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Abstract:
The petroleum refiner of today is faced with the problem of making high quality products from low
quality, high sulfur content crude oils. Sulfur compounds in petroleum fractions give rise to many
problems in transportation, storage, and product quality.

The catalytic hydrodesulfurization of several fractions of West Texas crude oil was studied at various
pressures, temperatures, and space velocities. The Conversion of sulfur to hydrogen sulfide in the light
straight run and reforming naphtha fractions was found to be nearly constant for each of these fractions.
The pressure, temperature, and space velocity effects were found to be significant for all of the
remaining crude oil fractions. Some of the two-factor interaction effects were found to be statistically
significant, but were small in comparison with the effects of the individual factors.

The unique discovery of this study was that the ability of cobalt-molybdate catalyst to desulfurize a
given diesel fuel is impaired when that catalyst is employed to desulfurize either higher or lower
boiling range fractions. The scope of this study limited this phenomenon to distillates from West Texas
crude oil. 
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ABSTRACT

The petroleum refiner of today is faced with the problem of making 
high quality products from low quality, high sulfur content crude oils. 
Sulfur compounds in petroletim fractions give rise to many problems .in 
transportation, storage, and product quality.

The. catalytic hydrodesulfurization of several, fractions of West 
Texas crude .oil was studied at various pressures >. temperatures, ,and space 
velocities, The bonversion of sulfur to hydrogen sulfide in the light 
straight run and reforming naphtha fractions.was found to be nearly con­
stant for each of these fractions „ - The p r e s s u r e ,temperature y and space 
velocity effects were fopnd to be significant for all of the remaining 
crude oil fractions. gome of the two-factor interaction effects.were 
found to be statistically significant, but were small in. comparison with 
the effects of the" individual factors.

The unique discovery of this study was that the ability,of cobalt- 
molybdate catalyst to desulfurize a given diesel,fuelbis impaired when 
that catalyst is employed to desulfurize either higher or lower boiling 
range fractions. The scope of this study limited this phenomenon to 
distillates from West Texas crude oil.

\
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■ BACKGROUND

The petroleum refiner of yesterday had what seemed.to be an ever­

lasting supply of high quality, low. sulfur content crude oils at his

disposal. The petroleum refiner of today.Is faced with a very,challeng-
;

.Ing problem,-“-h-ow to make high quality products from low quality.,! high 

sulfur.content crude oils. High sulfur content crudes present many 

problems ,In refining and In meeting product specifications.

The types of sulfur compounds commonly.found in crudes are hydrogen 

. sulfide f sulfides, .disulfides ̂ .cyclic sulfides,,mercaptans, ,alkyl sul­

fates , sulfonic acids* sulfoxides,*, sulf ones * and. thiophenes . ^ the hard­

est type of sulfur compounds to remove frqm petroleum fractions are ring-
5type sulfur compounds. A large percentage of the sulfur compounds 

found.in catalytically cracked distillates are ring-type sulfur compounds.

The presence of sulfur in crude-oil fractions presents,many problems.

Conversely* certain sulfur compound^ are used-as additives in, some lube
6oils. Some of the problems arising,from the presence-of sulfur com­

pounds in crudes and crude oil fractions are:

I. The corrosive effects of sulfur comppunds present many

problems in the refining of crudes;■ storage of crudes* crude 

oil fractions* and products;,transportation of crudes * 

crude ,oil fractions * and products; and the -utilization
2,d»8of products.
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2. Certain sulfur compounds * such, as hydrogen sulfide and, 

mercaptans,possess very obnoxious odors. These compounds

must be removed from petroleum products.before the products
2,6»8

can obtain consumer acceptance.

3. .Feed stocks which have a high sulfur content are -difficult

to crack catalytically, because most of the -cracking cat--

aiysts used in refineries•are poisoned by the sulfur 
2

compounds.

4. Sulfur compounds have adverse effects on the stability 

of products. 2

5. Many of the sulfur' cpmpopnds have a.depressing .effect on 

the. octane number of gasolines. 2 *^’®

6. The susceptibility or responsiveness of gasolines to tetraethy

lead is greatly harmed by the presence of small amounts of
2,6,8

sulfur compounds.

7. Many of the sulfur compounds give off acrid fumes when
. . 2,6,8burned. ? f

.8 . Certain sulfur compounds are used as additives in lube oils. 

These sulfur compoundshowever, must be corrosive at 

certain temperatures to function properly. The presence of
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the wrong type of sulfur compound would reduce the effective
6life of the lube oil,.

The sulfur which Is removed from crude oil fractions may be recovered 

and sold, ,in many cases.

There are many methods in existence for removing or changing the form 

of sulfur compounds found in petroleum distillates. Many", of these methods '•

deal with highly reactive sulfur compounds present in relatively low con­

centrations. ■ The doctor treatmentlead sulfide treatment, .-and copper i,

sweetening haye all been used, to combat the problem of odorous .sulfur

compounds present in gasolines. These processes convert mereaptans into
2less objectionable disulfides. These disulfides, ,however,: have^un- ;

desirable effects on the knock rating, and lead-susceptibility, of the

gasolines. The petroleum refiners haye naturally turned to methods which

almost completely remove sulfur compounds. . Since catalytic reforming has

produced an abundant supply of hydrogen, in recent years * the trend has
10 -been to hydrogen-treat more petroleum stocks. ' Catalytic hydrodesul- 

.furization has proven to be the best method for removing all types of 

sujlfur compounds. -The product gasoline shows improved lead,response, 

less corrosiveness,, and better stability.  ̂ J

Catalytic.hydrodesulfurization consists of passing a sulfur-bearing 

feed over a catalyst in the presence of hydrogen. The sulfur is removed 

from the sUlfufrbearing compounds by combining with hydrogen to form 

hydrogen sulfide. The hydrogen sulfide is a gas and is vented.

ii



-This study deals with the -catalytic hydrodesulfurization, of West 

Texas crude oil fractions. The amount of conversion of sulfur to hydrogen 

sulfide obtained,by the use of catalytic ,hydrodesulfurization was studied 

at various pressures, temperatures y and space velocities for several 

fractions from West Texas crude oil.

-7-
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• THEORY

•A typical hydrodesulfurization reaction, is:

CH3SCH3 •+ 2Es--- > SCH4 + HgS
methyl sulfide hydrogen ■ methane hydrogen sulfide

A ,first order reaction ie defined as one for which the rate of reaction 

can be described, by, the.following equation.:
I

.dCa
— -

dt
■=^ca (I) .

Where -Ca .;= Concentration of ̂ ne. reactant, 

.k = reaction rate ,constant^

and t — contact time.

■ Many,reactions between two reactants.which take place in the presence

-of an excess of one reactant follow first-order rate equations over cer-
-.9

tain ranges-. These reactions are termed, ",pseudo" first-order reactions. 

If the hydrogen concentration is kept high enough, to be -bphsi-dered a con­

stant in hydrodesulfurization reactions many of these reactions have 

been shown to follow a first-order rate equation over,certain, ranges.

■Equation ,(l) ,may- also be written as :

dx = kA(l-x) . (2)
dt

Where A = initial concentration of Sulfqrl

,x = fraction of sulfur .reacted at any t i m e t,,.

.A(I-X)'= boncentration of sulfur, remaining at time^.t.
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The reaction rate constant., k,_ is actually a function of rngny vari-• 

ables>• and is a constant only for a given set of conditions. The vari­

ables which. Bffect the reaction rate constant are temperature#- pressure  ̂

hydrogen partial pressure# oil partial pressure, and ,catalyst activity.

Equation (2) ,,may be rearranged and integrated between the limits 

t = 0* x = 0,# and. t = t,- x = x to giye:

In . }. = kt (3)
1-x

or .2-3 Iog10 i = kt ' (4)
1-x

; The contact time>- ty is measured by the use of the apparent, or hypo­

thetical residence time. -Por tubular flow reactors # this variable can 

be expressed as the reciprocal space velocity. The space velocity,is 

expressed, as the volume of feed! per volume of catalyst per unit of time. 

The reciprocal of space velocity would have the units of time and.is 

proportional,to the actual contact time.

The catalyst activity is a comparison of the effectiveness of cata- 

-Iyst which has been used and the effectiveness of new or fresh catalyst. 

.The activity of the catalyst decreases, with its use. This loss in acti- 

. vity is caused by a number of. different factors. .The deposition of "coke" 

on the-catalyst surface, thus covering .the active sites of the catalyst# 

is a reason for activity loss. Many substances either in the reactants
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st ream or prodvieed. by the .reaction> .lower the activity of the catalyst. 

-These substances are known as catalyst poisons.

When Iog10(l/l-x) or Iog10(1-x) is plotted versus reciprocal space 

velocity, for first-order reactions-at a. specific set of conditions.>• the 

resulting plot is. a straight line. The reaction rate constant may then
9

be obtained, by measuring the slope of this line.

/
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METHODS

- The- data were obtained, in a fixed^bed catalytic reactor at various 

pressures.temperatures , and space velocities (feed rates). - The feed 

stocks tised were six fractions of West Texas crude oil supplied by the 

Continental Oil -Company. These fractions were light straight run naphtha 

.reforming naphtha,- No. I kerosene* heavy dfesel fuel* heavy gas oil, ,and 

the overhead composite. The overhead composite was a ,mixture,-of the 

other five fractions. •The inspection data for the above feed stocks are 

listed in Table I in the Appendix,

■ The reactor was operated at temperatures' of 650, 700., 750, and, 800 

degrees Fahrenheit-, and pressures of 200,.400, 600,-and 8OO pounds per 

square Inch, gauge. The space velocities.used were 2, 4 y 6* and 8 cc 

feed per cc catalyst per hour. Each of -the six feed stocks were cata­

lytic ally hydrodesulfurized at all possible combinations of the above 

pressures , temperaturesand space velocities. A hydrogen rate of 900 

standard cubic feet per barrel of feed stock was used. -Previous expert 

.ments had indicated that this would be an excess of hydrogen. ^

The.catalyst used was Houdry "series C" 1/8-inch, extruded..cobalt- 

molybdate catalyst. -The catalyst consists, of a mixture.of cobalt and 

molybenum.oxides.on an alumina support. The amount of catalyst used for 

each run was 50 cc.

A run consisted ,of treating a specific feed stock at a fixed tem­

perature, a. fixed pressure, and each,of the four space velocities.
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■ At the end of each run, .a "-bench-mark" 5,ample was taken.

-This "bench-mark" sample was taken with the reactor operating at YOO0P 

1IOO psig-# .and. -a space velocity, of 4 Ce. feed per cc catalyst per hour.

The feed stock used for this "bench-mark" sample was heavy diesel fuel.

The purpose of the "bench-mark" sample was to compare the ability of the 

catalyst to desulfurize heavy diesel fuel with the -ability of fresh cata­

lyst to desulfurize heavy.diesel fuel-at the "bench-mark" conditions 

('YOO0P y. 400 b'sigy space velocity = 3-). Figure 2 is. a plot of percent 

conversion verbus space velocity for runs made on heavy diesel fuel feed . 

stock at 400 psig and rJOOaY., with, fresh catalyst. -The space velocity 

corresponding to the -conversion obtained,in the "bench-mark"" sample was 

determined from, this plot. - This space velocity is that-required to 

obtain the conversion found in the "bench-mark" sample> ,using fresh 

catalyst. The percent activity is calculated by dividing the space velo­

city at which, the ,"bench-mark" sample was taken (4 h r , b y  the Space 

velocity determined, from Figure 2. An example of this method of cal­

culating catalyst activity would be the calculation of" the catalyst acti­

vit y  at the end .of run K-M (Table IV). .The. conversion obtained in the 

"bench-mark" sample ,(K-BM-M) was 91-5 percent. This conversion corres­

ponds to a space velocity of .4.5. hr^'1 .in Figure 2y which means that, ,if 

fresh catalyst were used, the above conversion could be obtained at a 

space velocity of 4.5 ..hr-'1 . The catalyst activity is calculated by 

dividing the space Velocity at whiqh the "bench-mark" sample was taken 

(4 hr^-), by the space velocity determined from Figure 2 (4.5 hr™'"1") , and
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Is found to,be 88„9 percent.

A sample similar to,the "bench-mark" sample was taken before the 

"bench-mark" sample after many of the runs. •This.sample was taken-at the 

same conditions as the "bench-mark" sample except that, the feed stock 

used-was the same as that used, during the.run instead.of heavy diesel fuel. 

• The ability, of the. catalyst .to-..desulfurize the-feed-stock used during . 

the run as compared,to the ability.of fresh catalyst to desulfurize that 

feed-stock could be.measured in this manner.

,Most' of. the desulfurized ,samples were washed twice with a ten percent 

sodium .hydroxide solution spd,three times.with.water to remove, any -dis­

solved hydrogen sulfide in the samples. .'.The.hydrogen sulfide gas was 

removed from the heavy gas r oil -samples by,bubbling nitrogen through the 

samples. ■ The .light, straight run naphtha.samples could,not be,treated.to 

remove dissolved, hydrogen,iSUlfide, since the samples formed -a. c.olloidal 

suspension with the sodium hydroxide solution, and,the samples.were too.

- volatile to be treated with, nitrogen.

The samples were analyzed for total sulfur .content with either a 

Bico -double-unit-sulfur apparatus or by the.use of the lamp method. The 

method lor determining.the sulfur content was the same-as that described, 

by the American Society,for Testing Materials.'1
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EQUIPMENT

,All,-of the .rims were macfe In a bench-scale experimental .unit. . A 

schematic diagram-of this unit appears in Figure. I. -The.bench-scale 

Unit Consisted..of a feed section#, a pre-heater  ̂the reactor section  ̂

and the gas system.

The reactor was fabricated from, one^inch'I..D. ,stainless steel pipe. 

The top end.of the reactor was sealed and.contained fittings for the feed 

from t h e -preTheater#.a pressure gaugeand, a 3>/l6-inch stainless,steel 

, thermowell „ The thermowell .contained, three .,ironTconstantan. thermo­

couples used, to .measure the temperatures at both ends o f , the ,.catalyst 

zone and the temperature in. the. section above the catalyst zone. - The- 

bottom end of the reactor was threaded.for a sleeve-plug type closure 

for the purpose ,of removing the.catalyst and catalyst supports at.the ehd, 

,of each, run,.. -The catalyst supports used, were alundum pellets. ■ The 

volume of catalyst was held constant at 50 cc for all ..of the runs, and, 

the Volume of the ,catalyst zone was held constant at 100 .cc.by mixing 

.the Catalyst with.-50 cc of alundum pellets. The closure for the .bottom 

end of the reactor contained an outlet for the product leaving the re­

actor. A fitting for another pressure .gauge was located, directly below 

this outlet.

