parts when less than 500 gallo=s per hour {(g.p.n.} 1= handled has been ucder
L& hours. Modifications of design and changse ir meterials are being made Lo
attempt to ilmecrease thelr life. Two l-Inch hign-presesure elhows, which fol-
lowed a reatriceting orifice in the lines harndling +this materinl, were out con-
pletely in less than 3 weeks' operation., Thase l-inch elbows were repluaced
with 2-1;2 -ineh high-predsure tees having solld-shaped plug target which de-
flected the materdsl In the same manner sa an elhow, Thres woelz' pperaticn
of thede unilé redwlbed in fRirly severs erosion o the plugs and teez, The
wear plate in the vessel was alsg deeply ergded., A replacesable plug having

e spherical cup, hard-faced with sbraeion rescistont metal, then was tried,
This change virtaally eliminsted the woar on the tees and haa reduced ercosion
of the wear plate In the vesgeel considerably.

Eveluatipn of Hydrogenation Fusl Products

Motor Gadalins

Extenpive fleet tests in Armr ordnance tramsport and eagireer equipment
have shown that the synthetic gusoline (see Filg, 11) will give f2lly setisfac-
tory performance under sustained 100-percent-overload conditiome. Tee of the
gasoline in all Buresu of Mines egquipment at the Louiclane, Ms., Station slso
hag been suwccessful. To evaluete the products further and extend the nilitary
test program, sanples of finisked veapor-phase gasoline made from Rock Springa
apd Westorn Kentucky Mo, 11-bed vomla, an eviation baee etock, and a blended
Jet fuel f'rom Weatern Henftucky No. ll-bed cosl were submitted to a comercial
trating laberatory for evalustion., The ftezts are summarlzed inm the fo-lowing
table=s:

Western Kentucky Rock Springs,

Fiolshed pasoline Ho, 11 bed qu.lf
Gravity, T, P I, tvevrennrinirararnassansaranas sh,1 ShL 3
11 pereent evaporatlon .. ..vvsrrrsrnranss TF, 25 135
50 percent evaporsalion ...c.eeieen.- N a0 ol
O3 peroent CTEPorAtion ... eerecaarenans G0 327 320
Resddue .. uiiiiiiiairaunaasnnuracnss= PETCEIT 1.0 1.0
VApor Lressurs ...... S T - I I 3.9 gL
detaene number:
Motor method ....iiiiirirsanenasnsnnaaruans i7.3 19.3
Beacarch method ... ..., fmmmememmeaneeaan 83,7 01,5
Existent mum conberl ..eeesswess. I, /100 TE, 1.6 Lo
Sulfur contemt ......uvvvevsenserses. DETCENT 2.023 0.016
Corrpslon copper 8Lrip cevuvisrninsnnnenrinans Hegatlve Foeitive
OeyrEer sLabIIIEY siiiirancrinnanas.es DNULES Lo L0+
Copmpoaltion after remevel of phenols and bases, percent
Aromatics .......... L r e e rea e et ian 29.5 25.2
OLETENE 4 uuaranatananessssasnanasnnnnnnenns . 2.5 1.8
Haphthenes ..rvenvearannsrasnannsnsassasaarans 26,2 28.1
Paraffin content ........... L1.8 Lk, 3
Aniline poimb oiivieiearriaiiananianaan.. 90, 25 4 28.0
1/ The gpmeoline fram Back Springs 2gal had been stored in & 95-gsllon drum
for - yeuar,
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| ﬂIEHED VAPOR PHASE -"'*"(\ ‘
54 GASOLINE + 20 ML.TEL /GAL. _
] P "L | .
+“EINISHED VAPOR PHASE """'\
90 GASOLINE + 1.0 ML, TEL /GAL. LY
of- -"\"'"'#“*- by .\,EL
T 4"* R G U N
r i\‘ »
W COMMERCIAL PREMIUM GRADE “J A\
M agg :
= -y
2 %
\ )
w GRG (E- 4 -943) PROCEDURE \
= GMR ENGINE 8:1CR \
— 82 CLEAN ENGINE . \
Q INTAKE AR 8B°F + 5°F. \
COOLANT 180" F T 5°F. \
WET BULE 67°F \
DRY BULB  74°F, \
78 HUMIDITY 70 % A
BAROMETER 29.40"HS ' }
| |
74 : 1
500 1000 1500 2000 2500 3000 3
R.PM,
FUEL RATINGS
SAMPLE a00 1000 1500 2000 2500 3000 3500
FIN. VAPOR PH. GASO. +2.0 ML.TEL/GAL. 92,0 955 965 960 950 897 B8O
GOMMERCIAL PREMIUM GRADE ga.2 88.2 887 a7.5 87.2 B850 767

