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FREFACE

Hydrogenation offers one means of upgrading shale oil or shale-oil
fractions for use in motor fuel production. Of particular interest in
thie field is the nydrogenation of coker distillates and shale naphthas
produced by thersal cracking.

The purporse of this study wes to determine the effects of variations
in operating conditions upon yield, hydrogen oonsumption, and product
quelity. Based on the results of these survoys, optimum rangse of operating
conditions vere determined for cach charge stock end catalyst life and heat
of hydrogenation deternined within these ranges.

APPARATUS AND EXFERINENTAL PROCEDURE

A simplified diesgram of the hydrogemation equipment used is shown
in figure 1. Tho steinless-steel catalyst cusmber wue the fixed-bed
type, equipped for downward flow, with an internal dismeter of 1.25 inches
and an internal length of L7.5 inches., A catalyst support placed 8 inches
from the bottos provided a catalyst volume of 700 cc. Preheating of oil
end hydrogon wes achieved in a stainlesp-steel chsmber mounted above the
roactor and packad with quarter-sesh alundun grain, The condencer and
receiver systax also wers of stainless construction.

Charge oil was stored in an electrically haated tank and was trang-
ferrsd to a burette for metering before being pumped Ly a piston-type
pump to the preheater, Hydrogen obtaimed from standard shipping crlinders
was motered through & rotameter and nmixed with the oil at tne inlet to
the preheatsr.

Qutlet gases were reduced to alzospherie pressure, metered through
8 positive displacesent moter, and stored in a gas holder, from which
ssnples ware teken o mass-gpectroveter analyses. As the gases wore
collected over water, somonia and hydrogen sulfide were not reported
axcept in isolatad cases.

Catalyst volums was messured in a graduated eylinder, after tapping
to aspure uniform packing, and its woight determined before charging to
e resctor, The systeom was purged of aiyr by pressuriaing several times
with helium to spproximately 100 p.e.i. and venting to the atmosphere.
Pafore cormencing a rmn, tho system was brougat to operating pressure
with hydrogsn gas,

During the run, product odl was contiovcusly drained from the unit
to maintain a mearly constant low level in the receivers. This was found
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necessary because the draw-off of any large volume of liquid from the
mecsivers at one time dropped the pressure of the system and upset the
hydrogen flow.

Hydrogen consunption was calculated from gas-volums measurements and
nees spectrometer analysis of exit ges. This calculation teook inte son-
siderction the hydrogen used to pressurize the unit and gave a trme
messure of hydrogen consumption., Celculations based upon hydrogen {low
rate and exit gas voluses shown in the tables of this report will not
giva the true hydrogen consurption figures. The term "standard cublic
{eet" are used in this report means cubic fee: of gas measured at 70° F,
and one etmosplere pressure,

Used catalysts wore coolod and weiphed, and the gein in weight was
reportad as catalyst deposit or coka. Catalysts were regensrated in a
soparats furnace with air, th rate of {lom being controlled te maintain
the temperature within gafe linits.

SuMARY

Tho resulte ol the survey runs contained in this report are discussed
under three gemsral hesdings: ocoker distillate, whole naphtha, and heavy
naphtha. Each of these sections centains the optimum hydrogenation condi-
tions for the production of the end products obtained from these charge
atocks and containa over-all meterial balsnces that could be expected by
producing these products from NeT-U crude, Information is given for
catalyst life st or near optinmum conditions whoen charging coker distillate
ar heavy naphtha.

The following tabulation simmarizes the ranges of optimum conditions
found. Data not included in this tabulation are those that have not been
dateraired,

Whole Heavy
Charge stock Coker distillate = naphths naphtha
Mesel
Ena product fuel Oasoline Gasoline Caaoline
Catalyst temp., °*F. 825-650 950980 960-910 950-980
Reaction pressure, p.g2.i. 10001500 L0O-000 LOO or more G00-800
Lefi 5.V, 0.5<1.5 arowd 5.0 5.0=7.5
Hy Tate, SCF/bbl. 2000-4000- * 2000 2000~3000
Vo/Ve over 56 §2.5 or wp
i
=N s‘oIJr» I (Yo T | B i




HYDROGENATION OF COXKER DISTILLATE

Introduction

in ordsr to determine optimm operating conditions for hydrogenating
coker distillate, one-hour rung were made over the temperature range 700°
to 900° F., pressure range 500 tc 1500 p.s.i,, and hydrogen rates from
1,000 to 4,000 standard cubic feet per berrel. The space velocity was
held constant et one volume of oil per veolume of catalyst per hour in all
rune,

Based upon the results of these swrvey runs, optimum conditions were
selscted and a S6-hour run was mnade to dotermine catalyst 1ife end heat
of hydrogenation; the plus-LO0* F. material from the 56<hour run was
regycled in a lator run to make Diesol fuel and jot fuel,

In addition to the rune in which the whols stock wae hydrogenated,
one run wvas made on the plus-260* F, material from coker distillate under
condltions selected to produce gesoiing wnen the nephtha which was formed
during the run wes recombined with the ninus-260* F., non-hyydrogenated
naterial.

The coker distillate used for tho hydrogeration studies was produced
at Rifle in crecking run /10 under conditions which produced a 700° F,
E. P, distillste.