The reactor was machined to fit into a block of aluminum which was 

30. inches long and 5-7/8 inches in diameter. ■The aluminum block had been 

, bored longitudinally .and reamed so, that the reactor could, be inserted ,into
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It. ■ The outside of the .-aluminum block was threaded with a 5-threads, per 

inch, round-bottom thread, for the purpose -of holding three beaded-nichrome 

wires which ,were wrapped around the block.. These nichrome wires were.con- 

,nected to three powerstats so that the voltage applied to each of the 

.wires -could, be controlled. ■ The aluminum block was contained inside an 

aluminum, can which was approximately 52 inches long. -The space between 

the block and the wall of the aluminum can was filled wit h '7rZonolite" 

insulation. -The temperature inside the reactor could be controlled very 

closely ffith this configuration.

- The feed, section consisted of two large feed storage bottles ̂  a 

JIills-McGanna, chemical-proportioning pump, and- a 50 ml. burette. The 

particular feed stock which was being desulfurized was stored in one of 

the storage bottles. -The feed stock was pumped to the top of the pre- 

heate'r by the chemical proportioning pump. -The space -velocity.was 

measured by feeding to the -pump from the 50.ml burette. The- second feed 

storage bottle was used for storing.heavy diesel fuel. The heavy diesel 

fuel was.used at the end of each run for catalyst activity comparisons.

Thd pre-heater was fabricated from a. small section-of stainless 

steel pipe and was packed with alundum pellets. The top of the pre^ 

heater was fitted vfith inlets for the feed stock from the feed section 

and for hydrogen? -and also contained a fitting,for a pressure gauge.

The bottom of.the pre^heater was connected to the reactor top by means 

of l/8-inch stainless steel tubing. The pre-rheater was also wrapped
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with beaded nichrome wire which was attached to a powers tat. The tempera­

ture in the pre-heater was.measured by the use -of an iron-constantan 

thermocouple. This thermocouple and.the three thermocouples In the re­

actor were connected to a Leeds and Northrup indicating potentiometer, 

from which the temperatures could be read directly.

-The hydrogen >ras metered into the pretheater from a cylinder*, of 

hydrogen by the use .of a Brooks rotameter. .The hydrogen cyclinder was

equipped with a Victor hydrogen regulator. The hydrogen passed, through
I

a De-oxo purifier and a drier before reaching the rotameter. •The Deroxo 

purifier converted any oxygen in the hydrogen stream to water. ■ The water 

was removed in the drier which contained Drierite.

■ The desulfurized feed stock and excess hydrogen passed" through a 

water-cooled condenser after leaving the reactor section* and -then 

through a Grove pressure regulator which controlled the pressure in the 

reactor section, Jhe product, was received in a product regCrVoiri,' and 

the excess hydrogen plus hydrogen sulfide gas were passed through a 

sodium hydroxide wash and a water wash to remove the hydrogen sulfide.

The excess hydrogen was then vented,into the atmosphere.



,DISCUSSION

Figures 3 through 21 show log^Q plotted, versus reciprocal

T-I?-

.space velocity, for each of the feed, stocks at the various temperatures 

and pressures. It is obvious from.these plots that very few - of the plots 

are the straight lines which a first-order reaction would yield. • There 

are a number of possible reasons that the plots of Iog10

versus reciprocal space velocity,did, not yield straight lines. The 

range of space velocities used may have been too wide * and it is prob^ 

-able-that portions of these plots> ,including a smaller range of space 

, velocities y vjould approximate the straight lines which first-order and 

pseudo-first-order reactions yield.' Another possible reason that the 

data, did not indicate firsts-order reactions might arise from the fact 

that a wide variety of sulfur-bearing compounds was present in most of 

the feed stocks. It is possible that if each sulfur-bearing compound 

was desulfurized separately.that each of the reactions would be first- 

order reactions # . or a ,majority of the .reactions might- be. first— order 

with the remainder of the reactions being fractional or higher-order re­

actions. The combination of several sulfur--bearing compounds ̂ which 

would normally yield first-order reactions when desulfurized individually> 

,might give rise to an interaction effect which would.cause the desul- 

.furization of this combination of compounds to exhibit ah order of re­

action other than first-order. ■ The possibility,of experimental errory 

as a.reason for the reactions not exhibiting first-order characteristics 

cannot be neglected. Tables II through -VII present the tabulated de-

1J
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sulfurization data for each of the feed stocks.

■ The investigation of the -catalyst activity with respect to its 

ability to desulfurize heavy diesel fuel feed stock produced some un­

expected results. -These calculated catalyst activities are listed in 

Tables II through VII. These catalyst activities showed that the ability 

of the catalyst to desulfurize heavy diesel fuel, was drastically.reduced 

at the end of each run. .The samples which were taken just prior to the 

"bench-mark".samples indicated in almost all cases that the catalyst 

Was still Very close to 100 percent active with respect to the catalyst Is 

ability to. desulfurize the feed stock used.duripg the run. These samples 

are numbered as the -.24- samples in Tables II through VII? e".g. / K-24-I.

.The conversion obtained in these samples was,compared with the conversions 

obtained at a temperature of YOOdP ,, a, pressure of 400 psig,? and a space 

velocity of 4 for each feed stock. Opprecht lists desulfurization data

•obtained using a cobalt-molybdate catalyst for the desulfurization of
7

several petroleum fractions. These studies indicated that the -c.atalyst 

showed no appreciable loss in activity,until the catalyst had been, used 

for a length, of time in the range, of 70.-100 hours. The catalyst was 

usually, used -for approximately. 20 hours in gathering the.data for this 

study. ■ In view,of the above findings, the -catalyst activity.was assumed 

to be constant at 100 percent with.respect to the catalyst is.ability to 

desulfurize the feed stock used during the run.
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A possible explanation of the apparent decrease ,in the catalyst hs 

ability to desulfurize heavy diesel fuel feed stock, after having been 

used on heavier feed stocks is one which could be termed a "molecular 

sieve" theory. .It is possible that the inner structure,of the -catalyst 

was filled with, the heavier feed stock ,used during the rtin,- and when the ' 

heavy diesel fuel flowed, over the catalyst* the differences in the.size 

of the molecules of the two feed stocks limited the amount of heavy 

diesel fuel which could reach the active sites of the catalyst. •The 

lighter feed, stocks may have- left a layer of "coke" which prevented 

. the heavy diesel fuel from reaching the active sites,/but still p.er̂  

mitted .the smaller molecules of the lighter feed, stocks to reach the 

active sites. .These situations could possibly cause an apparent de­

crease in catalyst activity. -A study of this nature is presently being 

undertaken in the Chemical Engineering Department of Montana. State 

College..

■ Since the plots of Iog^ |lOO(l^x)J versus reciprocal .space velocity 

did not yield straight lines,,the data -could not be analyzed by the 

■ usual chemical reaction kinetics methods. ■The data.were*,however, 

analyzed using a statistical .approach.1

The data-obtained from each of the feed stocks constituted a .fac- 

. torial.experiment. .A factorial experiment is one in which.two or more 

factors are studied at two or more different levels. ^ The data from 

each feed stock constitutes a 4 x 4 x 4 factorial experiment. -The three
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factors,., temperature, pressure,, and space velocity, ,are each studied at 

four different levels, and all possible combinations .of these factors 

and levels are studied. In this factorial analysis, the effects of pres­

sure, ,temperature, and space velocity,on conversion are all studied 

•separatelyand the two-factor interactions of the above factors are also 

studied. The effect of a factor is the change in response produced.by 

a -change in the .level, of the factor. -If the.effect.of one factor is 

different at different levels of another factor, the two factors are 

said to interact. An example of a two-factor interaction would be ob­

taining a greater increase in conversion when the pressure is increased 

from 200 to 4-00 psig at 700°F than the increase in conversion obtained 

when the pressure is changed, from 200 to 400 psig- at 650°F.

The three-factor interaction is assumed to be negligible for this 

study, and is, used as an estimate of experimental-error. Normally, in 

factorial experiments, replications of the individual observations are 

made, and the variance of these replications is used for an estimate of 

error. -When, there are no replications,.as in this study, the higher 

order interactions are used as.an estimate.of error. ^ An expanation 

of the notation used in the statistical tables is presented in Table 

VIII. A discussion of the results of the desulfurization of the

individual,feed stocks follows:



-21-
.Light Straight-Run Naphtha

The desulfurization data for the nuns, made with light straight-run 

naphtha are presented, in Table II. The conversion of,the sulfur in the 

feed to hydrogen sulfide appears to be very nearly -constant:

The analysis of variance of the.data,for light straightJrun naphtha 

is presented in -Table IX, , An analysis of variance permits the experi­

menter to determine at a;known level of probability which of the.vari­

ables affect the observations (in this caser which, variables affect the 

conversion,of sulfur to hydrogen sulfide). - The effect of a variable is 

. said to be statistically significant if the variance ratio .(F-rbtio) 

exceeds the specified value called the critical variance'ratio. -The 

variance ratio is obtained, by dividing the jnean scjuare for the parti- 

-cular factor by the mean- square,for error. The effect of factor A (pres­

sure,) In the. runs made with light straight-pun naphtha wad found to be 

Significant at the one percent level. - (When a, factorial effect .is sig­

nificant at the five percent Ievelx the probability that the effect is 

actually not significant is 0.0$,.or I in 20). The AB interaction (inter­

action between pressure and temperature) was found tb.be significant at 

the.five percent level. ^

- The conversion data for light straight-run naphtha are presented in 

the form which is conventional for a factorial analysis in Table X. .Two- 

way tables of means for factors A and-B*.-A and C, and B -and C ape presented 

in Tables X I , ,XII, and XIII. The factor.C represents.space velocity.
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These two-way,tables .are obtained ,by summing the observations,on two, 

factors over the levels of the third factor, and dividing by the number 

of observations in each sum. The means obtained in these tables.are the 

mean values of all observations at one level .of a specific factor,. - The 

mean listed, in the -upper right-hand .corner* of Table XI ,(88.91) is the 

mean of all.observations at the first level of factor or the. mean of 

all,observations at 200 psig on light straight-run naphtha.

■A multiple Vange test for significant differences among the-means

of the conversions.obtained at the various levels of each Qf the factors
g

was carried out. .This test is attributed to D. B. .Duncan and deter­

mines which of the differences between the .means, considered a pair at 

a time, .are significant and -which are not.. An example of this is finding 

which of the differences between the four means obtained at the various 

levels of pressure are significant. The four means obtained for light 

straight-run naphtha are:

, Pressure: 200 psig(l) 1J-OO psig(2) . 600-psig(3) ,800 psig(4)

Mean: 88.91# .88.41# 89,88# 91.02#

.The first step is to obtain the standard error of a mean. This is 

obtained by. dividing the error variance (error mean square) by the number' 

of observations in each.mean (l6)lX and. taking the square root of this 

quotient. -The standard error.of a mean for light straight-run naphtha 

feed stock was found to be O-.3.5!?• ■-Prom tables of special.significant 

ranges -for a five percent significance level test and a one percent



• Signif,loanee level testsignificant ranges for 'sample sizes of 2* 3, and 

4,- and-27 degrees of freedom are obtained ,(27 is the number of degrees 

of freedom Upon, which the standard error is based). These -Significant 

. ranges * ■ at the five- percent significance levely afe 2,9.0% 3.p,5.y and 

3-135* for sMple.,sizes of 2, 3 , -and 4» respectively. The 'Significant 

ranges are .multiplied by .the -standard .error.of a.mean to obtain the 

least significant .ranges ; ■ These, least significant - ranges y,- at the _f ive 

percent significance level, for light straight-run naphtha^ are I.'031, 

1.083* and 1.113 for sample sizes of 2> 3* and 4 y ,respectively; ■ This 

means that the difference between the.largest and smallest of the four 

means must be at least 1.113 to be significant at the fiye percent sig­

nificance leVelj. the. difference between the smallest and second largest 

means must be at least 1.0.83 to be significant at the five percent s i g ­

nificance Ieve-Iy, etc. ■ The means are arranged in increasing order in 

Table.-XIV. ■Any,two means which are not underscored by the s&me.line.are 

significantly different. -In the analysis of variance for.light straight- 

,run naphtha, ,the effect of pressure (factor A) was found, to be signifi­

cant at the one percent significance IeVeli Table XIV shows,that the 

difference.between the conversion obtained at 200 psig ahci that obtained 

at 400 psig is hot significant at the five percent level. -Tjie differences 

between any other combination, of two means is significant at the five 

percent significance level. , Changing the pressure, from 200 to 400-psig 

did not significantly affect the.conversion. - Changing the pressure from 

400 psig to 600 psig increased the conversion, by approximately.one per-



cent, and changing the pressure from 600 psig t o 800 psig increased the 

.conversion again by approximately one percent. The difference.between 

.the means obtained at 8QO- psig and 200 psig, the difference between the 

means at 800 psig and ,400 psig, and the.difference between the means - at 

600 psig and 400 psig were, found, to be significant a,t the one percent 

level.

, The only significant difference, found in. the means of the conyer-^ 

sions obtained at-the.four levels.of temperature was the difference be- 

- tween the mean, of the conversions.obtained-at 7^0°P and,the mean of the 

conversion obtained at 750oF. -The difference of these means was found 

to be significant-at the .five percent level. There were no significant 

differences# at the one percent level, ,in the means of conversions 

obtained at the.four levels of temperature.

.There were no significant differences at the.five percent or.one 

percent-significance level between the. means of the conversions obtained 

•at the four different space velocities.

.The mean of all observations made -on light straight-run naphtha was 

89.56 percent conversion. ■This Value was lower than expected. The most 

probable reason for this is that the light straight-run naphtha.samples 

could not be washed to remove any,hydrogen sulfide.dissolved in the

samples.



-25
Figures 3 through 6 are plots of Iog10 1,00(1-rx) versus reciprocal 

space velocity at various temperature's and pressures for light straight- 

run' naphtha feed, stock.

Reforming Naphtha

The desulfurization data for reforming naphtha feed stock are pre­

sented in Table H I .  -Thd conversion data are presented, in the..convention 

al form for a. factorial analysis in Table XVI,. - Tables X V I I X V I I I , and 

XIX are the two-way tables of means of the conversions obtained for re­

forming naphtha feed stock. ,

• Table XV presents the analysis of variance for conversion data ob­

tained from reforming naphtha feed stock. • The effect of pressure.is 

significant at both the five percent and.one percent significance levels> 

.as is the effect of temperature. ■The effect of the space velocity.is 

not significant. ■ The interaction, between temperature and pressure., and 

the interaction between temperature and space velocity, wefe found to be 

slightly significant at the five percent significance leyel, ,but small 

compared to the effects of' temperature and pressure.

