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Abstract:

Solvent Refined Coal (SRC-II) from Pittsburg and Midway Coal Mining Company's SRC-II pilot plant
was hydrotreated with Montana State University developed catalyst MSU-C-49 combining 4% CoO,
8% MoO g, 1% NiO and 8% WO3. Thirty-two batch autoclave tests were performed.

Liquid products obtained from the catalytic hydrogenation experiments were analyzed for the
sulfur-nitrogen concentrations and for the extent of hydrocracking by the method of ASTM D-86.

A study of regeneration with air burn-off and resulfiding was performed to determine the effects of
carbon laydown on gatalyst activity. The operating conditions of 425 C operating temperature, 2,000
psig initial hydrogen pressure and 120 minutes operating time at run temperature, showed the best
performance in desulfurization, denitrogenation and the least pore volume reduction of catalyst.

The SRC-II Light Ends Column Feed (LECF) gave better sulfur and nitrogen removal than did SRC-II
Vacuum Flash Feed (VFF). SRC-II VFF gives a greater pore volume reduction of the catalyst than does
SRC-II LECF.
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ABST RACT

Solvent Reflned Coal (SRC- II) from Plttsburg and
Midway Coal Mining ‘Company's SRC-II pilot plant was
.hydrotreated with Montana State University developed
catalyst MSU-C-49 combining 4% CoO, 8% MoO 1% NiO and
- 8% WO3 Thirty-two batch autoclave tests were performed.

Liquid products obtained from the catalytic -
hydrogenation experiments were analyzed for the sul fur—
nitrogen concentrations and for the extent of hydro-
cracking by the method of ASTM D-86. '

A study of regeneration with air burn-off and
resulfiding was performed to determine the effects of
"carbon laydown on Satalyst activity. The operating
conditions of 425 "C operating temperature, 2,000 psig
initial hydrogen pressure and 120 minutes operating
time at run temperature, showed the best performance
in desulfurization, denltrogenatlon and the 1east pore -
volume reduction of catalyst.

The SRC~II Light Ends Column Feed (LECF) gave better.
sulfur and nitrogen removal than did SRC-II Vacuum Flash
Feed (VFF). SRC-II VFF gives a greater pore volume
reduction of the catalyst than does SRC-II LECF.




INT RODUCT ION

Amerlca has more energy in coal than the.Mlddle East
has in oil. ,It is estlmated that coal accounts for 80
percent ot the foss1l fuel resources in the U.S. (l)l
For many uses, however; ‘the ‘coal must . be turned 1nto:
. llquld and’ gaseous’ fuels. It has become increasingly-
obv1ous that it 1s v1tal for. thlS country to develop
as qulckly as p0351b1e effectlve means of convertlng coa15'
to convenlent non- pollutlng fuels.‘

Accordlng to .estimates made by the U:S. 5epartment of
Energy (DOE)[ coal, natural gas, and nuclear- power usage
will trend upward whlle crude 011 and gasollne consump—
‘tion-will declinei "In the_comlng years, coal consUmptlon-
Wlll'increase to 750 million tons.annually from 1930'5"'”
705 million‘tons. On the down s1de, petroleum consumption.
w111 drop by 400 000 bbl/d to 16.6 million bbl/d(2)

Seyeral coal llquefactlon processes and technologies
.haue.been deueloped.. These:processes'can‘be divided into :
three general categoriesi ‘pprolysis; extractlonéhydro—'
~genat10n, and indirection llguefactlon -At'present there
are a number of processes that mlght be developed 1nto'

commerlal demonstratlon plants but the manufacturlng‘cost




éeéms to be gréatér'fﬁah those for conventional péffofn :
" leum fuei. | |

It is. the purpose .of this’research’td iﬁvéétigate
‘the effect of’ope£a£ing conditions on the catalysf".
aétivity]and ?o’pfoviae.the inforﬁatioh on the life
of_the cataiyst_befo;e thé'continﬁoﬁs long;ruh.tégts :

~are made.




BACKGROUND

Coal is an'abuﬁdant rgsource~;-‘it constifutesfaboﬁt
77 percent.of U.S. convéntional'energy reser?es; but’
'curréntly'supplies less thaﬁ éO-percent 6f energy con-
sumptioh(B). _Morébver, épal'éan~sdppiy:all energy' |
demandé'since i£ can be burned‘direcély or‘trahsféfmed
:info quﬁid;;gaé,:or‘féeasfoqk;' ﬁut its péﬁenfiél can{
ﬁot be realized until é numbef,of préb;ems are solved.
Coal burning canAbe é_major éource of pollution in the
form of éﬁlfur'dioxide,'nitrogen 6xides, particulates,
and solid waste. The processes'for'méking liquids-and
gas from coal have yet to.be fully déveloped;-

The piindip;l;objectiVes df'thégreéource progfaﬁ |
are organized around the exfraction,-proceésing; and " .
'utiiizatidn Qf.EOai in an environmenﬁly écceptable manner.
In oxder to méet:the enviroﬁmeﬁtal reqﬁire@enps; signi;
ficant sulfur and nitroéen réductiéﬁ must - be ébtainéd
_gﬁd the mineral sdbstanéés in the liquid phase must be
‘reduced té'éilbw qoncentration: Thése.ére_ac¢omplished

by the Solvent Refinea Coal (SRC)-II process.




Chemical Structure of Coal

Coal is comp;ised of cafbon, hydrogén,'oxygen,
sulfur, nitrogen and inorganic sﬁbStanCes. The structure
of coal is composed éhiefly of conaensed,-aromatic rings
of high moiecular.weighf. Figure 1 shows the represen-
tatiﬁe coal st;dctﬁre,as given by Hill and Lyon_(4’,

SRC (Liquid) Prdcess:— SRC-IT

The SRC project was begﬁn'in 1962 and the process
.wésisuccessfully demonstratea in a 50 1lb/hr continuous
flow unit in 1965. The SRC—Ii.process is opergted by
Pittsburg.aﬁd Midway (P&M) - Coal Mining Company. A
combustion test of thé SRC solid product performed by -
the_Southern Company'sérvices in a 22.5 Mw'utility plant
demonstrétéd its capabilit?_t@ meet curreqt émiésion
standards for Sulfur and nitrogen oxideé. Céﬁsoiidated
'.Edison‘éompapy'operatihg a combustion £est of the SRC
distillate fuel iq a uti;ity boiler has successfully'
demonstrated that emissions ﬁili comply with Environ-
mental Protection Agency,.(ﬁPA)( Standards for‘sulfur and
nitrogen oxiaes. Rust Engineering Company begén building
theApiloﬁ plant”iﬁ;l972 at Ft. Lewis, Washington. . A sche-

matic diagram of SRC4II proceSS'is shown in Figure 2(5).




Figure 1. Coal Structure
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Chemical and'Physical PrOpertres of SRé-ii Product

| The SRC process is not considered as a single-product
processf Table I(6) shows the gas and liquid yields of SRC.
The SRC;II product used in this'research was made from |

Kentucky #9 coal.  This. is shown in Table II(7).

Catalytic.Hydrotreating'for Upgrading

‘ The hydrogenatlon, desulfurization and den1tro-
genatlon are the major coal conversion and upgradlng
_‘problems. Sulfur, nitrogen, and oxygen contents of coal
are often greater than 1 wt% and the hydrogen to carbon
atoms ratio of coal is too low. The max1mum sulfur level
is determined from the current EPA standard(8) For
llquld products from the SRC~ II, it is easier to meet the
minimum standard for sulfur than for'nltrogen content. -
The major steps in upgradlng are to reduce the nltrogen
and sulfur levels to less than 0. 3 wt% and to increase the
hydrogen to carbon ratio of the fuel' Some hydrocracklng
processes (the Standard 011 of Indlana Ultracracklng
process and Union 0il Unlcracklng process) can to;erate;
feedstock with_a nitrogen.content of as high as.0;3 wts
(9;10). The reason for the:requirement of iow nitrogen
B content is to’prevent catalyst poisoning during

' tonventional hydrocracking.




SRC,Process

o

TABLE 1

. .
Gas and Liquid Yields

C, - c4gas;‘scf‘

l .
.CH4 gas' | ] )
c. - 350 °F gal. ;o

5

350-750 °F distillate,.gal

" potal liquid, -gal

bbl .~

"bbl

bbl

(3130
2100

32°

'0¢762
T

0.904

70

'1,666:

Apérokimate analysis of Ci - C4 gas-cuf:

Vol.%
67.0
19.3.