Effect of Temperature

In table 1 ars tabulated tho process coenditions, material balances,
and liguid product propertics for five runs oa coker distillate. Except
for differences in temperature, tihese runs were nade undar identical
procegsing conditions, Oas anzlysss for thess runs are given in table
2s

The effecte of temperature on catelyst deposit and on sulfur and
mitrogen ocontent of the proc r**, e shown graphically in figure 2., Sul-
fur red uction was appreciable and aepproximately the cane at all tempera-
tures from 700° and 900° F. Nitrogen reduction increased with t,a"oeraturl,
although for soze unknown resso: i“ vas greater at T700° F, then at €00° F.
Howmover, ae only one run wag mads ..t .--‘3" .o 1ittle wolght should be
given to thie nitrogan analysis,

As the furnace tomperature was increased from 700° to 900° F., the
catalyst depcsit passed through ¢ minimum ercund 025° F, This indicated
that catalyst 1ife would also be longest at this t,c'-.v\s.:..tm*q, otheyr

parating conditions being the same,
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Yield of liquid produst dropped sharply at reaction temperatures
over §50° F, Maphtha yiold, based on coker distillate incressed rapidly
botwoen 850° and 900* ¥, No data are awvailable to indicate at what
tasporature the naphths yield would puse throvgh a maxioum,

At resction temperetures up te and including 900* F., the hydrogen
conswiption incressed with tasperature., The greatest increase was
detacted between 850° and 900° F. Hera again, the tomperature was not
talen high enocugh to indicate at vhet point the dehydrogenation reactions
would canme hydrogen consurption to decrease,

The volmme of pan produced wes low ot temperatures up to 850° F.
but increased repidly above this temperature. The weight of gas produced,
bovever, continuously incrercsod with tesperature; the most repid increase
occurrad botween 850° and 900° ¥,

Effect of Pressure

Data from thres rune which show the effnct of pressure upen the
hydrogenation of coker distillate are presonted in tables 3 and L. These
ware nade at the same tomperature, space velocity, and hydrogen flow rate
while the pressure was varied botueen 500 and 1500 p.s.i.

The effoct of increased pressure upon sullur and nitrogan content
of the produoct is quite apparent, At 1500 p.s.i. tho sulfur conteat
was reduced alzost to the vanlehlng point while the nitrogen content was
only one-half that &t a resction prossure of 500 p.s.i. The catalyst
iaposit aleo dacreased as the preseure ifncreased, indicating a longer
catalyst life at the bighor pressures,. The cflects of pressure are
Alustrated ir figure 3.

Wquid preduct rocovery incisased repidly betwosn 1000 and 1500
p.8.d,, shile nophtha production incroused continuously with pressure.
A olight increase in volume of the hydrogen~{rec gas was noticed as the
yeaction pressure was ineresszed.

Hydrogen congumption also increased repidly ns the pressure was
raissd from 500 to 1500 p.t.i, The higher hydropen consumption and
the lower specific gravity of tha liguid product indicate a higher
poscontage of paralfins in ths products ot tha more eievated pressures.
Thess data, and anclyses of products fra» hydrogenution of othor shale~
oil frections, inddcatyz that high pressuves have a deleterious effuct
vpon octane ratinga.

i Tard bard Wy ¢ gw TS v
Elfect of Hydrogen Uste
Tebles 5 and 6 list processing conditiona ano product propsrtics of
four typical rund which show the effect of varying hydrogen rate when
hydrogenating cokar distillave.
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Sulfur and the nitrogen contents of the liquid product were reduced j
as the nydrogen flow rete was increased, alihough sulfur was removed /
effectively at s flow rete of 3,000 stondard cubic feet per barrel. The :
effect of ldrogon rates uwpon sullur and nitrogen removal is depicted in

Mgurs bi. The decreass of catalyst ueposit with increased hydrogen rates

is showa in table 5 and in figure L.

liquid recovery and naphtha production rose as the hydrogen rate
was increased. The higher partial pressures of hydrogen that exist at . e
the higher rates result in a lower partial prossure of oil. This probably g,
recuces cracking of the oil to gas and coks epd produces a higher liguid
recovery s suggestod by other investigatore &/

Rydrogon consuaption in thees runs, &s shown in table 5, doss not .
conpletely cmi‘urr to thaory. Iun 105 at 2,000 cubic feaat of hydraogen
per barrel showed & lower hydrogen consumption than did run 12? with '
only 1,000 cubie feet of hydrogen. Eocause of the shortness of the
ren (ona :'-.o.w} a e""l arror in the ?,-'- rogen analysis could lsad to 2
large error in hydrogen consumption. A langer run (56 hours) that wiii

5

ot o

be discussed later in this verort was mads pnder identical conditions as '
run 106, Hydrogen consumption in this run was 1,333 standerd cubic feet
per barrel; more in pgreexart wilh data from othar runs,
Effect of Space Velocity
The affect of differant opace velocities upon the hydregen o; colkar
distillate is not tor well knom Freliminary wou pot included in thia
report) i‘-’;c’.'i:;‘;w‘ that 1ittle differonce covld be c _..v.r.wu in product
properties vhen space velocity ranged batween 0.5 and 1.5 .'o'%.::.f;- of o0dl
par voluie r.-'-".' c.:..'l;_" per hour. ork oa shale nephthas, however; has
shown that higher spacs velocitiss (5.0 ¢o 7.5) are optimum for production
of pasoline of actory ostang ratin
e
Production of Dissel Fuel, Jot Fual, and Low Octsne Gascline a
Figure ining schems for produoction of Diesel
fusl, Jjet ! fasoling by cobalt molybdats hydrogena-
tion of col ram inclides yields of all products
28 obtained
The coenditions uveed for all mrocessing o ong in this schome are
given in table 7., Optimum conditions of terperature and pressure were
chosen from the surveys discusced previcusly. Hyd on yates for runs 113
and 5 were lower than opt b oar of a temporary shortape of hydro-
Hox the rete used (2,00" stendard cubic feot per barrel) was
ufficient to ".i-r estiefocto oS 114 @

1 ¢ .rj.: R. ':-.- and Davide mn, U. 1 : -f._::_‘ Che ley ..'__[’vt: 2?11 (19h9)¢
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lyses of the ligquid products shown in figure 5 are given in teble 8.
glyols of the total liguid product was made

Diessel fuel made by - nd pase hydrogenation meats spacifica
don or & Teol of high f the low sulfur content of
this fue), it could be th a Diesel {uel containing
wre than epecification ! The cay \ residue af this Diesel [uel
ras higher than alleowed This can be adjusted

artielly by lowering t
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Hquid product samples were collscted periodically and analysed for sulfur
and aitrogen ss a moans of determining catalyst deterioration. Listed
balow are tho results of some of these tests.

