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and were preheated o reactor temperature by the time they emerged. A hizh excesa
of prohested stesm (about 10 cu. £, per hour) emtered through a distribution ring
gt the top, flowsd downward throush stralghtening venes, and contacted the nerrow
stresm of carbon perticles at the end of the carbon feed-tube. Cerbon and stceam
gt the same temperature, In the rangs of 1,800 to 2,5000 F., continued In parallel
gownflow toward the reactor exit. Partly gasified particleg were collected In a
glass reseiver, while the steam was condensed znd some oFf the purticles were re-
coversd from it. This constituted a single "pass” of 4O to 60 minutes duration.
The Teslduel carbon wae welghed and egain passed through the reactor at the same
rete. Each run consisted of 4 o 5 passes. The residence tima of the pexticles
under gasification condltions was dstermined for sach min.

The ini%ial reaction rates, that 1s, the rutes prevailing during the first
infinitesimal increment of time at zerc conversion, were determined graphically.
Thig falling-perticle technique was found to be a practical method for kinetlc
rete sbtudics. Ite advanteges erve that (1) particles are uniformly exposed to radia-
tion Trom the reactor walls, (2) change in thc gas composition cen be minimized and
retarding effects reduced or eliminated, and (3) differential timing technigue can
1e used for rate determinstion., The accuracy of the methed, of course, devpends on
psans 7or Tesidence-time measurement.

Results of the preliminary runs showed that the Initial resction rals of graph-
ite wag much higher then that of petroleum coke, but the rates approsched cach other
‘es the contact time was Increased by repeated recycling of the golid, It wes gignif-
{cant that petroleum coke conftinued to react at & nearly uniform rate with respect to
‘time, but the Initially high reaction rete of graphite decreased repldly.

: The date showed further that plots based on the Arrhenius egquaticn geve ghtrailght
:lineg for both graphitc ecnd petroleum coke, Indicating that surface reactlon rates
controlled throughout the tempersbure remge of 1,800O to 2,5000 F.

Effect of Oxyzen

Another Thase of ihis regearch problem, the effect of oxygen on rates of gteam-
arhon reacticn, was investigated. Extrepolation of the carbon conversions To zero
xygen concentration and compsrison of the initial rate thus ovtailned with those
etermined in the ahsence of oxyzen werTa used to indicate the inhibiting =ffect of

Xyoen ,

Befors this program, seversl modificatlons were made in +the original apparatus
o improve ths accuracy of kinetic data. These included (1) installstion of = new
alloy-steal conleal gection with polished interier st the pottom of the reactor,
2) subsbitution of an improved gless residue receiver, (3) elimination of stesm
leaks, and {4) insulation of the furnace shell. Thosc changes made the reactor more
early isothermal snd improved both the reproducibility gnd accuracy of results.

Twenty rurs, each consisting of & or 5 passes, were made with pstroleum coxe =&t
“temperatures ranging from 1,800 to 2,500° F., each under essentially isothermal con-
‘ditions and with oxygen concentrations renging from nil to 1 percent in the gas
Thase. It is netable theat while the curves of cumulative converslon as a fumction
of ragidence time at 1,8000 P, have a slight curvature, the Inltial rate decreasing
‘toward a constant rate, at Q,kOOO F. nearly straight lines were obtained. TFurther
BXperiments now in progress will decide whether this hus any significance., Caleu-
lations of initisl reection rates showed a rapid acceleration, owing to temperature
. &bove 2,2000 T, This was true ab all oxygen concentrations, although the rate
tacccleraticn by the temperature level is particularly rapid at higher oxygen con-

| centrations and, in fact, appeers t0 Increase with the oxygen-input rstio,
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Evidence on the inhibiting effect of ozygen 1s not yet conclusive. Further
evelustion may also reveal whether the surface reaction rate controls at all tempey
atureg or whether diffusion takes over control at some temperature above 2,200° 7 i
as has been cleimed by soms investigators for certeln fucl bed conditions.

Effects of Periicle Size and Adsorpticn Surfacs Aress

Investigetion of another phase of the ssme problem, the effects of particle
gizes end adsorpbtion surface areas on the rates of steam-carbon reacticn, was re-
cently begun with the same apparatus. Howvever, owing to serious defects in Its -
electric heating system, the present equipment may not remain servicesble mich
longer, so the program mey have to be completed in a greatly modified kinetics-
regsarch apparabus now under construction. Designed to withstaund temperaturss to
3,5000 T. end mressures of 5 to 45 p.s.l.a,, the new reactor will be more isother
mal throughout its length. Proposed work in this reactor will include the investi:
gation of coalr of verilous renk end grads, and carbonacecus Tesidues obtalned in
pllot-plant geslification.