BTU Value/ft3“

680
' 340 -
260

120

————

1400

* Pér ton of SRC




~ TABLE II.

'SRC Feed Coal Analysis, June 1979

".Average Raw Coal Aﬁalysis:(wt%)

Ash . = - ) - - 9.55
~Moisture ‘ ‘ - o © 6,14

Average Analysis of Forms of Sulfo (wt% on Coal). -
Pyritic Sulfur ‘ ' - .2.03"
Sulfate Sulfur = .~ : . 0.27
. Organic Sulfur = S ~1.27

Total - B -

" Average Dried Pulveriséd:CoallAnély5is (Wt%)'

 Carbon - : S - " 7 70.76 -
Hydrogen . - C 5.18
Nitrogen S _ : , 1.53
. Sulfur S : : : 3.57
Oxygen (by difference) PR .. 8.60
Ash - R ' g . 9.97
Moisture . T 6.39 -
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.Hydrodesulfurization (HDS) and Hydrodenltrogenatlod (HDF)
There are many sulrur and nltrogen compounds 1n
gooal llqu;ds of’ whlch benzothlophene and qulnollne are..:

tyoioal. ' The proposed mechanisms for the desul-
.furization'and:denitrogenation-of coal liqdids-have‘been
studied'in'micrOreactors(llel4) In the HDS of |
"benéothiophene, it was found .that’ hydrogenatlon of the
double‘bond in’ the trlophene rlng took‘precedence_over

the removal of su}fur. o " ' .'f L
QO3 + Hy, = O

It was also.found that the two compounds above id
desulfur17ed at the same rate whcn both were rnacted -
separately,uso it 1s-not certaln whether'one 1slan inter--
medlate of the other in the reactlon(lz 13)

Usually n1trogen is more dlfflcult to move
than, sulfur. .Modelinltrogen compounds that are

present-in coal liguids are pyridines and substituted
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pyrroles-(indole) és the basic nitrogen ﬁeterocyciics.
It has been -shown that the total rate of HDN shows
a maximum with respect to hydrogen partlal pressure.
'The only 1nd1v1dua1 reaction whlch decreases in rate.
with 1ncrea51ng hydrogen partial pressure is the con-"
version of 1,2,3,4;tetrahydroquinoline.to ortho-n-
'propylaniline. This rate determining step dominates the

overall network at high temperature(11-15).
B - C:N: m
Sae
NH2 . |




RESEARCH OBJECTIVE

. The ohject of this research-was to-optimize.the_
'operatlng condltlons for upgradlng the SRC- II products.

The upgradlng con51sted of the reductlon of. nltrogen
and sulfur contents of the feedstock and an 1ncrement
. of clean product recovered‘ln the ASTM D- 86 dlstlllatlon f'
.test. “ | | |

| A catalyst'designated.MSﬁiC;49 with a metal conbina-'

tion of 4%‘C06, 8% Moos,'l° NlO and 83 WO3 was fabrlcated
and evaluated in a batch autoclave reactor. |

The objectlve was to 1nvestlgate the effect of
.operatlng condltlons on the-catalyst_act1v1ty. Catalet'
deactivation,was determined.' by'the.pore_volumeimeasureé
" ment. |

Thls research is expected to prov1de 1nformat10n
Iof the act1v1ty and life of the catalyst before a

.“contlnuous long run test is made.




MATERIALS, EQUIPMENT AND PROCEDURES

Egedstock ‘

Thé SRC-IT liquid products made by using Kentucky
#9 coal from thé Colonial Mine were supplied by:the
-Pittsbufg and.Midwaf Coal Mining Company (P&M). 1n thiéf
-research thefe are fwo SRC-IT products, P&M's SRCfII |
Vacuum Flash Feed (VFF) and Light Ends Célumn Feed (LECF),
which were used as féedstocks:

The VFF containing 1.17'wt% N ana 0.72 wt% S is
é'sluer at room temperature arid the LECF contaiﬂing
0.88 wts3 N_and'1.21 wt? S is a mixture of 15% SRC Naphtha;
40% SRC Middle bistillaté and 45% SRC Heavy.niséillate.
- These analyses:aré.shown in Tablé ITI. .

Catalys£ Preparation

MSU fabricated catalyst, MSU-C-49, with 4% CoO,

3

the active metal compounds on a commercial base, Nalco

8% MoO.,, 1% NiO and 8% WO, was prepared by impregnating
extrudates. The MSU-C-49 combination of metal oxides was
reported by Montana State University to have the highest-
“HDN activity(16). Four metal salts, ammonium molybdate,

- nickelous nitrate, cobalt nitrate-and ammonium

metatungstate, were selected for their solupilities in
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TABLE IIX

PROPERTIES OF SRC-II FEEDSTOCKS

—p

Vacuum Light Ends

Flash Feed . Column: Feed

% Carbon - 87.43 ) ‘ —%

% Hydrogen. . 7.15 . . -

% ‘Nitrogen 1:17 0.88

% Sulfur’ N 0.72 _ . 1.21

.% Oxygen : . - 3.72 -%

% Ash 0.246 ' 0.02

Sp. Gravity 60/60°F 1.08 S 0.983 -

'ASTM D-86 Distillation, °F

IBP Co 408 o © 122
5. o S , 217
10 _ 445 _ 288
20 : ) . 485 . . ‘381
30 o _ 544 " . 446
40 . . - 598 o 488
50 - 642 .- 541
60 . . 577
70 611
80. . - o 660
.90 ' o 727
95. . o S 795

End Point S 684 © 956

* Data not available
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 -water which-is néedéd‘iﬁ the wetness-ﬁéthéd of
~ preparation. | |
The.procedure.ﬁsed was as follows;
1. The sSupport was ariédvin'oven at 110 °c fof 8 hours.
2. The:suppoft was éalcined at 450 o'C'-for,8 hours'té be
sure that the sdppdrt couid.be wéi§héd cdrréctly.
3. Temperatﬁf%:ﬁasicqoled iﬁ a desiccétqr to‘room-
température. |
4..Weigh£ of the:éupport Qés recorded.

.5. Thé.sﬁpport:WaQ.imgregnated in.a slowly.rotatipg
jar_ﬁith-a.séecifié métai éqlutién;'the cohcgn—
tration of which'is‘calculafed by the formulation
klj’: _ o , . :

Métal oxidé percenﬁ in the:suppdrt
1 = édhc. of solutién k,pore volume-/
-lélt+ (poré Golumé X cpnc;.of_splution));.
6. Thé ca£aly5t Qas,dried inAan'air stream of 3 péig.
j. Thevsfeps from,iﬂto_4,W¢ré repééted'fo;;the ai?
driedlcatalyétiéﬁd ré§qrd1;he'wéight.increasé affef
impregﬁétion. ' o ';‘f o |

"~ This brbéeduréldéuld be-fepeated as . needed to 6btain'
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the desired percentages of metal oxides.

The catalyst carrler, Nalco 78-6008C-1/32", obtained
from Nalco company was. used in. thls research " The |
propertles of thlS catalyst carrler are 98% A1203 and .

2% Sio <! and posse351ng a surface area of 214.6 m /gm, an

average pore dlameter of 156 5 R a medlan pore volume

of 156 5 % and a pore volume’ of 0.84 ml/gm. Average

'pore dlameter (2) is equal to 40 000 (pore volume /

surface'area);

Catalyst Pretreatment:

- All catalysts’were pretreated by the'folloWing -
procedure Wthh was used to actlvate the catalyst and to
prevent the reductlon of catalyst act1v1ty(l8 19) The,

catalyst was treated with a '10% hydrogen sulfide in

. ‘hydrogen mixture for twelve hours. Temperature was main-

tained at 325 9C by'the use of a powerstat othhe electric

'pipe'heater.‘”Exitvgases from the sulfides .were scrubbed

* with water and a 20% sodium -hydroxide-water -solution

before venting to.the hood..jExtreme caution should be:
taken whenever using hydrogen,sulflde because it can .-

cause -collapse, coma and death within.a few seconds .-
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after one or two inspirations. ' Hydrogen sulfide is

extremely hazardous because ififatigues the sense of-.

"smell in high concentration, therefore giving no’

warning(20).

