put_a coatroller for the upper section of the converter recorded & top of only
9599 F. The gutlet temperatures dropped below normal as Foon A8 coallng was
pegun. Condlticons 414 net Indicate a runaway reaction, but rather a local hot
apot that could spresd to a serious runaway If not quickly controlled. The
apit was switched to pasting oil, and the converter temperatures were reduced
ta less tran 5009 F, The eecond converter top and midpoint temperatures
dropped rapidly, but the bottom temperature was much alewer to respond, indi-
cating come deposition of sollds.

It 1= of Imberest that ecme Furapean experlence Indicates thet the
throughput can be increased above & given rate, hut the maximum temperature
thet can bte held In the converters reaches an upper linit, dependent upon the
gtall pressare, Above this temperstwure, local hot spois snd a tendency toward
ragged operatlon, with posseibilities for runaway resctions, will develop.

The converter semperatures were below the mazimum point indiceted by experience
opn German coals,

After the converter temperetures dropped bhelow Ho0° F., injection of coml

paste was resumed, weing a 50-50 mizture of pasting o1 and paste, The unit
wes returned to nermal operstion with 46-L7 percent coal paste, and It was de-
gided not to comtinue the high throughput operation, as some dEpBEitiGn of
golids was avspected in the second converter. Thersfore, the unit was operamted
at & BO— to EY-ton-per-day rate for several days, wmtil it was deemed advisable
to adjust corditlons to obtain dete for producing a 503-50 yleld of heavy 21l to
llght oil. OQn Octaber 1, with the supply of coml erhausted, the unit was cir-
erlated down for a normal shut-down., Cleening of the last row of prehester
tibes and removal of scme reletlvely sof't sollds from the sacond conmverter,
together witk inspection and mecheanical work, were accompllehed by Octaber 29,
before starting run B to process 4,400 tons of subbituminous cosl from Lake
DeEmct, Wyo.

Nate from the processinmg of Illincls Fo, & coal (see fig. 10) are pre-
gented in summary form'in tables 1, 2, and 3.

The comments efter liguid-phese mn &, comparing the results from procesa-
1rg BRock Sprirgs, Wyo., and WesSern Eentucky comls, apply In general equally
well to the procesaing of Il1linais No, & cosl, Iue in part to the relstively
low ocsypen-zontent of Illinels No. £ coml, the gasification and process hydra-
gen usage were gbout 10 pereert lower thun for Western Kentucky ceal. The olil
ard ter-scid yields were essertlislly the same and equally #ood for IT11inagla
ard Weotern Eentucky coale,

Mechanical Features mnd Plant Improvements

Preparatlon of Cgal and Faghe

B performing the coal-preparation unit operatiomns on a Z-abift-per-day
basig, it was poasible to dry end pulverize 60 to 7% tons per day of molsture-
Pree cpml, Durding the later runs Zerrcus sulfate cetalyst wes used in place of
tin gxelube, Ic autoclave bench-scale investigations, 1t had been found thet
Excellent results could be obtained from this cetelyet by gpraying & water
8olution on the raw coml before drying and pulverizing. This method was tried
but was discontinued, becasuse the coel, mlready saturated wilh weler, did not
readily absarh the golution. The additicm of wet catalyst wes discomtlnued 1in
Tevor of adiing dry iron sulfete 4o the conl In the primary crusher, a method

ZLIEGE 3 - 52 - 4 - k3 -



—

Instruments and Controls

Instrumentation of the plant is belleved to be more camplete than in any
other domestic or foreign high-pressure plant. The instruments include ligquid
level, flow, pressure, and temperature controls, and most of these function de-
pendably. Except in the converters, temperature measurement has been fairly
satisfactory. The response of skin thermocouples used on llnes carrying sus-
pended solids is slow and the indicated temperatures are 20 to TOO below the
actual temperatures, even when well-insulated and with no appreciable coke de-
posits on the pipe walls, Improved paste-preheater temperature control has
been achleved by controlling from the skin temperature of the steam-jacket
tubes rather than from the heavy-wall-product tubes.

Temperature measurements in pyrometer tubes have been made more accurate
and reliasble by carefully assembling the small, fiber-glass-covered thermo-
couple wires inside a small inner tube rather than around a tube or red. The
couples emerge through small slits into which the spring-clip contact points
‘can recess, and the wiring and contact points are protected in this way. BRe-
liability of the temperature measurement has been improved by careful clean-
ing, polishing, and drying of the heavy-walled pyrometer tube. Means are
sought to measure converter temperatures, using short couples through the
walls, particularly in the vapor phase, as the present outer catalyst support
tube surrounding the heavy-walled pyrometer tube seriously Interfercs with
thermocouple-temperature response. The measurement of paste and other solids-
containing oils requires improvement, An area flowmeter and the displacement
meters proved unsatisfactory, although venturi-type flowmeters appear to have
some promise for this service, Meanwhile, the paste rate 1s approximated
from tank gages, injection-pump strokes, and preheater-temperature indications,
I The measurement of small flows, particularly in the refinery, has been im-

proved by use of 50- and 100-inch meters in place of 20-inch meters.