3 N
Throughwout, Vo/?csf wh. percent wi. parcent

charge 0.63 113
2 " 0.09 1
L 0.08 0.08

0.11 i
6 0.01 0.1k

2l 0.0 0.15 I8

<4 0.01 0.14

ing tho S56-hour run show that over 90 psreent of tho sulfur was being
romoved from the oil at the end of this p-n-.iut:' » HNitrogen content of the
product intreascod siightly durdng the first four hours of operation hut
levgled off thereafter, and 90 porcent of ths nitrogen was removed from
the eample taken &t the end of 56 hours.

nalyses of periodic :.':1'""'::} of Iy . ogenated cokor distillote dur- l o

Thess resulte ecmbinad with the gne snalyses obtained for this same
run indicate that under the conditions umed (i.e., t::m;t‘t'al.un:, 025* ¥.;
progsure, 1000 pss.4.; hydrogen rate, 2000 SOF/bbL.; L.H.S.V., 1 0) the
catalyss life for hydrogenating coler distillate lu in excess of 56 hours.
It is known fron the survey runs thal the use af higher prescures and

ydrogsn rates would probably incroass the catolyst 1ife,

W

Production of Repvlar-Urada Cosoline I

rrooucelion of lefular-urace JOALTE T
An altarnate mothod for producd asoline from coker distillate i b

hown in figure &, In this ccheme, the light caphtha, bolling bolow :

shov t

250" F., ard contuining a considerabls avount of olefins was separated

by distillation and caustic washed to remove dizsolved hydreogen sulfids.
The plus-260* F. matericl was hydrogensted at high temporature and moderats
pregsure to produce a heavy c,.‘::m.‘ s having yalatively high octare compared

ith the geaesoline produced previotsly fron coler distillate. Opersting g

itdons for this hydrogenation sre inelnded in table 10,

¥







Table 10.--Process conditions, gesoline production frem coker distillate
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The gasoline produced by hydrogenstion wes blended with the scrubbed
light gagsoline. In tabla 11 are listed product enalyses for most of the
intermediste producte and all liquid end products. Analyses of the efflu-
rprnnwmzdm"thlmdcommwumm

wn tanle B

Data given in teble 11 shor that considerable amounts of sulfur were
removed from the light naphtha by caustic scrubbing. Wnile a large pertion
of this wndoubtedly was prosent ae hydrogen sulfide, some of the lower
molscular weight mercaptans also were removed. The volume of gasoline
lost by this tmeating stop, howsver, was neyligible.

The geeoline produced by hydrogenation of the heavy distillate met
all requirements for regular gracde gosoline except gum, and uge of
inhibitors would alleviate this problem. The blend, although of a
slightly poorer quality, also met requiremants excopt for gum, The
advantege of blending, in spite of tho lower quality product, lies in
en increased yield of refined gasoline snd in a gasoline with better
octane sensitivity.

Complet? analyticel data are not aveilable for the hydrogenated
gas oil, Available data indicate that thds ges oll could be used as 2
low quality Diesol fusl or as 3 charge stuck to other refining processes.

The run used as a basig for this type of hydrogenation schems was
intended primarily as a survey run, The results obtained represent the
only data available for this type of operation. It is probable, however,
thet a highor occtane gasoline could be produced by the use of better
hydirogenating conditiens end & botter quality light nephtha for blend
stock,

Conelusions

Data shown in the previous tables ore sufficient to indicate the
affects of temperntuve, pressure, and hydropen rate vpon hydrogenation
of coker cistillate,

Thene elfects are:

1. Az the reaction temperature is increased betwesn 700° and
00* F.1

a. Sulfur reduction is spprecisbls at all temperatures.

b, Nitrogen reduction incroases with temperature.

¢. Catalyst deposit passes through a minimum at 825° P.

4. Yield of liquid preduct is I irly uniform from 700°
to 850° F. but decreases rapidly thereaflter.
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Tabls 12.--Cas analyses, gesoline production from coker distillate
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B o, Naphtha yield increascs rapidly between 850° and 900" F.

‘ f. Hydirogan consumption varies with temperature with the

{ greatest increass occurring between 850° and 900°* F.

k b g- Yolume of reaction peses ir low at temperatures below

) 850" F. but increases rapidly at higher tempsratures.

; The wmight of reaction gases increases continuously with
increasing temperature.

X 2. A3 the precsure is increased from 500 to 1500 p.s.i.:

a. Sulfur content of the product decrecses,

b. Nitrogen content of the product decreases.

t. Catalyst deposit doecrearos and catalyst life incresses.

d. Liquid product recovery increasss repidly batween 1000
and 1500 p.=.i,

e, Naphtha producticn inersases with pressurae,

£, Hydropen consumptlon increasss with pressure.

g. Pressure has little effect upon the volume of rvaction
gases.

3. As the hydrogen rate is increased from 1000 to LOOO
standexrd cuble feot per barrel:

g

a, Sulfur reduction increazes.

b, Hitrogen reduction increnses.

. Catalyst deposit decrecess,

d. Liguid product and naphtha yields incresase.
¢. Hydrogen consumption increases.

e,
i A ———
N o

. As tha spece velocity is increased from 0.5 to 1.5 volumes
of ol) per volume of catalyat per hour,; little difference
in product yields or gquality is daotected.

Based on the conclusions listed above, optimum conditions for the
hydropenation of coker distillate to produce Diesel fuels and jet fusls
are fairly woll astablished

These conditione are:
1. Catalyst temperature - 025°* ¢o 850° P, !

