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Abstract:
The purpose of this investigation was to find the optimum conditions for the preparation of an active
nickel oxide desulfurization catalyst.

The various catalyst samples were prepared by precipitating nickel carbonate from solutions of nickel
sulfate and sodium carbonate® A few samples were prepared from nickel sulfate and calcium
hydroxide* The various catalyst samples were tested in a comparison unit under the same conditions of
temperature, hydrogen rate, and oil rate. The activity of the catalysts was based on the grams of sulfur
removed per gram of nickel, A study was made of catalyst activity with respect to precipitation and
digestion conditions, entrained salt, time and temperature of calcining, and the effect of oven drying.
The most active catalyst was obtained when the precipitation and digestion were carried out at the
boiling point, and the precipitate was washed free of entrained salt. Oven-dried catalysts showed more
activity than those which were calcined.
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ABSTRACT

The purpose of this investigation was to find the optimum conditions
for the preparation of -an active nickel oxide desulfurization catalyst.

The various catalyst samples wére'prepared by precipitating nickel
carbonate from solutions of nickel sulfate and sodium carbonate, A few
samples were prepared from nickel sulfate and calcium hydroxide,

The various ceatalyst. samples were tested in a comparison unit under
thé same conditions of temperature, hydiogen ‘rate, and oil rate. The
activity of the catalysts was based on the grams of sulfur removed per
gram of nickel,

A study was made of catalyst activity with respect to precipitation
and digestion conditions, entrained salt, time and temperature of calcin=
ing, and the effect of oven drying. The most activé catalyst was obtained
when the precipitation and digestion were carried out at the boiling peint,
and the precipitate was washéd free of entrained salt, Oven—drled catalysts
showed more activity than those which were calcined,
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INTRODUCTION

The évermincyeasing dgmand'fér pgp;o;egg prgdppfg has dag§ed a
serious depletion of the'high grade crude stocks, This has forced @hg oil
refineries to utilize the léwer grade, hiéhnsulﬁur crudes, such as those |
found in the. Rocky Mbuntain-area, West ?exage and:Qalifo?niaﬁ ﬁecent_sur=
- veys showed that both the absolute and ;elat}ﬁe_vgiﬁmas qflhighvsulfur
crude oils.produced in the Unifed States, has inprqgsed;cqns;derably over'
the last several yégrs (7)o

| The utilization of these higher sulfur.crudes has_pégSented the prob~
lem of desulfurization. The sulfur may be p;esgpt-agﬂe;e@enyél sulfur,
hydrogen sulfidéauﬁsrcapfans, sulfides and polysulfgdgg,“thiQPhenés% and
thiophanes. Various mathods such as the Unigol,prqcesg;agﬁ the Solutizer
process, are quite effective infeliminéting mergaptan_sﬁifur from gasolines,
but the higher boiling thiophenic sulfur, more cémmgply,fpund in the fuel
6il fractions, is not apbreciably affected by thgseﬁyyééygents, Thiophénes
and thiophanes can be_removed qnly be catalytic gecompgsi%ion in the
.presence of hydrogen (2]o

‘ Sulfur in.kerosenes and gas oil stocks gives:rgée;to objectipnable
. odor, corrogion, p69r color stabiiity{ and is reépgnsibie_fof‘acrid fuﬁes
f on burning. . Stocks of high sulfur content gre?difficult,to eraeck cataly-
tieally,‘because-gll or moét‘of the craeking catalysﬁ#zqow in cdmmarcial'
use are poisoned by sulfir (2)e N

Compouﬁds of metals'such gé“cobalt, mo%&bdenum{ and‘nickel have long-

" been recognized as .effecient hydrogenation catalysté, and: various patents
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have been procured for the use of theselcatalysts in desulfurizing certdin
petrolsum fractiénso Patents pertaining to the use of nickel oxide as a
desulfurizing.catalyst-in.the_refining of hydrocarbon disﬁillates, have .
been described.by.Mo.Ho Gwynn (4) gﬁ).

The purpose of this investigatiop was to find a ﬁﬁtbpd for ?hé prep-=
'arétibn of a nickel oxide desulfurization gatglygﬁ.. The preparatiop'of
such a cataiyst is & coppléx proplem because of ;Ee many variables that
appear to affect the catalyst activitys. . |

The word "catalyéf" as uséq in this investigat;on is a little errén;
gous because it has been found that nickel oxide, when used as a desulfur-
ization agent, behaves both as a true-catalysﬁ, gonverting the sulfur in
the o0il to hydrpgen'sulfide, and as a reagent,'byycombining With the sulfur
to form nickel sulfide. The'gickei oxide used in_this investigatiog has
been referred to as a catalyst, but it Shogd_be“gnderstood fhat'it behaves
both as a catalyst and reagente.

The general procedure fof mgking the vaéipﬁs samples ﬁgs to precipi=
tate nickel carbonate from a mixbure of nickel éulfate‘and‘sodium.carbons
ate, according to the following reaction:

NiS04 + NagCOgz ———3> NiCO3 + NagS04
A study was made of catalyst activity with respect to time and temperature
of precipit_afion9 time and témperature of digeption, effect of gnﬁrained
salt, and time and temperature.of calcining. When the nickel carbonate“

was calcined, it was probably converted to nickel oxide with a subsequent

loss of earbon dioxide.
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APPARATUS AND EQUIPMENT

The various catalysts were tested for activity-in thé comparison
unit; A diagrém of this.unit may be .seen in Figure 1. The comparison
unit, or comparétor, as it will henceforth be referréd to, was designeﬂ
so thaﬁ different egﬁalysts could be tested:at the same.operating condi=
tions, and their relative activity determined, .