Batch Auﬁoclave Tests

Batch gutdclave tests were made in a Parr Séries
4000'preSSure feaétion abparatus(21,22). The Pafr
autoclave and.heatér—rqqker_aré shown in Figure 3.

The autoclave was charged with 30 ml of catalyst,

together with 200 m1 of SRC—IIlproduct. The copper head

:'gasket and autoclave head were secured using a’ torque

wrench, NeW copper head gaskets were torqued to 60 ftvlbs.
Subsequent runs with the same head gasket were ﬁorqued

higher until the copper gasket_Was replaced. The pfessure

~gauge and gauge block were attached to the.autoclave head.

The éutoclave was-pressurized to 1,100 (or 2,060) + 50
psig hydngén gaé from a high pressure cylinder or using .
a Haskel gas'booster air—driveﬁ compressor(23)‘and |
cﬁecked for leaks. fhe autoclave was heated to.400 (or
425)'1 lObC, which uéually took ébou£ 50 minutes. The

run time, 60 (or 120) minutes, was measured from the
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'fime the target temperature was reached. An iran—
consfantan thgrmocouple placed in the bése‘of the
autoclavé connected to a single point Micromax
rééorder(24) monitored. the temperature of reaction.
Reaction température was controiled‘by manual'gdjusﬁment
of a deefStat variable transformer. Pressure and
temperature were'récorded-at,ls minute intervals,during
each run. Upén compietion of the run, the autoclave
was removedtfrothhe heatér-rocker and allowed to cool
" to rooﬁ'temperature. ‘The gas in the autoclave was then
-venfed in a'hood bf opening fhe needle vélue.in the
autoclave gauge blopk. After the autoclaye_head'and»'-
gauge block were removed; the liquid product-was'then

filtered from the catalyst and analyzed.

Operation of Catalyst Regeneration
The regeneration'aﬁd the sulfiding processes
were carried .in the same reactor. The premixed

gas,  40% oxygen in nitrogen, stored in
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the cylinder, was fed into the top of .the reactor.
The'outlet.gaSes passed‘through a wét test meter used
for méasuring‘the.fiow rate. The burn-off process
had to be carried out at 550 °C. The cafalyét was

checked to determine the completeness of -burn-off. .

‘After compléting the process, the'éatalyst was

resulfided prior to reuse.

Anélytical Procedure

Liéuidléroducts féom all runs were analyzed for
nitrOgén and sulfur contents and for the extent of
hydroqracking. | '

The Macro—Kjeldahi method was used to determine

-nitrogen content using approximately 0.5 grams of product
' Sample(25,26,27),- The weight'percentIdeﬁitfogenation

-'(%'DN) was caibulated as follows: .’

DN = (wf% N of feed - wt% N .of pfodﬁct) /
(wt% N of feed) | | |
The sulfur analysis was pérfd;med on approximatély
0.3 gfams sample by the quartz tube combustion metﬁod

using a Bico-Brown Shell design sul fur apparatus (28,29).

The désﬁlfuri#ation(% DS) was calculated similarly to
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the denitrogenation($ DN).
The extent of hydrocracking was determined by ASTM
D—8é atmbépheric diétillation(30). Fifty milliliters":
of compdsite saméle répresentative pf each run were ﬁsed
as a standard test volume, if possible. Thisltéchnique
measured the cﬁmulative amount of product which boiléa
'belbw 650'9F'(434 °c) or when decompésition,began,
whichevér ocgured-firét. |
Thé pore ‘volume of the catalyst was esfimated By
the watef satﬁrétion method (31) . "It -gave a relative
value rather than‘absqlute. The procedure for pore
. volume meésdrement.is.és follows:
1. Dry the catalyst at.lOO °c for two hours.
2. Cool the catalyst.to rbom temperature in‘a _
desiécator. l
3.;Weigh the catalyst, then immerse the catélyst
in-the-boiling water.qu 5 minutes.
4. Degahf the excess water 'and widely spréad the
catalyst on'.a sheet of paper, then.proceed to
air dry for 35 minutes. |

5. Weigh the saturated catalyst.
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The'pore volume was calculated by the grams of water

absorbed per gram of catalyst assuming the dénsity of

water at room temperature to be 1.0 gram/ml.




RESULTS AND DISCUSSIONS

Twenty-seven runs have been carriéd out with the
batch autoclave reactor using SRC-II Vacuum Flash Feed -
(VFF), and fivé runs ﬁsing SRC—II'Lith,Ends.Column Feed.
(ﬁECF). Catglyst,:MSU—C—49, that was fabricafed aE
Montana State'University was tested iﬁ'these runs except
two'runs whiéh.tested blénk cétaiyét bases.

The data fof each batch run érelbfesentéd_inlthe_
Appendix. The sémpies taken from all_runs were analyzed
for'nitrogen'and sulfur éontent and for the émount of
distiliableﬂliquids. The pore'volume measurements of
catalysts were tested. after each regeneratioh. The
effect of operating condit;ons_was aiso examined."The‘
operating conditions for batch runs are shown in Tablé'IV.'

‘Batch Autoclave Runs

Batch tests were'performed on SRC;II producf to
evaiuate £he effect 6ficarboﬂ laydown on catalyst activity
under differentererating conditions. As'coﬁtinuqus‘funs
had been very loné, it was cénéidered that batch funs
éouid provide relativeiy fést catalyst testing.: In an

attempt to investigate  the activity of the catalysts




TABLE IV

Operating Conditions for Batch Runs

Run.' : - Feedstéck?l' Rgn Temp.,oc ' giggTZ;p;, min. 'gigzggig, psig

v-1 to u-5"2 . VFF | s00 60 1100

H-1 to H-5 ~ 'VEF - 400 o e0 1100

H-6 to H-10. | VFF ' 400 120 . 1100
_H-11 to H-15 CVEF g25 e 1100 ~

H-16 to H-20 | VEF 400 o 60 B 2000

N-1 to N-5  LEcF a0 . 0 - 1100 ‘
*1

VFF contains 1.17 wt$ N and 0.72 wt% S; LECF contains 0.88 wt$ N and
1.21 wt% S. : ’

Runs U-1 to U-5 were made with unsulfided catalyst; H-1 to H-2O and N-1
.to N-5 were made with sulfided catalyst. o C .
All runs were followed by regeneration.

*2
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influenced by épérating conditi&né, the following.A
procedure‘was_performed. To test operating témperature,'
time at ruﬁ tempefature, hydroéen pressure, énd influenée
of two di.fferent lf_eed'stocks,."SRC—II (VFF) and SRC-II
(LECF),.thirty batch autoglave runs were tested using

the same“cgtalyét; MSU-C-49, and which- are deéignated'
H-1 to H-20, U-1 to U-5, and N-1 to N-5.

There were twé.blank.runs,”design&ted B-1 ‘and B-2,
made with blank catalyst carrier. The detéiled'aaﬁa with
a summafy.éf.operating éonditioﬁé, analyticallfesuits,
and COntént of the reactor from these tests are éreSented
in the,Appendix. Table V summarized the cétalyst' | |
activity fér denitrogenation and desulfurization é$ well
as calculated pore voiume; All cétalysts were prétreated
A by_sulfiding:except the five_runé made with unsulfided
catalySts'whicﬁ were comparéd with the five runs made
with sulfided catalets under the samelopérating |
éonditions énd_feedstocké. | |

The first two.runé, B-1 and B~2, were médé uéing
biaﬂk cafélysthcérriefs as the catalysts'and were

carried out to determine a better operating time at run
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TABLE V
Batch Run Data Summary

Run =~ ' Catalyst’ Wte DS Wt% DN Pore Volume*
B-1 Carrier ~4.17 . 0 - -

" B-2 Carrier - 6.67 .. o - -
U-1 MSU-C-49 19.44 3.42 0.56
U-2 MSU-C-49 20.80 - 5.98 . 0.53
U-3 MSU-C-49 11.10 11.97 0.52
U-4 MSU=-C-49 16.70 - 1.74 0.52
U-5 MSU-C-49 . 6.94 2.56 0.51
H-1 MSU~-C-49 " 41.67 - 13.60 0.32
H-2 MSu-C-49 . 41.67 16.23 0.49
H-3 MSU-C-49 8.33- . ~ 3.41- . 0.51
H~4 MSU-C-49 . 12.50 . 2.56 . 0.49
H-5 MSU-C-49 9.72 0 . - 0.51
H-6 MSU-C-49 44.44 25.64 - 0.42
H-7 MSU-C-49 37.50 18.80 . 0.41
H-8 MSU-C-49 41.67 . 23.08 0.42
H-9 . MSU-C-49 . 44.44 11.11 0.51
H-10 - MSU-C=49. =~ 47.22 11.11- 0.47