2. Roaction pressurs - 1000 to 1500 p.a.i.

SeEra el S I o e el o
A

3. Hydrogen rate ~ 2000 tc L0OO SCF/ubl,

. Spece volocity - 0.5 to 1.5 Vo/Ve/hr.

par:




low octane gasoline also iy produced under the above conditions,
This gasoline ies suceptible to catalytic reforming with good yields of
specification-grade gascline
If gascline were the primary product desired from hydrogenating of
£ temparature and space velocity would have to
ped. Optimum counditions for this

p inc presoure decrea
P - ) | e ] 1 Lot nir
opers wwn exactly, probably lie fiin the ranges
Cutzalvred T avne 4 offne W
1. Catalyet temporature 750° to 00* P
2. Reaction pressure 400 to 000 p.s.i.
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nephtha fron crude shale oil
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Cat.  Cat. Cat.
Run Run Run
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b 875
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%00
L0o

5.0
10

2000
689
1634L

7.1

9.7 7 84.3
86.0 3 81.0
2.0 ';' r h
3.1 4 3.0
0.9 9 0.9
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conditions end matorial balancos for these runs are presentad in table 13,
properties of the charge stoek and liquid products are showm in table 1k,
and offlvent gas analyses ave shown in table 15,

Although the average reaction temperatures for these runs were dif-
ferent, extrapolation of the material balance data indicated that within
the pressure renge studied the use of higher pressure would result in
greater hydrogen consumption, uigher liquid recovery, and lower catalyst
deposit which should lengthen catalyat l1ife. The higher pressure pro-
noted hydrogenation reactions and, therefors, the products obtainsd at
the higher pressure (with the same reaction temperature) had lower nitro-
gen content, lower clear octane ratings, and poorer octene sansitivity
but had good lead susceptibility, While the gasoline produced st 200 p.s.i.
contained littls sulfur, that obtained fyom tho LOO p.s.i. runs contained
even loss.

At the higher temperstures, with constsnt precsure, liguid recovaries
wore lower and catalyst deposils higher, but within the temperature range
studied hydrogen consumption was littls changed. Frodueis produced &t the
highor temperatures had botter clear octane ratings with slightly better
sensitivity and somgwhat lower lead susceptibility. Temperature had 1little
effect on the sulfvr or nitrogen cuntant of the oil,

A1l gesolinos produced from hydrogenating the dabuvtanived naphiha
»ot requiremsnts except for gum and dcctor test. Use of better inhibitors
and a sweotening process would make spscification-grada gasolive from all
the gasolines produced with the possible excaption of that from run 17S.

An over-all material balance for the production of gasoline by thormal
cracking of N-T-U crude and hydrogenation of the peecline 12 shown in
figure 7. Conditions and material balunces shown are from run 170, Yislds
ehown are those cbtained in the laborztory with the debutanized charge
stock. Alec shomn are the results which might be expected in a commercial
operation for which the charge stock was not debutanized. It is probable
that in a commarcial vait with an efficilent recovery systum, the 1light
ands would ba recovered and would mobt only imgrove yields but also would
sonfer additionsl Lenafita by raieing the octane and volatility of the
final preduct.,

C cluzign__g

i)

Based on the limited amount of data available, saveral conclusions
concerning the effect of operating conditiona uponm hyarofining whole
paphthas are indieated. These coiclusions are tentative until substantiatad
by duplicate runs,

These conclusions are:
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\ Teble 15.-- Ges Analysves, Ce¥o0), Hydrogenation of Vhole Haphtha
- e e e et gy b o R —— g AT M
Leou Crude Shade UIL

Bl T e b L U —— -

Cat, Run Cat. Run Cat. fun Cat. Run
#1708 17 #176 #1175

1 P St A it Rt bt S - . R —

Process conditions
Ave. temp., °*F. ol3 961 979 1001
Pressure, 9.8.1.8. 200 400 400 Loo
Effluent gas, SCF/bh) 1906 W70 1554 163k

Cas analyses

Bydsogen 686.1 85.6 1.9 73.4L
Mathano 2.k .6 6.2 10.2
Ethane 2.0 4.2 L.8 7.8
Propane 1.4 2.6 3.5 b.3
Butence 1.2 1.5 2.0 1.9
Pentanes 0.6 0.6 0.h
Ethone 0.1
Propons 0.1 0.5
Butenea 0.2 ) 0.1 0.k
Pentenes 0.1 0.1 0.1
Carbon dicxide 0.1 0.2
Carbon moncxide 0.2 0.2 0.1
Nitrogen 5.7 ). 6 0.9 1.k
Total 100.0 100 .0 100.0 100.0
Ave., mol 3 ' : 7.5 9.3

- '.} )_-:. a d‘,-_.'
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1. As the pressure iz increased:

8. Catalyet 1ife is incressed.

b. Liquid recovery is increased,

¢. Hydrogen comsumption is inoreazed,

d, Mtrogen content of gasoline is decreased.

@, Clear octane of gasoline is decreased.

£, Octane sensitivity is decraased.

g. Lead susceptibility is increased,

h. Additional sulfur reduction is not materielly achievad
betwoen 200 and k0O p.s.1.

2. As reaction temperature is incieased from 961°to 1001° P.:

a. Liquid recovery is reducad,

b. Catalyst life iz decreased.

¢. Hydrogen consumption iz not grestly affected,

d. Clear octone of gasoline is increased,

9. Lead susceptibility is not appreciably affected,
f. Cctene sensitivity is slightly incrsased.

g+ Sulfur and nitrogen is not further reduced.

Baged on the tabulated data and on the conclusicns listed, optimum
conditions of tamperature and, to a lesser deyree, pressure may be tente-
tively established. These conditions are: ocatalyst temperature, 960° te
80" F.; and reaction pressure, 400 p.s.i. or mere. Octane requirements
would be ono of the declding factors in setting the upper pressure limit.
No data are avallsble to indicate optimum spece velocities or hydrogen
mtes.,

A major factor to be considered for a refining scheme as outlined
in figure 7 is the utilizaticn of the resideal material fyom thermal
eracking, The utilisation of this reaidue, L6 percent of the sharge,
sither through {urther refining (undoubtedly oxpensive) or by sele as
rosidual fuel oils, will heve to be telon under consideration. At the
presont time, this remains a mojor stuabling bleck for this type of
refining schone,