The main.body of the comparator was made frqm a_piége o? 25 mm pyrex:
glass tubing, about 15 inches long. The tép“of the tubing was fitted with
the female portion of a 29/42 grbund glass tapér Joint, Conﬁgcted_to the
‘bottom of thé unit was a water=-cooled condenser on to.wh;ch was sealed the
male portion of a 55/25 gfoupd glass ball joint. The Qondenser,’fit?ings,
an& glass tubing. were welded, as shown in Figure 1, ts férm‘a 501id unit
about 36 inches long. |

Heat ﬁas supplied to the unit by a nichrome wire heating 991} W@ich
was covered with,i/s inch porqelain fish épineso_-The.heat'input to the
unit was conﬁrolled.ﬁy a 110-volt variac, which could be manually a&jugted
to attain the desired tempergture; The heating ecoil was wognd around the'-
entire length of a l%'inch sﬁandard iron pips, about 12 ingheg long, whieh
was placed'around the unit., This arrangement enabled the uniﬁ to be dis=
assembied for repairs'witﬁout disrupting the ﬁeating coi;o

A therqowelllwas inserted into the glass unit just beloW'tpe iron
pipe. The thermowell congisted of a piecq of 6 mm pyrex glasg tubing, N

sealed on one end, and projecting vertically into the cabalyst bed for a

distance'of approximately 4 inches,
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Inserted into the thermowell was an ironoconstantaﬁ thermocouple,
The lead wires were also of iron aﬁd constantan, and were cbpnected to a
Leeds and‘Northrup potentiometer, which was calibrated direectly in degrees
Contigrade. . | |

The iron pipe was wound with asbestps tape; aqd the entire unit Was‘
eovefed with a'tgick layer of magnesia insulation. o

The domparator unit was connécted by means of t@e ball“jqintﬂto an
0il reservoir and exhaust system. The exhaust outlet was blaqed_immedi¥
ately below the female portion of the 5511 joint, The exhaust gas passed
through an ice condenser, and from there to a cadmium chlérida bubbler,
which'removedltha hydrogen sulfide from the waste gaso. |

The oil reéervoir consisted of a 500.ml calibrated separatory'fﬁnnela
The outlet of the reservoir was connected to a Merkle~Korff type bellows
pump, which pumped the oil contlnuously from the reservoir to the top of
.the unit, A threenway stopcock was located beyween the pump and the re-
gervoir, and sefved as é means to withdraw an oil.sample for analysis.

Hydrogen wés introduced ébovg the o0il inlet, and ﬁas regulate&‘py a
needle valve, The quantity of h&drqgen which passgd through the“gnit Wés

determined by-a'mercury manometer and orifice, previously calibrated by a

wet-test gas moter,

The hydrogen and 611 inlets were connected fo the male pqrtion of the
ground gléss.taper joint, The oiivline was made .from 1/8 inech stainless

steel tubing,
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MATERIALS AND FPROCEDURE

The 0il used in this iﬁvestigation'was a straightwrun,.light colored
fuel oil, refined at the Husky .0il Company in dody, Wybrgingo The average
molecular-we;ght was about 223, aﬁd fhe sulfur content vgried from'z.ogvto
2.20 percent by weight. The Ao S, Te M, distillation data for this oil is
presented in fabie To | .

Thé datalyst samples that were used in this investigation were pre-
pared at the Hh;ky.Refinery in éody, Wyominge
The same procédure was used forhteéting all‘catalygtlsamplegf_ About

'0,8 gram offpyfex glass ﬁoollwas‘placed in the compﬁratq;:jgﬁt bglow the
thermpwe;lo This served merely as a catalyst_support, gnd p;qveﬁtgd ?hé
finely ground catalyst from washing. through With.the oil vapors Thgﬂqatam
lyst to be_tésted was then weighed, and mixed with 40 grams of;l/s igqh
porcelain fish spines. The fish spineé prevented the fine pérticiés of
catalyst from caking, and pluggingrthe unit. The catalyst and fish{spines
were intimately mixed with a small‘portign of 'oil (preyiouély weighed) and

-then chérged~to.the compératﬁrq On top of the'catalyst.bed was placéd.a'
layer of 1/4 iqch fish spines which served as a'preheat sectién‘for the oil,
An oil charge of 420 grams was weighed and .placed in the reservoir. The
pump was previdusly calibrated to deliver. 420 grams of oil per hbura

: Calibration was accomplished by a trial and error procedurq° The
pump Was'allowed to operate for a definite time interval, and the oil was
delivered to a weighgd beakeno After Weighing the oil, the puﬁp was-ad-

justed and again allowed to operate for a given time interval, After a
1 ' .- \
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serieg of such adjuétments,.the desired pump rate was obtaineqo

When the coﬁpara#or had béen charged-it'was placed in the proper
position. All ground glaés joints were greased and clamped iﬁlplacea The
. unit was theﬁ ready for operation,

The variab was turned on, and while the compérator was heéting a
small amount of hydrogen was allowea to pass through the unit; When the
désifed temperature had been attained, the pump was turned on and the
hyﬁrogen yate was increased to approximately 2.5 standard cubicﬂfggt per
hour, The oil was vaporized iﬁ the preheét section of thé cqmpargto; and
passed- through the catalyst bed into the water condemser, Where it was ;g%
turned as a liquid to the resgrvo;r. A small separatory funnel%,not pietur=
ed in Figure 1, was inserted iﬁfq the exlaust lime to trap entrained liquids
‘not removed by the ice condénsef. The exbeés.ﬁatqr in the ice condénser
was reqoved by a siphon.. |

The qiit was allowed to'aperate fof~six hours. Oil_sampleg were perie
odically withdrawn, weighed, and angdlyzed for sulfur contento' At the end
of six hours, thé pump aﬁd.heat weré.tﬁrned“off; but Hydrogep was allowed
to pass through the unit for a few additional minutes to remove any oil
holdup in the catalyst bed. The entire-contents of thé comparator wers
th@n;dumped and weighed, The oil'was likewise withdfawn from the :eservoir
and its weight recordeds

The oil samples that were to be analyzed were given a‘caustic wash tg
remove any hydrogen sulfide, and then washed three fimsé with wgter. The

sulfur content of the oil was'determined by ths conventional lamp=sulfur
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method, as described. in .the.A..S. T. M. Manual of Standards (1),

In'order to standardize the condifions,undef which the va:ious‘eataw
lysts were tested, a temperature of 625 degrees Fahrenheit and a hy@ro~
gen rate of about 2,5 stapdard cubic feet per.hour were used fér testipg )
each semple.. Haas (6) reported that there is a considerable rangé of temp-
-erature, 600-675 degrees Fahrenheit, where the amoqnt_of-§esulfg;iZatioh‘_
is independent of the temperafure, and also that the hyd:ogen rate diq not
seem to be a critical factor except that high hydrogen rates carried the

oil through faster, and thus reduced the contact time.




