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PROCESSTNG, COAT-TO~OIL DEMONTTRATION FLANIS, LOUISIARA, MO.

tonl -Hydrogenation Demonatration Flant

In 1650, four liguid-phass and ons vaper -phase hydrogeratlan runs wers made in
+he Coal Hydrogenation Demoratratlisr Plent neer Loulslana, Mo., with 8 combined
#on.gtroax” tlme of aicut 10O deys. Approximatsly 3,000 tons of Rock Surings, Wyo.,
coml wes convertsd 1ntc neardy 300,000 gallons of gasoline with a notor-method
octane nmcber of TB. The maln operating cond’ticns fer the ligquld-phase runs are
o {zed in tebls 1; analitical dAate of the stresms arve megsnted ir. tEble 2, and
1o £low eheet {aes flz. 2} ig tllustrative of tle cperaticma,

Liguid-Fhama Ooersticns

Fun Wo. 2 (Light 0il, Tar, and Cenl )

From Decsmber 1549 through March 1350, the plant was dewn, for sxrtemaive mechan-
feal work Tnvolving cleaning, rerairs, alterationg, =ml deailng., Tharing this s«
tended shutdewn sheut A0 Important process and aquimment changes were made, ILlguid-
phase coal-hydrogenation run Jo. 0 wan aterted on Mereh 31 with & light atart-up oil
hlani to teat ths controle and pring the unit up to operatirg conditlmeo. On Amrll
8, ter hydrogenation was atarted, and 1t continusd wnbil April 12, Throughout Lhls
paricd cperations wers vory amooth, end 1% was posslble to ohtein uaaful informetlion
and datm on tar hydrogenatlon, Opesrefing conlit ong and yFlelds eres shown in the
Fipet colunn of tabla Z,

n April 12 Bock Springe coal waa addsd to the syetem. Shortly afterwmrd Zlow
cmdltlicne, 8nd henge operaticns, becams Vary exrratic. The Insiraieate, which
oparated smoothly cm ter, becams imdependable or failad to fusction, Swequently up-
gptting the entire system, Sone of this trouble wos sttribeted 4o cold weather.

Owing to “allures of plunger pecking apd lsakage thrcngh or unfer the remcvable
valve seato, lhe performence of the hich-preswure Injsction mmpa wed very arratla,
with the resuld that liquid flow conditlons wers unsleady. Cracks devalopad in the
Fluid erd blocka of all put four of the Injectiom pumpe.

On A7ril 15 and 1f, several runaway redctlons etrted ln the gonveriers but
wera brought under control., Irratiz temperatures also 1ndlcated solids huild-up In
the ¢onverters, GOimultansously, a leak developed on the top head of tre cold cateh-

- pot, whish etead:ly beceme worae, & normal shutdewn was in prrogrogs oh April 16,
when & vlolent runawey resctiom cogurred, causing leaks or lines, which Jorced =n
aerysncy chutlown,

Inepent'om revenled “hat tha firet converter wag full of poke end the segond
envsrtor pontoined 9 feet of coke 1n the bottom. The 1line batween the screrters
wan liged with coke. The srehsatsr, hot catchpot, wash-oll ggrubter, and sold
catchpot ware opsned and found %o be clean,

Lodg -1 -
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Figure 2. - Ligquid-phase hydrogenation unit - typical operating conditions = Rock Springs coal hydrogenation.
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fun No 3 (Foek SpEringe, Wio., UI:E-}}

Mpe it wae shut diwn from April 16 to May 10 for cleaning, tigtening,
ropair of sentrol valves and thermocouples., acd precours teating.

Mn achieve gmocth ard atendy operation befors noal hydrogsnation actially
JeaaT, light=cil bothoms were chapged to the tmlt and airoulated for anveral dagya
at 7,360 p.5.l, prassure. Oral pasts wma charged to the wnlt on Mey 15, and
pydropenatdon conllmed umtil an elsctrie-Thower fa!Tore on Moy 71 foresé o partlal
qrpsdswn snd charge-c7er to pasting 0tl, Coal-paste injeetion wme rarimad tnt was
BgRLi interruptad whe" & plugesd macte miXer fopeed B clangs-over to pacting cil.
rltnengh pasts indectlon waob not stopoed, sperations were rather erratle, oadpa-
oinlly n the firat cocverier. Owlng i€ the ungertain conditiom af the wnit, 8
norgas Eaubdown aecirred oo May 23, Ukon lrsrectivn 1t wae foond thet the vesAnle
wore =lean, The unstable comiitiow now can be attrlhaitec lergely bto failty tem-
paraturs AeaRvr sMen T,

aulfde removel dvring the I1n was not smatisfastery owing to Lae low copacity
of tha horlzenal cun'rifuge end tas Tnoperabllity of the vertical cantrifigs in
thiz sarvise. The flash-distillation urtt {sse fig. 3) wag pat in aperatlon for
the fret tima, This metladl of oolids reroval from neayy-uil let-down chowed
promige , bat MANY shanmss will be made before tha adsquaey of thisz method e2n be
dptarmined. The charged 10w tolng made include innallation of A Feai hester and
condsnoer o ocatein £ hatter comtrolled operatlon,