HYDROCENATION OF HEAVY NAPHTHA

Introduction

One of ©he main disadvantages to upgreding shale gasolines by hydro-
genstisn s the loss of olefins and resulting decrease in sensitivity
betmeen motor and reseqrch octenes, If a fractiom of the shale gasoline
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: eould be found that contained considerable amounts of olefins and was not
{ objestionsble in other respects, then this fraction could be fractionated i N
g , out and the balance hydrogenated with an improved gasoline as the end <l
;. . product., Jey
!, Analyees were made of {ive percg?t fractions from the distillation | S
) of thermally-cracked shale naphthas, The results of these anulyses -
ﬂ showod that 4he fractions boiling below 256° F, (LO-50 percent of the |
{ nephthn) were relatively low in eulfur and gum, had goud octane rating, e
i atd contained considorable amounts of olefins, Theee naphthas, after .
; caugtic treating to remove hydrogen sulfide and some of the mercaptans, B
' nade excellent blending stock. :;:L:l
| AT
| Several runs wore mads in order to seclect the range of optimum pro- -
I cegsing conditions to be usod for hydrogenating the heavy naphtha, In 5
J these survey runs the effects of tempersture, pressure, hydrogen rate, B S
. and space velocity upon yields end product qualities were investigated, '
! Two of the survey runs gave such remarimble results that the data were (N 3
worked up in considerable dotail to show ovar-all yields and liquid pro- L
dust properties. | R
A long vun to deternine catalyst 1ife was mace under conditions Lt
#elected oo boing within the optimun rangss determined by these survey Py
‘ L 3 runs, The gasolino produced during the initisl stages of thia run met

all requirexents fof regular grade gasoline without the use of inhibitors.

The data firom one of the survey runs pade within optisuam oporating
ranges wers uzad in order to calculate the hest of hydrogeration of heavy
naphtha.,

Effect of Tsxparatura
A —— . — o ——— & AW e - -®

Three typlcal runs were selected to show the effect of reaction
tesporeture wpon product -’“Z.__,!'L:' and _;.‘.‘l-l:. han hydrog \Putin: heavy
naphtha, The procsss conditiona and nat 1 belances for these runs

| are given in table 18, Tho temporatures used were appreciably higher
than those used for hydrogonaticn of coimr digtillate because higher=
pctane products werae desis

J is the reaction tempsrature was increased, the smount of gas and
1 coke produced inersased while liquid recovery dropred, the decrease
- boing pearticularly repid at temperaturss over 900° F. Tho temperature
. |
U—— — — S —- e et

oY

Feefe, J. A Brovn, J. F., Shale-0il Refining Research, Pet.
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Table 16.—~Temperature survey, Colio0; hydrogenation
OFf heavv nanhiha T
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had little effoct upon hydrogen consumption, however., Although the figures
showed gn insyeased consurption at the higher tamperatures, the sccuracy of
this determination was such that a mmall change in hyurcogen consumption had

1little msaning.

Liquid product aralyses for this sevies of runs are given in table
17, The data show that as the reaction temperature was increased, sulfur
resoval wag slightly greatar; but nitrogen removal was lese. Unleaded )
cotane numbers werp increased with temperature os was the sensitivity 2
batwenn motor and rosearch octane numbersz, but lead suvscoptibility was F Sk
Gecreandd aven though sulfur contomt was decreased
difference between gum contonte of the various charge stocks it was dif- |
ficult to correolate the effest of tewperuture upon gum,
gun passed through & minimum when treating around 960* F,

The gas snslyses for this sories of runs are given in table 18, It
wature was increased, the volume of

is quita apparent that as the Temps
cracking gesss, such an methane, wa
tively unifora for metiiene over the

The best processing tewmperatures lie botwsen 950° and 80° F. At
tenpsratures Lelow 950° F. octeno ratings are apt to be too low, At
teoperatwres above P00° V', ostane numbers will be high but yields will
be lomar, Oum contente may be high

-

Effect of Pressure

Pata in typica
of hoavy naphtha o3
this series was 200
of ths delaterious

As reaction praosure wag inoreased
in catalyst deposit which indicaled
higher presswv, Hydrogen consumptic
iperease being particviarly rapid

of liquid product was «
gtudied as was the

-
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n
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b

o

q

The liquid product anglys

table 21, iAndicate addition
gullur and nitropen content me
Jopper aisn | Ind A !
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50 of 3 . \

Due to the wide

Apparently, the Ko :

wxaased,. The incrsase was rels-

ture range studied,

viien procesaing shove 980° F.

e affecct of prerrure on hydrogenation

19. The presgure renge covered in :
0r pressures not being used because ':

g Up octena number,

¢ there ' &4 uniform decretse

ongor catalyst activity at the
m incressed with pressure, the | ,
twean 200 i 40O p.s.i. The volume
mstant over the pressure range | 1
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ble 20, and the effluent gas analyses,
es 1  higher prossuro. The .
& Lghar | sures Both
+ L pressure was increased, /

w ratings at the various prossures

this peries

h¢




Table l?w-laiam‘.d %ﬂt iﬁﬂum.tm&atm
genstion of heavy nap tho » 7

Run no. Charge 190 Charge 167 166
Chargs, ssmple no. RES~ S1-537  51-537  51-h69  51-h69  51-L6S
Temperature, ¥, our . Sw o '