CALCULATIONS

Tﬁe sulfur balances for fhe various runs are included in Table Ve
The weight of the oil initially charged to the unit was 420 grams, but the
value'Was altered oach time a sample was withdrawn. Therefore, the weight
éf the oil passing through the unit for each timé interval (bgtween sampieé)
was cor;ected tb account for the sample tﬁat was Withdrawn,'and é;sb for
th 0il loss, which was divided as équally ag possible among thg ﬁiyg'ipterm
.'vélso The weight of tﬁe oil after correction was obtained by subtrgqti#g |
the sum of the distillation loss and sample weight from the weight of the
0il before correction.

The weight of the sulfur after correction was calculate@ by~mu;§i¥ '
plying the percen£ sulfur in the sample by the We%ghﬁ of oil_gfterﬁcog:ece
tion. The figure so obtained is the actual_weight of.%he sulfur in the
given ambuﬁt of o0ile ‘

The amounf of sulfér removed during.each time interval was determined
by mnltipiying the w;ight of oil before correction by the difference be=
tween the initial and final percent sulfur fbr that particular time“intef=
val, The sum of the se valﬁes for each time interval, divided by the weight
of catalyst used, was the érams of sulfur removed pef graﬁ of.cétalysta
Knowing the amount of nickel in the sample, the grams‘of'sulfuf removed per
gram of nickel could reédily be calculated. | |

The space velocity was reported .in Table V on a weight basis rather

than a volume basis i.e., -grams of oil per gram of catalyst per hour.
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- RESULTS

Aé previously stated, the purpose of this investigation was to find
a mothod for preparing a nickel oxide desulfurization catalyst; There

wers a number of variables inﬁolved and each will be considersd separately.

Efﬂqgt 2£,Spacé Vglbeity
‘ fhéfé?ta;ysﬁ gamplésfﬁsed in this investigation varied .in weight f?qm
;oé grams to 30,5 grams. The oil rate waé held constant at 420 grams per:
hour for each~run;_conseqpently, the space velocity varied agcordinglyo
- In order that a sefies eof. runs. eould be éompareq with rgspect to cgtqug?
activity (grams of sulfur removed per gream of ﬁickel),wa'common space vel=
ocity had to be_arbitparily chosen and some method devised to cbmpare all
the runs on the basis qf the same space velocity. |

Nickel carbongtq is a very hygroscopic material and will ébsorb‘véry=

ing amounts of water when éxposed $0 air. For this reason, a space ve;ocity
based on the weight of catalyst would tend to be misleading bgcausé while
one sample mﬁy have contained a negligiblé amount of wétérs another one
would have considerable water content. For.purposes of épmpg;isog, th?
gpace velocity was expressed as grams o? gi;‘pe: gram ofinicke‘l'per-hoqr9
rather than the grams of 0il per grém of catalyst per hour which was re=
ported in the sulfur balances (Table V)o Any foregqing reference to space
velocity will be understood to mean grams of o0il per gram of nickel per
hour, This quanti%y was determiﬁed for each run, merely by dividing 420
grams of oil per hour by tha'grams of nickel in any particular sample.

It is well to note that the Weighf of nickel in the samplés may be
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in.slight.error because of the.complexity and inaccuracy of the nickel
analysis., However, any future correction of the nickel content, resulting
from an improved analytical procedure, would cause the values to be changed,. -
Qitﬁér all higher of all lower. ‘Such a correction would have_litth or p§
gffect on the detefmination of'optimum conditions with respect.to catalyst
activity. o

Five seriés.of runs were made (Runs 1-23), which show the relationship
between space velocity and catalyst activity. Thé five different caﬁalysts- .
were divided into samples of Qifferent size, The results éf these runs
.have'beenﬂgfaphed'in,Eigure 2., It appeafs that a feamily of curves %$'£e¥
presented, emanating from the'origino‘.Various operational difficglties
have caused a.few of the pbints to devjate conéiderably from their respe§t=
ive curves.

"A space velocity of.60 was chosen as a standard by Which_yo comparé
the various.catalyst samples. The procedure for determining the activity
§n this basis was.as follows.: The particular saméle'under'question was
'located on Figure 2, lknowing the spaée velocity and the grams of sulfur re=-
moved per gram qf nickel. B& following the general trend,éf the family of
curves, this point was then transposed to a value of éé gfamS'of.oil pexr
gram of nickel per hour, énd the correspending activify was reaﬁ_oP the
ordinate., It was assumsd that any particular catalyst sample, when located
on Figure 2, fell on a curve which fit into the family of curves already
represented. Tﬁe activities of all the samplés have been determined on

this basis and are.presented in Table 111, along with the various space
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velocities and makeup of the catalyst samples.

Mothod of Adding Solutions

Théffelatiépship bét&eéﬁ‘qctivity and the method for adding the
solutions, i.e., whefher.fhérnickel sulfabte should be added to the carbon-~
ate solution, or whether thé sodium carbonate should be ad&ed to the sulf-
_ate so;utioq, ié not clearly understood as yet. .Co&kendall (3) reporteﬁ
that the_highést activity was obfained when the carbonate was added to the
‘nickel ‘solution, . o
A definite relationship has been noted in the physical dharaqte;ist=
“ics of the catalyst. When the nickel‘sulfate solution.was added tb the
.carbonate solution, the catalyst was very granular, and could no% be eX=
truded into “noodles" When the carbonate solution was added to the
nickel solution, the éatalyst appgared to be very finely divided, and was
readily extrudable, | |

Effect of Excess Carbonate

A group.of catalysts have been prepared to study the effect of addlng
the canponatq 1n‘e$qess~qf the_st01chiometr1c quantity. At the‘tlme of |
this writing, theée samples had not yet been tested in the qomparison unit,
Ueno (8)‘reportéd that nickel hydrogenation catalysts, prepared by precip=-
itating nickei carbonate frqm.nickel-sulfgté and sodigm_‘cax"bona_te._solutio'ns9
have the'greateSt.activity when a slight.excess of sodium carbopate is usedol