Although the initial operation was promising, the gagetron has not yet
proved serviceable for control of hot catchpot level. However, entirely
satisfactory service has been achieved from the pneumercator system since
using filtered fresh hydrogen and somewhat shorter bottom tubes, which are
not adversely affected by the increased flow of bottom agitation gas required
to keep the vessel clean. Temperature measurements of the ligquid snd vapor
in the vessel and of the streams flowing from the vessel have proved very
useful in checking the level and the quantity of flow from the vessel.

A major improvement in diaphragm-control-valve operation can be largely
attributed to the modified, well-lubricated, soft-metal base packing and to
use of better valves, plugs, and seats.

Stellite No, 1 plugs and seats are adequate in clean liquid or cooling
gas services, In gas and solids bearing oil service, such as H.0,L.D,,
Kennametal (tungsten carbide) has given the best results, Norbide (boron car-
bide) was tried but has not given good performance, owing largely to imperfec-
tions in manufacturing the plugs and seats.

Further tests are in progress to develop restricting orifices and target
devices that will allow the valves to function without excessive wear, mainly
in starting and stopping the fliow.
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that worked quite successfully and, for the coals processed to date, has given
satisfactory hydrogenation results,

To lower the moisture comtent of the hot recirculating flue gas used to
dry coal and to improve sizing of the ground coal, arrangements are under way
to install a cooler in the recirculating flue gas line and to replace the in-
effective pulverized-coal classifier with a vibrating screen,

The paste-making equipment operated more satisfactorily and dependably
than in previous years. This was attributed to added provisions for external
lubrication of bearings submerged in the paste mixer and to added adjustable
support arrangements to prevent the lower blades from rubbing the tank bottom.

Althcugh continuous operation is still difficult, the mechanical function-
ing of the coal Waytrol was improved. To cobtaln more accurate weighing, es-
pecially &t high throughput rates, it is planned to incremse the speed of the
Star feeder and the Waytrol belt. Plens alsg are under consideration for baich-
weighing the coal from the Redler conveyor into the powdered-coal bin.

Fumps

Two standerd duplex reciprocating pumps, equipped with crown valves, spe-
cial liners, and Darcova cup pistons, are now used for paste circulation with
excellent results.

Considerable trouble is still experienced with the oversized centrifugal
raste-oll-circulation pumps, which leak excessively around the packing. By
installing new bearings and sleeves, and providing for adequate clearance be-
tween the housing and impeller to eliminate excessive pressure against the
packing, the situation has been improved considerably and the packing life
increased from, in some cases, a few hours operation toc 15 days or more. A
smaller, steam-driven, heavy duty centrifugal pump of open end Impeller-type
construction 1s on hand for trial runs befaore testing rumps, similar to those
used for circulating paste.

Many improvements have been made in the design and operation of the high-
prressure injection pumps. These included harder, more accurately machined
plungers, spring-lcaded packing, and improved lubrication to the ouber end of
the packing. The suction and discharge ball valves, located in flanged fit-
tings midway of the plunger travel, continue to give 7 to 24 days service,

In the case of paste pumps, valve 1life has been materially lengthened by im-
proving the suction conditions, that 1z, constant paste-circulating pressure,
end revised suction manifolds to facilitate periodic cleaning bhefore serious
plugging occurs. However, an entirely satisfactory valve has not been de-
veloped for paste service. The injection pumps in clean light-oil service
have shown increased capacity and dependability after introduction of spring-~
loaded suction valves. As the service 1ife of the new blocks also is limited,
8 nev injection pump has been designed, using compound cylinder coustructicn,
centrally located steam drive, and lubricated spring-loaded flexible packing,
The first simplex pump hes been delivered, installed, and is in operation; the
others are ir production.
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Heaters and Exchangers

The performance of Lhe sicam-Jocketed pasle prehesbers and bthe direct-
flred weapor-phase heater has been proved. Direct-fired paste-heater designs
bhavs been propoged for ¢cmmerclasl planta and tests or unjacketed tubes will
be tried, wing the demonstratipn-planl hedslber sans starbing with a few heirpin
tubag In the first heater sectien. The steam jacket already has heen removed
Freom the hydrogen heating-tube hairpin, with good resultc. The wapor-phage
heater bes been repiped for series flow, the temperature control hes been im-
praved, snd tendencies toward hot tubesa and subseguert coke formation have
been alleviated,