Table XX presents the result's of the multiple range tests for sig­

nificant - differences among the means of the conversions obtained for.re­

forming naphtha feed stock. -The standard error of a. mean was found to 

be 0.1122. The -.only difference from the least significant ranges used 

for light straight-,run naphtha feed, stock is that the significant ranges 

taken fyom .the special tables are multiplied, by the standard er.ror of a
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.mean for reforming naphtha feed, stock instead of the standard error used 

for light straight-run naphtha ,feed, .stock.. Table XX shows ■ that in­

creasing the pressure decreased the conversion. The difference between 

the largest mean (96.72' at 400 psig) and the smallest mean (95.̂ O- at 

800 psig) however^ was only 1.3 -percent. - The. means at 200% 400 ̂  ,and 

600 psig Vere all fairly, close %. but the mean at 800 psig ,was lovrer than 

the other means„

• The largest difference ,between the ,means at the four levels of 

. temperature- was 0. 9 /percent conversion. ■ The mean obtained from- the. ob­

servations made at 750°F -was significantly different, from the other 

.means. The mean's at the four levels of space velocity were.pot sighifi- 

. cantly different.

The,.mean of all.observations made .on reforming naphtha was found ;to 

.be 96,21'percent conversion. -Figures 7 -through 10 are plots of 

log ^lQO(I-X)J versus reciprocal■ space velocity at the various tem­

peratures and pressures for reforming naphtha feed stock.

■ No. I 'Kerosene

The desulfurization data.for Np..1 kerosene feed btpck are presented 

in- Table IV. These data were very erratic , as is shoyn by the plots of

versus reciprocal space velocity presented in

Figures 11 through 14.
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The conversion data are presented in the conventional form for a 

factorial analysis in Table XXII. Tables XXIIIy XXIV', and XXV are the 

-two-way tables of means of the conversions obtained, for No. I kerosene 

feed stock.

The analysis of variance of the conversion data for No. I kerosene 

feed stock is presented, in Table XXI. .The effects of pressure^ tempera-, 

ture, and space velocity were all found to be sIgnifidant at both the 

five perd'ent and the one percent significance levels. - The effect of " 

the interaction between pressure -and temperature was found to be sig­

nificant at both.the five percent and the one percent significance 

levels. The effect of the interaction between pressure and space velo- 

..city.was found to.be significant at the five percent significance levely 

while the effect .,of the interaction between temperature and. space velocity 

was not significant. • The significance of the interaction effects.was 

small compared to the effects of the individual factors.

Table XXVI.presents the results of the multipIe-range tests for 

significant differences among the means for No, I kerosene feed stock.

■ These-tests ,show, that at the various levels of pressure-y the only mean 

which i-S significantly different from ,the other means Is-the .mean at 200 

psig, ■There is an increase in. conversion of approximately six percent 
when the pressure is increased from 200 psig to 4-00 psig;,. but there is 

no significant difference in. the .means at 4.00, 600* and 800 psig. The 

. only mean which was significantly different from the other, means at the
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various levels of temperature was the mean at 650°F. Here againy. there 

is an increase in conversion of approximately four percent when the 

temperature is increased .from 6$0°F to JO-O0Fy hut there is no signifi­

cant difference in the.means at JOO, J$0, and 800°F. H o -significant 

difference was found in the means of the conversions obtained at space 

Velocities of tyo- and four hr y, and no significant difference.was -found 

in the.means of the conversions obtained at space velocities of six and 

eight hr”-**. The means of the conversions obtained at two and four hr-"1" 

were significantly, different from the means, obtained at six and 8 hr ^ 

at the five and one percent significance levels. Increasing-the space 

velocities decreased,the conversion obtained^ as would be expected.

The mean of all observations made on Ho. I kerosene feed stock 

was 94.95 percent conversion.

Heavy Diesel- Fuel

The desulfurization data for heavy diesel fuel feed stock are pre­

sented in.'Table V. • The conversion data are presented in the conventional 

form for a factorial analysis in Table XXVI1II. Tables XXIXf XXX*.and 

XXXI are,the two-way tables of means of the conversions.obtained, for 

heavy diesel fuel feed stock.

(The -analysis of variance of the conversion data, for heavy diesel fuel 

feed stock is presented, in Table XXVII. .All factors and all interactions 

were found to be significant at both the five.and one percent signifi­

cance levels. The effects of the interactionsy however  ̂were small in
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comparison yith the effects of the Individual factors.

- Table XXXII presents the results of the multiple, range,tests for 

significant differences among means for heavy diesel fuel feed stock. 

These tests show ,that the conversion was increased, when the pressure 

was increased, from, 20.0 to 400 psig* but when the pressure was further 

increased^, the conversion was decreased,. The conversion was increased 

approximately 20 percent when the pressure was increased from.200 to 

400 psig (65.93$ to 86.01$)y and was decreased approximately six percent 

when the pressure.was increased.from 400 to 600 psig (86.01$ to 79.78$).

■ The difference in the means.of the conversions obtained, at 750 and, 

,SOO0F was not significantly different. An increase in, conversion of 

approximately 21 percent was obtained when the temperature.Was increased 

from 65P to 7000F (57.7-1$'to 78.58$),̂  and an increase of approximately 

nine percent ">ras. obtained when, the temperature was ,increased .from. .700 

to 750°F (78.58$ to 87.59$).

The means of the conversions obtained at the various levels,of -space 

velocity were all, significantly different. A decrease in conversion of 

8.7 percent was obtained when the space velocity was increased from two 

to four hr"1 (8-9.79$ to. 81.09$ ) 'a decrease of 6.9 percent was obtained 

when the space Velocity was increased from four to six hr"1 (81.09$ to 
74.19$)yand-a decrease of, 6.6 percent was obtained, when the space 

velocity Was increased from six to eight hr"1 (74.19$ do 67.57$)-
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The, mean of all observations, made on heavy, diesel fuel JTeed stock 

was, ,79,.16 percent conversion.. .Figures .15 through 18 are plots ,of 

-IpglO |^00(l-x)J versus reciprocal space velocity ,for heavy, dies el ..fuel 

feed stock.

Heavy Gas fill

The desulf jifization - data -for heavy gas oil,feed stock are presented 

,in Table VI. The conversion-data are presented in the- conventional .form 

for a,factorial-analysis ,in Table XXXIV. Tables XXXV,. XXXVI,,■ and ,XXXVII 

.are two-way tables of means of conversions for heavy-gas, oil, feed, stock.

. The -analysis.of variance, of the conversion data for heayy.gas oil, 

feed stock is presented, in Table XXXIII. - The effects of pressure*, 

temperature* and-space velocity were all-significant-at the five arid one 

percent significance, levels. • The interaction between pressure ajnd -tem­

perature -was significant at the. five and one percent significance levels, 

bpt was small in comparison, with trie effects .of trie individual factors.

Table XXXVIII presents trie results of trie multiple range tests for 

significant-, differences among means for heavy gas oil feed stock. Trie 

difference between the means of the .-conversions obtained at 4-00 psig and 

800 psig are significantly different at. the five percent significance 

level-, but the difference between, the means of the -conversions obtained, 

at 40.0* 600,,, and,800'psig are not significantly different at the one 

percent significance level. The,mean of the.conversions obtained, at 

200 psig is significantly- different from .the means obtained at the other

TTTT
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.levels of pressure. An, increase in conversion, of approximately. 15.,6 

percent was■obtained -when the pressure was increased from- 200 to 400 

psig. (4-5.21# to 60.8,9#).. • The conversion was increased approximately .1.9 

percent when the pressure was increased from 40.0 ,to .600 psig ,(60:,,89# .,to 

62.81#) , and the conversion was increased approximately 1,5- percent 

When the pressure, was increased from 60,0 to 800 psig (62.81# to 64.36#).

(Ch& differences in the means -of the conversions -obtained at.the 

,various levels of temperature were ail-significantly different. An 

increase in conversion-of approximately 18.8 percent was obtained.when 

the temperature.was increased from. 65Q .to 700°F (35-34#. to 54.12#)., an 

. increase in conversion of approximately 1,5.1 percent was obtained, when 

the temperature was increased .from fOO to 7 5 0 ( 5 4 , 1 2 #  to 69.26#)y and 

an increase, of 5.4 percent was obtained when the temperature was in— 

-creased from 750 to 8-00°F (69.26# to- 74.64#).

. The.differences in the means.of.the conversions obtained at the 

various space velocities .were all .significantly, different. A decrease 

in conversion of approximately 13.5 percent was obtained when the space 

velocity was ,increased from two to .four Iirr"1 (74.61# to 6l.09#)> a .de­

crease of approximately. 9.4 percent was obtained,when the space velocity 

was increased from four to six, hr-1 (61.09# to 51..73#) and a decrease 

.of approximately 5,8 percent was obtained when the space velocity was 

increased from, -six to eight hr-*1 (51.73# to. 45.9.4#.). •

tin mTT Ii
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The mean of all observations made on heavy gas oil feed, stock -was 

58.3̂  percent conversion.. Figures 19 through 22 are plots of I o g ^  

^lOO(I-X)J .versus reciprocal space velocity .for heavy gas o,il feed, 

stock.

Overhead Composite

The desulfurization data for overhead composite .feed stock are .listed 

in Table VII. Table XL presents the conversion data for.overhead composite 

feed stock in the conventional form for a factorial analysis. ■ Tables 

X L I * , X L I I and XLIII are two-way tables-- of means of conversions for 

overhead composite feedstock.

The - analysis of variance of the conversion data obtained w,ith over­

head composite .feed stock is presented in Table XXXIX. -The effects of 

pressure, temperature>, and.-space velocity are -all significant at both 

the five and, one percent significance, levels .■ . The Interaction effects 

between pressure dnd space.velocity* and between temperature and space 

velocity are significant-,- but are small in .comparison with the effects 

of the indiVid-ual factors.

j Table XITV presents the results of the multiple range tests for 

significant differences among the means of the conversions obtained 

for overhead composite feed stock. The. difference between the means of 

the conversions -obtained at 600 and 800 psig was not-significant. An 

ipcrease in conversion of approximately 17.6 percent was obtained when 

the pressure was increased from 200 to 400 psig (61.31$ to 78.92$)? and
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an Increase in conversion of approximately 4 -.3 percent was obtained when 

the pressure was increased ^rom 400 to 600 psig, (78.92^ to 83.23^')'.

-The differences among the ,means of. the conversions obtained at the 

various levels of temperatures were all significant-at the.five percent 

significance level. - The difference between the means,of the conversions 

obtained at 75^ and 800°F was not significant at the one percent signifi­

cance level. in increase in conversion of approximately 1-5.9 percent 

was. obtained when the temperature was increased from .6-50 to 700°F 

(6l „.78$  .to 77.65$)* an increase of 5.1 percent was obtained.when, the 

temperature was increased from 700 to 750°F (77*65$-to 82.75$)* and an 

increase of approximately two percent was obtained when the temperature 

was increased from 750 to 8,00°F (82.75$ to 84.,73$);

- The.differences among the means of the -conversions- obtained at the

various space velocities were all significant. A decrease in conversion

of 7.4 percent was obtained when the space velocity-was increased frpm

two to four hr-"1" (87.27$ to 79.83$) * a,-decrease of 7.2 percent was ob-
-1

tained when the space velocity was- increased, from four -to six hr 

(79.83$ ,to 72.63$),* and a decrease of approximately 5.^ percent was 

obtained when the space velocity was increased from six to-eight hr-1

(72.63$ to 67.18$).

- The mean, of all observations made on overhead,composite feed, stock 

was 76.73 percent conversion. -Figures 23 through 26 are plots of 

loglO (lOO (I-̂ x)J . versus reciprocal space velocity, for overhead com-
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posite feed stock.

The .means of the observations 

stocks are listed below.:

Feed Stock

Light■straight-run naphtha 
Reforming naphtha 
-No. I kerosene 
-Heavy diesel fuel 
Heavy gas oil 
Overhead, composite

made on each of the various feed

Percent Conversion 
(mean of all observations')

.89.56
96.21
94.9578.16
58.34
76.73

These mean percent conversion values decrease as the boiling range of the 

feed stock becomes higher in all cases,except for the light straight-run, 

naphtha. As was mentioned earlier, ,the dissolved hydrogen sulfide could 

not be removed from the light straight-run naphtha samples y and this is 

probably the reason, that the conversion obtained with light straight-run 

naphtha was lower than expected. The mean percent conversion for the 

overhead.composite -feed stock falls between the means of the heavier and 

,the lighter feed, stocks, as would- be.expected.

The interaction effects between temperature, pressure, and space 

velocity were small in comparison to the effects, of the individual fac­

tors for all of the feed stocks. This means that these factors are al­

most independent. The change in'Conversion obtained., by changing , one 

factor is nearly, independent of the. level .of the other factors over the 

range of values used, in this study.
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-The unique ..discovery, of . this study .tias the severe catalyst de­

activation encountered gith respect to heavy diesel, f.uel,. feed-stock. 

The averages. of.the catalyst activities with respect to heavy diesel 

fuel feed Stock for each feed, stock are listed below:

Fe.ed Stpck . Average Catalyst Actiyity (with
respect to heavy diesel fuel) 
After Approximately 20 .Hours

Light straight-run naphtha 36.6#
Reforming naphtha 52.2
No„ I ,kerosene 63.3
.Heayy diesel fuel 59-5
Heavy gas oil -4-7.7
Overhead composite 42.7

'The .general opinion in. the oil industry.has been that heavier feed 

stocks will-deactivate a.catalyst.more seyerely than do light.-feed-stocks . 

The aboy.e - data, indicate that the lighter feed, stocks also- seyerely re-e­

duced the catalystTs ability to desulfurize that feed stopk much more 

than feed stocks having boiling ranges near -that -of the particular feed 

stock. The next step in this study is obyiously to study this pheno* 

m e n o n using, different crude oils -and determine if it is-a character­

istic.of all or. many, crude-oils. A. research project with, the purpose of 

investigating this question is- now -being -undertaken in the Chemical 

Engineering Department at Montana State-College.
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FEED STOCK INSPECTION DATA

Tiable J

Feed. Stock
'Light Straight- - Reforming No. I HeaVy Heavy
Run Naphtha Naphtha Kerosene Diesel Gas

Fuel. Oil. .

Volume % 

;o f - Crude .11.48 22.06 9.29 14,68 , 12:10

Gravity, 69.4 5P.3 '39.1 30.8 24.2
API ' '

Tjtt. .% 0.112 . 0.334 .4.823 1,77* 2.10,
£>'ulfur , 1.66*

Volume fo 
Distilled at °R .