Dictillation and oo manulACHUrine wik'e oo 2 nsary routine Tadiz. Mush
batter Tractictation wag achisved on the -~iquid-vhess atill by atrodicing intorme-
d<ats reflux in the fracticneilng onlutm.

Exeept for taie protlem of colids remcval, the over-all operation wis srzallert
wilil the power Fallure sxd auhsegaent diffleuitles witl tompereturs mercurement in
the seorerters, LL 1s considered +hat the imororsd operation resulted promari”y
from highor exad steadisr pil and e [lewa, improved csal-feader aporation and oe.sve
clrcuiaticn, improved performance of the mawiy stellited vootrol valve tiza, snd
lower oporating progsurs.

This was ths First run durlng whion =ll equlorent® repained freas of ocoke and
fring which fnotrument aroration waa raintivelyr relizkle,

Trn Wo. 4 (Rock Springs Coel)

"he unlt was pressuire-tedied with lnert gus to 10,000 p.e.i. Durlng tee temd
o leala occurred on vessel heade, but 1t was nacessary to retighten all flangs= ir
het lines, sszocielly between the twa comvertera. Hydrogsen was intrudused om Juné
3, end the systet wae propeured to 7,500 p.3.1., which e coraldered a safe maximom
Jusrating pressure for the injectlon pumps. On Juno 7 pacting o1l was charged to
the gystem, Parnece temparatuves wers ralsed to about 630° F., and all ngtrmsnic
were put fnto gervige, 0On June 4 yacts comteinirg 15 parcent coal was cherasd, and
thia acmeeniratlon waa increased to 30 perzent coal withln a few howra. Operaticns
sertimied omooth srd Fteady alter that, ard, expept for constent malnienmneo on the
Irection pumps, ths run approsched routine hadia, The failurs on June 1L of the
epars lnjechion pump efore H14 gther powld be robacked necegalte tad rapid change
over to Flushing ril and reduction off convorLer temporaturss, Thle irtsyruptlon wes
Lrief, and the ualt was 1 ned-out at normal flows and temperaturas wizh'n 4 houra,

hoeg -



Tt wis necoganry to wures lorge smeunts of goao from the ayotem to mRlntsein
adequata Mydrogen urity In the circulaticg gas, his was duze to the inabllity of
the wagh-cil segrabbsr to remove the impurlbie: hecatse the pomed wore unakle to 1ln-
Ject enough wae®: oil, Lipght nephtha wasz introduced inte the aolda catchpat to roduee
Toanlng smd to help pureify e clreviating ges. Thia, and & higher goll catchpot
temperaturs {2H0° to 220¥ F.], seemcd %o allmineic foaming 2n the aystam.

Cundilicee for the run were sinilar to those in run 3. The flow of gee through
the prehester was maintalrasd ot 200 000 2,00, and the pagte inJection rate at 23
.0, Dmverser temreraturss were kept ot 87C° to 2737 F., with a preheater outlet
of 22CY F,, and therz hasz been no svidence of "coltizg" o 3eitling of eclide in the
convertera,

Tnuring the 20-day rin, approxinstsly 1,000 tons of Rock Springs ccal wae ciorged
to the it with a wodaction of 130,000 salloma of cll, < 8 make of thres barrals
cf 1l mer ton of ooal,