Suspenslion of Coal In Steam

The objective of this investigetion ig to develop & method for feeding a coal
water slurry st a constant rabe into a hested coll that will vaporize the water an
pulverize the coal. Such a device may prove suitable for feeding coal and steam
lote & large-scale gasgifieT,

Apparaius now in use is shown in figure 33 and & flowsheet in figure 34%. The
feeder is batch loaded. Air from the bottom sgitstes the coal and keeps It in sus:
pension. The coal sglurry flows through e prehsater coil and enters ths flasghing
coil close to its bolling point. Water in the slurry vaporizes, and the steam
formed cerries ths coal rapidly downward through the coil, with considerable impac

between the particles and Lhe tube wall as w2ll as between the particles t-hemselvé}i’%
causing pulverization, The stream leaves the coll and enters a baffle chamber, '
where the largest particles are removed. Progressively smaller sizes are removed
in the subsegquent cycleone and bag filter. A condensser recovers the steam, permit-

ting calculation of material balances.

The conditions that are being varled axe (1) rressure and temperature, {2) feed
size, (3) slurry concemtration, (k) fuel type, snd (5) coil design. The most slg-
nificant result to date pertainz to the effect of c¢oil length. The particle bresk
in 8 60-foot coil is meny Himes that In & 20-foot coil, as ssen from figure 33, B
Lhere are not yet emough date to correlate quantitstively the size reduction with
coll length.

Thus far, the immediate objective has been to develop & bench-scale apparebus
for the investigation; it is »now nesrlng completion.

Together with this development, s study has been made of methods for enalyzing:
the product delivered and comparing its slze and size-consist with that of the feed:
coal, Several methods have been tried - the microscope, sedimentation, and PeTmea”
bility. The microscope is slow and tedious, although it is generally accepted 85
the most accurate. The permesbility method 1s useful for quick determination of tBS
mean particle diemeter inm = given sampls but gives no information on the slze conR”
sist . Detween thsee two methods lles the usefulnesg of the sedimentation method.
A recent test showed that the results obtained with sedimentation apparsius deviate
about 25 percent from that obtained with the microscope. The sedimentation pmethod
1 rapld enough For ordinary particle pizeg but too slow for subsleve sizes and
gives 8 size conglist from which an aversge perticle gize cem be calculated.

é
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Sorption and Recovery of Oxygen From ALr

The opjective of this investigation is to develop & process Tor producing top.
nege OXygen &t & lower cost than the conventionsl rectification of liguefled air, '

¥ost of the metheds propossd In the past Involye physical or chemlcal sorption
of oxygen., Desorptlon may Le dome by lncreasing the temperaturce with simultaneocus
reduction of Pressure, stripping by steam, or combinatiocns Of thege. None of thege
methods has reached the stage of commercial operation snd few bavs cver haen exam-
1ned in the light of rscent developmen®e in the fisld of sorvelom. .

A literature survay on oXyEen-cerrying compounds now in progregs includes:
{1} "Salcomine" and dsrivatives, (2) "versenme" and dsrivaiives, (3) indigo chelates
(4) nistidine chelates, (5} acetylacetone cheletes, (6) "porphine ~type naturael
oxrygen carriers, and (7) inorgenic oxygen carriers. The most promising among thes
appesr 1o be, af thls time, the selcomine and versens type of metal cheletes.

One variety of ccbalt salcomine, & ccordinete covalent compound of & cobalt
atomr with ethylenedlemine and galicylaldehyde, was tested for oxygen production hy
the Tnited Stutcs Navy during the last world war but was abandoned beceuse of the
wertime shortsge of cobalt and 1imited 11fe of the absorbent. It appsars ‘that poor ;
heat -tranefer conditions to and from the granular sbsorbent, packed tightly inte ;
herizontal holdsrs, were regponsitle for the short 1ife of the compound. In en ef
fort to modlfy the propertias of salcomine, certain alkoxy and fluorine derivatives:
were preparad by Calvin, Gelssman and coworkers, who found thet these had s greatl
jnercased life and higher spced &t lower Irassures than ths criglpal salcomine

tested by the Kavy.,

Ancther promising type of crygen cerrier is the versene family of metal che-
ilates. Belng combinatlons of ethylenedismine tetra-acetic acid with iron, cobalt,
manganeses, etc., these chelates are widely used in sgriculture, as ion-exchenge
mediums, and detergente. Although cobaltous and ferrous chelates of veorsens are
nown to be powerful absorbents of oXygen, none pf them has sver besn investigated
for 1is oxygen-sorption capecity. Tha 1{terature survey revealed further that =an
iron chelste of indigo exhibited strong activity for oxygen shsorpiion, and s0 did
g cobslt chelate of histidine. Also worthy of consideration are inorgsnic chemicals;
cuch &8 barium oxide, & mixture of alksline lead and mangunese oxides called
"plymboxsn”, etc. A thermodynamic evaluation of several of these reactions will

be mads.