"H-11 MSU-C-49 48.61 - . 11.97 0.42°
‘H-12 MSU-C-49 58.33 14.53 0.34
H-13 MSU-C-49 48.61 . 14.53 0.38
H-14- -+ MSU-C-49- 44.44 - . 11.11 - 0.49.
H-15 MSU-C-49 45.83 14.53 " ° 0.43"
H-16 MSU-C-49 66.67 21.37 . 0.56"

. H-17 MSU-C-49 - 68.06 -15.38 0.52

- H~-18 MSU-C-49 44.44 "11.97 . 0.51
H-19 . MSU-C-49 37.50 - 9.40 . . 0.50 -
H-20 MSU-C-49 19.44  5.13 .- 0.51
N-1 MSU-C-49 84.30 . 17.05 0.55
N-2 MSU-C-49 76.86 13.64 0.55 -
N-3 MSU-C-49 79.34 10.23 - 70.50
N-4 MSU-C-49 71.90 7.95 - 0.55
N-5

Msu-C-49 °~~  75.21 = 5.68 0.55

Calcuiated-Poré‘Volume, ml./gm. of Catalyst.
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'temperature for feedlng the SRC II VFF Their,operating . j."- _ .Q

'condltlons were 1 100 p51g and 400 °c. Run'BElAWas § B ‘ _‘q

operated for 60 m1nutespat-run temperature,-while'run,

"B-2 was 90 minutes. Both run B-1 and run B¥2-gaVe zZero .

oo

wt DN. Run B-1 has 4. l7 wt° DS whlle run B -2 has 6 67.

Wt% DSs. - Flgure 4 shows the’ dlstlllatlon data of runs B -1

_to B-2 products. It 1nd1cates a sllght 1mprovement in

‘products compared w1th SRC I1 VFF It also seems that

there was not much dlfference between run B -1 and run

‘B-2. These runs had two dlfferent operatlng tlmes, 60

and.90 mlnutes. In order to evaluate the effect of

‘operatlng condltlons on catalyst act1v1ty, it was -

des1rable to select the best operatlng conditions. The
operating conditions, 60 minutes, 1,100 psig and.AOO °c,

of runs H-1 to H-5 were taken to be the best. 'Setsfof

five batch-runs with the same operating conditions and-

catalyst were carried out' with regenerations after each
run. There*were.six such sets: U-1 to U-5, H-1 to H-5,

H-6 to H- 10; H-11 fo H-15, H-16 to H-20, and ‘N-1 to N-5. .
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Figure 4. Distillation Data of the Products of Runs
B-1 and B-2.

\
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Effect of Sulfiding on Catalyst'Activity

The operating conditions of runs H-1 to H-5 were
400 °c, 1,100 psig and 60 min. The-cata1YSt.for.these.
runs was sulfided.afte; each regeneration. " Runs. U-1
to U-5 used unsﬁlfided'cafalysts after each regeneration
but had the.same operating.conditions asfruhs H-1 to H-5.
The activities of runs U-1 to'U45 and runs H-1 to,H—S
for desulfurization and denitrogenation are compared
in Figure 5. Sulfiding of catalysts,has beeo'sﬁown to
improve hydro desulfurlzatlon activity of catalysts(32)
' As Flgure 5 denotes catalysts H-1 to H-5 showed 1ncreased
desulfurlzatlon act1v1ty durlng runs 1 and 2 whereas
remalnlng data showed no s1gn1f1cant dlfference in
.desulfurlzatlon or denitrogenation between-sulflded and"
unsulfided catalysts. The difference may be seen in a
contlnuous reactor. The coﬁparison of the distillation
‘results shown in Figure 6 and Figure 7 shows llttle
diffe;ence between runs U-1 to-U—5.and runs H-1 to H-5.

Effect of Operating Time on Catalyst Activity

Five experiments, runs H-6 to H-10, were made to
investigate the effect of operating time on catalyst

activity. ‘The operating conditions of these runs were
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]
108 QO s of Runs U-1 to U-5
@® s of Runs H-1 to H-5
<> N of Runs U-1 to U-5
80 [ & N of Runs H-1 to H-5
i
60 |
(7))
a
oe
840 |- @ @
20 | {5) )
0 o @
0 1 1 Q %__{
0 1 2 3 4 5
Catalysts were successively used for the five
reactions
Figure 5. Effects of unsulfided and sulfided catalysts

on nitrogen and sulfur removal, data obtained
from runs U-1 to U-5 and H-1 to H-5. !

Operating conditions: 400 oC, 1100 psig,
60 min.
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400 °c, 1,100 psig and 120 minutes, and the catalyst was

sulfided after regeneration in these runs. Figﬁre 8

shows the catalyst activity in runs H-1 to H-5 and runs

'H-6 to H-10 relative to désulfurization and denitrd—

genation. - There was an improvement in desulfurization

for runé H-6 to H-10 over runs H-1 tQ:H45, A slight

improvement in denitrogenation was noted for runs H-6

" to H-10 compared with runs H-1 to H-5. It can be séen

. from Table V that there is only a slight difference in

the pore volume from runs H-1 to H-10. The distillation

.0of the pfoducts of runs H-6 to H-10 is shown in

Figure 9.

Effect of Operating Temperature on Catalyst Activity . -

Runs H-11l to H~-15 were made at 425‘°C, while the

- other operating conditions in these runs were the same

as runs H-1 to H-5. The data in Figure.lo shows that

runs H-11 to H-15 gave betteér desulfurization. It

also shows there is no significant improvement in
nitrogen removal for these runs compared with runs

H~1 to H-5. Figufé 11 plots the distillation data

. 0f runs H-1l1l to H-lS.' There is a slight differenée

in the pore volume of runs H-11 to H-15 compared with

that of ‘runs H-1 to H-5.
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100 L S of Runs H-1 to H-5
S of Runs H-6 to H-10
N of Runs H-1l to H=5
N of Runs H-6 to H-10
80" |-
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e ®
a 8 ) @ ®
w40 I ®
20 g; "
¢ 4 ¢
0 1 1 Q O 2
Hine N
0 e 2 S 4 5
Catalyvsts were successively used for the five
reactions
Figure 8. Activity versus operating time for

nitrogen and sulfur removal comparing
runs H-1 to H-5 with runs H-6 to H-10

Operating conditions: %
Runs H-1 to H-5 $ 400O C, 1100 psig, 60 min,
Runs H-6 to H-10 : 400 C, 1100 psig, 120 min,
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Catalysts were successively used for the five
reactions
10. Activity versus operating temperature

for nitrogen and sulfur removal comparing
runs H-1 to H-5 with runs H-1ll to H-15.

Operating conditions: A
Runs H-1 to H-5 ¢ 400 Cé 1100 psig, 60 min.
Runs H-1ll to H-1l5 : 425 "C, 1100 psig, 60 min.
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Figure 11. Distillation Data of the Products of Runs
H-11 to H-15.
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"Effect of Initial Hydrogen Pressure on Catalyst
Activity

The operating conditions oﬁ runs ‘H-16 to H-20 were
400 oC, 2,000 psig and 60 minutes. Figure 12 shows
that runs.H—l6 to H-20 had much better desulfurization
than runs H-1 to H-5. Tt also shows a slight’
improvement‘in denitrogenation. The'catalyst pore
volume  reducticn of runs H-16 to H-20 was less then-
that of runs H-1 to H—S. The-distillation data of
runs H-16 to ﬁ—20 is shown in’Figure 13.