' I,B.P. 104 232 358 502 642
5# 124 248 404 532 700

10# , 132 252 4l6 5.38 712
20# 142 258 428 ■ 546 726
30# 149 269 436 548' 738
40# .157 278 440 558 750
50# 164 290 446 568 762
.60# 170 . 302 452 578 780
70# 178 316 459 590 8 Ql
80# 186 332 466 .606 828
90# 202 351 478 627 875
95# 367 490 638 912

E.P. .224 386 5,10 650 928



Table I (Continued)
COMPOSITION OP OVERHEAD COMPOSITE REED STOCK

Component - Volume

Light Stpaight^Run--Naptha 16.-4,9
Reforming,Naphtha )1.69
/No. I Kerosene .13.35
• Heavy Diesel Fuel 21.09
-Heavy Gas Oil -17.38

100.OQ

Wt. ^.Sulfur of Overhead -Composite Feed, -Stock: ' !.OkrIf0

-
Additional,heavy diesel .fuel was obtained in order to 
.complete- the runs at 600 and 800 psig on. this.febd stock. 
■ This heavy diesel fuel contained-1,.66'wt.sulfur.
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' Table XI

DESULFURIZATION ,DATA FOR LIGgiT STRAlGHT-HUN NAPHTHA FEED STOCK
Sample S jV. Temp,. Pressure ■Percent Percent . Catalyst

No. ,(hr"1 )- 0F (psig) Sulfur . .Conyeri inn'..-,.'Aefivity*

LN-O (Untreated Light Straight K R m .

Naphtha) I 0 ,tv'.J -0.112
LiN-2—A 2 650 200 0.0164 .85.%
LN-4--A 4 6$0 -200 0.0100 . - 91.1
LN-Sk A'.'' ' 6 650 H jGOO .0.0128 ' # 0 5
LN-8-A ■8 650 200 0.0109 $0.4
■ LN-BMrA 4 700 400 .0.256 8516 57.2
LN-2-B .2 700 200 0.0153 86.4
LN —4- r̂ B .4 700 2Q0 .0.01.69 ' 85.0
LN-6—B 6 700 200 ,0.0138 87.7
■ LN-8 4B 8 700 - 200 0,0144 87.Z
LN-BM-B, 4 700 40o 0.472 73.) 32.9
LN-jSkC 2 750 200 .0.0068 94.0
LN-4-C 4 ' ,750 .200 ; 0,0080 92.9
LN-G-C 6 '750 200 0.0111 .$0.1
LNr 8.-C 8 7,50 200 0.0124 88.9
LN-BM-C 4 700 .400 0.622 64.9 25.5
LN--jRk D 2 $00 -200. 0.0116 89.8
LN-4-D 4 800 20.0 0.0122 89.1
l n -6-̂d 6 800 200 0.0140 87.5
■LNt8kD 8. .800 200 - 0.0128 88.6
LN-BM-D 4 700 400 ,1.028 -41.9 14.4
LN ̂Sk E .2 ■ 650 400 0.0132 88.2
LN—4 —E A 650 400 0.0151 .88.3
LN-GkE " G 650 400 .0.0122 8$.0
LNrS-E 8 650 400 0.0131 88.3
■ LNk BMk E 4 700 400 - - 0.316 82.2 ,47.7
■ LN-2-F 2 700 400 0.0145 87.0
,LNr4-F 4 7Q0 400 0.0124 89.0
LN-GrF ' G 700 , 400 .0.0125 88.9
LNrS-F 8 700 400 0.0128 , 88.6
LN-BM-F 4 700 ,400 ,0,438 75.3 35.1
LN-RrG 2 750 400 - 0.0104 90.8
LNr4-G 4 750 400 ■ 0.0144 87.1
LN"^6r»Cr G 750 400 . 0.0140 87.5
LN-SrO a 750 400 0.0144 87.1
LNkBM-G 4 700 400 0.602 66.p 28,2

This -,catalyst activity was calculated with Uespedt to
heavy diesel fuel feed stock.
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,Table II (Continued)

Sample s.y. ■ Temp. Pressure Percent Percent ,Catalyst
No. (hr'1 ) 0F (psig) Sulfur Conversion Activity

LN-2-H 2 Soo 400 0.0148 86.8
LN-4-N 4 Soo 400 .0.0152 88.1
LN-S-1H. 6 Soo 400 0.0104 90.7
LNrS-H 8. Soo 400 0.0150 88.4
LN-BM-H 4 700 .400 0.579 . 67.4 28.2
LN-2-I 2 650 Soo 0.0156 . 87.9
LNV4-I ■ 4 650 600 0.0,105 90.7
LN-6—I. .6 650 Sag .0.0094 91.5
LN-S-I S 650 Sod 0.0094 91.5
LN-̂ BMr-I' 4 700 400 . O'. 240 86.4 59.7
LN-2-J . 2 700 .600 0.0118 89.5.
LN-4-J 4 700 Soo .0.0110 .90.2
LN- Sr J . 6 700 ,Sdo 0,0098 91.2
LNrS-J a 70.0 Soo .0.0101 91.0
LN-BM-J 4 700 400 0.592 77,8 39.0
LN-2-X 2 750 Soo ,0.0115 89.8
LNr4-K 4 75.0 Soo 0.0121 89.2
LN-S-K 6 750 Soo 0.0121 #9.2
LN-Si-K 8 750 600 .0.0127 .88.7
LN-BMr-K " 4 700 400 0.376 78.9 41.0
LN-2-L 2 800 Soo 0.0106 90.5
LN-4-L 4 800 Soo 0.0117 89.6
LNw-S wL 6 .Sqo Soo .0,0120 89.4
LN-S-L 8 .800 Soo .0.0152 88.2
LNrBM-L 4 700 400 0; 612 65.4 25.2
LN-2-M 2 650 Soo 0.0109 90,5
-LNr4-M 4 S 50 SOO ,0.0105 90.9
'LN-SwM 6 650 800 0.0099 91.2
LN-8 —M .8 650 ,800 0.0108 90.3
,LNrBMrM 4 700 400 0.566 79.2 41.5
LN--2-N 2 700 SOO 0,0150 88.5 '
LN-4-N 4 700 800 0.00,91 91.9
LN-SrN 6. 700 #00. 0.0112 90.0
LNrS-N .8 700 800 0.0094 91.6
LN-BMrN .4 700 4.00 -0.557 ,81.0 45.0
LN-2—-0 ■ 2 75d 800 0.0116 89.8
LN-4-0 4 750 800 0.0079 93.0
LN-SrO .6 750 800 0.0079 93.0
LNrSrO . 8. ' 750 . 800 .0.0089 92.1
LN-BM-O 4 .700 400 .0.409 77.O 37*7
LN-2-P 2 800 800 .0.0099 91.2
.LNr4rP 4 BOO 80.0 0.0106 90.5
. LN-SwP 6. Soo SOO Q .0106 90.5
LNrS-P 8 #00 .800 0.0098 . 91.2
LN-BM-P 4 '700 400 .0.532 70.P 29.5
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,Table III
DEjSULPTJR'IZATION JDATA FOR REFORMING NAPHTHA FEED STOCK

Sample
No:

s.y.n
,(hr-1 )

. Temp. 
0F

Pressure
(pslg)

Percent
Sulfur

Percent
Conversion

Catalyst^
Activity

RN-O (Untreated Reforming
Naphtha) 0.33)5

- RN-2^A 2 6$0 200 .0.0107 96.9
RN-4aA 4 650 200. 0.010,9 .96.8
■r N“6“-a .6 , 650 200. 0.0146 95.7
rn-9-̂ a .8. 650 200 .0.0143 95.8
RN-BM^A 4 .700 .400 0.316 82.2 47.7

, RN“2“-B 2 7Q0 200 Q.OI59 95.2
'RN-4-B .4 700 200 .jO.0109 96.8
'RN^d-B .6 700 200 0.0139 95.8
RN-S^B .8 700 -200 0.0120 96.3
JRN-BM-B 4 700 400 ,0,424 76.1 36.5 ~
RN“2-C 2 750 ■200. O.OII8 96.5- RNr4 -C 4 75P 200 .0,0121 96.4
RN.-6-C 6 ' -750 200 .0.9094 97.2
RN-8-C 8 .750 200 -0.0084 97.4
RN-BM-C 4 700 400 .0.382 78.4 39.8 .
RN-2—D 2 -800 200. 0.0108 96.7' RN-4-JD 4 800 200 0.0129 96.1
r n -6-d 6 .800 200 0.0132 96.1
RNrS-D 8 800 200 .0.0107 - 96.9
RN-BM-D 4 ■ 700 400 0.400 77.5 38.1
iRN-2-E 2 650 400 0.0114 ■ 96.7
• RN~4-E 4 650 400 0.0122 96.4
RNê 6—E 6. &50 400 0.0126 96.2
RN-S-E 8 6$0 400 0.0200 94,1
RN-BM-E 4 700 400 .,0.126 95.2 105.0
RN-2-F 2 700 . 400 O.Oll2 96.7
RN-4-F 4 700 400 o.oipz 97-0
-RN-6-F 6 700 400 0.0064 98.Q
RN-S-F ■8. 700 400 0..0105 97.O
RN-BM^F 4 700 400 0.213 88.0 66.7
■RN-2-G 2 750 400 .O.OO78 97.5
'RN-4-G 4 750 400 0.0128 96.2
RN-6—-G 6, 750 400 ,0.0088 97.4
RN-S-G 8. 750 400 0.0074 97.5
RNrBM-G 4 700 400 0.414 76,7 37.2

This . cata.Iyst activity was calculated, with, respect to
heavy diesel fuel, feed stock.
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- Table- III (Continued.)

Sample ■ s.y. Temp. Pressure Per1Cent Percent Catalyst
No. . (Hrw'-*-) ..'0F (psig) Sulfur Conversion Activity

RN-ZaH Z Soo .4 0 0 0.0115 .96.6
-RN-4-H 4 Soo 400 0.010.4 97RNa6-H 6 Soo .400 0.0106 96.9RNrS-H .8. Soo 400 0..Q121 96.3
RN-BMaH 4 700 400. -0 .514 .&Z.5 47.7RN-Z-I Z 650 600
RN-4aI 4 650 $00 A ..0125 9C.3'RN-6—I 6gp. 600. PvOlzS 96.1
lRNrS-I S 650 600 0.; 0120 96 .4
RN-£4 -1 r 700 • 4oo 0.0128 96.1
RN-BM-I 4 ' 700 '4oo .0 .254 85.7 57,6
RN-RtJ Z 700 600 0.0159 -95.9RNr4-4T 4 700 600, .0.0126 96.2
-RN-6 —J 6 % 700 600 .0.0160 95.2
RN-SaJ 8. 700 600 .0.0156 95.3RN-Z4-J %  -j . 700. 400 0.0156 96.0
. RN-BMrJ 4 700 400 0.562 79.6 4 2 .6
RN-Z-K 2 750 600 0.0122 96.3
RN-4-K 4 750 600 0.0108 96,8
RNr 6-K 6 750 600 0.0104 96.9
-RNrS-K 8 750 600 ,0.0099 97.9RN-Z4-K 4 700 400 . 0 .0144 95.8
RN-BM-K 4 foo 400 0.284 84.. 0 52/9
-RNaZ-L 2 .800 600 0.0110 96.8
RNt4 -L, 4 800 600 A. 0126 96.2
RN-’S-L . 6 8.00 600 0.0115 96.6
RN-S-L 8 Soo 600 0.0100 97.0
RN-Z4-L 4 700 400 0.0088 97-4
RN-BM-L 4 700 400 0.545 So.6 . 4 4 .0
RN-Z-M 2 650 8.00 0.0165 95.1
RN-4-M 4 .650 800 0.0168 95.0
RN-6—M 6 .650. 800 0.0158 95.2
RNrS-M .8 650 800 0.0186 94 .4
RN-Z4-M 4 700. 400 0 .0146 95.6
RN-BM-M 4 700. 400 Q.510 82:5 47 .0
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Table III (Continued)

Sample s.y._ Temp. Pressure Percent Percent catalyst
No. ■ (hf"1 ) °P (pslg) _ Sulfur Conversion Activity

RN-2-!tN 2 700 Boo 0.0152 95^5
RN-4-N 4 700 800 0.0145 95.7
■RW-6r!N 6. 700 800 0.0148 '95.6
RN-8tN ■8, x 700 .800 0.0166 -95.0
-RN-24-N 4 700 400 0.0156 95.3
- RNs-BMr-N 4 700 400 0.210 B8.7 TO=O
RNs 2.-rO 2 750 Boo • 0.0142 95,8
RN-4-0 4 750 800 0.pl33 96.1
RN-6-0 6 750 8.00 0.0137 96,2
RN-8-0 ,8 - 750 800 0.0140 96.2
RNt24--0 .4 700 400 0.0,156 95 = 3
RN-BM-O 4 700 400 0.244 86.5 59.7
-RN-2—P 2 800 800 .0.0156 95.3
'RN-4-P 4 ,800 . 800 0.0172 94.9
RN-6-P . 6 . 800 .800, O.OI58 95.2
RN-8-P B 800 Boo 0.0161 95.2
RN-24-P 4 7Q0 400 0.0154 96.1
RN-BM-P 4 700 400 0.510 82.5 48.2
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.Table IV
■DESULFURIZATION DATA FOR.NO.,I KEROSENE.FEED STOCK

Sample
No.