Davble-tiabhe heat eychangers gave satfsfactory service, except for the
gseven-parallel -pass, vapor-phass, feed-product czehacger, which has been re-
moved Tor alterstions. Geveral esmall shell and tube heat exchangsrs are an
arder, and tests will be scheduled to obtain deta for commerciel design,

High-Presaure Vessels, Diping, and Fittings

The original higk-pressure piplng materlals have proved gquite satisfac-
tory. Howewver, 1t geems that a considershle increage In aliowable stresses
may be pormitted by the wee of ogther moteorlelc that would decrcons the aost
vl zommercial plants, Conperative work is under way to test the suitanility
of zennrifugally cest steel tubing for high-pressure work,

The demonatraticn plent incorporates much more welded constructicon than
11d Furopean hydrogenation plents, Our aperating experience to date indicates
thiz to be Jjustified, and edditional welding is being introduced lrte hot,
higa-pressure alloy lines, An exterded pericd of operation will we required
to conflrm the practlieabllity of this atep, If ard when conflrmed, commercial
planta may use welded comstructlen wizh a minjwuem nunber of flanged Jjoints for
assegbly, dnspection, end clean-gut purposes.

In adoptiong Lhls vooslrucllon, the hot stell plglong was removed snd re-
Tebricated to sliminate as meny flarged Jofnts as pogzible. For clean-out
sonitections, & Welding tee waes uced, wilth @ blind lene ring and o BElind flapge
1o -lose the openlrng. A system of coumterhalancsd weights aupported the hot
piping. After the initial preszure test was made, het gtell pipivg wes hested
tg an averoge temporature of 8009 F, to permit cbaervasicn of line grewth and
perfarmance of the egunterbalancipng, Only minor, corrections were receacary Lo
allow for free expanalon of the lines in the proper directicn. With the new
piping consbruction and through close attentlon in assembiing fleaged filLogs
and vessel aenads, leakage problems In the 3tall ares have become negligible,

Eculpment for Bemoving Solids

Both the Bird centrifuge and Tlesh-distilleticon wnlt hsve bBeen used durlng
the year for removing eslids. Because the Bircd centrifuge does not heve the
capacity ta remove sl1 the =pllds mnd hes little effert oo the =ephelt lewvel,
it was nceeesvary te operste flask distil’atlon at maximum rates meost of the
time, E¥y thls means, It was poceible for the firse time to msintaln the ben-
zéne-inscluble #solids in the pesting oil between 4 to 7 percent and the asphelt,
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?Erticularly sticky asphalt, gt a low level, where 1ts presence seldon [uter-
rered with pump packing, strainers, ar other squipment and lnstrments,

The apeed of the Bird centrifuge was inereased from 2,000 to 2,340 revolu-
tions per minute (r.p.m.} in an ettempt to improve separation ot solids, AL
thia higher speed, it was lmposslble to gperate the coatrifuge st & reate much
over 200 gallone per minute (g.p.m.} witheut overloading and bresking shear
pins, Nang pine wer: cheared during yune; and st one time, when straight
g,0.1.D. wvas being processed, 1t was neceisaly +o remcve the rotor and conm-
yeyor for cleanlng, owing tc the formation of & golid cake that comented the
rotor and conveyor together,

The flask-distillation undt was revised extensively, and it was aperated
sgrly in the year to process the heavy, golid-bearing oils from liguid-phase
eun 5. F.0.L.D. is supplied from tankage and deated to 650% to TOO® F. ina
yadisnt-type furmace, A Spray cordenser systenm was installed to cordense most
of the exhaust stear from the querch Lower and recover oil entralned 1n the
steam, The most trovhleaame prablem enpoumtered was Fandling of pitch fram
the bothom of the flash dyum, The orlginsl Megma plurger pumps proved inade-
quate, mainily becauze it was impossible to prevent plug-up From golids and
keep the sucticn line, pamps. and diecharge —ine hot enocugh to assure flow
at all times., After many atbempts, the purps were gbardcned In favor of a4
chute leading dAirectly from the bottom of Lhe flash drum inte 2 portable ro-
celving tank, which iz hawvled eway and emptied. A test wes made on & water-
copleé conveyar to hundle the pitch, The teat logked promising, And a
full-scale conveyor 1s an order.