W¥hole product: | 8

Oravity, “AFI h9.1 k7.5 k7.3
Jasoline:
Gravity, “API 38.7 L8.1 356.8 L7.9 L7.1
a-s.r.nl L’iat-’ .F at ?6[)
IBe 298 131 265 15 110
10 32 221 315 187 156
S0 3L Jx2 3L0 303 297
90 390 367 N 376 369
EP b16 Loo b7 35 116
R@Cn. vol. s 9?95 99@0 97~0 95-0 %;0
Heg., " ™ 2.0 0.5 2.2 1.0 1,0
‘ ® lows, ® ¥ 0.5 0.5 0.8 3.0 1.0
] Sulfur, wt. £ 1,00 0,10 1.06 0.02 0.02
Nitrogen, wt. % 1.k2 0.55 1.64 ~£0 0.76
Paraffins, vol. ¥ 22 55 1 g2 15
Nsphthenes, " ¥ 3 2 b 0 0
Olefins, " " L9 8 a7 6 )
Aronatics, " " 7 35 26 U2 L9
Jar acids, " ¢ 1.7 0.7 1.8 1.3 1.0
Tar bgsea, " 1 1.3 5.7 8.7 6.2 7.7
Octane, motor, clear 64.8 €0,2 66,0 7.6 72.8
. " #1 ml. TEL 67.1 £9.0 69.8 76.0 79.3
" " +3 ml. TEL 69.5 76.9 72.3 Bl.2 82.L
u ressarch, clear 7.7 60,0 i3.4 753 6z.0
" . +1l mi, TEL 7543 5.5 5.9 E1.B 87.4
» - "3 ml. TEL 78. \-i 79.3 L? cS '?l.ﬂ
A.5.T.4. Oum, ng./200 nl. 2026 10,8 2656 g 6.8
Cu Qieh gum L " 3002 26.6 ELJB’J 3.9 56.0
Induction period, hra. 0.25 +2l 0.25 «2h 2k
Dector gouy oveet, coury evweot sreot
Corrosion nog. neg- pos,
R.V.P. pes.i.e. at 100° F. L0
W
-
29
e ‘ ]
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| From a comparison of tone octene number of the hydroienated pasoline with
. the octane mumber of the charge for each run, it was evident that pres-
? sure had a cveleterious effect on clear octers numbsr both motor and
i . research. lead responsa, however, was higher st the more elsvated pres-
‘ sures with the end result being that an improved cctane mumber gescline
was produced, even at €00 p.s.i. A slight decrsase in scasitivity was
. 7 notiocsd ap the pressure was increased,

Qas anglysos from these rune indicate that recction gases from the
. rons at lomer pressure were richer in hyarogen duve to the low hydrogen
, consumption at the lower presswvwe. The actusl volume of methise and
vthane produged did not very between 200 and €00 p,2.i. although slightly
more of the heavier gases (propane, butuns) were produced at the higher
pragsures.

The pressure effacts discuseed above indicate that product quelity
iz best vhen hydrogenating betwoen 600 and 800 p.s.i. At pressures bslow
600 p.s.i., gun content of the hydrogenated gasoline will be high and
cetalyst 1ife will be shortened, Above 800 p.s.i., octane numbers will
be low.

Effect of Kydrogen Rate
Four tyzical yuns showing the effect of & third operating variable,

hydrogen rate, arve listed in table 22, The hydrogen rete was varied

‘ batween 1,000 and 4,000 standard cubic feat per barrel. (As used through-
out this work, standard cublc feoet sre defined as cubie faet at one atmod-
phere and 70® F.) Unflortunataly, dve to tha difficulty of obtaining good
temparature control, a temperature variation of L0*® F, occurred in this
saries of runs, MNany of tha obscrvations, therefore, hava to be qualified
to include tomperature dev

The effuct of hydrogen rate upon catalyst depoait and catalyst 1ife
was quite apparest At 4,000 cubic leet of hydrogen, taking under cone ;
sideration touperature effocte, tho catalyst decosit was less than 20 i
parcant of that at 1,000 cubie feot. This meant that increasing the l
hydrogen rate Jrom 1,000 to 4,000 cubic fect per barrel gave 2 large . {
inerease in catelyst Llife. i |
4
No hydrogen coast availahle for the run nmade at
4,000 cubic feet, bu iota indicated that hydrogen
consunption was inor i rate, with the major increase
appearing betmeen 1,( [e I barrel ihe affect of ot
iregen {low yats indaterminate from the data
w1 4n 18 22 7 dovietions. However, other
| work dn the pest showed that a slight inorease in liguid recovery was
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liquid product amalyses for _<se runs, shown in table 23, point out
many advantages for high hyurogen flow rates. The sulfur content of the
gasoline was reduced sharply between 1,000 and 2,000 cubie feet of hydro=-
pen, with 1little further reduction at higher rates. WNitrogen content on
the other hand decressed continuocusly over the entire range, The gum
content of the refined gasoline spparenmtly passed through a minimum
betwean 2,000 and 3,000 cubic feet per baxrrel although differences in
charge stocks and rcoction temperature may account for part of this
phancmenon. Actually the high reaction temperature ussd for the 4,000
cubic foot run had a deleterious effect upon gum., It is quite probable,
therefore, that under luentical temperature conditions, the gum content
would decresse throughout the hyorojen rate renge studied,

Increasing the hydroien rate dic not affect greatly clear octans
ratings although a slight decrease wus votected. Sensitivity of the Iuel
was only slightly affecteu, but legd suscoptibilitias were better at the
higher hydrogen rates.

Gas analyses for this serdes of runs are listed in table 2L.

Optimus conditions far hydrogenation, therefors, would include
hydrogen rates between 2,000 and 3,000 stendard cubic feet per barrel.
Balow 2,000 cubic feet, sulfer reduction ls lessened, catalyst life is
shortensned, and pum contente high. ALove 3,000 cubic feat of hydrogen,
additional equipment and gas hendiing costs entailed probably are not
wairantsd by the small advantage geined in product quality.

Effost of Space Velocity

The fourth proceseing variable, space wolocity, was studied in
congidorable dotail for its effect vpon hydrogenation of heavy naphthas.
Spave velocitles ranging from 2.5 to 10,0 volumes of oil per volume of
catalyst por hour ware studied., Conditions and material balances for
some of these yuns are showmm in teble 25. It is apparent that space
velocities within the rangs etudied hed Little effect upon hydrogen
econsunption, Catalyst depowit, however, was lowest atl a space velocity
of 7.5, incressing rapidly between 7.5 and 10. Liquid recovery and
gesoline production wore quite low st a gpace weloeity of 2.5, but were
sgsentially constant end much highsr between $.0 and 10.0.

Although the velums of gae produced remnined essentially constant
over the range studied, the wolght of gag produced was considerably
higher ot & low space volocity. The pas analyses in table 27 show that
& much poavier gas was formed et & space veloeity of 2.5 than at nigher
spaco velocitiss, This inalcates that & grester deptn of cracking
ocowrred at tho lower zpace veloeity.

