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ABSTRACT / :

L b

'fi The thermal hydroproce551ng of meavy gas oils was
! /
’jstudled 1n contlnﬁous flow: laborat%;y react rs. The prlmary
' |
: objectlve of the study was to, meajﬁre 1ntr7451c rate data.

v,for the conversion of a “hi b01l ng fractlon (343 < 524 °C)

called the pltch fractlon, and o .sulphur compo

'gas 011 in a stlrred reactor The rate data alon
. “ [
. m1x1ng model can be used to predlct the performance of»'

@ \\

‘thermal hdeoproce551ng reactors.{ﬂ
/

Rate. data for Lloydmlnster Vacuum Gas/01l (LLVGO) were

-

i

“derlved from- thermal hydroproce551ng runs made in a 0. 3 L

stirred reactor at 13 9 MPa, temperaturesqof 400 to 440

and nomlnal LHSV of 0.75% to- 1.5 h"’??"; fconver51ons'
ranged from 11 to 65 percent whlle sulph r conver51on ranged .
from 4 to 30 percent A method of sampllng reactor contents

'under reactlon condltlons was developed and thus true R

S
'

N

concentratlons of react;ve constltuents in thé/reactlng
dllqu1d phase were used to correlate the rateﬁdata..Hydrogen
SOlUbllltY and consumptlon were measured for all runs.,7

The rate of conver51on of the pltch fractlon was «

7»‘correlated w1th two kLnetlc models. Model 1 assumes that

T

conver51on 1s f1rst order 1n pltch concentrat1on and Modei 2
, P
: :assumes that conver51on is flrst order in both concentratlon

. s
- of: pltch and d1ssolved hydrogen. Model 1 prov1des a better

'”f;t of the-rate data; The rate of hydrodesulphur1zat1on was'

cdrrela}edfnfthdsulphur concentratlon. A,pseudo*frrst'drder.

4



.equat1on pr /the sulphur,removal ra e

- ]
data. The rat ‘&#pre551onsﬁ:bta

.'4" p) ‘ ‘
bElGW V&ﬁikﬁhﬂwbﬁ? CQnstam} expressed in kJ ﬂol YR

I

i

-5, C . l ) 7‘(MQDE; 1),5

RT, | “RL
oa v 1ql3 167.1, . L N
1674 % 1077 exp (~Tgp'=) Cpp, Oy | (hooEL 2)
".._ 115.7, . - o
_rs/ 1.816 x 10° eﬁcp b

I

R

“Coke formation is significant When‘procesﬁing LLVGO
_above 440 °c. Blending”LLVGO,nith a lighter CANMET gas, oil

“‘(EMRGO)'greatl§ reduced‘coke.fo

process;ng at- 450 °C F1ve d1 ferent gas 01hs, ranglng from

.llghter hydrotreated Athabasca gas 0113 to Peav1er Cold Lake

L /)
'ﬂfgas oils, were hydroprodz;;ed at 13.9 MPa,/nomlnal LHSV .of

‘.1 O h",-and temperature up to 460 °C. Tde relatlve coklng

e;data were correlated ased on models developed from )

"orrelatlon of LLVGO data. : ‘; 'f o :J‘ 7

The thermal nydroproce551ng of LLVGO was also studled
1n%a 2.34 I D 0 3 L tubular reactor at 13.9 MPa. Measured

"pltch conver51ons rang1ng from 17 to 60 percent agree w1th

ﬂrvalues pred1 -ed by a plug flow model A prellmlnary study

of catalyt;c hydroproce551ng in the stlrred reactor ‘was made

0

with, EMRGO feedstock and a commerc1al nlckel molybdenum

catalyst, Experlmental cond1t1onsfused were 13.9 MPa,

ned for LLVGO are presented,

!

o tendenc1es for these 't edstocks were - examlned Measured rate




i‘

“‘n0m1n 1 LHSV of 0. 28 h“‘and temperatures of 400 &o 440 °C. | |

Pitch fonver51on approached 95 percent at 440 -°C. \Near IR
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I. INTRODUCTION

Re51duum upgradlng has becéme more attractive in recent

‘years. R151ng conventlonal crude oil prlces apd the

availability of heavier and more sour feedstofks are
contributing'factors. There ar'e various upgrading processes
avallable commerc1ally‘°". A grOUp of'upgrad“ng processes.
known as hydrogen add1tlon or hydrocr cking priocesses are
partlcularly attractive because of h1 h distililate ylelds
thus providing for the efficient ise ;?*a non—Lenewable
resource. These processes convert the hlgh boi 1ng fractions
by thermally cracklng the heavy molecules in a hydrogen rlch
atmosphere at hlgh temperature and pressure, with or without
‘the presence of a catalyst.u