,s .V.t 
.(hr* ■)

Temp. 
. °F"

Pressure- 
.. (psig)

Percent
Sulfur,

■Percent
Conversion

• Catalyst, 
Activity*

K “Q
K-2-A

(untreated kerosene)
■2 6 SO - 200

0.822
0.0,666 91,9

-- K ̂-4- "r-A A 650 200 ,0.126 ,84.8
-K-6+A 6 650 200 ' 0.1-57 8,1.0
- KrS-A .8 6$0 200 0.174 7Q.9
,K-BM-A A 7.00 400 0.163 90.0 84.2
Kr 2—B 2 700 200 9,0392 95.3
-K-4rB 4 .700 200 0»0552 93.4
Kr 6-B . ,6 700 200 0.066 92.0 '
K-S-B .8 700 200 .0.0814 90.A
K-BM-B A 700 4oo .0..254 . 85.7 -57.6
-K-2-C 2 750 200 0.0448 94.6
.Kr4-C A 750 20O 0,.056 93.2
K-6-C 6 7$o 200 0.0642 92.2
K-SrC 8 750 200 0.0803 90t3
'K-BM-C 4 700 400 0.286 83.9 51,8
-K-2-D 2 800 200, ,0.0320 96^0
■K-4-D 4 800 200 .0.044,9 # . 5
/K-6-D 6 8.00 200 .,0,0673 91,8
KrS-D 8 800 200. O .0892 89.2
K-BM-D 4 700 400 .0.316 - 82.2 47-. 6
K -2-E ,2. 650 400 0.0324 96.2
.K^--E A 650 400 . 0.0608 92.7 •
'Kr6-E 6 650 400 0.0660 92.0
K-S-E 8. 650 4o0 - 0.0.594 92,8
K-BM-E 4 700, 400 •0.187 ,89.5 74.9
/K-2-F 2 700 40,6 0^0166 98»0
.K-A-F 4 700, 40.0 0.0237 97.0
K-6-F 6 700 ■ AOO 0.0263 96.9
KrS-F 8 700 400 O,.p20O 97'6
KrBM-F 4 .700 400 0.162 90.9 ,84.2
K-2-G 2 750 400 I 0.0148 98,2
K-A-G 4 750 4Q 0 0.0207 97 ..5
K-SrG ■6 750 400 0/0258 96,9
,K-S-G 8 7 SO .400 - 0.0221 97.4
K-BM-G 4 7O0 Aoo O .280 94.2 =2.6

* This Catalyst activity was calculated-with., respect to
heavy,diesel fuel feed stock.
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Table iy '(Continued)

Sample S.V., 'Temp. Pressure Percent Percent
No. ■ (hr'1) °F (psig )■ Sulfur Conversion

K-2-H ' 2 800 A O O 0.0164 98.0
,K-4-H 4 800 400 0.0170 98.0
k -6-h 6 8Q0 400 0.0)52 95.8
k-8-h 8 , 800 400 0.0279 96.5
K-BM-JH 4 700 .400 .0.272 84.6 '
K-2-1 ,2 650 600 0.0416 95.0
K-4-I ' 4 , 650 600 :0.0272 96.)
K-6-.I ' 6 650 600 0.0492 94.0
K-8-I 8 6.50 600 0.0626 92.4
K-24-I 4 700 . Aoo .0.0216 97.4
K-BM-I 4 700 400' 0.178 89.9
K—2—J 2 .700 . 600, .0.0217 ■ 97.4
K-4-J 4 700 600 _0.0))6 95.9
K-6-J 6 700 , 600 .0.0470 94.)
k-8-j 8 70.0 600 -0.. 0422 94.9
K-24-J 4 I 700 ,■ .400 .0.0284 . 96.6
K-BM-J 4 700 . .400 0,260 85.)
K-2-K . 2 ■ “ 750 600 Q.Q138 . 98.)
K-4-K 4 750 600 0.0161 98.0
.k-6-k ■ 6' 750 ,600 .0.0185 97.8 '
k -8-k 8 750 600 ' . 0.0224 97.)
K-24-K 4 700 400 .0.0244 97.0
-K-BM-K 4 700 ,400 0:184 ■ 89.6
K-BM-K 4 700 400 ,0.184 . 89.6
K-2-L 2 8,00 600 0.0146 98.2
K-4-L 4 800 600 0.0172 97.9
k -6-l 6 .800 ' .600 .0.02,34 97-2
k-8-l 8 800 600 0.02)4 97.2
K—24—L 4 700 , Aoo 0L0))0 96.0
,K-BM-L 4 700 400 Q.)4l 80.7
K-2-M 2 650 ,800 .0.0566 93.1
-Kr 4-M 4 650 800 .0.0)65 95,6
K-6-M 6 659 800.. 0,0760 90.8
,K-8-M ' .8 650 800 .0.094) 98.9
K-24-M 4 700 400 0.0256 96.9
K-BM-M 4 700 400 0.150 91.5

Catalyst
Activity

54.1

77 .0

56.4

75 -5

44 .2

#8.9
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■ Table IV (Continued)

Sample
Nb.

S.V.,
(hr-1)

Temp. 
. °F

Pressure
(psig)

Percent
Sulfur

iV J Percent 
Conversion

Catalyst
Activity

K-2-N 2 700 800 010138 98.5
K-4-N ' .4 700 ,8oq ,0.0170 97.9
K—6—N 6 700 ,890 0.0478 94.2 -
k -8-n 8 700 ,800 0.0454 94.5
K-24-N •4 700 ,400 .0.0296 96.4
K-BM-N 4 700 400 ,0.205 88.,.5 69.O
K-2-0 2 750 800 .0.0175 97.9
K-4-0 .4 750 800 0.0250 97.2
K- 6-0 6 ' 750. ,800 .0.,0285 96.. 6
K-8-0 a 750 800 .0.0278 96.6
K-24-0 ,4 700 40Q .0,0284 96.6
K-BM-O 4 ' 700 .400 0,552. 81,2 45.5
K-2-P 2 800 800 ,0,0126 98,5
K-4-P 4 .800 .800 0.0158 98.1
K- 6—P 6 800 800 ■ 0,0157 98.1
k-8-p .8 - 8qo 8OO 0.0166 98.0
K -24-P 4 700 .400 0.0284 96.6
K-BM-P 4 700 ■ 400 .0.504 82,8 48,8
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Table' V ■

DtiSULFURIBATION M t A FOR HtiAVY DItiSEL FtJtiL

Sample Teriipi Pressure .Percent Percent Catalyst
No. (hr 1) , °F (psig), Sulfur Conversion Aetivity

HD-O Untreated ,Heavy Diesel Fuel) 1.769
.HD-2-F 2 650 200 ' -0;378 78.7HD-4-F 4 650 200 0.771 56.4
HD-6-F 6 650 200 1.047 43,6
,h d -8-f 8 650 200 1,256 28.5
HD-BMrF ■4 700 400 .6;122 93.3 108.6
RD-2-G .2 700 200 -0,286 83,5
HD-4-G 4 700 200 ,0.548 69.1
HD-6-G 6 700 200 -0.740 58,2
HD-SrG 8 700 200 -0,947 35.2
HD-BM-G 4 700 ■4oo 0.292 ■ 83.4 51.6
HD-2-Et 2 750 200 6.196 88,9
HD-4-H 4 750 -200 6.422 76:1
h d -6-H 6 750 200 .0.446 74,8
HD-S-H 8 -750 200 0,631 64:3
HD-BM-H 4 700 ■ M b 0.408 T6.9 38,1
HD-2-1 2 800 2O0 0.214 87.9
HD-4-1 4 800 200- -0,433 75.5
h d *6“I 6 800 200 0.569 67,8
,HD-S-I 8 800 20b 0.595 66.4
HD-BM-I 4 700 4oo 0.317 82.1 47,7
HD-2-C -2 650 400 ■ 0.306 ,83.0
HD-4-0 4 650 4bo O .516 70,9
HD-6-6 6 650 40,0 0,729 58.9
HD-S-C S 650 400 .0.811 54.2
HD-BM-C 4 700 M p  ’ 0.106 94.1 111,8
HD-2-B ■2 700 400 0.048 97,4
HD-4-B ,4 700 . 4(j>b 6,091 - 94:8 IOo ; 0
HD-6-B 6 '700 49b 6.190 89.3
HD-S-B 8 700 400 0.298 ■ 83.2
HD-2-D 2 750 406 O.O57 $7;0
HD-4-D 4 750 4bb .0.091 .95.0
h d -6-d 6 750 4db -0,107 94.3
HD-S-D 8 750 400 -0.160 9l.o,
HD-BMrD 4 700 ,4oo 0.219 87.8 65.6

This.catalyst activity was.calbulated with respect to
heavy diesel feed stock;
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Table V (Continued)

Sample S.V. Temp. Pressure Percent Percent Catalyst
'No. (hr"1) °F (pslg) Sulfur Conversion Activity

HD-2-E .2 8oo 400 0.079 95.5
HD-4-E 4 800 ,400 ,0.129 92.8
HD-6-E 6 800 400 0.172 99.)
,HD^S-E 8 800 400 .0.204 88.6
HD-BM-E 4 700 400 0,264 85.2 55-7

HD-OO (Untreated Heavy Diesel Fuel) ,1.66 *
HD-2-K . 2 650 600 0.488 70.6
.HD-4.-K 4 650 600 0.674 59.4
HD-6-K 6 - 650 600 0.852 48.6
HD-8-K 8 650 600 0.991 40,2
HD-BM-K 4 700 4oo .0.40,6 75.5 35.7
JHD-2-L .2 700 600 0.105 93.7
HD-4-L 4 700 600 0,2.32 86.0
HD-6-L 6 700 600 0.388 76.6
.h d -8-l 8 700 600 0.476 70.7
HD-BM-L 4 700 .400 0.205 87.6 65.O
HD-2—M 2 750 600 0.079 95.2
HD-4--M 4 750 .600 0,149 91.0
,HD-6-M 6 750 600 .0.210 87.4
h d -8-m 8 750 .600 .0,304 81.7
HD-BM-M 4 700 400 0.362 78.2
HD-2-N - 2 800 600 0.041 97.5
HD-4-N 4 800 .600. 0.091. 94.5
BD-6-N 6 800 .600 9,125 92.5
HD-8-N 8 800 .,doo 0.151 90.9
,HD-BM-N 4 700 400 ,0.314 81.1 45.0
HD-2-0 . -2 650 .800 .0.390 76.5
BD-4-0 .4 650 800 0,633 61.8
.HD-6-0 .6 ' 650 800 0.838 49.5
HD-8-0 8 650 800 0.951 42.6
HD-BM-O 4 700 400 0.286 82.8 48.8
HD-2-P 2 700 800 ,0.084 94.9
HD-4-P 4 700 800 .0,285 82,8
HD-6-P 6 700 800 9.434 73.9
HD-8-P 8. 700 .800 0.5)3 67.9
HD-BM-P ■ 4 700 .400 9.)l8 8Q.8 44.5

Feed stock for the runs.made on heavy diesel .fuel 
.feed .stock at 600 and .800 pslg.
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Table V (Continued)

Sample s.y Temp. Pressure Percent Percent
No; (hr"1) °F (psig) Sulfur Conversion

HD-2-Q ,2 750 .8 00 .0.058 9 7 . 7
HD-4-Q 4 750 800 0 . 0 7 7 95-4
.HD-6-Q 6 75Q 8qo 0.218 8 6 . 9
HD-rS-Q ,8 750 .800 6 . 2 5 2 8 4 . 8
HD-BM-Q 4 700 .400 Q.295 82.2
HD-2-R 2 800 .8,00 0\ 022 9 8 . 7
HD t4-R 4 .800 .800 . 0 : 0 6 8 9 5 . 9
.HD-6-R 6 8 00 800 .Q .0 9 1 9 4 . 5
h d -8-r 8 .800 ,800 .0.151 9 0 t 9
HD-BM-R •4 700 40.0 0 .,28-6 8 2 . 8

Catalyst
Activity

47-6

4 8 . 8
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-56-

Table VI

Sample s.v. Temp. Pressure Percent Percent
No. (hr-1) . °F (psig) Sulfur Conversion

V-O (Untreated' Heavy Gas .Oil) 2.10
V-2-A 2 650 200 -1.415 .32.6
V-4-A 4 650 200 1..530 27.1
V-6-A 6 650 200 .I .644 21.7
V-8—A 8 650 200 -1,735 17,4
V-24-A 4 700 .400 O.960 54.3
V-BM-A 4 700 400 .0.290 83,6
V-2-B .2 700 -200 O .792 62.2
V-4-B 4 7Q0 200 -I.Q87 . 48.3
V-6-B 6 700 200 ■1.342 36.0
V-8-B ,8 700 200 -1.485 29.3
V-24-B 4 7Q0 .400 0.693 67.0
V-BM-B 4 700 .400 .0.304 82.8
V-2-C 2 750 -200 .0.469 " 77-7
V-4-C ' 4 750 200 ■ 0.841 59.9.
V-6-C 6, 750 200 1.091 48,0
V-8-C 8 750 200 -1". 192 43.2
V-24-C 4 700 .400 -I.017 51.6
V-BM-C 4 700 400 .0.328 81.5
V-2-D 2 800 .-200 0.593 71.8
V-4-D ‘ ,4 .800 200 0.861 58.9
V-6-D 6 800 200 .1.085 48.3
V-8-D 8 800 200 -1.204 42.6
V-24-D 4 700 400 .1.286 38.8
V-BM-D 4 700 400 O.586 66.8
V*r2-E 2 650 ,400 0.852 59.4
V-4-E 4 650 .400 -1.255 40.2
V-6-E 6 650 400 1.455 30.7
V-8-E a 650 -400 1.575 -25.0
V-24-E 4 700 400 .0.902 57.0
V-BM-E 4 700 400 0.233 86.8.
V -E--F 2 700 .400 0.464 67.9
V-4-F ' •4 700 .400 0.840 60.0
V-6-F 6 700 400 I .090 48.1
V-8-F ,8 700 ' 400 -1.193 43.1
V-24-F 4 700 .400 0.748 64.4
V-BM-F 4 700 400 0.292 83.5

• *  This catalyst activity was calculated, -with respect
to heavy diesel fuel ,feed stock,.

Catalyst# 
Activity

51.3

48.8

46.0

26.8

61.6

50.7
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Sample S.V • Temp. Pressure Percent Percent Catalyst
No, (hr.1) °F (pslg) Sulfur Conversion Activity

V-2-G ,2 . 750 .400 0 .2 5 1 88.0Y-4 -G 4 ' 750 400 .0 .4 9 9 76.2V-6-G 6 750 .400 .0 ,7 2 9 65.3V-8-G 8 750 ,400 ,0 .8 8 4 58.0V-2 4-G 4 700 400 0,895 57.4V-BM-G 4 700 .400 0.350 80.2 4 3 .2V-2-H 2. 8oo 400 0.168 92.0V-4 -H 4 8oo .400 0 .3 4 4 83.6V-6-H 6 Boo ,400 0.552 73,7V-Q-H 8 8oo 400 .0.776. 63.0V-24-H 4 700 400 .0.847 59.6V-BM-H 4 700 .400 0 .3 4 0 79.5 4 1 .8V-2-I 2 650 600 0.874 58.4V-4 -I .4 G50 &00 , -1.300* ' 38.1
V-6-I 6 650 600 . .1 .4 7 4 29.8V-8-I 8 650 600 -.1 .5 5 5 26.0
V-2 4-I 4 700 400 0.892 57.5V-BM-I 4 700 400 0 .2 9 4 82,3 4 7 .9V-2-J .2 700 600 0.538 7 4 .4v-4 -j 4 700 ,6.00 .0.806 61,6
V-6-J 6 700 600 1.028 51.1V-Q-J 8 700 600 _l.l89 43,3V-24-J 4 700 ,400 0.920 56.2V-BM-J .4 700 400 0.362 78.2 39»6V-2-K 2 750 600 0.357 83.0
V-4-K 4 750 600 0.656 68.8
v-6-k 6 750 .60Q 0.760 63.8V-8-K 8 750 600 0,795 ' 62.2V-24-K 4 700 400 0.932 55.6V-BM-K 4 700 .4 0 0 .0.368 77.8 38.8V-2 -L 2 800 600 ,0.065 96.9V-4 -L 4 800 600 0.259 87.7
V-6-L" 6 800 600 0.374 82.2V-8-L 8 800 600 0.471 77.6V-24-L 4 700 .400 .0.774 63.1V-BM-L 4 700 400 .0,227 86.3 59.8V-2-M 2 650 Boo .0 ,8 2 4 60.8
V-4-M 4 650 800 1,,227 ,4 1 ,6
V-6-M 6 650 800 1 .4 5 3 30.9V-8-M .8 650 800 1.560 25.7V-24-M 4 700 ' 400 0,960 5 4 .3V-BM-M 4 700 400 ,0.294 82.3 4 7 .9



-58.-
Table -VI (.Continued)

Sample s.y. Temp. Pressure Percent Percent Catalyst
No. (hr1'1) °P (pslg) Sulfur Conversion Activity

V-2--N 2 700 800 -0.558 83.0
V-W--N 4 TOO 800- 0,781 62,, a
V— .6. 7Q0 800 .1.069 49.1
V-8-n 8 700 ,8p0 1.140 4,5.7
V-2W--N 4 700 400 0.956 . 54.4.
V-SM-N 4 700 .400 0.279 83.2 50.Q
V-2-0 -2 750 800 0.109 94,8
V-4-0 4 750 8oo 0,-425 79.9
V--6-.0 6 750 8Q0 . 0.514 75.-5v-8-o 8 750 8.00 ô,.755 64,0
V-24-0 4 700 .400 .0.841 60,0
V-BM-O .4 700 .400 0.219 86.8 61,6
V-2-P 2 800 8-00 .0.190 90.9
V-4-P 4 800 8-00 0.362 82.8
VrĴ -P 6 .800 # 0 .0.556 73- 5
V-8-P .8 800 800 ,0.654. 68.8
V-24-P 4 700 400 0.958 54.4
V-BM-P 4 700 .400 0.29% 82.3 4,7.9
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Table T H

DESULFURIZATION d a t a FOR.OVERHEAD composi te ,f e e d sto ck

Sample
No.

s.y.
(hr'1)

Temp.'°p Pressure
(psig)

■ Percent 
Sulfur.