I¢ zroved to be impoasile to insraesze tke cosl 1in the papte sbore 30 peroart
pnd et maintain s 44 to LA pereent aclids limit oo the paste because of the jnsuf-
figlent molids removal. dven thougk the contimmous horizonial centrifiuge produced &
eonaertrate containing 57 nercent solids, %he f1Ztrats stii? contained 1% <o 18 par-
gent, Ths vertlcal centrifuge proved ungvocensful dwrfpe the Isst run and wme ra-
poazed with a Cerman-made verticsl centrituge eapecially desigresed for thls asrvice,
The cpzratiom of the Jrrman maching was not entirnly satiafactory, the longest rin
being a mether of hevre ratier than days, followed by & to Z-howr shut-dmms foo
aleaning., 1% wea Tomd that the ceatr!fuge was baily worn when receivel, and oov-
ere: TAarts had to e remade. Additicnal mechar”ecal ehangen 2nd exzerimantal ranos,
togathor witk the replasement of goara, sheor ping, cts., will be nececoery to meke
thia unit ozeratle and to coosn up tho pasting il to a point whers mors cosl can o8
ueed tn the parte And =n Improved eapials converslcn can 3o achieved wlth kigher ra-
aption temporaturea, It iz expectad that these gharges alac will impreove the cen-
Lrilugnol ity of tke oila,

The cosl-prerarsticon equlmmont croreted satiefactordly,

Ths two hlgh-precoure pdts-inlestion puhps cAve good asrvics, bub 1t wma
necegssry Lo repack the rods ocordlmumaaly, 15 4o 15 heurs beling the longeat ran oon
amyr cos prmp.  ‘Thls dscreasing sacking Lifs probably can be atiributed to wear of
e roda sand peokinz foliowers and o exessslve msa in the zaets, The duplex, re-
nirrceating, stesm-drivean neate-sireulation pump fitted with "Mercova" valves geve
eXxoellent service. The wosh-211 pumope hod to bo oporated ot a4 reducod »ohe owliag
to the fatigae cracks in the blocks, The reguiar zavhthe pump worked oorly & fow
daya at 7,500 poinde mressurs before Jailure of Hhe block In the aide weld, and
narktha injection woe treansferred to one of the water-in |ection pumps. Waler waa
IrJected into the sams line az the naphtha juat tefore the eold catchpot. Flushing-
21l injection wae contimmeous and wilthout difficulty.

Venpwramart of temperatare in the converters was greatly ‘npeoved aftaer clesn-

Ing end drying the prromster tubss, Thie waa the 7irat run during which =1l tem-
neratura inetruments remained ertirely dependable, i

2y aroind-the-clock maintenarse, the insrumente wsre kept in good worsing
crder and performad veary wsll., BSBeveral sticky potenbicmeter z7ide wres on condrol-
ling inotruncats coased minor upsets during the rom, but nothipg inportant,

X wils - B -
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A variable-speed motor was installed on the pulverized-coal Star feeder tc the
] Waytr‘OL The Waytrol performed very well during this run, and thls was attributed
to the reduction of fines in the coal and a change in chute arrangement to handle
 and control flooding of the welghing mechaniam,

- All valves, including diaphragm-control valves, gave good service, and no ro-
g placements were required,

The liquid-phase still and absorber-stripper system were Iin continual service
after June 7. This unit operated on a routins basis,

It was necessary to flare the 25-atm. off gases, as thelr heating value was too
low for use with the furnace burner equimment, The 7-atm. off gases of high heating
value were used as fuel,

Hydrogen was produced by No. 5 hydrogen cracklng furnace at rates up to nearly
100 percent of design, This large moduction was necessary to maintain the hydrogen
purity In the system by venting rather than washing the circulating hydrogen to
paintain hydrogen purity above 78 percent.

No. 4 hyper compressar (see fig. 4) operated continuously at full capacity
during most of the run, and no serious trouble was experienced with gas manufacturing.,

Run No, 5 (Rock Syrings Coal)

; The unit was down fram June 27 through August 20 for cleaning, mechanical re-
pairs, and preparations to install six improved injection-pump blocks., Following
usual inert-gas teets, hydrogen circulation was esitablished for Ingtrument testing
and reactivation, and a number of trial pumping runs were made at various stall
mressures, using the recently installed German hydraulic-driven paste pump (see
fig. 5). These operations were finally terminated when the plunger metallizing
atarted to disintegrate and crack off with pessible damage to the packing, Arrange-
ments have been made to cbtain two new case-hardened plungers for this large pump,

Three of the original high-pressure injection pumps were equipped with improved
Pluid-end blocks with the valves in separate housings holted to the inlet and outlet
openings, They operated fairly successfully at low to moderats pumping speeds.