A hydrocragkrng process known as the CANMET Thermal
Hydroéracking Process has been developed by the Energy
Researoh Lahoratories of the Department of Energy, M}nes and

Resources in Ottawa. The process was developed mainly to

\upgrade heavy 011 or bitumen at moderate pressure and high

) temperature in the presence of an ﬁnexZens1ve,add1t1ve. The

additive'preVents coke deposition in the reactor to allow

for gperptlon at 1ow pressure and high conversion of the

. 524 c* fractlon“". In the first stage of the process, the

feedstock is thermally hydrocracked to remove most of the
metals and the worst of the coke formlng compounds and
concentrate themwin a heavy'fractio . The distillate product”

‘stream then enters a second stage catalytlc hydrocracklng

i{eactor where near complete sulphur, n1trogen and oxygen .

-



removal is achieved together v

%i
%
3

liquid fractions and gas.

It has been recognized that

used for the thermal h

o+

and heavy oils as

reactors
in" the CANMETA
if definitive

be agsisted infor

dependence‘of rates of hydrocracking

tion on the concentrations of reacti

-

0il at reaction conditions.

rate data would make it possible

in mixing patterns when scaling up’

N
commercial reactors.

th the production.o

For example,

f lighter

the design and scale-up of

droprgcessing of bitumens

‘racking Process would

were available on the

and hydrodesulphuriiaw

e constituents in the

d!"l

having intrinsic
to Jaccount for differences
rom pilot plant work to

X

The present project was underfaken to obtain such

information,
]

configuration on hydroconversion

hydroprocessing reactor.

and thus to determine| the ‘effect of reactor

nd desulphurization in a

The contjinuous thermal hydro-

processing of a Lloydminster Vacupm Gas Oil (LLVGO) was

studied at
(i) a stirred autoclave reactor

'1.D. tubular reactor. Both reacty

13.9 MPa in two differfent laboratory reactors;

CSTR), and (ii) a 2.34 cm

rs have a volume of 0.3 L

and comprise part of a laboratory scale hydroprocessing unit.

that has been constructed in the

Engineering at the University of

Department of Chemical

Alberta.

Some additional work was dohe on obtaining thermal

hydroproce551ng results for different heavy gas oil

feedstocks from CSTR runs. The prlmary objectives of the

study can be brlefly summarized ps follows
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fo
K

o

Lo

'ff,1,il

. :‘ i _ct A ‘, ‘0 . R . -» S . ) ‘ “ ) \
Operatlon of the CSTR to obtaln 1nformatldn to relate

-4

d flned as p1tch and of sulphur conver51on to the‘

concentrqtlon of p1tch sulphur and hydrogen in: the

- o reactlng 11qu1d phase at temperatures between 400 and

i .
I . o
/ -4

/ . .

SN

e :

h 475 C for dlfferent heavy gas o1ls. For thlS study,ﬂ

PltCh COﬂVer/gon is. deflned as the conver51on of the.;“'f7

o

343 to 524 {o b0111ng p01nt fractlon 1nto lower b0111ng
lquIdS, gases and coke ' e - E
Td study the relat1ve coklng tendenc1es of the heavy

vl

gas OllS. ,J: "_' 7;'__\ oL e )

Attempt to develop klnetlc equatlons to represent the ;_3“

. G,

\1ntr1n51c rate data measured from CSTR runs.tgyt
Measurement of the degree of p1tch conver51on and

hydrodesulphurlzatlon in the tubular reactor at

e

temperatures between 400 and 475 C. L1qu1d flow 1n thls"

reactor 1s assumed to approx1mate "plug flow“fd

'J .".
To compare the measured convers1ons of pltch in the

oL

tubular reactor w1th the perﬁormance predlcted by u51ng'

a plug flow model and 1ntr1ns1c rate data derlved from‘

the CSTR study -

2

To undertake prellmlnary experlments to evaluate the"
CSTR unlt for catalytlc hydroproce551ng

K v-mu - \ . : > ; e [EER e et
. i : N . - . B E g . . N v N B

_the rates of hydroconver51on of a hlgh b01llng fractlon v' -

'\\



'urf:the followlng areas-“g_"

rggact1v1ty and reactlon cond1t1ons.‘At the more severe,

“:> .“. T - V f;v .