t'arroelon and Eroslon Experlence

corroslon in low-preseure carben-steel ecirvdpment ja pimilar to that found
in oll refinoriea. It 18 most cevere oo the water aide of heat exchangers. In
ore exchenmer installed in 1945 mnd ppersted lese tran &0 deys, 18 tubes out of
8 corroded through from the water eide, Heat excnangerg and ressels handling
gases and 1iqulds cortalining hydrogen suifide and gther sulfur compounds have
had relatively high eorrosion rates. The liguid-phass gverhead exchanger hak
corToded st the rete of 0,02 lnch per Feal. Based on mctual operating time,
thie rate would be 0.08 inek per year. The liquid-phese re’lux drum corroded
ut the vate of 0.01 inck ser year, or 0,04 inch per year tased on actual oper-
ating time. Other exchangers and vessels Lave corroded at similar rates, and
i1 some csges there has been extensive pltting., In the high-pressurs egquip-
ment corrosien was not oevere, although eguipment uwsing water, elther as a
coplant or a# procese liquid, was affected. The water-injectlon pumps and the
gustion menifelds have pitted, arnd some scals haa rormed, Tubes Ir box-type
tcolere have scaled on the outeide and pitted near whe water line. There ias
been ne slgnificant corrosion on the inside of tubing or squipment handling
the hydrocarbon-proceds 11guids.

Erocion hes heen more serlous then corresion. The henvy-oll-let-down, con-
teining a high percentage of msn, uncorverted solids, and sbsorbed gages, hus
ceuged deep eroslan where veloclties appreach the speed of =ound. Throttling-
control velves made of the most ebrasion-resistant metals, in some Inatonces,
have been croded beyond use 1n lesa than 24 hours, The normal 1ife of theae
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perts when less then 900 gallons per hour (g.p.h.) 15 hendled hes been under
LA heurs., Modificetinns of design and coanges in waterilals are heing mede to
attempt Lo increase tleir 1ife, Two l-1uch high-pressure elhcws, which fol-
lowed a restricting orifice in the 1ines handling this material, wers cut com-
pletely in less then 5 weeks' operatiomn,. These l-inrh eloowe wers replased
witia E—lKE—inch high-preszure tees having sollid-shaped plug target which de-
flected the naterlsl in the same manner as an e¢lbow, Phres weeks' operetion
of these units regulted in falrly severe ergsion of the plupes and tees, The
wear plate 1n the veseel wus wlsu deeply eroded. A replaceable plug having

g spherical ecup, herd-faced with sbrasion-resistant metal, then was tried,
Thiz chonge virtually eliminated the wear on the tees and hes reducsd ergsion
32 the wear plate 1n the vesdsel conolderakly,

Eveluntlon of Hydrogenaticn Fuel Froducte

Wotor GGagoline

Extenalire flest tests in Army ordnance transport und enginser egquipment
nave shown thet the symthe=ic gasoline (see fig. 11) will give “ully =zatisfac-
tory performance urler swsteined 100-percent-overlcad comditions, Use of the
gosaling in 81l Buresu of Mines equipment at the Loulsians, Mo., Station also
hao keer succesaful, To evsluate the products further and extend the military
tegt progrem, samples of flnished vapor-plase gasoline made From Rock Sprliogs
ard Western Kentucky Wo., 1l-hed coaels, an aviatian base stock, and a blended
Jet fuel rom Wegtero Kertucky Heo. 1l-bed coal were dubmitted to a commercial
testing laboratory for evalustion, The tests are surmerlzed in the folioWwing
takles:

Western Kentucky LbHock Springs,

Finished gascline o, 11 bed Hyo..f
Gravit¥, P Pil. tiiasvarsrarsinsrancnascnnurs 54,1 543
10 perzent evaporation ,..eesrsaccanaesns OF. 125 135
G0 percent evAporEtlol ..iasaiea s naa.. do. 220 224
90 percent evaporation c.iiiieieeiaaianses do, 327 20
BESiClEE i irrrrnsnnsmacnnnbeninsnnsas PEPCELL 1.0 1.0
VAEIY DYESESUTE . .uuieviersara-nnaransss Da5.1. 9.9 8.4
Octane nurher:
Motor methiod tuiiesivrveraanscanasrsnmrrannas T7.4 T2
Rozearch metlod . uvirrercrirnrinnnascannnas Ba.7 d1.5
Exlztent gum content ...... ceees. mE, /100 ml. 1.6 Lo
SUlTur Conbenl vuusesiarsesnanersans . DECCERE 0.023 0,016
Corrosicn coprer strip Lo e i e i i i Hegat o Positive
Oxygen stability ..veveeeccenrneennns minutes LBo+ LB+

Compositign after removal of shenols and beses, percsnd

J:'LI'OII.EI.t-iCE @ Bk F ks d bmtbm A BFIa R FI I+ FEN PR AN 29-5 2512

D_efins wuean.. e mrivacemmsmmmrairamraaen 2.0 1.8

Ha':':)h'then'es 47 *+ 1 401 s 4 ¢4 a4 AFFYTE YR FTFY"=F 26"2 2811

Fﬂrﬂffin cgn—:ent T+ F1 1 ak 44T+ TFEFEEFELFPFTF"F - = . lLLia hh-’g

Anfline point ........ R S 264 280

;f Phe pzscline from Rack Springs coal had besn stored in s 55-gallon drum
for 1 year.
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