The analytical date for the linquid product from thess runs are
shown in table 26. These data show that space velocities above 7.5 " t”—,-
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wore extromaly detrinental to product quality. Apparently, a space
velooity of 10 permitted a considerable portion of the charge to pass
through the unit without belng hydrogenated. The sulfur centent

of thw reformed gasoline passed through a minimum at a space velocity
of 5.0 while the nitrogen content was essentislly uniform at space
wlocities fres 2.5 to 7.5 but increasad repldly tharealter. Ouam
contants were lowest at space velocities of 5.0 and 7.5.

A comparison of the octanes of the hydrogenated garolines with the
octane retinge of the charge ctocks for each run showed that minimum
unleaded ootany numbers were obtained at spavs velocities of 5.0 and 7.5.
Isad susceptibility, however, was better at these same space velocities.
Sensitivity betweon motor and research octane nunbars was not changed
essentially by altering the space wlocity. In every run in this series,
the ootane ratings of the products were as good or better than the
vetane numbers of the charge.

The ovar-all effost was to give a better product at space velocitiss
batwoon 5.0 and 7.5. Space velocities below 5.0 allowed too great a depth
of cracking with its attendant disadvantages, while space velocities ovar
7.5 did not psirmit pufficient contact time for necessery hydrogenation
reactions to take place

Light ¥sphthas and Hlending

An important factor in the production of gasolina bty naphthe splitting
and hydrogenation of the hesvy fruction, iz the quality of the lipht naptha
blanding stock, As mentionsd previously, the light naphtha should contain
large amounts of olafinm for motor sensitivity to compensate for the low
olefin content of the lydrogenated heavy gasoline. Other properties of
the light naphtha should be such that when blended in proportions that
will compleately use tha stoclk, the bLlonded gesoline will meet required
spocifications. USome of tha more portant properties of a light naphtha

sulitable feor blending in io ] ara: pulfur, below 0.0 pereent;
A-8.T.M. gun, belew five ng. per 100 pl,.; motor octans number, over 75
sdith less than three ml. of lead; research octane number, five to ten
nunbers higher than motor of 2 mmber; and it should be doctor sweet.
Propurtios of some of the light naphthas vsed are shomn in table 20
For convendence, proparties of the whole naphtha before aplitting are
included, The first light nephthe produced (RRS-S1-L66) had most of the
casirable propsriie: It did contal enslderable mmounts of dissolved
tyrdropen sulfide, howsver iatar mughing this naphtha, although it
eaoved congldorabls exounts of hydrogen sulfide, was not suf{isieat to
rlar Lhe bha o Chanical trvating was found to be
acd suld meot blending requirementa. Flve

AN Dl :f:—-“




, Table 28.~Pro on of light nanhthas obtaiped {rom thermally cracked
.Q shele ng 8 on treating.

Type naphtha

Sanple no., KRS~
Sowred, semple no., RRS~
Chesioal trestoant

Wnole nephtha, vol. peroent

feavity, "APL

AS.T.X. dist., °F at 760
ep
108 recovared
505 .

908 "
E.P.
Ree., vol, &
Feg.., vol. ’
Loss, vol. §
Sulfur, wt. £
Nitrogan, wt. %
'd;ar acida, vol. 3
4> bases, vol. %
Paraffine, vol. ¥
Nephthenes, vol. &
Dliafice, vol. 3
Arosatics, vol, %
Qatane, motor, cloar
Qosane, moter, *1 wl. T.E.L.
Octane, notor, ¢3 ol. T.E.L.
Cetane, retowrch,. clear

Qatane, wesearch, +) m). T.E.L.
Datane, yeseu<wh, ¢3 ml. T.E.L.

£.8.%.%. gun, 2g./ 100 wd.
Su dish gua, »g-/200 nl,
Induetion per.cd; nin.
Dector

Carrosicn

Tahdbiter, lbe. U.0.P. no.5/bbl.

—— e ——

W¥hole ht
51150 51%63

Light Light

51509  S51-511
51450 5108 51-458 51150
None Kuae 10% Unisol
HaOH
100 L.k k0.9 L0.5%
Sh.0 60.h 68,1 £8.3
99 o6
158 135
269 186
38k 233
3% 261
$3.0 $6.5
1.} 0.8
5.9 v
O. 68 Oh 26 0019 0‘19
0.98 0.AT7
2.0 0.6
10.2 2.2
29 34
3 ]
50 Ke
18 6
86,8 70.0
70.1 73.6
72.8 76.6
Th-ly 79.2
76.12 63.B
1.8 86.2
h:’; J
6h3 10
15 65
Sour Sour 81l.Sour Smeot
Fos Vez Hog
Hone 0.032




percent by volume h
or sweetening could

The data in table 3
vad by either

oy caustic

s for & satis-

ry OLénoling atos

Inhibitd ra8 neccasary to control gum {ormation as these light
ithas, 11 ather phale-oil ion < me to form gum on
wdine The addition of 0.032 prounds per barrel of U.0.P. numbaer 5
bitor was sufficient witrol gunm if the inhibiting was done

. e naphtha wa ' nunlig

Fliovre O shoaws ¢ Vol L refining scheme for the production of
: i y material
talances
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Table 30 Aguid product analyses, gueoclins Jproduction by
hydrofining hsavy naphtha
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Ges analyses for tuis refining scheme are shown in table 31.

