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Abstract:

Eastern Montana and the adjacent states are a vast source of untapped hydrocarbon fuel reserves in the
form of coal. The area contains nearly 700 million tons of coal reserves that could provide 300 years of
liquid fuels to the United States if converted.

Present conversion methods being investigated by the Office of Coal Research are tending to aim at
only moderate conversions, around 60 percent, and would not be suitable in the Montana economic
environment unless a use for the char was found other than as a boiler fuel for electrical production.
The process described in this paper leads to a conversion from 75 to 95 percent of the coal and would
not require use of the char as a' boiler fuel for electrical production.

The equipment used in this study is based around a high pressure autoclave operated in batch fashion.
Supporting equipment allows the autoclave to be charged while it is at operating temperature and also
discharged at operating conditions. The gas stream is sampled to determine hydrocarbon gas
percentages, the liquid stream is vacuum distilled into a fraction boiling below 325°C and a heavy
liquid that is reused as a recycle oil, and the sludge is separated by benzene extraction to determine the
amount of coal unconverted.

Data obtained from 94 runs were used to obtain correlations of the various yields with operating
conditions. A suitable correlation using the main effects, the second order interactions, and the third
order interaction of reaction time, temperature, and catalyst concentration was found. Second order
terms were not considered due to the limited scope of the data. An overall yield term based on a linear
combination of the products was defined and an equation determined. The units of dollars per hundred
pounds of moisture and ash free (MAF) lignite were set for the overall yield and the approximate
values of each of the products used as linear multipliers. While all yields were found to vary
considerably for various recycle numbers, a discussion of recycle three appears to have the best merits.

For operation of a commercial plant, the oil boiling below 325°C would be the main product and could
not be withdrawn from the process at a rate greater than the rate of total oil formation from the coal.
Using these criteria, a set of conditions were obtained at which the process could be operated
continuously. For recycle three, operation at 468.9°C for one hour at 4 percent catalyst concentration
would allow 95.8 Ibs. of lignite (MAF) and 4.16 Ibs. of hydrogen to be processed into: 6.2 1bs.
unconverted char, 13.2 Ibs. hydrocarbon gas, 12.2 Ibs. of reaction water, and 68.4 Ibs. of oil boiling
below 325°C.
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ABSTRACT .

Eastern Montana and. the adjacent states are a vast source of ,
untapped hydrocarbon fuel reseryes in the form of coal.. The area contalns
nearly 70Q million tons of. coal reseryes that could prov1de 300, years of
liguid fuels %o the United States if converted

. Present conversion methods being investigated by*tne Office of
Cogl Reseéarch are tending to aim at only moderate conversions, around 60
" percent, and would not be suitable In the Montana economic environment.
unless a use for the char was found.other than as a boiler- fuel for elee—
trical productlon The process described.in this paper leads. to a conver—
sion from 75 to 95 percent of the coal and would not require use of the ’
char as @ boiler fuel for-electrical production.”

. The equipment used in this study is based around a hlgh pressure
autoclave operated in batch fashion.’ Supporting equipment allows the
" autoclave-to be charged while it is at operating temperature and -also
discharged at operating conditions. The gas stream is sampled to determine
~ hydrocarbon gas percentages, the liquid ‘stream is vacuum distilled into.a
fraction boiling below 325°C and a heavy liquid that is reused as a recycle
0il, and-:the sludge is separated by-benzene extractlon to determine the
-amount of coal unconverted : -

Data obtained from 94 runs were used to obtain corrélations of the
various yields with operating conditions. A suitable correlation using
the main effects, the second order interactions., and the third order inter-
action of reaction time, temperature, and catalyst concentratlon was found.
Second order terms were not considered due to the limited scope of the data.
Ah overall yield term baséd on.a linear combination of the- products was''
' defined and an equation determined. The units of dollars per “hundred pounds
of moisture and ash free (MAF) lignite were set for the overall yweld and;
the approximate values of each of the products used as llnear multlpllers.-
While all yields were found to vary cons1derably for varlous recycle num— |
bers, a dlscu351on of recycle three appears to have the best merits.

For operation of a commercial plant, the oil boiling below 3250
would be the main product and could not be withdrawn from the process at a .
rate greater than the rate of total oil formation from the coal .Using:
these eriteria, a set of condltlons were obtained at which the process- could
be operated contlnuously For recycle three, operatlon at h68 9°C for one
(MAF) -and -b. 16 lbs. of hydrogen” to be -processed intoy 6'2 1bs.. "unconverted |
char, 13 2 1lbs: hydrocarbon gas, 12.2 lbs. of reactlon water, and 68.4" lbs
of 0il boiling below 325°C. :
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FORWARD .

This doctoral thesis ié’Writtén é 1ittlé diffé%éntly'tﬁan;ﬁost in’
style~aﬁd,format.. The first'majof portion is designéd to:?resént'the
proﬁlem,‘a:ppssib;e sol£uioﬁ,:and'important conclusions ‘from thé éxpérimena"
tal data. 'This“firsf.majoruportion is.képt as briéf gs,poééibleuandris
fairly well self—contaiﬁed to élld%'a Widé readership without Ebgging down‘
'in the detéilé-of thé data. But;,the sécond portioﬂ p;ésumgs tﬁat’thé ' |

first has been read.

Thg‘secénd major ﬁortion‘is'contained in the,appeﬁdix, .Here"fhe‘l
reader‘shogld beAable to find as much detail about the-experiméntal.run
.data as. he desires. Backéround literature is'fointed out thégtwouldhallow
a regdgr to become fairly expert ;n!thg field of éoal hydrggenation. Some .
of-the,ekperimen%él procedures have been expanded'tQJShow Qhat yeakﬁesses
,iﬁ techﬁiqﬁe could.be improved ﬁpon; Two computer.proérams_are describéd,
and-their output is listed. The 6utput ffqﬁ'théée‘progféms_demafls‘in
‘ taﬁﬁlér fdfm'all the'data éoilected'in this-research'@fogram:: Thé‘second :
program is'bné_ihfﬁhich'ﬁhe-data arg'corréia£ed_aﬁd:tﬁé'outpﬁ% fg"jiéld
.équaﬁioné:ﬁé;é& oﬁLth§'é%peiimental dafa. A resulfs séciion discusses the
..equationsfanajgfapﬂé’dra&n from thém in.a detail”that'is'ﬁot available'in'

the firsﬂlpbrﬁiohf .




I. INTRODUCTION

Montana is a land of yast coal reserveé that-stretch.from the
Wyoming border to the Canadian border almost evérywhere éast.of Fo?syth.
. The Fort Unioﬁ goal formation in Montana and adjaqént‘states'épntains_aﬁ
estimated 70O billion tons of céal,l ‘or putting it in terms Qf-liqyid.
‘fueds, enough liguid fuél céuld bé producéd to gufﬁly‘thé Umitédetﬁtés
for.320 years at the:presénﬁ raté of 12 million barréls pér day qﬁngumpm
. tion. Considéring'thehdimiéﬁing‘raté:of bil'disebvéfY"comparédi£b‘tﬁe
'consumptionlrate, théré is a ppssibilit&-of the doméstic supplf’?ecoﬁihg
shorter than the aemand'sométime in tﬁé 1980'5.2 Sueh an occurrance would -
demand that fﬁel.be producéd either froﬁ increésed dil.imports or from one
_of the synfhetic fuel sources, é.g.,_coal,ltar'sapds;:or éhale.

:Oil companies realize that thef majmhavé toﬁmdve iﬁto_%ﬁe syntﬁetic-
fuel market sometime in thé future and are.alighing tﬁémséives through |
'mergef% with existing coal companies br-;cquiring coal ieases ofltheif'own.
.Thus,.Continental 0il Company meréed withpConsdlidatibn Céal,AGulf Oii |
Company'with'Pittsburg and Midway?'ahd Sohiovaeqqired_Ben_Beg.doél( In
addition to'these;'Standard.of’NeW Jersey'hés spent?héarly,25 milii@n"
dollgrs leaéiﬁé lands in Illinoié,'Monﬁéga; and Wyoming}3 All.£hé afofe-

- mentioned companiés also are gngaged in research to imprové the,techhology'
_'of,coélirefining. Projéct Coea;'Piojéct'désdliﬁe?'gndzﬁ;Coal aﬁelwell

‘known joint yentures‘of private companies ﬁiﬁh fh@ Officé of'Coal Rééearch%
Other_éompanies are_éngaged in private“reééaxcﬁ and;resultsffﬁoﬁ=their:wdrk-

are not generally available.
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The Department of Chemical Enéineering-at Montana State University
has always beén interestéd in dévelbpmént of the natural résburces of the
state. A series of_thésés and articles has beén published in thé past
ldecadé on low-témperature carbonization of coal to producé a low yolatile
char, poésibly usable as a coké‘substituté in some of the local phosphorus
and mining industriés. Bécause of thé poténtial reﬁards that a synthétic
_ fuel coal refinery would involvé for the staté, a décision to bégin exﬁlqr—
atory research in coal réfining‘was madé.in Octobér 1964, Genéral goals
of such research were to find, (1) if coal could be refined into low ﬁole—,
cular weight fuels al moderate hydrogenation pressures, (2) if a catalyst
could be found that would give high yields of oil With.lOW'amodﬁts of gas
production; (3) if products from sucﬂ hydrogenation would have desirable
propertiegs and (4) if such products éould compete with fuels from petroleum
crudes. This article is directed at.answering thesg guestions. |

Presumably, éur goals are similar to those of Project Gasoline,
Project Coed, ;nd H—Coa;m Beéause of basic differences .in technique we
shall Dbriefly describe these‘pfocesses.

Project Gasoline is a two-step process wherein coal is dissolved at
low pressure in a solvent which is then filtered to remove ash and solid
coal and then hydrogenated in a- catalyst bed at préssures.around 3000-5000
péigu Conversion is expected to be about 60% . based on the MAF (mbisture‘and
ash free) coal. The solid residue would be used as a boiler feed for
electric power production_.J+

Projéct Coed uses.a iow pressuré carbonization of the coal in a

multi-stage bed to remove all volatile matter., The remalning char is then
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used as a boiler feed and the Volatlle matter is processed by~hydrogenation
at noderate.pressures into liduid fuels‘E- Converslon is. sllghtly lower
than.-that of Promect Gasollne and probably Is hlghly dependent on the- type
of coal used.

H—Coal is a.prOJect u31ng a s1ngle stage ebullated bed Wlth coal
' slurry passed upwards through\the bed Reactlon takes place oh the catalyst
surface to a conversion of about 907 w1th bltumlnous coal. Total ligquid
yield is T0% for bituminous coal.'-The process produces a Wide range 5:
distillates that would have to be further processed into usable‘fuels.

" Economlcs for the first tworof the above projects.requrre”a ready
sale of the'residual char as a. boiler feed. .Conslderation,of ash in'the'—
char as well as the potentlal of.a greater supply of char from one large
'coal reflnery than could be used by'the presently'ex1st1ng l8O megawatt
power plant in Bllllngs Montana forces a re—evaluatlon in terms of conver;
slon. The prOCess.described in this‘article attarns'conversions between
A75vand'9l%hand hence Wouldﬁnotirequire being'operated.in conjunction With
a power-plant. ‘Use:of,a slngle stepiprocess.wouldulower the cost of bulld—
-ing a plant.and:siﬁplify‘lts maintenance. éuch a savings appears’to be
joffset by other advantages of the two—step process., as will be shewn laters
and SO may not be reallsulc . ‘

The costtof.hydrogen_is.a Veryflarge‘factor|lnnthe:economics of !
coal hydrogenation. Whileithemdeyelopmentaof pressure=coal“gasification by
Texaco Development Corporation'will lower the costs nell belou that for )
natural:gas-reforming;-further,researcb'workfwill need to lover the cost'l

10
even more.




IT. EQUIPMENT AND PROCEDURE

The availability of equipment, specified to a large degree, the
procedures. Since only limited funds were available, the process uses
salvage equipment donated by Monsanto Chemical Company and Dow Chemical
Company. Shown below is a simplified flow diagram of the system which is
basically a batch autoclave with auxillary equipment necessary to allow
efficient operation. The entire project is placed in an enclosure eight by
ten feet with an L shaped, six foot high, concrete wall built for fire
protection. Instrumentation and remote controls allow complete operation

from outside the enclosure during the time the equipment is pressurized.

% g\\—%—Rl R2

R3 L

Figure 1. Experimental Equipment Layout

Lignite coal used in this study was obtained ground and partially
dried from the Lewis & Clark generating staticn of Montana-Dakota Utilities.
The coal was fed slowly into 130°C recycle oil in the slurry tank labeled

R 3, until a 20% by weight of raw coal slurry had been reached. The
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mixturé was then kept stirred. and mixéd by a stirrer and recirculating
pump. A portion-of thé pixture would then bé introduced into.the.méasuring'
unit. (MU inufigure) Which.allowed'approﬁimately1iHTS ml.to be préssured'
into the hot main reactor CR 1). Within six minutéé of tﬁe'time the slurry
was introduced to thé main rééctor; hydrogén and catalyst dust wére inject~
ed until thé préssure-rééchéd 2500 psig. At.the'end of”tHE'réactron time
(one, two, or four hours) the slurry was réleased thrqugh_thé bottom dump
valve into another prewa&méd pressuré reactor . (ﬁ 2). A vént‘valve releas—
ed the unused hydrogén and.hydrocarbon gas;s-through a condénser and out |
the roof. While the gas was béing réiéasea;'a samplé was_takéﬁ from the
vent.liné beyond the condenser. to determine,the'composition_qf thé hydro-
‘carbon gases. - When the slurry in R 2 dropped to approximately 240°¢, it
WaS'pressured by.nitrogen into a épinﬁiné centrifuge bowl where it remained
for about ten.minutesf The_measﬁred quantities of solids, recycle liquids,
oils. boiling below 325°C, reaction water, and hydrocarbon gases were used

to determine mass balance, conversion, and various yields.




ITTI. DISCUSSION AND RESULTS.

A.- Preliminary Research. -

A year of résearch~Vas spént using a small rocking bomb auto-
clave experimenting with various slurry oils and catalysts. Conversion of
the coal to a bénzene sqlublé.matériai was found to be Very~dépendént on
thézslurry.oil media and'catalyst typé. Low Boiling slurry media showéd
almost no convérsion. Also, d?y qoal>with:imprégnatéd molybdenum or tung-
sten catalyst<shoWéd little convérsion. Tétralin worked wéll as a solvent
With.tungstgn catalysts, but tetralin tends to revert to naphthalené in the
presence of molybdenum. The best slurry‘medié found was Dowtherm A., but
later experimenté proved that the Dowtherm was unstable at the hydrégené—
tion conditions and broke ‘down into a two layer liguidt Since thejs;ze of
cﬁarge in tﬁe rocking bomb and‘lack of & good stirring mechanism prevented

any product identification, we decided to build the present process system.

B. ﬁeaetion Model

Considering the problem of coal hydrogenation ffom a commercial
viewpoint, we can define certain paraméters that may affect yields and
.'hencé should be ﬁell known before a piant is.designed. Thus, yield Wouid
be: ¥ = F (temperature, pressure, catalyét type, catalyst amount, recycle
ﬁumber, coal parﬁicle'size, slurrj oil type, slurry conéentratigndjrqaétién
#imé3 and othéf variables needed to specify equipment design): .Thié artigle
Wiil not specify all the required data, but some of the. parameters hg&e
been thoroughly studied.

The coal particlé size was found in preliminaryjrésearch_tq

have a definite inverse affect on conversion. It was found that by grinding
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up a -batch of coal and sc?eening.if.into various silze fractions that con—
' version was better (by 6 to_T%)_ tn the 150 + 2‘oo_mesf1: 5ize than in the
-200. +325 mesh size. Thé réason for thié is involyed in thé'briﬁtléness
of the fusain constituents.of‘coél comparéd to the other pétrogréphic com—
ponents. Theréfore, the smaller .coal particiés aré énricﬂed in fusain, a-.
Very‘diffiéu;t t5 hyﬂrogénate constituent; compared to the'largér coal
particléé. Afplying thé'commercial criteria that all coal would bé ground .
small enqugh‘to react éufficiéntly‘and_then theé finer dust must also bé-
carried into the réaction, it is necessary only to idéntiﬁy a suitable size
coal particle which is small enough to éasily.feact and yet'can-ﬁe-produced_
without excessive grinding costs. The éoal gfiﬁding that is standesrd pro-
cedure with the Lewis and élark Station (80%‘—200 mesh) was found to be
very satisfaqtory. Larger particle sizes‘may also be satisfactéry; but
were not inveétigated.

Above slurry concentrations of 33%;lthe one;foﬁrth inch inlet lines
to the reactor Wére found td frequently plug up. To saféguard the equip-.
ment, we were forced to'use 6nly a 20% slurry and thus were unable to |
determine tﬁe effect of'slﬁrry concentration. Other literature sources
indicate that é 60%.coal-slurry is manageablé in special paste pumps. In
a,prbject for, the Office of Coal Reée@réh, Spencer Chemical Coﬁpapy haé 8
shown. that anthracene oil outpérfqrﬁs a numﬁer of other posgible slufry media
mediz as a coal dissolver at low préssures.7A Since this anthracene o1l is
a coke 5ven by-product it brpbébly‘iﬁitates, as closely:as anything elée,
.our recycle oil. This br;ngs up a problém thaﬁ was of primary~concerni,

thrqughout our iﬁvestigations. A commercial -plant must obviously use some
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type of heavy product oil from the éoél that is regenerated as fést aé it
ié consumed by‘the'hydrogénation processg:’ Since this oil is not.avéilable'
to start the'réséarch,'wé must soméhoW*produce it and show that it would
. be usable as.thé récycle oil for another batch of coal. This is thé basis
of the reqyclé number, i,é., how ﬁany'iimés hés thélslurry'oil beén recycl-
ed.

After concérning ourselves with the problém of showing the pro—
cess to be continuous' through sévéral recycles, Wé.did not have time to
include studiés of more than one catalyst systém. Thé catalyst chosen was
Harshaw's 4401 E 1/10 iﬁch catalyst, a 6%:nickel'énd 19% tungsten catalyst.
_on a silica~alumina base. The catalyst was ball—milléd'in an argon atmos-—
phere to prevent oxidation of the nickel and tungsten,sulfidés.;fAll hand~-
ling of the catalyst was done in an argon.atmosphere except for .a short
time during which the éatalyst bed was being attached to the hydrogen inlet
line to the.reactor. No attampt was made %o measure visposity,lfiltering,
or_cgntrifuging-rates of the crude product oils. Pregsure limitations on
the available eqpipmeht required all work to be carried out below 3000 psig,
and we felt thatlﬁhe data on the ﬁy&rogenation below 2500 psig to be of
secondafy importance.

The reaction model has now been trimmed to a function of temper-
. ature, reactién time, catalyst amount, and reéycle number. 'Previpus re--
search recordéd.in the literature as well as eqpipmentilimitations pyovide
limits for the first éhrée~parame£érs. Témperatureé bélow h25°C'produée

lower than 70% conversion and thus are unacceptable. On the‘other hand,
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temperatures abgye 475°C must be used &ith‘short reaction time or they
-proauce an unacceptable high gas prpduction. Reaction timés of less than
one ‘hour are hot feasible in -our eépipment, since the oil.reqpirés from
fiftéenAto forty minutes to_heét up to the réaction temperature. Reaction
times oVér four hours.would undoubtedly be yery exXpensive in térms,qf |
equipment sizing %n a. commercial operétion comparéd to the small aintional
yield they may give. Thé'amount of catalyst studied was betwéen,zefo and
4% based on the MAF coal in tﬁé charge. The récycle oil was cafried'thréugh
two cycles after the initial snthracene oil starf. '

C. Empirical Model

In presenting the data it is Well‘to émphasize that the appli-.
cable model 13,1 #:F (temperature, time, catalyst amount and recycle rumbeér),
and therefore, should be viewed as a five dimensional.equation. “A rigorous.
mathematical model could be used to describe the yiéld in.terms of the
effects and their interactioﬁs. More practicallyg'a model expressiﬁg yield
in terms of a polynomial function of the variables could be-used to exbress
an %pprbximate_relation.'

Expérimental work was designed to use a éeries of runs to detgr;
mine the effects of temperature, time, and catalyst amount each at three
leyéls. This requires a 3 x 3 x 3 facorial‘gkperiment; but because the’
slurry oil for a'sefies must be producgd in the previous series, the number
of runs per'seriés varies. Thé first series céntained 38 runs using anthra-
- cene 0il as the slﬁrry‘media. The next series contained 23 runs, and.the
third serie; 21 runs. Thé'model to Which we then'fit‘thé resul%ing‘déta~ié

of the form:
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=Db + D + y ' . ' l
Y =b 159 b2X3 + b3X3 + blEXIX2 + b13X1X3 + b23X2X3 f b123XlX2X3

where X, is the natural logarithﬁ of time in hours,':X2 is ﬁemperatﬁre °c,

1

and X3 is the natural logarithm of the catalyst concentration plus ore. The

logarithmé of time and catalyst concentration are taken since the yield is

expected to flatten out at high yalues of either yvariable.

D. Data Interp fgt ation

| After a run has beén compléted, théré aré three_places from
which product must bé colleetéd.and analyzed. Thé vénted éas stream is
analyzed for‘hydfocarbon gasés by chromatography to obtain mole percents of
methane, ethane, propane, iso-butane, and n-butane. Thexliquid is separated
from the solids in tﬂe centrifuge. An assﬁmptioﬁ is'made‘that the liquids
admixed with.the centrifuge solid residﬁe have £he same chéraéteristics‘as
the liquid from the centrifugé. The.céntrifuge sludge is extracted with
benzene in a Soxhiet extractor fdr about 24 hours to‘determine the fraction
of solids. . After removal of reaction water from tﬂe liquid, the remainder
waé'distilled at an absolute pressure of 20 ﬁm Hg to a cﬁt off point of
197°C,‘Which:éorresponds to 325°C at atmospheric pressure.

Due to the Yafiabiiity:in the amount‘of slurry transferred to the
reactor a%lth;:gt;fﬁ bf'éhe }ﬁn, a mass balance was performed around each
run to deﬁermiﬂe théﬁémount of matérial that could be assumed as thé-input
amount.. Whilé this forces any true losses to be ;onsidered as an input
variation, if does help'iﬁ ngrmalizing the data.

| Produet oil is defined.thrqggh this ﬁass balance as being thé»amount:
of -oil comipg.out of the réaétof minus ‘the amount assumed to. have entéréd

the reactor in the slurry oil. This product oil contains no limitation in




;ted to the proposed model as discussed earlier.
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. terms of boiling points and can be.broken.into.a.heavy‘and light portion

by subtracting the amount of oil boiling below~l97°C at twenty mm Hg that-

. wag found experimentally. Under some conditions, this. would. force the

heavy oil to be negative,'i.e{,Amore light oil was produced from the slurry
than heavy oil was produced from thefcoal,
- The data_generated by the total  of 9k runs -are too ‘voluminous -

to be presented here. Variations due to scattering, as well -as the inabil—

.-1ty of the model to- entlrely fit the real data make graphical presentatlon'n

of the orlglnal data dlfflcult Therefore, the run data has been correlat-
ed uaing-the method of multiple linear'regreasion to determirie the yields
as functions of the operating conditlons. Specifically the data were fit-
In order to arrive at a?graphic-equation we ehall‘define a new
yield that is a linear combination of'the:six eXpérinental»yield functiona.
To make thia nev.function a meaningful comhinationgla,set of values‘is
taken .as the coefficients that relatee the value of each product to the
other products. Arbitrary units of dollars per pound are assumed for the .
coefficient values. One hundred pounds of MAF llgnlte is tdken as the

basgsis. A set of values that would be valid- for the- eastern- half of Montana

”has been Jused Wlth the knowledge that every other locallty would need a,

different set’ of values ‘ Raw*coal cost is taken as $l 50 per ton, a value
that is valid for lOW‘overburden ratios and moderate seam thicknesseS'such-
as occur in the Savage Montana areal The.residual unreacted char is assum~ .

ed to 'be usable only'as a borler feed stock_and therefore 1s valued at half

_the cost'of.the raw coal. Heavy recycle oil borllng above 325°C could be
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used as a feedstock for further hyéroérackipg; or eésentially“a heavy syn-
thetic crude 0il. A value of $2.52 pér.barrel; corréspgndipg t0.90%. of the
value of the' erude oil, is taken'for this angljsis. fhé'lightidistiliate.
‘boiling below 325°C is assuﬁéd to.bé.ﬁorth\hine cents‘pgg gallon {$3a78 per
barrel).' This falue would allow about 6ne and one-half cents per gallon for
finél processing into gasqline; H&drocarbon gas is é Véry"vaiuabie by;pro;'
duct in some areas n;ar cénters of popul;tién. -Wétassqmé if to béAWOrth
14,1 cents pef thousand standard‘cubié feét, which was tﬁé-averagé value.in
the field for the geﬁeral region of thé‘bakdtasug Hydrégen is assumed to be
produced from a prgssﬁfe gasificétion of char or coal in a process which
leads to a cost of 25.6-cents~per thouséﬁd gtandard cubic feet;lo
' The overall yield equation can now be ﬁritten in the fdllowing"

form:‘

3
where: yield is dollars'per hundred pounds MAF lignite

'Yi_e'ld = ~,1152 + .000576Y1 + .0080(12-.'15) + .0631621 + .0138lnf-5 - '.0191Y6

Yl = percent unconverted coal

Y2 = percent product oil"

13 = percent gas

YS = percent oil hoiling below 325°C
Y6 ='g$ams H2 used per run

l‘thrqugh Y6'were obtained in equation form

‘by-use.of the multiple linear-regreésion.analYSis, the overall yield eﬁuation

Since the yields Y

can also be determined as a function of the operating conditions. The cor-

relation coefficients for the overall yield are shown in Table I. It must
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be noted that the overall yield makes no provision for the cost of catalyst
or operatbting conditions. ﬁéiﬁhér doés it take‘into‘account capital costs
and so must te considéréd ag just an ovérall yield function derivéd for

the purpose of describing the reaction surface.

TABLE I. Coefficients for Overall Yield Equations

Re- b Py Po By Py Byz o Pzt Bypg
cycle

1 2.7303 -0.30kLk -0.0046 -1.1940 0.Q003 1.1724 0.0027 -0.0025
2 0.1081 0.3062 0.0010 -0.3976 =-0.0007. 0.3985 ~0.0010 -0.0010
3 -1.3087 2.2610 -0.00kk ~ 0.4810 --0.0055 -0.1559 -0.0011  0.000k

-~ Graphs depicting the effect of the various bperating_conditions

.on the overall yield are shown in the series of Figures 2 through 7. While

this'neW‘yiel¢ gives us the ability to speak of the effects of the operat-
ing conditions, it must be rémemberéd that thé equation is déscribing a five
dimensional surface. The graphs have beén'arawn'with the dependent yield
aé.a fuﬁétion of two or tﬁree of the parémeters and the othér one or two

parameters must be compared by viewing two or more sets of graphs.

o

- :Céﬁsider Eigﬁreng through 5 which show the effect of recycle

number on'thefyielaf The most obvious fact that can be obtained from these
. graphs is that the recycle number has- a fairly large effect on deﬁermining

what operating conditions will maximize the yield.l Whatever the cause of

this éffect, it demonstrates the need to pilot plént a‘process thoroughly

before scaling it up into a commercial plant. Apparently a small change

in the operating conditions of a continuous ‘plant could produce a change
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in the recycle oil that in turn coﬁld—lead to a condition of insufficient
recyclé qil to continue thé cycle.. This could be a réai problem, ;sPécial—
ly”with;lignite.which_réqpires.at léast'a partial coking éf.the heavy
asphaltené portion Af thé recyclé oil to keep thé viscosity low. From a
theoretical standpoint, the éffect of thé récycle oil may~bé éxplainéd on'
thelbasis of the . amount of hydrogén held by'the'oil that is transférable.
It has been shown in the'literaturé that tetralin will give up four hydro- -
‘gen atoms to larger condenséd ring structﬁrés and in thé'procéss change
into naphthalene. Hydrogenation of the coal is presuﬁed to be carried out
by a transfer of the hydroggn atoms of some oils to the coal and then a
rehydrogenation of the depleted oil back £o its Qriéinal state. Assuming
a number of the substituted two dnd'ﬁhree ring oils are présent in the
reéycle oil, the previdus.conditions uﬁde¥ which they were formed should
greatly affect their relative hydrogen transferability.' Basic study into
the reaction rafes of the pure chemical speéies likely to be found in the
reéycle oil would help_to:predict this sort of behavior. In summary, the
recycle nuﬁbér effect on thé/yields is essentaiily due to the history of
the recycle 0il. | |

.'-'Recyclg ﬁumﬁér-%ﬁ;ee'hgs been cﬁosen as the recycle to show
the effecfs og_cataiyst5 tempefature, and time on ﬁhe yields, since it is
most néérlynrepresehtative of~£he coal. Figures [ gnd.T show all three
parameters graphed on different axés. The figure;-show:that yield may in
. general be maximized at low reaction times and highﬂtémberatures. The‘
negative effect of catalysf in this rangé is an indication that at thé

short times and high temperatures more gas is produced when a catalyst is
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present. Specifically, for one hoﬁr at L75°C, the yield of gas ig increas-
ed by 250%. with. 4% catalyst ovér‘no catalyst. TFurther, while thé yield of-

product oil décreasés'by‘lh%, thé'yield of oil boiling ﬁelbﬁ*SQS?C increas—
es by 180% for thé ch@née in qafalyst. Similarly, the hydrogen consumption

at the higher catalyst concéntrétion is incféaséd nearly'twéﬁty;fold. This

points out.that our catal&st is a good gasifier as well as a good liguifier,
and under the assuméd valueé of gas and hydrogén it is-possible to react the
coal to such an extent that the dollar yiéld passéé a maxiﬁum.

A secondary effect of catalyst that is not shown én this graph
is that the recycle oil qﬁality-may"vary'erénding on the cataljst concen—
tration. . Thus, operation at low catalyst concentrations may not allow the
recycle oil fraction to pick up eﬁough excess hydrogen to allow the proces§
to continue through subsequent recycles. Further consideration should be

given to keeb the conversion per pass of the recyclé oil as high as possible

F)

in order tb'keep equipment requirements low.

E. - Commercial Considerations

L

.Thus far the discussion has beeﬁ-conéerned with descriptiqn of
the surfaée.deéériﬁed,by;ghe:experimental data. TFurther discussion of the
surféce;'ih.t?rms éﬁ'fhe.inéividual yields of product oil, gas, reaction
Watef; cqnve;éion, and bilnboiling Beiow~3256c wiil’bé found in the appen—
dix. |

Ffom,a commefciallview, it is obvious that we cannot produce
more oil boiling below 325°C aﬁd'fémove it from the process than we make
as product oil. This is équivalent ta requiring tﬂe input récYclé oil to

be less than or equal to the recycle oil coming from the process. Thus ,
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_whéthef the low boiling product was préducéd from the céal diréctly or from
the slurry oil is a moot .point as loné as'énqugh slurry oil is produced
from the coa} to replacé in all respeétsvthé slurry.oil that was usé&.up.
The équatidns of yield were solved for thé témperature,'cataln
yst, and time réqqiréd for thé prﬁaﬁct oil tdnéqual thé 0il boiling below
325°C._‘Since'thé-témperaturé is thé'éasiest to change;.the othier two oper-
ating'conditions-aré steppéd through thé'reéion in Whiéhfthe reséarch was
conducted and thé'témperature réqﬁired was detérminédp For recyclé number
three,.thére aré thrée combinations that could bé used fo make a continuows:

system. Operation at 471°C with no catalyét'for two hours would lead to‘aﬁ

overall yield of 51.4 cents per hundred pounds MAF lignite as the potential

income. Similarly, opération.at 0.5% éaﬁglyst at M6h°C.and.tw5lhbﬁrs leads
to a potential of 51.T; and operation at ﬁ% catalyst at 469°C for one hour
leads to a.potential qf 68.6 cénts.pef hundred pounds.MAF.lignite.

. " The best-choicé from a commerci;l view of the process would be
opératiéﬂ at 469°C and h%.catalyst. At these conditions, a 95.8 1b. charge
of MAF ligni%e pius Lh.16 lﬁéi hydrogeﬁ would be processed into: 6.16 1bs.
uncon%értéd.qgai;:lé.zﬁ }65. of natural gas, 12.15 1bs. of water, and 68.Lk
1bs. of 5il‘b9iling:ﬁél;w 3éé°cu“ Since no attempt was made in -correlating
the yield;ﬂungtioné tojfofée:the total yiéld to eqﬁal lQO%; the masé bal;
ance is extrémely good. ” :

Operation at’ these condifions for the other recycle numbers
would not in general produce oil boiling-ﬁeloﬁ 325°C1in eqﬁal Quantities
with the total product oil. Thé'équilifriuﬁ point at Which-récycle oil is

produced in guantity equal to that used, for h%’catalyst and one hour is
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hné?C.for.re§ycie‘0ne. This lower.températuré is=ex§éqted since the anthra-
céne'oil uséd-as a slurry oil for recycié bnéuis much mofe éaéiiy-brbken

.into éii*boilipg belowl325°C-th§n thé latér %éqyclé oii produced from_the
ligniéef The similar équilibrium point for seriés tw9~is h9o°g_which is

- slightly ouﬁsidé our opéra%ing conditions. The L7 and'twq_hour équilibriﬁm
“point.for~nécyclé two.is Lk50°C. The'éﬁidénééni§ £hat~atcontinuou§wéys£em |
Qéuld bé opératéd at témpératures néar h6S°C.and reaction.timé bétwéen ore
and two houré,wwith_h% cétalyst;- éinéég at thésé conditions'?ecycle oil ié

produced in amounts equal to the consumption of the incoming recycle oil.

F."Liquid Aﬁqusis

fThe oil boiling béléw 325°C at aimoéﬁheriqhbréssureﬂwasfaﬁalyzed
ﬂlby’a'sehies_of fests”oﬁ 31 of the eariy‘ruhs; 'RéTractiVé index-6f all-pro-:
ducts is in the ﬁeigﬂborhood‘of 1;6 and_shéws nplcorrelatipn with run condi--
tions. Reid vapor préésurég, flash pgintsj'viscositiés, pour ﬁqints,:bromine
ﬁﬁmbers, aniiine points; and total sulfur‘wéré found‘tolpave~no'correlatibn
with ruh conditiéns. Values for thé first:portién of:tﬂe first recycle are
shown in Table II."Probably the smali variations found in these tests were
mofe a functioq,bf;émall.éfrors in the operation of the vaéuﬁm'distillétion
equipment to produce the fréctions. APT gyaxityrwag foﬁpd,towagpreaae\With
ihcréaéed run time. ASTM disfillation aéta;and:avgragg'moiepulgf Weigﬂﬁs
tend to indicéte that.incrgasedlreac£ion time dééféaséé ﬁhé éﬁeraéérmoiécu—
“lar weights. - ASTM distillation data are pi;esént'ed in Table TIT, and Figures
8 and 9 show fhe variatiop:pf the‘AéfM curiés‘withtcataIYSt~concenﬁ;é%ion
and operating time. 'incréésing run iength ana catalyst‘concéntration tends-

to slightly incréase'thefaverége'molecular weights. ’Améﬁage'mpléculan“
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'ﬁeights ranged from 143 to;l67.- |

. Thé conclusions of thé tésts.on product quality aré that the
ﬁroduct is'highly arom;tic; as indicatea by thé po&r pCints; aniiine points,'
and refractivé indicéé, and changés little with ruﬁ conditions or récycle
‘ pumbers. Thé lack of changé'with récycle numbér is an indication that ﬁhe‘
products of lignité coal liquifactioﬁ aré véfy sihilar to thosé from.the
:degfadation of. coal tar‘obtainéd-from bituminous céals, ;s représented in-
the:anthracené.slurry oil uSéd £0'star£ thé précéss.‘ Probably most'cbals
contain very.similar c@ndénséd.ring structﬁrés With_thé number of ndtrogen
-and'oxygen atoms- acting as bridges between cluﬁps of ring structures in-
,créaéing with decreasing‘rank. The lignite coal used in this research’

contained 20.9% oxygen on a MAF bBasis.’ -




Iv. CONCLUSIONS

The research results shoim in.this paper indicété thét the hydro-
genation of coal is a compléi réaction that can bé déséfibed by éértain
empirical models. .The modéls déscriééd by thé data ignoré somé véry
important variablés should commércial operation bé thé objéctive. Thesé
iénoréd‘variablés are catalyst'typé,hpréssure, coal particlé Sizey slufry
concentration,‘and thé myriad physical propértiés of éach reaction product
stream needed to désign the héndling éqﬁipmént.

The research fesults show a large degree of interaction between

reaction conditions on the yields. While these interactions make a déscrip-

-tion of the reaction difficu;t, théy aléo sérve to form a warning about
quiqk,jumpipg'to-conélﬁsiohs based oﬁ a féw runs. Despite a fairly }érge
recycle nﬁmﬁer-and réaction conditions interaétibn, the data indibafe that

a continuous procéss could be operated at a températuré néar L68°C at L7
catalyst éoncentrétion and reaction times between one and two hours. The
potential income for operation at these conditions would be between 56 and -
T4 cents per hundred pounds MAF lignite processed. Remember that this num-
"ber does not include caﬁital'costs or cétalyst cﬁsts; nor such operating

costs as-heating, cooling, etc.

e




VL RECOMMENDATIONS

(1) Further reséarch shoﬁld.study thé effécts'of varibus catalysts
using somé type of process systém'that will lénd itsélf easily tb recovery
of the catalyst. | |

(2) Further résearch émphaSis should be on quickly determining the
besf catalyst systém from a numfér'of possiblés by operating in a region
where product oil is équél to thé'oil rémoved by distillation to 325°C. If
the cafalyst Systém is of thé samé'magnitudé of activity as that describéd
in this papér,-thé conditions of L465°C and oné to two hours réaction time
would be a good first guéss.

(3) Further résearch‘should attempt to measure thé amounts of CO
aﬁa CO2 gas evolved and attempt to maké an oxygen balance. .Thié factor was
ignored in this research but apparently around seven to ten percent of the
coal weight leavés as CO and 002.

(hj Further research should consider using a flow type reactor in
which a space velocity defined in pounds of coal per cubic foot of catalyst
can be used as a single flow parameter instegd of the two ﬁarameter reaction
time and catalyst conééntrétion model nécessary in the présént reactor
set up. |

(5) Final éxperiméntation on thé coal hydrogénation system after
the Bést catalyst of a numbér has been-sélécﬁéd should bé directed at.
deséribiﬁg'the;feactidn surface with the éuadféﬁic ﬁerﬁs as well as the

interactions.