Effect of Calcium Hydroxide

The purpose of Runs 24-28 was to test catal&st samples precipitatéd
. from nickel sulfate and calcium hydroxide. This type of cataiyst appearsd

to show activity comparable to the nickel carbonate, as seen by the data
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. of Table ITI, Samples P=46 and P=47 were brecipitated_and digested at
room temperature, while samples-P-50-~B and P-51-B were precipitated and
digested at a boil, In all cases the lime was added to the nickel solu~
tion, The activities of these four samples were very similar, which indi-
cated that the preéipitation 6onditidns; when ﬁsing calcium’hydroxide; were
not a critical factor. éample P—jé-A was precipitated at room tempe?ature;
and digested at a boil, but for this'sample the nicke} solution'was added
to the lime, Thé activity of P=36~A appeared to be s}ightly greater than
that of the other samples preﬁared_from lime, One might ¢opc1ude that a
more active catalyst i§ obtainedlwhen.the nickel solution is.édded to the
calciﬁm hydroxidé. A more thofough investigatiqn would be required; However,
‘to definitely establish this fact.,

T A1l five'samplgs were dried in an oven fof 18 hours at about 2259F,
after precipitaﬂiono | '

Precipitation and Digestion

Three runs were made (Runs 29=31) to determine the effect of precipi-
tatiqn and-digeétion conditioﬁs on the activity of a nickel carbonate cata-=-
lyst, Sample P=32 was'precipitatéd at 769F over a-fimg interVal §f 72 min=-
utes, and digested at the boiling point for 60 minutes, Sample P=33 waé
precipitated at tﬂe boiling-point for.lé minutgs and digeéted at the béiling
point for 60 minutes., Sample P=34 was precipitateq at the boiling poinf for
72 minutes; but with mo time allowed for digestion. On.the basis of grams
sulfur removed per gram nickel (based on a space velocity of 60), P;BB show=
ed the greatest activity with a value of OOBAOe The activitieés of P-32 and

P=3l, were 0,250 and 0,280; respectively. These results indicated that a
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gréater activity is obtained when the precipitation is carried éﬁﬁ at the
boiliﬁg point with appreciaﬁle time allowed for digeétiona

The precipitation of nickel carbonate at the boiliﬁg pqﬁnﬁ ié desip=
able from another standpoint, also. Nickel carbonate is insoluble in hot
watef, but is"siightly soluble in cold water; ﬁif the precipitation'and:
digestion‘gre'ggrried out at the boiling poingggtgg amount of nickel lo$t
in the filtrate will be minimized.

Effect of Entrained Salt

Runs 32, 33, and 34, illustrate the dgtrimental effect that entrained’
salt has upon the activity of the catalyst, Samples P-38, PLB9~B9'and tho;
. were washed with 3h0; 100; and O milliliters of wafer, respective}y, follow=
ipg £he precipitation, Their fespecﬁive activities were 0,400, 0,3003 and .
0,080 grams of sulfur removed per gram of nickel, On the basis of thése~
résults; it was concluded that the presence of sodium sulfate, as an en-
trained salt; is very detrimental to fhe catalyst activ&tyo

Time and Temperature of Calcining

The effect of the calcining temperature on the activity of-the cat=
alyst was studied in Runs 35-45. A large batch of catalyst was prepared
and divided into portions containing nearly equal amounts of nickelo The
various samples were then calecined in a mgffle furnace for 16 hours at
temperatures ranging frbm.2500F to 1Q7OOF0 The data obtained from this
study -has been presenfed in Tablg IV, The results were very inconclusiveo
The activity of the various samples vacied from dDOhé to 00278; but no
.definite relationship'appeared to exist between the activity and the cal-

cining temperature, In mapy cases, two samples calcined at the same, or
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nearly the same temperature, showea very inconsistent aeﬁivitiesg Sample
Cahh; calcined at 10660F, had the lowest activity with 0,042 grgmé sulfur
removed per gram of'nickele This seemed to substantiate the findings of
Coykendall (3), who reported a decrease in activity upon calcining at tempe
eratures in'excess of 1000°F, It is possible %hat at the higher tempera-
~ tures, the nickel catalyst is sintered; and undergoes.structural changes
which deactivate it as a deésulfurization agént; <Further gtudy would be re=
quired to definitély_ascerfain the effect of calcining temperature in the
region below LOOOF, |

The effect of calcining time was studied in Runs h6448° Cook 27*1
and Cook 31=2 were calciped for 1% and 7 hours, reSpéctively, at ﬁemﬁerau
tures of 830°F and 790°F, The small differénceAin temperature was neglect-
ed because the calcining tempefature does not appear tO'bé-too critical.:
Covk 29; 30-2 was calcined fér 5 hoqrs at BBOOFo Cook 27=1 and_Cook 29,
50;2 showed simiiar activities of 0,285 and 0,280, respectively., Cook 3152
had the least activity with 0,235 grams sulfur removed per gram of nickel;
It appears that caleining for longer than 5 hours tends to lower the active
ity, Although this appears to be frue for calcining temperatureés of abogt
SOOOF; it may not necessarily hold true for lower~calcining temperatures,

Qven Drying vs Calcining

A number of runs were made to study the effect of oven drying, at
'teméeratures varying from 230°F down to room tem.peratﬁreo .Thg effect of
ovén drying followed by calcination at 850°F was also studied.

:Runs 4951 showed.the effect of oven temperature on the catalyst

activity. Sample P=6thl was dried for 18 hours at 230°F, and showed an
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éctivity of 0,190 grams of sulfur removed per grém of nickel. -Samples
P=64=Xy5 and P=bi=X,) were both_dfied:at rooﬁ‘temperature for 140 houfsg'
but P=6A=X24 was afterwards dried for 16 hours at 225°F, The activity of

" the latter two samples was 0,300, This indicated that a catalyst dried at
room temperature tepds to have an even éreater activity than.ohe which is
oven dried at 225°F, Howe%er, the actﬁvity'of P=64~X2h indiéated that oven
drying is evidently not detrimental to the activity if the precipitate is
dried at room temperature previous to the oven'drying,

The samples used in Runs 52-54 were oven dried in éxactly the Same
manner as the samples for Runsfh9-51; respectively, but after the éven_
drying‘these samples were calecined for 8 héurs a? 8500F, The activities of
P=64=X11A; P—6A=th; and P—6AQX27, were 0,220, 0,210, and 0,210, respect-
ively, indicating a definite decrease in activity upon caleining in @he
ﬁigher t emperature range. It appeared that the most agtive catalyst was
prépared by drying the precipitate at room temperature. Howéver; the cale-
cined samples show an activity comparable to the saﬁples that were oven

dried at 2259F,
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SUMMARY

The physical characteristics of a catalyst debend, in part at least,

i

upon the method of adding the precipitating solutions. When the nickel

‘solution is added to the carbonate.éolution, the catalyst is very gran-

ular; when the addition is carbonate'to nickel, the catalyst is very
finely divided.,

Nickél‘hydfoxide, prepared by reacting'calcium hydroxide and nickel
sulfate solutions, showed-gctivity as a desulfurization ceatalyst compar-

able to nickel carbonate.