»dr,

LI%ERATURE SURVEY

There are exten51ve publlshed llterature on the

.hydroprocess1ng ofﬂpetroleum 01ﬂs Only those publlcat1ons

o dlrectly related to thlS work w1ll be dlscussed .The }Nﬁ%“~f-*ﬁ"1

©

fvfundamenQal aSpects of hydroproce551ng of petroleum or

:'coal based 01ls are not well understood Most of the

oo

'I_publlshed 1nformatlon on petroleum hydroprocess1ng centre on. o

R4

1. Qngst1%$ate Ylelds“

Product Dlstrlbutlons o
‘ i

fEffeot of Process Varlables on Ylelds_ e

2
3

'fg4df:Catalyst Performance
w5

‘.JPlMechan1sm of Hydrocracklng of some pure hydrocarbons
g s

"*;The dlstlllate ylelds are dependenglon catalystde

B operatlng condltlons,;conver51on levels are hlgh At these'

."cond1tlons, equ1pment Operatlon 15 often hampered by rapld

*_-catalyst deact1vat1on'due to solld dep051tlon on catalyst

esurface and also by coke format1on on the walls 1n the

,;reactor and downstream separators. A brlef summary of the:'*

o .—;;.

=\rugr0ups of reactlons encountered under normal hydroprocessxng.'

,'cond1t1ons were prepared by Man"s’



. .
P . B

i A‘ Thermal Hydroprocess1ng
Thermal Hydroprocess1ng or thermal hydrooracklng 1s a
'process wh1ch could be used as the prlmary (or>f1rst) step
“1n the upgradlng of bltumen or heavy 011 ‘as an alternate
“process to thermal coklng MucH llterature 1nformat10n on-
”t,thermal hydrocracklng orlglnates from the Canada Centre forfh‘
yﬁMlneral and Energy Technology (CANMET) of the Department of:”“
TldEnergy Mlnes and Resources 1n Ottawa"s’i

Development work on a upgradlng process u51ng thermal"'°

'fhydrocnacklng started 1n the 1960 s at CANMET Much of the,‘“

wpee .

‘7~operat1ng d1ff1cult1es arls1ng from u51ng‘thertechnology to_?.gj'

N e

'-'upgrade heavy re51duum materlals llke bltumenfand heavy 01leﬁ
AL ; .

'such as coke formatlon have been 1nvest1gated11n detall
~{Khulbe and co workers"°"2’>1n 1976 reportedﬂthe-effect»ofd;f:

hheavy 01l recycle on pllot plant operat1on, product qualltyuffd

'7;and reactor foullng The work was done u51ng a conventlonalf'f“7”””ﬂ”

'flow apparatus WItb ar 4 5 L 3 81 Cm I. D tubular ,ﬂ»xrj?lff3f3a$f°iv‘

frreactor‘f”; They found that recycllng of heavy 011 p‘i51¢;;¢j;7:“’“

. flncTeased the ash content 1n the reactor llqu1d wh1ch

o

d.greatly suppressed coke and sludge formatlon 1n the reactor.
"However the conver51on of the 524 C‘ fractlon was decreased A
S Other 1nvestlgators have studled the thermal ’
‘“ihydrocrack1ng of Athabasca bltumen and thelr flndxngs were“
“”generally 1n agreement w1th the resul;; obtalned at CANMET
u'Chervenak and wOlk“’ 1nvest1gated the thermal h drocrack1ng
J;of b1tumen and found that for bltumen samples conta1n1ng 4. 0

o

‘jto 10 0 welght percent ash there was: no coke dep051tlon in,

’.5;.

i
1 L



:, the‘reactor. Layng"“" nvestlgated the effect of quenchlng o

'the reactor effluents by 1ntroduc1ng a part of the fresh'
feed or heavy ends between the reactor and separator.:;‘
McColgan and co- workers“" observed that a feed conta1n1ng
- hlgh concentratlon of m1neral matter could be hydrocracked
at hlgher temperatures w1th no. coklng or reactor foullng |

Lo

problems..’