Run Number ‘Producf

TABLE II.. Test Results for Recycle Number One

Reid

Gravity

L-NT-J-12 - 0.033

20.

“10°¢

Refractive Flash Viscosity
(grams) Vapor Index (CAPT) Point (cst):
\ Pressure : (°F).
" (psia)
L-NT-J-1 1186.9 0.ko. ©1.5948 7.40 - 5,32
- L-NT=J -2 315.2 0.45 . 1.5980 8.75 105 3.17
L-NT-J-3 170.9. 0.45- 1.5941 8.20 160 L. ok
L-NT-J=b 255.8 0.80 1.6016 8.30 115 3.29
L-NT=J-5 301.7 0.25: 1.5893 10.00 . 100" k.00
L-NT=J-6 133.8 0.45 1.59hk . 8.50 150 L4.88
L-NT-J=T 216.0 a.ko 1.6013 7.50 - 150 3.75
L-NT-J-8 247.3 0.60 1.6093 6.25 125 3,47
L-NT-J-9 251.1 0.60 1.6086 6.10 155 ° - 4,09
L-NT-J-10 287.5 0.45 1.6058 6.50 125 2.86
L-NT-J-11 3k2.3 0.85 1.5996 8.80 130 2.89
L-NT-J-12 - 2h1.2 0.65 1.6030 6.90 - 155 k.09
Run Number  Total Pour Bromine Aniline. Average .  Calculated
Sulfur Point Number ~ Point Molecular Cetane
(vwt%) (°c) - - (°c) Weight Index
- L-NT-J-1 0.051 ° . below -20°C 34.9  below -10°C 167 --23.5
L-NT-J-2. 0.07h below -209C 22,5 = below -=10°C 151 S
L-NT-J-3 0.087 below -20°C 17.7 - below -10°C 158 -4.3
L-NT-J=} 0.125 - below -20°C 20.8  below -10°C 148 - 6.k
L-NT-J=5 0.072  below ~20°C i1.6  -bélow -10°C’ 150 . -3.9
. L-NT=J~6 0:084  below -20°C 35.4 Dbelow -10°C 150 - =L, 8"
L-NT-J-7 £ 9.191 -below -20°C 10.2 ° below -10°C 152 -6.6
T-NT-J=8 ; 0.108  elow -20°C 17.0 ° below =10°C - 1h9 -7.9"
L-NT-3-9 /- = below -20°C 23.0 below -10°C .15k -7.3 -
L-NT-J-10 ° -~ .. .below -20°C 26.1 ~ . below =10°C 146 -10.0 -
L-NT-J~11 0.028 . below -20°C 20.%  Tbelow -10°C - 143 -6.1
0 2 - Tbelow 148 -6.1

T2~




TABLE III.

- % Recovered

ASTM Distillation Data

70

=
I

‘ASTM  IBP 5 10 20 30 L0 50 60 80 90 95 EP
J-1 331 . 392 Lk Lhg 478 506 530 548 561 587 - 618 636 636
2 . 170 301 360 400 431 L63 L8k 506 53k 5654 585 - 636
3 180 © 347 380 Loo 451 L69 Lol 510 536 562 616 628 63L
L - 291 - 3k 390 ko5 hbho k75 496 520 546 606 - 61k
5 - 297 35L 394 hot 459 b5 51h 532 550 573 587 SR
6 - 329 355 Loo 433 L59 186 506 528 552 571 597 589
7 170 327 368 L06 435 463 486  -572 536 558 583 - 632
8 - o254 348 L0o 433 459 488 508 532 556 626 - S
9 190 398 376 410 Lha 469 Lob 518 540 566 597 - 640
10 170 . 276 346 390 Lol 437 470 496 526 558 587 - 636
11 - 246 331 384 k1o 443 L1 Lol 518 542 568 585 628
12 170 291 366 Lo2 437 469 Lo6 522 538 556 583 599 630
K-1 190 368 ho2 Lh3 480 518 532 560 573 587 607 623 3nn
2 170 376 398 hoy 4h3 465 L5 510 532 560 583 - 618
3 190 341 37k koo k29 459 b1 506 528 550 573 579 609
L 170 317 366 L02 Ny L76 502 518  5ko 558 585 6oL 618
5 170 304 358 398 hos - Lk bk hob 520 55k 589 - 626
6 170 331 368 Lo2 435 465 496 522 540 560 577 581 593
8 - 305 346 384 410 L35 459 482 504 542 573 - 618
1 170 305 352 386 410 437 463 L8L 514 552 587 - 626
2 190 301 368 396 Lot h57 L8l 506 534 552 585 597 610
3 - 307 348 386 h15  hh3 L6 506 528 552 573 - 630
L 196 298 356 388 hio L37 465 oo 512 - 5h0 560 583 620
5 196 333 - 378 hos h61 490 514 534 550  .56h4 591 612 632
6 186 319 358 394 h19 LL3 463 488 512 536 568 593 6ok
7 196 34k 382 408 L37 b3 ho2 516 534 55 587 598 60L
0-2 210 340 378 423 465 JAeHN 520 540 556 583 606 - 664
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APPENDEX A.
I. BACKGROUND LITERATURE “

The'Gérman Army during most of .World War II.was opérated on liguid
fuels produced from coal. Two'proéesses for thé liguifaction of coal were
developed and operated in thé 1930's. Thé Fischér—Tropsch prodéés gasified.
coal into CO and H2 and thén réactéd thé two gasés over.a catalyst to pro-
duce liquids. 'Thé.Bérgius procéss réactéd coal in a récycle oil slurry‘at
hydrogen préssurés ranging to lOQOOO:psig.l After the war, most of the
German documents and process'déscriptions weré'uséd.to désign a coal hydro-
genation pilot plant in Louisiana, Missouri. Data and comments about the
_operation of this pilot plaﬁt facilit& form a major portion of the Bureau
of Mines publications on coal hydrogenation from 1949 to 1953. After ter-
mination of the demonstration plant in 1953, work was continued in labora—_
tory and pilot-plant scale»operatioﬁs by the Bureau of Mines. Further .
detailed iﬁformation on these processes can best be obtéined by reading the
very excellentAchapter on Hydrogenation of Coal and Tar by E.E. Donath.ll
The Russian coal hydrogenation probesseg were primarily an outgrowth
. of moving existing plants in.Gérmany to new locations in Siberia for produc-
tion of aviation fuels. 'Chemistry and Technology of Synthetic Ligquid Fuels
by I. B. Rapoport .is a teitbook'détailing thé Soviet experiences in coal
hydrotreating.l2 A large numbér of érticlés on coal hydrogenatioﬁ is pro-
duced évéry year in Russila as théy continué their studiés into coa}lliquifac—
tion.

The major proﬁlém with thé'backgrouna litérature in thé.generalAfield

of hydrogenation of coal is not a lack of literature, but more a sorting out
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of the)meaningful portions and.comﬁaring.from one source to énother.
Nearly 10,000 articlés; papérS; or books have béén'made available én thé
hydrogenation of liquid fuéis. Compariéon of résults'is oftén confusing,
probably becausé of thé'compléx_néturé of thé feaction. .As'explained in
the body of this théSis;'thé interaction of réaction conditions with.éacﬁ
othér is véry significént; Comparison of résults bétwéén réséarchérs is
difficult primarily becausé this intéraction térm is not oftén repcrted.

| One of thé intéresting facts derived from thé litérature is the
proposed coal structure. .Figurés'lO and li.show two proposed coal'modelsl3’
1h ong comparison of thé model for fu;aih with the model for a typical high
volatile coal indicates the probable difficulties éncounteréd in bréaking
up fusain compared to the total High volatile coal. This is ﬁot to say théﬁ
the fusain is uncgnvertibie;-it was shown many years ago fhat nearly all
forms of carbén that occur in a natural process from carbohydrate material
may be hydrogenated and broken into liguid hydrocarbons. . Oiygen, sulfur,
ana nitrogen bonds appear‘to be the gasiest points at which to break the
coal macromoiécule, and thﬁéffhe fusain with very-few points for hydrogen
to at-‘.cach. is ',’d'_i.ff.i_cillt. to break.

in'aaditioq:po ;:éfé;traﬁaunt ofhreséarch directéd af_improving the

Bergius p%oceé;,.é numbér bf‘othefiéoal hydrogenation,methods have Been'
investigated. The corona hyarégenafion of coél'was,studied by General
Electric and promises opératioﬁ at préssureé near atmosphéric.l‘5 Eleqtfic
arc processing léads to acétyléne and hydfogén from higﬁ volatile coals.l6A

Underground metheds .for hydrogenation fhat would work for deep mines have

been partially studied.lT_ Use of coal as a solid fuel for direct electrical
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rroduction in a fuel cell is alSO'ﬁéiﬁg:studied.l

A Bibliography'détailing abéut'lGOO articlés that have béen publish-
ed from 1960 to 1967 is available from the Office of Coal Research.l? The
vast amount of research in tﬂis fiéid is an indication that a procéss will
be available to producé iiquids'from coal at a competitivé pricé with pet-
roleum in the négr.future.

| The projéctéd fuél usages and oil discovéries indicaﬁé that some

type of synthéfic fuél will probably.bé néedéd by 1980.

George Fumich Jr., director, Office of Coal Résearch, in remarks

to the United Mine Workers Convention in Denver last month, (in

November, 1968) projected possible use for coal in the liquid fuel

markets totaling. 200 million annual tons by 1980. The future

forecast would be 400 to 500 million tons by 2000.°
C.G. Herrington, Vice President and Director of Humble Oil.and’Refining
Company feels, "The future of coal as a synthetics source probably depends
more on energy economics and énergy politics than on technological capabil-
ity for carrying out the conversion s_tep."21 While this fill have a large
bearing on when the plants will be built, this authOr'feels that the demon-
stratioﬁ of adequate technology.fof a given type of coal will have a
definite affect on plant location. Fréight costs fo£ hauling coal to a
plant are consideraﬁly lapgér than the costs of shigping a liguid fuel to
market, eépecially for-ligﬁite coals that ﬁave a 30 to 40% moisture content.
Also; lignite is very inexpenéivé‘to miné in Montana and the“Dakotés and.
appears to be easiér to hydrogenate than bituminous coals.. The water ip

the lignite may even be usable to produce the hydrogen required to carry'out

the hydrogenation and thus cut down on-the water requirements of a plant.




IT. EQUIPMENT AND PROCEDURES EXPANDED-

The equipmént uséd in thé'research work has bééﬁ‘adequately
described By G. R. Haab.22 The only équipmént changés made have beén to
use & De Laval laboratory disk and.bowl céntrifuge in'place'of a pressure
filter. |

. Operational procédurés-gréw from a considératioﬁ of‘saféty and
gettiﬁg thé maximum numbé?'of runs through the équipment in a givén time.
Pulverized coal was added to thé'hot récyclé slurry oil very slowly over a
period of about four ﬂours: Thé partially dfiéd lignitéucéntainéd approxi-
matély 15% watér and caﬁséd éxténsivé foaming of the slurry oil_until +the
water had Béeﬁ vaporizéd out. A pommércial plant would havé to dry the
coal to 5% or léss moisturé.in ordér te allow réasonably fast.coal slurry
nixing. —

At %he start of a run; coal slurry was pumpéd:into thé measuring
unit by the reciréulating pump until the_oil flowed'bvér the top of the
sfandpipe and back into the slurry réservoir. .Aftér blowing the return
line free of oil with nitrogen, the measuring unit was preésurized.and the
enélosure posted as 5ff limits for all personnel. The oil was then pressur-
-ed into the main reactor, hydrogeﬁ and catalyst added, and fhé pressure
noted at intervals; Whén ppéssuré.dropped to 2200 to 2350 psig, additional
hydrogen was addéd-to bring fhé préssure back to~2550 or 2600 psig. Before
the end of a run, the sécond réactor was préhéatéd by a gas burner to about

180°C and the burnéf shut off. The hot oil and gas was then dumpéd through
.the bottom valve into tﬂé sécond réactor and allowéd to cool slightly béfope

the hydrogen and waste gases were vented. ' The gas was vented through a
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cogdenser, the condensate trapped in a reservoir, a2 gas sample was taken
for chromatographic analysis (done immediatély to pre&ént diffusion from
significantly changing thé composition).

Approximately four minutés after the dump of the reaction products,
they were cooléd down to 220° to 240°C. They wére then pressured by low
nitrogen p?essufe (1éss'than 20 psig) through a three—éights inch dip fube_
into thg spinning céntrifuge. Nigrég;n was slowly added ﬁntil a small
amount - of oil vapor smoke was séen to'leavé thé top of the centrifuge. The
centrifuge was léft spinning under powér fof ébout niné minutes, ‘after Which
thé pbwér was cut and thé bowl allowéd to slow to a stop. The bowl holds
neafly éll of thé reaction products and hgd to bé disgssémbled after each
run. The liéuid portiocn was rémovéd 5y inverting the bowl over a stainless
steel beakef for Four to five minutes; and then after removing a one gram
sample for Soxhlet analysis, the soiiqs were removed from the side of the
bowl by scraping with a-spatula.

Analysis of the liquid pqrtibn was carriéd out wﬁile the néxt run
- was being made. First the condensate was distilled to separate the water
fraction. The remaining oil in the condensaté'was combined with thé centri-
. fuge.liquid and they were vacuum distilled at 20 mm Hg until the cutoff
‘point of 197°C had been réached. Thé %ight oil was saved:for-further'analy—
sis if desired, but thé recycle‘éil was combinéd wifh the other recycle oil
from previous rﬁns in the seriés. Upon éompléfion of a series, the combined
recyqle oils_were cléaned‘up by vacuum disti;latiop at 2-5 mm Hg to a\v,
temperature iﬁ excess of '1600°F. ;The résiduai coké comprised about 30% ash.

Part of thé four hour run data for .recycle numbers two and three was
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obtained wifh raw recycle oil that waé nof coked freé of asphaltenes. This
caused confounding of some récyélé éffécts with thé four hournéffééts but
. was necessary to provide the'numbér of runs néédéd for régfession analysis.

Due to a chromatograph ﬁalfunction; somé of thé'data'én thé first
recycle gaé stréam Wére lost:. Aﬁgut half of thé missing data Wére éstimated
from similar,rﬁns in thé'samé récyclé sét; and thé rést wéﬂe estimatéd from
thé trends shown in thé first‘éortion of thé series. Générally, the ﬁethod
for analysis of thé'gas was to injéct a samplé into a Porapak Q column (one-
éighth inch by ten feet) at 100°C and détéctiné the hydrocarbon gases by a
hydrogen flamé ionization détector. At first, a calibration curve was
determinéd.for the gasés by injéction'of-a éériés Qf.staﬁdard gas sampleé of
known concentrations. Later, it was fouﬁd that thé results were very depen-
dent upon carrier gas flow ratelwhich Was,ﬁery difficult to reset at the
same point. The célibration proceduré was fhen changédﬂto reguire running
of a couple standard gaé samples during the ;ame_hour as'phe unknown sample
was:Tun;' Samplé“sizes_of the standard gas were téken that made the peak
heighfs'of the standard néafl§ thé samé as the unknown. Calculation was

-

then based on linear interpolation.




;$I. 'NMSS BALANCE PROGRAM DESCRIPTION .

The mass balance progrém~is shown én pagés'59 thru 62f Bésicalli
it changes fhé moié pércént daté obtaiﬁéd from the chromatograph inté
absolute Wéights of.éach hydfécarbon gas by assuming that the'idéal gas
law holds. Pressure and témpératuré data was'takén aé thé last obsérvation
Before Qumping thé.réactor. An assumption.df no build up of coke in the"
reactor had to bé madé, élthqugh evidéncé ﬁéin@s to a féifiy large buildup.
After theftotal‘0utpﬁt was déterminéd; a léss was calculated based 6n an
assuméd‘input chargé of 1475 ml at 1.13 érams pér ml; Outpu£ data-then is
normalizéd by basing thé'pércéntagé of'outpﬁt stréams forméd on the total
output wéight. .

) Thé'run by run printout of-thé Q;ogram:?ééﬁlﬁg‘is prétty much self
explanatdry and covers pagés 63 throuéh i79}- It should be ndteé that the
pressufe of the run is theipressufé.at ﬁhe end of thé’run; all rﬁns'cén be
considered to-bé aﬁ a nominal 2500 péig excépt run L—NTTO—8,'which was at
1500 bsig.. This run, noﬁ_considered in-fhé regression analysis, resulted
from.gxceésiQé léakage throﬁgh the main seal of the regctor; fwo tables
for éach ?er}éé.égmmari;éhthé main déta~from,the-run§-in terms of percents

'or g%émé.v The daﬁa;frég‘thgsé ﬁabies were combined to,fofm the input data
ﬁo the.ﬁﬁitiﬁie li#ea;iregression program.' The ' runs éll ﬁsé-fﬂg“cpdegL;ﬁT
as a prefiX‘$tanding~for‘lignite coal and- the Harshaw piékel—fﬁné&ten cat-
alyst. The l;ttér.portién‘of fh;.run ﬁumbér is its seriés desigqation.
Series J, X, .and L weré run at four hours and.corrgspona to récycleé i; 2,

and 3 respectively. This set of series did not use a coking operation on
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_ the recycle o0il. Series M, 0, P, and Q Wwere run with most .points at one

or two hours, with just a few.at four hours.
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IV. MULTIPLE LINEAR REGRESSI@N PROGRAM DESCﬁIPTION

This progfam was written by Dr. Glénn_Ingraﬁ and othérs on thé
computer staff at Montana State.UﬁiverSity. It is available in an undaﬁed
version to all usérs of Monfaha Staté University's Sigma 7 system and
ipformation abéut it can té obtained'from_thé Computer Departmént.' The
pfogrém is not listed in this théSis,'but thé output for the régressibn
;nélysié of our data is listed in'full; |

Input data for this program wés.obtainéd by combining run series
J with M, K With 0, L with P, and léaving Q by itsélf, fo form recycle
numbers oné through four respéctivély.' Siﬁ ruﬁs we:é found to bélgrea{ly
vériable,.qomparedito thé other runs.in fhéir sériés; and wéré removed
from consideration béforé the regression was made. Theée funé were K-T,
M—lO}-O—T{ 0-8, 0-9, and P-T. The threé runs in O wéré,pfoﬁably;bad due
to the leakage problém experienced about that time.

| A total.of ninety—fogf runs were lef£-for fegression ahalysis. They

are spfead through. the fou:'recycles such that recycle one. (from combined.
" series J and M), has thirty-eight runé. Recycle two (from combined K and
0 éeries); has twenty—thrée ruﬁs.- Réoycle three (frdm combined L and P
series), has twenty—one runs. Recycle foﬁr (from series Q‘only), has
twelve runs.

Outﬁut déta.from tﬁe.fegréssion progrém are iisted.on péges 180
through 199.. Basically it consists of three sets of tables for each_of:
. the four recycle numbers.. The first.table gives the méan, standard devia-

tion, variance and sum of squares for eaéh'bf‘the'thirteen variables.
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Variable-one is defined as the.naturél logarithm of the reaction time.
Variable two is thé témpératuré in OC:' Variablé thréé'is définéd.as the
natural. logarithm of oné plus thé'catalyst concentration in percént (i.e.,
it varies from 1ln (1.0) to 1n (5.0> as catalyst goes from O tc 4% baséd
on MAF céal). Variablé foﬁr is a_yiéldivériabié définéd as the percent
unconvértéd,coal. Variablé fivé is percent product oil aé defined by the
mass balgncé program. Variablé si£ is pércént gas and-va&iable seven is
_ percent reaction watér. Variablé éight is pércent 0il boiling bélow 325°C.
Varigble nine is thé grams of h&drogen uséd‘pér run. Varisble ten is»thé
product of vériablé oné wiﬁh two with thréé; Variablé elévén is thé pro-—-
duct of one.and two; twélvé is thénproduct of oﬁé and fhreé;.and thirteen
is ﬁhe product ofltwo and threé." g

The seconq tabie is a table of.correlatioﬁs of the entire set of
variables with each other. The third set of.tablés is the most important,
aé it giﬁes the.equations for the-mﬁitiple-linear regression of the yield .
vﬁriabieé with the six iﬁdepéndent variables one, two, threé, tén,'eleven,
twelve,. and:£hirteen. Cért;in statistical tés%s for the goodness of fit
.of-tﬁe-rggrégsedleéugtiéﬁé-to the-da%a aré given. The F tests are all
signifiééﬁt.t9‘95%j@n éﬁerfzfsflfhree recycles with thé=worst degree of fit
being thét oéureacfion'watef,.variabié sevén,'to'fhe %eﬁction conditions.
Récyclé four just does not'havé,énqugh samples'to adéqpately specify the .-
equations for convéréioh (variablé four), product 0il (variablé_five), or

reaction water. The other‘yiélds‘are fitted quitelvell.




V. DISCUSSION OF RESULTS.

The discussion in theﬂbod§ of the theSis»centered'around the'prej
sentation of an oyerall yield function that could be used to.desoribe the
reaction'surface. A total of si# yields can be'identified and oorrelated
with the.operating conditions: Thelpercent coal.that renained as an un-—
converted solid will be considerea a‘quaei.yie;d for this'discussion.
Second is the'yield of product oil defined hy the meaaure of oil leaving
the. reactor minus the assumed amount enteringlthe reactor. The total
yield of gae, as found by chromatographio methods; is considered the third
yield. 0il b0111ng below 197°C at 20 mm Hg, and the percent reactlon water
are the fourth and fifth. ylelds respectlvely The s1xth is another qua31
yield defined as the amount of hydrogen required per run in grams.

These'six yields werehfitted by multiple linear regression to the
equation arrlved at earller.; ’

.'Y bo A+ lel + b k + b X + blEX + bl3XlX3 + b23X2X3 + b123 12 2X
Table v 1lsts the b's for each of the four serles and each of the six
‘yield funetions. Further,data relating the degree of fit and the various_
_statistical_paraﬁeters_eah be found in the output of thevmuitiple.linear

regreesion program‘startinghon page 180. It is important to note here

that the interaction terms are definitely a large:factor in desoribing the';;

effect of the operatlng condltlons on the yleld

Graphs of the equatlons can be drawn if two parameters are held

fixed, -one parameter is taken as the’ 1ndependent ax1s, and the fourth para- -

méter plottedwas a contour. ‘This has been done on Flgures 12 through 17,

whlch showr the effect of recycle number on ‘the six yields at the
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intermediate conditions of tempéréture (450°C) and catalyst concentration
(0.5Z). In géner'al, thé‘ figurés show that Ath.e'recycle ﬁumbér'affécts the
yieid; An apﬁarént éiceptioﬁ to.this is seén in Figure 16 whéré recyclé
" numbers two, thréé and four indicate:thé samé yields'at the same time
slopé as récyclé numbér oné. 'lThiszgppéars to be an indicétion that thé
anthracene oil prodﬁcés a considerably larger amount of oil boiling below
325°¢ thap doés thé'latér-récyclé oil; howévér, thé réaction timé affééts
the amount proddc;d iﬁ thé'éamé maﬁnér'for all récyclés} .Examinafion of
Just one figure would léad to'thé erronéous conclusion that'thé récycle
nuﬁber effect haa stabilized. That this conciusion is erroneous is 6bvi9us
from the other five figures in this set.

'.Another obéervation that is apparent from the.set of figures is
that recycle number three is usuaily in the middle portion of.the variation
due to recycle number. ﬁartl& because of this and partly bécause the
third recycle should be expected to have li£tle residual anthracene oil
remaining, the third recycle was .thosen to diséuss the effect of the opera-
ting éonditions on the yields. The fourth recycle ié not used since it
‘contained only itwelve runs which cannot adequately define the reaction
-surfaces.

Beginning with Figure 18, a set of graphs is presented that show
the effect of operating conditioﬁs on the six yields. The even numbered
figures have tﬁe reaction time as the independent axis on a 16g scale, aﬁd
show the reaction surface.by contour lines at the éxtremes of tempera£ure
énd catalyst concéntration. Thé'odd numberéd figures havé the reaction

temperature as the independent axis and show the surface by contour lines
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at the extremes of time and catalystlconcentraﬁion.

Catalyét'ié seén in Eigurés.l8 and 19 to décréaée.thé amount of
coal that.is unconverted. Incréaééd’run timé af low témpérature values
also decreases thé'amoﬁnt uhconﬁértéd but not at high températurés. The
proposed reason fpr thié;slighthinéréasé in'ﬁn&onverted coal at high temp-
erature.and long réaction fime is that“thé”&issoivéd coal must be répoly—-
merizing and coking. A good test for.this_hypothésié would be‘to tréat
extracted coal oil at a high témpérafuré:and long reactiéﬁ timé'to séeuif
some coké would be formed.

~ Product-oil formation can.bé.séén in Figures 20 and 21 to be at its
maximum at éither lgrgé catalyst conpéntrations and low femperatures, with
lqng.tiﬁés or at short timés; with low catélyét concentration aﬁd high -
temperature: This is caused by a nunber of interacﬁing effects. It wiil
be éeen iQ-Figures 22 and 23 that gas prqduction'inéreaseé greatly with
inéreased time at the high témperatures bu£ not at the low'temperatureé.
This removes some of fhe brodqct oil thgt was formed at the start of the
?eaction time-and causes tﬁelamount of product oil at'the end of the
reaction to decreqse.- On the other hand, at éhortAréaction time aﬁd no
catalyst the prodﬁct'oil ié nof formed soon enough for the'temperature to
greatly bréék it down into gaées. Anothe?‘caﬁéé is'thaﬁAthgfhéatup fime
'tO'bping thé oil to réaction températpré is a §iénificaﬁt portion of the
one'hour'rﬁn time at high téﬁpératures since'thé'fgactor'i;{operating ‘
fairly near its ﬁpper témpératuré iimiti \

Reaction water was not corrélatédfyér& wéll ﬁith reactionfconditioné,

so conclusions drawn from the indicated equations may not be of great .value.
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The mean of all conditions is.aboﬁt 10.5% coal ending up asrwatgr with tﬂe
maximum variations in.thé'order of 3% of thé coal ﬁéight;. This would
correspond to variations in.the original data of about 8 grams of Watér.
Very bossibly our téchniqﬁé of séparating-watér from light oil in the
condensate could lead to méasﬁremént variations of 2-3 grams, which would
~éxplain thé poor degréé of fit: Nevéytheléas, Eigurés 2L and 25,indica£e
that réaction watér is incréaséd slightly with timé and témpératuré.
The?é is a possibility of a largé third ordér intéraction térm which
: countefacts thé bthér éffécts:

The'third;.most éasily obtaih;d; quantity in operation of the
equipment is that of-o0il boiling bélow 32500. ,Thé most easily obtained
(thopgh not easy to calculéte by hand) is £he percent coal tﬁat-is convert-
ed into gas. Problems of caiibration on the chromatograph have given some
concern fgr erro% in this number. The seconé'most easily obtalined is that
of percént unconverted coal. However, this was found to have an interaction-
bétweén température and time. .From Figure 16 it can be seen that the per-
cent of oil boiiing bélow'3é5°C has.iittle variation'due to recycle nunber
after the first,feéycle; * The evidenée in Figures é6 and- 27 @oints to a
minimélﬁﬁf ipfer;étioﬁfgffééfs for the réaction conditions on this yiéld.

J

‘This yieid ié incréased gréatly By catalyst, température, and reaction time.
-Thus; it appears thét a.maiimﬁm of information-miébt Wéll be obtained by:
-examinaﬁion of just this oné variaﬁle when trying to déterminé the best
cataiysts to be uséd in thé systém. This conclusion ié furthér strenéthen—,

ed by the fact that this product would be the most salable and hence is a

rqugh determinant of overall yield, It should be ﬁoted however, that the




=03
maximm obtainable ovérall'yiéld is .not consistent with.the maximum obtain-
able product boiling beléﬁ 325°C.'{Névérthe1éss, for obtaining.thé informa-
tion about which catalyst of many is the bést, thé yiéld of oil boiliﬁg
below 325°C should be givén.highéSt priority, unléss thé funds aré avail-
able to carry out a comp;été stﬁdy of éach; |

Hydrogén uséd to~producé the'gasés and liquids from thé‘coal can be
séén in Figurés 28 and 29 to be.most afféctéd by thé léngth of run. The
effect of témperaturé on hydrogén usagé appéars to bé moré dué to the
interaction term of timé and témpératurél Catalyst also Has a large effect
on thé'hydrogén usagé as Would.bé éxpectéd.

The data analyzéd énd shovn in tﬁé graphs givé a fairly complete
picture of:coal hydrogénation. Thé obvious Wéaknesses and 1iﬁitations‘due
to the iarge effects of récycle oil would réquire a very extensive program
to correct in the present equipment. Sincé the»preliminary economic eval-
uations indicaté the largést cost factof in opération will De fhat of
s;ppijiﬂg_catalyst under:the present process, it appears that furthér
research shéuld center on f&nding a proc;ss'aﬁd.catalyst gystem that can
be éasi;y rggenérated. 'The only alfernate to a regeneratable catalyst
systemlcan'be pié;éd'oak'ﬂggm tﬁé.data and figures presentéd by assuming
the use of hg cataiyst'in‘the primary réactor and using a catalytic,;econd
‘stage to tregt what Wéuld esséntially be aﬁ ash-free qepolimefized coal.
For no catalyst this primary'réacfér should operéte atlhigh temperaﬁurés
and low times, and tﬁe recycle oil probably should bé a héavy fractiéﬁ of
the product from thé sécéndary réabtdf opérating at moderaté témpeféture

and moderate reaction time.




APPENbIX B.
Summa;ry. of, E;périméntal Data
The data.for thé' pro_duction.,of liquids and gases.from Savage , :
Montana lignité by hydrogenation with & nickel tungst.en-cat_alys;t'ié. pre-
sented in £igurés and tablés in t_hé body. of thi; thésis and 'on'th~e

following pages.




Recycle bO bl'
Yield of Unconverted Coal
1 ~76.2298  L0.8876
.2 228.7664 -173.3031L
3 246.5610 -207.6150
i "73.0136  16.6950
.Yield of Product 0il
N 367.0112  32.691l1
2 13.6935 186.9961
3 -90.7450 1410.2590
i 113.1289 131.4176
Yield of Gases
1 -193.835  -5T7.27h7
2 -125.053 11.7130
3 .. -43.396 -177.2635
4 - -100.022 -136.8690

. Yield of Reaction Water

1 h.5041 . =223.0855

2 =16.5032 -23.6216
3 =10.0039  -10.7h57

L 20.7746

=k.1455

b

TABLE IV.
by
0.19871 99,
-0.46131  -58.
-0.50478  -79.
-0.13686  Li.
-0.662k9  -93
0.11152 30.
0.35642 125,
-o.08716, -20
0.4501Lh -k,
0.29402 21
0.10345  =h1,
0.23789 13.
0.00990 0
0.05373 8
0.03951 -6
-0.00759

-29.

Correlation Coefficients

3

3487
6548
8243
5186

~2L37

0779
4877

6711

7861

.1606

3977
6081

.0791
.3655
.Th57

6988

-0.
-0.

-0

-0.

leNeoNeNe]

b0

.18398
.36458
L1hL38
.05133

10953
L0733
.93k28
29355

.1598L
L0191k
.42388
.31655

.05819
.05667
.03094
.011k6

b

-83.
L
62.
-82.

127.
28.

-T959
.3067

-118

-38.
=52,
22.
91.

-8.
15.
30-
- 30.

13

o717
9832
7541
6024

e

1540

5660
2407
0322
6620

6610

ok71
8955
7824

23

.22839
.11093
.16531
.10133

.20916
.05223
.2781L
.05607

.01536
.04526
. 09907
.03208

.00055
01577
.01920
.06685

123

.18002
.00202
.136Lh
.18924

.27106
.08022
.26839
.107L9

.08180
.12083
-0.
-0.

05212
20187

.0163)4
-0.
-0.
-0.

03359
07293
07090

g




. 0.8925k  1.00297 -0.00053

TABLE IV. Correlation Coefficients ~ cbnt. 
Rgcycle bO , ?1_-_ '-Pz : by b, | b4 bos b
Yield of 0il Boiling Below 325°C ' 3 : A
1 -73.198 -136.635" 0.27605 ' =19.990k4 0.35476 - L40.9181  0.07956 =-O0.
2. =147.109 -94.158  0.3931%  -Th.7T700 0.25188 12.8891  0.19091 -0
3+ -150.kbk7  -1h2.403.  0.40391 -100.5532 - 0.35380 67.8295 0.25356  -0.
4 -107.569 -254.582  0.31270 -111.4393 0.60853  156.0379  0.26284 -0
: gydrogén Consumption _,‘¥ ) .
1 --52.0L95 " -20.127L4 . 0.12720  19.5472 0.07065 -k.54Lkg  -0.03101 0
2 64,7380 30.2172 = 0.1k88L4., 12,2878 -0.04786 -13.6262 -0.01840 0
.3 -21,2686 -25.6895  0.04580 = -12.6309 0.08963 -15.3184%  0.03993 0
b -52.6246 -97.5637 0.12231 Th. 7075 0.22730 33.5353 -0.15816 -0
Qveral Yiéld in'$ Per Hﬁﬁdred founds MAF'Lignité . . .
1 2.73074 -0.30436 -0.00458 -1.19395  0.00029 1.17236 0.00265 -0.
2 0.10808 0.30615 0.00101 --0.39761  -0.00072 0.39845  0.00097 -0
3. - =1.3087k . 2.26101 0.00L437 0.48104 -0.00552 -0.15585 -0.00109 0.
i -2.17614  -0.00217

0.11054%  0.00485 -0.

123 -

09090

.01h76
14538
.33569

. 00955
.03297
. 03350
.06918

00252

. 00097

000k2
00031

—9n=




Figure 1Q. Macromolecular Model for Fusain from Angrenski Coal
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R°N Alicyclic Rings'of N Carbons
RN Alkyl Side Chains of N Carbons
R'N Unsaturated Alkyl Chains

CB Cross-bonding to Other Heterocyclic Groups
T Tetrahedral Bonds

Figure 11l. Typical Cross-Bonded Structure for High Volatile Co&l(lhz
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APPENDIX C.

Computer.Output




TABLE V. Computer Listing of Mass Balance Program

C THIS PREBGRAM IS DtSIuMED Tﬁ MAKE A MASS BALANCF ARBUND N CoAL
o HYDROGENATIBN Rumq
IMPLICIT REAL ( M) _
INTEGER PUNl(30),PUN°(30),RuN3(30),DATEl DATE2, TIME(30)
DIMENS 1M T(?O);GPL3°R(30):HdUSFD(3O):DIFF(?O):PRBDBL(30):PER8L(?O
1):PFD'N(QO):PCQHBE(30);PEPGAq(3O);LATCN(?O)oGRPER(?O)
DATA® L/'L NT VAR .
2 READ 1,NUM "<
1 FORMAT (12)
1=1 T B
. IF (NUM) 4;4,999 : '
4 -READ B, RUMX(I)rRUNE(T)JRUNS(I):DATFlyDATEapT(I);P;TIME(I);PASTE:
1DENSIT,CBLPER,CBL 2 ASHES
5 FORMAT (3A422A4,76. 1;F7°1;A4:F7v114F6~3)
IF(RUNT(I) oNEWL) GB TO 399
READ 20,PRESS .
30 FARMAT (F10+3) '
READ 40,MMETH,METH, MPRGP MBUT,CAT;GRG325;GRL325(I):WTBBWL;WTSGXA
" AWTLES,WTHR2E
40 FHRMAT (4F7eh4s7F 60 1)
C ARTAINING GRAMS EBF MAF COAL
CAL = COLPER*(ASHES+CAL)
COAL=PASTEXDENSIT#CR|PER
WATER=0eQ
ASH=CEAL *ASHES
MAF=CERALXCAL -
RECYC=PASTE*DENSIT= CﬁAL*(ASHES+COL)
CALCULATIONS TO FIND HYDRAGEN ADWED AND .GAS STREAM WFIGHTS
ASSUMING IDEAL GAS LAW
TR=T(I)+27 3
N=6e04/(1«208%TK)
HE=PRESE*Q%2,
METHAN=Q#MMETH* 160 xP
EYHANE =Q*METH¥* 30 *P

RS

._6g_




TABLE V.

Computer Listing of Mass Balance Program - Cont.

PREPAN=Q*MPROP*44 4 5P

BUTANE =Q#MBUT#58 e P

GAG= MrTHAM+ETHANF+PRGPAN+BUTANE
MH2=1¢Q0=MMETH=METH~MPREPLMBUT

ZHYD =D *MH2 %2 o %P
HZUSED (1) =H2=ZHYD
CALCULATE - BUTPUT STREAMS
ASCACO=WTHBWL*WTLES /WTSBYX
CENBIL=WTRAWL~ASCACE

81 BUT=GRGEIZD+GR|. 325 (1) +CENB T

REAHZD = WTHR8 »WATIR
PASS=PASTE*DENSITHHRUSED (1)

PUTT=WTBRWL = CAT+GRGBER+&RL32S(I)+RFAHEG+CAS
DIFECT)=((PASS=PUTT)/PASS) %100,
CF=PUTT/PASS

MAFCaMAF# CF+HRUSED(])
PREPEL(I)=0ILOUT=(RECYC*CF)

ASHY=ASH*CF

RECYCB=GRGI25+CENBIL
PEROBLITI)=(PREDABL(I)/MAFC) %1000
GRPER(T)=(GRI.325(1)/MAFC) %100,
NCBN=ASCACB=ASH ~CAT
PERUN(I) = (UNCAN/MAFCY %100,
PFRHPP(I)'(RbAHEO/MArC)*looa
PERMET= (METHAN/MAFC) %100,
PERETH= (ETHANE /MAFC) %100+

. PERPRE= (PRBPAN/MAFC) %100,

PERBUT=(RUTANE/MAFC) %100, ' :
PFRGAQ(I)—DERMFT4PLRFTH+PERPRB+PCRBUT

C CATCNCI) = (CAT/(MAFC=HRUSED (1))) %100,

WAT=14=ASHES~CAL
FERMAT FOR PRINTIMG THE hESULTS
IF(NUM) 31021802180

-0~




TABLE V. Computer Listing of Mass Balance Program - Cont.