A variation of this refininy process is snomn in figure 9. The
hydrogenation conditions, table 32, for the variation wera slightly dif-
ferent. Catalyest tewpersture was decreesed L0 degrees and reaction
pressure ralsed 200 p.s.i. Propertiies of the gasoline are shown in
table 33. The heavy gasoline produced under these changed conditions
contained lower gum and sulfur but wes inferior in octans number,
Inhibitors ware properly used in this heavy gesoline. Unfortunately,
the light gacoline used for blending had too high en end point, and
although inhibited, it contained sufficlent gum to be datrimental to
the blendod gasoline, A comparison of data from tables 30 and 33 shows
that if a better quality light naphtha hed been used, gum contents of
this finished gasoline would have been lm

The octans numbers of the blended gasoline were low, primarily due
to the increased preseuwre of hydrogenation. Wnen the gasoline was
blendad with n-butane to ten p.s.i. Reid vapor pressure, octane numbera
of the leaded samplse were increassed two to three numbers. DButanas

blending simulated the octane vaiuves that might be attained commercially,
Catalyst Life

Saveral runs have beon made in an affort to establish the effective
1ife of cobalt molybdata when processing heavy naphtha under optimum
sonditions for pasoline production., The results of one of these, run 216,
are shown in table 3L

Run 216 was rode in three stages. During the first stuge, 52.5

voluses of oil were processed over & single veolume of catalyst at a
Ipace volocity of 7 In eech of the second apd third stages, LS
voluses were liydrogenated over the same catalyst. There wag an interval
of several days batween successive stages of the run, during which tinze
the catalyst remained in _!"'L Aon in the reactor at ¢ tempersture of
750" F. and under atmospheric pream
There was little sipnificant change in the octans ratings of samples
takon at var i-‘:'.. stagea in the run . r qualities of the gesoline
produced throughout the run wers scceptabla for regular-grade gasoline
ith the oxce; ;.Eu:- of gum. The gasoline formed during the first siage
of the run, hovever, contained less than specification gum so it is
. vident that the catalyst life was at ] t 52.5 volumes of oil per
.'!_l._.}r .“"' co Ll ~:_ -
ihe ta ir ata that the shutdown 8 ocab 1 stages of tha run
! a signd ant e q 4 S.T. M. gum content. Ths gun was higher
it the Leginning of each stepe than at the end Although the phencmenos
4
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and gasoline analyses for

naphitha
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of dscreasing gum during the progress of the run had not been observed
previously, there is no reason to believe that the cata are in error.

On the other hand, it should not be concluded that the longer the run,
the less gum is contained in the gescline., It is more likely that the
conditions prevalling at the beginring of the run were not as favorsble
for gum elimination as the conditions which bacame standardized as the
run progressed. In other words, when temperaturs, feed rate, hydrogen
rate, hydrogen partial pressures, and reaction gas pressures achieved
the proper equilibrium for hydroefining, the bost gua-elimination condi-
tions were obtained. During this period of adjustment, the catalyat
probably plcked up a certain amount of coke which reduced its effective-
ness, Consequantly, each start-up probsbly causad an initial coke lay-
gdovn which succegsively rendered each stage less offective., It is
logical to believe, therefors, that more than 52.5 volumes of specifica~-
tion quality naphtha would have been produced if the run had been operated
continuously .

Other runs waich contributed deta in the study of catalyst life
elegarly indicated that the operating varisbles used played an importaent
part in tha length of catalyst life. Incressing temperature decreased
catalyst 1life, and increasing pressure and hydrozen feed rate prolonged
activity.

Conc¢lusions

The date shown in the previous téblss are sufficient to determine
the influence of changss in operating conditions vpon hydropecnation of
heavy naphtha,

These conclusions are:

1. As the reactiocn temperature is inereased between 950° and
1010* F.:

'8

b quid recovery is lowered, the docrsass becoming rapla
at temperatures over 20C° F,

Hydrogen consumptior is not greatly altered,

a. Oas and coke formation increase.
4
¢

0

d. Sulfur removal is slightly greater,
e. Nitrogen removal in more difficult
f. Clear octane ratings are increasad,
g. Sensitivity is increased

h. Leed susceptibility is lowered.

4

Cun content 1s lowest near 930° F
2. Ao the pressure is increased from 200 to E00 p.s.i :

a, Catalyst deposit is veereanad and cotalyst life increasad,
b. Hydrogen consumption is increased




6. ldquid recovery is not greatly affected when proceseing
st olavated temparatures.

d. Sulfar and nitrogen contents of the products are decreased.
¢. Gus contents are decreased,

£. Clesar octane numbers are docreased,
g lead suscoptibility is increased.
h. Olefin content and seneitivity are decreased alightly.

3. As the hydrogen flow rate ie increased from 1,000 to 4,000 :
standard cubic feet per barrel:

a. Catalywt depoail ia decreossed and catalyst life increased. \ i

b. Hydrogen consumrtion im increased.

0. Sulfur content of product decreuses rapidly between 1,000
and 2,000 cubic feet of hydrogen.

d. Nitrogen content decreases.

e, Uux content decresses.

£, Clear octane retings and sensitivities are not materially
effected.

g+ Lead musceptibilities are improved,

&4+ Az the spece velocity is incroased frem 2.5 to 10.0 7olumea
ef oil per volume of catulyet per howr:

a, Hydrogon sonsusption is not affected.
b. Catalyst deposit is lowest at a space velocity of 7.5.
¢. Liguid recovery and gaeoline produzlion are highest at
space wvelocitiss fyom 5.0 to 10.0.
d. Gas producticn ie higher at the lower space velocities,
¢. Sulfur removel is greatest at & space velocity of 5.0.
Fitrogean resoval is groatest at zspacs velocities from
<. ‘5 to T S
. Oun content is lowost at wpace valocities of 5.0 and 7.5.
Clear cctane numbers are lowest and lead nuacoptibiliuu
highest &t space velocitiss of 5.0 and 7.5
i. Octane sensitivity 12 not affected.

-

Optiosum conditiona for the hydrogemation of heavy naphtha have baen
selacted. Thay ave:

-

Catalyst temporatuwre -~ 950% to S60* F

P

Reaction pressure - 600 to 000 p.e.i.

3. Bydrogen flow rate « 200C %o 3000 SCF/ubl.

os velooity - 5.0 to 7.5 Yo/Ve/nr




ey

Iight naphthas sultable for blencing with the nyuropenated heavy
gasoline should have saveral imporiant characteristies. These ara:

). Gum content should be lesa than specifications.

2, Octane ratings should b: higher than specification minimuns.

3. Olefin content should be high. Light naphthas with 50 per-
cent olefine #ill give :ood sensitivity when blended with
hydrogenated gasolinos

i. The naphthas should be “octor sweet.

Wt

, Other pronertlies will be such that whien blended with a
given heavy gaseline, the blend will meet desired specifica-
tions.
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