Effect of Feedstock on Catalyst. Act1v1ty

SRC-II LECF served as the feedstock for runs N-1
to N-5, while SRC—II VFE served for runs H—l.to H-5.
Ruhs N-1 to N-5 and H-1 to H-5 had the same oberating
-conditions. The results in Flgure 14 show that runs
N-1 to N- 5 gave much better desulfurlzatlon than runs
H-1 to H-5. There was no significant 1mprovement
in denitrogenatioh; figure 15 plots the distillation
results of runs N-1 to N-5.- It shoWs an interesting
result,'that'the initial boiling point'of the products

"of these runs is higher than those frqm-SRC—II'LECF.
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Catalysts were successively used for the five

reactions

12. Activity versus operating pressure
for nitrogen and sulfur removal comparing
runs H-1 to H-5 with runs H-16 to H-20.

Operating conditions:
Runs H-1 to H-5
Runs H-16 to H-20 ¢ 400 "C, 2000 psigqg,

400

C6 1100 psig, 60 min.
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Catalysts were successively used for the five

reactions

1l4. Activity versus feedstock for nitrogen
and sulfur remnoval comparing runs H-1 to
H-5 with runs N-1 to N-5.

Operating conditions: 400

Feedstocks:
Runs H-1 to H-=5

o)

’

1100 psig,

SRC=11 VI

Runs N-1 to N-5 : SRC-I1 LECF

60 min.
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~Catalyst Deactlvatlon Tested by the Pore Volume
Reductlon

. Catalyst deactlvatlon due to - the carbon laydown
on the catalyst was 1nvest1gated by the pore Volume:
reductron because it mlght_provlde information on, the
activity'and'lifejof the‘catalystf’ The water saturationi
l method maS‘used for'measurlng the-pore volume of blank:‘“
catalyst,carrier. -A:value'of 0.77 ml./gm; was:obtained'
compared with the reported value of 0.84 ml /gm. The
same measurement method was applled to measure the
pore volume of fresh catalyst MSU C 49 The,pore
volume of thlS fresh catalyst was-0.56 ml./gm. Figure”l6
dpresents the data of calculated pore volumes after
regeneratlon. It was found that the pore volume decreased'
after the lmpregnatlon.' It was also_noted that there is a
slight reduction in the sise of the. pores,of the‘catalyst
after regeneratlon via burn-off and resulfldlng.-
Comparlng runs made with VFF and LECF (H-1 to H 5 and
g‘ N- l to N 5) showed that the VFF reduced the pore volume-
:to a greater extent than dld LECF Catalysts of runs

'N 1 to N=5-had an. average pore volume of 0. 55 ml. /gm.,

whlle catalysts of runs H- l to H-5 had 0.49 ml /gm.
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Figure 16. Pore volume vs the five successively used

catalysts under the different operating

conditions.




.- CONCLUSIONS

Preferred operatlng condltlons for the batch autoclave_s
tests are a temperature of 425 C, an ;nltlal hydrogen
pressure of 2,000 psig;.and an'operating.time,ofﬁlzo
minutes. | . . - -
Sulfur removal was easier from éRC IT LﬁCF than from

SRC IT VFF, but nltrogen was llttle changed

.ASPM D-86. d1st111at10n results showed a s1gn1f1cant

1mprovement in products.

A study of regeneratlon via burn-off and resulfldlng

showed a sllght reductlon 1n the pore volume of the:

used catalyst follow1ng the flve succe551ve

regeneratlons, but no.progressive deterioration’ -

© was noted.




RECOMMENDAT IONS FOR FUTURE RESEARCH

. In order to find better operating conditions of

fhe MSU-C549 caialysf, esﬁablishment of statistical
models fof expioring this catgiyét's activity'is
recommended. |

The results of batch runs‘shéuld be coﬁfirmed;in 
continuous runs.” It.is hoped that the operétihé

conditions of 406 °c and'Z;OOO psig can be performed

'in continuous runs.
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Run No. B-1

Catalyst. NALCO—78—6008C;1/32"

" Feed Charge: SRC-IT Product:

200 ml

Catalyst Coe ll gm (25 ml)

Hydrogen Pressure, p51g: ,

. “ lpitial' . Final
At,Room Temperature: 1100 750
At Run Temperature : 2200 - 2080

Run Temperature, °c 400+10

‘Time At Run Temperature, min:

-Results-'

Sulfur Content of The quUld Product, % -

Weight % Desulfurization

Nltrogen Content of The Liquid Product, %

Weight % Denltrogenatlon.
-'Measured'Pore Volume, ml/gm
ASTM Distillation .

Volume of Chargei' 44.5 ml

Volume % : IBP  -11 . 23

Op

419 450 502 -

Residence Time, min: 60

.69
4.17

1.19
0.

W77 '
(Blank'Catalyst)

,_Final Volume: 20 ml

34 . 15

545 594




R >2
. Run No. .B-2 -

Catalyst. NALCO-78-6008C-1/32"

Feed'Charge:"SRC-ii,Product:- 200 ml

. Catalyst. - 11 gm (25 ml)

'HYergen Pressure, psig: . -
n Initial ' Final.
At Room Temperature,: _ 1100 _ - -
At Run Temperature. : '.2250C- .~ 2110

Run'Temperature,:OC, : 400+10
T ime AtARun'Temperature, min: 90 Residence Time, min;.éd

ReSults-'

Sulfur Content of The quuld Product, % : .60
Welght g Desulfurlzatlon , P 6.67
'-Nltrogen Content -6f The quUld Product, g : 1.16
Weight 2 Denltrogenatlon .2 0
Measured Pore Volume, ml/gm . o :. .77

(Blank Catalyst)

ASTM Dlstlllatlon_

'Volume of Charge- 37u6 ml - 'Final Volume: 14 ml
Volume % : IBP - 13 . 27 37
. ;

. : 412  455. 536 606
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.Run No. U-1 '
Catalyst. - MSU-C-49

‘Feed Charge: ' -SRC-II Product: 200 ml

Catalyst : 30 gm
, Hydrogen Pressure, psig: ,
: Initial
‘At Room Temperature: 1100
At Run Temperature : 2900

Run,Temperature, ° '400f10

Time At Run Temperature, min: 60 Residence Time, min: .

Final*

1780

.56

‘18.5

”Results:' o
‘Sulfur éontent“of The Liqurd-Product,_% : .SQ',
Weight $% Desulfurization :19.44'
"Nitrogen Content of The quuld Product, %t 1.13>
Welght % Denltrogenatlon : 3.42
Calculated: Pore Volume, ml/gm :

'ASTM Dlstlllatlon _
Volume.of Charge: 46.3 hl - A.Fine; Voiuﬁe£;
volume.'$ : IBP - 11 ﬁzé'- 32 ~4°,. '
©°r . 375 425 465 480 550

44




. , 54
Run No.- U-2
Catalyst. . MSU=C—-49

Feed Charge} SRC-II Product: 200 ml

Catalyst : . 26.6gm
Hydrogeh Pressure, psig:
: : : Initial. - Final
- At Room Temperature: . 1100 - -
At Run Temperature : 3100 L 2940
Run Temperature, °C : 400+10

Time At Run Temperature, min: 60 .RésidenCe Time, min§»46
Results-

Sulfur Content of The Liquid Product, g . .57
Welght % Desulfurlzatlon : . :20.80

Nitrogen Content of The quuld Product $ : 1.10

Weight % Denitrogenation : 5.98
_Calculated Pore Volume, ml/gm : .53
‘ASTM Distillation R
Volume of Charéer'-45.4 ml . Final Volume: - 21 ml
Vorume % s . IBP _. 11 22 | 33 - 46 - |

COF . i 350 | 407 447 490 560
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Run No. U-3
Catalyst. MSU-C-49

Feed Charge: SRC-II Product: 200 ml

Catalyst :  23.8 gm
Hydrogen Pressure, psig:
: . . " Initial Final
At Room Temperature: 1100 - -
At Run Temperature : 2900 . 2880

Run Temperature, °C : 400+10

Time At Run Temperature, min: 60 Residence Time, min:

Results:
Sulfur Content of The Liquid Prodﬁct} g : .64
Weight % Desulfurization - _ o 111,11
: Nltrogen Content of The Liquid Product,_% : 1.03
Welght 2 Denltrogenatlon :11.97
Calculatgd Pore Volume, ml/gﬁ ' - oo ..52
AéTM Distillation | -
Volume of Charge: 45.4‘ml _ '~ Final Volume: éo.ml
Volume % : IBP 11 -22 33 43 |
op 343 425 465 487 550

P

45




, - | 56 °
Run'No. U-4. .