180 PRINT 200,RUN1(I),RUN2(1),RUN3(1),DATEL,DATES,P
200 FBRMAT (1H1,36X, 'CEAL HYDRAGENATIBN MASS BALANCE ', //s 13X, 'RUN NUMBE

LR',2X,3A4%s 10X, 1CONDITIONS 8F RUN Uy /s13%Xs t1DATE BF RUN', 2Xs2Ak4,
212Xs 'PRESSURE = = = = = = = = 1 ,F74151Xs 'PSI!) |
~ PRINT 210, T(1),TIME(1)2CAL,CAT,CATCN(])
210 FORMAT (46X) 'TEMPERATURE= = = = = = = U FeeLst Cla /s k6% 1 TINE
T e == e miam = 1 ALyt HRSIMIN', /46X, tCOAL CONCENTRATISN
2- - om ! ’Fé.B)' ’)/,QGX,'CATALYST CO"\CE\!TRATIB\I ol ! )FQ‘“l)’ Gl’\

3:'aF7e22 % -MAF /) :
PRINT 220,MAF s UNCEN,PERUNT)
2?0 FARMAT (13X 'INPUT IN GRAMG! 33X, !
1 » = =t,2X%, Féﬂil 5X;'UNRLACTbD CH
S 2L AND HZ2')
PRINT ?30;PRPDOL(I);PERﬁL(I):CRL325(I)» CQPER(I)
230 FERMAT (40X2 'PRODUCT BIL -1,3XsF5e1,6X,F6e2,'y BF MAF CBAL AND H2!
1[/144Xp'nIL < 32BC')2XaF5,41,6X2F6e2,'% BF MAF CaAl. AND HZY)
PRINT PQOJGASIPERFAS(I)IMETHAN;PERMET) THANEIPERETHIPRBPAVJPFRPRQA
1B8UTANE,PFRBUT -
2H0 FORMAT 1hQXs1GAS = = « = -’;2X;F6«1;6X:F692;'% BF MAF CBAL AND M2
1072 848X, "METHANE ‘-;LX)F& 12V 0 3FBa 2 %) 2 /2 44Xs TETHANE = = JLX)Fé 1
2;'('1F5e?;'/)';/)44X;'PQ8PANL 1 2X)F b 1:'(')F5 22 V%V /2 Xs 'BUTA
BNEm =1, 2XaFbals (W FB5a22%) 1)
: PRINT 245,REAH20,FPERN2E8 (1)
245 FBRMAT (40Xs 'REACTION WATER!:BX;FS 106XsF 602213 OF MAF CBAL AND HP2
11,/
PRINT 250,A8H» ASHI
250 FERMAT (13X '"ASH» = = « = -';2X;F6911?1XJ'ASH = = mom "JPX;Fénll/)
PRINT 260,WATER,WATER
260 FERMAT (13X 'WATER= = = = «1,2X,F6e1,2 1X:'WATER - - - "IPXIFé 1)/)
. PPINT 270,RECYCsRECYCH
270 FEpMAT (13X, 'RECYCLE @IL ='s3XsF6. 1:21X:?PECYCLE ﬁIL"JBX:Fé 1,/)
' PRINT 290:H2 MRUSED (1) s ZHYD -

290 FﬂRMAT(l?X;'iYDPH&PN- - -':3X:F641:L1Xp’HYDﬁﬂGEN'1/156X)!CBNQUMED N

1- =1 13XaF 6 11/156X:’UNU3&D - m =1y 3XsFGeals/




TABLE V. Computer Listing of Mass Balance Program - Cont.

PRINT PRQ CAT.
220 FARMAT (13X, 'CA ALY 5Tm = =1,3XsF6o 1»21X:'CATALYST = =1 23XsFbels/l)

: PRINT 300sPASS,PUTTsDIFF (1)
300 FERMAT (13X, 'TATAL MASS BALANCE',10X,'GRAMS IN = = ',F6.1,/,41X,!
C C1GRAMS 8UT= = Vypfel, /241X 1% DIFF = = = '3F6e1)
- 310 IsI+!
68 TH 4
329 PRINT400
400 FARMAT (1H12//74
I ///,13¥,!RuN',sx,'TIME!,RXJ'TEMP',gX;’CATCN';SX;'V UNCON';qu
P'Z ?I%';AXp’/ CAQ';éxz'/ H28'»//)
I -
ne 451 K=1,19°
PRINT 450;RUN1(K)JRUNE(KZ;RUNB(K);TIMF(K)pT(K);CATCN(K);PFRUN(K),
1PERBL (K),PERGAS (K) ,PERH28 (K)

480 FARMAT (13x;4A4)4X;F7 2:3(3X:F893))
451 CBNTINUE
T CPRINT 480 :
4RO FARMAT (1H1+///, ¢
B //;13)()'RU"J')?X;"TIME;',SX:'TEMP';QX;'CATCN';#X;'PRBDUCT';L}X;
21<325C117Xs "H2YSED ') 6X2 1,8SS14//)
ne 491 K=1,19
PRINT 4301RUN1(K):RUNE(K),PUN?(K):TI“E(K)iT(K);CATCN(K);PROH@L(K),
16RL32S (K, HRUSED (K ), DIFF (K}
REUNCH ﬁlO;TlMF(K);T(K);CATcN(K);PERuM(K);PERGL(K);PERGAS(K):PERHEG
1KY s GRPER(K) y HRUSED (KY»DIFF (K Y _
510 FARMAT (A1,2X29F8+3)
hal CENTINUE
LG8 T2 2
999 END FTILE 106
END FILE 106
CALL EXIT -
END

—gg-
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. T_A_BLE VI. Coal Hydr_ogena,tion Mass  Balance -

I. Individual Output Balance Sheets - Series J.




RUN NUMBER | eNT=J=1
DATE 9F RUN (Q3+18-68

JINPUT IN GRAMS

MAF- CBAL = = =  p4747
A‘;H- L ] - - - 35.3
WATER-‘ﬂ " e o= 00
RECYCLE O1IL = 13837
HYDROGEN= = = Shek
CATALYST» = = 829

TOTAL MASS BALANCE

CBAL HYDRBGENATION MASS BALANCE

CONDITIONS OF RUN

.

PRESGURE = = = = = =o' = 2250
TE—MP‘TRATURE' - p ow m o mom L25.0
TIME = = = = = « = & = = 4304 H
COAL CBNCENTRATION = - 0170
CATALYST CBNCFNTRATIBN - %29 6

BUTPUT IN GRAMS

"UNREACTED ceAl hot _ 1468% BF
_PRBDUCT B1L =  206+k 83.89% BF
BIlL <.325C 1869 750.96% BF
GAS = w = o = 202 8.21% BOF
MFTHAVE - Deb( 2026%)
ETHANE. - 3,50 1.43%)
PRAPANE =~ eb( 1e04%)
. BUTANE= Beb( 3e48%)
REACTIEN JATER 12+9 5,24% OF
ASH = = = « = 317
WATER = = = = 00
RECYCLE BIL= 12626
! HYDRBGEN
CONSUMED =~ = 235
UNUSED = = = 309
CATALYST = = 849
GRAMS IN = = 169043
GRAMS BUTw = 15185
% DIFF = = = 10.2

0 PSI
C
RS:MIN

R:  4.000% MAF

MAF CgAL
MAF Caal
MAF CBAL
MAF CaAL

MAF CeAL

AND Hp
AND H2
AND H2
AND H2

AND Hp

9=




RUN NUMBER L eNT=J=2
DATE B8F RUN 03=18=68

INPUT IN GRAMS

MAF COAL = = = 4747
ASH= -n w m.om 253
WATER» = = = = 0«0
RECYCLE 6IL » 13837
HYDHOGEN= » = 50
85

CATALYSTv - =

TETAL MASS BALANCE

CBAL HYDRBGENATIBN MASS BALANCE

CONDITIONS BF RUN

2350.0 PSI

PRESSURE = = = =2 = = =

CTEMPERATURE= = » = = » = 4750 C
TIME = = = = = = = = = = 4106 HRSIMIN
CBAL CONCENTRATIGN = = = 0170
CATALYST CBNCENTRATIAN = 2.5 GR;

UNREACTED CceAl
PRBDUCT BIL -
GIL < 325C
GAS"-"-"'
METHANE
ETHANE =
PROPANE
BUTANE~ =
REACTIGN WATER

GRAMS IN = =
GRAMS OUT= =
% DIFF = = =

BUTPUT IN GRAMS

1405 5,46y 8F
5347 20,29y 6F
315.2 119.03y 6F
154 .5 D& ,35% 6F
7046(26067%)
4701 (1780%)
276 (10e44%)
Dot Bebly) _
40,0 15,10% OF
ASH = = = = = 331
WATER = = = = 0+0
RECYCLE BJL= 1034.0
HYDRBGEN
CONSUMED = = 32.9
TUNUSED - =~ = 179
"CATALYST = = 8¢5
16997
15913
6l

MAF
MAF
MAF
MAF

MAF

36663 MAF

CoAL
Coal

CoAL.

CoaL

Coal

AND H2
AND Hp
AND H2
AND Hp

AND Hp

o




L eNT=J=3
03=19=683

RUN NUMBER
DATE AF RUN

INPUT IN GRAMS

MAF CBAL = = =  p47e7
AGH= = = o = = 353
WATER® m = = = 0+ 0
RECYCLE @TL = .1383.7
HYDRAGEN= ~ = 5699

1.9

CATALYST= = =

TOTAL MASS BALANCE

COAL HYDREBGENATION MASS BALANCE

CONDITIBNS B8F RUN

BUTPUT IN GRAMS

UNREACTED ceAL 1504 5.99y OF
PREDUCT BIL - 180.3 70.25% 6F
BIl. < 325C 17049 66058y BF
GAS = = " = - 35.2 13.70% BF
" METHANE =. 11+0( 4029%)
ETHANE» - 7.8( 3:.05%)
PREPANE = T720( 2074%)
BUTANE - Dol 3e65%)
REACT 16N WATER Plhep - .43y BF
ASH = = = = = 330
WATER R O&O
‘ RECYCLE BIL- - 1303.6
HYDRBGEN
CONSUMED = = 25,0
UNUSED = = = 318
CATALYST = = 19
GRAMS IN = = 16918
GRAMS 8UT- = 1582.3
- - be5

% DIFF =

MAF
MAF
MAF
MAF

MAF

PRESSURE = = = '3 = = = 24000 PSI
" TEMPERATURE= = = = = = = 4250 C
TIME = = = = = = = » = = 4102 HRSIMIN
COAL CGNCFNTRATIaN - - 08170
CATALYST CBNCFNTQATIBN = 149 GR;

0+820% MAF

CeAl
CoAL
CaAL
CaAl

CoAl

AND
AND
AND
AND

AND

H2
H2
H2

H2

Hp

99~




RUN NUMBER L=NT=J=4
DATE 8F RUN 03~21-68

INPUT IN GRAMS

CATALYST=~ = =

TATAL MASS BALANCE

GAS

CBAL HYDROGENATIEN MASS BALANCE

CENDITIBNS B8F RUN
PRESSURE - \
TEMPERATURE- = .= o
TIME - - 0w a8
COAL, CBNCENTRATIBN - -
CATALYST CBNCENTRATIGN

R

LR - T

" 2250+0 PsI

- 47590

04170
1+9 G

BUTPUT IN GRAMS

-MAF CBAl, = = = 2477 UNREACTED caAL haep 1e74y OF
' : PREDOUCT BIL = 1343 55,51% BF
BIL < 2325C 255¢8 105,69y OF
. ? a o= 63.4 26,.18% gF

. METHANE = .31+0(12+83%)

ETHAME - = 1503( 6e34%)

PRAPANE = 11e9( 4.92%)

BYTANE - - 5e1( 2+09%)
REACTIBN WATER 35,9 14,83% OF
ASH? - mom owm owm 35.3 : ; ASH - - w - . 30,3
.o NATER' LI A . 090 ’ WATER , - - ._! OQO
" RECYCLE BIL = . 1383.7 RECYCLE BIL= 10649

HYDRAGEN= = = Bl HYDRBGEN :

Lo ' CONSUMED = = 9.7
UNUSED = = = 245
19 CATALYST = = 19

GRAMS IN » =
GRAMS BUT= =
% DIFF = « =

1696e 4
14545
1493

C

R;
MAF
MAF

MAF
MAF

MAF

4:04 HRS:MIN

0:895% MAF

CoAL
CoAlL
CBAL

caal

Caal

AND
AND
AND
AND

AND

H2
H2
H2
H2

_L9_




RUN NUMBER L =NT=J=5
DATE 6F RUN 03428-643

INPUT IN GRAMS

MAF CBAL = = = 24747
ASH= = = = = = - 35.:3
WATER= = = = = 0+0
RECYCLE BIL = 13837
HYDRAGEN= = ~  56s4
CATALYST= = - 945

!

TOTAL MASS BALANCE

CoAL HYDROGENATION MASS BalLANCE"

CONDITIENS BF RUN _
PRESGURE = o = = = = = =

224040 PSI

TEMPERATURE= = = = = = = 450.0 C
TIME = = = n = u = o « = 4101 HRS:MIN
COAL CONCENTRATIBN = = = 0170
CATALYST CONCENTRATIBN = 9.5 GR;

8UTPUT IN GRAMS

UNREACTED caAl -XY) ~-0,37% 8F
PREDUCY GBIl = 1709 65.73% BF
gIL < 325C 301.7 116.06% BF
GAS = = = =« = 630 2%e22% BF
"METHANE = 31e7(1220%)
ETHANE . « 16.6( 6,450%)
PREPANE = 10+6( 4.06%)
- BUTANE« = beQ( 1:56%)
' REACTIBN WATE 299 "11.50y OF
AGH « = = w = 326

WATER = = = =

RECYCLE B8IL~ 11475
HYDRBGEN

CONSUMED = = 311
UNUSED .- 2593
CATALYST = = 9.5

GRAMS IN = = 16979
GRAMS BUT- = 156846
% DIFF = & = 746

MAF
MAF
MAF
MAF

MAF

4ke152% MAF

COAL

Ceal

CBAL
CoAL

CBAL

AND
AND

AND
AND

AND

H2
H2
H2
H2

H2

1)




.MAF CBAL nx- ~

DATE 8F RUN

NT=J=6
03~28=69

INPUT IN GRAMS

24707

ASH- - m wm moom 3593
WATER= =" = = = 040
RECYCLE BIL =  1383+7

" HYDROGEN» =~ = W48
CATALYST= = = 0.0

7

TATAL MASS BALANCE

COAL HYDRBGENATIBN MA 3S BALANCE

CONDITIONS OF RUN
PRESSURE

L L A I

- TEMPERATURE= = LR

TIME » = =
COHAL CONCENTRATION

- - L) - - -

CATALYST CBVCFVTRATIBN -

4

| S |

2200.0 PSI
425.0 C
43104 HRSIMIN
0e170 '

040 GRS 0.000% MAF

UNREACTED coaAL
PRBDUCT AL -
gL < 328C
GA\F-"--
METHANE =
ETHANEL -
PREPANE «
BUTANE =
REACTIaN HATER

GRAMS IN - =
GRAMS BUT- =
% DIFF » : -

BUTPUT IN GRAMS

24.9 - 10.02% OF MAF
174e6 - 70.11% aF MpF
133.8 53.73% BF MAF

24he9 10,00% 6F MAF

12+ 6 5906%)

6.6( 2,66%)
420( 1e61%)
Lo 0e66%)

2367 9.52y BF MAF
ASH = = = = = 333
WATER = = « = 0+0
RECYCLE BlIL= ~ 1345.0
HYDRBGEN
CANSUMED = = 1546
UNUSED = = = 29,3
CATALYST = = 060

1682+ 3
15857
507

CoAL

Coal

CaAl

CoAL

ceal

AND
AND

AND
AND

AND

H
H2

H2
H2

Ha

69~




Coal HYDRBGENATION MASS BalLANCE

RUN NUMBER L=NT=J=7 .  CONDITIGNS 8F RUN
DATE BF RUN Q4n04=68" : PRESSQURE = = = = = = = = 2310.0 PSI
‘ L ' TEMPERAFURE- = = = = = = 4500 C
TI T L . I I I I I 4:06 I'-{RS:MIN

CBAL CENCENTRATIOBN = = = (0a170
CATALYST CGVCFVTmATI@N - 0:0 GR; 0.000% MAF

INPUT IN GRAMS : " BUTPUT IN GRAMS

MAF C8AL == = 27477, - UNREACTED CBAL  29+8 11.62% 8F MAF C8AL AND. H2
. L PREDUCT BIL = 1075 41.95% BF MAF CeAL AND H2
BIL < 325C 21640 84.33% BF MAF CBAL AND M2
GAS = = » o = 791 30,89% OF MAF CoAL AND H2
METHANE = . 44e7(17:46%) :
ETHANE« = 182( 7011%)
PREBPANE = 127 494%)
BUTANE « = 3o5( 1437%) :
.REACTIGN WATER 3R.7 15.,11% 8F MAF CaAlL AND Hp
ASH= = = = = = 35.3 ASH = = = = = 3345
WATER= = = = = 0e0 " WATER = = = = 0.0
RECYCLE BIL =  1383+7 ‘ RECYCLE 8IL-  1203.3
HYDROGEN= = = 4548 : HYDRBGEN" |
o : CONSUMED = - 213,
JUNUSED = == 2he4
CATALYSTm = = . 0+0 . _ CATALYST =~ =~ o 0.0
TOTAL MASS BALANCE © TORAMS IN o - 16881

GRAMG BUT~ = 1600+3
% DIFF = = = 5.2

~0L-




RUN NUMBER LeNT=J=8

DATE 8F RUN 04=08-68 .

INPUT "IN GRAMS

- MAF COAL = .= =
ASH? = = = = = 353
WATER= = « = = ° 00

RECYCLE BTL = 1383+7

HYDRBGEN=" = = h4eQ

0.0

TOTAL MASS BALANCE.

24707

CoAl. HYDRBGENATION M

ASS BALANCE

CANDITIBNS BF RUN

"PRESSURE = n = = = = = =«
, TEMF’EQAI‘URE"F - q - - -

TIPqE " e

 COAL COBNCENTRATION = =
CATALYST CONCENTRATION

UNREACTED cBAL
PREPUCT BIL. =

CBIL < 325C
GAS = w = - -
METHANE =
ETHANEL =
PRBPANE =
BUTANE. =

REACTIBN WATER

GRAMS IN = = 1

3

4750

- - - -~ -~ -
-

1 3

Q170
Q!O G

1

8UTPUT IN GRAMS

32.5 12.75% BF
4507 17.93% gF
2473 96.96% OF
128°7 50945% BF

7006(27+67%)
31.9(12,51%)

20+6( R¢10%)
5a5( 2017%)
bbb e iy 18.19y OF
ASH = = = = = 3p.9
.  WATER = = = = 040
RECYCLE 8IL~ 108449
" HYDRGGEN
CONSUMED = = Y
UNUSED = = - 19.2
CATALYST =~ = 0.0
69105
57247

GRAMS BUTw = 1
% DIFF = « =

700

c

R;

MAF
MAF
MAF
MAF

MAF

2340.0 PSI

4102 HRSIMIN

0.000% MAF

CaAL
Caal.
CoAl
CBAL

CaAlL

AND
AND
AND
AND

AND

H2
H2
H2

H2

H2




RUN NUMBER
NDATE 8F RUN

LeNT=J=9
Q4~03=62

" INPUT IN GRAMS

MAF COAL = = = 24707
ASH= & .= = = = 35:3
WATER™ » = = = \’Oqo

RECYCLE 8IL =  1383+7
HYDRAGEN= = = 452
CATALYST= = = 1.5

i

TATAL NA 8 %ALANCF

CaAlL HYDRBGENATISN MASS BALANCE

CGNDITIGNS OF RUN

PRESSUPL - wm - ﬁ -
TEMPERATURE= = = = =

COAL

2150»0 P31

~ = 4500 C
TIME = = = = = = = = « = 4104 HRS!MIN
CONCENTRATIBN = = = 0170
CATALYST COBNCENTRATIBN =~ 1.5 GR;

UNREACTED C8AL

PREDUCT “B1L
81L

FTHAN
M NhE

PPBPAMC
BUTANE- =

GAS

REACTIBN WATER

GRAMS IN «
GRAM3 GUT.
% DIFF = =

-

< 325C

BUTPUT IN GRAMS

1307 5940% BF
17347 48,56% 6F
23747 93,32y BF

8204 32,33% BF

4706 (18068%)

17+8( 7.00%)

1201 ( 4075%)

be8( 1090%)

33,4 13,11% 8F
AGH = = = = = 330
WATER = = = = 0.0
RECYCLE 8IL= 117846
HYDRBGEN '
CENSUMED = = P33
UNUSED = = = 2109
CATALYST =~ = 1.5

169041
157849
XY

MAF
MAF
MAF
MAF

MAF

Qe 648% -MAF

CoAl
coal
CaAL
coaal.

CoAL

AND

AND
AND
AND

AND

H2
H2
H2
H2

H2

gL




RUN NUMBER
"DATE BF RUN

L.=NT=J=10
Dh=10~68

IMPUT IN GRAMS

) MAF- CBAL . W ™ 247.7
ASH= = @ = = = 3543
WATER= = » = = 0.0
RECYCLE €71 = 138347
HYDRAGEN= = = 51e7

" CATALYST= = =

17

| TOTAL MASS BALANCE

COAL HYDRBGENATION M

ASS BALANCE

CONDITIONS BF RUN

PRESQURE = = = = = = = =
TEMPERATURE= = = = » = = 475
TIME o 2 o 0 = 2 = o = = 4:01
COAL CONCENTRATION = = « 0,17
CATALYST CGMcENTQATIBN - 1-7

UNREACTED coaal,
PRBDUCT BIL =
BIL < 325C
GAS"-"--
© METHANE =
ETHANE= =
PREBPANE
BUTANEw =
REACTIGN WATER

GRAMS IN < - 1

% DIFF. =

BUTPUT IN GRAMS

1642 5,99y 8F
7248 2694y BF
28745 1064 44y 8F
143.9 53,26% BF
7904 (2940%) |

35:6(13:20%)
2le8( &+08%)
7e0( 2+58y)

35,5 13,14% 8F
ASH = = = = = 33.5
WATER = = = = 040
RECYCLE 81IL~ 10977
HYDRBGEN
CONSUMED =~ = 25.2
UNUSED = « = 1645
CATALYST L 1e7
7019
61463

5s2

0 C

. 2250.0 PS!

HRSIMIN

0
GR;

MAF
MAF
MAF
MAF

MAF

0e724% MAF

CeAL
coal
CaAl
Caal

CoAL

AND
AND
AND
AND

AND

H2

b W A




RUN NUMBER [ .»NT=J=-11
NDATE 8F RUN 0O44«11=-68

INPUT IN GRAMS

COAL HYDRBGENATION MASS BALANCE
CONDTTIENS BF RUN

MAF CBAL = » = 24747
ASH® = = = = .= 35.2
WATER™ = = = = 040
RECYCLE BIL = 138327 .
HYDREBGEN= = = S48
CATALYST= = = 947

TOTAL MASS BALANCE

PRESSURE = = =~ = = = =

2300.0 PS]

© TEMPERATURE= = = = = = = 475,0 C
TIME = = = = = = = < = = 4301 HRSIMIN
CBAL CBNCENTRATIBN = = =  (Qs170

- 947 GR;

CATALYST CEONCENTRATIGN

UNREACTED coaAL
PRADUCT Bl =
BIL < 325C
GAS = = " = =
METHANE =
ETHANE. «
PRAPANE =
BUTANE= =
REACTIAN WATER

GRAMS IN » =
GRAMS aUTr -
%Z DIFF = = =

BUTPUT IN GRAMS

8e8 R.27% @F
6966 25.81% BF
3423 126+97% BF
1542 57.19% BF
73+3(2719%)
461(17L1%)
267 (¢ 9091%)
B8e0( 2298%)

LY 12,83y BF
ASH = = = = = 3301
WATER = = = = 00
RECYCLE BIL= 10223
HYDRBGEN _
CONSUMED =~ = 378
UNUSED =~ = = 1700
CATALYST = = 9,7

170445
159543

504

MAF
MAF
MAF
MAF

MAF

401857 MAF

CBAL AND Hp
Caale AND H2
CaAL AND H2
CoAL AND H2

CBAL AND Hp

1=ni—




LaNT=J=12
0li=1R-68

RUN NUMBER
DATE BF RUN

INPUT IN GRAMS

CoAL HYDRBGENATIBN MASS BALANCE

CBNDITI@NQ BF RUN

PRESSRE

TEMPERATURE= = = = = »

TIME

- -

COAL CONCENTRATIGN
CATALYST CBNCFNTRATISN

UNREACTED caAL

MAF CBAL = = = PUT 7
ASH- -, W W ow 3553
WATER= =« = = .o 00
RECYCLE 8IL - 1383+7
HYDROGEN= = = C 499
CATALYST= =~ = 1.8

TATAL MASS BALANCE

----r-,-,e--

- m W w @ W m

45000

- Qe17Q
188 G

oY o1

"BUTPUT IN GRAMS

15+9 6+37% BF
PREDUCT BIL = 1218 48+77% BF
BIL < 325C 2412 96.58y% BOF
GAS = = = = = 7648 30,69y BF
METHANE = b4 08(17293%)
ETHANE. = 17e7( 7.,07%)
PREBPANE = 10+5( 4#020%)
BUTANE- = 307 ( 1o48Y%)
RtACTION WATER  33.0 13.21% OF
ASH = = = = = 3200
WATER = = = = 00
RECYCLE BIL= 11334
HYDRBGEN :
CANSUMED = = 2505
UNUSED = = = PDloly
CATALYST = = 1.8
GRAMS IN = = 16922
GRAMS BUT~ = 15321
% DIFF = « = 9.5

C

R

MAF"
MAF.

MAF
MAF

MAF

230040 PSI

4103 HRSIMIN

Caal,
Caal
CBAL
CaAl,

CeAL

AND
AND
AND
AND

AND

-OQSQBX MAF

H2
H2
H2
H2

H2

Ny




ITI. Master Summary - Series dJ.

Summary of Experimental Results in Percent of Coal Going to Each Product

- 9L...

121789

RUN TIME TEMP CATCN % UNCaN % B1L % GAS % Hpp
LeNT=d=1 4104 425,00 4,000 1:678 83+895 8212 Be243
LeNT=J)=2 4rob 47900 664 Beis6h 20291 58e347 15105
L=NT=J~3 bR 425400 0+320 5990 70247 13704 9o 428
CLeNT~J=4 1{-!04 475.@0 00895 1+73% 55«507 260176 144833
LaNTwd=5 4101 450.00 hel15p 20366 65,728 - P4 4223 11.502
LeNT= g6 410k 425400 02000 10018 704110 9996 90517
LeNT=J=7 416 45000 0+ Q00 11615 41954 . 30388 15109
LoNT=J=8 Li:g?2 47500 0*000 12747 17932 Bpekhs 18192
LeNTeJ=9 b1k 450,00 Qeb48 5,398 48.556 32,331 13.112
LeNT=J=10 b1l 475000 0724 5986 260936 53e264 't 130143
L*NT=J=11 4201 475400 4e185 3265 25815 570187 12834
) Lwr\JTw\Jnlg Q:O? 4500@0 D‘RO’Z 6‘370 4’3’765 30‘685 13'2&“‘
Summary of Experimental Results in Grams of Product Found and Loss Variation
RUN TIME “TEMP CATCN PRBDUCT <325¢c H2USEp 0SS
' (%) (gm) (gm) (gm) (%)
LeNT=J=1 Lok 42500 4000 206° 427 1864900 232549 10°163
LeNT=J=2 4106 475+ 0 3666 530734 315200 32926 64376
LeNT»J=3 402 425.00 0820 180.309 170.900 25,030 6,473
L*NT= =4 b1k 475%00 n+895 134345 255°800 290683 14264
LrNT=J=5 41l 45000 4LelBp 17866 3014700 10144 7+:617
L=NT=J=6 .  4igh 425000 0e00g 174596 133+800 150581  Se7ky
L eNT=J=7. 4106 450.00 0000 1075460 216.000 21.333 5,199
. LeNT=J=8 k102 475400 04000 450735 247300 240779 7.027
S LNT=J=9 broh 48000 0eb4g 123682 237700 230345 6580
LoNT=J=1p  4!p01 47500 0724 724759 2875500 350194 5181
L=NT~Jell 4101 475,00 4,185 69,595 342,300 37,793 bot10
CLeNT-g=12  4:03 0803 2412200 252499 Yelbp




-T7=
TABLE VI. Coal Hydrogenation Mass' Balance

,  III. Individual Output Balance Sheets - Series K.




RUN NUMBER | =NTeKan1
DATE 8F RUN Q4=17<68

INPUT IN GRAMS

A‘;H- - - o= 35-3

NATERn -u - = o~ 00

RECYCLE BIL = 13837

HYDRAGEN» = = 4348

CATALYST» = = 127

TSTAL MASS BALANCE

COAL. HYDRBGENATION MASS BALANCE
C@NDITISNQ 8F RUN

PRESSURE = = = = = = = = 2300%0 PS!
TEMPERATURE= = = = = = =~  425,0 C .
TIME » = = = = 5 = = = = 4:04 HRSIMIN

CBAL CBNCENTRATIAON =~ =

0170

CATALYST CBANCENTRATIEN = 197 GR; 0e791% MAF

BUTPUT IN GRAMS

UNREACTED CcBAL 1247 5.60% BF MAF COAL

PrReDUCT B81L = 18344 80.81% BF MAF Coal
BIL < 325C 129.5 57.06% OF MAF CBAL
GAS = = » = = L XY= © 6.28% OF MAF CBAL
METHANE = Se5( 2e42%)
ETHANE - = 3e7( 1061%)
PRAPANE = 3e5( 1.53%)
. BUTANE = Lot 072%)
REACTI8N NATER 15.0. 6.61% BF MAF CoAL
ASH = = =« = = 30.7
WATER = = = = 0s0

| RECYCLE 8IL= 125407

, HYDRBGEN
" CONSUMED = = 120
UNUSED = = = 3108
' CATALYST = = . 1.7

GRAMS IN » = 167808
% DIFF = = = . 13,2

AND

AND
AND

AND

AND

Hp

H2

._QL_.




RUN NUMBER | «NT =K

DATE 8F RUN O4=18

CAAL HYDROGENATISN MASS BALANCE

-2 . CONDITIONS 8F RUN

=68 : © PRESSURE = = = LRI 2350.0 PS!
: Co ‘ 'TEMPEQAI'UREA.- - = 2o e _475;0 C

.. . TIME ¢ = = » o 2 = = « = 4303 HRS:MIN
N COAL, CONCENTRATIBN = = = 02170

INPUT IN CGRAMS

TATAL MASS BALANCE

CATALYST CBNCENTRATIBN = 93 GR; 4e096% MAF

BUTPUT IN GRAMS

MAF CHAL = = = 247¢7. UNREACTED CBAL  41+6 | 16.39% BF MAF COAL AND Ha
C ... '+ PReDUCT BIL = 102.1 40.27% gF MAF CaaL AND H2
. BIL < 325C 272.4 107.43% BF MAF COAL AND Hp
GAS m = = u = 7540 29.57% 6F MAF CBAL AND Hp
METHANE = 38+5(15017%)
ETHANE =~  -17.8( 7.01%)
PROPANE = . 13+5( 5e32%)
BUTANE= = . 5.3( 2.08%) ,
REACTIBN WATER  32.7 - 12.90% BF MAF CBAL AND Hp
ASHS = = = « = 3543 _ ! ASH = = = < = 3294
WATER= = .= = . ° 0.0 - . WATER = = = = 0.0
RECYCLE BIL ~ 13837 B RECYCLE 8IL=  1098.3
HYDREGEN= = < 5101 | HYDREGEN |
: : . CONSUMED = = 2645
UNUSED < = = 2446
CATALYST= = = 9.3  CATALYST = » 9,3

~

GRAMS IN = =. 1693+3
GRAMS BUT= - 155243
% DIFF = o = 8.3

=61~




COAL HYDREGENATION MASS BALANCE

RUN NUMBER L aNTeKa3 , CONDITIBNS 8F RUN
DATE 8F RUN 04=19=62 PRESSURE = = = r = = = = 22600 PSI!
= SRR - TEMPERATURE= = = = = = « 4500 C
TIME = = = = = 2 = < = = 3:58 HRS:MIN

COAL, COBNCENTRATIEBN =
CATALYST CBNCENTRATISN

00170 '
1e6 GR:  0,708% MAF

INPUT IN GRAMS ' “BUTPUT IN GRAMS
MAF CBAL = = =  247.7 UNREACTED CBAL 9eq 3.70% BF MAF CBAL AND Hp
- PREDUCT BIL = 1796 C73.44% 8F MAF CoalL- AND H2
BIL < 325C 17646 72.23% 8F MAF CBAL AND H2
GAS = = = o = 2909 12,22% BF MAF. CBAL AND H2
METHANE " = 150( 6el4%)
ETHANE. = 6e8( 2.80%)
PRGPANE -~ 595( 2025%),
BUTANE - 2e5( 1004%)
REACTI8N wATFh 2h sk © 9,98% BF MAF CBAL AND H2
AASH-! > % m om o 353 . ASH = & = = = -32.3
WATER= = = « = 0+0 © WATER = = - = 0«0
RECYCLE BIL = 13837 o RECYCLE 8IL- 126640
HYDRBGENs = = 470 \ HYDRBGEN
. . CONSUMED ~ = 1804
_ _ UNUSED = = = 2846
'CATALYSTv/w - 166 ’ CATALYST = = 1.6
TOTAL MASS BALANCE © GRAMS IN » = | 1685.2

GRAMS. BUT= = 153842
% DIFF = = = 87

~0g-




" RUN NUMBER

L NT =Ko g

DATE 8F RUN 04=19-62 -

INPUT IN GRAMS

" MAF CRAL = om
ASHe = = = = =« 353
WATERm = = = = 0s0
RECYCLE BIL = 13837
.HYDQQQENJ - - 531
2
CATALLYSTe = = el

TOTAL MASS BALANCE

P47 07

CBAL HYDROBGENATION MASS BALANCE

CONDITIBNS BF RUN

PRESSURE = = = = = = = = 2220.0 PSI
TEMPEPArURE' - x ® = == '“42590 C
TIME m = = = = = = = = = 24109 HRSI!MIN
COAL, CONCENTRATIBN = = = 0el70

- el GR}

CATALYST CBNCENTRATISN

UNREACTED cBAlL,
¥ PQGDUCT gI1L =
Il < 325C
GAS LI L
METHANE =
ETHANEa =
PROPANE =
BUTANEw =
REACTIGN WATER

GRAMS IN = =
GRAMS QUT; -
% DIFF = & =

BUTPUT IN GRAMS

9.8 Lepp% OF
18103  77.68% 6F
1295 55.50% QF

108 4,61% BF
4oR( 2607%) ‘
T2.6( 1.10%)
292( 0096%)
Lel( Qek7%)
2Ra2 12.09% BF
ASH - . . w ow 30@1
WATER = == = 000
RECYCLE BIL~ 123104
HYDROGEN
~ CONSUMED » = 2242
UNUSED = = = 2009
CATALYST = = 901
168809
143949

147

MAF
MAF
MAF
MAF

MAF

49310% MAF

CoAL
CoAl
ceaAl
CBAL

CoAl,

AND
AND
AND
AND

AND

H2
H2
H2

He

H2

~Tg~

™T




RUN NUMBER La«NT=Ka5
DATE BF RUN (O4=Pn=68

INPUT IN GRAMS

MAF CBAL = = = - 24707

‘ASHﬁ - L - - " -‘3593

- WATER= = = « = 040

RECYCLE 8IL = 13837

HYDROGENs = = 4608

CATALYST= = - 147
{ BALANCE

TOTAL MASS

CBAL HYDROGENATION MASS BALANCE.

CONDITIBONS BF RUN
PRESSURE
_TEMPERATURE= = n =

IME ; - - ”m - - -
COAL CEBNCENTRATIBN

- o w x ow

4 1 3

E |

221000 PSI
4750 C

4 06 HRSIMIN
.Q=170

CATALYST CBNCFNTRATIBN

UNREACTED c8AL
PR@DUCT GIL o
BIL < 325C
GAS o= "
" METHANE =
ETHANE - =
PRAPANE =
BUTANE -
REACTIPN HATER

GRAMS IN = -
GRAMS 8UTw =

% DIFF = » =~

1 ia-m

1467 G

BUTPUT IN GRAMS

2240 9+40% OF
1276 52.70% &F
2210 91.30%. BF

58’1 24000% BF

3O°O(12-QO%) .

13e8( 5e71%)

10684 ( 430%)

2.9( 1.59%)
3148 13.14% OF
ASH - m m e e 3193
¢ WATER = = = = 0a0
RECYCLE BlIL= 113391
HYDREGEN
CONSUMED = = 2245
UNUSED = = = 243
CATALYST " - 17
1689.3
14973
1144

Ri

MAF
MAF
MAF
MAF

MAF

0¢774% MAF

COAL
Caal
CoAlL
CoAL

CeAl

AND
AND

"AND

AND

AND

He
H2

He.