' partlcles to: a. react1on mlxture of hydrogen and Athabasca
bltumen at 13 9 MPa and 723 K was studled by Ternan and
co workers‘°°’ 1n a bench scale,vflxed bed 24 54 cm I D
tubular reactor w1th a volume of 155 mL vIt was observed
that coke from hydrocracklng the b1tumen dep051ts on the‘:“

1f coal partlcles and not on reactor walls thus 1mprov1ng

process operatlons. Nand1 and co workers“” presented
ev1dence that the depos1ts of coke formed on %he coal‘f
partlcle surfaces orlg1nated prlmarlly from the b1tumen

.b'rather than from the coal 1tself : s

l;f ff'J Pruden("“zs’ rev1ewed the research actlv1ty on the

4if hydrocracklng of bltumen and heavy 01ls at CANMET The>

effects of process varlables l1ke temperature,,hydrogen.l

part1a1 pressure, l1qu1d hourly space veloc1ty (LHSV).and o

gas recycle rate on hydroconvers1on of a h1gh b0111ng o

(524 c* ) fractlon, hydrodesulphurlzatlon and hydro_:;f.

den1trogenat1on were d1scussed Operatlng pressure was found

“The effect of addlng sub b1tum1nous or lower rank coal y*d:;

to have llttle effect on product y1elds but hlgher pressure ‘,‘:_

"ereduced greatly reactor foullng problems at hlgh convers1on

.-



A
. ’ ‘ ‘ V
-Hlevels.FOver 90 percent of the 524 'C* fractlon ‘is’ conyerted

Mat 13 9 MPa, . 460° c and LHSV of 1. 0 h"‘ Sulphur removal

. Rep
approached 25 percent at the more severe operatlng

/ .
- I L ok
condltlons“’ ~

George and co- workers‘“’ studled the d15tr1but1on of

‘compound types 1n the thermal hydrocracklng of Athabascaf o

'*“bltumen.bGross comp051t10n analYS1s showed an 1ncrease 1n
,the amounts of llght 011 at the expense of heavy 011 and the"*

:asphaltene contents. Compound type analy51s showed that

.

('saturates and mononuclear‘aromat1cs 1ncrease w1th operatlng

'r_fseverlty.

. ER . : . , I

There 1s very llmlted publrshed 1nformat10n on- the yhftga

’;ﬁklnethS of the thermal hydrocracklng of re51duum fractlons

h::Man“s’.studled the thermal hydrocracklng of a heawy gas: 011v

fﬁ\"ln a constant stlrred tank reactor (CSTR) HlS results‘;‘“":

\\showed that a 51mple flrst order klnetlc model represents e
ﬁhe rate data qu1te well for the conver51on of a hlgh ; y:~;ﬁ

\
boml1ng fractlon (343 C ) HlS data also 1nd1cated that the

o

f} total pressure has negl1glble effect on the conver51on.;
‘ A

‘f level\ A second order k1net1c equatlon was found to f1t the.'T

sulphur conver51on rate data



'B Catalyt1c HydroproCesszng : ;'ll
Catalyt1c hydrocracklng is usually used‘ln secondary
upgradlng processes 1n the product1on of lower b0111ng
fd1st111ates or naphtha and in the removalﬁof most of the'
‘tsulphur and nltrogen compounds in. the feedstock It can be
:5used as a second stage upgradfhg to*further 1mprove the |
fquallty of the d1stlllate produdt from a flrst stage thermal

' hydrocracklng un1t for heavy 011 or b1tumen. The performance

‘gpf a two stage thermal and catalytlc hydrocracklng.process

T:pllot unlt for Athabasca b1tumen was evaluated by

'.Ranganathan and .co- workers‘3°’ The flrst thermal
' )

’1‘";hydr0crack1ng stage converts most of the 524 cr fract1on'

e

v

‘;qnto l1ghter dlstlllates, and removes most of the 1norgan1c gt,;“

‘hff“matter, coke precursors and metals. Partlal desulphurlzatlon"ﬂ"'o

C

| and denltrogenatlon also occur Hence longer catalyst llfe,“

-

rjcan be expected for the second stage CatalYth hydrocracklng‘

'7¢un1t

A major concern 1n catalyt1c hydrocracklng is. 1n )
£

*[nmalntalnlng catalyst llfe and act1v1ty The catalyst used in

5, commerc1al hydroref1n1ng reactors is. often presulphlded w1thri:”

:;carbon dlsulphlde' Cé ) or some other approprlate sulphur

'7.Tcompound before belng put on. stream ThlS presulphldlng stepf*ﬂ

converts the catalyst from its. ox1dlzed form to a surphlded i
fform wh1ch 1n most cases 1ncreases catalyst llfe and
"fact1v1ty"5’ Ternan and Whalley‘“"’1nvestlga ed the effectd‘

'h_of presulph1d1ng condltlons on a nlckel molybdenum catalyst R

figperformance 1n the hydroproce551ng of a heavy gas o1l

Dask. ] \ s
N



der1ved from Athabasca bltuMen It‘was‘found that

presulphldlng wlth the heavy gas oil contannlng 3. 64 welght
v

d percentvsulphur, thh CS,, or. with hydrogen sulphlde (H, S)

1 7

produced essentlally the same results in. terms of catalyst
N sulphur content and thé amount of coke dep051t10n onr
~jcatalyst surfaces. . O

'h.y‘lp\Altken and co- uorkers<1>stddied'thevcatalytlc:y“_li g
.hy‘ ogenatlon of a heavy coker d1stlllate derlved from

‘f Athabasca bltumen OvVer a flxed bed of cobalt molybdate on'l

"alumlna catalyst at varlous operatlng condltlons From thelrf

X

b xesults,‘they oﬁtalned an emplrlcal equatlon descrlblng the

effect of pressure on catalyst deactlvatron.

