen omitted, see text for cxplanatiozn, ’

3/ In ash; reporbed as percent of origiral char.

L/ Total sulfur in ash reported ss equivalent S0, regardless of chemicel form of
sulfur; some results indicate more sulfur ifi ash than in original char,

DISCUSSION OF RRSULTS

Dueratlng Besults

In earlier experimcnts (g) product gas was generatced at g rate of over 15 M cu.
£t. per hour, but production in the tests reporied herein mever exceeded 12 M cu. T+,
per hour. (See tabls 12.) Although no attemp: was made to reach maximum production,
it appeers probable that maximum rates were approximated in some peripds when the
hydrogen-carbon monoxide rutio exceeded & or 7 beeause of Lhe large volume of excess
steam required to achleve high ratics. From figure 9 it is apperent that, at a ratic
of 5, the volume of excess steam approximately equals the volums of gas and that this
condltion becomes more unfevorable at higher retios. As excess sheenm leaves the re-
tort ir a gaseous state and there Is a maximum capecity for total flow through the
offtake, the volume of product gas that can flow throuzh the offtake simulteneously
with the excess steam is limited. This limitation, bogebther with excess steam losses,
will tend to muke high-ratio gas cost more then low-ratio Zas.,

QOperating results in table 6 show that undecompossd steam in the product gas is
nearly equivalent to the process slesm admitted to the generator. This confirms the
observation thel the principal effest of en increuse in pracess steam is to incresase
the hydrogen-carbon monoxide ratic rather than to incresse gas production., For ax-
ample, corparison of the rosulis for runs 8E and TG, in which the cozl rate is virtu-
el y constant, shows that a fourlfold increase in steam rate increased the volume of
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REDUCING GASES (H, PLUS CO), PERCENT

Figure 10. - Relation between ratio of hydrogen to carbon monoxide und percentage
of reducing gases,




gas by avproximately 20 percent.
nore proncunced effect on gas volume.

TARLE 6, - Operating results on commerciasl-scale pilot piant

In contrast, a change In lignite rate has = much

Run and period DumbeTr.esecavsvavmnns
Ratio, HotCO uiuiiiiiiiiiniiaianann
Coal Tat8,...0......1b,/hr. /sq.F1.1/
Steam rate, 1b,/hr./sq.ft.:
Upper reaction zoneg/............
Lover reaction zone2/...v.eees...
LSS Y R A
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70
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411 unit dats are beced on a heated area of ocuter retort tubc of 210 sa. Tt,
Data for two reaction zomes and total include only steam supplied to generator
and neglechs any water in lignite, as wcll @3 any formed by reaction during

gasification,
Total steam in product gas, regardless of source.
Continuous annulug; no lower reactlieon zone.
Saturated gas st 602 F, and W0 in. of mercury.

1/
:

Comparison of the results in table £ shows a wide rauge in performence of the
plant and indicates that considerable flexibility iz operation is possible, The
plant has operated smoothly at production rates as low as 5,5 M cu. ft. per hour und
a5 high s 11.9 M cu. £t. per hour (runs TF and 6D, respectively, table 12 in Appen-
dix). Experience sugegects that lower and higher production rates could be reached,

Another point of interest is the effect of operating conditions on Lhe yield of
reducing gases. The curve of fizure 10 correlutes the percentage of reducing geses,
the sum of hydrogen end cerbon monoxide, to the ratio. It shows the proportion of
reducing gases is decreased ceonciderably at higher ratiocs., When this fact is con-
sidered, together with the lower capacity of the vlent at aigier ratios, it is
evident that the grestest volume of reducing gases can he produced for the least
cost at the lower ratios,

Evdrogen-Carbon Monoxide Ratio

Most of the gas produced in this plant appeurs to be formed by reactions of
steam and carbon, snd ite composition cazn be represented closely by some combination
of the lfollowing reactions:

C + Hy0 CO + Hy,

C+ 2Hy0 = 0O + ZHg,

C+ QO 2C0.

These rouctions suggest thet considersble variastion in the hydrogen-carbeon
monoxide ratlo cen be achicved. In previeus experiments (2) gas with ratios up to
5 was produced, but in these tests the highest ratic was 2.