H2

H2

—zg-




CATALYST- - -

RUN NUMBER L eNT=K-6
DATE 89F RUN 04=20~-68

INPUT IN GRAMS

MAF CBAL = = = 2477

ASH® » = = = = 353
WATER® = » » m 00
' RECYCLE BIL = 1383.7
HYDRBGEN= = = 450 4

N

TOTAL MASS BALANCE

~CONDITIENS 8F RUN
PRESQURE = = = = =

COAL HYDRAGENATISN MASS BALANCE

TEMPERATUREE " w = =

TIME‘R-' .- -

LI

COAl, CONCENTRATIBN =~ =

P ]

1

H25e0

1

0e170

1

'Oadv

CATALYST CONCENTRATIGN

UNREACTED coAlL
PREDUCT B1IL =
-BIL < 325C

" GAS

METHANE
ETHANE -
PROPANE
BUTANEa =
REACTION WATER

0«0 G
“BUTPUT IN GRAMS

&,35% BF

197 £
184 a4 78,34% §F

She0 35:69% BF

1043 . 4.39% 8F

5¢0( 2013%)
2ok ( 1a04%)
149( 0e79%)
1e0( Ool4%)

1941 ' 811y OF
ASH = = = = = 313"
WATER = = = = 0.0
RECYCLE BIL=  1324.7
HYDRBSEN :
CONSUMED = = 162
UNUSED « = = 2902
CATALYST = = 0.0

‘GRAMS IN & = 16330

GRAMS BUT- =
% DIFF = = =

1489.0

115

C

R;
MAF
MAF

MAF,
MAF

MAF

21000 PS]

4107 HMRSIMIN

0.000% MAF

CaAL
Ceal

caAl

CBAL

CeAL-

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

—Eg-




RUN NUMBER L =NT=K=7 L
DATE 8F RUN (p4=22-63

INPUT IN GRAMS

MAF COAL = » = 24747

ASH-! - -om o= ;-‘ 35-3
.’TWATERm - - - 040
RECYCLE &1L =  1383.7
HYDROGEN= = < 384
Oob

CATALYST» =~ =

TBTAL ‘MASS BALANCE

CBAL HYDROGENATION MASS BALANCE

CENDITIANS 8F RUN

PRESSQURE = = = 2.2 & = = 2100-0 P51
TEMPERATURE= = = = = = = 47540 C
TIME =« = « = « = = = = = 1:21 HRS:MIN
CBAL CEBNCENTRATIBN +=. = = 00170
CATALYST CBNCFNTRATIBN - 0«0 GR;

BUTPUT IN GRAMS

"UNREACTED CBAL 115 4+91% OF
PREDUCT BIL - 19841 84419% BF
BIL < 325C 10546 hia87% BF
GAS = = = = = RUok 10.37% 6F
' METHANE = 143( 6:08%)
ETHANE. = bog( 2402%)
. PRAPANE = 3.7( 157%)
BUTANE - 1e6( 0069%
REACT I8N NATER 00 ‘ 0.00y BF
ASH = = = = « 31.8
WATER » = = = 0.0
RECYCLE BIL=-  1336.8
_ HYDRG EN
' CONSUMEDR = = 1206
UNUSED = = = 257
CATALYST = = 0+0
GRAMS IN o = 16794
GRAMS OUT» % 15101

% DIFF » w =~ 10«9

MAF
MAF
MAF
MAF

MAF

0.000% MAF

CaAL
Caal
Coal
caaL

CBAL

AND
AND
AND
AND

AND

Hp
H2
H2
H2

H2

~hg=




COAL HYDRBGENATION MASS BALANCE
RUN NUMBER L ~NT=K=8 CANDITIBNS BF RUN
DATE 8F RUN Q4=2P-68 PRESGQURE = = = n = = = = 2210.0 PS]
: : TFMPERArURE- ~ = v = o 4750 C
TIME = = = = = 5 = = = = 4102 HRSIMIN
COAL COBNCENTRATIAN = - 0170 .
CATALYST CBMCFNTRATIEN - 0.0 GR; 0.000% MAF

INPUT IN GRAMS BUTPUT IN GRAMS

% DIFF = « =

1445

. MAF CBAL = = = 24747 UNREACTED CBAL  25.9 11.26% BF MAF CBAL AND H2
o - PREDUCT BIL = 122926 53.36% 8F MAF CBAL AND H2
Il < 3265C 178.9 77+.86% BF MAF CBAL AND Hp
GAS = © = - - 45,1 '19,63% 8F MAF CoAL AND H2
. METHANE - Phe1(10.48%)
ETHANE . = Qe0( 3293%)
PRAPANE = 8e5( 3¢70%)
BUTANE - 3.5( 1e52%)
REACTIEN mATEN 33,6 14,62% 8F MAF CBAL AND HP
ASH~ = = = m = 35,3 CASH = = = = s 30.2.
WATER= = = = = 00 WATER » = = = 000
RFCYCLE BIL =  1383.7 RECYCLE ‘8IL= 11275
HYDRP ENe = = 4he HYDRBGEN
: CANSUMED » = 179
, UNUSED = = = 2648
CATALYST= = = 0.0 CATALYST =~ - 000
TATAL MASS BALANCE GRAMS IN = = 168446
' SR SR GRAMS BUTm = 144102




IV. Master Summary - Series K.

Summary of Expepimental Results in Percent of Coal Going to Each Product

RUN

LoNT=K=1

LoNT=K=2
L=NT~K=3
LmNT=K=4
LmNT»K =3
L NT=K=6
L"NT=K~7

L"NT=K=3 -

. Summary of Experimental Results in

RUN

, L*NT

L=NT
L“NT
L=NT
L=NT
LL*NT=
L-NT-
L=NT=

Pr o151
K?(?\"XX?( RXR
PR I |

b |

M‘JQUL#M [t

TIME

L0k
4103
3158
4409
hi10b
Y7
1121
hinz

TIME

4104
4103

3158

41209
4tnb
4107
1:21
402

TEMP

42500
47500
1+50.0Q
425.00
475.00
425400
47500

TEMP -

425,00

475.00
450400

425,00

475pb0
425400

475.00

475400

CATCN

0791
be096
0°708
4q310
0774
0+000
0000
0+ 000

% UNCAN

5¢599
169388
3701
he220
9.098
8355
4306
11259

% a1l

80815
400273
732438
77 <682
52,704
78341
8he186
53363

% GAS

6e276

29+572

12224
4610
24,003
40394
10-368
19631

Grams of Product Found and Loss Variation

CATCN
(%)

0791 -

40964
e+708
4e310
QQ774

02000

0°C00
0+000

PRADUCT
(gm)

1830423

. 102.119

1795673
181.266
127874
1343964
198121
122,616

<325¢C
(gm)

1292500
272400
176600
129.500
221°000

842000

1054600

1784900

H2USED
(gm)

12»Q32
262505
18437
229191
22526
l69238
12+624

'170390

% Hep

62609
12896
3979
120085
134137
80115
D000
14623

1.8ss
(%)

13220
8325

20723

14748

11364,

11524
10-080
14.450

~9g=




TABLE VI. Coal Hydrogenation Mass Balance

V. Individual OQutput Balance Sheets - Series L.




"DATE 6F

RUN NUMBER
RUN

L"'NT"_L-l
O5=~07=68

INPUT IN GRAMS

MAF CBAL « = =

. ASHQ - - - - o 35’3
WATERm = = = = 0.0
CRECYCLE BIL » 1383+7
~ HYDRBGEN= ~ & 45,3
CATALYST= = = 00

!

TATAL MASS RALANCE

2477

CBAL HYDRBGENATION

. CONDITIONS BF

PRESSURE -
TEMPERATUR

IME - o e
CBAL CGNCENTRATION = =
CATALYST CENCENTRATIEN

MASS BALANCE
RUN :
» = omow ow = o= 2320+0 PSS!
Ee = = = = = = 475.0 C
s m o= o= o= o= 4303 HRSIMIN
- D170
- Q0 GR;

BUTPUT IN GRAMS

UNREACTED cBAL  39.6 17.88% 8F
PREDUCT B1IL = 4747 21+52% 6F
BIL < 325C 172+9 78.00% BF
GAS = « = = = 97.42 43.83% BOF
METHANE - 62:0(27098%)
ETHANE- - 18:6( ReH0%)
PRbPAVE - 1306 ( 616%)
BUTANE - 209( 1030%)° :
REACTIEN WATER 3243 14,57% BF
ASH = = = = = 2802
WATER = = = = 0+0
RECYCLE &lL= 9791
HYDRBGEN
CONSUMED = = 2440
UNUSED = =« = 2103
CCATALYST = = 0.0
GRAMS IN = = 16908
GRAMS BUT= = 1349.3
% DIFF = = = 20.2

MAF
MAF
MAF

MAF

MAF

CoAl

Coak
CaAL
CaAl

CoAlL

AND
AND
AND
AND

AND

0.000% MAF

Ho
H2
H2
H2

H2

it




RUN NUMBER L aNT=La«?
DATE 8F RUN 05~08-68

INPUT IN GRAMS

MAF CBAl, = = =  P47e7

-35,3

A"SHH LI B A .

WATER= = = = = 0+0

RECYCLE BIL = 13837

HYDRBGEN= = » 552
105

CATALYST= = -

TOTAL MASS RALANCE

COAL HYDRBGENATION MASS BALANCE

GAS

PRESGURE = = = = =

CANDITIONS BF RUN
TEMPERATURE= = ¢ = = =

TIME w = = @ = = = ¢ =
COAL CBNCENTRATIAON ~ =

CATALYST CONCENTRATIBN =

4

- 47250 C

"BUTPUT IN GRAMS

UNREACTED CBAL el S.63% OF

PREDUCT BIL = 19940 79.26% OF

B1L < 2325C 865 34, 45% BF

- o M o, om 13.6 51"+3:“{1 BF
CTHANE = 7¢3( 2:89%)
E;gANEE - 2e9( Telh%)
PREPANE = 2e7( 1:08%)
BUTANEw = Qe8( 0+31%)

REACTION WATER 22,3 8,88% @F

| ASH = = = = = 32.4

WATER = = = = 0e0

RECYCLLE BIL~- 13811

HYDRBGEN

CONSUMED = = Phe0

UNUSED = = =~ 31.1

CATALYST = = 15

GRAMS IN o =
GRAMS BUTT -
% DIFF » » =

169048
155040
843

MAF
MAF
MAF
MAF

MAF

2260+0 PS]

43103 - HRSIMIN
D+170
1e5 GR;

D+661% MAF

CoAl,
CoAl
CaAL
CaAl

Coal

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

~68—




CATALYST= = =

RUN NUMBER L eNT=L-3
DATE BF RUN - 05+08=68

INPUT IN GRAMS

MAF CHAL = .= = 2477

ASH- -, o = - - 3593
',;_IATEQn - - -v - OQO
RECYCLE B8IL =  1383+7
HYDRBGEN= = = 55,3

Qa7

TATAL MASS BALANCE

- COAL HYDRABGENATION MASS

CANDITIBNS 8F
PRESSURE =
TEMPERATURE » .=
TIME -
COAL CONCENTRA
CATALYST CBNCE

BALANCE

RUN .

m o = w3 226040 PSI

T == =~ 4750 C

m = = = = 4:03 HRS:MIN
TIBN == = 0170 ‘
NTRATIBN =  Re7 GR; 3¢854% MAF

BUTPUT IN GRAMS

UNREACTED CBAL 136 5.21% OF
PREDUCT BIL = 10640 40,51% OF
BIL < 325C 238.8 91.30% BF
GAS = = » = =  113e2 43,28% BF
‘METHANE = 636 (24030%)
ETHANE. = 26.3(10,05%)
PRBPANE'— 1826( 7e12%)
BUTANE - Bo7( 1e81%)
REACTI®N wATEH 2546 9,79% BF
ASH = = = w = 32,2
WATER = = - - 0.0
RECYCLE BIL= 11282
HYDROGEN
CANSUMED = = 258
UNUSED = = =

GRAMS IN . -
GRAMS BUT- =
% DIFF = = =

CATALYST = =

1702+6
15516
8¢9

1905

8e7

MAF
MAF
MAF
MAF

MAF

CaAl, AND H2
CoAL AND R2
CB8AL AND H2
COAL AND H2

COAL. AND Hp

~06-




COAL HYDRBGENATION MASS BALANCE

" RUN NUMBER  L=NT=L =4
DATE 8F RUN 05=09-68

INPUT IN GRAMS

- MAF CBAL = = = 2477
ASH" = w wm » = 3543
WATER= = = = = 0«0
RECYCLE GIL =  1383+7
HYDRBGEN= = = 4942
CATALYST= = = 15

. TATAL MASS BALANCE

GRAMS IN o =

CONDITIONS 8F RUN
PRESSURE = - = o=
TEMPERATURE= = = = = =
TIME = = =« 5 = 2 & o« =
COAL. CEONCENTRATIBN = =
CATALYST CONCENTRATIGN

435040

0+170
1{5 G

T & a2 1

5UTPUT IN GRAMS

; 168945
GRAMS BUTA = 15557
7@9

% DIFF = « =

UNREACTED CBAL 5.6 2.25% 6F
PRODUCT BIL ~ 1613 64 o29% BF
©BIL < 325C  144.5 57.61% BF
GAS = « = » = 4304 17432% 8F
METHANE = 24e5( 9075%)
ETHANE . = Feb{ 2e84Y%)
PREPANE ~ 7ol 281%)
BUTANE - = 2s3( 092%)
REACTIAN WATER  38a7 15,43% BF
ASH = & = =. = 325
WATER = = = = 0.0
RECYCLE BIL= 12909
HYDRBGEN
CONSUMED = = 22,8
UNUSED =~ =~ = 2605
CATALYST = = 145

C

R;

MAF
MAF
MAF
MAF

MAF

2210-0 PSI

4:03 HRSIMIN

0.658% MAF

CoAl,
Coal
CRAL
CBAL

CaAl

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

_.'E6..




RUN NUMBER
DATE AF RLUN

LaNT =L =5
05«0?963

INPUT IN GRAMS

“MAF COAL = = = 24747

ASH= = = == = 35,3
CWATER= = = = = 040
RECYCLE 81l =  1383+7
" HYDRAGEN= = = 532
CATALYST= # = 92

THTAL MASS BALANCE

Ceal HYDRG ENATION MASS BALANCE

CANDITIONS . OF RUN |

PRESSURE - = = m e om =ow 2300-0 P31
TEMPERATURE - I T 4250 C

TIME m & = = = =2 =n = ~ =~ 3159 HRSIMIN

CBAL, CONCENTRATION = = = Q917O

CATALYST CSBNCENTRATIAN = 9.2 (R} 4e309% MAF -

BUTPUT IN GRAMS

UNREACTED caAL 0.5 0e23% BF MAF CBAL AND H2

PReDUCT BIL = - 187+9 79.92% aF MAF CgAL AND H2
BIL < 325C 145.1 61+71% BF MAF CBAL AND H2
GAS = = = = = 158 6e71% OBF MAF CBAL AND H2
METHANE = 7400 2496%)
ETHANE- = ol 1e74%)
PROPANE = 3e2( 1436%)
BUTANE - 1e5( 0e65%)
REACTIBN wATER 279 11.87% BF MAF CoAL AND H2
ASH ~ = = = = 3005
"WATER = = = = 00
RECYCLE 8IL= 12356
- 'HYDRBGEN
CONSUMED = = 21s6
UNUSED = = = 31.6
CATALYST - - 9.2
GRAMS IN » = 16884
GRAMS BUT- = 14554

“ DIFF = ~ = 13-8

~g6=




RUN NUMBER
DATE 8F RUN

L=NT=L=6
05~=40~68

A

INPUT IN GRAMS

MAF CBAL = = =

24747
ASH= m = = = = 35.3
WATER= = = = = . 0:0
RECYCLE 8IL =  1383+7
HYDRAGEN= = = 58¢1
1.8

CA‘TALYSTf - =

TOTAL MASS BALANCE

Caal HYDR@GENATIBN MASS BALANCE

CSNDITIENS aF RUN

PRESSURE

TEMPERATURE= = = = * =

TIME

CBAL CONCENTRATIBN =~ =
CATALYST CONCENTRATIGN

UNREACTED coAl
PREDUCT BIL -
' BIL < 325C
GAS = = .

METHANE =
ETHANE,. -
PRAPANE =
BUTANE~ =
REACTION WATER

GRAMS IN » =
GRAMS OUT- =
% DIFF =

1
1
]
1 I
Aa
3
1
2]

- =

47560

- - ,- - o m

q

b I }

BUTPUT IN GRAMS

150 . 7.69% BF
6008 .. 31.27% oF
17543 90+ 16%. OF
8600 44 ,P5y% 8F
49e6 (250 48%)
204 (10s49%)
13e3( 6e84%)
el ( 1ok44%)
1946 10.08% BF
ASH = » = = = PReb
WATER = = = = 060
RECYCLE B81L~- 77060
HYDRBGEN
CAONSUMED = = 3601
UNUSED » = = PRe0
CATALYST » = 18
170249
1088+ 4

36}

c

=)

MAF
MAF
MAF

MAF.

MAF

226040 PS]

4100 MRSIMIN
0:170"

18 GR 1.137%

CoAL

Coal

CoAL
CaAL

CeAL

AND
AND
AND
AND

AND

MAF

H2
H2

HZ .
H2

H2.

—€6=




RUN NUMBER
DATE B8F RUN.

LeNT=L-7.
05=10=68

INPUT IN GRAMS

MAF CBAL = = = 24747

A\)Hn - - - - - 35@3
CWATER= = = = = 050
RECYCLE BIL = 13837
HYDRBGEN=. = = 4504
CATALVSTW L Ouo

TOTAL MASS BALANCE

CBAL ‘HYDROGENATION MASS BALANCE

CONDITIBNS B8F RUN

PRESGQURE = m = = = = = = 2350+0 PSI
TEMPERATURE= = = = = = . k25:0 C
TIME = » = = = « = = « = 4:0] HRS:MIN
COAL CONCENTRATIBN = = = 0#170
CATALYST CONCENTRATISN = 0eQ GR;

UNREACTED coAl,
PREDUCT BIL =
BIL < 325C
GAS = «
. "METHANE =
ETHANE = =
PREPANE =
BUTANE -
REACTIBGN WATER

.. - -

GRAMS IN » -
% DIFF = = =

BUTPUT IN GRAMS

14"1 5;93% oF
1819 766 44% BF
8890 36.98% BF
16.0 6,71% 9F
Se2¢ 3o1+4%)
3»3( 1e61%)
o0t 1e24%)
1200 0o41%)
2h.g 10,42% BF
ASH = = = = = 3241
WATER = = = = " 0.0
RECYCLE BIL» 135105
HYDRBGEN '
CONSUMED = = 12+9
UNUSED = = = 3242
CATALYST = = 0«0
16797
152605
9]

MAF
MAF

MAF
MAF

MAF

0.000% MAF

COAL
Coaal
CBAL

CaAL

CBAL

AND
AND
AND
AND

AND

H2
H2
H2
HZ2

H2




VI. Master Summary - Series L.

Summary of Experimental Results in Percent of Coal Going to Each Product

RUN

L=NT =l =1
LoNT=L=2
L=NT-1.=3

LoNT=Lmb -

L =NT=.=5
Le*NT=L=6
LJNT?L—7

TIME

4103
4:03
4103
4103
3159
4:00
Lt

TEMP

47500
425400
475.00
45000
425.00
475.00
425400

CATCN

‘0000

o661
39854
00658
40309
1137
OQOOO

% UNCaN

17+883
5+631
50207

2e2k6.

0230
74690
5+9324

% 81k

21524
79@257
40-511
64286
794923
31273
760443

% GAS

" 43e834

50434
43279
17321

6e712
hive252

60708

Summary of'Experimental Results in Grams of Product Found and Loss Variation

RUN

TIME

4103
41073
4:03
4103

3159

4100 -
4101

TEMP

47500
425:00
475o00
450900
42500@
475200
425%00

CATCN
(%)

0000
00661
Re BG
0+658
4309
1137
0=000

PREDUCT
(gm)

479712
189«010
105958
161254
187910

60803
181332

HRY

.<325C

{em].

172900

864500
2382800
1444500
1452100

-175+300

88000

HoUSED
(gm)

249019
24+030
350842
22«771
212613
362129
12909

% H28

14574
80:884
D788

156428

10080
10420

LBss

(%)

20198
8e304
8e868
7918

13.799

362082
2120

" 11867

=G6-




-96=
TABLE VI. Coal Hydrogenation Mass' Balance

VII. Individual :Output Balance Sheets ~ Series M.




COAL HYDRBGENATION MASS BALANCE

RUN NUMBER L =NToMa1 - A CONDITIBNS BF RUN

DATE 8F RUN 07-02-68 . PRESSURE = = = = = = =
: -0 TEMPERATURE" = = = = =
. TIME = = = n = = = - -

- CBAL CGNCENTRATIEN =
S CATALYST CBNCENTRATIGN

INPUT IN GRAMS  ~. BUTPUT I

MAF CHAL = = = 247+7 - UNREACTED CBAL 4346
e ' -7 PRebDUCT BIL - 11246
- 8IL < 325C  140.7
GAS = » = = = 5409 :
METHANE 4201 (17088Y%

ETHANE- - .Bné(‘3064%
PRSPANE - 3a6( 1e55%
BUUTANE= = Qebt 0a26%
REACT I8N WATER 2345
AS‘H- » ® w owmom 35.3 . ' ASH - - - -
"WATER» = » = v 0e0 WATER = = =
RECYCLE BIL =  1383+7 . RECYCLE BIL=~
HYDRAGEN= = = 33+4 \ © HYDRBGEN
CGNSU;ED - -
UNUSED = = =
CATALYST» = = 040 . | CATALYST = =
TATAL MASS BALANCE GRAMS IN = = 167641

GRAMS BUT= = 153064
% DIFF = « = 87

22500
475480
1106 H
0170
0«0 G

3 1

N GRAMS

18.53% 8F
47.82% aF
59.74% BF
23,33% BF
)
)

)
)
92.98% OF

- 3203
- 00
12354
“.:9?“

" 2bet
060

Q,Psi
C
RS ¢MIN

R:  0.000% MAF

MAF CB8AL
MAF CoAL
MAF CeAL
MAF CBAL

MAF CBAL

AND Hp2

AND H2
AND H?2

AND. H2

AND H2

=16~




DATE 8F RUN

RUN NUMBER L =NT=Ma2 -

INPUT IN GRAMS

MAF CBAL = = =

ASH= = = + = = 3503
WATER= = = =. = 0:0
RECYCLE 81L = 13837
HYDROGEN= & = 3945

 CATALYST= = = 0«0

TOTAL MASS BALANCE

A7=02=68 .

CBAL HYDRBAGENATIOGN MASS BALANCE

CANPDITIABNS BF RUN

PRESGQURE = » = = = = =
TEMPERATURE® = = = = =
TIME = = = = = = = = =
COAL CONCENTRATIEN = =
CATALYST CONCENTRATIEN

2 4 3 1 4.

2350.0 PS]

425%0. C

2:07 HRSMIN

Q170
0«0 GR

PuTe7 -

UNREACTED ceAL

BUTPUT IN GRAMS

355 " qh4e66% BF
PR@DUCT gL - 1714 70484% GOF
BIL < 325C 13640 56,23% OF
.GAS - - - - Qe 3.49% BF
' METHANF - 3e2( 1034%)
ETHANE - = 320 1434%)
PREPANE = lebt 0:67%)
BUTANE = Qe3¢ Oell%) o
REACTIBN 4ATE 2643 10.87% OF
CASH = = = == 3Be6
WATER = = = = 00
RECYCLE B8IL= 135040
‘ HYDRBSEN _
CAONSUMED = = 6ab
UNUSED = = = 3340
CATALYST = = 0.0
GRAMS IN - .« 167343
GRAMS BUT» = 1589.7

%

VIFF = = = 5.0

0.000% MAF

CeAL
Coak
CBAL

CoAL

CeAl

AND
AND
AND
AND

AND

Hgl

H2
H2
H2

H2

Q6=

N




CAAL HYDRBGENATION MASS BALANCE

RUN NUMBER L aNT=Mw3 CONDITIBNS BF RUN

DATE E)F RUN 07'03-68 PRESSUR[: - m m w w M o= = 2280.,0 PSI
‘ TEMPERATURE= = = = = = =  450.0 C
TIME = = = = = = = = = = 4108 HRS:MIN
CBAL CONCENTRATIBN - =.=  0.170
CATALYST CONCENTRATIBN = 90 GR; 2.625% MAF

INPUT IN GRAMS

%“ DIFF = « =

BUTPUT IN GRAMS

COAL AND

. MAF CBAL = = =  247.7 UNREACTED CBAL 118 4.27% BF MAF Hp
S PREDUCT BIL =  155.0 56427% OF MAF COAL AND H2
B1L < 325C 33349 121,20% BF MAF C8AL AND H2
GAS = = = w = 6701 24.35% BF MAF CBAL AND Hp2
METHANE = 42+4(15038%)
ETHANE- = 14s9( 5:41%)
PROPANE = 8+0( 2090%)
BUTANEw = 1e8( 0066%)
REACTION WATER 417 15,14y OF MAF CBAL AND H2
ASH= = = = = = 35.3 ASH = = = = = 35,4
WATER® & = = = 040 WATER = = = = 0.0
RECYCLE 1L =  1383.7 A RECYCLE 8IL- 120843
HYDRAGEN® = = 5240 \ HYDRBGEN -
: CONSUMED = = 2702
UNUSED = = = 2408
CATALYST= = = 9.0 CATALYST = = . 9.0
TOTAL MASS BALANCE GRAMS IN » = 169349
- GRAMS 8UT= « 1698.72
:.-Q_q3

\_.66_.




RUN NUMBER L =NT=Ma4
DATE 8F RUN 07-0C3~68.

INPUT IN GRAMS

MAE" CBAL = = =

ASHH - - .- - -- 3593
WATER= = = = = 040
RECYCLE 8IL = 13837
HYDROGEN= = = 3847

CATALYSTe w» = 00

TOTAL MASS BALANCE

P47 7

CHAL HYDREGENATION MASS BALANCE

COBNDITIBNS BF RUN

PRESSURE

TEMPERATURE- = = =
TIME-H-H"-".'.
COAL. CBNCENTRATIEN

-m . ,om

4 9 3

CATALYST CONCFNTRATIBN

. UNREACTED cBAL
-PREDUCT BIL =
81l < 325C
GAS = = » o« =
METHANE =
ETHANE. =

PROPANE = -

. BUTANE~ ‘=
REACTIBN WATER

GRAMS IN & w
GRAMS GUT= =
% DIFF = = =

1 1 ¢ 4 .3

2330.0 PSI

. 45000 C
2:06 HRS:MIN
0170 |
Q:0 GR; 0.000% MAF

BUTPUT IN GRAMS

1946

CATALYST » =

167609
15420
20

8+24% BF MAF C8AL AND Hp

14943 62.75% BF MpF Coal AND H2
20242 85.00% 8F MAF CBAL AND H2
35 1 . 14.75% 8F MAF CBAL AND H»

. 23.8(10+02%) ' L
7.3( 3,05%) S
3s3¢ 194Q%) 1
Oe7( 027%) . )

3301 13.91% 8F MAF C8AL AND H»
- ASH = = = = = 3205

WATER = = = = 020

RECYCLE BIL~  1219.5 )

HYDROGEN R

CANSUMED = = 1061

UNUSED = = = 2846 .

040

T




RUN NUMBER LeNT=M.5
DATE B8F RUN Q07mQ4=682

 INPUT IN GRAMS

- MAF C@AL - e - P47e7
ASH® & w = - - 353
WATERw = = = = 0.0
RECYCLE BIL = 13837
HIYDRQGEN“ - m 410
CATALYST~ = - 107

TBTAL MASS BALANCE

CoAlL HYDRBGENATION MASS BALANCE

CONDITIONS BF RUN

0+730% MAF

PRESQURE = » = = = = = 23000 PSI
TEMPERATURE= = = = = = = 42560 -C
TIME = = = = = = = = = = 2:07 HRSIMIN
CBAL CAONCENTRATION = - =« 0e170
CATALYST CBNCENTRATIBN = 17 GR;

UNREACTED CoAl.
PREDOUCT GBI =
gIL < 325C
GAS'!-‘F.,—
METHANE
ETHANE . =
PROPANE =
BUTANE =
REACTIGN WATER

GRAMS IN & =
GRAMS BUT- =
% DIFF ® = =

BUTPUT IN GRAMS

1802 7.53% BF
19043 78.65% aF
158.5 65.52% BF

11+6 4,78% OF

629( 2+83%)
3.0( 1.23%)
1eg{ 0e60%)

0s3( 0e13%)

2103 8.80% BF
ASH = = = = =~ " 33.2
WATER = = = = 0.0
RECYCLE 8IL~ 13322
HYDRBGEN -

CONSUMED = = 9.2

UNUSED = = = 318

CATALYST = = fe7
16759
157540
6.0

MAF
MAF
MAF
MAF

MAF

CeALl
Caal
CoAL
CoAL

COAL,

AND
AND
AND
AND

AND

Ha2
H2
H2
H2

H2

=ToT™




RUN NUMBER L wNTeMag
DATE BF RUN 07=05-68

INPUT IN GRAMS

MAF CBAL = = = 24707
AC;H-! - w .- u.g 353
WATER®. = « = = 040
RECYCLE BIL = 138347
HYDRBGEN= = = 37,2
CATALYST= = = ° 0.0

CTRTAL MASS BALANCE

COAL HYDROGENATION MASS BALANCE

CONDITIONS 8F RUN
PRESSURE = = = =2 » = =
TEMPERATURE= = = = = =
TIME = « = n = 2 = » -
COAL CBNCENTRATISGN = =

=4

23600 PSI
4250 C
1:05% HRSIMIN
0170

CATALYST CBNCENTRATIBN

0+0 G

GUTPUT IN GRAMS

UNREACTED CAAL . 143 6+30% OF
PREDUCT 811 - 18645 81.83% 6F
_ BIL < 325C 891 39.11% OF
GAS = w » . = 4.9 2,14% BF
METHANE = 2e7( 1019%)
ETHANE« = 1¢2( 0e53%)
PRAPANE = Oe&( 0036%)
BUTANE« - el 0006%)
REACTION WATER  21.8 9,57% 6F
ASH = = = a = 3199
WATER = = = = 0.0
RECYCLE 8IL=  1348.5
HYDRBGEN
CAONSUMED = = 369
UNUSED = » = 3304
5
CATALYST = = 0e0
GRAMS IN w = 167046
GRAMS BUTw « 151046
% DIFF I 9’6

Ri:

MAF
MAF
MAF
MAF

MAF

0.000% MAF

CoAL:

Caal
CaaL

CoAL

CBAL

AND

AND
AND

AND

AND

H2
H2
H2
H2

H2

~20T~




CaAl HYDREGENATION MASS BALANCE

RUN NUMBER | =NT=M-7
DATE BF RUN ~Q7~06-68

“INPUT IN GRAMS

©MAF CBAL = = = o477 UNREACTED cgAl,

PRepUCT BIL =
81l. < 325C

GASF-"'..-
METHANE =
ETHANEa =
"PREPANE
BUTANE« =

REACII@N WATER

ASHm = = = = = 35.3
WATER~ = = = = 00
RECYCLE 8IL »  1383.7

HYDRBGEN= = = Rbel -

CATALYSTH L] ; O'O

GRAMS IN = =
GRAMS BUTa =
% DIFF = = =

TOTAL MASS BALANCE

. CONDITIBNS 8F RUN
PRESSURE = = = = = « =

TEMPERATURE= = &
TIME = = = = =~ 2 = = =
CBAL CBNCENTRATIBN =
CATALYST COBNCENTRATIAN =

4

"o ™

i 3 4

BUTPUT IN GRAMS

321 14.04% aF
1669 73.03% BF
1257 55.00% BF

1645 7.23% OF

10:5( 4857%)

3e8( 1e67%)
C1e.9( 0e084%)
De3( Oelhy)

1293 5038% BF
ASH ® = = = m 1.6
WATER = = = = 0,0

RECYCLE 8IL=  1279.5

HYDRBGEN
CONSUMED = = 699

CATALYST = = = 0.0

16737
14977
105

CUNUSED. = = - 295

MAF
MAF
MAF
MAF

MAF

22500 PSI
4500 C
1108 MRS
0170

Q.0 GR3

tMIN

0.000% MAF

CeAL
CoAL
CoAL
CeAL

CoAL

AND H2
AND H2
AND H2
AND H2

AND H2

0T

T 11




" RUN NUMBER | «NT=M=8
DATE 8F RUN 07~07-68

INPUT IN GRAMS

"MAF

COAL = = = 2477
ASH= = = = « = 35
WATER= = = = . 0
RECYCLE BIL 1383-
HYDROGEN= = = bl
‘CATALYST;iq - 9.3

TATAL MASS BALANCE

CBAL HMYDRAGENATION MASS BALANCE

CANDITIBNS 8F RUN
PRESSURE = = = = =+ = =
TENPrﬁArURE- .
TIME = = = 2 =

CBAL CGMCENTRATIQN
CATALYQT CGMCENIRATISN

1
g
:
1

= 22%0+0 PSI

- 4250 C

=  1:06 HRSIMIN

02170
9¢3 GR;

BUTPUT IN GRAMS

UNREACTED cRAL  35.6 13.80% OF
PREDUCT BIL =  192.9 74+77% BF
BIL < 325C 139.3 54.,00% 8F
GAS » = 7 w = 608 2.63% aF
" METHANE » 3.5( 1435%)
ETHANE ~ = leg( 0.69%)
PROPANE = 103( 0e49%)
BUTANE- - Ooac 0..09%)
REACTIAN WATER 226 B.76% BF
I AGH = = = = = 2500
WATER = = = = 0.0
RECYCLE BIL= 142449
"HYDRBGEN
CONSUMED = = 1255
UNUSED = = = 316
CATALYST = = 9.3
GRAMS IN » = 16793
GRAMS BUT= = 16642
- ™ 099_

% DIFF =

MAF
MAF
MAF
MAF

MAF

3.7839% MAF

CaAl,
Coal
CaAL
CoAL

CaAL

AND
AND
AND
AND

AND

H2
H2
H2
H2

=HOT=




CeAL HYDROGENATION MASS BALANCE

RUN NUMBER L «NT=M=9 - CONDITIBNS 8F RUN
DATE 'BF RUN Q7~12-68 - PRESSURE = = = = =
: o . TEMPERATURE=,= =< =
s ' TIME = = = 2 '= = = = = 1106 HRSIMIN
o CBAL CONCENTRATIGN 02170

rATALYsr CGNCENTRATIBN = 146 GR; 0e686% MAF

L) 23500 PS!
- = _450uQ C

a4 £

INPUT IN GRAMS - | BUTPUT IN GRAMS

MAF CBAL = = =  247s7 . UNREACTED CBAL 2941 12.03% 9F MAF CBAL AND H2
, _ A - RREDUCT BIL = 17242 71.19% BF MAF CsAL AND H2
BIlL < 325C 122.2 50e52% BF MAF CBAL AND Hp
GAS = = » m = P0ek B.42% 8F MAF CBAL AND H2
METHANE = . 5e6( 2.32%) '
ETHANE. - 306 1047%)
PREPANE = - 206( 1:06%)
BUTANE- - Rs6( 3¢27%) . )
REACTIGN WATER. 19.7 8a.14% BF MAF COAL AND H2
ASH® = = = = = 353 ASH = = = = = 3303
wATERn = == 00 . WATER =@= = =7 060
RFCYCLE BIL = 13837 RECYCLE BIL=  {352s1
HYDROGEN= = = 4040 ‘ ' HYDRBGEN
. : CANSUMED =~ = 3.8
UNUSED = = = 311
CATALYST= = = 146 : CATALYST = - 1.6
. ’ " ‘ AN . -
TATAL MASS BALANCE GRAMS IN w = 1675.6

GRAMS BUT= ~ 157648
% DIFF = = - 5.9

=GO




RUN NUMBER [ wNT=M=10
DATE BF RUN (Q7=12=68 -

INPUT IN GRAMS

MAF CBAL = = = 2477 |

AC-JH- - . wm o= '.