FIN. VAPOR PH. GASO, +1.0 ML. TEL/GAL. B8.0 90.0 92.0 32.0 2.0 85.2 840

Figure 12, - Dynamemeter fuel ratings of gasaline from Westarn Kentucky coal,
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Lead susceptibility
Leal ==

Qctane No.
Western Kentucky Rock Springs
Motor  Research Motor ZResesarch
Gasoline + 1 ml, TEL/g8Ll. vvvvernass OB.2 90.8 82.6 T~ B8.8
Gasoline + 2 ml. TEL/g8l. vevvennans 86.8 93.7 85.7 92.5
gasoline + 3 ml. TEL/gal. .......... 88.9 96.2 88.4  9h,3

It is evident that both of these fuels have good lead-susceptibility
chgracteristiCS and meet the requirements for a high-quality gasoline.

The finished vapor-phase gasoline from Western Kentucky No. ll-bed coal
was subjected to dynamometer tests made on a General Motors research engine at
8:1 compression ratio to determine its maximum performance characteristics and
octane ratings A conventional commercial-type premium-grade gasoline was run
sor comparative purposes. The CRC designation E-4-943 test procedure was used
to determine the fuel ratings. The maximum performance characteristics were
developed at full throttle, and the spark timing was adjusted for trace knock
or peek power, depending upon the detonation tendency of the fuel. The results
are summarized in figures 12 and 13.

Examination of the curves indicates that the vapor-phase gasoline has a
higher octane rating than a commercial-type premium fuel. The brake horse-
pover and mean effective pressures developed by the vapor-phase gasoline with
2 ¢c. per gallon TEL added were higher than the premium fuel at engine speeds
pbelow 2,500 r.p.m. and the same at 2,500 r.p.m. and higher, The fuel consump-
tion was likewise lower at the lower speeds and the same at 2,500 r,p.m. and
higher. This can be attributed to the fact that both fuels satisfied the max-
imum power octane-number requirement at the higher engine speeds.

Aviation-Base Gasoline

The sample of aviatiocn-base gasoline produced from Western Kentucky
No. 11-bed cecal had the following properties:

GTAVILT o vevvaenveneannnnnnnnannssssssnsssasenssasssnes CAP.I, 54.0
Distillation:
10 percent evaporated ........cctei0c0ttransirnseanan %, 155
50 percent evaporated ........ciieecinaisnererasesees. 4O, 209
90 percent evaporated ......iesesrrrnacecccesiaesaaas 4O, 277
EuBuP:. tivreasnnsancsrsrsesarssasnnasassssacnsrsrsasas Q0. 324
RECOVETT «vvuve.onnsnnnsnsenssasanassanssanasensesssss Percent 99.0
RESIA1E .t uvvsesnnnoorvannssrssossrsersansesssensasssansass QO 1.0
Sum of 10 percent and 50 percent evaporated .............. °F. 364
Acidity of distillation residue ...veisiiniraaccnrsrcsansvans Nil