. A more active catalyst is obtained when the precipitation is carried

out at the boiling point with considerable time'&llowed’fér digestion.
Sodium sulfate; as énAentrained salt on the caﬁalyst, greatly reduces
the catalyst activity;

Tﬁe effect of calcining temperature on catalyst activity cénnop be
definitely'qsﬁabliéhed from the results of this invéétigationo The.
optimﬁm timé for caleining is questionable, but é period of five hours
or less seems to be indicated.

A catalyst dried at room temperature shows more_activity than one whicﬁ

is dried at 225°F or calcined at 850°F,
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TABLE I

INSPECTION DATA FOR CHARGE OIL
A.S.T.M. DISTILLATION

Percent . - * Temperature
Distilled ' oF
First Drop | | h | 460
5% '- . ' 500
10%. S . 518
20% . - | | 534
30% | S | 5146
Wp - | 556
50 . | : = 566
40% o - | . 576
% S - 586
807 ? | . 600
-90% . : B ‘ 620
find Point | | . 660

., Percent recovery: 98%
Barometric pressure: 638 mm Hg

Specific gravity: 0,877 at 60°F
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.TABLE II

SOLUTIONS USED IN GATALYST PRECIPITATIONS

Solution
No,

Solution
. No,

Nickel Solutions

Ingrédients ‘ Specific

Grams Comm, mb . Gravity
NlSOA .HZO
Leeched from spent 1,2529 at
catalyst with HpS0, e 28,9°C
858 - 299, © 0 1.1458 at
- ' . R2L4,5°C
8,43 . 1951 1,2060 at
23,9°C
1301 . 000 unknown
Anhydrous Niso, ' B
crushed to 14 mesh .
Same.as Y, cruslied ==
to 48 mesh

Carbonate Solutions

Graﬁs Na2003 per
gram of solution
0,1860
0,2018
- 0.2631




Run Catalyst Nickel

No, Samples
-1 W=1

2 We2

3 W=3

b W=4

5 W=5

6 Wb

7 W=7

8 W8

9 W=9
10 W=10
11 W11
12 W=12
13 P=53=1
14 P=53=2
15 P=53=3
16 P=56-1
17 P=56w=2
18 P=56--3
19 P56l

- 20 P=56=5

21 Pe56=6
22 P=56=7
23.  P=56=8
24 P=36=A
25 P46
26 P=1,7
27 P=50=B
28 P=51=B .
29 . P=32
30 P=33
31 P-34
32 P=38
33 P=39-B
34 P-40
35 C=35
36 C=36
37 C=37
38 C=38

=25

TABLE TII

INGREDIENTS AND ACTIVITY OF.CATALYST SAMPLES

e e O e e NNNNNNNNE DS

Carbonate Grams of 0il
Solutions Solutions Gram Nickel/hr

milk
milk
milk
milk
milk

HEEHEEEEREEEEEEEEEEEEEEE

P N

O 0
H Hy
e
3 5

of lime

00
kg
e
5

6.5
58,1
116.9
464
69.8
125.0
567
90.8
160.2
31:0
98,2
50,8
41155
190,0
94,8
400,0
2030
88.9
664
57.1
49.9
39.4
31.5
100.6
89.6
91.6
594
91.3
63.0
6259
63,0
101.7
7205
8L.6

- 60,9

60,8
60.7
60,3

_Grams of Sulfur
Removed per Gram
of Nickel

(Based on 60 gms oil
Gm Ni7hr

RN

0,390
0,300
0.310
0,280
0,300
0,250
02340 .
0,280
0,400
0,300
0080
0,270
0,213
0,266
0,233

)

y
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TABLE III (continued)

Run Catalyst Nickel Carbonate Grams of 0il . Grams of Sulfur

No, Samples Solutions Solutions Gram Nickel/hr ~ Removed per Gram
' of Nickel
(Based on 60 gms oil)
gm Ni/hr )
39 C=39 A A 60,6 0+139
40 C=40 A A 61,0 . © 0,147
I N ¢ A A 60.9 ' 0,159
L2  C=42 A A 60.9 . 0,179
L3 C=43 A A 60,8 : 0,215
L C=4ly A A 60.9 0.042
L5 C=ly5. A A 61,0 0.278
L6 Cook 27-1 ¥ L 5246 : 0,285
L7 Cook-31=2 ¥ L 5505 - 0,235
48 Cook 29,30-2 Harshaw No.3 0.4 - 04280
L9 P=64~Xq F L 52,1 - 0,190
50 P=64~X12 F L 5945 \ 0.300
51 P=bl~Xy)  F L L 649 - 0,300
52 P-6l=X17A F L 39.0 0,220
53 P“éh“xlh 7 L 49.0 ‘ 06210
54, Pméh—X27 F L 104.5 06210
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TABLE IV

CALGINING DATA

Catalyst - . Calcine Temperature Grams of Sulfur

. Sample ’ OF Removed per Gram
‘ of Nickgl
0=35 ' T 362 \ | 104270
c-36. | 661 0,213
c-37 850 0,266
C-38 - . 250 ‘ 00233
0-39 | 478 0.139
C=4O | - 423 . -.“O‘_,llﬂ
C=41 o 758 : 0,159
O=h2 - 97 0,179
C=43 o 0,215
Cobsly ‘ - 1066 ' 0,042