Catalyst. MSU—C¥49

Feed Chargei. SRC-II Product: 200 ml

Catalyst - =~ : . 20.7.gm
. Hydrbgen Pressure, psig: Co .
' Initial Final .-
At Room Temperature: . = 1150 | ' e

At Run Temperature .: 2720---- - 2600

Run Temperature,-oc. : 400+10

T ime At Run Temperature, min:: 60 Residence Time, min: 47 °

Results'

'Sulfur Content of The quuld Product,'% : 0.60
Weight % Desulfurlzatlon" B ‘ - .. 216l
Nltrogen Content of The quuld Product, %2 : 1.15
Welght ‘% Denltrogenatlon . T 1,74
Calculated Pore Volume, ml/gm , o 't 0.52.

ASTM Dlstlllatlon‘

_Volume of Charge.' 44..9 ml - Finhal Volume:
volume %f; 1B - 11 22 33 38
o

F° - : 335 410 451 , 550. 590
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"Run. No. U-5

' catalyst. MSU-C-49

Feed Charge: SRC-II Product: 200 ml

Catalyst : 18.8 gm
thdrogen'Pressufe, psig: .
: , ' Initial Final
At Room Temperature: . 1100 . C- -

At Run Temperature : 2300 2250

Run Temperature, °C : 400+10 -

Time At Run Temperature, min: 60 Residence Time, min: 37

Results:
Sulfur Content of The Liquid Product, % : 0.67
Weight % Desulfurization : s 6.94
'Nltrogen Content of The Liquid Product, % : 1.14
Welght % Denltrogenatlon : 2.56
- Calculated Pore Volume, ml/gm . - ¢ 0.51°
 ASTM pistillatibn
Volume of Char?e: 43.9 ml Final'Volume:.‘ZO ml

Volume % :  IBP 11 23 . 34 46
°%¢ . : 325 410 437 468 560
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Run- No. H-1 "

Catalyst. MSU- C-49 -

Feed Charge: SRC-II Product:. 200 ml

Catalyst Lo 21 gm (30 ml)
Hydrogen Pressure, psig: o o
- S . - Initial : Final
At Room Temperature: . 1050 ==
At Run Temperature :. .- 1910 . 1720,

‘Run Temperature, C'. .t 400+10
Time At Ruﬁ Témperaturé, min: 60 Pesidehce Time,
Résults;'

sulfur content of The quuld Product, g .42

min:

Weight % Desulfurization' ' : :41.67
'NltrOgen Content of- The quuld Product, g i;01
Welght % Denitrogenation - L ' :13.60
Calculated Pore Volume, ml/gm h‘ : - }._.32.
ASTM Dlstlllatlon . ' | _
lvolume of Charge: 44.4 ml IEinal'Volume:
Volume % : - IBP 1l ~ 23  34. 41
o

©°p i 225 495 497 557 580

50

18.ml
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Run No. H-2
Catalyst. MSU7C449

Feed Charge: SRC-II Product: 200 ml

Catalyst :° 18.2 gm
Hydrogen Pressuré, psigz N
o , ’ ) ‘Initial Final
At Room Temperature: 1050. - -

At Run Temperature : - 2050 - 1900
‘Run Temperature,°C : 400+10 '
Time At Run Temperature, min:60 Residence Time, min: 55

Results:

Sulfur Content of The Liquid Product, % B .42
Weight % Desulfurization _ © . :41.67
~ Nitrogen Content of The Liquid Pféduct, % : .98
Weight % Denitrogenation - :16.23
"~ Calculated Pore Volume, ml/gm : .49

ASTM Distillation
Volume of Charge: - 49.5 ml ~ Fipal Volume: 28 ml
Volume % :  IBP 10 20 30 40 50 .. 57

°0 . : 200 375 420 450 485 540 620




Run No:. H-3 - ’

"Catalyst. MSU-C-49

Feed Charge: SRC-II Product: 200 ml

Catalyst e 14.7 gm
Hydrogen ‘Pressure, psig: - .
' _— ' - .Initial- ‘Final
At Room Temperature: 1200 - -
At Run Temperature : 2300 . 2050 -

Run Temperature, °C  : 400+10
"Time At Run Temperature, min: 60 . Residence Time, min: 55

Results:

Sulfur Content of The Liquid Product, $ : .66
Weight % Desulfurization : 8.33
' Nitrogen Content of The Liquid Product, % : 1.13
weight % Denitrogenation : 3.41
Ccalculated Pore Volume, ‘ml/gm -+ .51
ASTM.Distillation |
Volume of Charge: 47.6 ml Final Volume: 26 ml
volume & : IBP 11 . 21 ~ 32 42 53
. O ' . : . !

F°  : .225 410 447 505 555 587




Run No. H-4

Catalyst. MSU-C-49

Feed Charge:,'SRC—II Product: 200 ml

Catalyst : .. 10.7 gm
Hydrogen Pressure, psig:
' : : Initial Final
At Room Temperature: 1100 - -
At Run Temperature : - = 2050 1800

Run Temperature, ¢ . 400110'

Time At Run Temperature, min: 60 Residence Time, min: 60

" Results:
Sulfur Content of The Liquid Product, & :. .61
Weight % Desulfurization o :12.50 -
'Nitrogen Content of The Liquid Product, % : 1.14
Weight ¢ Denitrogenation : 2.56
Calculated Pore Volume, ml/gm ’ :: .49 ..

ASTM Distillation

Volume of Chérge: 48.1 ml - Final Volume: ' 27 ml
Volume & : IBP 10 21 . 31 42 . 56
(o)

Fo. : 220 420 450 497 . 550 592




' : _ : 62
"Run No. 'H-5. g

Catalyst. MSU-C-49

Feed Charge: SRC-II Product: 200 ml

Catalyst - : 9.8 gm
Hydrogen Pressure, psig: ‘ : :
' ' Initial . . Final.
At Room Temperature: 1100 - -
At Run Temperature : 2100 : 1830

Run Temperaturé,-oc : 400+10

Time At Run Temperature, min: 60 Residence Time, ming: 58

.Result5°
Sulfur Content of The L-quid Product,-% : .65
Weight % Desulfurization : 9.72
Nitrogen Content_of-The Liguid. Product, g : 1.17
- Weight % Denitrogenation’ : 0
calculated Pore Vo;ume, ml/gm s 51
'ASTM Distillation
Volume of Charge: 46.6 ml ~Final Volﬁme: 17 ml

Volume % : ~IBP . 11 21 32 37

°p. - 220 395 440 475 550




. 63
"Run. H-6

Catalyst. MSU-C-49

. Feed Charge: SRC-II Product: . 200 ml

Catalyst t  -30 gm
Hydrogen Pressure, psig: . S -_ :
. : Initial " Final
At Room Temperature: 1100 540

At Run Temperature : ' 1780 - 1550

Run Temperature, % : 400+10

Time'Aﬁ'Ruﬁ Temperature, min: 120 Residence Time, min: 49

Results:

Sulfur Content of The Liquid Product, $% : 0.40
~Weight % Desulfurization : 44.44
Nitrogen Content of The Liquid Product, % : -0.87
Weight % Denitrogenation ' : 25.64
Calculated Pore Volume, ml/gm ' , 2 0.42
ASTM Distillation - ‘

Volume of Charge:. 49.1 mi‘ _ Final Volume: 24 ml

Volume & :  IBP 10 20 .31 41 - 49
°F : 305 385 420 490 - 535 607




o . 64
Run No. H-7

Catalyst. MSU-C-49

' Feed Charge: SRC-II Product: 200 ml

Catalyst - : 26.8 gm
Hydrogen Pfossure, psig: .
: _ . Initial Final
At Room Temperature: © 1100 - -
At Run Temperature : 2340 1900
Run Temperature, ° 400+10

Time At Run Temperature, min: 120 Residence Time, min: 43

Results:
.Sulfur Content of Tﬁe Liquid Proéuct,~% : 0.46 -
Weight % Desulfurization : ' : 37.5
Nitrogen Content of The Liquid Proauct, % 0;95
Weight % Denltrogenatlon : 18.8
Calculated Pore Volume, ml/gm : »0.41
ASTM Dlstlllatlon
Volume of Charge:‘ 46.5 ml Final Volume:22.3 ml-
Volume & : IBP 11 22 32 43 48 .