VOADOT PrESSUTE vuvenseveaonroosasnssssaanssnnsansvsssess D81, 5.6
Corrosion, copper Strip suvesiinereerenscactonensencssrsanens, Negative
Copper Aish B ..veeencccsinosnssanessosesnsnersancs mg./lOO ml. 12.5
Potential UM «.uveeveesecrssassacaanss P < (o 19 2.4
Sulfur content ,.......e.essseseresarccasanssassssssss PEreent 0.03
Freezing POINt veeeseresenseoancsasssssnassoasssonnnsssss OF, 2 below O

Water t0lerancCe tuiveerveneanesetoersasisasassonatsassossasnnsne Jmmiscible
Aniline point A N 87.8

Heat of CombUSEION 4+eveuvsenesesenssansn. calculated B.t.u./lb. 18,710
Octane number:

Tean MIXtUTE ,.v.eeveasssnssatssssrsaseanearesassnssnsasnse T75.2
Performance NUMDETE ..ceesaraavassssrasssnsssnssscesecsnnmns 53.
Rich MIXblUTe tiveevoovoreonenacoeasstsasnsssensrnnsnnasans Too low for

use of method
_]_9-




This gasolline was blende
tegted for mesting the requiy
The conpositions spd vapoI Pr

A with ilsopensane and alkylate and the blenda

emerms for G1/98, 100/139,

and 115/145 gosolines.

cssures of the blends welre A5 follows:

RElend QIEQB
Aviglion-base gacoline .......... ..., porcent 58,9
ToopelbtBOe covarivers timesaann srmrssnsanean GO 11.1
Alkylabe suvr avnmaraaanaarnens N « [ 18 -

TEL aavesnnsrasnmssnasns . creevess mlo/Eal. 4.6
Vapor PrESSUre ...esesrsnsrerrrs smassnan FaE.l. T.0

The regsults of the tests

are as follows:

Lean mixtiire

Blend (a,5.T.M-D E14-4OT.)
G1/95
Dotans YatIng ....oeccuuen g2
Parformance Ho. . +aevanns -
100,/130
ﬂﬂtﬂﬂe I'ﬂ.:i'ﬂg aa b m FrEEEFELA 99!9
 Performance No. ....vcenes -
115/130
FPerformance HNo. ... arenr “po-octans plud
Q.47 ml, TEL/gal.
119
Mkylate

Performance No. ...uean

Recults of these tests 1

... [lag-octane plus

0.98 wl, TEL/gal.
1254

100,130 115/145
53,3 15.6
£.7T 2.4
Le.o T4.0
4.6 L5
6.7 6.7

Rich mixture
{4.5.T.M,-D 905-48T. )

Jso-octone plué
0.37 ml. TEL/gal.
112.5

Tso=-octane
1.55 ml,
L33

plue
TEL /gal.
.5

Iso-potane plus
3.0 ml. TEL/#al,
146.5

Jeo-metane pLus
4.6 ml, TEL/gal.
155.9

ndicate that the base atack, after blending, meets

the knock-walue reguirements
the copper-dish gum and freezing polnts,

far all grades of svisticn gasclines.

Except for
the fuel meets 811 inspection tests

outlined 1n A.5.T.M.-D g10-48T. The copps

r-dish gm ie only =lightly high,

but the freezing polmt Is muc

h =oo highk.

ing bituminoue eopl,

The fre=zlng-peint specification was

Investigations In the

eaaily met In German planis Proceds
Bureau's leborstory Bhow that our &
The cause of the discrepancy boivee

guoline hags a freesing po
n the Burean and commerci

int of -TO9 F,
sl lahoratory de-

torminstions of freezing point 1s

pot yet koown but is being inveztigated,

Jet, Fuel

A sample of Jjet fuel made from vaner-phase products obtalned by hylrogena-

tion of Western Kentucky No.
25 percent vapor-phase distillation Lottons,
and 35 percernt finished vapor-phase gasoline.