Normal hydrogenation was resumed on August 21 for a combination 8,000 and 10,000
p.s.1, run, which continued satisfactorily until September 1G, when a leaky flange
nesr the inlet to the firgt converter and subsequent fire necessitated emergency
shutdown, With the supply of Rock Springs coal nearing depletlon, a shutdown had
been planned for September 12, During the 20-day run approximately 1,130 tons of
coal was converted to 143,000 gallons of oil - a yield of apmroximately 3 barrels
Per ton, With the exception of a L-day period, the cperation was carried out at
8,000 p.s.i., and 880° to 890° F. converter temperature. Other conditions were as
already outlined, except that, owing to carry-over, the wash-oll scrubber could not
be operated effectively. From August 27 through September 2, the plant was operated
at 10,000 p.s.1, with fair success. However, it agaln was considered adviseble to
reduce pressure to improve injection-pump operation and to conserve the rapidly de-
Pleting stock of let-down valves, A second reason for the lower pregsure was o

. Teduce the resction rates and assist In maintaining smooth operations in the second
cmverter, which had exhibited a decided tendency to lose reactien. Because of this
- ®Xperience, consideration is being given to decreasing the reaction volume by in-

2 8talling a liner in each converter.




Drwire toe 28335 perl of the run, Aans gxperimental work wan done o devalop &
quitet e procsss and ecaiment for uaing *red mid" Tejer mocoe catalyet, Heveral
toms uf the red el was mads into 4 slurry with stowt 20 psroent water in porteblo
rbbhen moxer, Srial hetsheos of the alurry wera umped anto the tall-mtll deder with
the coel, and othar hobelen were pureysd dirsstly onte the ooml piie, Both of these
methode , althoigh warlble, ware sxoeslinsly labordons w.th Lhe ayallsble ogulpmnent.
Excent during lacloment weaiheT, it eesms guite Temaible to add ths catalyst o the
poal, awing £ grane bucksi, which alaac copld be ntilized to mix the aeml-dry mud
Tmps into the coal, o axowerisnen with the actual gatalyst panm bes reported, ad
atout 15C toro of cosl treated with 5 pereent of red-m:d siurry d4id not reach e
pient for aydrogenatlomn,

I @ddition <o the production of alls reguired for the' vapor-phase run, valusbls
grperience Bnd tnfurnstion weys obiainsd Garing the run, T+ wea fourd that:

1. Thg improved purn blocke with extar’or ve.l valves, located midway along the
plunger teavel, will purp ey of our pila cr water metisfactorily a4 speeda up to 1=z
. p.. Soms improvenmsnt in valve life and pmping capacity may oe sopievad with halle
of patter materials and redusticn of the ball 12FH, At HAF alsc e adviaable 4o
smring-luad guction velvea.

2, The life of chevron packing ised 1n Injeghlcn PUmps wWae improvel marzodly
by L adiition of adequate forced lubricatlon to the lantern ring end by use of
extericr drisn lubrigation to the plungsrs. Trther doveloyment is plammnd to improve
the weckirg 11fe hy foresd Tabricatlon dnto the cuter and of the stuffing boE, ac
that all crevron pingo and the plungers mAy b= adequately aseled and lutricated by &
positive oll f£ilm,

5. A maber of the bronge-Tansd, atesl support ringa for She chevrun packing
deroloped conler cracks during tho 12,990 p.e.l. opsration ard w1l require redeslel,
uge of heevler parts, and stronger material,

1

moremert af the ztem in eithsr dlrecllon wae trted in differential mrassura-sontrol
cervioa, 4althowh tha notor peems bz operate pmcsthly, 1t has been found necescary
to redsaign the tip to allow confrel over & relatively _ong gtelm movemsm,

L, 4 velve utilizing & power pogton wlth & i 1tetn pagitioner for dlrset

5. The ariginal sontrol valves taed in high-tresaurs gas and clean-oll lpt-LaHn
aervice had stellloe meata and disks. Tn aiiminate expegsive breaxagze of tire 1o
both the coollng-gaa and m'll-service let-dowm valvea, the *ire were chenged to stali~
leas ateel. However, wear cheracteristics Tor this acft me Leriel were uniatiofactery.
Turing ran Fo. 5, the stellits tips naed oo all mold centrol service showsed uneven
weal', whick reauited In leakage pnd necess’ditod freguent replacsmont of valves om
tuth sooling-gas and liguld-level control service. O the haels of thiz experincs,
it s plamod ko chtain semples of heat-treated, "Co-Mc-Van', chromorran-Lype material
For trigt —urs g contrcl valves in varicoud Services.  Af the beat sperating condli-
—torm gre dafinitsly establishod und wmoothed out, 't Za hoped ®o ubllize mors re-
stricted orifines dewy otream from the valves to taks um mesl of the preasurs drop
end 8 low fie valves +to sontrol the fiow evenly with only e few hundred pounds
pressure fdrop asross the aatusl cuatrel wvalve,