Percent
Conyersi

C-O (Untreated Overhead Composite). ..1.047
C—2—A .2 630 200 0.307 70,7C-4-A 4 630 290 9.532 4 9 .1
c-6-a 6 659 20.0 .0.655 37 .4
c-8-a 8 650 200 .0.678 35.2
C'-24*A 4 700 .400 0.138. 86.8
C-BM-A 4 700 .400 0.285 82,8
C-2-B 2 700 200 0.254 75-7Cr4rB 4 700 200 .9.328 68.6
C-6-B 6 700 200 0.460 56.0
c-8-b 8 700 200 0.527 49.6.
C —24 —B 4 700 4 0 0 0.136 87.0
C-BM-B 4 7.00 4 0 0 0 ..240 ,85.5CrS-C 2 759 200. -0.242 76,9C-4-C 4 750 200 ,0:396 79.8
C-6-C 6 750 200 0 .420 59.9
C-8-C 8 750 200 ,0.482 53.9C-24-C 4 700 400 0.228 78.2
C-BMrC 4 700 4 0 0 ,0.475 71 .4
C-2—D 2 800 200 .0.162 8 4 .5
C-4-D 4 800 •200 ,0.288 72.5
C-6-D ,6 890 200 9.398 62.0
C-8-D 8 890 290 4 .4 3 7 58.2
C-24-D 4 709 4 0 0 .0.298 7 1 .5C-BM-D 4 700 4 0 0 0.621 62.6
C-2-E .2 650 400 .0.188 82,0
C-4 -E 4 650 400. .0.326 68,8
C - B -E 6 650 .400 ^0.461 55.9
c-8-e 8 650 4 0 0 .0.538 48.6
C-2 4tE 4 700 4 0 0 -0 .1 4 1 86.5
C-BM-E .4 ■ 700 4 0 0 .0 .324 89.5
C-2-F. 2 700 .400 0.091 91 .3
C-4-F 4 700 4 0 0 ,9.216 79.3
C-6-F 6 700 400 0.219 79.9C-8-F 8 700 400 ,0.283 73.9
C-24-F- 4 700 400 .0.699 33.2
C-BM-F 4 709 400 0 .304 91.7

This catalyst activity was calculated with respect
to heavy diesel.fuel feed stock.

Cutalyst# 
Activity

4 9 .4

57-1

30,8

23.9

43.8

46.3
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Table VlI (Continued.)

Sample 
No .

S . v
(Lr'"1)

Temp.
°F

Pressure
(psig),

Percent
Sulfur

Percent
Conversion

Catalyst
Activity

C—2—G 2 759 400 .O.OgO .91.4
C—4—G 4 750 400 0.136 87.O
C-6-G 6 '750 ,409 0.178 8 3 . 9
g-8 -g 8 750 .400 0.250 7.6.1
■C-24-G 4 700 .400 .O.177 83.1
C-BMrG 4 700 400 .0.390 76.5 37.9
C-2r.H 2, .800 400 .0.074 92.9
C— 4 800 499 . o . i i i 89.4
C-6-H 6 80Q ,400. -0.154 85.3
C-8-H ,8 800 400 0.222 7 8 . 8
C-24-H 4 790 400 .0.544 67.1
C-BM-H -4 700 400 0.638 61.5 2 3 3
C-2—I 2 650 600 ,0.170 ,83,8
c - 4 - i 4 650 6oq
C—6—I 6 650 .600 .0.360 65.6
C -8—1 8 659 .600 .0.48.0 ,54.1
0-24-1 4 700 .400 .0.109 8 9 . 6
CrBM-I 4 700 400 ■ 0,231 86.1 59.2
C-2-J. 2 .700 6qo 0 . 100 ,99.4
C-4-J 4 700 600 .0.122 88.3
C-— 6-<j 6 700 .609 -0,218 79.2
C—Sr J 8- 7P0 600 0,292 72.1
C—24-—<J ,4 . ■ 700 .400 .0.184 82.4
C-BM-J 4 700 400 0.324 80.5 44.0
C-2-K 2 750 6Q0 .0.068 93.5
.C-4-K 4 759 600 .0.987 91.7
C—6 -K 6 759 600 0.097 .90.7
C-8-K 8 750 600 .6.120 88.5
C-24-K 4 700 400 .0.155 B5.2
C-BM-K 4 700 .400 .0.298 82.1 47.7
C—2—L 2 Boo 690 0.066 93,7
C-4rL 4 890 600 .0.095 90.9
G—6rL 6 800 690 . 0 ..122 88.3
C-SrL 8 800 $00 .0,134 87,2
C—2^—L 4 760 ,400 0.379 74.2
G—BM-L 4 700 400 ' 0.468 71.8 31.2
C-2-M -2 659 Bqo 9.171 83.7
C-4-M 4 650 ,800 0.319 6915
C-6-M 6. 650 9QO .0.419 69.0
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Table yXl (.Continued)

Sample S.Y. Temp. Pressure Percent Percent Catalyst
No. (hr*1 ) . 0F ,(pslg) Sulfur Conversion Activity

C-S-M ,8. 65Q SOO .Q.519 50.4 ‘
C-24-M 4 700 .400 O . M ? 86,9
C-BM^M .4 70.0 ' 40Q 0.302 81,8 '46, 5
C-2-N 2 70Q 8 00 ,0.065 93.8
C-4-N 4 ‘ 700 ,800 0.106 '89'9
C-6-U 6 790 ' 800 .0.200 80.9
C-S-N 8 70° SQO ,0.268 74.4
,0-2,4—N 4 700 ,400 .0.167 ,^.0
C-BM-N 4 700 400 .0,288 . S2.7 .48,8
C—2—0 2 750 Sod •0.046 99»&
c-4~o 4 750 Sdo ■0,064 93.9
C-r6—0 6 750 SQQ 0.135 ,87;!
C-S-O ,8. 750 800 O .167 94.0
C-24-P ,4 700 40.6 .0,148. 85.9
C-BMtlO 4 .700 ,400 O .270 S3.7 51,2
C-2.-P 2 Sao ,#00 ' .,Q,.,0-38 96.4
C-4-P 4 800 SOQ .0,064 93.9
C-S-P 6, 800 .800 Q.095 .90.9
CrS-P S &0Q .866 .O.O96 90.8
C-24-P 4 700 -400. - 0.194 81,5
C-BM-P 4 700 -40Q 0,236 79,8 42.3.



— 62

EXPLANATION.OF STATISTICAL TABLES

Factor A —  pressure (pounds ,per square inch gauge)

Factor B - temperature (degrees Fahrenheit)

Factor C - space velocity (cc feed stock per cc catalyst 
per hour)

Levels of Factors-:

A (pressure) 'B (temperature) C (space velocity)

Table YIII

Level -VaIde Level Value Level -Valae

I -200, psig ' I .650°F I -2 hr

2 40,0 psig . . 2 , 700°F 2 .4 hr--1-

3 600 psig 3. 7 50 °F 3 6 hr-1

4 8,00 psig 4 800°F 4 ,8 hr

Note: Any tvfo means, in Tables XIY., XX,. XXVI,, XXXII, XXXYIIIj and

XLIY,)- not. underscored bJ the same line are significantly 

different... Any two-.means underscored.by the same line 

are .not significantly different.



Table IX
ANALYSIS OF VARIANCE OF CONVERSION LATA FOR LIGHT- STRAIGHT-RUN NAPHTHA FEED STOCK

Source of 
Variation

Sum of 
Squares

Degrees
of

Freedom

Mean
Square

Variance
Ratio

Critical 
Ratio 

(5$ .level)

Critical 
Ratio 

{Ufa level)

Between 
levels of 
Factor A

63.7667 3 .21.2556 10.5258 2.96 4.60

Factor B 12.6130 3 4..204 3 2.0820 2.96 • 4 .60

Factor C 4.4330 - 3 1.4777 0.7317 2.96 4.60

Interactions
AB 46.2980 9 5.1443 2.54-75* 2.25 4.6b 1
AC 7.5389 9 -0.8377 0.4148 2.25 4,60 VlI

.BC 26.4426 9 .2.9381 .1.4549 2.25 4.6,0

Error (ABC) 54.5230 27 ,2.0194

Total 215.6l6l .63

*Slgnlfleant at the 5^ ,level.. 

**Slgnlfleant at the 1% .level.
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Table X

1

2

3

4

COHVERSIPN JDATA FOR LIGHT STRAIGHT—RUN NAPHTRi FEED RTOCK

Level of Factor C .

I 2 , 3 4

Level .of 

I 2

Eactor B 

3 4

Level of 

I .2

Factor B 

3 4

L6vel of 

I 2

Factor B 

3 4

Leyel .of 

I 2

Factor B 

3 4

85.4 8 & 4 ■94.0 , 8 9 .8 91.1 85.0 9 2 . 9 . 8 9 . 1 8 8 . 5 8 7 , 7 90.1 8 7 . 5 90.4 87.2 8 8 . 9 8 8 . 6

8 8 . 2 87.0 90.& 8 6 . 8 8 8 . 3 89 .O 87.2 8 8 . 1 8 9 : 6 8 8 . 9 8 7 . 5 9 0 . 7 89.O 8 8 , 6 ' 87.I, 8 8 . 4

8 7 . 9 8 7 . 5 8 9 . 8 9 0 . 5 9 0 . 7 9 0 . 2 8 9 . 2 8 9 . 6 91.5 91.2 8 9 . 2 8 9 , 4 9 1 . 5 ' 91.0 . 8 8 ,7 8 8 . 2

9 0 . 5 8&.5 8 9 . 8 9 1 . 2 9 0 . 9 91^9 9 3 , 0 . 9 0 . 5 91.2 9 0 . 0 . 9 3 . 0 9 0 . 7 9 0 . 3 91.6 9 2 . 1 9 1 . 2
IOn-FI
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Tafrle XI

TWO-WAY TABLE ,OF MEANS .OF CONVERSION FOR FACTORS A AND B
FOR LIGHT ,STRAIGHT-RUN NAPHTHA FEED'STOCK

Leyel of 
Factor A I

Level

2
of Factor B 

3 4 Mean

I .88.85 ,8 6,58. 91.48 88.75 '88.91

2 88; 62 ' 88.38 88.15 88.50 88.41

3 90.40 90.48 89.22 89.42 89.88

4 9Q.72 90.59 91.98' 90.90 .91.02

Mean 89.65 ' ,88.98 90:21 89.39
(.Grand Mean I

,89:.56
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Table XIl

TWO-WAY TABLE OP MEANS OF CONVERSION FOR FACTORS A AND -C
FOR.LIGHT STRAIGHT—RUN ,NABfHTHA .FEED STOCK

Level of 
Factor A I

Level .of Factor C 
2 ,3 ' 4 Mean

I ,88.90 . ,89.52 .88.45' 88.78 88.91

2 88.20 88.15 ' 89.02 88.28 88.41

5 .&9A2 99,92 90.22 89,85 89.88

4 9P.00 91.58 91.22 91.30 91.02

Mean 89.13
‘ <v

89.79 .89.76 89.55
(Grand Mean)

89.56 .

{
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Table XIII

TWO-WAY TABLE, OP MEANS - OF CONVERSIQN FOR FACTORS B AND C
FOR.LIGHT STRAIGHT-RUN NAEHTHA ,FEED STOCK

Level of 
Factor B .1

Level-of-Factor C 

2 ,3 4 Mean

X 88.00 9Q.25 9Q.95 90.30 89.65
2 87.135 89.0% 89.45 ,89,60 88.98

5 .,91.-10 .90.58 89.95 ' 89.20 ' 90.21

4 89.58 ' 89.32 89.58 . 89,19 8,9.39

Mean #9.13 89.79 89.76 89'.'55 89.56



MULTIPLE -RANGE ,TESTS"POR SiaHEICMT DIFFERENCES mCFG'.,ME#8 
jEQR-vLIGHT STRAIGHT-tRINI.NAPHTHA FEED STOCK

Error Variance = 2.0194 

Sm = ^ 2 .0 1 9 4 /1 6  = 0.555

- 6 8 .