A number of samplss were procured from menufacturers and other sources. For
thelr screening, that 1s, eliminstion of compounds of low activity for either sOUD-
tion or desorption, a bench-scale glags apparatus was conshructed that permits test
ing & few grams of semple, Results of these tegts mTe correlated with polarographlc
tests of the same samples, which glmilarly require only a few grems of material.
Shifts In the half-wave potential in the polurogram indicate affinity for oxXyEen .
Results of ihis work, now in progress, should be avallable soom,

A metallic bench-scale apparatus deplgn for pressures up o 100 p.s.l.g- WBs
constricted for a more exhaustive jnvestigation of compounds indicated in these
preiiminary tests as promlsing oxygen cerriers. In this apparstus {ses figs. 36 and
37) all sorbents are tested under cycling conditions. The epperstus also caml Do
used to desisrmine waight-percent gaturetion and esquilibrium coxyzen pertial pres-
gures abt verious temperaturss and to egtimate the energy requiremsnts for gir com~
preasgion, Thus, 1t may be decided whether the cost of compression would meke USe
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- of the absorbent sccnomiczl in coemperison with the production of oxygen by ractifi-
catiom of liguefisd air. .

The test apparatus resszmbles thal used by Geissman at the University of Cali-
fornia in that cooling wster 1s put through the jackst of a 0,5-inch-dismeter Dacked
, reactor tube during ebsorption =nd heatirg steeam during descrption, Also, air at
prassures up to 80 pus.tuz, is passed through the absorber column auring tho absorp-
tion. Howover, the desorption period of the cycls is substentislly modified in that
it may be carried out by (&) merely ralsing the tempersbure of the sorbent bed, (1)
gpplication of suction up to 20 inches Hz () use of soripping stesm at desired tem-
peretures of 300° F. or higher, or (d) application of stripping stesm as well as
guctlon. BSuction and siripping stesm may be applicd in addition to heating the
absorber Lo verious temperasturcs. The granular sorbent iz Pleced above small glass
» peads in the vertical reactor aznd is covered by glass wool. If removael of hest
©during abcorption is found io be inadequate, the reactor will be replaced ty other
- types of absorbers provided with more efficient eooling and heating systems end
better temperature control,

Enginesring Studies

High-Ratlc Centrifugsl Compressor

The design, fabrication and testirg of the high-ratio,  Jlow-flow centrifugal
compre ssor described in the 1933 annual report has continued during the past Tear.
In preliminary tests, the asrodynemic characteristics of the impellers havs proved
¢ satisfactory. Owing o the high speed (50,000 r.p.m.), bearing and gear design
 mresented many rroblems; however, it appesrs that satisfactory solutions have becn
found and the final asesembly snd testing are now under way.

The large cost of this develomment hag been underwritten by a private corpora-
tien at no expence to the Government.

Yucleer Energy for Production of Synthesis Gas

In the overall sesarch for more gconomical procasses for generating synthesis
and high-B.t.u. gas “rom coal, the use of auclear snergy has heen studied. This
:8Cheme, 1f feasible, has several advantages:

1, It slimingtcs the oxygen vlant snd oxyzen campression, which account for
70 percent of the power ussd in a gas-synthesis plant,

2, It offers hope of a synthesis plant in which the B.t.u. in the product
PProaches that in the coal, ingtesd of a mere b5-percent efficlency now obtained.

3 Electric powsr compenies and elsctric power eguipment manufacturars have been
8ctively engaged since 1946 in sn sttempt to use nuclesr heat for power generationm.
Plant is now teing bullt in vhich a nuclear resctor raplaces the conventional

- boi ler using coal, oll, or gas. At the present gtege of the technology, this has
B2ant gy retrogregsion of a mumber of years in stesm Tresgure and Lemperaturs.

: Use of heet from nuclear sources for generating synthesis zas may be nearer
‘Seonomic reasibility than is power generation, In spite of the fact that a 60,000
kv, nuclear power plent is under construction.