11-hed coal Al50 wWatb tested,

The blend contained
40 percent avietlon-bmae gasoline,

The results of the iaborstory tests were a8 followa:
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For
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the

E.—

e R0 GA_P_I. L5
Dlatillation; -

-0 percent evaporated LA e Eedtr At R e e g QF. 154

50 percent evaporated T T T an

0 percent evAPOrated ... .. et iicnrcnnnraenne as - Ly

End podmt i i i ittt t e aa it ey, da, 57

D TS T v 99,0

Residue .,........... e e rereeerrai s aians o, i.o
Reld vADOT DIMSELTE L. .vriviennsuoannnsnnsasrostrrnnnasanes p.a.,1. A1
Freering POIME o .ive e rannsennannon b et ba OF, o
Corrosion, {"air-well" copper BLTIP) vovuinievrvvevrvnrnernnnenn.. No evidence
ExIBGROL BN 4ty itr s amramassensrsassassssasronsnssss mg. /100 w1, 13.8
Accelerated @um ........ . ..o iiieeee s 1100 ml. {16 Brs,) 15.6
AramaticE Ly iiie et ia ettt eaaar i srrarans PETCEDL 26,6
L o e eaaeateaaeaeraeean rrreransn tla, o.054

Water tolcrance R R T L P s ik e T
BIomife NmDEY &y aueararanssnsonsonerannssssnnnn. E e r e Er e 14

Heat of combuation .........evvecenernens But,un /I, {calculated) 15,520

The blend meeta specifinatien HIL-F-ﬁEELAE except the arpmatics linita-
tion of &5 percexnt and the freeczing polnti, -76° F, The earller comments glao
apply in thils cese, : ?

Chemicals

Boutine lebura.ory determinatigns have been mads of the total contents of
the chemicals under discussien ir the product streams from three coals. Theoc
cormbentc, ac volume percent of oroduct rstreams, are given In table 3 for the
liguid-phase operations and In table 5 for the vapor-phase. Tiguid-phese ter
acld and base percentages are gilven for Bock Springs, Western Eentucky, and
Illingis coals and arcmatics for the last two cpals only, as these determina-
tiems were not made during the Reck Springs liquid-pusse 1mans. Vepor-phese
Dercentages for the three types of chemlesls are giver “or Bock Springs and
Weptern Kentucky cosls only, as the I1lincis liquid-phase product has not yet
been processed in vapor-phase.

The difference in content of chemicals in the respective liguid-phasc
Btreams of the three coals muy be attributed to severel factors, such aa:
(1} Difference In belling range of the respective ssreaws for each coal;
(2) type of catalyot used in processing; (3} severiiy of processing; snd
Inherent differences in the coamis themselves, The Eock Srrings coal was
Pracessed with tin catalyst and subjected to a ceverc trestment, as attested
in teble 2 by the high resct’on Lepperstures and the negative yields in neavy
0i1. Western Kentucky and Illinols cosls were processed under milder ccndi-
tlons - Illinois entircly under FeSOy as catalyst and Western Kenbucky with
%o, tin and iron, and finally with iron as FeS0y.

The total content of Lhe three type chemicals in the liguid-phsse light
0lls 13 given in tahle & in pounds Aand In pullons per ton of aclsture- and
Bsh-free voml procccsed. Tt mey be slgnificant that the gross conbents of

- Yar uclds sre lower tor soth coals with which tin catalyst was uszed. However,
. the Iroceasing severlty for the Raock Springs coal muet not be overlooked, and
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1t appears that the high temperaturse to which this corl was subjected, though
vringing about high reduction of sar sclds, at the same time may have caused
retention af 8 higher degree of arcmatliclity.

The gross content of the lower-hoiling tar acide (<{225° €.), which con-
stityte the bulk of industriel demand, i= given in tshle T for the three coals,
These valueg are based ch analyses by the Syithetic Liquid Fuela R=aearch
Branch st PBriceteon, Pa., from ligald-phase 1ight-oll blends derived from these
coals, The nigher yields of phenol and cresols from Westerm Eentucky mnd
I11inole =cals are evldenot at cnce, However, the blends represent ylelds
under procesding conditions attained at this plant only and muet nst be
Interpretad as the maximm yields poswlble.