5163 - 13 -




With the divided annulus in runs 5 and & these ratios ranged from b to 9. In-
creased steam rates appeared most effectlve In incressing the ralio, but usually Pup-
nace temperatures were deliberately reduccd slrultaneously. TFigure 59/ shows tre
releblon betwsen the ratio and excess steaw expressed as moles per mole of dry gayg
when 60 to 7O percent of the carbon in the lignite was gasified and confirme the
importunce of exvess stesm, The individual points in figure 9 suggest Lhat slightly
less excees steem is required in the continuous annulus ©o produce gas with the sape
ratio. It is hoped that this indication can be confirmed or denled by future experi-
mente, in which gas with higher ratios 15 produced in the continuous snnulius. Any
effect of furnsce temperature on the ratio is nor markedly cvident, although it ig
usual to increase this tempersture when opersting to produee gas with a lower ratio,

Tests in tke continuous aunulus st higher stesm rates had been planued but wepe
gbandoned when the pressure in the crharging dome exceeded approximetely 60 inches of
water, The maximum design pressure delivered by the purge-gas pump was 90 inches of
waber, and it seemed unwire to experiment with stecom rubtes that required a highor
pressure than €0 inches of weter in the charging deme, In conseduence, the highest
Stcem rates were not as high as In rums with the dividcd sonulus.

Hydrogen

The gasifiication reactions show that hydrogcn in the product gas should range
between 50 and 67 percent. Actuelly the hydrogen varied between 57 and 62 percent
when corrected to an air- emd purge-gas-Ifrec basis, This is shown in figure 11,
where the percentages of hydragen, carbon monoxide, and carbon dioxide are vlotted
against the hydrozen-carbon monoxide ratico. From these curves it is evident thst
reletive changes in percentages of carbon monoxide ore grealer than relative changes
in elither of the other two constituents; comsequently, changes in hydrogen-carbon
menoxide rutio are due to changes in the percentage of carbon monoxide,

If Lhe reactions of lignilte with steam wers the only source of hydrogen, its
percentage should equal the sum of Uwice the percentage of carbon dioxide plus the
percentage of carhon monoxide, The actual perccuatuge of hydragen always exceeded
this eum, sometimes by es much as L percent (see table &), This excess hydrogen
probubly is derlved from carbonizing lignitc or from cracking the hydrocarbons Dro-
durced during carbonizaticn becuuse plant conditions are maintsined to gasify approxi-
mately aill of the tar.

The relationships in figure 1l also have been helpful in adjusting ihe plant to
produce gae at a preselecied hydrogen-carhon momoxidc ratio, Tt is usually sufficient
to ascertain the percentage of carbon dioxide corresponding to the desired ratioc end
to adjust the operating vuriubles to praduce this percentasge of' carben dioxide, as
indicaled by the comtinuous analyzer. The uclual ratio is determined from the gas
analysis buv does not vury uppreciably from that selected.

Eeat and Material Balances

Heat and material balunces based on gross heating velues and average hourly
resulis ure given In tables 7 throusgh 10 for four test periods, The first considera-
tion in selecting thoese perlods was that the lignite food rate was abowut 375 pounds
per hour. The second was that the hydrogen-curbon monexide ratios represented approx-
imately the range for these tests. These balances show thet the potential heat in the
product ges ranges from 52 to 52 percent of the heat in the entcering materisls and
that the lower percentages vorrespond to the higher ratics, Such & correlation is
Indicated also by the hest losses in the wndecomposed cteum, ‘These increase nobice-
ably et higher ratios, because a relatively lurze excess of steam is required to

9/ Bome datu in figure 9 for the lower ratics in the divided anmilus are resuits of
previous experiments (2},
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achieve high ratios. Radiaiion and unaccounted for heat losses are relatively con-
stant in amount, a result that might be expected because the temperaturc cosditions
in the furnace and recuperator systems do not vary greatly. With the exception of
pericd 7E {teble 9}, the radistion losses decrease ac the temperature in the furnace
system decreaces, '

All the materisl belances show a negligible loss.

TABLE 7. - Heat srd materisl balasnces t'or period 8E,
commercial-scale pilot plentl/

{(Retio Hp:CO = 2.30)
Material
Temperature, { balence, Heat balance
. °F. 1b. M B.t,u, | Percent
In:
Natural lignite: Potcotisl hest....... (2) 346 2,401 64,8
Pracess Steam3/ vuveneeerenennsenann. ol /270 100 115 3.1
Heating gas: Potential heat........... {2) 159 1,203 22,1
ALY £0 TUINECE s et vetanranrvnnanaronns (2) 725 (2) (23
Totaleeeeesraneannns trrrereaaneras 1,330 3,739 100.0
Cut:
Product gass:; Potential heat........... - - 2,173 56.2
Sensible heatviveiesseus. 654 o817 a7 2.3
Undecomposed steam3/..vuu.ne..... e £54 8l 112 3.0
Char and dust: Potential heat......... - - 726 19.3
Scnsible heat.......... | 5/1,000 10 18 5
Etack gases: BSencible heat dry guses.. 633 758 113 2,0
Water formed during
combiustiond/ . .eeerns.. 633 - 126 167 k.5
Radiaticn end unaccounted for..o,ev.... - 4 343 9.2
o 1,330 3,133 100.0