Table XIV

Least significant ranges:

2 5 4

1.051 I.Q85 1.1I5 ignificince level)

1.592 1.454 1.489 (1^ significance level)

Results:

Level of A: 
Means-:

(2)
.88.41

(I)
88.91

(3)
89,88

(4)
91.02 (5$ ,level test)

Level of A: 
.Means:

(2)
88.41

(I).
88:91

(3)
89.88

(4)
91.02 (1% level test)

Level .of B: 
Means:

(2)
88.98

(4)
89.59

(I)
.89.65

(3)
90.21 (5$,level test)

Level of B: 
Means:

(2)
88.98

(4)
89.59

(I)
.89.65

(3)
9Q.21/ (1% level test)

. Level of C-: 
Means:

Cl)'
89.15

(4)
.89.55

(3)
.89.76

(2)
89.79 (5# level test)

Level of C.: 
Means

Cl)
89.15

(4)
89.55

(3)
89.76

' (2) 
89.79 [1% level.test)

I



Table XV
ANALYSIS .OF VARIANCE OF CONVERSION DATA FOR REFORMING- NAP1HTHA FEED STOCK

Soucce .of 
Variation

Sum of 
Squares

Degrees
of

Freedom

Mean
Square

Variance
Ratio

Critical 
Ratio 

(5# level)

Critical 
Ratio 

(1% level)

Between levels 

Factor A

.of

15.4442. 3 5.1481 25.5843 2.96 4,60

Factor B 6.6617 3 2.2206 **
11,0355 2.96 4.60

Factor C 032492 3 0.0831 0..4128 2.96 -4.60

Interactions

AB 5.5539 9 O .6171 3.0668* * ** 2.-25 3.12

AC 2.-2464 9 0.2496 1.2402 2.25 3.12

BC 4.7739 9 0.5304 2.6361* _ 2-25 3.12

Error ,('ABC) 5.4330 27 0.2012

40.3623 63

* Significant at the 5% level.

** Significant at the 1%.level.

Total



Table- XVI
■ CONVERSION- DATA FOR.REFORMING.NAPHTHA FEED STOCK

&-P
•-.§' 
A
Ir
0

d)*
1

I 2
Level.of Factor C

3 - 4

Le-yel of 

.1 2

Factor B 

3 4

Level of 

I. 2

Factor B 

.3 . -4

-Level, .of 

I 2
Factor- B

5 4

-Level .of

I .2

Factor B ' 

3 .4

I 96.9 ,95.2 .96.5 96.7 96.8 96 r8. 96.4 96.1 , 95/7 95,8 97.2 _96,l 95,8 -96.3 97.4 96,8

2 96..? 96,7 97.5 ^96.6 96.4, 97.0 96.2 97-0 96,2 . 98.0 97.4 96,9 94.1 97.0 97-5 -96.3
3 95,8 -96:3 .96.8 96.-3 96/2 ' 96.8 96.2 96.1 95,2 96.9' 96:6 96.4 9 5 0 97,0 97.0
if 95.1 -95,5

COC\ 95-3 95/0 -95.7 96.1 9^.5' - 95.2 ."95.6 96,2 95.2 94.4. 95-0 96.2 .95.2 o
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Table- XYII .

TWO-WAY TABLE OF MEANS. OF CONVERSION FOR -FACTORS A AND B 
FOR REFORMING ,NAPHTHA-FEED'STOCK

Eeve I. of' 
Factor A I

Level of 
.2

Factor B 
3 4 Mean

I 96.30 .96-. 02 96,88 96.42 96.41

2 95,85 97.18 97.15 96.70 96.72

3 : 96.25 95.62 9&.75 96,65 96.32

4 94.92 95.45 ' '96.08 95.15 95-40

(Grand Mean)
Mean - 95^83 96.0,7 96.71 96.23 96.21



Tkble XYlII
TWO-WAY TABLE OF MEAWS OF CONVERSION FOR,FACTORS ,A AND C 

FOR ,REFORMING .NAPHTHA.FEED ,STOCK

-72-

Level.of 
Factor A I

Level.'O-D Factor C
' 2 ;; ■ ■' 3

!
4

1
Mean

I ' 9&.32, 96,52. .96.20 :96.58 96.41

' 2 ' :96,88 96.65 ■ - 97-12 ' 96.22 ' 96.72

.5 96:29 -96.38 96.29 9̂6-4-2. 96,32
4 -'#^2 ' 95 " ' 95-55 - 95.20 , ,95.40

Mean 96.-22 ,.96.24 96:27.

I. •

. 9j6.i i
(Grand. Mean)

96.21
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.Table XIX

TWO-WAY TABLE OE MEAWS -OF CONVERSION ̂ POR.FACTORS B .AND -C
FOR REFORMING NAPHTHA FEED STOCK

Level of 
Factor- B ,1

Level .of 
2 .

Factor C 
.3 ' 4 ' Mean

I 96.22 96.12 95.80' 95.I8 95,83
' 2 95.80. ,96.42 - 96.15 95.90 96.07 '

3 9,6.52 96.38 96.92 97.&2 96.71
4 96.35 .96.05 96.20 . ,96.32 96.23

Mean 96.22 96.24 96.27 ,96.11
(Grand Mean)

96,21''
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Table XX

Error Variance = 0.2012 

Sm ■= 0.2012/16 = 0.1122

Least significant ranges:

MULTIPLE RMGE .TESTS FOR.SIGNIFICANT.DIFFERENCES AMONG JMEARS
FOR ■ REFORMING ,NAPHTHA FEED -STOCK

2 3 4
0.326 0.342 0.352 (5̂ .significance level)

,0.440 0.459 ,0.471 [Vfo -significance level)

Results:

Level .of A: (4) (3) (I) (2)
JMeansi 95-40 96'32 96.41 96.72 (5/8 level test)

Level of A: m , (3) (I) (2)
Means: 95.40 96432 96.41 96.72 (1^,level test)

Leyel Qf B; u), (2) (4) (3)
Means.: 95.83 96.07 96/23 96.71 (5/8 level.test)

- .Level of B; (i) (2) (4) (3)
Means: 95.83 96,07 .96.23 96.71 (l/.level,test)

1 - Level.of C ; (4) (I) (2) (3)
Means; 96.11 96.22 96<24 96.27 (5/ level .test)

Level .of C (40 Cl) (2) (5)
Means,; 96.11 96..22 96.24 -96.27 [lfo level..test)



Table XXI

MSLYSIS OF ■VSRIMCE OF. CONVERSION DSTS .FOR. NO. I KEROSENE FEED STOCK
Source of
Variation

Sxyn of 
Squares

Degrees
of

Freedom

Mean
Square

Between levels ..of

Factor S. 409„4805 3 .136,4935
Factor B 241.1967 3 80.3989
Factor G 82.7017' 3 27.5672

Interactions

SB' 84.6589 /9' 9.4065

SG 68.3039 9 7.5893
BC 13.2277 9 1.4697

Error (SBC) 67..6892 27 2.5070

Total 9&7.2586 63

Variance
Ratio

Critical 
-Ratio 

(5$ level)

Critical 
Ratio 

(1̂ , level)

54.4450 2.96 4.60
**

y32.0700 2.96 4.60

10„9961 2,96 4.60

**
3.7521 2.25 3.12

*
3 .'0272 , 2,25 3.12

.0.5862 -2.25' -3.12 -

Significant at the 5$ level. 

Significant at the 1$.level.
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Tafelp XXIl

'CONVERSION DATA FOR ,NO. I KEROSENE,FEED STOCK

Level of Factor C

Level of Factor B

■2 '

■Level. of Factor B Level of Factor B Level .of Factor B,

. I -2 3 4

I 91.9 .95.3 94.6 -96,0
2 89.6 92.0 78.3 82.5
3 95.0 97.4 98.3 98.-2
4 93.1 98.3 97.9 ■ 98.5

1 2 3 4

84.8 93.4 93.2 94.5

85.5 &9.6 68.7 . 75.1

96,3 95.9 98.0 97.9
95.6 97.9 .97.2 98.1

I. 2 3 .4

8l.O 92,0 92.2 91\8

8l,0 87.6 62.2 67.9
94.0 .94.3 97.8 97.2
90.8 94,2 96.6 98.1

.1 2 3 - 4

78.9 90.1 90.3 89.2

78.3 85.2 57.5 61.-0

92.4 94.9 97.3 97.2

98.9 94..5 ,96.6 98.0

I

r

3

3
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Table XXIII.

TWO^WAJ TABLE ,OP MEANS OF CONVERSION FOR FACTORS A AND B .
Ij1OR , N O I  KEROSENE . FEED STOCK

Level of 
Factor A

' -■/ ! ' 
I

I I

Level .of 

.2

Factor B 

3 . 4 Mean

I 84.15' ' • '92.70 92.58 92.88 90.59
2 93,4g- j 97.38 97.50 .97.08 96:34

■ 3 95.62 97.85 97.62 , 96.38
94.60" I  

, j

96.22' 97-08 98.18 96.52

Mean
■'

91,65 I 95.48 96.25 ,96.44 94.95
(Grand Medn) ,



TWO-WAY. TABLfi OF MEANS OF.CONVERSION FOR .FACTORS A AND,C 

FOR NO.,I KEROSENE FEED.STOCK.

-78-
Table XXIV

Level ..of 
FActor A I

Level of 

-?

Factor C 

.3 4 Mean

I 94.45 91.47 89.25 .87.12 90;58

2 97,60 96.30 ' 95.40 96.08 96.34

3 97.22 97-02 95.82 85.45 96.38

4 96.9$ 97.20 94.92 9f .00 96.52

(Grand.Mean)
Mean 96.56 95.50 93.85 93.91 94.95
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Table XXV

TWO-WAY TABLE OF MEANS-OF CONVERSION FOR.FACTORS B AND C
FOR. NO., I KEROSENE .FEED STOCK

Level of Level of Factor -C
Factor B I 2 . 3 ■ 4 Mean

I 94.05 ' ,92,35 99.45 90.75 91.65

2 97.25 96.05 94.35 94.28 95.48" -

3 97.25 96.48 95.88 '95.40 . 96.25
k 97.67 97-12 95,72 95.22 96.44

Mean 96.56 95.50" 93:85 93.91
Grand Mean)

94.95
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MULTIPLE RANGE .TESTS FOR SIGNIFICANT DIFFERENCES AMONG MEANS 
FOR NO. I KEROSENE FEED STOCK

Error Variance = 2.. 507 

Sm = Aps-507/16 = 0.596

Least significant ranges:

Table XXVI

. 2 5 4

1.150 1.208 1.241 [5% significance level)

1-552 1.622 1.661 {1% significance level)

Results.-:

Level of 
Means;

A: (I)
90.58

' (2)
96.34

(3)
96.38

(4)
96.52 (5$ level test)

Level of 
Means:

A: (I)
90.58

.(2)
96.34

(3)
96.38

(4)
96.52 [lfo level test)

Level of 
Means:

B:- (I)
91.65

(2)
.95.48

(3)
96.25

(4)
96.44 (5$.level test

Level of 
Means-:

C : (3)
93.85

(4)
93.91

(2)
95.50

(I)
96.56 (5$ level test)

Level.of 
Means:

C; (3)
93.85

(4)
93.9.1

(2)
95.50

(I)
,96.56 (Vfo level.test)



Table" XXHI

ANALYSIS OF VARIANCE OF -CONVERSION DA-TA FOR ‘HEAVY LIESEL .FUEL .FEED. "STOCK

Source.of 
Variation

Sum of 
Squares

Degrees
of

Freedom

Mean
Square

Variance
Ratio

Critical 
Ratio 

(5$.level)

Critical
Ratio

- --(1$ level)
Between levels of

Factor A '3543.09 3 1181.03 215.038 2.96 4.60

Factor B 9914.90 3 3304.97 601,756** 2.96 - 4.60

Factor C 4349.. 1-2 3 1449.71 - 263.957** 2.96 4,60

Interactions

' AB ~ 703.99 9 78.22 14.242 ""r2?2T 3.12C

AC 576.04 9 64." 00 , ** 
.11.654 2.25 3.12

BC 970.88 9 .107.88 , **19.642 2.25 3.12

Error (ABC) 148.29 27 5.49 -

Total 20,206,31 . 63

Significant at the -1% level. 

* Significant at the 5% level.

oo -
r
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Table" XXVIir
CONVERSION L'ATA .FOR [HEAVY 'DIESEL' FUEL FEED STOCK

I
-

■ a

Level..'of Factor C

-3 4
Level c_of 

-I 2

Factor B . 

3 4

Level of 

.1 2

Factor B 

3 ' 4

Level Of Factor B 

3 4"

Level of Factor B

. : I ’ 2 3 - 4

78.7 83.5 88.9 87.9 56.4 69.1 76.1 75-5 43.6 58,-2 74.8 67.8 28.5 35,2 64.3 66.4

O 97.4 97.0 95.5 70.9- 94:8 "95.0 92.8 58.9 .89.-3 .94.3 90,3 54.2 8372 91.0 88.6

70.6 93.7 95.2 97.5 59.4 86.0 91.0 94.5 ---48 r-6 - 76.6 87.4 92.5 40.2 70,7 81.7 90.9

76.5 94.9 ;97.7 - 98,7 6-r.8 62.8 95.4 95.9 49.5 75.9 86.9 94.5 .42.6 67.9 ,84.8 90.9 OOro
}
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Table XXIX

TWO-WAY.TABLE ,OF MEANS OP.CONVERSION FOR FACTORS A AND.B 
FOR .HEAVY DIESEL FNfiL'FEED STOCK

Level of 
Factor A .1

Level

2.

of Factor B" 

3. 4 ■ Mean,

I 51.80 .61.50 76.02 74.40 65.93
2 66.7? 91.18 94.32 - 91,80 86.01

3 54.70 81.75 88.82" 93.85 79.78

4 57,60 79.87 91.20 95.00 '80.92

Mean 57-71 7&.^8- 87,,59; .
. -1..

88.76
(Grand Mean)

78.16
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TWO-WAY TABLE .OF MEANS OF CONVERSION FOR FACTORS A AND C

Table XXX

FOR HEAVY DIESEL FUEL FEED STOCK

Level of 
Factor A I

Level of Factor C 

2 3 .4 Mean

I 84.75 69.28 61.10 48.60 65.93
2 93,22 88.38 83.20 79.25 86.01

-3 89.25 82.72 76.27 70.88 79.78
4 91.95 83.98 76.20 71.55 80.92 .