TABLE 6. - Grosscontents of tar acids, ter bases, end aramatlcs
in lignid-phase light glls

Rock Sprin Western Eentucky T11linals
Based of m.a.t. fal. fton Ib./ton | Gel. /ton|Lb./ton | Gal./ten [Lb,/tou
cpal processed coal coal conl coal coal aoal
Tar aclds
fasoline ....» 2.4 21.2 0.9 7.6 0.1 0.9
Naphtha .ue.a- {1) {1) 13.9 117.1 17.L4 146.5
Middle oil ... 20,3 175.9 13.L 116.£ 18.h 159.2
Total ..... 22,7 197.1 o8, a 241,73 35,0 306,6
Ter hases
Gaaoline ,.... 1.5 Q.6 0.3
Naphthe ,..... f1) .3 2
Middle olil ... 2.5 1 Negliigible
Total ..... L.5 3.0 =
Arpmatilcs
Gasollne ..... No individual 6.4 L.1
Fepbothe ... stream analysls 11.¢ 17.9
Middle oil ... |availehle 27 .6 Lo b
Total ... 15 o Ls.,o [anna

. 1/ Waphtha included In gssoline and middle oil.

TABLE 7, - Gross conmtent of low-buolling tar acids
in liguid-phase light olls

Bock Springs Wegtern Fentucky Zllinels
Gal./ten |Lb./ton | Gal./ton| Lb./ton { Gal,/ton | Lb./ton

Based oo m.A.L. voal coal coal anns eoal coal poal
PHEAOL sivneuorenvans 2.9 22,4 3.1 .y 2,8 2k 7
O-0Te5Gl svvra nnnmas 1.1 = 0.7 6.2 1.1 9.4
IT_'E-I'ESGl T TR EEE LR E.h‘ 21.2 2-3 20.1 E-B Eh‘-
P-0TeE0Ll vusnrraannes 0.7 64 1.2 10.% 1.4 1L,

SWbtobal ..uunes 6.7 £9.6 T3 AN 8.1 T0.
Mized zylenols ,..... 4.6 39,8 — - -

Total .. .ovueunn 11.3 ERY - T -




The gross chemical contents of vapor-phase gusolinea derived by rrocessing
the liguid-phase light oil from Rock Gprings and Westerrc Kentucky coals are
given in trhle 8. Conparison of thiz table with table & for the liquid-phase
gtresms at once makea cvident the reducticon in Tar aclds thab takez place dur-
ing the vapor-phase processing. The arcmatic conbent on A volume basls com-
pares faversbly with the quantitles in tha feed. Furkthernors, 5 molecular
reduction takes place during the vaper-pkase processing, converting the heavier
aromatics into Low-bniling sromatlic gssolize componsrts that improve the fusi
properties of gasoline or may he separated for industrial usnge. Converslon
of hearier-hoiling compounds by wapor-passe proceeeling inteo industrially usable
“gw-bailing aramatles is illuetrated in the first two columna of fghle 2 thet
compare the cemtent of the varicus compounds In the 50% to 150~ C. fractlons
of 1iguid- and vapor-phase gaselines from Rock Springs coml. Those values are
given in pounds per ten of moisture- und ash-free coal processed and again are
based on enalyses *urnished by the Synthetic Fuels Research Branch et Erucetomn.
Hot only de the low-boilirg eromatic yizlds inerease tremendously on destruc-
tive hydrogenaticn of the ligulc-phase Iight olls, but also there 15 4 compara-
tive increomse in arematic materisls that may be converted by indostrial
catalytic aromatizatior processes,

Ts determine tle =fPectiveness of industrial proeccsee in the arometlc
enrichment of coel-hydrogzenation gasoclines, cooperative gtudy agreements have
peen made with Universal 0il Produste and the Standard 0il Co. of Indiare,
wherein gasolines from the demonstration plant have been subjected to ples-
forming and aydroforming wnder varioue degrees of treatmernt severiiy. The
results of these cooperallve tests will be published a3 o Joint report. EBoth
procerses appear gquite sulteble for processing final eoal-hydrogenasion ZREG-
lines From the vapsr phesc,