WATER- - o =m ow
RECYCLE BIL -

HYDRAGEN= = =

CATALYST» = =

TETAL MASS BALANCE

CAAL HYDRBGENATIBN MASS BALANCE

CONDITIONS 8F RUN

pRESSURE - m = = o=
TEMPERATURES = = =

TIME = =

CBAL CONCENTRATIBN
CATALYST. CONCENTRAT

‘UNREACTED CBAL

PREDUCT-BIL -
: gIl. < 325C
GAS = = » = «
METHANE =
ETHANE.. =
PROPANE =

BUTANEw =

REACT I8N WATER

GRAMS IN w =
GRAMS BUT, =
%DIFF ™ = =

-
Lo
- m ™ om om w
-
I

an
BUTPUT IN

4965 2
16402 6
8heh 3
118

7:0( 2¢89%)

3.0( 1.25%)

145( 0e61%)
0e3¢ 0013%)
16+ 4

ASH-?-;--
WATER = = = =
RECYCLE BIL~
HYDRBGEN
CANSUMED = =
UNUSED = = =

CATALYST = =

167208

159459
bo7

X 1 4 -t

GRAMS

Qe44% OF
7+79% BF
4o84% BF
4.88% OF

6e77% BF

1¢5 GR;

MAF
MAF
MAF
MAF

MAF

2350+0 PSI
4250 C -
2:08 HRS:MIN
0el70

0635% MAF

CaAL
Caal
caalL
CoAL

CBAL

AND Hp
AND H2
AND H2
AND H2

AND" H2

=901~




‘RUN NUMBER

L=NT=Ma11
DATE 8F RUN (7-15-68
INPUT IN, GRAMS
. MAF CBAL = = = 24747
CASH= = ® = = w 353
WATER= = = w = 000
RECYCLE BIL = 138347
HYDREOGEN= = = b4eQ
CATALYST= = = 9. b

 TETAL MASS BALANCE

CBAL HYDR

UNREAC
PREDUC

81
GAS =

ME,
ET

PR
By
REACTI

GRAMS
GRAMS
% DIF

BGENATIGN MASS BALANCE

CENDITIONS 8F
PRESSURE =~
TEMPERATURE= .= = = = =
TIME =« = = = =
CBAL CONCENTRATION = -
CATALYST CONCENTRATIEN

RUN

'- - - - -

256040 PSI
4750 C .
0:59 MRS IMIN

Qeb6 GR; 4.243% MAF

" BUTPUT IN GRAMS

1.16% 8F

TED ceal 248 MAF CBAL AND HP
T BIL = 15240 65.52% OF MAF C8AL AND Hp
L < 325C 201+0 82.80% 9F MAF CBAL AND H2
- . 7003 28.94% BF MAF CBAL AND H2
THANE = 4121 (16:92%)
HANE = = 1602 ( fbebb%)
BPANE - 9eb( 3097%)
TANE~ = ek4( 1+39%)
BN WATER 9,2 3,79% 8F MAF C8AL AND Hp
ASH - = wm w o oow 3203
WATER = = = = 0.0
RECYCLE BIL=~  1222.0
HYDREGEN '
CONSUMED = = 165
UNUSED = = = P75
CATALYST = = Yo b
IN = = 1683.3
BUT- = 1537.6

F® e = Re7

=LoT=




CAAL HYDRBGENATIEN MASS BALANCE

RUN NUMBER L wNT=M-11 A BNDITIBNS 8F RUN

DATE 8F RUN (7~18-68 _ pRPsQuRE - m e == 2300+D PS!
- ' . TEMPERATURE> = = = = = = 475-0 C _
TIME « » = = = = 4 = = = 2:05 HRSMIN
COAL CONCENTRATIEBN =~ = 0al170

CATALYST CONCENTRATIGN 903 GR; 4.047% MAF

INPUT IN GRAMS | | BUTPUT IN GRAMS
. MAF CBAL & » =  247,7 UNREACTED CBAL  22.5 9.03% 8F MAF C@AL AND H2
L PRBDUCT BIL =  126.8 50,79% BF MAF COAL AND H2
. BIL < 325C -258.3 103.45% BF MAF C8AL AND H2
GAS = = = - = 67+9 27.19% BF MAF CoAL AND HZ
METHANE = 39:6(15.86%)
ETHANE; - 15e7( 6e28%)
PRBPANE - Fe3( 3e7h%)
BUTANE= - 3e3( 131%) :
o REACTIAN WATER  31.0 . 12.42% BF MAF CBAL AND H2
ASH= = = = = = 35,3 - ASH = = = = = 2p.8
WATER+ = F - = 700 : WATER = = = = Q0
RECYCLE Q7L = = 1383.7 o RECYCLE BIL= 11523
HYDRAGEN= = » " hbel : ‘ HYDRBGEN :
- ‘ CONSUMED = = 19.9
UNUSED = = =. 24.2
CATALYSTw» = = 9+3 ' | CATALYST = = 903
TOTAL MASS BALANCE GRAMS IN » = 168607

.GRAMS BUT- = 156408
DIF’F | - . 7-2

=goT-




RUN NUMBER [ =NT=M=12
DATE 8F RUN 0Q7=18=-68

‘.INRur IN GRAMS

MAF CBAL = = =
ASH® » = w = w 353
CWATER= = = = = 0e0
RECYCLE 81l -»  1383+7
HYDRBGEN= = = 402
5

CATALYST» = = e

TETAL MASS BALANCE

‘PRESGURE, = » = = =

C8AL HYDRAGENATIOGN MASS BALANCE

CONDITIBNS 8F RUN

- -

= 2160.0 PS]

TEMPERATURE= = = = =2 = 475,00 C
TIME = w = 2 2 m» = = » = 1305 HRSIMIN
COAL CBANCENTRATION = = = 0170

- 9.5 (GRy

CATALYST CBNCENTRATIBN

.gu75?ﬂ:'

BUTPUT IN GRAMS

"UNREACTED cBAL, ~ 156 6443y BF
“PREDUCT B1L.. - 13501 55.856% &F
. BIL < 325C 1776 73e41% OF
GAS m ocw W a W 5903 E4Q50% GF'
© METHANE = 34%.7(14032%)
ETHANE ~ = 1346 DebhLY)
PREPANE = Rel( 3036%)
BUTANE= = 2+9( 1018%)
REACTIEN WATER 30.4 12.57% BF
ASH « = = = = 321
WATER = = = = 040
R RECYCLE BIL~ 121348
‘ HYDROGEN
' CONSUMED = = 1741
UNUSED = = = 2342
"CATALYST = = 9.5
CRAMS IN « = 16838
GRAMS BUT= = 1528.7
% DIFF = = = Se2

MAF
MAF.
MAF -
MAF

MAF

COAL’
COAL
COAL
CaAL

CBAL

AND
AND
AND
AND

AND

4ePR5% MAF

H2
H2

HZ

H2

H2

~60T~




ASHm. = =

RUN NUMBER
DATE BF RUN

L =NT=M~q3
07=19=68

INPUT IN GRAMS

MAF CRAL, » = = 2477

'35v3

' WATER= =« = = . 040
RECYCLE 0IL =  1383+7
HYDRAGEN= = = 402
.CATALYSTF - 1e¢6

TBTAL MASS BALANGE -

CBAL HYDRBGENATIEN MASS BALANCE

CANDITIBNS 8F RUN
PRESSURE L
TEMPERATURE = = = = = =
TIME « } r - .
CaAL, CBNCENTRATION = =
CATALYST CONCENTRATISN

- -~ - - = - - -

- 47560 C
- 2106 HRSIMIN
- Oo17Q'
- 106 GR;

UNREACTED cRAlL
PRBDOUCT BIL =

BIL < 325C
GAS = =~ = - =

METHANME
ETHANE= =

PRAPANE
RUTANE =
REACTIBN WATER

GRAMS IN ==
GRAMS aUTr'-
% DIFF = = =«

BUTPUT IN GRAMS

354 14,47y BF
. 90#p 36.89% BF
1936 79.19% OF

SLEY:) 38,69% BF

3846(15:79%)

15¢2( 6022%)

9e0( 3:69%)
31¢8(12+99%)

2219 9.37% BF
ASH = = = = = 3204
WATER = = = = 1090
"RECYCLE BIL~ 116602,
HYDROGEN
CeNSUMED = = 172
UNUSED = = = 23.0
CATALYST = = 146
168440
15451

B2

MAF
MAF
MAF
MAF

MAF

0.704% MAF

CoAL
CoAL
CoAL
CaAL

CoaL

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

'éoq—




RUN NUMBER | wNT=M=15
DATE B8F RUN (7=-22«68

INPUT IN GRAMS

MAF CBAL = = = 24747 -

'ASH' " = 8 omom 3543

" WATER= = = = » 0:0

RECYCLE BIL = 1383+7

HYDRAGEN= = = 29. 4

CATALYST» = = 9s Q)

TOTAL MASS BALANCE

COAL HYDROGENATION MASS BALANCE

CQNDITISNS 8F RUN
PRESGURE = = = = = = =

195020 P8I

TEMPERAYURE- L 45000 C.

TIME m e e o= owowom o= ow 1:05 HRSIMIN

COAL CONCENTRATION = = = 0el70 - ‘
- 9e0 GRJ "3.900% MAF

CATALYST CONCENTRATIGN

BUTPUT IN GRAMS

UNREACTED cBAL 1445 : 5.92% 8F MAF CBAL AND Hp2
PREDUCT Q1L = 18408 75.52% 8F MAF 'CBAL AND Hp
BIL < 325C 2161 88.30% 8F MAF CaAL AND H?
GAS = = % = = 1945 7.96% BF MAF CBAL AND Hp
METHANE = C 6e9( 2e84%)
ETHANE. - Sel( 2e07%) 2
PREPANE = 4:8¢( 196%) L
BUTAMNE « = 2e7( 1009%) oy
REACTIAN WATER 2540 10,22% BF MAF CBAL AND H2
ASH = = = = = 3209
WATER » = = = 00

RECYCLE 8IL~ 1258+0

L HYDRBGEN _
CONSUMED = = - 1440
UNUSED = = = = 25.5
CATALYST = =~ 90

GRAMS IN = & 1680e7
GRAMS BUT= - 156640
% DIFF = - = 648

)




RUN NUMBER | «NT=Mut14 A
DATE: BF RUN (Q7=23=6R2

INPUT IN GRAMS

MAF CBAL = = = 24747
ASH- » m ow e oo .35.3
" WATER=. = o = = - 0«0

RECYCLE 8IL = 1383.7

- HYDRBGEN~ = = 4302

1)

CATALYST- = = . 1.

TETAL. MASS BALANCE

CBAL HYDROGENATION MASS BALANCE

CONDITIONS B8F 1
PRESGURE = = = 2 = = =
TEMPERATURE~ = «
TIME . .
COAL CONCENTRATIEN = =
CATALYST CONCENTRATIBN

-een -

- wm e w W . - m -

»

-
=
-
-

22500 PSI

45000 C

2:06 HRSIMIN

0170 ’
'Oné#?% MAF

15 GR;

BUTPUT IN GRAMS

UNREACTED CBAL 2846 11.61% OF MAF
PREDUCT BIL = 15401 62.47% BF MAF
BIL < 325C 178.2 72.24% OF: MAF
GAS = = = o - 35.5 14,40% BF MAF
" . METHANE - 11e1( 450%)
ETHANE~ = 7¢9( 3:22%)
PREPANE = 7e2( 291%)
BUTANE= = Fe3( 3077%) ,
REACTIBN WATER 275 11,15% 8F MAF
ASH = = = = = 3361
WATER = = = = 0+0
RECYCLE .8IL= 12720 1
\ HYDRBGEN .
‘ CHENSUMED = = 1467
UNUSED = = = 286
"CATALYST = = 145
GRAMS IN - w = 168144
GRAMS BUT~ = 157540
643

% DIFF = = =

AND
AND
AND
AND

H2
H2
H2
H2

CoAL
ChAL
CaAL
Ccaal

CsAL AND H2

—giT-




RUN NUMBER | =NT=Ma164
DATE AF RUN (7=24-6%8

" INPUT IN GRAMS

MAF CBAL = = =  247.7

ASH= .m = = = = 3503

WATERG - w amoow 0.0
RECYCLE glL = 13837~
HYDRBGEN= = = 4949
CATALYST» = = 8¢9

TATAL MASS BALANCE

CBAL HYDROGENATION MASS BALANCE:

CONDITIBNS BF RUN

PRESQURE = = = =omor o =om
TEMPERATURE= = 5 = = = =
TIMF - e W m o mom e = o=

CBAL CENCENTRATIBN = - =
CATALYST CONCENTRATION =

2300+0 Ps!I

425»0 C

2:05 HRSIMIN

'3017Q ) )
809 GR: 3.907% MAF

BUTPUT IN GRAMS

UNREACTED c8AlL 130

PREDUCT 81 = 192.0
BIL < 325C 22245

GAS = = = = = 11.0
METHANE = 4e3( 1e76%).
ETHANE . « 3.2( 132%)
PRAPANE - 2e6( 1204%)
BUTANE - Na9¢ 0a35%)

REACTI18N WATER PR P

ASH = = o = =

WATER = = » =

RECYCLE 6lL=

HYDRBGEN

CONSUMED = =

UNUSED » = =

CATALYST = =
'GRAMS IN « = 168%4+6

GRAMS Burw - 1549:3
% DIFF = = = 8.0

S.30% BF MAF CoAL AND Hp
78.16% aF MAF CsAlL AND H2
90.60% OF MAF CBAL AND H2

4,47% BF. MAF CB8AL AND Mp

11,48% BF MAF CBAL AND H2

22.5

0-,0

12421

1708
320

8s9

=TT

mm)




RUN NUMBER | »NT=M=17
DATE 8F RUN 07=R4=6%

INPUT IN GRAMS

MAF COAL = = = 24747
!
v
ASH™ = © = w = 353
. WATER- “- o = o
RECYCLE 8IL = 13837
 HYDROGEN= = = 51e6
CATALYST» = = 9s 6

TOTAL MASS BALANCE:

CBAL HYDRBGENATION MASS BALANCE

CONDITIBNS BF RUN
PRESSURE - % o ow o=
TEMPERATURE= = = = = =
TIME = = = = " >
COAL .CONCENTRATIBN =~ =
CATALYST CONCENTRATIBN

- ™ m W W =

45000

. De170
“9e6 G

3 v ¥

BUTPUT IN GRAMS

UNREACTED CBAL 302
PREDUCT BIL =  194.2 7
BIL < 325C 247.0 9
GAS = = # w = 501 1
METHANE = 24e2( 2e21%)
ETHANE~ 1446( 5.56%)
PREPANE = BeB( 3e34%)
BUTANEW = 206( 0097%)

139

REACTIBN WATER

00 .

GRAMS IN « =
GRAMS BUTw =
% DIFF =

ASH -. -- - L
. WATER = = = =«

RECYCLE 8IL-

HYDRBGEN

CONSUMED = =
. UNUSED = = =

CATALYST = -
1690.2

16294
6

1.23% OF
4206% BF
4,20% BF
2.09% 8F-

2.30% BF
" 3464

00

C

Ri.

MAF
MAF
MAF
MAF

MAF

128141

._2394
2862

9.6

236020 PSI

2106 HRSIMIN

4e021% MAF

CBAL
Coal
CBAL
CaAlL

COAL

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

=TT~

T




"RUN NUMBER [ «NT=M=-18
DATE 8F RUN 07=25=68

INPUT IN GRAMS

MAF CBAL » = =

24707
ASH= = = = « = 35073
WATER= = = = = = 0+0
RECYCLE BIL = 13837
HYDREGEN= = = 2944 .
CATALYST» = " Q.Q

TOTAL MASS BALANCE

CBAL HYDRBGENATIBN MASS BALANCE

CONDITIANS 6F RUN
PRESQURE = = = = = = =

TEMPERATURE~ = = = = = =

TIME e S N 5 - " -
COAL, CBNCENTRATION = =

CATALYST CBNCENTRATIBN =

22900 PSI

47540 C
2105 HMRSIMIN

'Q?17Q

0+0 GR; 0.000% MAF

UNREACTED caAlL
PREDUCT BIL =
BIL < 325C
GAS = = % o« =
METHANE =
ETHANE-~ =
PROPANE =
BUTANE=- =
REACTIAN WATER

GRAMS IN = =
GRAMS BUT~ =
%'DIFF - Fv-

BUTPUT IN GRAMS

390 4 16+61% OF
1029 43.40% BF
19404 82.02% BF

6209 26+52% BF

36¢7(15e50%)
145( 6410%)
Beb( Jebix%)
3:0( 128%)

3004 12,83% OF
ASH = & =« = = 317
WATER = = = = D0
RECYCLE 8IL= 11495

- HYDRBGEN
 CONSUMED = = 1449
UNUSED » = = 2406
CATALYST = = 0.0
16816
15083

10.3

MAF
MAF
MAF
MAF

MAF

CoAL
CeaL
CBAL
COAL

CaAL

AND
AND
AND
AND

AND

H2
HZ
HZ2

H2

H2

=TT

11




CBAL HYDREGENATIGN MASS BALANCE

" RUN NUMBER L =NT=Ms19 CBNDITIONS 8F RUN

DATE B8F RUN (7=25=68 PRESSURE = = = = = » = = . 2290.0 PS]
- TEMPERATURES =~ = = = = = 4750 C
TIME = = = = = 5 = = = = 1106 HRS{MIN
COAL, CONCENTRATION =~ = - 02170

CATALYST CONCENTRATISN 1e6 GR;  0.682% MAF

3

INPUT IN GRAMS ' BUTPUT IN GRAMS
MAF COAL = = =  247.7  UNREACTED CHAL 294 11+88% BF MAF COAL-AND Hp
Lo : PRADUCT BIL. =  128.2 51487% BF MAF Coal. AND H2
BIL < 325C 15246 61.74% 8F MAF C8AL AND H2
GAS = = = = = 6202 25.17% BF MAF CBAL AND H2
METHANE = 3143(12068%) ‘
ETHANE - = 1604 6065%)
PROPANE = 1004 ( 4e22%)
BUTANE W = 400( 162%)
REACTIBN WATER 2647 10,80% BF MAF CBAL AND Hp
ASH= = = = = = 353 ASH = = = = = 33,5
WATER= = = = = 0«0 WATER = = « = 0.0
RECYCLE 8IL =  1383+7 o RECYCLE B8IL- 128603
HYDRBGEN= = = 3706 C HYDROGEN
R . CONSUMED = = 1246
UNUSED = = = 2540
CATALYSTw = = 1+6 CATALYST = = 146
TOTAL MASS BALANCE " GRAMS IN = = 16793

GRAMS 8UTe = 159046
% UIFF = = = 53

‘-9_[.-[-_

i)




RUN NUMBER | ~NT=M=20
DATE 6F RUN 07-26=68

INPUT IN GRAMS

MAF CBAL = = =

ASH- L I 3558
NATEQ- - m = OQO
RECYCLE-§IL ‘» 138347
HYDROGEN®= = ' = 4845
. CATALYST» = = 15

TOTAL MASS BALANCE

24707

CaAL HYDRGGENATlﬁN MASS BAL ANCE

CSNDITI@NS OF RUN

O.646% MAF

PRESSURE = = = = = = = =  2300,0 PSI
,TEMPERAFURE— - momoe oo 4800 C .
TIME - = = o =« = = = = = 4107 HRSIMIN
COAL CONCENTRATIBN = = = 00170
CATALYST CBNCENTRATIBN =  1+5 GR;

BUTPUT IN GRAMS
1799

MAF
MAF

MAF:

MAF

MAF

UNREACTED CBAL 6+95% OF
PrReDUCT B1IL = 12640 49,05% BF
_ BIL < 325C 225s9 87.91% BF
GAS = = = « = 8340 - 32.31% BF
© METHANE - 4748 (18+62%)
ETHANE. - 18e4( 7e15%)
PRBPANE = 1204 ( He82%)
BUTANE « bah( Lo72%)
REACTI6BN WATER P85 11.09% 8F
ASH = = = = = 3301
WATER = = = = 00
| 'RECYCLE 8IL= 11980
HYDRBGEN
CCONSUMED = = 247
'uwuszn - = = 23,9
CATALYST - - 1.5
GRAMS IN = = 1691s4
GRAMS BUT~ = 15264

% DIFF = = = 642

CBAL
coal
CaAL
CoAL

COAL

AND
AND

AND.

AND

AND

H2
H2
H2

H2

H2

=Lt




COAL HYDROGENATION MASS BALANCE

i RUN NUMBER L ~NT»Ma12 A CONDITIAGNS B8F RUN

DATE OF RUN -07=31=68 PRESSURE IR LN 22400 PS1
’ ' TEMPERATURE= = = = = = = 4750 C
TIME = = = = = = = = = = 1;05 HRSMIN
COAL CONCENTRATION = = = 00170,
CATALYST CONCENTRATIBN = 9.0 GR; 3.908% MAF
INPUT IN GRAMS BUTPUT IN GRAMS
MAF CBAL = = = 24747 UNREACTED CBAL 1:8 " 0e74% 8F MAF CBAL AND Hp
' PReDUCT B1L = 149.0 60.11% 8F MAF Ceal AND H2
BIL & 325C 2617 105.60% B6F MAF CBAL AND H2
GAS = = = = = . 6145 24+81% BF MAF CBAL AND H2
METHANE = 35+9(14.50%) ~
ETHANE = = 1hell 5e71%)
PRAPANE = Sed( 3e40%)
BUTANE - 3.0( 1e19%)
REACTIBN ' NATER 343 13,84% BF MAF CBAL AND Hp2
ASH® » = o = = 353 ASH = = = = = 32,9
WATERm = = = = 0s0 WATER = = = = 040
RECYCLE BIL » 138347 S RECYCLE BIL=  1173.8
HYDROGEN= = = 4106 ! HYDRBGEN .
: ' CONSUMED = = 1746
_ UNUSED = = = 240
CATALYST= = = 940 . CATALYST = = 900
TOTAL, MASS BALANCE  ° GRAMS IN - = 16843

GRAMS BUTm = 156640
% DIFF L .Z'O

%QfI—




CBAL HYDRSGENATION MASS BALANCE

RUN NUMBER L =NT=Me21 CANDITIOBNS 9F RUN

DATE B6F RUN 07-31=68 PRESSURE =~ = .= w n = = = 225040 PSI
‘ ’ ' TEMPERATURE= = = = & = = 4500 C
TIME = = = = = = = = = «- 4105 HRSIMIN
COAL CONCENTRATIBN = = = 0el70
CATALYST CONCENTRATIBN =  0+0 GR;

INPUT IN GRAMS gUTPUT IN GRAMS

MAF CBAlL = = = 2477 UNREACTED CBAL 225 8.67% OF
- PREDUCT BIL =~ 12406 - 48,08% BF
BIL < 325C 25743 99,30% BF
GAS = = = = = 771 29,74% 6F
METHANE = h3e6(16081%)
ETHANE- = 17:7( 6.85%)
PROPANE = 1203( 4e76%)
BUTANE - 3ok 1.32%) -
REACT I6N WATER  33+7 - 13.01% BF
ASH= = = = . = 35+3 ASH = = = = = 335
WATER= = = = = . 0e0 WATER = = = = 0.0
RECYCLE BIL = 13837 | RECYCLE 8IL- 11775
HYDREGEN= = - 484 \ HYDRBGEN
: - - CONSUMED = = Phe6
UNUSED = = = 2348
CATALYST» = - 0e0 "CATALYST = = 0.0
CTATAL MASS BALANCE GRAMS IN = =~ 1691+3

GRAMS BUTw = 16015
£ DIFF = « = 563

MAF
MAF
MAF
MAF

MAF

0.000% MAF

CoAL

CaAL
CoAL
CBAL,

CaAlL

AND

AND
AND
AND

AND

H2
H2

HZ-

H2

H2

=61




COAL HYDRBGENATION MASS BALANCE

RUN NUMBER L wNT=May A CONDITIBNS BF RUN

DATE ‘8F RUN 08»0%5=63 PRESGURE = = = = = = =

: TEMPERATURE= = = = = =
TIMEV.'-""?".'H',“"
CAAL CONCENTRATIGN -
CATALYST CONEENTRATIBN

3

INPUT IN GRAMS | ' ~BUTPUT IN GRAMS
MAF COAL .= = = 2477 UNREACTED CBAL 215 S.04% BF MAF CBAL AND Hgp
o PREDUCT BIL = 15148 63.71% BF MAF CoAL AND H2
BIL <.325C 159.8 67+09% OF MAF CBAL AND H2
GAS = = = = = 3504 14.86% BF MAF CBAL AND Hp
. METHANE = 2491(10010%) -
ETHANE < = 7e3( 3.07%)
PROPANE = Bed( 1ok412:)
BUTANE- = ‘0e7( 0e28%) _
REACTIBN WATER  28.2 - 11.84% BF MAF CBAL AND Hp
ASHe = = = = m. 35,3 é ASH = = = = = 32.0°
WATER= = = = = 040 | ~ WATER = = = = 0+0
RECYCLE 81L =  1383+7 B RECYCLE 8IL-  1245¢1
HYDROBGEN= = = 427 : " HYDROGEN
: ‘ : CONSUMED = .= 1349
UNUSED = = = 28 08
CATALYST= = = 0+0 7 CATALYST = = 0.0

TATAL . MASS BALANCE GRAMS IN = = 1680.7
L - GRAMS BUTe = 15220
% DIFF = ,-l-f-.- ol

[ I

235040 PSI

48000 C -
2:07 HRSIMIN

00170

020 GR: 0Q.000% MAF

—=0gT-




RUN NUMBER
NATE BF RUN 08=06

INPUT IN GRAMS

‘A.SH"'H" - - -.'
WATER= = = ==
RECYCLE 6IL = 13

HYDRSGEN~ = =

CATALYST= =

" TATAL MASS RALANCE

LeNT=M=21 A"

-63

w787

353

0«0

837

47053

COAL HYDROGENATION MASS BALANCE

CONDITIENS BF RUN
PRESSURE =~ = = = = = =
TEMPERATURE= = = = = =
"TIME LA T R SR
CBAL CBNCENTRATIGBN = =
CATALYST CONCENTRATIBN =

UNREACTED coAL
_PReDUCT BIL =
8IL < 325C
GAS.f - " . =
METHANE =
ETHANE- -

PRAPANE = .,
BUTANE . =

REACTIEGN WATER

£ 1 1 4

' 2350.0 PSI

45D«0 C

4108 HRSIMIN
0170

0«0 BR; 0.000% MAF

BUTPUT IN GRAMS

P72 10.57% BF MAF COAL AND H2
11603 45.20% BF MAF CaAL AND H2
2250 4 87+63% B8F MAF.COAL AND H2

805 - 31,29% BF MAF CBAL AND H2

4565(17069%) : '

18250 720%)

12.9( 5.00%)

2eb6( 1039%) )

3201 12,487 BF MAF C8AL AND H2
ASH = = = = = 335
WATER = = w = 00
RECYCLE BIL~ 120245
HYDRBGEN
CANSUMED = = PR b
UNUSED » =~ = 2449
CATALYST = = 020

GRAMS IN = = . 168942

GRAMS BUT~ =
%2 DIFF =

1601.2

Ba2

“TeT=




RUN NUMBER | »NT=M-=
DATE BF RUN ~08=07-

INPUT IN GRAMS

22
68

MAF CRAlL, = = = 2477

- ASH- C - q‘. ‘-‘ - -
wATER_ - ','.;
RECYCLE 0IL =- 13

HYDRBGEN= = =

CATALYSTw» = =

TOTAL MASS BALANCE

353
0«0
837

4507

00

COAL HYDéBGENATION MASS BALANCE

—

CSNDITIGNS BF RUN

PRESSURE = = = = = = = = 2320
TEVPERATUREF = e r or = = 4754Q
TIME = = = 5 = = = = = = 4305 H
"COAL, CONCENTRATIBN. = = = 0170
- 0«0 G

CATALYST CBNCENTRATIEN

"BUTPUT IN GRAMS

UNREACTED Cc@AL  53e4 2071% BOF
PREDUCT BIL = 4066 15.74% gF
OIL < 325C 25446 98,75% BF
GAS = = = = = - 12746 49,487 BF
METHANE - 70+0(27014%)
ETHANE w = 31&6(12087%)A
PROPANE = 20+5( 7¢94%)
BUTANE - 5.5( 2e13%)

REACTIGN MATER 3405

GRAMS IN .
GRAMS GUTa

% D;FF - -

13.38% OF

0 PSI

c
RSIMIN

Ri  0.000% MAF

MAF CoAL
MAF Coal
MAF CBAL
MAF CBAL

MAF CeAL

ASH = = = = = 33-0

WATER = « = = 0+0
RECYCLE BlL~- 10773

HYDRBGEN
CBNSUMED = = 2667
UNUSED = = = 18960

|l

CATALYST = = 0.0

- 16934
w 1580e4
- be7

AND
AND
AND
AND

AND

Hp |

H2
H2
H2

H2

=ccl=




RUN NUMBER
DATE BF RUN

L =NT=M=23
08=08-68

INPUT IN GRAMS

MAF CBAL = = =

ASH= = = = = = . 35,3
WATER= = = == 0.0
RECYCLE p1l.-=  1383.7
HYDRBGEN= =" = 4208
CATALYST= = = 0+0

TOTAL MASS BALANCE

2477

COAL HYDROGENATIGN MASS BALANCE

CONDITIENS BF RUN

PRESSURE

TEMPERATURE= = = =

CTIME & m

. COAL CBNCENTRATION
CATALYST CBNCFNTRATIBN

UNREACTED cBAL
_PrREDUCT 1L -

BIL < 325C

GA% o

METHANF
ETHANE. -
PROPANE =

‘ BUTANE~ =

REACTIBN WATER

w - -

GRAMS IN - -
GRAMS BUTw =
% DIFF =

- = . omon -

b ]

4251Q

4 2 4

L T -

i1

0170
00 G

1

BUTPUT IN GRAMS

C

Ri‘

MAF
MAF
MAF

MAF

MAF

310 12.58% BF
1622 65.86% BF
14508 59.19% 8F

25,46 10.38% 6F

13+0( 5026%)

6e8( 2e76%)
4o ( 1268%)
1e7¢( 0069%)

2648 10,88y 8F
ASH = s == = 33,3
WATER = = = = 0.0
RECYCLE 6IL=  1321.2.
HYDRBGEN
CONSUMED = = 12.8
UNUSED » = = 301

"CATALYST = = 000
16795
158307

Be7

2260:0 PSI

4105 HRSIMIN

o,ooo%”MAF

CoAL
Caal
CBAL
CaAl

CoAL -

AND  Hp
AND H2
AND H2
AND H2

AND

H2 -

“gaT-




VIITI. Master Summary - Series M.

‘Summary of Experimental Results in Percent of Coal Going to Each Product

RUN TIME TEMP
LmNT=M=1 A 13106 475400
. L=NT=M=2 2107 42500
L®NT=M=3 4308 45000
L"NT~M=4 2106 450400
L=NT=M=5: 2107 425400
LoNT=M=§& 1:05 425.00
L=NT=M=7 1105 45000
L=NT=M=8 17106 42500
[.*NT=M=9 1106 450.00
L*NT=M=10 2:08 425.00
L¥NT=M~11 0153 4754+00
L*NT=M=14 A 21053 47500
LeNT=M=~12" 1105 475.00
L=NT=M=13 2106 475+00
LL*NT=M=15 1105 450400
LeNT=M=14 A 2:06 450400 -
LeNT~M=16 2105 42500
L=NT=M=17 R106 450+.00
LeNT~M«18 2105 47500
LoNT»M=19 1106 475200
LeNT=M=20 4107 450.00
LeNT=M=12 A 1:05 47500
L=NT=M=21 4105 450+00
LoNT=M=4 A 2107 k50000
LeNT=M=21 A 4:08 450400
L»NT=M=22 > 4:05 47500

LPNT=M=23" 4305 425400

CATCN

0-000
0000
30625
0:Q00
Qo730
0000
0000
3789
0686

4»243'

Lo Q47
4e225
OQ7QI+
32900
0s647
3307
40Q81
0+000
0682
Oeb46

3:908 .

0000
Qe Q00
N-=000
0000
D000

% UNCaN

18527
140664
4269
a4
70533

64298

l4eQk2

" 130796

12032
2044k
1163
99029
fol3h
14473
Khe917
11607
5303
1226
160612
11882
60948
Oe7 4%
Reb71
Qe 041
10571
204714
12578

% 91l

47824
700840
569266
620754

78650

81834
73+031%

74¢772.

71+186
67786
65516
500788
55846
36890
75522
62467

78«164

74058
43398
51873
49.053
60,111
480078
63714
45»203
15736
650864

% GAS

" 23:326

30487
240354
140748

4o 785

22136

7227

20628

o473
LeB82
289473
274192
242504

. 380689

70956
142401
4o469

19094
. 264518

250174
320313
244807
29740
142856
31292
49,478
10:383

% HZ28

9978

108723
1592137
13914

q:805
9:568
50382

Re761

Relby

60770

3790

1Pe&16
12566

9367

100215
11148
112489

5+301

12826
. 10807

11091
13840
13006
11839
122480
132381
10880

...1-(3"[..

(W)




VIII. Master Summary - Series M., Cont.

Summary of Expérimental Results in Grams of Product Found and Loss Variation

b5 SN
o )
pd

LI |

ZZZZZEZ ZZ
i = o — ——

[ ]
I S 4
LI T I |

' mal el st el mall g
4 § 3 '3 %
W Do~ O O & L Mo

4 1 1 3

2

LmNT=M=11
LNT=M=11
LoNT=M=12

L=NT=M=13

. LmNT=M=18
LmNT =M= 1%
L~NT=M=16
L=NT=M=17
L"NT=M=138
L=NT=M=19
[L=NT~M=2:0
L=NT=M=12
LeNT=M=21
L=NT =M=

L*NT=M=21

L=NT=M=22
L=NT-M=23

TIME

£ -
OO0 OO0
0 N

AV I
o
~

TEMP

47500

425,00

45000
450400

42500
.425900.'

450+00
425000
450+00
425.+00
475.00
475000

47500

475000
#5000

45000 .
425.000

450.00
475.00

47500

475!00
450+ 00
45000
450600
475?OO
425400

cATtN
(%)

0000
OoOOO
3625
0:000
0+730
0000
0+000
3+789
00686
Q¢635
4ot

be Q47

4e225

0704
33900
Ow647
3307
LeD21
0+ Q00

00682

0646

3308 .

0+ 000
0+ 000
0000
04000
0+000

PRODUCT
(gm) -

1124633

171352
155006
149288
1900268
186454
1664918
182 88%
1720198
164205
1590048
126¢810
135110
90191
134829
1542090
191967
1940175

1020861,

1284217

1266049 -
T 143974

1240576
151766
116265

40570

1620237 -

<32%¢C .
" (gm)

140700
136000
333+900
202200
158500

&83¢100

.. 1252700
139,300

1229200
R4 e400
201000
258300
177600
193+600

216100

178200
222+500
2479000
194400
152+600
225900
261+700
257300
159800

225+400

254600
145800

H2USED
(gm)

90364

6579

270187
" 100139

Qe 1b4
32899
60916
12512
Be823

6098

16526
13302
17073
17237
13n964
1hebb7
179808
236427
1408764
12579
240657
17552
24596
13908
224314
26631

124777

|.BSS
(%)

8699
4994
02251
8n0“5
62022
2.587
10513
0898

T 548964

4658
8656
70225
2.213
82248
28327
6 3P7

2031.

3:598
iO'BlO
50282
6206
70025
Be314
Selily
2209
64677
5707

A
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TABLE VI.  Coal Hydrogenétion Mass' Balance

IX. 'Individual Output Balance Sheets - Setries 0.




RUN NUMBER L~NT-3~1

DATE 8F RUN 09-04=-68 .

INPUT IN GRAMS

CRAL HYDRBGENATION MASS BALANCE

CEBNDITIBNS B8F RUN
PRESGURE = = = = = = =
TEMPERAFURE?'; e oo

TIME = = = n°'= » = » = =

COAL CONCENTRATION = =
CATALYST CBNCENTRATISN

235000 PS] .
47500 C

1106 HRSIMIN
‘00170

0:0 GR; 0.000% MAF

BUTPUT IN GRAMS

MAF CHAL = = =  p47+7 UNREACTED CBAL  22¢4 8.89% BF MAF CBAL AND Hp
o ‘ . PReDUcT BIL =  165.0 65.34% BF MaAF Coak AND H2
S BIL < 325C 1338 52,99% B8F MAF COAL AND HP
- GAS = = " e - 4008 16415% BF MAF.CBAL AND. H2
METHANE = 19+1( 7056%)
ETHANE « - ’ 1107( 4o 63A)
PREPANE = 7e6{ 3.01%)
BUTANE - 2ok De95B%)
REACTIBN NATER -LR¥ 9.58% B8F MAF CBAL AND H2
ASHe = o = = & = 35,3 o : ASH = = = = = 3469
WATER= = m = = 0:0 WATER = = = = 0e0

RECYCLE 8IL =  1383e7 RECYCLE BIL-  1399.5

HYDRAGEN= = = 35 e 4 o HYDRGGEN
. CONSUMED = = 746
LJNLJ“':n " = - 278
CATALYST= = = 0+0 CATALYST - - 00

GRAMS IN = = 167444
GRAMS BUT= = 165547
% DIFF = w = 11

TOTAL MASS BALANCE

=L~




RUN NUMBER |.»NT=8-2
DATE 8F RUN

INPUT IN GRAMS

" MAF CBAL = = = 24747
. ASH. .q - - - " 3503
WATER= = = o = 000
RECYCLE 81IL = 1383.7
HYDRBGEN? - - Lok
CATALYST» = » 9en

TOTAL MASS BALANCE

09=05-68 |

.CBAL HYDRBGENATIBN MASS BALANCE

CONDITIBNS BF RUN
PRESSURE =~ = =
TEMPERATURE» = L I
TIME
CBAL COBNCENTRATIGN = =
CATALYST CBNCENTRATIBN

- - L] -

- ™ Emmem e o=

224040 PSI

4750 C

2109 HRSIMIN

0170
Fe4 GR:

BUTPUT IN GRAMS

“UNREACTED C8AL o4 3.75% 6F MAF
PRBDUCT B1IL - 1584 63.20% OF MAF
BIL < 325C 2670 106.51% BF MAF
GAS = - - :n - 5108 20.65%
" METHANE = 20e3( 8210%)
ETHANE » = 15e9( 6¢33%)
PRAPANE = 115( 4+57%)
. BUTANE= = hal( 1e65%)
REACTIBN WATER 29.9 11.93% BF. MAF
ASH- m e w = " 3391
WATER = = = = 0.0
RECYCLE 8IL~  1187.5
HYDRAGEN ,
CONSUMED » = 187
UNUSED = = = 2507
CATALYST = » et
GRAMS IN w =  1685e4 -
"GRAMS BUTe w  1578.7

% DIFF S I

603

4e052% MAF

CaAL
CeAl
CaAl

BF MAF CaAl

CaAl

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

‘_'.88‘-[_




COAL HYDRBGENATIBN MASS BALANCE

RUN NUMBER | wNT=8¢3 : CONDITIBNS 8F RUN
" IYATE 8F RUN  09=0Q6=68 PRESSURF = = = L L 2210=0 PSI
S o - TEMPERATURE= = = o =~ = = 450s0 C
TIME » = = = = & = = = = 1:07 HRSMIN
COAL CBNCENTR/‘\TIGN - - - 0170

CATALYST CENCENTRATISN 901 GR;  4.023% MAF

INPUT IN GRAMS o BUTPUT IN GRAMS
MAF CBAL = = = 2477 UNREACTED CBAL Be4 3.53% 8F MAF CoAL AND Hp
' PREDUCT BIL = 1842 77:57% BF MAF CHAL AND Hp
o BIL < 325C 138.1 58.15% 8F MAF €8AL AND H2
GAS = = = « = 2le4 . 9,01% 8F MAF C8AL AND H?
METHANE = 10e7( 4049%) :
ETHANES - TBek( 2e26%) g
PROPANE = 440( 1467%) ~
BRUTANE « = Lek( 0059%) P
REACTIBN WATER  22.5 ~ 9,47% BF MAF CeAL AND H2
ASH- " W s ow m 3593 ' ASH - - .'n - - 3233
WATER= = = = = 00" © WATER = = =« = 0.0
RECYCLE BIL » 138347 - RECYCLE BIL=  1309.7
‘HYDROGEN» = - 4040 3 . HYDRBGEN .
CENSUMED = = 113
UNUSED = = = 2846
CATALYST= = = 904 CATALYST = = el
TETAL MASS BALANCE GRAMS IN = « 167841

- GRAMS auT} - 15324
% DIFF = = = 8e7




RUN NUMBER L «NT=89=4

"DATE BF RUN  09=06~68%

INPUT IN GRAMS

MAF CBAL = = =  247e7

ASH= = = = = 35+ 3
WATER® = = = = 0.0
RFCYCLE BIL = 1383.7
HYDRAGEN=. = = 4304

CATALYST= = = 845

2

THTAL MASS BALANCE

CoAL HYDROGENATION MASS BALANCE

CENDITIONS 8F RUN
PRESSURE - =
TEMPERATURE= = = = = =
TIME = = = = - = -
COAL CENCENTRATIOBN = = =
CATALYST CBNCENTRATIEN

b S S

4250 C

------

00170
85 GR;

1

BUTPUT IN GRAMS

UNREACTED C8AL  15.3 6.28% BF MAF
PR&EDUCT BIL - 1870 76.88% BF MAF
BIL € 325C 1557 64.00% OF MAF
GAS = = = = = 171 7.02% BF MAF
METHANE = 628( 2+80%)
ETHANE« = 459( Ra00%)
PRAPANE - 308( 1+54%)
BUTANEf - 1#6( 0967%)
REACTISBN WATER  23.1 9,49% 8F MAF
| | ASH = = = = = 33,0
WATER = = = = 0+0
‘ RECYCLE 81IL=  1323+5
Lo HYDRBGEN
CONSUMED = = 1240
UNUSED = = = 3Lak
CATALYST = = 848
GRAMS: IN = = 167848
GRAMS BUT= « 156747
% DIFF = = = b6

2290+0 PSI

2:05 HRS3IMIN

3+675% MAF

CoAL
CaAL
CoAL
CoAL

CoAL

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

-B62T~

11




RUN NUMBER [ aNT=8-5
DATE 8F RUN 09=07=-68

INPUT IN GRAMS

" MAF CSAL T Y

ASH= = = = = - 3503
AATEQ- - - = = 00
_thYCLE BIL =  1383¢7

HYDRBGEN= = =~ T 43k

CATALYST= & = 16

THTAL MASS BALANCE

CBAL HYDREGENATISBN MASS RALANCE

CONDITIONS BF RUN
PRESGURE < » = = = » = 2200-0 P51
TEMPERATURE~ = = = = = = 4250 C
TIME @ =« = 2 = = = = = 2:04 HRS:MIN
. CBAL, CBNCENTRATIGN 0170 :
CATALYST CBVCEVTRATIBN 126 GR;  Qe.696% MAF

B2}

1
1

BUTPUT IN GRAMS

" UNREACTED CoaAL 2746 11.37% B8F MAF CBAL AND H2
PREDUCT B1L = 18046 74.36% 8F MAF CBAL AND Hp
BIL < 325C 807 33.23% GF MAF CBAL AND H2
GAS = = = o = 12.2 7 5,04% 8F MAF CBAL AND H2
METHANE - holi( 180%)
ETHANE- = Je3(. 1e34%)
PREPANE = RBel4( 1e40%)
BUTANE « 12( 0050%)
REACT I8N WATER 21.5 8.85% BF MAF CBAL AND H2
ASH = = = = = . 3248
WATER = = = = Q#0

RECYCLE BIL= 13849

HYDRBGEN
CAONSUMED =~ = 128
UNUSED - o= = 306

CATALYST . - 10‘6

GRAMS IN » = 167946
GRAMS BUT= = 155947
% DIFF = w = 7.1

~0ET




RUN. NUMBER
DATE BF RUN

LeNT=0=6
09=029~68

INPUT IN GRAMS:

MAF CBAL = = = 2477
_AéHu L TR R 3573

" WATER= = = = = 040
RECYCLE B1L = 138347
HYDRAGEN= = = 3408
CATALYST» = = 162

!
'

_TOTAL MASS BALANCE

COAL HYDREGENATION MASS BALANCE

UNREACTED CBAL

GAS .