Op : 285 425 470 515 578 ~ 615




Run Temperature,

Time At Run Temperature, min: 120 Residence Time, min: 55

Calculated Po:e Volume, ml/gm

65

Run No. H-8
Catalyst. C-49
Feed Charge:. SRC-II Product: 200 ml
: Catalyst -3 24.5 gm-
Hydrdgen-Preésure, psig: '
' S Initial Final
At Room Temperature: y 1150 - -
At Run Temperature : 2350 1680

°c :' 400+10

Results: -

Sulfur Content of The quuld Product, 2 : 0.42

Weight % Desulfurlzatlon : 41.67

Nitrogen Content of The quuld Product, % : 0.90

Welght % Denitrogenation : 23.08
: 0.42

ASTM Distillation

Volume

Volume

OF'

of Charge: 45.8 ml Final Volume: 20.7 ml .

$ :  IBP 11 22 33 . 44 45

: 260 437 485 = 558 610 635




. 66
Run No. H-9
Catalyst. MSU-C-49

Feed Charge: SRC-II Product: 200 ml

Catalyst e 21 gm’
Hydrogen Pressure, psigr o
' Initial .
At Room Temperature: - 1100.
At ‘Run Temperature : 2580

Run Temperature, QC": 400+1O

Time.AtﬂRun Temperature, min: 120 Re51dence Tlme, ‘min:

Results.

Sulfur Content of The quuld Product,

Weight % Desulfurization

Nitrogen Content of The Liquid Product, %

Weight % Denitrogenation
Ceculated Pore Ve}ume, ml/gm
ASTM Distillation

Volume of Charge: 48.4 ml

Volume % : IBP 10 21 31

°°F  : 275 380 415 482

2 .

=]

Final  ‘

700
1900

44

" Final Volume

41
540

0.

0.

40
.44

1.04
ll..

11
51

22.5
46

550

48 -
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Run No. H-10

Catalyst. = MSU-C-49

Feed Charge§ SRC-II Product: 200 ml

~ Catalyst : 16.4 gm
'Hydrogen Pressure, psig: ‘
- : Initial . Final
At. Room Temperature: iioo0 - =

At Run Temperature : 2700 - 1920

Run Teﬁﬁerature,'oc. : ~400+10
Time At Run Temperature, min: 120 Residehce'Time,”min: 48j

" Results:

Sulfur Content of The Liquid Product, $% : 0.38
Weight % Desulfurization : 47.22
'Nitrogen-Content-of The Liquid Product, % : 1.04
Weight % Denitrogenation : 11.11
Calculated Pore Volumé,’ml/gm . : 0.47
ASTM Distillation

Volume of Charge: .47.2 ml - Final Volume: 23.5 ml

Volume % :  IBP 11 - 21 32 42 50

°F : 305 412 460 506 560 578 -
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-Run No. | H-11

Catalystr.'MSU-C—49‘

Feed Charge: SRC-II Product: 200 ml

Catalyst ‘ "¢ -30-gm-.
Hydrogen Pressure,,p51g- . . ,
‘Initial. . Final
At Room Temperature° Z 1100 - -

‘At Run Temperature F I 2000 : 1230
Run Temperature,'oc : 425i10
Time At Run‘Temperature,‘min;'GONAReeidenCe_Time, mlnf 56.

Reeulté?-

'Sulfur Content of The Liquid Product 3 : '0;37
CWelght 2 Desulfurlzatlon .. ': 48.61
-Nltrogen Content of The quuld Product, g : 1.03.
Weight 2% Dennltrogenatlon - 2 11.97-
Calculated Pore Volume, ml/gm - : 0.42
 ASTM Distillation.
-Volume of Charoei-,47.3 ml _Final.VolUme:' 24.3 m1 -

Volume % ¢+ ~ IBP . 11 21 32 -~ 42 51

Op

195 395 ©.433. 468 . 513 590




.Run No. -

Catalyst.

H-12

Feed'éharge:

MSU-C—-49

.Hydrogen Pressure,

At Room Temperature:

At Run Temperature

Tlme At Run Temperature, mln.

Results

"Run Temperature,

°c

SRC-II Product:
. .Catalyst

‘psig:

69

200 ml
:- 29.8 gm

Initial

- 425+10

1100
2700

Sulfur Content of The quuld Product,

_Welght % Desulfurlzatlon

calculated Pore Volume, ml/gm

Volume“of,Charge;

volume % :.

0.

F

”. ASTM Dlstlllatlon

IBP

193

" 10
393

47.8 ml .

21

440 -

: Nltrogen Content of The L1qu1d Product,
~Weight. % Denltrogenatlon

Final Volume:

: 311

490

%

Final

2100

42

550

60 Residence Time, min: 52

0.30.

58.33

1.0

14.53

0.34

50 .

603

24 -
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"Run No. H-=13 T

‘Catalyst. MSU-C-49

Feed'ChargeEH SRC-II Product: 200 ml

" Catalyst . & 27 gm
Hydrogen ﬁressure, psigs | , : , :
: : : "Initial Final’
At Room Temperature: 1100 L = -
At Run Temperature i 2460, - - © 1860

Run Temperature,'oc; 2 .425i10

Tlme At. Run Temperature, min: 60 Residence Time,_mlnc 45‘

Results-"

Sulfur Content of The Liquid Product, % :"0.37
Welght % Desulfurlzatlon ' "3 48.61
Nltrogen Content of ‘The quuld Product, % :- 1.0
Weight % Denltrogenatlon ' : 14.53
Calculated Pore.Volume, ml/gm .- -z 0.38
ASTM Distillation '

Volume of Charge: 47.6 ml .  Final Volume: -22.7 ml
~.vVolume % v - IBP-'. .11 . ~ 21 32 42 48 |

°° - .+ 195 © 350 410- © 460 - 530 605




‘H-14

71 -

Run No.
Catalyst. MSU-C-49
Feed Charge: SRC-II Product: 200 ml
Catalyst : 12.4 gm
‘Hydrogen Pressure, psig:
_ ' Initial Final
At Room Temperature: 1100 500
At Run Temperature : 2400 1900
Run Temperature, OC : 425+10
T ime A£ Run Temperature, min: 60 Reéidence.Time,

'Results:

Sulfur Content of The Liquid Product, % :
Weight % Desulfurlzatlon : 44.44
Nitrogen Content of The Liquid Product, % : 1.04
Weight % Denitrogenation : 11.11
“Calculated Pore Voiume, ml/gm : 0.49
ASTM Distillation

Volume of Charge: 47 ml Final Volume: 25

Volume % : 'iép 11 21 32 - 43 53

°p :. 390 420 463 525 - 585

200

J0.40

min:

ml

49
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‘Run No. H-15

" catalyst. MSU-C=49

Feed Charge: SRC-II Product: . 200 ml.

Catalyst ¢ 9.3 gm
Hydrogen Pressure, psig: o
' Initial . Final
At Room Temperature: 1100 ~ 600

At Run Temperature : : 2260 , 1900

Run Temperature, QC 2 ‘425t10

‘Time At Run Temperature, min: 60 ' Residence Time, min:.51

' Resu1£5°7

sulfur Content of The quuld Product, 2 : 0.39
‘Weight % Desulfurlzatlon : : 45.83
.Nltrogen Content of The Liquid Product, g : 1.0
Weight % Denitrogenation : 14.53
~ Calculated Pore Volume, ml/gm :. 0.43
ASTM Distillation
Volume of Charge: 47.4'mi, Final Volume:

Volume % : IBP 11 21  32- 42 48

(o]

F  : 195 405 448 502 570 615

_23 ml .
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Run No. H-16

Catalyst. Méu—c—49

Feed Charge:. SRC-IT Product: . 200 ml

Catalyst s 30 gm -
Hydrogen Pressuré, psig:
Initial . Final
At Room Tempcrature: 2000 - . 900
At Run Temperature : - 4100 - 2350
Run Temperature,foc' : 400+10

Time At Run Température, min: 60 Residence Time, min: 55

Results: .

Sulfur Content of The Liquid Product, % : 0.24

Weight % Desulfurlzatlon : - : 66.67.