&, The dunloz gonsral servies pmp, =0 pred with rardenel rods, Madssn valves,
prd Dereova asp plungers, cunblnued to elve exoollent mervies tn pente zireulaticn gt
250 B, Towever, similar pumping srrengems=is 1n centrifuge fesd service gave ToIY
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gor PogLlEa, aprereatly bseause the rasert Daredva cups qutckly disintegrate In
the 350° F. oil, rhe crigizmal single-ring, expandsr-type pigtore g1ve poor sarvies,
pokk pistooa and lirera wasrire oot quickly, An afferct will e made to find o

aevelow Dareovn cups of au’ tahle materd sl,

7. The norizentel continnois centrifuge contirmed to ovsrato prtisfeotori ly
thr oot the rin at rates of 5 to 20 gz.pm, Quallty of filtrats inprovea sllightly
ot extremely low ratoo, Howsvar, “n the renge cited, the aollds Ir the filtrate
ramained gutotantially oifurm at 15 percent when feeding = matsrial contalining 17
te -8 percent solids at 3509 F,

3, Beveral difflcultiss ware exparlereed with the wash-cli scrubber ayatem.
Ae there was coneidevable carry-over ol husvy material from the cold eetchpet, nesd
for further ad matment te the tengontiel Tlor miet-vApor asparanor ueel i the cold
catahpct 12 ipd”eated. It wi.l be recespary to incresae the vapor space below ths
packing ringa, &0 et -oth tup and bothom comestione of ke level com'arollier oAn
he meie from this fres apace below the packing, as the packing imposea & variable
resistance it Interfores wizh lavel Indient?om.

9. The plent wes vnder presgiro =nd Cperated satiafactorily Tov 34 deys bhafore
a pericus lena-ringz lealk dsveloped in the hot gtnll. A2 & result of thia expsricnos
and @ rather 2lm?lur incidant dering run Ko, 3, the general piplng layout was Te-
deaigned to ellm’rate about T perient af tha flanged Jolnts; cew plpe eunparis wers
addsd to parmit greeter movement of the nlping under thormel atrepses, and the method
of tightenlis the flanged Jjolntn wae reviaed.

After Septembar 11 <hs liguid-rFhass unit was down for elsenirg, inorpsction, and
repair ¢ firs demage to pluing, electrlieasl wiring, arn strustural stesl., Iuring
this tims, clerators und me rlenarce pergcnrel readicd the vayor-phase anls for
qperation sarly in Octobsr, and all distillate olls were rerun through the 1igald-
phass atill to vepor-phase fesd specliicaticons,

Vapor-Fhass Rws Ho, 2

Preperaticn conglsted primarlly of revision to the fnatrumesntaticn similar to
that that worked bost in the 11ga1d piuss, eXleneive repalra %o the doubls-tubs
fesl-product heat exchanger, and installation of improved pLmMp Wloskn For the wapor-
phese feed servisze. After tis usual lrert gaa-pressure test, hydrogen wos Tntroduned,
and the wnlt wee hemtel "rom Ouhober 1 turougi Qetobor b to resctivete tie catalyet
at 925° 7, before etarting up at & 2 g.p.m. feod rate at £13° T, scnvertey lunpera-
turs on Octtber 3. The feed rats and ormverher Semparature wers glowly relgad o LT
g.pon. and 910° T, maximm during the rext T dsys., Towing this time tho feed, con-
talnlnz 4 te © parosnt tar aclds, resultsd in e product contalning 1 to 2 percent,
rathier then 0.4 percent, tar aglia, despite tie inereaszed feed rute and lemperaturss.
The dintllled gasoline comtainsd 0,4 o 1 percent tar acldz and was s iphtly aosr ho
the usual doctor test. A sampls of tho hydrogensted material teken “rom tre roduct
1ima between the ponverter and exchenger or Ogtober 12 showed wacellent catalyat
aetivity, was “ight in eslor Bnd mweet, Indlesting that 30 to LG percent of the feed
vas bypeesed In the excharzer dirsct to the cold catchpet produes. Desplite the va-
ducsd and somewhat unsteady ficw through the mreheatsr and ctmvertsr, reactlon com-
diticns procsedsd guite smoothly.

A tar the ﬂ.évalcpment of 2 small leak on the cooverter fnlet piping, the unit
ey phub down on Oeteber 13 for inspectlon and repelr of the hesat sIchenger. Tha
i;lﬁ}—inch tubes wowa rerolled and wlthotood & 20C-pound Alfferential mitrogen cold
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