235 9.59% 8F MAF
PRBDUCT 81 - 1518 61.91% BF MAF
BIL < 325C 11140 45.27% 8F MAF
- v e - 4656 18.99% BF MAF
METHANE = 22e4( 9415%)
. ETHANE. = 13.5( 5.52%)
PREPANE = 8e2( 3033%)
BUTANE - el 099%)
REACTIGN WATER 228 9.30% BF MAF
ASH = = = = = 33,5
WATER = = = = 0.0
RECYCLE @lL~- 1354,0
HYDRBGEN | ‘
. CONSUMED = = 102
UNUSED = = = P4heb
CATALYST .- = 1.2
GRAMS IN = = 167649
GRAMS BUTw = 15914

% DIFF = .-

CSNNITIams 8F RUN
PRESSURE
TEMPERATUPE- A
TIIE—_ - - -

CBAL CONCENTRATIBN - -

" W e m ~ o=

- CATALYST CONCENTRATIBN

21500 PSI

L7500 C

1102 KHRSIMIN

0170 .
1.2 GR; 0«511% MAF

. BUTPUT IN GRAMS

5et

CBAL
CaAl
CoAL
COAL

AND HZ2

AND H2

CaAL AND Hp

AND Hp

AND H2

—TEeT-




- COAL HYDRBGENATION MASS BALANCE

RUN NUMBER LaNT=B-7 - . -~ CONDITIBNS 8F RUN

'DAIE OF RUN (09=10-68 ) PRESSURE = = == r T o= 23800 PsI
C . - . ' TEMPERAYURE; -z T = = 42500 C
T - TIME » = = = = == = = = 1:0%5 HRS:MIN
R I COBAL CONCENTRATIBN = = = (0170 '
) CATALYST CBNCENTRATIBN = 125 GR;  0.662% MAF
INRUT IN BRAMS . - | BUTPUT IN GRAMS
MAF CAAL = = = .p47¢7 UNREACTED CBAL  53+9 23.43% 8F MAF CBAL AND Hp
s ) T PR&EDUCT BIL = 1560 67¢77% BF MAF Coal AND H2
- BIL < 325C 3845 16.72% OF MAF CBAL AND Hp
"GAS = = m =~ = . 4.3 2.07% OF MAF CBAL AND H2 -
METHANE - 2e3( 1.02%) ) ' C
ETHANEL =~ 1.6( 0.69%)
PROPANE - Qe7( 029%)
BUTANE« - 0e2( 007%)
REACTION WATER 152 6.60% B8F MAF CBAL AND H2
ASH= == = = = 353 ASH = = = = = 3243
WATER= = = = = 0.0 ‘ . WATER = = = = 040
RECYCLE 8IL =  1383:7 | RECYCLE BIL~ 13836
HYDROGEN= = = 372 © UYDREGEN |
B : : ' CANSUMED = = . 3.6
UNUSED = = = 337
CATALYST+ = = 1.5 ’ CATALYST = - 145

TETAL MASS BALANCE CGRAMS IN - = 1670.3
S - GRAMS BUT- = 15284
% DIFF = - = Re5

Bl N A




RUN NUMBER
DATE BF RUN

LaNT=B=8
09=11-68

CINPUT IN GRAMS

CMAF CBAL w = o~ - 23747
ASH? w wm- @ a = Co 35.3
WATERw = = = = 0.0

'RFCYCLE BIL = 1383.7
HYDRP ENn = - 214
CATALYST= = = Rak

TRTAL MASS BALANCE

COAL HYDRDGENATIOGN MASS BALANCE

CANDITIBNS 8F RUN

PRESSURE = = = = =
TEMPEFRATURE= = » =
TIME = = = =
COAL CBNCENTRATISN
CATALYST CBVCFNTRATIBN

UNREACTED ‘cBAL
PREDUCT BIL =

BI1L < 325C
METHANE
ETHANE -
PRBPANE
BUTANE -
REACTIBN WATER

GAS

GRAMS IN o ‘=
GRAMS BUTw =
% DIFF = = =

47560

1 91 3

0170
Bek O

1T 14 a2 4

BUTPUT IN GRAMS

19'3 8912% SF
149.2 62.76% BF
822 34.59% 8F
40927 17.12% 8F

2004 ( 8eD7%)

10\5( Ghel0%)

7+5( 3:34%)
2-4( 1.00%) .

2201 11.82% OF
ASH = = = w = 3300
WATER - - = - 0.0
RECYCLE BIL- 13578
HYDRBGEN
CONSUMED » = 60
UNUSED = = = 1408
CATALYST = = 8ol

f1673w4
156101
6e7

C

R;

MAF
MAF
MAF
MAF

MAF

13800 PS!

1:06 HRSIMIN

3.635% MAF

CoAl,
Caal
CoAL
CoAL

CeAL

AND
AND
AND
AND

AND

H2
H2
H2
H2

H2

58:;




CHAL HYDR@GENATIGN MASS BALANCE

RUN NUMBER | =NT=B=8A cawDITLGNs 8F RUN

DATE 8F RUN (09-26-6% PRESSURE = = = = = = = o 2210+0 PS!
- ' TEMPrPATURE- - - o= =~ = = 478.0 C
TIME » = = = = = = = = = 1106 HRSIMIN
COAL CONCENTRATIBN = = = 06170
CATALYST CBNCENTRATIBN = 248 GR;
INPUT TN GRAMS ‘ BUTPUT IN GRAMS
MAF CGAL'- - = P47.7 UNREACTED ceAL 743 . 3.00% 9F MAF CoAL
PREDUCT BIL = 1757 72462% BF MAF Coal,
8IL < 3250 138.4 57.21% 8F MAF CBAL
- GAS = - = o - 33. 4 13.82% BF MAF CoAL
METHANE - 16 5( 6e82%)
ETHANE» = 3( 385%)
PREPANE = 9( .20 43%)
BUTANE« = 1.7< 0.72%) .
REACTIBN WATER 248 10.25% 8F MAF CBAL
AESH- -w L R T 3543 E ' ASH " - - "' " 33.0
WATER= = = = = . 040 WATER = = = = 040
RECYCLE 81L »  1383.7 B RECYCLE ®IL= 132840
HYDRBGEN= = = 37+ 4 , HYDRBGEN
CONSUMED = = 10.9
UNUSED = = = 2645
CATALYST» = = 9e8 ' CATALYST o = 9.8
TOTAL MASS BALANCE GRAMS IN w = 167746

GRAMS B8UTw = 15648
% DIFF = = = 67

AND
AND
AND
AND

AND

bephpy MAF

H2
H?2
H2

H2

H2




LT

TOTAL MASS BALANCE

RUN NUMBER [ aNT=8#9
' DATE 8F RUN. 09-25-68
NPuf IN GRAMS
MAF CBAL = = = 24707
ASH’ "' L l! L] 35,3
WATER®m = = = = 000
RECYCLE atL =  1383.7
"~ HYDRBGEN= = = 36« 4
CATALYSTw = - 15

CﬁNDITI@Ns aF RUN

PRESSURE

TEMPERATURE =

CoAL HYDRBGENATION MASS BALANCE

2190+0 PSI
4500 C

Oq634%

coAl
Caal
caal
CaAl

CeAL

TIME = = = = = = = = = = 2:06 HRSIMIN
CHAL CONCENTRATIBN = = = -0s170
CATALYST CONCENTRATIBN = 1.5 GR;
' "BUTPUT IN GRAMS
UNREACTED cBaAL 1hel 5.88% 8F MAF
PREDUCY BIL = 1707 ¢ 69.91% 8F. MAF
. BIL < 325C 239e4 98.03% BF MAF
GAS - - % . = 8109 8»957 BF MAF
METHANE = 780 3.20%)
ETHAME. - Be7( 24.33%)
PREPANE = Beh( Re21%)
: BUTANE= = 3.0( 1022%) ,
REACTIAN WATER 3649 15.11% BF MAF
ASH = = = = = 337
WATER = = = = 020
RECYCLE BIL» 12521
\ HYDRAGEN
CONSUMED = = 748
UNUSED = » = 2806
CATALYST = = 165
GRAMS IN = = 1674.5
GRAMS BUT= = 15984
% DIFF‘? F--

4e5

AND
AND
AND
AND

AND

MAF

H2
H2
H2
H2

H2

—GeT=




RUN NUMBER
DATE aF, RUN

LeNT=0~10
09=30-68

I\DUT IN FRAM%

E MAF CﬂAL = - D477
ASH-.- - = e m 3543
WATER= = = = » 00
RECYCLE 1L = 138347
HYDRAGEN= = = 341
CATALYST= = « 0.0

!
i

TBTAL MASS BALANCE

‘CHAL HYDROGENATISN MASS BALANCE

CBNDITIONS 8F RUN

PRESSURE

TLMPFRAFUQE' - - o = -
TIME w = = 5 = &« = = =
COAL CBNCENTRATION -
CATALYST CONCENTRATIBN

UNREACTED CBAL
PREDUCT BIL =
- BIL < 325C
GAS = = = = =
METHANE =
ETHANE- =
PRBPANE =
BUTANE« =

REACTIBN WATER

GRAMS IN - =
GRAMS 8UT~ =

% DIFF = « =

BUTPUT IN GRAMS

Phe7 10.77% BF
14749 bhol2% BF
11307 49,54% BF

L6 13.77% BF

13+5( 5¢88%)

9el{ 3.97%)
beb( Pe89%)

2el( 1e04%)

247 10,76% OF
ASH = = = & = 318
WATER = = = = 0.0
RECYCLE BIL~ 12807
HYDRBGEN
CONSUMED » = bok.
UNUSED =» » = 277
'"CATALYST = = 040

167342
15072

9.9

MAF
MAF
MAF
MAF

MAF

227000 PS1
47500 C
2106 HRSMIN

0170

0e0 GR;

CBAL AND
Caal AND
CaALl AND
CBAL. AND

CoAL AND

- 0,000% MAF

H2
H2
H2
H2

H2

\_9 cT=




‘DATE 8F .RUN

RUN NUMBER L=NT=8-11
10=01=68

INPUT IN GRAMS

MAF COAL = = =

24747

ASHn - ® M e = 3593
WATEQF - m w m O.,Q .
RECYCLE eI - 1383.7
HYDRBGEN= = = 380
C=0

CATALYST= = =

TOTAL MASS BALANCE

 TEMPERATURE~ = = -

CBAL HYDRBGENATIBN MASS BALANCE

CHNDITIONS B8F RUN
PREGSURE =

m = o o=

2 1 41

TIME » « = = = = =
CBAL CBNCENTRATION
CATALYST CBNCFNTRATIBN

)

UNREACTED CBAlL 5? 6 a¢,7a% 8F MAF CBAL AND Hp
PRepUCT B1IL = 1589 67.29% BF MAF CaaAlL AND H2
" BIL < 325C 5945 P5.20% 68F MAF CBAL AND H?
GAS - - L I 707 3.25% BF MAF CSAL AND HZ
METHANE = 203( 0096%) -
ETHANE = = Beb( 1e52%)
"PRAPANE = 1e3{ 0e54%)
BUTANE= = 0e5( De23%)
REACTIAGN WATER 1548 6.69y BF MAF CBAL AND H2
ASH = = = = = 3304
WATER * = = = 0.0
 RECYCLE B8IL-~ 140662
‘ HYDRBGEN
CONSUMED = = 2.2
UNUSED = =~ = 3508
"CATALYST = = 040

GRAMS IN = =
GRAMS BUT= -
% DIFF‘ Lo - -

i |

A540.0 PSI

4250 C

2:06 HRS MIN

0170

0+0 GR: 0.000% MAF

BUTPUT IN GRAWS

166849
15876+2

Be6

~LET=




RUN NUMBER
DATE 8F RUN

L=NT=8

INPUT IN GRAMS

MAF COBAL = = = 2

ASH® ® w . m = . w
WATER= = = = =
RECYCLE 8IL = 13

" HYDRAGEN= « =

CATALYST ~ =

10~01-

-12
68

477

353

0e0Q
837

414

TATAL MASS BALANCE

COAL HYDRBGENATION MASS BALANCE

_ CONDITIBNS BF RUN

PRESSURE, = = =~ = = = = = 2180+0 PSI
TEMPERATURE= = = = = = = 450.0 C

TIME. = » = 5 = = = = = = 2105 MRSIMIN
COAL CONCENTRATIBN = - = Qo170 :
CATALYST CONCENTRATIGN = 908 GR; '40165% MAF

BUTPUT IN GRAMS

UNREACTED CBAL  12+6 5.06% GF MAF COAL AND H2
PREDUCT BIL - 1758 70.57% 8F MAF Caal AND H2
BIL < 325C 136+9 54.97% 6F MAF caAl. AND H2
GAS = = = = = 308 12.37% 8F MAF CBAL AND H2
METHANE = 1109( 479%) :
ETHANE. «. 9s1( 3.67%)
PRGPANE = 7e0( 2082%)

BUTANE = = 2e7( 1+08%) _ _
REACTIBN WATER  29.2 11.73% 8F MAF CoAL AND Hp
ASH = = = & = 336
WATER » = = = 0.0 "

RECYCLE BIL~ 13535

\ HYDRBGEN
‘ CONSUMED = = 13,7
UNUSED - - = 2796_
CATALYST = = 908
GRAMS IN - = 168005
GMAMS BUTT - 1596+«6
2 DIFF = = =

5.0

=geT:




RUN NUMBER

DATE 8F RUN 10-02~68

INPUT IN GRAMS

MAF COAL = = = 24747

.ASH""‘T"'"

353
W’“TER" R w o oW Ono
RECYCLE B1IL = 138347
HYDRAGEN® = = 35:3
CATALYST= = = 103

TRTAL MASS BALANCE

L=NT=f=13 .

.C8AL HYDREBGENATIUN MASS BALANCE

CONDITIONS OF RUN

PRESSURE » = = = = = - 2400.0 PSS!

. TEMPERATURE= = = = = - 4500 C
TIME = = = =« = g = =~ = = 1106 HRSI!MIN
CBAL CBNCENTRATIBN - - 0170
CATALYST CBNCFNTRATIGN ~ 103 GR;

UNREACTED CBAL

PREDUCT B1IL =

Il < 325C

GAS = = =

METHANE

ETHANE

PROPANE

. BUTANE
REACTIBN.

GRAMS IN .

-
-
-

NATER

GRAMS BUT- =

% DIFF =

-

"BUTPUT IN GRAMS

MAF
MAF
MAF
MAF

MAF

3640 15.59% BF
16407 71.35% @f
6541 28,20% OF
8 4.25% BF
b6l 1+98%)
2.9( 1.25%)
1.8( 0s79%)
0:5( 0s23%)

2001 8.71% OF
ASH = = = = = 32.5
WATER = = = = 0+0
RECYCLE B1L- 1372.8
HYDRBGEN
CANSUMED = = 209
UNUSED = =~ = 37243
CATALYST = = 143

1669+7
1536.3

80

0.570% MAF

CaAL
coal
CaAL
CRAL

CBAL

AND
AND
AND
AND

AND

H2
H2
He
H2

H2

—6eT-




CHAL HYDROGENATIBN MASS BALANCE

RUN NUMBER [ «NT=8=-14 CENDITIOGNS BF RUN

DATE BF RUN 10~02=68 PRESSURE L IR I A .235950 PgY
' TEMPERATURE = = - 4250 C

TIME = = = = = = = = = = 1105 HRSIMIN
CBAL CBNCENTRATIEN 0s170 .
CATALYST CB NCFNTQATIHN = 808 GR; 3.736% MAF

1

INPUT IN GRAMS ~ BUTPUT IN GRAMS
C MAF CBAL = = = 2477 UNREACTED cBAL 4546 19+07% 6F MAF CBAL AND Hp
o . PReDUCT BIL - 1684 70.35% 8F MAF Coal AND H2
CBIL < 325C  51.0 21+31% BF MAF COAL AND HP
GAS = = = = = he3 1.78% 8F MAF CEAL AND H2
METHANE = 1e6( 0067%)
ETHANEu - 103( Q|52%> 1
PROPANE - 1a1( 0¢46%) L
BUTANE - 043( 0.43%) - &
REACT I8N WATER  20.8 - 8.69% BF MAF CBAL AND H2
ASH! ‘ - - -, - 35!3 . . ASH -m e w moow 33,4
WATER= = = = = 0s0 = WATER = = = = 0+0
RECYCLE A1l « '1383.7 o RECYCLE 8IL= 142602
HYDRBGEN= = = . - 384 | HYDREGEN
- . ' CONSUMED = = S5a1
UNUSED = = =\ 33.3
CATALYST= = = 843 CCATALYST » = - 8.8
. TBTAL MASS BALANCE GRAMS IN .= 67108

GRAMS BUT- = 1581e4
% DIFF " e o= Dey

—TT




RUN NUMBER
DATE B8F RUN

L=NT=0-15
10=0368 -

INPUT IN GRAMS

. MAF CBAL = = =
ASHO - - - - - 35@3
WATER= = = = = 0.0
RECYCLE BIL = 438347
HYDRBGEN= = = 3640
CATALYST=. = = 0:0

© TATAL MASS BALANCE

247e7 .

COAL HYDREGENATION MASS BALANCE

CONDITIBNS OF RUN

PRESSURE = m = = = = = =  2460.0 PS]
TEMPERATURE= = = = = =» = 450.0 C
TIME « = = 5 = 5 2 = = = 1305 HRSIMIN
COAL CONCENTRATIBN = » = 09170 :
CATALYSF CONCENTRATIAGN = 0.0 GR3;

UNREACTED cBeAL
PREDUCT BIL =
8IL <.325C
GAS = = = = =
METHANE
ETHANE «
PROPANE
BUTANE =
REACTIAGN WATER

GRAMS IN = -
GRAMS BUT= -
% DIFF = = -

GUTPUT IN GRAMS

Ghel’ 19;002 8F
161+9 69.31% BF
5042 21.50% BF
946 4o11% BF
3.8( 1+61%)
S 3.0( 1a27%)
 2e2( 0+94%)
Qe7( 0:29%) .
1745 7,49y 8F
CASH = m = . a 32.9
WATER = = = = 0.0
RECYCLE BIL~  1401.2
HYDREGEN '
CONSUMED = = 247
UNUSED .= =~ = 3362
CATALYST = = 0e0
166905
155508
628

MAF

MAF -

MAF
MAF

MAF

0.000% MAF

CBAL

CaAlL
CBAL

CoAL

CoAL

AND
AND
AND

AND

AND

M2

H2
H2

H2

H2

11




COAL HYDRBGENATION MASS BALANCE

RUN NUMBER L -NT~8-16 CONDITIENS 8F RUN :
DATE 8F RUN 10=03~68 PRESSURE == = = = = = = 245000 PS]
| : TEMPERATURE= = = = « = = 42540 C
TIME - % % e = mememo=eom 2:06 HRS:MIN
'COAL, CBNCENTRATION = = = 0.170

CATALYST CONCENTRATIBN 1#5 GR;  0+698% MAF -

INPUT IN GRAMS ' -~ BUTPUT IN GRAMS
CMAF CBAL = = = 2477 UNREACTED CBAL  37.5 17+12% BF MAF CBAL AND Hp
- PRODUCT B1IL = 15545 70:91% BF MpF CoAl, AND H2
BIL < 325C  63.2 28.83% BF. MAF CBAL AND H2
GAS = = » ~ = 6.0 2.73% BF MAF COAL AND Hp
METHANE = Re0( 0093%)

ETHANE~ = 147( 0479%)
PRAPANE = 196( 0:.75%)
BUTANE» = Deb( 0e26%)
REACTIBN WATER 1907 8.99% BF MAF C8AL AND Hp
ASHH L I Y —-- 3503 o ASH - > - - - 30°7 -
WATER= = = = ‘= 00 | | C WATER = = = = 0:0
RECYCLE @IL = 13837 . RECYCLE 8IL- 129306
HYDRAGEN= = = 3808 . . HYDREGEN
’ < CONSUMED = = = 4,2
UNUSED = = = . 34e6
CATALYST= » = 105 - CATALYST - - 1e5
| S | )
TOTAL MASS BALANGE GRAMS IN » = 167049

GRAMS BUT= = 1450.7
z DIFE T o~ o= 1302

bl




RUN NUMBER L =NT=fw17"
DATE BF RUN ~10-0%-53
INPUT IN GRAMS

MAF COAL = = ' "242'2'
Aqu - - - - - 35@3
WATER= =~ = = = 0.0
RECYCLE @IL =~  1383.7
HYDRBGEN= ~ ‘= 3840
CATALYST= = = 040

TETAL MASS BALANCE

COAL HYDR@GENATION MASS BALANCE

CBVDITIGNS 8F RUN

PRESSURE = =
TEMPERATURE= = = = « =

TIMP‘"} -

CBAL CBVLENTRATIBN
ATALYST CBVCENTRATIBN

UNREACTED CBAL
PREDUCT BIL =

81l < 325C

GAS = = = = =
METHANE =

ETHANE= -«
PROEPANE =
BUTANE

ReACTIGN WATEN

GRAMS IN =
GRAMS BUT= =
% DIFF =

[ -

I Y ]

BUTPUT IN GRAMS

806 33.99% OF
1367 57.66% aF
7846 33,16% BF
569 2+51% BF
Lel( 0e46%)
1el( D.45%)
1e0( 0o40%)

2+8( 1420%)

1348 ‘ S5.82% 8F
ASH - w = om oW 33,7
WATER = = = = 0.0
RECYCLE BIL- 13763
HYDRBGEN
CANSUMED, » = 1o
UNUSED = = = 609
'CATALYST = = 0.0

’f667¢8
15888
he7

MAF
MAF
MAF
MAF

MAF

2600-0 PS1
4250 C _
1:06 HRSiMIN

0e170 ‘
00 GRy

0.0007% MAF

CaAl
CaAL
CoAL
CBAL

CoAL

AND
AND
AND
AND

AND

Hp

H2
H2
H2

H2

...E_'WI...

LT




RUN NUMBER LwNT‘G'lS
DATE 6F RUN  10~04=68

INPUT IN GRAMS

MAF CBAlL » = = 24707
ASHQ q '.- -‘ - -_-.‘ 35.3
WATER» w = ;.! Oto
RECYCLE BIL = 13837
"HYDRBGEN= = =w 35,1
CATALYST= = = 0.0

i

TATAL MASS BALANCE

CENDITIGNS BF RUN

PRESSURE

TEMPERATURE= = = = T
TIME m = = » = = = = 2
COAL CONCENTRATION = -
CATALYST CONCENTRATIGN

UNREACTEDR caAL
PkaDUCT 1L -
Il < 3esc

GAS = = = o =
METHANE =
ETHANE- -
PREPANE =
BUTANE= =

REACTISBN WATER

GRAMS IN = =
GRAMS. BUT= =
% DIFF = o =

- - - ~ - - - -

'CHAL MYDRBGENATION MASS BALANCE

2360:0 PSI
45000 C
2:08 HRS:'MIN
00170_
00 GR;

1
1

0.000% MAF

BUTPUT IN GRAMS

2649 15.23% 8F MAF C8AL AND H2
1238 70.,25% BF MAF CBAL AND -H2
58 ek 33,13% BF MAF CBAL AND HP
10.9 6,17% 8F MAF C8AL AND H2
ha3( 2e43%) : '
3e2( 1:82%)
2e5( 1loh4%)
0e8( 0s48%) _ »
13,7 7.77% 8F MAF CBAL AND H2
ASH = = = = = 2he7
WATER = = = = 0.0
RECYCLE B8lL= 10315
HYDRBGEN .
" CONSUMED = w» e
UNUSED = = = 317
CATALYST = = 0.0
167001
116620

3032

ST

)




X. Master Summary - Series 0.

Summary of Experimental Results-in Percent of Coal Going to Each Product

RUN

f 4 1 4 2 3 F 4 ¥ 3
t ¢ ¢ ¢ 31 3% ¢t 2 X 3 1
>

e 000 0NN WY

DD DD ITID DD D NDD
= O

1T 4 ¢ 3§ f ¢ - 3 ®§ & % 2.

Z2Z2Z2LZZ2Z2ZZ22Z2ZZZZZ
|
PN
At

R I e e i e [ i G g

§ 113

s r o e re s

1

=13
L=NT=8=~14
L*NT=8&15
L*NT-a=16
LeNT~n=~17

L=NT=8=18 .

TIME

1106
2:09
1107
2:05
2104
1:02
1:05
1106
1106
2106
Ri66
2106
2105

1106

1105
1:05
2106
1006
2:08

TEMP

475500
475.00
45000
42500
425.00
47500

'425900

47500
450+ 00

" 475600

425400
450+00
45000
42500
450.00
425.00
42500
450+ 00

CATCN

0000
4o Q52
42023
3675
09696

0511

60662
R+635
help
o~63)+
0000
04000
Lolbs
0'570
3754
0000
0°698
0+000
0000

% UNCaN

R+ 888
32746
3532
6281
11373

9+59¢0°

23425
Se117
2+3988
50880

10769

22717
50057

15¢591

12067

19003

17119

33+992

15235

% 81l

650343
63200
77568
76875
742360
614915

67 +766°

62756
722625
694910
blhefPh
67294
70575
71345
70349
69314
70913

8572657

702248

% GAS

160152

200655
9012
7023
5+ 035

18«285
24074

170118

13823
50954
130768
3244
12368
4a 254
1779
40110
2729
29507
6e167

% HZ2n

9583
11927
Qe 474
e 495
" Re85%3
9.298
66072
11823

10251
C15.111

1076
6¢692
11725
&s708
8969@
72493
ReTBH
BaR22
70771

;_ag-ITI\—




X.

Master Summary - Series 0., Cont.

Summary of Experimental Results in Grams of Product Found and Loss Variation

RUN

L=NT=A~1
LeNT=8=2
L="NT=f=3
CL=NT=~f~4
LaNT=8~5
L=NT=8~6
L=NT=8=7
L=NT=5=8
LoNT=8=84A
LeNT=6-9
L*NT=8=~10
LaNT=-8=11
L~NT=8=12
LeNT=8-13
L=NT=f=14
S LeNT=82158
LeNT=8~16
L=NT=8~17
L=NT==12

FO 2 N e 2a B2 Y RO Y AU B e B 22 7O P e D
NI O Gl OO O U1FU & U1 A0 O

e AT e Ve 3a Mm® 28 YR IE B Aw IW P RS BN e e AR ¥S

oo NoloNoRoRoRsNoReoRoNoNORORONO RO RGNS

TEMP

475400
475000
450400
425.00
425+00
h75+00

425000

475.+00
475{Q0
450v00

47500

425«00
450400
45000
425.00
45000
42500
42500
450000

CATCN
(%)

Q=000

Le052
4023
3675
00696
0+511
00662
30635

LeRbp -

n=634
0+ 000
0+ Q00

40165

0+570
2 7%6
0000

.00698
~0+000
0000

PRADUCT
(gnm) -

11652006

1580434
1844227
1870037
130584

. 151826

156007
149+ 150
175694

17pe721

147874

- 1584872

175754
1640690
168379
161874
155454
1364657
123844

<325C
gm)

133+800
267000
138+100
155700
80+700
111.000
38+500
82200
138400

- 239400

1134700
594500
1364900
65+100
51+000
50200
63+200
789600
58400

HaUSED

gm

7606
18699
11325
12+007
12850

102178 -
3587

6606
10-898
7788
6ed21
20175
130717
22940
5072
2727
40190
1064

30383

L.Bss
(%)

12115
60338
B:681
69616
7437
50103
Be4h99
6709
o724
4e549g
9&9;9
54558
4991
7288
Seb11
6809

13.182.

40735

30.187

o

T T
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TABLE VI.

=1h7~
Coal Hydrogenation Mass Balance

XI. Individual Outﬁut Balance. Sheets — Series.P.




RUN NUMBER | =NT=P=1

DATE BF RUN. 10-15-68_

INPUT IN GRAMS .

MAF CBAL = = & - 24707

ASFP! L A L 35n3

WATER= = = = = 0+0Q

RECYCLE 8IL -~ 138347

HYDRBGENs = = 39:1

CATALYST= = = 9s6

TATAL MASS BALANCE

CBAL HYDRAGENATION MASS BALANCE

CONDITIONS 8F RUN
PRESQURE = = = = = = = = 23500 PS!
CTEMPERATURE= = = n = « =  425.0 C
TIME @« = = = = & = = = = 1:07 HRSIMIN
COAL CONCENTRATIAN = = = 0170
CATALYST CBNCENTRATION =~. 9e¢6 GR: 4o184% MAF

BUTPUT IN GRAMS

UNREACTED cpAl,  38.3 16.28% BF MAF CBAL AND H2
PREDUCT BIL = 1699 72.20% B8F MAF CBAL AND Hp2
. 01l < 23258C 303 38.38% BF MAF CBAL AND H2
METHANE = 1e7( 0e72%)
ETHANE- = leh( 0s60%)
PROPANE = 123( 0.57%)
BUTANE- = Qeli( 0e19%)
REACTIGN WATER  21.8 " 9.27% BF MAF CBAL AND H2 -
ASH = = = = = 327
WATER = « = = 0.0

RECYCLE. B8IL= 13634

\ HYDRBGEN
CONSUMED = = 548
UNUSED = = = = 3343
'CATALYST = = 9.6

GRAMS IN = ~ 1672.6
GRAMS BUT= = 154944
% DIFF = = - 7ok

QQWIB

tam|




RUN NUMBER L aNT«P.p

DATE OF RUN

INPUT IN GRAMS

CMAF CRAL = = o 2

ASH= = = == =
WATER= = == -
RECYCLE 8IL -
HYDRAGEN= = =

CATALYST= = =

T

TOTAL MASS BALANCE

io=16~-

13

6&

4747

. 353

0.0

837

367

CBAL HYDREGENATION MASS BALANCE

CONDITIBNS BF RUN
PRESSURE
TEMPERATURE~ = moe -
TIME
CBAL CGVCENTRATTBN - -
CATALYST -CONCENTRATIBN

LA L I I L
T = ]

- ™ W m w om o= [ -

i 3 2 1

342090 P31
45090 cC .
2:06 HRStMIN

0170
Ded G

"BUTPUT IN GRAMS

UNREACTED cpAl, 2790 11.60% oF
PREDUCT BIL = 1613 63.33% BF
7 BIL < 325C 9542 40091y BF
GAS = » = o = 201 R.64% BF
METHANE = 768( 3e¢35%)
ETHANES = be1( 2e63%)
PREPANE = 4 3( 1:84%)
BUTANE 9( 0+831%)
REACTION WATER 23 9 10,27% 6F
ASH .= = = = = 325
WATER = = = = 0.0
RECYCLE 8IL~  1339.1
HYDRBGEN
CONSUMED = = . 48
UNUSED = = « 318
CATALYST = = 0.0

GRAMS IN = «
GRAMS
% DIFF. =

167146
153708
8}0

OUT =

R;

MAF
MAF
MAF
MAF

MAF

0.000% MAF

CoAL
CaAL
CoAL
Caal

CoaL

AND
AND
AND
AND

AND

HZ

H2 >

H2
H2

H2

=6HT=




L=NT=Pa3
1017-68

- RUN NUMBER
DATE aF RUN

INPUT IN GRAMS

"MAF CBAL = = = 24747

' ASH- - e m om om

3503

WATERw = = " Q-0
RECYCLE 87L » 138307
MYDRGGEN® = 364
1.7

CATALYST» =~ =

TOTAL MASS BALANCE

CBAL HYDROGENATION

MASS BALANCE

CANDITIRNS 8F RUN ,
PRESSURE = = = 2 = = = = 2460.0 PS]
TEMPERATURE= = = = = = = 4750 C
TIME » = = = = = = = = = 1105 HRSIMIN
COAL CONCENTRATIBN = = = 04170
CATALYST: CBNCFNTRATIGN = 17 GR;

UNREACTED cBAL
PRaDUCT 81 =
BI1L < 325C
GAS = = =
METHANE =
ETHANE~ =
PRGPANE =
BUTANE = =
REACTIBN WATER

-~ -

GRAMS IN » = 1
GRAMS BUT= = 1
%4 DIFF =

BUTPUT "IN GRAMS

67246
5626
or

1203 5417% BF
1715 72.28% oF
1112 46.87% BF

27473 11.52% 6F

11+9¢ 504%)

Sel( 3e54%)

5.9( 2e48%) .

Lel( 0e47%)

25.8 10.88% 8F
ASH = = = n = 330
WATER = = = = 060
RECYCLE BIL= 1353+ 0
HYDRBGEN
CONSUMED = = . 5.8
UNUSED = = = 305
bATALYST . - 17

MAF CBAL
MAF CoAL
MAF CBAL
MAF CoAL

MAF CBAL

0-735% MAF

AND H2
AND H2
AND

AND H2

AND H2

~06T~




RUN ‘NUMBER
DATE BF RUN

LeNT=Pay G
10=19-68

INPUT IN GRAMS

MAF CBAL » = = 24747

ASHv " === e 35,3

: NATER- - - . 0.0
RECYCLE 81IL = 1383.7
HYDRBGEN= = = 3842
Q-0

CAT,;AL_YST- LI

TETAL MASS BALANCE

CeAL HYDROGENATIOGN MASS BALANCE

CONDITIBNS 8F RUN

FRESQURE = = = = = = = =
TEMPERATURE= = » = = = =
TIME « = = = = o = = -
COAL @NCENTRATTHN - - o=

CATALYST CGVCENTRATTBN

UNREACTED coAL Fe 1 3,90% OF

PREDUCT BIL = 161+4 69,61% 8F

BIL < 325C 14349 62+ 06% BF

GAS =~ =« = - - 340 1he65% BF
METHANE = 1445( 6026%)
ETHANE~ - 9.8( 4422%)
PROPANE = 701( 3:07%)
BUTANE. = 246( 1410%)

REACTION WATER 2646 11047% BF

ASH = = = = = 319

CWATER = = = =- 0.0

RECYCLE 810~  1265.4

HYDRBGEN .

CENSUMED =~ = 8e5

UNUSED = - = 2947

" CATALYST = = 0.0

GRAMS IN

. GRAMs BUT-

% DIFF =

2440+0 PSI
4780 C
2:07 HRSMIN
Q170

0«0 GR;

BUTPUT IN GRAMS

16752
15108 -
Fe 8

- -

MAF"

MAF
MAF
MAF

MAF

0.000% MAF

CBAL
Caal.
Coal
CeAL

CoAL

AND
AND
AND
AND

AND

H2

H2 |

H2

H2

Hp

=167




L=NT=P=5

INPUT ‘IN GRAMS

MAF CRAL = = s

ASH= = ® = » = 35073

WAPTEQ;V - w w o= OOO

RECYCLE 91IL » 138347

HYDRAGEN= = = 371
1¢5

CATALYSTw = =

TOTAL MASS BALANCE

R
RUN "10-21m68

COAL HYDRBGENATION MASS BALANCE

C@VDITIONS 8F RUN
RESSUR

=T = a2®r "= 2420+0 PSI
TrNPFRATUREr - mm om o om L25.0 C
TIME = = = = = = 2 = = = 1:05 HRSiMIN
COAL, CBNCENTRATION ~ = Qe170"
CATALYST CONCENTRATIGN ~ 1.5 GR;

“BUTPUT IN GRAMS

UNREACTED CBAL,  58.p 2ha94% OF
PREDUCT BIL = 1527 65.42% BF
. BIL < 325C 59,7 25.59% OF
GAS = = =~ o = - 4sb 1.97% BF
METHANE = 240( 087%)
ETHANE. - Leh( 0059%)
PREPANE = 12( 0e51%)
BUTANE = 0:.0( 0.00%)
REACTIGN WATER 177 7+59% BOF
ASH =~ = = = = 3209
WATER = = = = 0.0
| RECYCLE 8I1L»  1380.7
\ HYDRBGEN
CONSUMED = = 2o
'UNU“EW IR 34
CATALYST = = 1
GRAMS IN » = 166946
GRAMS BUT= = 155348
% DIFF = u = 609

o1 W oo

MAF

MAF
MAF

MAF

MAF

0:651% MAF

COAL

CoaAl
CaAL
CaAL

CeAL

AND
AND
AND

AND

AND

H2
H2
H2
H2

He

~gaT-




CBAL HYDREGENATION MASS BALANCE

RUN NUMBER [ ~NT=P-¢ CONDITIBNS BF RUN

DATE 8F RUN 10=22=68 PRESSURE = = = = = » = = 2350:0 PS!
. TEMPERATURE= = = & = = = 4750 C
TIME LI N I T SR ] 1108 HRS:MIN
CBA|, CONCENTRATIBN = « = 0170
CATALYST CBNCENTRATIBN = Se7 GR; 44159y MAF

INPUT IN GRAMS " BUTPUT IN GRAMS

5.8

C MAF CBAL = = m  pu7e7 UNREACTED CBAL 112 4e59% BF MAF CHAL AND Hp
T : : PREDUCT 1L = 16243 66,32% SF MAF CAL AND H2
BIL < 325C 1604 65.54% 8F MAF CBAL AND Hp2
GAS = = = = = 3946 16.19% BF MAF COAL AND H
METHANE =  15+2( 6.20%)
ETHANE » = 12:0( 4089%)
PRAPANE = 2:0( 3¢67%)
BUTANES - 305( 1e43%) |
REACTIGN WATER 309 - 12,63% BF MAR COAL AND H2
ASH= = = = = = 35¢3 ASH = = = = = 333
WATER= = = = = 040 WATER = = = = 0.0
RECYCLE 81L »  1383+7 RECYCLE 81L~ 130408
HYDRBGEN?-- - 39.7 HYDRBGEN
e CONSUMED = = 11.5
UNUSED =. = = 282
CATALYST= = = 947 CATALYST = - 97
TOSTAL MASS BALANCE GRAMS IN » = 167843
R ' GRAMS BUT» = 158&0s2
% DIFF = = =

~geT-




CBAL HYDRSGENATION MASS BALANCE

RUN NUMBER L =NT=Pa7 | .. COBNDITIANS 8F RUN o )
DATE BF RUN 10=23-68 . © PRESSURE = = = = == = = 2440.0 PSI
) . ‘ N _T_EMPEF\AFURE'-' - e w ™ m ow L&SOﬁQ C
o TIME = = = ¢ = n = = = = 2106 HRSIMIN
o o . COAL CONCENTRATIGN = ™ 0170 :

CATALYST CBMCENTPATIGN - 1e6 GR; 0.678% MAF

INPUT IN GRAMS . . : BUTPUT IN GRAMS

MAp'chL ~ = = 2477 UNREACTED CBAL  26+3 10061% BF MAF CBAL AND WP
H : UL PREDUCT BIL = 129.9 52.34% 8F MAF. CBAL AND H2
. eIl < 325c 9365 © 37.66% BF. MAF CBAL AND H2
GAS - o W o, m 70.0 . 88;20% BF MAF CBAL. AND HE N
METHANE = 2409(10003%)"
ETHANE= = 1906 7e91%)
PREPANE = 17.e4( 7200%)
BUTANE= = Bell 327%) A
RbACTIGN WATER 214 8.62% 8F MAF CeAL AND H2
ASHe = m.mom o 3503 - ASH = = = = = 33,7
WATER= = » = = . Qa0 . - , WATER = = = = 040
RECYCLE 8IL =  1383.7 N RECYCLE 8IL=  1355.0
HYDROGEN= = = 4045 \ HYDRBGEN
o : : CONSUMED = =, 123
UNUSED = = = 283
CATALYST= = = 106 CATALYST = » 16
TBTAL MASS BALANCE GRAMS IN = = 167940

GRAMS BUTm = 1599.9
."/g DIF’F M owow )-]:‘07 .