Mean 89-79 S r.09 ■ ,74.19 67.57 '
(Grand Mean)

78.16
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Table XXXI

TWDr-WAY TABLE OF MEAWS OF ' CONVERSION FOR FACTORS B AND C
FOR,HEAVY DIESEL FUEL FEED STOCK

LeVel.of 
Factor B I

Leyel. of Faxrtor C 

2 3 4 Mean

I 77-20 62.12 5Q.15 4.1,38 57,-71

2 92.38 83,18 74.50 64:25 78.58

3 94.70 89.38 85.85 80.45 87.59
4 94.9Q 89.68 .86.28 84.-20 .88.76

(Grand Mean)
Mean 89-79 ,81.09 74,19 ' 67,57 78.16

• ■ ' i"
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Table XXXII

MULTIPlfi RANGE .TESTS PGlR .SIGNIFICANT DIFFERENCES AMONG MEANS
■ FOR ,HEAVY DIESEL FUEL .FEED STOCK

Error Variance = 5Aj

Sm =.™\l5-49/l6 = 0.586

Least significant ranges-:

2 ,. 3

1.702 1,787

4

1.837 level)

2,297 2.400 2.458' (1$ level)

Results:

Level of A: (I) (3) (4) (2)
Means; 65.93 79.78 80,92 86.01 (5% level test)

Leyel of A: 
Meanb: 65.93 79.78 80.92 86.01 (1$ level, test)

' -Level of B: (I) (2) (3) (4)
Means: 57.71 78.58 87.59 .88.76 (5% level test)

Level .of B; (I) (2) (3) (4) •

.Means; 57.71 78.58 87.59 _#8.76 (1$.level test),

Level of C : (4) C3) (2) (I)
Means 67.57 74.I9 81.09 89.79 (5$ level test)

Level of C : (4) (?) (2) (I)
Means: 67.57 74,19 .81.09 89.79 (1^.level.test)



Table XXXIII

ANALYSIS OF VARIANCE .OF CONVERSION BATA FOR HEAVY-GAS-OIL.FEED STOCK

Source of 
Variation

Sum.-of 
Squares

Degrees 
. of

Freedom

Mean
Square

-Variance
Ratio

Critical 
-Ratio 

(5# -level)

Between -levels, of

Factor A .3718.46 3 1259.49 99.07** 2.96

Factor B 14,911.91 -3 4970.64 397=29** 2.96

Factor C 7517A5 3 2505.82 200.28 2.96

Interactions -

AB ,582.59 9 64.73
**

5.17 2725*

AC 60.99 9 6.78 0.54 2,25

BC 99.71 -9 11,08 . 0,89 ,2,25

.Error (ABC) 337.81 ' '27 12.51

Total ' 27,228.92 63

* Significant at the 5% level.

** Significant at -the.1$. level.

Critical 
-Ratio 

[1% le-vel).

4.60

4.60

4.60

3.12 

3*12

3.12



Table ZXXIY
OOWERSION DATA FOR -,HEAVY GAS .OIL FEED STOCK

<4
UO
-POcdk
cHO
T-1
CD

I
- '

-2 ''

Level.of Factor C

,3 4

Level . of 

, I 2

Factor B 

3 ' 4

Level .of 

I 2

Factor B
r

3 4

Level .of 

I 2

Factor Br 

3 4

Level of 

.1 2

Factor B 

3 4

I" 32.6 62.2' '77.7 71.8 27.1 .48".? 59.9 58.9 . 21.7 36.0 48.0 48.3 17.4 29.3 43.2 42.6

2 59.4 67.9 88.,0 .92.0 40.2 60.0 .76.2 83.6 30.7 48.1 85.3 73.. 7 25.0 43.1 58.0 63.0

•3 58.4 74.4 83.0. 96.9. . 38.1 - 61.6 68.8, 87.7 29.8 51.1 63,8 82.2 26,0 43.4 62.2 77.6

4 60.8 83,o 94.8 90.9 41.6. 62.8 79.8 82.8 30.9 49.1 75.5 73.5 25.7 45.7 64.0 68.8



TabLe XXXV

r89-

TWO-WAY TABLE OF MEANS OF CONVERSION FOR.FACTORS A AND B
FOR HEAVY GAS .OIL .FEED STOCK

Level of 
Factor A , ■ I

Level

2

of Factor B 

3 4 MeAn

I 24.. 70 43.95 57.20 ,55.40 .45.31 '

2 . 3.8.82 54.78 71.88 78.08 . 60.89

■ 3 38.p8 57.62 69.45 86.10 .62.81

4 ■ 39.75 60.15 -■ 78.52 79.00 64.36

[Grand Mean)
Mean 35.34 54.12 69.26 74.64 58.34
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Table XXXVI

TWO-WAY TABLE,OF ,MEANS OF CONVERSION.FOR FACTORS A AND C
FOR ,HEAVY GAS OIL .FEED STOCK

Level.of 
Factor A I

Level of 

2
Factor C 

5 4 Mean

I 6l .08 - 48,55 38.50 33.12 45.31 '

2 76,82 65.00 .54.45 47,28 60.8?

5 78.18 64.05 56.72 52.30 62.81,

4 82.38 66.75' 57.25 51.05 64.36

Mean 74.61 61.09 51.73 45.94
(Grand Mean)

58.34
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Table XXXVII

TWO-WAY TABLE ..OF MEANS OF CONVERSION .FOR ,FACTORS , B AND C
' FOR.HEAVY GAS OIL REED STOCK

Level of 
Factor B I

Level of 

-2

Factor C

3 4 Mean -

I 52.80 36.75 -28.28 23.52. 35".34 :
2 71.88 58,18 46.08 40.38 54.12

3 \
85.88 71.18 ' 63.15 56..85 69.26

4 .87.90 78.25 69.42 ' ' 63.00 74.64

Mean 74.61 61.Q9 51.73 45.94
(Grand Mean)

58.34
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Tatjle XXXVIII

MULTIPLE -RANGE,TESTS FOR SIGNIFICANT DIFFERENCES AMONG MEANS
FOR JHEAVY GAS OIL .FEED STOCK

Error Variance =.12.$1 

Sm = ^ 12.51/16 = 0.884

Least significant ranges:

4

2.771
3..708

(5% significance level) 

( significance level,)

(I)
45.31 

(I)
45.31

(2)
60.89

(2)
60.89

(3) (4) .
62.81 64.56 (5$.level test)

(3)
62.81

(4)
64.56 (lfo level test)

3
2.696

3.620

Results:

Level -of A: 
Means-:

Level of A: 
Means :

Leyel of B: 
Means:

Level.of B: 
Means;

Level of C : 
Means:

 ̂,Level.of C 
', Means:

/
(D ' (2)z / (3)

35,34 54,12 ' 69.26

(I) ■ (Z) . (3)
35.34 54.12 69.26

- (4) (3) (2)
45.94 51.73 61.09

(4) ' (3) • (2)
45.94 1 $1.73 61,09

■ (4)
,74.64 (5̂  level.test)

(4)
74.64 (10 .level testJ

(I)
74.61 (50. level test)

(I)
74,'6,1 (10 level test)

2
2.568
.3.466



Table XXXIX

ANALYSIS OF VARIANCE,OF CONVERSION DATA FOR OVERHEAD COMPOSITE FEED STOCK

Source of 
Variation

Sum of 
Squares

Degrees
of-

Freedom

Mean
Square

Variance
-Ratio

Critical 
Ratio 

(5$ level)

"Critical 
Ratio 

- (1% .level)

Between levels of

Factor A 5278.63 3 1759.54 ■ 284,24** 2.96 -4.-60

-Factor B 5193.15 3 1731.05 279.63** 2.96 4,60

Factor C 3658.58 3 1219.55 197.OO** 2.96 4.60

Interactions

' AB 107.32 9 11:92 .1.93 2125 -3.12

AC 275.97 9 30.66 4.95**' 2.25 3.12

BC 588.70 9 65.41 10.57** 2; 2-5 - 3.12

Error (ABC) .167.14 27 6.19

TQtal 15,269.49 63 -
—  — ■ — '

* Significant at the 5# level.
** Significant ,.at the 1% level.

”£
’6
-



Table XL

CONVERSION BATA' FOR OVERHEAD -COMPOSITE,FEED STOCK

-O-p‘O1Ctf
F r,

=HO
H
CD>
CD

I 2

Level.of Factor C

3 , 4

Level of 

I -2

Factor B 

.3 4

Level of 

I 2

Factor B 

3 4 •

Level : of 

I 2

Factor B 

3 4

Level of 

I -2

Factor

3

B

4

I 70.7 75-7 ?6.9 84.5 49 ..I 68.6 70.8 72.5 37.4 56.0 59.9 62.0 -35.2 49.6 53.9 58.2

2 82.0 91.3 91.4 92.9 48.8 79.3 87.O 99.4 55.9 79.9 83.0 85.3 48.6 73.0 76.1 78.8

3 83.8 90.4 93.5 93.7 88.3 91 .,7 90.9 65.6 79.2 90.7 88.5 54.1 72.1 88.5 87.2

4 CD V>1 93.8 95.6 96.4 69.5 89.9 93.9 93.9 60.0 80.9 .87.1 90.9 50.4 74.4 84.0 90.8

I
V O
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Table' X£,I

TWO-WAY TABLE ,OF MEANS OF CONVERSION FOR FACTORS A AND,B
FOR OVERHEAD COMPOSITE FEED STOCK

Level, of 
Factor A I

Level .of 

2.

Factor B 

3 4 Mean

I 48.10 62,48 65.38 # .3 0 61.31

2 63,82 80,88 84.38 86.,60 78.92

5 69.30 82.50 -91.10 90.02 83.23

4 65.90 84.75 .90 .15 93.00 83.45

Mean .61.78 77.65 82.75 '84.73
(Grand Mean)

76.73
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Table XLII

TWO-WAX TABLE ,OF MEANS OF CONVERSION FOR.FACTORS A AND C
.FOR OVERHEAD-COMPOSITE,FEED STOCK

Level of 
Factor A I

Level

2

of Factor C 

3 4 Mean

I 76.95 65.25 53.82 49.22 61.31

2 99.40 ,81.12 76.02. 69.12 78.92

3 90.35 86.15 80.95 75-48 83,23

4 92.38 86.80 .79.72 74.90 83.45

(Grand Mean)
Mean 87.27 , 79.83 72.63 67.18 76.73
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Table XLIII

TWO-WAY TABLE.OF MEANS OF CONVERSION FOR FACTORS B AND C 
FOR OVERHEAD COMPOSITE .,FEp STOCK

Level .of 
Factor B .1

Level

2

.of Factor C 

.3 4 Mean

I 80,05 - ' 54.%8 54.72 47.08 61.78

2 87.80 81.52 74.00 67̂ 28 77.65

3 89.35 85.85 80.18 75,62 82.75

4 91.88 ,86.68 81.62J 78.75 ,84.73

Mean 87.27 79.83 I 72J% .67.18
!Grand Mean)

76.73
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,MULTIPLE,RANGE .TESTS.FOR SIGNIFICANT DIFFERENCES AMONG MEANS 
FOR OVERHEAD COMPOSITE 'FEED- STOCK

Error Variance _  6.19 

Sm = "\|6.19/16. = - 0.622

Least significant ranges:

Table XLIV

2 3 4

I .806 1.897 1.950 (5^ significance level).

■2.438 2.547 .2.609 (!^,significance level)

Results r

Leyel.of A: 
Means.:

(I)
'61.31

(2)
7&.92

(3)
.83.23

• (4)
83.45 (5^,level test)

Lpyel of A: 
Means:

(I)
61.31

(2)
78.92

(3)
83.23

(4)
8-3.45 (1^,level,test)

Leye I. of H; 
Means:

U)
61.78

(2)
77-65

(3)
82.75

(4)
,94.73 (5% level test)

Leyel of B: 
Mean Means:

(I).
61.78

(2)
77.65

(3)
82.75

(4)
,84.73 [lfo leyel test)

.Level of C: 
Means:

■ (4) 
67.18

.(3)'
.72.63

(2)
79.83

(I)
,87.27 (5^,leyel ,test)

Leyel of Ci 
;Means:

(4)
67.18

(3)
72.63

(2)
"79.83

(I) 
,87 .'27 [Vfo leyel test)



Figure I. 
Schematic Diagram of the Reactor System
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Figure 2. Percent Conversion vs. Space Velocity for Heavy Diesel Fuel Feed 
Stock at 400 psig and 700*F. (Fresh catalyst).
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Figure 3. Log1Q flOO(l-x^ vs. Reciprocal Space Velocity for Light
Straight-Run Naphtha at 200 psig.
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Figure 4. IiLog10 |l00(l-x)J vs. Reciprocal Space Velocity for Light 

Straight-Run Naphtha Feed Stock at 400 pslg.
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Figure 5- L o g ^  I^iOO(I-X)J vs. Reciprocal Space Velocity for Light

Straight-Run Napntha Feed Stock at 600 psig.
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Figure 6. Log10 Q.00(l-x)j vs. Reciprocal Space Velocity for Light Straight-

Run Naphtha at 800 pslg.

-t
rO
T-



10
0(
1-

x)

$

b0
S

0.75

0.50

0.25

0.00

Run Temp.

O RN-A 650°F
A RN-B 700*F

X RN-C 750"F
Q RN-D SOOeF

I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6

l/S.V. (hr)

Figure 7. Log10 [^lOO(I-X)J vs. Reciprocal Space Velocity for Reforming

Naphtha Feed Stock at 200 pslg.
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Figure 8. 100(l-x)J vs. Reciprocal Space Velocity for Reforming

Naphtha Feed Stock at 400 psig.
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Figure 9. Logl0 £i00(l-x)j vs. Reciprocal Space Velocity for Reforming

Naphtha Feed Stock at 600 pslg.
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Figure 10. Log^̂  |l00(l-x)j vs. Reciprocal Space Velocity for Reforming
Naphtha Feed Stock at 800 pslg.
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Figure 11. [Jj0SiQ 100(l-x)J vs. Reciprocal Space Velocity for No. I

Kerosene Feed Stock at gOO psig.
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Figure 12. Log10 [l00(l-x)j vs. Reciprocal Space Velocity for No. I

Kerosene Feed Stock at 400 pslg.
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FlguCe 14. Log vs. Reciprocal Space Velocity for No. I

Kerosene Feed Stock at 800 pslg.
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Figure 15. Log10 |j.00(l-x)J vs. Reciprocal Space Velocity for Heavy Diesel

Fuel Feted Stock at 200 psig.
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Figure 16. Lug vs. Reciprocal Space Velocity lor
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Figure 17. l o S10 jj-00(I--̂ )J v s. Reciprocal Space Velocity for
Heavy Diesel Fuel Feed Stock at 600 psig.
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Figure 19.
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Log^O [lOO(I-xJ vs. Reciprocal Space Velocity 1'or

Heavy Gas Oil Feed Stock at ^OO pslg.
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1/SV (hr)

vs. Reciprocal Space Velocity for

Heavy Gas Oil Feed Stock at 400 pslg.
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Figure 21. Log^Q £l00(l-x)~] vs. Reciprocal Space Velocity for

Heavy Gas Oil Feed Stock at 600 pplg.



- 120-

Temp.

1/SV (hr)

Figure 22. Log10 [loO(l-x)J vs. Reciprocal Space Velocity for
Heavy Gas Oil Feed Stock at 600 pslg.
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Figure 23. Log^Q llOO(l-x|J vs. Reciprocal Space Velocity for
Overhead Composite Feed Stock at 200 psig.
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Figure 24. loSi0 |lOO(l-x)J v s. Reciprocal Space Velocity for
Overhead Composite Feed Stock at 400 psig.
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