Column 3 of teble 9 givez the indirated ylelds of the varicus kydrocar-
bons had the vapor-phsse 509 Lo 1500 0. product been subjected to cntelytic
argmetic snrlchment, 4 study of arcmatic enrlenmert of ligquid-passe gasoline
by aydreforming is now in progresa,

TAELE 8. - Gross contents of tar acids, tar bsses ard eromatlics
in vapor-phase rav gasoline

Rock fprings Western Kentucky

Gal, /ton cgal | b, /ton coal| Gal./ton coall In./ton coml
Tar acids uvevencns 0.f £.0 1.0 B.7
Tor BoEES tennwnnuns 1.0 - 1.0 -
ATOMALICE suvsananns L3.h - 3.5 -
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TABLE §. - Comparison of cantents of various componerts in 09 - 1509 . cuts
of liguid- and vapor-phuse zascline from Rock Springe =gal

Boundes per ton of coal
Campanents in Yapor-phase f
502 - 1502 cuts Liguid phase]| Vepor phasa | cat. aromatizeds
Faraffins, total civecnreivnn-s 27.6 1b3.5 38.8
Naphthenes, total ....euvvvrnus T1.4 384%.,0 91.2
Cyclopenthle ..veeeersnns faea 0.3 2.5 2.1
Methyleyclopentane .. cueesves 3.6 B, B 3T 5
CycloheXanse ....... frearanen- 10.8 266 5.3
Dimethylcyslopentanse . ..... h.5 53.2 P0G
Methyleyelashexane ...cu.env-s 12.7 92.T .8
EthylcyClOPEnLuie ,uvasennsss k.8 38.9 Iy
£g - Naphthenes) ...i.ssensss 17.5 8.3 12.9
Cy - Raphthenes} ..oviesnvens 10.5 &7.7
Aramstic, total . ..iie--ianen- 33.5 208.7 hi2.0
BENZENE +vs-nnanss craanins ‘s 2.5 Lé.1 B4, 8
TD-:'U.E'T[E ------------ LR LN J-l"c} 53'3‘ 155'3‘
Ethylbenzene ...iisasesaesn bee 11.6 ?3.7 h7.4
m"P-’KFJ.EB.E -------- FFRELREFRFR * fji3 !I'ﬁ'lg 95 l'B
C-ZFIENE . 1innnnrrannarnnen- 2.9 8.8 22.9
Dlefins, totdl ....... tasrmmmen 15.2 8.3 i53.9
Tﬂtal qqqqqq 4 r* BRI E ¥ [ L L] 1';+T 1-? T}‘}l" l5 6'111' "9
Nenhydrocarbons, Lotal ...... 11.3 15.6

1/ Probeble yields hed the vapor-phase cut besn subjected to calulytic
arometizetion. Estimetes based by the Bureau on results cbtalned by
the Standard 0il Co, of Indiens upon hydroforming of vapor-pheae gaco-
linc through s cocparative agresment, Full results of cooperetive work
will e puklished laler,

Gas-Synthesie Demonstration Plant

Cogl CGasgif’cation

Instal atian of the: new Morgantown-type vertleal axyegen-coal gasifier
(fig, 14), described In the 1950 Annuml Report, has been completrd, A Tlow
dlegram of this rystem, which employs a new method af feeding prehested steam-
coal nlctures, is shown a3 figure 15, Existing equipment was used as far as
poseible in the hook-up.

The coal-2eeding syster consisbts of accumulator notering tanks for coal
and water, whick dump periedically irte a glurry-mix tenk as addillional ma-
teriul is reguired in the latter. Tkis tark ia eqaipped with two high-speed,
propeller-type agitatora and ia of 1,600 gslluns capacity, lerge enough to
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