S HGT=




DATE  BF RUN 40=20-68

IN?UT IN GRAMS

MAE CBAL = = -

A%H- - a-- - - w 30.7
WATER= = = = = 000
RECYELE 61IL » 142102
HYDRIGEN= = = 419
CATALYST= = = 842

TOTAL MASS BALANCE

CoAL HYDRBGENATIBN MASS

CONDITIBNS BF
PRESGURE = = =

TEMPERATURE= = =

TIME = » = = =

BALANCE

RUN

- - - - -

COAL CONCENTRATION = = =

CATALYST CONCENTRATISN

Qel47
e G

P14e9

BUTPUT IN GRAMS

4,80% OF

UNREACTED CBAL 102
PRBDUCT BIL = 153.4 72,08% BF

BIL < 325C 14049 66,19% BF
GAS = = » = = 22,8 10,69% 8F

METHANE = Bel( 3.92%)

ETHANE = = 649 ( 3.25%)

PROPANE = 5e5( 259%)
 BUTANE. = 2e0( 0092%)
REACTIBN WATER  25.6 " 12,03% BF

ASH = = = = = 28,5
WATER = = = = 0+0

R;

MAF
MAF
MAF
MAF

MAF

RECYCLE BlL~  1336+2

HYDRBGEN
CONSUMED = = 1248

UNUSED - =

CATALYST « = -

GRAMS IN - =
GRAMS BUT= =
% DIFF = = =

16795
156443
£:9

2240-0 PSI
4500 C
2:06 HRSIMIN

4.098% MAF

CoAL
CaAL
CeoAl
CoAL

CoaL

AND
AND
AND
AND

AND

H2
H2

H2.

H2

H2

=GGT-




COAL HYDRBGENATIEN MASS BALANCE

RUN NUMBER L aNT=P=9 CONDITIBNS BF RUN

H2
H2
H2
HZ2

H2

DATE @F RUN 10"'31"68 - F’RE‘SSURE - @m m om owm owm o~ = 2400.0 PS1I
T T Lo " TEMPERATURE= » = = = = = 4250 C
. TIME = = = = = o &« = = « 2:07 HRSIMIN _
s . COAL CONCENTRATIBN = = =  Qel47 _
. CATALYST CONCENTRATION = 8.0 GR; 5.980% MAF
INPUT IN GRAMS A BUTPUT IN GRAMS
MAF CBAL = = = ‘214+9_ . UNREACTED CBAL 263 12.61% BF MAF COAL AND
T . » PREDUCT OIL = 14845 71.29% 8F MAF CoAL AND
. BIL < 325C 917 54,02% BF MAF CBAL AND
GES = = = = = 10i4  ~  4,98% 8F MAF CBAL AND
METHANE = 2¢8( 133%) :
ETHANES = . 2e5( 1.20%)
PROPANE » . 3e6( 1072%)
BUTANEw = 1e5( 0+73%)
REACTIAN WATER  22.7 10,90% 8F MAF CgAL AND
ASH= = = = = =  30:7 | ASH = = = = = 2847
WATER= = =.= = 0.0 WATER = = = = 0.0
RECYCLE 1L =  1421s2 S RECYCLE BIL=  1386¢3
HYDRBGEN= = &  ° 41+0. \ HYDRBGEN
_ CONSUMED = = 7.3
UNUSED = = = 3347
CATALYST» = = 840 CATALYST = = 8.0

.~ t

GRAMS IN & = 167401
GRAMS BUTw = 15660
% DIFF = = = 6.5

TATAL MASS BALANCE

~9§'[—'




RUN' NUMBER L =NT=P=10
DATE BF RUN .1p0=31-68

INPUT IN GRAMS

MAE CHAAL = = =
CASHm = = wm w 307
 WATER= = = = = 0.0
RECYCLE BIL =  14P1s2
HYDROGEN® = .« 378

CATALYST= = = 1.7

TOTAL MASS BALANCE

UNREACTED CBAL

2149 :
PREDUCT B1IL -

COAL HYDRBGENATIGN MASS BALANCE

"CONDITIBNS BF RUN

PRESSURE = = = = = = =« =  2350.0 PSI
. TEMPERATURE= = = = = = = 48500 C
TIME = = » n = = = = = = 1106 HRS:MIN
CBAL CONCENTRATION = -~ Qel47 § :
CATALYST CBNCENTRATIBN - 1+7 GR; 0.846% MAF

BUTPUT IN GRAMS

369 1

7@81% 8F MAF

67+40% BF MAF

CBAL AND H2
COAL AND H2

BIL < 325C  69.0 33.33% B8F MAF C8AL AND Hp
GAS = = = = = 107 5.18% BF MAF CaAL AND H2
METHANE = et 2001%) :
ETHANE- = 3e1( 1651%)
PRGPANE = 2+5( 1+19%)
BUTANE- 1400 Ool6%)
REALTIQN wATER 19:5 9,42% 6F. MAF CaAL AND H2
ASH = = = = = PR:7
WATER = = = = 0e0
RECYCLE 9IL~ 1399.6
HYDRBGEN
CANSUMED » = 6ol .
UNUSED ‘= =~ = 1.6
CATALYST = » 147

GRAMS IN » = 16729
GRAMS BUT~ = 15643
% DIFF = - = 645

“lCTm




- RUN NUMBER
DATE 8F RUN

L~NT=P=11
11-01=68

INPUT IN GRAMS

. MAF CBAL -~ - 214+9
_ASH- - - J! LI} 30.7
WATER= = = = = 060
RFPYCLE BIL s 14212
HYDREGEN= = = 47073

" CATALYST= = = 9.9

i

TOTAL MASS BALANCE

CBAL HYDRAOGENATION MASS BALANCE

CBNDITIBNS 8F RUN
. = . - 2340.0 RG]

PRES SUIRE

TEMPERATURE e = o = = -

TIME = =

CGAL CBNCENTRATIBN =~ -
CATALYST CONCENTRATIBN

UNREACTED CBAL

PREDUCT B1IL =
BIL < 325C

GAS =

PRﬂPAdE
BUTANE =
PFACTION WATER

GRAMS IN « =
GRAMS BUT- =

% DIFF = = =

1
|
1
1
]
|
i
1

47580

- - - - - d -

]

De147
9+9 G

|

BUTPUT IN GRAMS

1742 7.82% BF
1132 " 51.58% OF
2616 119.22% af

61.5 28,03% GF

2006¢( 9#40%]

19e7( R+98%)

15e4( 7.03%)

BHaeR( 2963%)

2600 11,85% BF
ASH = = = = = . 28.3

CWATER = = = = 0.0
RECYCLE BIL= 11652
HYDRBGEN
CANSUMED ~ = 2048
UNUSED = = = 2645
CATALYST = = 949

16876
15598

726

c

R;

MAF
MAF
MAF
MAF

MAF

2:06 HRS:iMIN

4+ 985% MAF

COAL
CaAL
CBAL
CaaL

CBAL

AND

AND

AND
AND

AND

H2'

H2
H2
H2

H2

_8gt_

T




RUN NUMBER L =NT=P=12
DATE OF RUN 11-04-68

INPUT IN GRAMS .

MAF COAL = = = P40
ASH= = = = = = 30s7
"WATER= = = = = 0.0
RECYCLE OIL = ~ 1421.2
HYDRBGEN= = = 44e5
CATALYST = = 9e7

TOTAL MASS BALANCE

CBAL HMYDROGENATION MASS BALANCE

CANDITIBNS BF RUN

PRESGURE = » = = = = = = 24400 P3I
TEMPERATURE® = = = = = = 4500 C
TIME = = = = = = = = =« = 1:07 HRSIMIN
CAAL, CONCENTRATIBN = = = 0e147 _
9e7 GR;  L4eB848Y% MAF

- CATALYST CONCENTRATIEN =

UNREACTED cBAL

BUTPUT IN GRAMS

1704 8.18% BF MAF CBAL AND Hp
PReDUCT -BIL = 1547 72.84% BF MAF Ceal AND W2
BIL < 325C 103+6 48,76% B8F MAF COAL AND H2
GAS = = = « = 1806 8.74% BF MAF CBAL AND H2
© - METHANE = 7¢3( 3.72%)
ETHANEw = Sek( 2e54%)
PREBPANE = 3.8( 1+80%) _
BUTANE= = Loli( 0s68%) _
REACTION WATER 209 9.84% BF MAF CBAL AND H2
ASH = = = = = 2845
WATER = = = = 0.0
RECYCLE 0IL=  1374.7
| HYDRE GEN » |
: CONSUMED = = 1204
UNUSED = = = 3202
CATALYST = - 947
GRAMS IN = = 167901
GRAMS BUTe = 1563.7
.He9

% DIFF = = =

66T




RUN NUMBER L~NT=P-13
DATE 8F RUN - 11=05-62

INPUT IN GRAMS

MAF COAL = = = 21449

ASH= = v = = =
CWATER= = = =. = O'oc 
RECYCLE. B1L. = 142142
HYDRBGEN= - = 39.2
147

CATALYST- = -

" IBTAL MASS BALANCE

-~

307

CBAL HYDREGENATION MASS BALANCE

CENDITIBNS BF RUN

PRESQURE = = = = = = = = 2300+0 PSI
TEMPERATURE= = < == = 475.0 C
TIME = =« = 2 = »n = = = = 2105 HRSIMIN
COAL CONCENTRATION = = = Qo147

- 17 GR3

CATALYST CBNCENTRAT;BN

0.868% MAF

BUTPUT IN GRAMS

4491% 8F MAF CBAL

MAF CBAL
MAF Ceal
MAF CoBal

MAF CBAL

UNREACTED C8AL  10.2
PREDUCT B1L = 12643 60.57% 8F:
; "BIL < 325C 16148 7758% BF
"GAS = = = o .. 5007 P4.30% BF
METHANE = 20e4( 9e77%)
ETHANE= = - 15.7( 7.52%)
PRBPANE = 113¢( Bek2%)
BUTANE - = © 3a3( 1659%)
REACTION WATER 2002 9.69% BF
 ASH = = = = = 27.9
WATER = = .= = 0.0
RECYCLE B81L=" 12604
MYDRBGEN
\ CONSUMED » = 1246
' UNUSED = = = 265
CATALYST = » 147

GRAMS IN = » 16794

GRAMS BUTa =
% DIFF: = = =

1531.3

8-8

AND

AND
AND
AND

AND

H2 .

H2
H2
H2

~09T~




RUN NUMBER LaNT=Pa14
DATE 8F RUN 11-05-68

INPUT IN GRAMS

MAF CBAL = = ¥ 21429

ASH= » = = = = 30+7
WATER= = = = = 0.0
RECYCLE ®B1L . 142102
HYDRSGEN= =~ = 39+ 0

CATALYST= = = 0.0

/

TATAL MASS BALANCE

CAAL HYDRBGENATION MASS BALANCE
-CONDITIGNS BF. RUN

PRESSURE .= = = = = = = = 2480.0 PSI
TEMPERATURE= = = = = = = 425.0 C .
TIME ;5 LI L T B B 2:05 HRS!MIN
CHOAL CBNCENTRATIBN = = = NDeld7

~ 00 GR; 0.000

CATALYST COBNCENTRATIGN

UNREACTED ceaL
PREDUCT BIL -
. BIL < 325C
GAS = » = o0 =
METHANE =
ETHANE~ =
PRGPANE =
BUTANE« =
REACTIBN WATER

GRAMS IN . -
GRAMS BUT= =
% DIFF = « =

BUTPUT IN GRAMS

450 2217% OF
13549 66.92% 8F
6103 30.20% OF
61 2.98% OF
108( 0e88%)
7 1e8¢ 0+90%)
127( 0e84%)
0s7( 0036%)

1548 7.78% ©F
ASH = = = = = P8k
WATER = = == 040
RECYCLE 81L~ 139147
HYDREGEN
CONSUMED = » 3¢9
UNUSED = = = 3541

| CATALYST = - 0:0
167046
1548.3

703

MAF
MAF
MAF
MAF

MAF

CoAL
Coal
CBAL
CBAL

CoAL

% MAF

AND H2

AND H2

AND H?2
AND H2

AND Hz

hTT

"v




RUN NUMBER LaNT=Pw15
DATE 8F RUN 11=06~=68

INPUT IN GRAMS

MAF CBAL o» = = P14+9
ASH= = = = = = 307
WATER= =« » m» = 0.0
U RECYCLE BIL =  1421.2
HYDRBGEN= = - 3562
CATALYST» = =

]

TEBTAL MASS BALANCE

0e0

COAL HYDREGENATION MASS BA| ANCE

CONDITIONS BF RUN

PRESSURE = = = = = = =
TEMPERATURE: = = = = =
TIME = e w o ™ = m ow o=
COAL CONCENTRATIGBN = =

CATALYST CBNCENTRATIGN -

- 2520.0 PS!

- 4750 C

= 1:06 HRSIMIN

- Q147
DeQ GR;

BUTPUT IN GRAMS.

UNREACTED CBAL 119 11.04% BF MAF
PREDUCT BIL = 7640 70.43% 8F MAF
BIL < 325C 4846 C45,04% 9F MAF
GAS » = ™ @ = 946 8092% BF MAF
METHANE = ha3( 3097%) '
ETHANE e = 340 2e76%)
PROPANE = 1e9( 1e72%)
BUTANE~ = Oe5( 0et7%) o
. REACTIAN WATER 9ep 8053% aF MAF
ASH = = = = = 1501
WATER = = = = 0.0
RECYCLE 81IL~ 72549 -
HYDREGEN
CONSUMED = = 23
UNUSED = = = 32.9
\ 0.0

GRAMS IN = = 166901
GRAMS OUT= = 82043
5049

% DIFF = n =

CATALYST = =~ .

0.000% MAF

COAL
CoAL
CoAL
CoaAl

AND
AND
AND
AND

H2
Hz
H2
H2

CaAL AND H2

~29T-~




XIT. Master Summary - Series P.

Summary of Experimental Results in Percent -of Coal Going to Each Product

RUN TIME TEMP CATCN % UNCeN % 61l
LeNT=P=1 1107 425600 Le184y 16277 72+199
L=NT=P=2 2106 450200 0+CQO 13+598 69+328
CLeNTAP=3 1105 475.00 0735 52168 72278
L*NT=-F=4 G 2:07 47500 0°000 3904 692613
LPNT=P=5 1105 - 425+00 0e651 P24e940 65425
L"NT~P-6 1109 475,00 4159 4,587 66320
L*NT=p~7 2106 45000 0678 10606 524340
LeNT=P=8 T 2106 45000 . 4093 42798 724077
L*NT~P=9 2107 425400 3980 120609 . 71+286
L "NT-=P=1g  1:06 450200 Q846 17813 . 67:401
LeNT=P=14 2106 475.00 L8385 7821 51580
L*NT=P=12  {:07 450°00 hao84g Be 182 72836
LeNT=FP=13 2105 475.00 Qe 868 429147 602570
S L*NT=P=14 7:05 42500 0+ 000 222170 662924

L=NT=P=15 1306 475400 © 0+000 11035 70+ 430

2+:076
Ra637

11517

140654

1,965
16.192
28+203
10+ 688

42980

50176
28,031

8745
Phe297

292983

8922

% H2o

Q246
102272
10876
11473

7:586
12,626

8619
124026
10897

Qa418
11849

92838

Qe b86

747873

R+H26

—£9T-




XII. Master Summary - Series P., Cont.

Summary of Experimental Results in Grams of Product Found and Loss Varidtion

RUN .

LoNT=P=1
L=NT=P=2
L=NT=P~3
L=NT =P =4

L=NT=P=5

[ *NT=p=6
LoNT=P=7
L=NT=-P=8
L=NT=P=9
LeNT=P=10
LoNT=P=11
L=NT=P=12
LoNT=P=13

LeNTeP=14

L"NT=P=15

1007

»

TIME -

2v06
1205,

5 - 2a7
1105

1105

2106

2106
2107
1106
2106
1107
2105
2:05
1106

TEMP

525400

. -450900
H475.00
k75600
L 425,00
k75,00

" 45000
450.00-

425400
450500
4750@0
450400

475100

425.00
475,00

. CATCN

(%)

hel8y

0=000

0735
0°000 -

0:651
4«1859
Qoﬁ78
4098
3930
0844
4.985
be8hg

-0’868

0000

0+000.

PREGDUCT
{gm)

1690857
1614312
171465

161400

152.658
162301
129948
153428
148494

1394552
1132179

154741
126321
135862

762001

<325¢C
(gm)

20+300
959200
111+200
143+900
59.700
160+400
93500
140900
91+.70Q0
69-000
2619600
103600

161800

. 61300
48600

H2USED
(gm)

5826
ho824
5834
e 493
24334
11513
126268

120751

72318
62130
20834
12361

- 12642

3886
2307

Less
(%)
74365

2003
“6e574

9.818 .

6.936
D842
be711
62862
heo 4857
6490
78571

éa875'

8@82Q
70325
50851

—=HOT>




=165~
TABLE VI. Coal Hydrogenation Mass Balance

XIII. Individual Output Balance.Sheets - Series Q.




L.aNT=Q-1
12«06=-68

RUN NUMBER
DATE 8F RUN

" INPUT IN GRAMS

MAF'caAL-~'~_- 2477
ASH® = = « = = 35.3
lA'ATER- .- L N l- . OQO
RFCYFLE Il = 13837
HYDRﬂGENn - = 527

9.0

CATALYST» = «

TBTAL MASS. BALANCE

COAL HYDRBGENATIOSN MASS BALANCE -

CHVWITIGNS 8F RUN

PRESSURE = = = = = = = =  2500+0 PSI
TEMPEPAFURE- - m o m = o= 4250 .C
TIME @« = = = = = = = = = 4708 HRSYMIN
COAL CBNCENTRATIBN = = = (0170
CATALYST CBNCENTRATISN = 9.0 GR;

UNREACTED CBAL
PRODUCT BI. =
T 81IL < 325C
GAS = w " w =
ME THANE
ETHANE =
PRBPANE

. BUTANE=

REACTIBN WATER

GRAMS IN - «
GRAMS BUT~ =
% DIFF = = =

BUTPUT IN GRAMS

MAF
MAF
MAF
MAF

MAF

2e1 0.84% BF
1949 79+63% BF
1507 61.56% @F
267 10,90% oF
13.0( 5-31%)

7ell 2e92%)

425( 1085%)

2e0( N+81%) .

190 4 7.93% BF
ASH = » = = = 3202
WATER = = = = 0.0
RECYCLE BlIL~= 130401
HYDRBGEN
CONSUMED = = - 1903
UNUSED = = = 3304
CATALYST = = 9.0
16860
1653541

9.0

32991y MAF

CaAL
CoaL
CoAL
CaAl

CeAL.

AND
AND
AND

AND

AND

H2
H2
H2
H2

H2

\_.99-?;




LeNT=Q=2
120758

RUN NUMBER
DATE 8F RLUN

INPUT IN GRAMS

MAF CBAL = = = 2477
AS}"{' - - - - -~ 3503

" WATER® = = = f . 0e0
RECYCLE BIL = 13837

HYDRBGEN® = = 39,0

00

CATALYST= = =

!

TOTAL MASS BALANCE

COAL HYDRBGENATIGN MASS BALANCE

CONDITIBNS BF RUN

PRESSURE: :
TEMPERATURE= = = = = =

TIME - -

COHAL CANCENTRATIBN
CATALYST. CGNCFNTRATIBN

UNREACTED caAL
PREDUCT BIL .-
. g1l < 325C
GAS = « .

METHANE

" ETHANE~ =
PREPANE
BUTANE -
REACTION WATER

»” - -

GRAMS IN a =
CRAMP BUTw =

ATDIFF - -

-~ T ® 7T n T r

1

47590

LI - I I B N

0,170
0.0 G

BUTRUT IN GRAMS

) 3. 46% BF
15361 64.58% BF
15246 64.37% OF

5644 23.,79% BF

24e7(10041%)

1706( 743%)

1102( 4a71%)

209( 1.23%) .

1801 7964% 6!7
ASH = = = = = 319
WATER = =« = = 0.0
RECYCLE 8ILw» 12513
HYDRBGEN
CONSUMED = = 132
UNUSED = = = 2549
CATALYST = = 0.0
167949
151846

e b

c

R

MAF
MAF
MAF
MAF

MAF

2300:0 PSI
2106 HRSIMIN

0:000% MAF

CoAlL AND
CoAL AND
CeAL AND
CBAL AND

CBAL AND

H2
H2
H2
H2

H2




CBAL HYDROGENATION MASS BALANCE

RUN NUMBER | »NT=Q~3 CONDITIBNS BF RUN

NATE BF RUN  12=07=68 PRESSURE = = = = = = =
= T s TEMPERATURE» = = =
TIMEEE.-:‘!'-.EEE.

CBAL CONCENTRATIBN '» =

CATALYST COBNCENTRATISN

INPUT IN GRAME

MAF COAL = = = -247e7  UNREACTED C8AL  {3eg
L L .. PReBUCT BIL = 2040 &
. BIL < 325C 105.0 -4
GAS = = = -« = 123
METHANE - 501( 2.06%)
ETHANES = . 346 1,44%)
PREPANE = 2e7( 1410%)
BUTANES = . 0.9( 0.38%)
REACTIGN WATER  17+1
ASH= = = = = =  35.3 | Lo ASH = = = = =
WATER= = = = = 00 ‘ WATER = = = =
RECYCLE B1L = 138347 ) RECYCLE BIL-
HYDRAGEN= == - 47+3 o HYDRGGEN
e = CONSUMED = =
| © UNUSED - = -
CAFALYST= = = 9.0 CATALYST = -

]
i

GRAMS IN = = 168240
GRAMS 6UT- = 1576.3
% DIFF = = = 63

TBTAL MASS BALANCE

1 1 8 4

BUTPUT IN GRAMS

5.25% BF
2.46% 8F
2.45% BF
4,98% OF

691% oF
3301

0.0
1395.8
1542
3201

90

e GR:

MAF
MAF
MAF
MAF

MAF

2310+0 PSI
L 42500 C
2:06 HRSIMIN
0170

3.877% MAF

CeAL
Coak
CoAL
CoAL

CBAL

AND

AND
AND
AND

AND

Ha
H2
H2
HP

Q89I‘.

H2




COAL HYDRGBGENATION MASS BALANCE

RUN NUMBER | =NT=R-4

CONDITIANS OF RUN

bl

Mg
H2 .
H2
H2

DATE BF RUN 12-08-68 PRESSURE = = = = = = = = 2340.0 PS!
oo TEMPERATURE= = = = = = = 450.0 C
TIME » = = 2 = o = = « = 1107 HRSIMIN
COAL ceNCENTRATIBN - - - 06170
CATALYST CBNCENTRATIBN = 87 GR; 3.754% MAF
INPUT IN GRAMS BUTPUT IN GRAMS
MAF COBAL = = =  P47+7 UNREACTED CBAL 1446 6.09% SF MAF CBAL AND
- PREDUCT B1L = 1922 80+20% OF MAF CoAL AND
BIL < 325C 1073 44.76% BF MAF CeAL AND
GAS = = = - = 13.4 5,57% 8F MAF CoAL AND
METHANE = be3( 1.81%) -
ETHANES « C4hel( 1470%)
PRAPANE = 306( 1450%)
BUTANE= = lod( 0e56%) :
REACT 18N WATER 190 7.93% 8F MAF CBAL AND H2
ASHe ® = = = = 35.3 ASH = = = = = 3314
WATER®™ @ = = = ' 0.0 . WATER = = = = 0.0
RECYCLE 81L =  1383.7 RECYCLE B8IL=  1379.8
HYDRBGENw .= = 39.3 HYDRAGEN
CONSUMED = = 7.9
UNUSED = = = 3103
CATALYST= = = 847 " CATALYST = - 807
TATAL- MASS BALANCE GRAMS IN = = 1674e7
o , GRAMS BUT= = 1567.2
% DIFF = w =

69T




L=NT=0=5
12°09-68

RUN NUMBER
DATE BF RUN

INPUT IN GRAMS

MAF CBAL = = = 24747
ASH- - w‘u s ™ 35\13
'HATER- ~ .- 000
RECYCLE 8IL =  1383+7
HYDRBGEN= = = 4506
CATALYST= = = 9.3

1

TETAL MASS BALANCE

CAAL HYDR

UNREAC
PREDUC
61
GAS =
ME
ET
PR
BU
REACTI

GRAMS

GRAMS BUT- =
% DIFF -

BGENATION MASS BALANCE

CONDITIONS BF RUN
PREGSURE = = = = = = =

FMPEPATUREH - = = * =

TI lr - L] - - - - - - -
COAL CONCENTRATIBN - =

CATALYST CONCENTRATIBN -

24600 PSI

4500 C
2:07 HRSIMIN

0170
903 GR;

BUTPUT IN GRAMS

TED CBAL 8oy

T BIL - 18647

L < 325C 155.1

- % = 27 5.

THANE » Fe3( 3085Y%)
HANE~ = Be2( 3:38%)
GPANE = 69 ( 2:36%)
TANE = i ( 126%)
BN WATER 186 '

ASH » = = = =

WATER = = = =

RECYCLE BIL~-

CONSUMED = =

UNUSED = = =

" CATALYST = = .

16805
15480
709

IN = -

¥ -

3.34% OF MAF
77917% BF MAF
640 12% BF MAF
11.35% BF MAF

7.69% BF MAF

Qa0

13062

%o 0769 MAF

CBAL AND Hp
Caal AND H2
CBAL AND H2
CaAL AND H2

CBAL AND H2

~0LT-

™




COAL HYDREGENATION MASS BALANCE

RUN NUMBER L ~NT=0-6 : . CENDITIONS OF RUN
DATE.OF RUN 12-09-68 . . = PRESSURE = = = = = = =
ATE SR ' TEMPERATURE® = = » n = 47500 C
_ O UTIME s % = e m oy e - 1106 HRSIMIN
SRR ' CBAL CONCENTRATIBN = = =  0.170 :
. _ CATALYST CaxcpNTRATIGN - 0«0 GR; 0.000% MAF

246000 PST

P -

INPUT IN BRAMS S " BUTPUT IN GRAMS
-MAF COAL = = = . 24747 . UNREACTED CBAL  20e0  8.72% BF MAF CBAL AND H2
"~ . PRBDUCT 8IL = 16243 70.57% 8F MAF CAL AND H2
. BIL < 325C  97.3  42.32% 8F MAF CBAL AND H2
GAS = = = ~ = 304 13,24% 8F MAF CBAL AND H2
METHANE =  12+8( 5e55%) |
ETHANE= = - 9¢0( 3¢93%)
PROPANE = Got( 2477%)
BYTANE= = 2e3( 1.00%)
REACTIEN WATER 1647 . 7.26% 8F MAF COAL AND H2
ASH- LI I - 3503 ’ o ASH "." ’_‘ - 3291
WATER= = = « =« © 040 MWATER =~ = ~ = 0.0
RECYCLE 81l = - 138347 o RECYCLE 8IL~  1320.2
HYDRBGEN= = = - 356 ‘ HYDRBGEN .
‘ : , = - CONSUMED = = 5,2
UNUSED = = = 3043
CATALYST= = = 0.0 | © CATALYST = - 0.0 "
TOTAL MASS, BALANCE ~GRAMS IN & - 167240

GRAME BUTw » 151647
% DIFF = = = 903

~TLT-

V)

T




RUN NUMBER L «NT=Qa7
DATE 8F RUN :12=10=~68

INPUT IN GRAMS

\.MAF COBAL o = = 2477
ASH™ = = = = = 35’3:
WATER® = = = = 0+0
RECYCLE B8IL = 138347
HYDREGEN=~ = = Yo
CATALYST= = = 107

TATAL MASS BALANCE

CoAL HYDRBGENATION MASS BALANCE

CENDITIONS B8F RUN

23800 PSI

PRESSURE = = = = = = = =
TEMPERATURE= = = = = = = L50e0 C .
TIME ~ = = = = = = = = = 4106 HRSIMIN
COAL CONCENTRATION = = = 0,170

17 GR:

CATALYST CONCENTRATIGN =

UNREACTED coAl,
PREDUCT BIL =
) B1l. < 325C
GAS = « =
METHANE =
ETHANE- -
PRAPANE -
BUTANE- =
REACTTIAN WATER

- -

BUTPUT IN GRAMS

2+99% OF

74e61% BF

67.34% BF

) 14,00% BF
3:95%)
4236%)
3:89%)
181%)-

7&91%~GF

1= g
- W ov~d
O OO0 WD
- 2 @ 2 @ p . o O
O WW Ui O oswn

=

ASH = = & =» = 32}3

WATER = = » = 0.0
RECYCLE BIL= 123248

HYDRBGEN

MAF
MAF

MAF.

MAF

MAF

GRAMS IN n =
GRAMS GUTy -
% DIFF = = =

CONSUMED = =
UNUSED = = =

CATALYST = =
1680-5

153647
Reb

1348
305

17

0«751% MAF

‘CoAL

CeAL
CoAl
CBAL

coal

AND
AND
AND
AND

AND

H2
H2
H2
HZ

H2

~glT




COAL HYDRBGENATION MASS BALANCE

RUN NUMBER { =NT=Re8 CANDITIONS BF RUN o
DATE 8F RUN 12=11-68 PRESGURE = = = = = = = = 24500 PSI
: . TEMPERATURE= = = = = = = 42540 C
TIME = wien = = 5 = = = 2:06 HRSIMIN
CBAL CONCENTRATIGN ~ - = De17Q

CATALYST CONCENTRATION 1e7 GR; 0.734% MAF

INPUT IN GRAMS | - BUTPUT IN GRAMS
MAF CHAL = = = 247+7 UNREACTED CBAL 254 10.74% 8F MAF CBAL AND H2
: PREDUCT B1L = 1851 78+ 16% BF MAF CaAL AND H2
BIL < 325C  77+8  32.85% 6F MAF COAL AND Mz
GAS - - e w - 9.5 %,00% BF. MAF CBAL AND H2
ETHANE = 308( 1:59%) .
N Pe8( 1417%)
PREPANE = 2e3( 0:97%)
BUTANE = = 0+6( 0627%)
3 REACTIBN WATER 165 6.97% BF MAF CBAL AND H?
ASH= = = = = « 353 - ASH = = = = = 3304
WATER= = = = = . 0:0 WATER = = = = " 0,0
. RECYCLE BTL =  1383.7 -~ - . RECYCLE BIL® 140200
HYDROGEN= = = . 39.4 \ HYDRBGEN ‘
- ‘ ' CANSUMED = = 5s1
UNUSED = = = 3403
CATALYST® = = 1.7 CATALYST = = 1.7
TATAL MASS BALANCE ~ GRAMS IN » = 1671.8

GRAMS BUTw = 156443
% DIFF = = = 6ok




RUN NUMBER
DATE 8F RUN

L-NT=Q=9
12=12=68

INPUT IN CRAMS

MAF CBAL = = = 24747
H.ASHU_F I 252
WATER= = = = = 0+0
 RECYCLE BIL »  1383:7
HYDRBGEN= = = 3408
1.5

CATALYSTe = =»

TBTAL MASS BALANCF

COAL HYDRGGENATI@N MASS BALANCE

CﬂNDITIﬁNS 8F RUN

PRESSURE = = = = = = = = 2350.,0 PSI
TEMPERATURER = = = = - = 475.0. C .
TIME = = = = « = = = = = 1107 HRSIMIN
COAL, CBNCENTRATION = =« = 0,170

= .15 GR;

CATALYST CONCENTRATIBN

UNREACTED ceAl
PR?DUCT BIL -

B1L .< 325C
GAS =

- ™ e -

METHANE =

ETHANE« =
PREPANE =
BUTANE- =
REACTIEON WATER

- GRAMS IN - -
GRAMS‘BUTu -
"% DIFF -

- -

BUTPUT IN GRAMS

MAF

MAF
MAF
MAF

MAF

8.5 3,58y OF
18149 76.30% AF
1093 45,85Y QF

283 1l.89% BF

10e7( 4050%)

8:4( 3.52%)

beb( 2079%)

2e6{ 1:08%)

1943 2,10% OF
ASH = @ = = = 33.2
WATER = = = = 00
RECYCLE 8IL=  1372.9
HYDRBGEN .
CONSUMED = = 5eb
UNUSED = = = 29,4,
CATALYST = = 1.5

167204
15715
6

0e644% MAF

CoAL
CoAl.

-COAL

CeAL

CoAL

AND
AND
AND
AND

AND

H2
M2
H2
H2

He




RUN NUMBER = L=NT=0-10
DATE BF RUN 1p+-ip=68

INPUT IN GRAMS

MAF CBAL » = = 947e7
ASH= v e mow - 35,3
WATERw = = = = 040
RFCYCLE BIL = 13837
HYDROGEN= = = 4000
CATALYST= = = 106

!
!

- TOTAL MASS BALANCE

" CBAL HYDRGGENATION MASS

" CONDITIONS OF +
PRESSURE = = =
TEMPERATURE= -

TIME

COAL CONCENTRATIBN = -
CATALYST CENCENTRATIGN

UNREACTED cBAl,
PREDUCT BIL =
8IL < 325C
GAS = = = -'m
METHANE =
ETHANE «
PREPANE =
BUTANE=~ =

" REACTIBN WATER

GRAMS IN = =
GRAMS BUT= =
.%'DLFF " w -

BALANCE

E I B B B |

BUTPUT IN GRAMS

847 3.64% BF
18749 783e41% 8F
119.5 43,86y BF

24,5 10,22% oF
9e3( 3e87%)

7e3( 3:.05%)

6.0( 2+51%)

1+39( 0:79%) ,

180 7.51% BF
ASH = = = = = 33.0
WATER =« = = = 0.0
RECYCLE BIL~ 13622
HYDRBGEN
CONSUMED = .= 861
UNUSED =~. = = 319
CCATALYST & = 106
1674+8
156640

695_

2430.0 PSI
4500 C
2:08 HRSIMIN
.0+170Q
T 1e6 GR;

0e691% MAF

CoAL
CoAL
CoAL
CaAL

CoAL

AND
AND
AND
AND

AND

H2

H2
H2
H2

H2

-G LT~




RUN NUMBER L «=NT=0-11"
DATE BF RUN 12-13-68.