GGross heat baecie, hourly averages, and above 600 F,

Assumed atmospheric; sensible heat considered negiigible,

Enthalpy of steam sbove 600 F, calculated as 1,020 + 0.48t B.t.u. per 1b.
Asswumed,

[ o hof
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TABLE £, - Heat snd materisl halances

commercial-cscale pifo

ot

{(Rutlo Hp:CO = 4.04)

Metericsl
baiance,
ib.,

In:

Temperature,
oF,
Naturzl lignite: Pobteantial heat,...... (m
Proczes sLeem3/. . ... fretdarairen e ~hE
Heating zas: DPoteniisl Heul....uovsssn (2}
[ S T Y o o Vo S (2)

12 = T
Qut:

Product gus: Poteorntial hest.......... .
Baaslblo oot ieiaenevans

Tndacomposed -y i S [
Char and dust: Fotentlsl hLest..... e
Sensliblie hest,. .o vnn
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TARLE §. - Heat and materisl bulences for poricd TE,

rross heat basis, hourly aversgss, anc above 60° F.
Asaimad atmospheric; sensible heat considered nezligible.
Entkslyy of stezm above 607 P, calenlated as 1,020 + C0.LBt T.t,u, per 1b.
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Cross bseit basis, nourly eversges, and smbove HO00 ¥,
Assumed stmospheric; sensible nest consicdersd nogligible,
Enthalpy of steum sbove 609 F. caleuluted ws 1,020 -

M8t B.t,u. per it.




TARLE 10, - Heat and msteriul balances Tfeor pericd 5B, 2
cormercial-geale pilot plantl/

: (Ratic H1CO = (.21) ) T
Materisl
Tenperature, | balance, Teat balance
OF. 1v. M B.b.u. | Percent
3 Tn:
] Natural lignite: DPotemtisl heat....... - 35 2,062 6.5
 E Sensihle heat........ (2) - (2) (2}
i Frocess aueam_/........................ 2793 503 579 1L
{ Feating gas: Potentlal begb.......-.-- - 17k 1,166 29,1
%: Sensible heat............ {2) - (2) (2) ,
: AAY B0 TUTTIBCE e s vanveanaasaanennuaan {2} Ths (2} {2)
TObAL . e rsrersroncesrsassnansans 1,77 4,007 160.0 i
Chit; ,F ‘
Product gas: Potential heat.......un-. - - 2,102 2.5 !
Sensible Reat.iiiiiiana.. 655 Z1lh 93 2.2 -
Undecomposed S5LEEMI vuvrevreeervvossnns £57 Ly 593 14 8
Chsr snd dust: Potential heat......... " - - T01 7.5
Scnsible heat..oeseesos | 241,000 63 16 0.4
Stack ceses: Sensible heal &ry gesez.. LED i) Ep 2.0
_ Water formed during
; combustiond/ L. iervean.. 480 L3 164 1
Radfation and unaccourted for.....veea. - 5 20h 6.4
‘ TOBEL e e cmeananescantisasonssinnnnnn 1,7HT L.Co7 08,0

Gross heat hasiz, hourly eversges, &nd above CO
Asgamed utFOtgkerlC‘ =P*sib1e nest cornsid eTed hegl;n= .

Frthalpy of stewn sbove £0° 7, calewlated as 1,070 + 0.L8t B.t.u. per 1lb.
ed, P
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Rates of Eeat Transfer ‘
.... 1L tlallesyd
i; These Telances supply trhe data necessary for culeculating the rates of heat +trans - |
E fer througk the metel retort wall. In these four ewxperiments ranged fron i
; about 1,300 fo over 3,000 B.t.u. per syusrc {feob per hkour. Hi were reached b
i
I
1
I
|

in some experilimentes, but no ztiempt was wade to reach e
sarlisr tests (2),

tn h
P.J

BEEAVIOR OF RETORT ITRES
; Genersl

Tre relatively szverc vonditions to whickh tie retal retort tube 1s exzosed ia
Lkis zas plant 15 unusual in commercisl procezces, and Information azhout the hehevior
of the tube is 2n imporiant oblective of the invesiigetion. Table 1 showe that whe
cormersial-scule pilot plant hed been operated for 3 4857 hours by the cnd of o

; during which time three retort tuoes wers used, Obﬁprvat¢g"\ on the behevier of =zach
E zre considersd in tne following discussion.

1 Suray-Cooled Rctort Tube :
3 i
The two czliel considerstions in selsciing the firet retort tube were promptzess
o® delivery and resistance 4o corrosion. This tubs wus [abricated by welding together
three pleces of mzld cteel DlL— h& ipches in irterral diemever. The upper part Was

i

L
- . N f -
ahout 12 fec the lower part was 5-1/2 fect long by 3/
izeh thick. Af*er -.br_uhu_cnj Lhe iubc was treated by wetecslizing procoss 45 on