Nltroven Content of The quUld Product, CEH 0.92

Weight Q'Den}trogenatlon : 21.37

Calcnlated‘Pore.Volume, ml/gm . _ : .6f56t

ASTM Distillation

| Volume of Charge} 47.8 ml Final Volume: 23 ml
Volume % : I8P 10 21 - 31 42 48

- Op ~: .195 © 415 457 503 508 590
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“ASTM Distillation

Volume of Charge: 48.2 ml
Volume % : IiBP 10 2
°F" : 193 383 4

Run:No. H-17
catalyst. Msu-C-49
Feed Charge: SRC-II Product: 200 ml
Catalyst N 23.9 gm
Hydrogen Pressure, psig:' S
- o Initial Final

- At Room Temperature: 1950 - -

At Run Temperature : 3860 - 2680
-Run Témperature, oC : 400+10
Time At Run'Temporéture, min: .60 AResideﬁce T ime,
Results.
Sulfur Content of The Liquid Product, % : 0.23
Weight % Desulfurlzatlon : 68.06
Nltrogen Content of The Liquid Product, 3 . 0.99
Weight % Denltroqenatlon : 15.38
Calculated Pore Volume, ml/gm s 0.52

Final Volume:
1 32 41 49
453 495 . 585

15

min: 51

23.5 ml
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Run No. 'H-18

Catalyst. MSU-C-49

Feed Charge: SRC-II Product: 200 ml

"Catalyst : 20.9 gm'
HYdrogeﬁ Pressure, psig:
: : : ~.Initial Final
At Room Temperature: 2000 1100
At Run Temperature : -  ~ 3740 3100

" Run Temperature, °C : 400+10

Iime At Run Temperature, min: 60. ResidencevTimé, min: 44

Resulté}
Sulfur Conteﬁt of The Liquid Pfoducf, % : 0;40'
Weight % Desulfurization : 44.44
Nitrogen Content of The Liquid Prodpct, g ¢ 1.03
. Weight % Deénitrogenation. s 11.97
Caiculated Pore_Vélume,rml/gm : - d.Si
ASTM Distillation |
Volume of Charge: 46.4 mi . Final Volume: 18.5 ml
‘Volume § : IBP 11 .22 33 40 o
o

F : 200 420 460 465 . 595
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Run No. H~-19

Catalyst. MSU-C-49

. Feed Charge: SRC-II Product: 200 ml
Catalyst : 19 gm
Hydrogen'Pressure, psig: _
' . . Initial Final
At Room Temperature: 2000 1440
At Run Temperature : - 4100 3700
Run.Température, % : 400+10

~Time At Run Temperature, min: 60 Residence Time,'min;'47.

Results:

Sulfur Content of The Liquid Product,

3

Weight % Desulfurization’

. Nitrogen Content of The Liquid. Product, %

Weight % Denitrogenation
Calculated Pore Volume, ml/gm
ASTM Distillation

46.9 ml

Volume of Charge:
Volume % : IBP 11 21
Op : 198 393 413

a

0

1 0.45
37.50

- 1.06
. 9.40

0.50 . .~

 Final Volume: ‘22.3 ml

32 43 48

468 525 580




_— . .77
Run No.  H-20

MSU-C-49

Run Temperaturé,IOC' : 400+10

Time At Run Temperature, min: 60 .

Results:

Sulfur:Content of The Liquid Product, $%

Weight % Desu]furization

- Nitrogen Content of The quuld Product, g :
Weight % Denltrogenatlon ‘

'Calculated Pore Volume, ml/gm

ASTM Distillation
' Volume of Charge: 46.6 ml
- Volume % :  IBP 11 21

° . : . 193 420 442

Catalyst.
Feed Charge: SRC-II Product: 200 ml
Catalyst _ : 17.6 gm
Hydfogen PresSure; psig: .
‘ _ Initial. Final
At Room Temperature: . 2000 - 1280
At Run Temperature : 3780 = - 3280

Residence Time, min: 46

(8]
[
w

(1)
o
U.I.
=

. Final Volume: 23.5 ml
32 43 . 50

467 505. 575 -




Run No. N-1 -

Catalyst. MSU-C-49

Feed Charge: SRC-II Product

Hydrogen Preésure, psig:

At Room Temperature:
At Run Temperature :

78

: 200 ml .
(LLight Ends Column Feed)
Catalyst : 30 gm
Initial Final
1100 350
2200 - 1300
400+10

Run Temperature, OC :

Time At Run Température, min: 60 ‘Residence Time, min: 49

Results:

Sulfur Content of The Liquid Product, %

Weight % Desulfurization

Nitrogen Content of The Liquid Product, %

Weight % Denitrogenation

Calculated Pore Volume, ml/gm

ASTM Distillation

Volume of Charge: 49.5 ml

Vplume 2 IBRP:

oF : - i45

10

243

20

328

0.19
84.30

0.73

0.55

Finai-Voluﬁei‘ 31 ml

30 40 51 '61° 63

390 415 482 495 595.
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Run No. N-2

Catalyst. -MSU-C-49

Feed Charge: SRC-II Product
\ (Light Ends Column Feed)

Catalyst
. Hydrogen Pressure, psig:
P ' Initial
At Room Temperature: 1100 -
At Run Temperature : 2260

Run Temperature, °- ¢ 400+10

" 200 ml

27.8;gm

Final.:
300
.1700

"~ Time At Run Temperature, min: 60 Residence Time,

. Results:

Sulfur Content of The Liquid Product, %
- 'Weight % Desulfurlzatlon R ;

Nitrogen Conbent of The quUld Produﬂt,
Welght 3. Denltrogenatlon ‘

' - Calculated Ppre Volume, ml/gm

. ASTM Distillation

0.28
76.86

0.76
13.64

0

0.55

Volume of Chargé: 49.4 ml Final Volume:

_Volume % :. IBP 10° 20 30 40

%% ° : 160, 250 330 390 440

51 61 .

475 485

min:

35.ml

71
570
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Run No. N—3

Catalyst. MSU- c- 49

Feed Charge: SRC-II Product .
, ' (Light Ends Column Feed)

Catalyst :
Hydrogen Pressure, psig: . - .
' o ‘ : Initial
At Room Temperature:. - 1150
At Run Temperature :. 2800
Run Temperature,”?c : 400f10

Time At Run Temperature, min: 60 Residenee:Time,ﬁ

Results:

:fSulfur Conteut of The quUld Product %'

Weight % Desulfurlzatlon

Nltrogen_Content;of The Liduid'Product;
Weight % .Denitrogenation

. calculated Pore Volume, ml/gm

ASTM Distillation

Volume of.Charge: 49.6 ml
Volume .% : IBP 10 20 30- 40
Op i 190 . 280 350 415 437

1

Final Volume:

200 ml

_24;2'§mf

Final
500
2400

Q 4\
\0
w
>

3

-
o Q.
N
w

..
o
Ul
- 9

50 61

455 485

”35'm1‘

71

580

min:
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~Run No. N-4
Catalyst. MSU-C-49
Feed Charge: SRC-II Product : 200 ml o {
" (ILight Ends Column Feed) .o ) C
Catalyst: : 23.8 gm .
Hydrogen Pressure, psig: . , |
- : ' ‘ Initial . Final
At Room Temperature: 1100 500 -
At Run Temperature : 2120 1700
Run Temperature, OC- : 400 +10
Time At Run Tempqraturé, min: 60 Residence.Time, min: 46
Results:
- Sulfur Content of The quuld Product, 3 : 0;34_
Welght ‘% Desulfurization : 71.90
Nitrogen Content of The Liquid Product, % : 0.81
Weight % Denitrogenation : 7.95
Calculated Pore Volume, ml/gm - 0.55
ASTM Distillation
- Volume of:Charge: ,49.6 ml Final Volume: 40 ml ‘
volume % :  IBP 10 ~ 20 30 40 50 61 -71. 81
Op " : 167 275 360 410 455 500 . 537

562 600
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Run No. .N-5 :

Catalyst. MSU-C-49

Feed Charge: SRC -II Product.

(Light Ends Column Feed)

Catalyst :
Hydrogen Pressure, p31g- :
.Initial
At Room Temperature: . 11060
At Run Temperature : - 2440

. Run Temperature, OC : 400+10

Time At Run Temperature, min:

Results:

Weight % Desulfurization

Nitrogen Content of The quuld Product,

Welght % Denltrogenatlon

Calculated Pore volume,. ml/gm

© ASTM’ Dlstlllatlon

Volume . of Charge- 49.3 ml

Volume & : IBP 10 20

T oo

Op - . 177 328 365

60

- 30

410

-,200 ml

21.8 gm

Final
600
2200 -

Residence Time,

‘sulfur Content of The Liquid Product, %

Fihal

40

457

min:

35 ml

A

: 0.30
: 75.21
% : 0.83.
+-5.68
: 0.55
Volume:
50 . 60
497 555

575
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