Cely5 | 955 o ; 0.278




Run No,

TABLE V

SULFUR BALANCES

Ba o 0 B @ ,§
3 5 S N 1 TEE - R T S
o > |9}
O . n &3 . O e LI L] Ca o} Qo Eo é f
Sy B 88 DB 68 @8 HE ® o g 8.8
. ‘g . _ ﬁ) . = — Q.M
4o © id ~ @ &b o nt o & = B
- 2] B - ¥ ~ 42 —~ — 42 © X [+] 0 G o
by SD Pl B o Qé oo~ O i—-IU) ] i O -Pe gbﬂb' © =
— ) [CaN el ) R 0] o Q@ - O el [o 3 ) R [ 1 0 b
3 : 3ol £ 4 " sE &3 gy s d89 958 528§
8 £ HEB 2 &5 £8 &3 28 E8 2WH 458 ELH
W-l 15,7 26.8 02,090 420,0 = - . 420.0 878 - 0.161
, T 12,025 . 420.0 2.0 12.3 °  405.7  8.22  0.273
2 1.973 405.7 2.0 13.3 3906k, 7,71  0.171
3 1.920 390.4 2.0. 13.1 375.3  7.20 0,207 ]
L 1.878 375,3. 2,0 .12.,8 360.5 6,76 0,158 8
5 1.851 360.5. 2,0 13.2 345.3 6,38 0,097 !
6 1.832 345.3 2.0 343.3 00.0  6.29  0.066
W-2 20.5 20,5 0 2.090 420.0 - - iu20.0 88 0 - 0.149
1 1.972 4200 5.7 "13.5 L0 7,90  0.495
2 1.932 L400.8 5.8 13.0 382,0  7.39  0.160
3 10898 38200 507 1265 36308 6989 OolBO
L 1.851 363.8 5.7 13.8  34k3 6,37 0.171
o5 1,817 3443 5.8 11.9 3266 5.9 0,117
) 6 10785 . 32606 508 32008 OO@O 508[4- OglOB
W-3 10.4 404 O 2,090 420.0 - - 420,0 8,78 - 0,108
1 2,082 4200 0.9 12.2 | A406.9  8.48 0,034
2 2.048 L406.9 1.0 13.2 392.7 © 8405  0.138
'3 2,035 392.7 0.9 - 1l.5 380.3 7.7, 0,051
L. 2,023 380.3 0.9 1lh.l 36543 7,40 0,046
5 1,998 365.3 1.0  13.9 . 350k 7,06 0,091
.6 1.982  350.4 0.9

34905 00.0 7,02 0,056




TABLE V (Continued)

SULFUR BALANCES

[
b ‘©g S ) g ‘
i 58 < 5 e wE P oo o,
8 5 Te Ja 2 g g a4 SEeH 55
.0 O
e e 3 8 4 28 58 88 <45 7§ gd, AE
s B £ b 8 gy A% de Lo dB 29 LLE Gy
] odlf |, 88 B8 WE E3 TS Hy HEL g
Q g 0O
5 % g 8g. B Ed b BE  2F cE S84 SR8 52
] ] = w Eo BH Ao =0 MN4J =0 = o §qc6'§o C?l'd-ﬁ -rf?g.)é'n
I W=4 25.6° 16.L 0 2,090 420,0 - - 420,0 8,78 - . 0,117
1 1,985 420.0 0.6 13.1  406.3 8.06 0,441
2 1,904 .406.3 0.6 - 13.9 391.8 746 0,329
3 1.872 391.8 0.7 13.7 3774 7,06 0.125
L 1.843 377.4 0.6 13:6  363.2 6.69 0,109
"5 1.818 363.2 0,6 16,9  345.7 6.27 0.091
6 1.802 345.7 0.6 345,1 00,0 6.22 0,055
5 W5 17.0' 24,7 0 2,090 420,0 = V- 120,0 8,78 = 0,161
‘ : 1 1.998 20,0 4.0 15,0 401.0 8,00 00386
2 1.912 401.0 3.9 16.2 © 380.9 7.29 0,345
3 1.885 380.9 4.0 13.3 -363.6 6.85 0,103
L 1.869 363.6 4.0 13.4 34602 647 0,058
5 1.842 346.2 3.9 . 13.9 3284 6,05  0.09%
6 1.820 328.4 4O 324 .4 00.0  5.98 0,072
6 W=6 9.6 43.7 0 2,090 420,0 - - 420,0 8,78 - 0.181
: 1 2,040 420.0 0.8 13.2 406.0 8429 0,210 ~
2 1.988  406,0 0,7 15.4  389.9 7.75 0,212
3. 1,975 389.9 0.8 1h.6 37405 7 .40 0.050
L 1,960 37h.5 0.8 14,1 359.6 7,05 0,056
5 1.948 359.6 0.7 - 12,8 3h6.l 6.75 0,043
6 1.920 34L6,1 0.8 345.3 00,0 6.65 0,097

méZm




<~ Run No.

o
0

P

H

1}

-+

1y}

o

W=7

8 w-8
9 W9

Wbo gms,

)
N¢)
°

(843

12.6

Space velocity

ms oil
gm cat/hr

Ei

33.3

56,8

OVEFWNHO OVFWPHO OVMEFEWNDHO  TPime in hrs,.

Perceﬁt
sulfur

=N

0O
0

&8

1.872

1,828

1.791
1.762
1,740

2,090
1.988
1.920
1.885
1.855
1.835

1.805

2,090
1.990

1,948
1,915

1.898
1.882
1.870

TABLE V.(Continued)

SULFUR BALANCES

‘00 B
§:§3 Hone :i .
QG o~ W n n
LI L
T8 48 B3
& w0 o0 Oy
S5 28 g5
= O QA =0

420,0 - -

- 420,0 1.8 14,9
'}403.,3 1.7  1b.k
385..2 1.8 16.1
367.3 1.8  12.8
352,7 1.7 14.0
337.,0 1.8 335.2
420,0 - -
420,0 1.0 16.1
L02.9 0.9 13.2
388.8 1.0 14,7
373.1 1.0 13.5
35856 009 - 1501
342.6 1.0 341.6
420,0 - -
420,06 1.5 1407
L03.8 1.4 12,9
389.5 1.k 13.7
37404 105 13°3
359.6 1.5 .15.3
342.8 1.4 3414

" Wt. oil after

correction gms,
Weight sulfur

after correction

ES o

o [

L]

Ld

TN OOV O
°
WOV TN B ~a

°

ScFEDFPF®

-3

‘6019

Sulfur removed

.during time ° -

interval gus.