INPUT IN GRAMS

MAF CBAL = = =  P47e7 . -

ASHH -- H - - - . 35’3
WATERm = = w = 0.0
RECYCLE 91L = = 13837
HYDRAGEN= = = 368
CATALYST= = = 0+3

/

TBTAL MASS BALANCE

CBAL HYDRBGENATION MASS BALANCE

CONDITIBNS 8F RUN
PRESSQURE = # = » = » = =

2500¢0 PSI

TEMPERATURE= = = & = = = 45040 C

TIME » = = 2 =« o & = = = 1:06 MRS :MIN
COAL CONCENTRATIGON =~ = = 0370
CATALYST CONCENTRATIBN = 0+3 GR;

BUTPUT IN GRAMS

CATALYST = =

GRAMS IN = =« 1670e2
GRAMS BUTe = 1561.8
% DIFF = 65

] -

MAF
MAF
MAF
MAF

MAF

UNREACTED CBAl, 271 11.51% 6F
PRODUCT BIL =  176.2 74.97% BF
. BIL.< 325C 791 33.66% 8F
ﬂGAS - - - 14406 ' 6019%_5F
METHANE = 5:9( 2+50%)
ETHANE. - he5( 1.91%)
PREPANE ‘= . 3+3( 1+39%)
o BUTANE = . 0e9( 0e40%)
REACTION WATER  17.0 . 7.23% OF
ASH = = = = = 3340
WATER = = = = 0.0.
\ RECYCLE 8IL-  1391.0
L HYDRAGEN
CBNSUMED - = ek
UNUSED = = = ‘334
03 -

0.130% MAF

CoAL
Caal
CsAL
CoAl

CoAL

AND Hp
AND H2
AND H2
AND. H2

AND H2

=g T




COAL HYDROGENATIGN MASS BALANCE

RUN NUMBER [ =NT=0-12 CONDITIBNS BF RUN

DATE BF RUN 1p=13-68 PRESSURE = = = = = = - = 2300.0 PS]
: = TEMPERATURE= = = = = = = 45000 C
TIME = == = = = = = = = 2106 HRSIMIN

CEAL CONGENTRATIBN = =« = 0170 .
CATALYST CONCENTRATIBN =  0+0 GR; 0.000% MAF

INPUT IN GRAMS BUTPUT IN GRAMS
MAF CBAL » = = 24747 UNREACTED caAL 79 5.94% BF MAF CBAL AND H2
PREDUCT B1IL" - 981 73.66% BF MAF COAL AND H2
. BIL < 325C 6547 48.98% BF MAF CBAL AND H2
GAS = = = = = 1247 9.54% BF MAF CBAL AND H2
| METHANE =~ Se1( 3847%) - -
ETHANE- - 3.9¢( 20947%)
PRBPANE = 2e9( 2¢16%)
BYUTANE - 0e8( 0¢60%) .
REACTIPN WATER 12.5 9.39% BF MAF CBAL AND H2
ASH= = = = = = 3503 : ASH = = = = = 1804
WATER» = & = = 0s0 WATER = = = = 040
RECYCLE BIL =~  1383.7 . B RECYCLE &1L~ 7537
HYDRAGEN= = = 3409 \ HYDRBGEN
- - CONSUMED = = 41
UNUSED = = = 3048
CATALYST= = = 0e0 " CATALYST = - 0e0
TRTAL MASS BALANCE  GRAMS IN = = 1670.8

GRAMS BUT- = 870+ 4
4 DIFF = w = 4799

=-LLT-

T1




XIV. Master Summary - Series Q.

Summary of Experimental Results in Percent of Coal Going to Each Product

| RUN TIME TEMP " CATCN . % UNCEN % 01l % GAS
‘L.n-NT-.Q.i 4108 425.00 30991 00842' 79632 10989'6
LeNT=0=2 . 2106 475000 0000 30463 645380 £3:788
LeNT=Q=3 2106 425«00. - 3877 . 5255 B2e463 4982
L=NT=Qnd- 1007 45000 20754 69094 800197 5570
L=NT=0=5 207 450.00 4.076 30343 77 « 168 11y351
LeNT =06 1106 475+ 00 0-000" 8e716 702568 Co13e247
L=NT=Q=7 4106 - 450.00 0751 2:993 The6l1 13,998
LeNT=Q=8 206 . 425.00 Qe 734 10739 784+157 32999
C LrNT=~0-9 1:07 . 475.00 Oebly 3577 . 76299 11:885
P L=NT=Q=10 2:08 45000 BRLER 3640 789413 10217
L"NT"@"ll 1206 450+00 Q113Q 115173 74967 i 6s1S2

L=NT=0Q=12 piph 45000 0+ 000 5937 73657 9+540

% H2s

72925
74635
602314
7926
7 689
72673
7307
6967
&.096
7511
7233
9390

_8LT—




XIV. Master Summary - Series Q., Cont.-

Summary of Experimental Results in Grams of Product Found and Loss Variation .

' ol e el ol sl el o alt

RUN . TIME = TEMP CATCN
- oo e ' (%)
*NT=Qw1 4108 - 425,00 3991
“NT~Q2 2106 47500 0+ 000
“NT=Q=3 2iob 425400 3:877
“NT=0=4. 1107 . 450.00 24784
“NT-0=5 2107 35000 . 4076
"NT=Q+6 1106 475.00 0000
“NT=Q=7 4tob 450.00 07514
sNT=Q=8 2106 425,00 0734
=NT=n=9 - 13107 . 475960 De 644
~NT=0<10 2:08 C 450000 0691
=NT=-0=11 1106 450000 6130

L=NT=0=12  2:06 450,00

0.000

PRODUCT
(gm)

1940927
153088
203962
152244
186+ 663
162251
179277

- 185,094

181878
187,921
176+192

298,056

<325¢C
(gm)

"150-70Q0

152600
105000
107300
155+100

97300

161800,

77 4800
109300
119500

79+100

65.200

HM2USED
(gm)

19.282
130187
15213
7939
13747
50239

139799

5,080
56633
8s071

" 3476 -
4e101. .

LOSS
(%)

8e204
96073
62281
bal4?21
7887
9285
%+558
6o433
6+030
62498
6eh9p
47 4907

s
]
e}
[Ne]

k!




TABLE VII.

MULTIPLE REGRESSIAN

WK —=C U000 R+ 1+

e a

A.

MEAN -
0483907372400
0e45328931E+073
0+70628428E400 ©
O« RURET7PE6REL0OL
O'zél- JL.SQQE-‘-OE
0+P38B8RETE+02
0+112620455402
0«83193176E+Q7
0+19239120E 407
DePU0A44P9EL03
0+37940771F+03
D+53037548E400
0+32179%68F+03

‘Statistical Variations.

Recycle Number One.

WITH 13 VARIABLES AND

ST, DEVIATIBN
0*53456248E+00
00194 26R04F+02

26931 7406E4+00 0

0eB52527466F .01
o 18282181E+02
0e18570796E4+02
0+30648708E+01
0+21982162E+02
0e83682716F 401
Ce34710547£4+03
0226549951F+03
0 76268357FE+00
0e31691357E+03

VARIANCF _
0°34171361E+00
0+3774C039E+03

-4¢g49015E+oo
0+27591324E402
0+33423804E4+03
0+24244972E403
0+93934412E+01
0+48321533E+03
0+69860733E4+07
0.12048213FE4+06
0¢70430000E+05
0e53168644E+00
0+ 100434136406

38 0BS ERVATIBNS

UM BF SOUARFS
0012643406E+02
0+13343820E+05
Qo 177781”7E+02
0¢10208722E +04
0+12366813E405
0+89706406E+0H
C+34785737E+03
Qe17878962E+05
0+25848477E 404
Oe445723400E4+07
0e26081310E+07
0:21522400E+02
0e37160640E+07

—~0QT~




- TABLE VIII. Correlations of All Varisbles With EBach Other Recycle Number.

[VIAY) =

oo FrE wWww

oo

1o
1

12

>
{3 N3

A. Reéycle Number One. .

CERRELATIGONS BF VARIABLE T WITH

~0+08LESD

0524660

01662508
0+«610658

»0e277505

'”00154666

-0 944790
0+092754

0540051

O|084500_

0+53931 4
‘QQ84978$

02692821

P 0489211

00486617

0+604880

-00157783
0+732579

0058163
Q045258

0+175155
0152485

~0+018729
=0¢600001

w0 654094
0143108

0709614

0+429332
00647794
0+759962
0998700

~0e¢155167

0162271
0+482117

"0+ 74559
“0*026048

0+ Q49974
0+612305

0*0761439
rQe 664604

-0*566525

0°754528

0°089427
0+561254
0° 620939

0+605626

VARIABLES J THRBUGH K

~0+ 440138
0997396

0«7
0+0

= U1

1215
6129

. "0+181039

0+938052

=0+477703

wQ.596983

0318207 -

0°492304
0631541

04362640

0.471690

0482076

04365073
Qe170185
0e457772

“0+447880

0122393

Qe522312

DeD69486
Q475576

0+460165
=0+162795

0+514051

0352710 °

~0 594038

"0 +491766

0*289457

~01162907

~TQT-




TABLE IX.

A. ‘Recycle Number One.

- Regression Equations for Individual Yields and Their Degrees of Fit to the Equation.

Y=VAR - B : 4R PaAR
.4_ i 0-49863435E+02 0e32339798E+02 1I50 OeégBZ
2 0+19R66860E400 0+76231718E~01 2e61 04297
3 0«99323732E+02 Q-30069351E+02 3+3p 005164
10 - 0+17995512E400 (©°69442153E=01 2°59 | qe4p77
11 =0+113927208400 0°73700964E-01 =155 "0°2716
12 ~083040427E402 (Q+31{60%782E402 =263  mne42R5
13 »0+22823530E4+00 0+65943122Ep1 =3+46 . m5eB34p

0 =nN+76210083E+02

MULTIPLE R20«2193, R SQUARE=z(67132

TETAL

37

Ne12366813E+05

ST ERRER OF EST=033446207E.01

SBURCE DF . 58§ Mg £
DUE T8 REG 7 0+68523467E4+03 O 97897797F+02 8e75
ABBUT  REG 30 0+33559448E+03 0+11186482E+02
TaTA| 37 0e10208792E+04 ' .
Y=VAR B ! B . sg T PAR R
1 0e32660202E+02 (Qe72961853E402 Q+43 0+0815
2 =0.662530C1E+00 0416682023E+00 =337 -0°38/O
3 w0+93279343E4+02 0+65791336E+02 ~1e42  =(0e2506
10 =~0ev27110833E+00 («15192187E+00 ~1.78 =0 +3098
11 =0:10946023E4+00 0+16128939E+00 “Q0e¢68 =0»1230
12 0+12706796E+03 0+69143112E+02 1e84 0034581
13 0.209234A0E+00 0Qe14428348E+00 1e45 022559
0 0+36705249E+03 - '
MULTIPLF R=0+9328: R SQUARE=0+8701 °T ERRBR B8F EST=0e73173418E4+01
! SBURCE DF, . 8% MS F ,
J DUE. TB-REG 7 0+10760508E+05 0+15372153E+04 28s71
ABBUT REG 30 Qe16CE63OLTE+0L  0+3833543488E+0p

-2gT-




TABLE IX.

Regression Equations - Recycle Number One., Cont.

YEVAR 6

MULTIPLF R=0.9392,

I g
1 =0.57213181E+02
2 Q«420265690E+00

3 =0 47265158E401
10 0-81948%578E~01
11 0.1B969388E400
12 mo-38634430E+02
13 2 1523406 1E~01
0 =0.193891R8E+03

R SQUARE=0«8820

k)
O 59?067R7E*02
0-13536625E400
0+53331254E+02
0«1232°9209E+00

"013088262E4+00
GeD611306RE+02

0+11706728E+00

(.69

T PAR R -
=(0+97 01737
333 05191
=003 00162

Qe b6 0«12Q5
122 02174
mOr 1247
D13 00238

ST ERRBR OF FST o 59398?60E+01

F
3204

0°352815Q9E+0p

SBURCE _DF Sa . MS
DUE TH REG 7 0¢79121953E+04 0+1130313BE+04
ABBUT REG 30 0e108844B3E+04
TaTAL 37 0¢89706406E+04
Y=VAR 7 T B Sp
1 =0:230286868E+02 oo;443?914E*02
2 0.923958984E~02 0:55865441E-01
3 0.78202128E-01 O-22031326E+02

10 0416341925E-01

"11. 0.58189306E=01
112 =0.R6F11423E+401

MULTIPLE

13 0«55026938E~03
0 Q.48N061227E+01

0+50879117E=01

0+54013688E701
¢+23156250E+02
0o483155925~01

=037
-0-01 00021

R=0693%, R SQUARE=0¢4815 ST ERRER BF

; SBURCE DF : 39 M3
DUE" TA REG 7 0el6734094E403 0023905838E+02
/ABBUT  REG 30 0¢18021643E+03 0e60072136E+01

CTaTAL 37

034755737 +03

T PAR R
-0 94 ~0°1700
0e18 00323
0-00 00006 -
0«32 090585
108 01930
90!0681.

EST=20+24509602E+01 |

F
3638

-Eg'[_




- TABLE IX. Regréssion Equations - Rec&cle Number One., Cont.

CYFVAR 8 1 B sy T - PAR R
. _ 1 =0e13668549E,03 (95002685E 402 v ebh *qe 2541

.2 0-27593375E+00 . (*21721733E+00 127 0:2259

3 ~0*20016632E4+02 -0+85670593E+02 =023 =426

210 "0e90942681E=01 0+19782442E400 . Q46 "0°0B836

117 0+35486632E400 0921001267E400 1469 02948

12. 0+40243359E402 030034454E402 045" or0827

137 Qe73614043E-01  (018787933E+00 Qek42 00771

- T Q =0+73149216E402
MULTIPLE Ri0+9207+ R SQUARE=0+8477 ST ERRBR BF EST=0e95273228F 401

S8URCE hig S8 Mg F
DUE T8 REG - 7 0s15155875E405 . 0e21651250E+04 2385
ABBUT REG . 30 0¢27230938E404 0r90769791E+02
T OTATAL 37 0+17878969E+05"
YsvAR 9 1 . - B Sg ‘ T PAR R
: 1 =0e20126144E4+02 (0+25925461E+02 =078  mps1403
2 0e12719947E+00 0+59275683E~01 . pelB 0+3648
3 (.19545532E+02 0.23380737E+02 0-84 01509
10 0.95499568E~02 (0+53988934E=01 . 018 - 00323
11 0-70646R832E-01 0+57310637£-01 123 02196
12 =0+ 45444012E+401 0+24571609E+02 »0+18  =0:0337
13- ~0.31010062E=01 0+51274981E=01 0«60 701098

. 0 *0.52049393E402 X : '
MULTIPLE R=z0.9600, R SQUARE=0:9216 ST ERRBR BF EST=0.25992699E+01
SBURCE DF - S - MS F
!pUE TB REG 7 023821616E+04 0°+34030859E+03 50437
/ ARBUT . REG 30 0»20268604E+03 0+67562008E+01
‘ TaTAL 37 0«Z5848ATT7E4QY S '

~gT-
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TABLE VII. Statistical Variations.

B. Recycle Number Two.

MEAN .
0+66301125E+00
Qe hiz821284F+03
0«71934724E 400
0+11459901E4082
0+67883088F +02
0+10538774F 402
009694471 4E 401
0+52618591F+07
0+11350304F+02

L 0sP1400594E403

0+29684863F+03
Q+47737962E400
0932314@1$E+O3

ST, DEVIATION =

0+57151574E+00
0221948108(+02

L0 704056 44E 400

00 76020679F4+01
‘029A979851E4+01
0078341455F.401
0:22438030E+01
Q287 15454£,02
Q+73263454F 401
0+31892283E 403
0¢25789014E4+03
00 70756358E 400
0+31322510E+03

VARTANCE

0e32663013E+00
0e4R171924E+03
0+ 495698859E4+00
0e57791397E+02,
0+94050323E+02
0e61373725E4+02
0*50346603E+01
0+63581909E+03
0+53675308E+02
Cel0171231E406
0,66507313E+05
0+50064647E400
0+10126719E+06

MULTIPLE REGRESSIEN WITH 13 VARIABLES AND 23.BBSERVATIBNG

SUM BF SQUARES .
0+71858654E+01
02108978p8E+05
0+10905304E+02
021271411 1E+0%
0:20691074E404
0+¢13502236E 404
0e11076254E403
0+13988023E+05
0¢11808572E+04 .
0+22376710E407
0+14631610E4+07 -
0¢11014223E402
0:22278790E+07

-GQT—




TABLE VIII.

“
X

Co s

nn
]
-
V)

w W
SN
O
>
W

=
> ]
j—
3

o1 g]
o
fuv N
—

12
13 13

o O
~N

7 8 13

8 9 13

10711 13

11 12 13"

12 13 13

Correlations of All Variables With Each Other Recycle Number.

B, Recycle Number Two.

CARRELATIGNS 8F VARIABLE [ W(TH

065q23
o~507006
*014603
312748
"nehbb161
02609986

n09377196
«“0«301077

w2 726863
=0 171642

0'751494
002ﬁ5083

0750891

0828272

0+ 744625

. 0577357

02575098

0s606829

Qu105599
0+002700

=0+ 343445
~00316392

=0+482036
04067389

0851935

Q0757330

00636813

00736224
04997990

0003308

'0’308789
9574711

--o‘6 1065
-o 0030?6

o° 199223

0610383

=0*485796

4

~De 449719
-0¢8n1727

02662467

00509299
02550032
0+732649
04609878

VARIABLES J' THRAUGH K

"0*12305¢
00996936

0*8860p12
"0e019923

01395518
00997614

=0+487890
=0 235090

00389941

0485258
0.608357

, 0476016

285866
09576097

00618943
01064488

00432269

0583523
~0.217618
0344852

0«493890

0465773

0‘43789
"0'001377

0+58876

o~46C966

"0*+303891

=0°187337

0349198

Oa41297§

~9g1-




TABLE IX.

Regression Equations for Individual Yields and Their Degrees of Fit to the Equation.

-B. Recycle Number Two.

Y=VAR &4 ) B . SR , T PAR R
: 1 w0 17325826E+03 0:34127457E+02 =480  ~(0e7780
2 =0«451P0846E+00 0272333992E-01 -6+38 Q8547
3. ~0+58535520E+02 0+¢31830734E+402 n1084 Q4293
10 0221696973E=02 (e77872157E=Q1 0+03 00072
11 0+35446387E400 0.79884350E~01 he56 07624
12, Qeh9166822E+01  (Q+35131622E+02 0«14 0°0361
13 ~0s110794B4E+00 0«704%2080E"01 157 03763
0 0«R2872021E+03 - 3
MULTIPLE R=0+9392, R SQUARE=(Q.8822 ST ERRBR BF EST=0+31602345E401
SBURCE _DF - 88 M] F '
DUE TR REG . 7 0O 11216nsoa+o4 0+16022928E+03 1604
ABBUT. REG 15 0214980415E+03 0+99870768E+01 -
TATAL 22  0e12714111E+04 '
YsVAR 5 1 ' B . 8B : T PAR R
' 1 0Qe18696550E+03 (049375214E+02 3:79 026991
2 0e11146269E+00 0+98854601E%01 113 0+2735
3 0.30048981E402  0+43491822F+02 0-69 0°1756
10 =0+80305994E=01 - 0s10643077E+00 =075  =0-1912
11 =0240726334E+00 0+10917795E+00 3273  =06937
12 0+28193420E+02 Q43015411E+02 0+53 Q1499
S 13 _m,q9167lqu 01 0.962489845»01 =054 =0* 1336
o) +137168394E4+02 \
MULTIPLE R=0-s 9?98; R SQUARE=0e8646 . §T ERRBR BF EST70. 432175456401
: SBURCE DF - 8% MS F
DUE Té - REG 7 001788944 1E404 - 0°25556343E+03 13?68
ABBUT- REG 15 0+28016333E+03 0+18677551E+0p
0206310745 04

TETAL 22

~LgT=




TABLE IX.

Regression Equations - Becycle Number Two., Cont.

TBTAY 22 0s11076254E+03

Y=VAR 6 1 B . R Sn
1 Ne11693995E402 (0°28530197E+02 0141 OP?§>§
2 0-29392008E400 0°57116121E7Q1 5+15 0t7991
3 0:21142700E+02 0+25130676E4+02 Qe84 . nep123
10 0+12077255E400 . 0+61495166E=01 196 04523
11 *0-19095656E~01 (0°63085616E-01 030  "0*0779
12 =0»BR216614E,02  0°27743149E402 =~1288  mqe4371
13 = 45223776E-p1 0*55614971E-01 T e 81 "0*2055
0 ~0.12503906E+03 - - ‘ _ . _
MULTIPLE R=0+2648, R SQUARE=Q*9308 sT ERROR OBF EST=z0024958792E401
SBURCE DF SS Ms F
DUE T& REG 7 0+12567825E+0% (*17954034F+03 28872
ABBUT REG 15 0093441162E402 0962294102E+01 : '
TATAL 22  (e13502236F+04 " '
L YEVAR 7] B - S8 : T PAR R
1 =0+23618668E+02 (+410R46324E+02 ~2a18 =02 4901
2 0+53742558E-01 0.21713509E=0} 2o k7 05384
3 0.83706P17E+01 Q+95570040E+01 . 088 0+2206
10 =0+33582710E~01 0.23379318E~01 mlell - w0e3477
11 0.56661777E-01 0+23983222E+01 2436 0-5208
12 0e15043187E+02 0.10547423E+02 143 0+3456
A3 =0.15783709E~01 Q.21142911E-0Q1 »0e75  =(s1392
0 =0 16%O7POPE+OP _
MULTIPLE R=0.9370, R SQUARE=0+8780" ST ERRBR OF EST:094911832E400
. SBURCE nF g8 Mg - :
" DUE T8 REG 7 0+97250137E+02 0¢13892877E+02 15e4p2
LABBUT . REG 15 0+13512405£+02 0+30082699E+00

-QQT-




TABLE IX. Regression Equations - Recycle Number Two., Cont.

R o S8 . .. .T..

YEVAR & 1 ... PAR R
- 1 =0+94152%969E+02 (0.13185646E+03 “0a71 021813

2 0+39215295E+00 0+26395917E+00 1049 - Qe3589

3 =0.74760529E402 0+11613957E+03 ~0ebk  =pa1640

10 =0 14744934E=01 0¢28422511E+00 ~0r0B “0r0134

11 OF?51869QPE+OO ' 0929155952E+OO O“Sé 0.2177

12 0.12881731E402 0+12822620E+03 010 0-0259

13 0+19089067E400 0:25702041E+00 0«74 0+1883

0 »0«14711517E+03

MULTIPLE R=0-9259, R SQUARE=0+8573 ST ERROR OF EST#0+11535554E402

SBURCE nF 58 : ‘Mg . E
NUE TB REG 7 0+11991388E+05 (Q*17131411E+04 1287
CABBUT  REDG 15 0s19960352E+04 0¢13306900E+03
TOTAL 22 '0e13988023E+05 :
YsVAR 9 I B 5B ' T PAR R
: 1 0+30208496E+02 0:3805380PE+Q2 079 0:2008
2 0+14882046E+00 0+76182485E-01 1+95 0°4503
3 0.12280475E+02 0»33514008E+02 0«37 00942
10 0.32948680E~01 0+82004R45E=01 Qe 40 021032
11 =0+«47843009E~01 0<84144175E~01 n0e57  m0e1453
12 =0e13616356E402 0036995911E+02 =037 =0+0946
13 =0.182371675E~01 0»741675505v01, 0«25  "0e0038

0 =0e64731247E402
MULTIPLE R=0+9269, R SQUARE=0.8592 ST KRROR BF EST=0e33295612E+01
! SBURCE DF. .88 ( Ms F-
DUE T8 REG 7 0+14493823E+03 13407
JABOUT  REG 15 0«11085970E+02
. TATAL 22 : '

0r10145676F+0%
00 16628955E+03
001 1808572E 404

—68;[—




TABLE VII.

MULTIPLE REGRESSISN WLTH 13 VARIABLES AND

WS-y WMD) e

Statistical Variations.

€. Recycle Number Thréei

- MpaAN o
0+69315772E400
0+45238086E+03.

‘0 *82799232F +00.

0+95540504E+01

0+h3880127E+02
0 15956787E+0f
. 0+10626530E+07
'0-558526315+0?

Oe14041242E 402
De23400545E403 ©
0+31274219E403
0+ %179?480F+Oﬁ

O ?738Q518E+O?

ST. DEVIATI“N
0957990762F+0Q
0¢p22227188E4+02
0+71581191E400

0+ 67471143F 404 .

0° ¥5321423E 402
0413792003E+07
0+19903822F 401
0e223957779E402
0+ 10R200671E+02

0+33239722E403°
0:26179956F 403
0e73661534F%00

0¢32341089E+03

yARTANCE
0*33631635E+0p
0+ 49404761403
0+51238650E400
0+ 45523483E402
0'23474626E%03
0*19021931E£+03
0+39616203E4+01
0+57397461E4+03
0+ 10405371E4+03
0<11048781E+06
0«68538938F 405
0+B4260331E+00
0+10459463E+06

21 OBSERVArxaNS'
SUM _OF sguARrs,

00672632 95+01
0+98809531E+04
0°10247731E402?

0°91046997E403
0+ 46949258E +ok
0+38043867E+04

0+¢79232422E 402
0 11479496F +05

0+20810745E+0% .

0:22097570E+07

0e13707800E+07
0:10852068E+02 -
0:209183930E+07 -

~-06T~




TABLE VIII. Correlations of All Variables With Each Other Recycle Number.

—

o

W w

J1 U1

o O

V)

1o
11

12

J

K

PN
LY IR s

13
13

13

13 .
/

13

W

C. Recycle Numbeir Three..

CRRRELATIENS 6F VARTABLE -1 WITH

50-067216
‘0365904 -

“0+050291
0+281800

.=o.284925

~0-562535

~ne376211

“0+917494

'0'161589<

T Q383770

02091810

0e457279

0s 674684

01689974

01568442

0+565199

0562487

§ .

~Qe141612
0764591

E00322499
- G~Q18397

069949

~0+139749

0218985
'Or473571

"Ov287832
0+034845

0+8265786
0+369990
0:568173

:0-791880

00997918

~0e135324"

nO 382468
Q364227

Q569365

‘rQGOOQO77

0*047568
0+563612

~0*467151

~0*301588

~0* 652748

0+778356

0183850
‘0417293
0669063

0¢365110

VARTABLES J THRBUGH K

=0 +365365

0926824

0+709427

0019103

00130118
0+997278

\nb-438701

nQeb14451
0+393703

0403103

0535813

0271204

\

0489408
0564781

op32555o
0005456
Oa378967
0448333

=0.200005

0552397

 0.190517

05423095

04387295
~0*140%503
02682484
0247171
0469311

0430088

0353802

. 0e140124

=T6T~




TABLE IX. Regression Equations for Individual Yields and Their Degrees of Fit to thé Equation.

C. Recycle Number Three.

S8

T
-4,31
wlto 84
mi-._89
=432
Ae20
1edl
1079

EST=

Y=VAR 4 1 B
- ‘ 1 =0e20747200E+03 Q04323649 4E+02
2 =0+30490570E400 0+10428554E 400
. 3 =ne759284223E402 0r42180832E.02
10 ~0+13689137E400 0+98384023E"01
11 0e4%451310E400 0°10584283E400
S 12 0e62823624E402 Qe44601425E402
13 0165444438400 - 092503250E~01
, .0 0ePh6619264E+03
MULTIPLE R=0¢8990, SQUARE=0+8083 ST ERRBR OF
GBURCE DF 8% . Mg
DUE T8 REQ 7 pe73530405E+03 0*10512915E+03
ABBUT = REG 13 0°17456892E+03 00134p3147E407 .
TATA| ‘2P0 0*91046997E+03 .

Y=VAR 5 1 - B -
K 1 0+4%1050230E+03
2 0+35692388E+00
3 0.12568144E4+03
10 0.26883829E+00
11 =0.93482715E+00
12 »0.11200180E403
13 =0.27856505E+00

0 »0.90976517E+02

MULTIPLE R=0.9284, R SQUARE=0.8619

- SR .
De92346369E4+02
0¢20096624E+00
0e81273727E+02

.0+18953675E+00

0e20394652E+00

. 0+85524027E+402

0+17823404E+00, |

. SBURCE DF, SS MS
JDUE T8 REG 7 Qe4QUBOIBTE+QO4 0+578308338E+03
T ABeUT  REG 13 0«44830713E403 Q+49863766E+02
20 :

TETAL

QeH6IL925RE+04

T
balt?
178
j55
1ebt?2

-4 o338

~1+38

=156

PAR R .
*0*7667
08020 -
"0* 4650
=p*3593

07587
0*3639
Qe 4tts

0°36644430E40
F '
70873

=261~

PAR R
07746
0e4419
Q3942
03661
=07860
=035886
s0s3977

ST ERRBR OF EST=0e70618544E+01

F'
1159




TABLE IX. Regression Eguations — Recycle Number Three., Cont.

Y=VAR & 1 ' B S - SB . _ T - PAR R
- S 1 =0e17729545E403 (.51362202E+02 345  =0e6915
T2 0.10336792E+00 0+11104780E+00, 093 02500

"3 =0.41435379E+02 Ce44901321E+02 ~ =0.92 7o R479

10. *0+52193712E=01  0+10474616E+00 =050  mp*1169

11 Qe42394668E4+00 0+11271626E+00 3e76 0+7219

12 \o $22066264E402 CQel47485458F+02 O»46 01778

13 “0+99153161E=01 0+98469193E-01 1.01 02690

0: =0«433605 65E+07

MULTIPLE R=b+9736, R SQUARE=0+9479 ST ERRBR BF EST=0e39040585E401

_géI_

SBURCE © DFe - MG . r
DUE T8 . REG 7 0936062449E+04 0+51517773E+03 33+8¢
ABBUT  REG 13 0019814135E+03 0*15041680E+0p

, TaTAL RO 0o ?8043867F+o4' C L

CYsVAR 71 B . sg T PAR R
1 =0:10736432E+02 0019706207E+02 -0+ 54 01494
2 0.39531048E-01 Q- 42‘?996335 01 093 . 02492
T3 »0.67382841E401  Qe17226044E+02 ~0+39  =0-1079
10 =~0+729137289E-01 0+40182617E~01 =1+81  mQe4495
11 0.30922834E-01 0+43240167E~01 Q.72 0°1946
12 0.308R6719E+02 0+18216385E+02 1-70 0+ 4256
13 0D.19121814E-01 0-3777695IE-01 051 01395
0 ~0,10011735E+02

MULTIPLF R=0»79%51, R SQUARE=(Q»6322 ST ‘ERRBR OF E87=O 14971014E+01

- SBURCE DF - S8 M3 F
DUE T8 REG 7 O°50093?69h+02 'Q!71561947E+01 3l
/ABSUT REG 13 0-231335053E+02

0s22414656E+01

TBTAL 20 079232422E+02




TABLE IX.

/

Regression Equations - Recycle Number Three., Cont.

YaVAR 8

SBURCE

ABayUT”
'TBTAL

Y=VAR 9

MULTTPLE R=0.¢9329,

. SBURCE

I
1
2

W7

10
11
12
13

0

DUE T8 REG
REG -

!
1
2
3
10
11
12
13

0 =0.21258499E+02.
R SQUARE=z0.8703

PUE: T@ REG

/ABBUT
O TBTAL

REG

B . .
=0:14234724E403

0v40403581E4+00

“0+10048265E +03
=0« 14523512E4+00

0353 67435E+oo
Qe 6776??5?C+QE
Ne25342155E400

~0«15050288E+03
MULTIPLE R=0+«9428+ R

nF

B

«0+25698456E+02

0 45763321E=01

=0+ 12642279E+02
0e32474863E-01

0.89648366E01

~0«15307638E402

0339568 CHE=01

DF S8

7 0«18112322E+04
13 01269848395+03 Osy

SQUARE =0+ 88838

. 48§ .
7 0910203121E+05
13 0¢1p763750E+04
20 0e11479496E405

- 5B
0*13041565E4+03
0=28182504E 400
0+ 11297453E403
0*26520496E400
Q°28616321E+00
Q+12054504E403
0*24294725E+00

. SR
0+5996248PF+02
0«12563080E+00
0e52415955E+02

Q+12228036E+00"

C«13158721E+00
CeBH4344a4E+02

0+11494863E400 -

M3

20 0020810745E+04

091u575886E+Q4
09818p673E+072

0¢25874731E+03
20757095E+02

T

}1-09 :

143
=088
=~0*55

1524

056

1+01

T
=043
035
“Qe24
0s27
0068

~0+28
035

PAR R
’0’28’97 o
003694,'
2375

F.O‘ 1498
0* 3243
0+ 1540
02707

sT tRRBR 8r EST =0*99087219E401

F
1485

=6~

PAR R
~0+1180 .
. 0+0974%
=0 Q667

00757
021857
~0NeQ764
0r 0360

ST ERRBR .BF EST= 0945’%9930E+01

F

12047

™7




TABLE VII.

Statistical Variations.

D. Recycle Number Four,

' MULTIPLE REGRESSIEN WITH 13 VARIABLES AND 12 9BSERVATIGNS

L N el

fars
(SR

- . '
O W00~ OULE WIS Es v

Mo =

MEAN
QeE7762337F+Q0
0eb4993976E+03
071924740E 400
0+550923241E+01
0+ 75832654F+02
0«10471582E4+02
0:77046661E 401
0+49843826E,.02
0e25572586E4+01
0«P1634692F+03
02555281 4E4+03

0+49793911E+00

0+21690015E+03

ST. DEVIATION VARTANCE
Qe 4T743276E+00 oe247B0884E+00
0e18463730E+02 0.34090918E+03
Deb6R169278E400 ne46470511E400
0+32320568E4+01 0+10771902E402
00 47937050E+01 0+22979584E .02
‘0”5357l167E+Ol 0-28698669E+02
0068791720E400 0.43285519E+00
0°11919749E,02 0+14208038E403
Ce52340450E401 027395203E+02
0e29930444E403 +89583063E+05

0+21870854E4+03 0+47833438E4+05

0069720811E+00 0+48609906E+00
0029767798E+03 0+88612125E+05

SUM B8F SQUARES
0e27225657E+01
0+37500039E+04
0°51117582E+01
0+11849027E4+03

0:25277560E+03 -

0+31568555E4+03
0*47614083E 401
0+ 15628848 .04
0+301347445403
0+98541400E+06
0+52616800E+06
0+53470917E+01
0e97473400E+06

_SSI_. .




TABLE VIII. Correlations of All Variables With Each Other Recycle Number.

D. TRecycle Number Four.

10

1-J K CBRRELATIBNS BF VARIABLE | WITH VARIABLES J THRBUGH K
1 P2 7 =0e514494  0ep653pp =00580665 (0105618 0011588 2139253
1 & 13 nr653812 0724275 0-738827 :o-§88530 8.7%6877 8?%45%76
2° 3. 8 m=mpeBB622 m0040502 =0°739647 (667487 0*222266 0°161901
2 9 13 (365604 n0e6481S3 =0+477884 =0e654735 =0+56007
3 4 9 "0'4:16647 . 01755177 ~O°392579 ' ‘0'169"365 0-211361 O¢6_L|»1+869
310 13 - 0+708160 0%237856 (0°706011 0+998967
4 510 =0+059159 =0+490134 =0+370892 =0+844341 =0.745831 =0+552952
T4 11 13 =0e589305 0546670 =0°419902 .
5 6 11 =0+824991 =0+169733 =0+283615 . 0+185263  0.480737 01066603
5 12 13 0+483413  0.7504C5 U
6 7 12 0:199213  0s+700132 0°294276 02089225 0.249433 =0.095332
6 13 13 =0.387055 :
7 3 13 . 0+348590 =0+118457 »0+114929 00153687 =0.116895 =«0«157341
'8 913 0s7R1159  0.464930 7 10+683725  0+450529  0.217966
9 10 13 0840692  0.718667 09833227  0+629420
11 13 0+704005 0999550 00687685 '
11 12 13/ 04698138  0.219054 |
12 13 13 0+684657

_96'[_




TABLE IX.

Regression Equations for Individual Yields and Their Degrees of Fit to the Equation.

D. Recycle Number Four.

YEVAR &4 I ‘B 88 T PAR R
1 0¢16A30020E+02 0.72030487E+02 0.23 Oell47
2 =0+13701326E400 0-94115019E~01 m1e46  =e5RRT
3 0«41421906E+02 (Q-53912872E+02 0+77 03586
0. 0+18906033E+00 0+14366316E+00 S 1e27 05366
11 v0eB119327SE-01 - Qe15681291E+00 »0«33 0°1611
12- =0« 82522247E4+02 0+66385483E+02 " mle2hk  =ne5279
13700 10112047E400 0+11934513E400 =70+85 =03901
0° n.7?n85?/3E+0P '
MULTIPLE R=0+9456s R SQUARE=0+8941 ST ERRBR BF EST 0°17712622E+01
SRURCE DF SS _ MS F
DUE TR REG 7 0e10B34147E+03 0+*15134495E+02 %87
ABBUT REG - 4 0+12549500E+02 0231373749E+01
TaTAL 11 011849097E+03
Y=VAR B I ] - 5B T PAR R
1 0+:13144202E+03 (0+11295827E+03 116  p-5029
2 =0e87153614E-01 (0014743763E+00 =059  =pe2834
3 0206411136402 0+84379044E402 »0e24  =ne1214
10 0¢10761905E+00 (©-23272172E+00 Oelth Q2252
11 =0.29360044E+00 0=24591571E+00 =119  ~0s5126
12 =0.50363419E+02 (a10396616F+03 “De48  =Qe2354
13 0.55997439E-01 (01847811 7E+00 030 01482
0 - 0.11312685E+03 -
MULTIPLE R=0.9375, R SQUARE=0+8789 ST ERROR BF EST=0:27663755E401
! gBURCE ' DF 55 MS F
/ODUE-TB REG 7 O» P¢21é4°6E+03 Qa31737747E402 4415
ZABOUT RES b 0306113436402 0¢76528358E£+01

TaTAL

11 0.25277560£+403

-L6T-




TABLE IX.

Regression Equations - Recyéie Number Four., Cont.

TATAL 1l

0e47614088E+01

0+64876246E+00

Y=VAR 6 1. = B . S . T - " PARR
: 1 no.136948?1E+03 Qo747854775+02- -1+91 "{86202
2 0.23782831E400. 0-93852758E-01 2053 07850
3 0413507520E402 0+53805323E402 025 Q91845
10.~020219952E400 0+14824975E400 1436 0+5634
11 . 031671548E{QQ 0 1BAD 754?F+QO 2203 97118
12 n¢918088685+oa 0*66200775E4+02 1+39 o «5698
13 .m0 *31854659E-01 011910796E400 ~0"27°  "=pr1325
0 =0 99092447E+09
ULTIPLE R=0%9800s R oUARE 09605 ST ERRBR OF EST =Qe 17662?68E+01
SBURCE DF-- Mg . . F .
DUE.-T8 -REG . 7 0-30320728E+03 0443315323402 13+ 89
ABBUT REG- 4  0+12478271E+02 -0+31195679E+01 " '
TRTAL 11 0s21568555E403 ~
Y=VAR 7 I _ B ] QQ T . PAR R
o .1 "0« 41539497E401 Qo 3?740128E*O£ . =0713 | m(p.0633
2 =0.76019727E=02 0~42802494E=01 0018  =0»0885
3 »0.29733719E+02. (+24553447E+02 =124 =0+5479
10 =0+70999280E-011 0+67664385E~01 =105 Qe 4646
11 0.11481181E=01 0.71277142E~01 0¢16 ° (e0R03
.12 0+30825394E+02 0.30215240E+02 1:028  Qe45h4
13 0.66925704E=01  0«54354079E~01 123 05243
o 0 0.10778276E+02 ~ L : g S .
CMULTIPLE R=0:6745, R SQUARE=0¢4550 ' ST ERRBR OF EST:0080545753E400
 SBURCE DF 7 i8S MS - F T
DUE : T8 "REG 7 0+21663589E+01 0*30947983E+00 Oe 48
ABBUT "REG .. 4 0e25950499E+01.

égétf

T T




TABLE TIX.

Regression Equations - Recycle Number Fohr}, Cont.

CTOTAL. 11 0¢30134741£+403

4087E£+01

YEVAR 8 I _ SB T PAR R
1 =0«25484171E4+03 (©+84252289E+02 =3.02  mp28341
2 031243455E+00 0«11004812E+00 " 2484 08175
3 »0s11171187E403 0+63042892E+02 =177  =0e6632
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