0,609
0.294
00169.
0.136
0.102;
0.074

0.428
00274
0.136
0.112
0.072
0.103

06420
0.169
0,128
0,064
0,058

0,041

Grams Suifur

removed per
gram Nickel = -

0.183

0,231

0,311

~0g~




TABLE V (Continued)

SULFUR BALANCES

[}
. © > o o]
b Q: > . 0 »r g .
s : 3 SNV T S TS S R
g o T 9% B4 g 9L " g86  fuy
5l A 28 §8 3% 4§ 3§ Bd AL
e 0 SRR - S S - D ~ o o B awﬁ
S 5 B ody T §F T3 HB B3 B8 By . EPE o BF
@ Q o ] © G C & 2w ) £ & a)-0 o aﬁm aog
§ s S %gﬂ.ﬁ. g3 S8 .48 dE 0 S8 BLE FHE °§e
0~ O =z W B @ = o A 1 =20 =0 = @ 0T &
10 W-l0 20,1 20,9 O 2,090 420,0 - - 420,0 8,78 - 0,155
. 1 1.792 420,0 ~ 7.4 1hok 398.2 7.14 1.250
2 10690 39802 70/+- ll-l—o'] 37601 6936 OQLLOé
.3 1.622 376.1 7.3 14.8 354.0 5,75 0,256
L 1.590 35L4.0 7.4 15.8 330.8.  5.26 0.113
5 1,545 330.8 7.3 15.3 308,2 Lo76 0149
6 1.532 308.2 7.4 - 300.8 00.0 Lo72 0.040
11 W=11 6.5 646 - O 2,090 420.0 - - 420,0 8,78 - 0.341 -
- 1 1.946 420.0 2.3  13.8 - L403.9 . 7.85 0,605
2 10830 l.|,03o9 : 203 1106 39000 70114:' 00468
3 1.782  390,0 2.3 12,1 375.6 6.69 0.187
L 1. 748 375.6 2.3 12,0 36l.3  6.3L  0.128
5 1.725 36l.3 2.3  12.4 3466  5.98 0,083
6 10698 314—696 203 314—14‘03 ,oooo 5088 N 09994
12 - W=12 1203 3!}02 0 20090 11—2000 = = 11-2090 8,78 - 00298
L 1 1.832° -420.0 3.3  13.5 403.2 7.38 . 1,082 -
2 1,755 4k03.2 3.3 12.8 387,1 6.79 0310
3 1,722 387.1 3aky 12.7 371.0 6.39 0,128
L 1,690 371.0 3.4 12.9 = 354.7 5.99 0,119
5 1.66L  35h.7 3.3 1hoh 337.0 5,61 0,092
6 1.640 337.0 3.4 336.6 00.0 5e52 0.081




Run No.

15

16 -

TABIE V (Qontinﬁed)
SULFUR BALANCES

Po53-3'8,3 5046 2140 420.0 4 <

by - -+
+ L& 0
g §”§ S woe
e .03 |y & 5 %8 3%
e 8 PS8 8y dE da 2o
~ W o0 olas g H o ® w © o
V] . (&) [&] [1}] Q G4 | ¥ P I 3] ol
58 &8s A BY S5 8% @:
& = wm &) H MR =0 fan IO =0
P=53=1 1,9 221,0 O 2.340 420,0 - &
1 2:060 4200 - 437 13.5
2 2,050 L401.8 48 12.6
L 2,020 384ih K8 0 1259
6 24;015 36607 - 1}48 36109
P=53=2 4,1 102,5 O 2,140  420.0 - -
: - I 2,000 L420,0 3.3 11.8
2 1.970 L4OL.9 34 97
L 1.936 391.8 3ek 15.1
6 1.918 373.3 3.3  370,0
0
1 2,010 420.0 Le'l 11.6

2 1,905 LO3.7 4.8 12:1

b 1,782 386,8 Le'7 - "12:8

6 107621- . 36903 14'08 3614_‘,5

P=56=1 2,0 210 0 2,200 420.0 ‘= -
1 2.083° 420:0 6.0 16.2

2 2,075 397.8 6.1 . 16:1

L 2,060. 375.6 6.1 "17.8

6 2,050 351.7 6.1  345.6

Who oil aftér _
; ~correction gms.

Weight sulfur

after correction

glis o

~ Sulfur removed
“during time -

0,336
05040
0,115
0,018

0.588
0,121
0.134

0,067

O;;hé
0:423
0.475

0,067

0.491
0,032
0,056

0,035 |

interval gms.

. Grams Sulfur

O

-]

Ut
ht B
=

“0,421

0,350

0.573

remnoved per
' gram'Nickel

az’agz.




 TABLE V (Continued)

SULFUR BALANCES

: "
.- e ° o]
B ¢} P n o g :
T, L O LIRS LI Y
o |y B &8 58 g 8 9§ 3 & 8.5 o 6%
s h SO = S T e . ® 8 B B s o
O _.’>: go o} 2 oﬁ o & od O ’:—-II!J -PCD_ o] © + ) ghﬂb O =
= =1 © Of® [ =] [o 1)) - © S (e 1] SR SO P
s B . S4° 2 oS5 B BE BB o B8, oS98 BEs
g & & HHE £ &8 B8 AS =28 0 £8 298 &883 H8h
17 P=56=2 Lol 102 -0 2.200 420.0 - - 4200 9.2 - 0.655
S 1 1.978  420,0 2.0 16,7  4O0L.3 794 0,932
2 10935 1+®lo3 109 ll-i-oé‘ 3814-98 : 7011»5 00173
L 1.890 384.8 . 2.0 lh 3684 6,96 - 0.173
6 1.852° 368.4 2.0 366.4 00,0~ 6.8 0,140
18 P=56-3 8.8 . 47.7 O 2,200 420,06 - - 4200 9.24 = 0,391
: 1 1.883 420.0 Ll.h 16,0 402.6 7,58 1,330
2 1,788 402.6 1.4 16.2  385.0  6.88 0382
L 1.765 385.0  Lloh  1lhol  369.5 6,51 0,088 _
6 L.754 369.5  l.b  368.1 00.0 6,48 ° 0.041 _
19 P=56=L 1l.7 35.9 0O 2,140 = 420.0 - - 420,0 8,98 . - 04294
1 1.870 1420.0 4.0 14,07 402,06 7,52 1,133
2 1,780 402.0 “4o0- 13,0  385,0  6.85 0,362
L 1,713 385.0 4O  17.5  365.5 . 6.23  0.258
6 1.682 365.5 4O 359.5 - "00.0  6.11 0,113
26 P=56-5 13,9 30,2 O 2,200 420, = ‘- 420,092 T - 0.316
- : 1 1.93F 4205& 3.9 4.1 402.0 777 1.130
g 1.795 L02.0 3.8  1h.7  383.5  6.89  0.547
b 1,678 383.5 - 3.9 LhJd  365.5 6,12 0.L49.
6 1.62h 365.5 3.9 36l.6 00.0 5,94 0,197 .

™ T T TTT
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TABLE ¥V (Continued)

- : - SULFUR BALANCES

' &
0w P . i , -
; §h . L. gD BB o4
'é." ._qo)g '_S g . 8 n qs]-‘_-g_ . rg % .g ﬁ EO é Efg
o : ol ® 8D S & 3 @8 A = Bl
40-; w jm] ol ™~ P 1 ~ 2 3] © 0 TH o]
g B 88 ©3 H8 E4 S8 By AFE g 27
g g b9 b BE 9F  <bF g4 SHE 5385
8 = g & f £8 AS 20 =8 23k 488 &ELH
P=56=6 15,9 26.4 O 2,200 A420,0 = - = 4200 9.2} - . 0,312 -
1 1,768 420,0 3.5 145 4020 7,11 1,815
2 1.594 402,0 3.5 15.5 383.0 6,10 0,700
2 1.555 383.0 3.5  15.5 3640 5.66 0,149
P=56=7 19,9 21,1 0 2,200 420,0 = = 420,0 9.2, - 0,28l
1 1.712 420,00 9.2  1h.6 396.2 6,78 2,045
2 1616  396.2 - 9.3 19.7  367.2 5.93 0,380
L 1,509 367.2 9,2 21,1 336.9 5,07 0,392
6 1.448 336.9 9.2 327.7 00,0  L4.87 0,206
P-56=8 24.8 16.9 0. 2,200 420,0 = = 420,0 9,24 - 0,238
1 1,752 420,0 "10,5 1550 3945 6,91 1,880 .
2 1,588 39L4.5 10,6 15.3 368.6 5:85 0,647
14- 10471# 36806 1095 11-1-a8 - BLI—BGB 5006 0014.20
6 -1.410 343.3 10.5 332,86 00,0 4.8, 0,220
P=36=A 22,1 17,8 0O 2,200 L420.0 = = 420,0 9,24 - 0477
I 1.939 420,0 5.6 16,7 397.7 .70 1,097 '
2 16878 39707 506_, 1706 37465 700[[. O¢2h2
L 1,760  37he5 5.7 161 352.7  6.21 . 044l
6 5.7 . 6.00 0,212

1.700  352,7 347,0 00,0

e~




" TABLE V (Continued)

'Sulfur Balances

° ° -0 .
by oW by 10 ord g
B _ 8 & g, 2 C8E ;Eﬁ g g
. © ©w 4 -t o ™ o e + : O Q@ g
' 3y & 88 . BE 88 5 8§ o & & .0 o
-+ ° [ <3 o ] Eﬂ — B0 al @ O S.q-l-"ng
s n o] > o — 43 = o o
o = Eo opd} i ot s:é, o O ~ 0 2 0 wl O 2 gyuob
= i Q O] @ [0] [o 3N ) o O <o o0 Mo Q&
[y} " [3) [ 3] [0] © °$-i -lo-; ‘,3 ;EIOQ-« oig n'h_lﬂg cg Cl—l'-g 1))
g 'Es‘ £ & E) ﬁ é:”g -;asé" o O ,95 o 0. O G- '5’;:1"&’
o] ] - CEH ow = O o R =0 E 0 EcrsEn M T o
25 P46 20,0 21.0 O 2.200 420.0 - - 420.0 9.2 -
: © -1 1,969 420.0 3.6 13.4 403,00 7.93 0,970
2 1,900 403,0 3.6 1lhoh  385.0 7,32 . 0,278
L 1.832 385,0 3.7  17.4  363.9  6.66  0.262
6 1.790 363.9 3.7 360.2 . 00,0 6.51 0,153
2 P47 20,0 21,0 O 2,200 420,06 - - 420.0 9.2 -
l 10910 14.2090 . 208 ll-|—07 h0205 X 7069 19219
2 1.875 402.5 2.8 15.7  384.0  7.20 Q.14
1-!— 10826 3814'00 2°.8 - 1697 36!‘»05 . 6965 ’Og.-l.'88 '
6 1.782 36L.5 2.8  361.7 00,0  6.50 0,161
27 P-50°B 30.5 13.8 O 2,200 420.0 = - 420.0 9.2, -
o 1 1.898 420.0 2.9 15,3 " L4O1.8 - 7.62  1.270
2 1,820 40L.8 2.9  15.8  383.1 - 6.96  0.31
K L.747 383.1 3,0 20,0  360.1 6,28 0,280
6 1,708 360.1 3.0 357.1 00,0 6,15  0.140
28 P=51-B 20.0 21.0 2.200 420.0 - - k20,0 9.2h -

15 ° 2 I_"Ol ch

=3
o

O
(&)

1.969 420.0 3ok - 0,970
"1.892 4Ol.4 3.3 15.7 @ 382.4 . 0.309
1.832 382.4 3.4 17.8  361.2 6.61 0,230
1.785 361.2 3.4 357.8 00.0 645 0,170

NENNHO
~3
)
=

Grams Sulfur
removed per
gram Nickel

(o
°

W
Ut
w




Run No.

TABLE V (Continued)

SULFUR BALANCES

: ' =
© . e . o
By [ by - ot g -
2 58 o f. b 8% R4 o4
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L 1.782 387.9 1.0 15.2 37L.7 6.63 00326
6 10734 371&7 loo 37007 OOoO 66141} 00178
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Figure 1. Comparison Unit
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Figure 2. Effect of Space Velocity on Sulfur Removal
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