L
/
S

L e R
S as.6. _ 1.24 x10% L R
e T o3 Sz

S0 pee L
o fwhere,dy:;
“5hA>S G. /A 8 = rate of change of product sp grav1ty, h-

'f_f- : operatlng pressure, p51a~-

o The rate of change of product spec1f1c grav1ty was usedv'ﬁ

;ﬁgto 1nd1cate catalyst deactlvatlon 51nce thaJ characterlstlcv3
’1s ea51ly and accurately determlned The1r results showed

C

that 1ncrea51ng the operatlng pressure reduces the rate of

[

.catalyst deactlvatlon.,“-pj 7:fﬁ [.]v jg;\_}g”;\
The hydrocracklng of a gas Oll b01l1ng 1n the rangev“uu

'ABOO C to 430 C over nlckel tungsten catalyst ina f1Xed bed

Do) . \ L .
. o A L [
R I : o e, o S

-1



5 ‘\
v

N

N\

o0
/ <
tubular reactor was 1nvestlgated by Qader and Hlll“". ;
:Thelr results 1nd1cated that the c nver51on to gasollne,.,
»,mlddle -distillate. and gas 1ncreased w1th temperature but -
’ decreased w1th 1ncrea51ng spaceuvelo 1ty A 51mple flrst‘
’,order klnetlc equatlon was used to model thelr rate data and
,the follow1ng klnetlc equatlons for the rate of
y nydrocracklng, desulpnurlzatlon and de 1trogenatlon were
} ‘obtaxned ,reSpectlvely ‘
s 107 e (8823 |
‘ dxg(dt = 1.0 -x }Q egp‘(n RT‘) xg ‘(2.2)
'§f§x$(dtf? -6.814 x 10 -e¥p (- ﬁT,)fXSd“ (;_3)
IR T 4J . 2 8 , S
I -d dt = ‘- : : o et e : .
nraxiédt;q~=‘reactlon rate, h_lf“v \
ERE . . \ »~
ixi; ,=‘we1ght fractlon of component 1
@R ;‘i( : ::gas constant, kJ-mol -l Kd}“ )
LT = reaction temperature,'K it o A
N
The equatlons were obtalned based aly :
yconcentratlons expressed as- the 1n1t1a, Gl ool welght
. ‘ + N ; ' RENCH N
_percent of gas 011 sulphur and n1trogen e activatibn”\\w

\

:5was found not to affect the rates of hydrocracklng and

oo

s e e s gt

.energles were egpressed in kJ/mol ydrogen concentratlon



1y

A

ulphur and n1trogen removal for the range of operatrng
dltlons of 7.0 - 15.3 MPa and 300 - 430 C. S1m11arbf1rst
, order k1net1cs was observed in their, studles ‘on the L
‘cata yt1c hydrocrack1ng of low temperature coal tar""

in ‘a. follow up work"”,~they stud1ed the hydrocrack1ng
of pet oleum and coal 011 fractions over n1ck 1 tungsten

i
catalyst in a flxed bed reactor.’ They fi;nd t at naphtha

y1elds from hydrocracklng the petroleum racti ns 1ncreased

linearly w1th temperature but d1d not change a

y \

with" pressure The ylelds from the coal 011 fra t1onsi

rec1ably

’however‘increased w1th‘pressure and temperature"nd1cat1ng

- that hlgher pressure is requ1red for hydrogenating the>7

relatlvely greater amounts of .aromatic and heterocyc11C' o

: _hydrocarbon compounds present 1n coal based 01ls

Eqbal and Sarkar“’ studled the hydrocracklng of a

-«

' 1.vacuum gas 0il in a centlnuous bench spale fl?w reactor over
a commerc1al n1ckel molybdenum catalyst. Studles were alSo

\jf

. \ ,'r-.
l molybdate catalyst. Results showed that conver51on to gas-

”and gasollne 1ncréases w1th temperature and decrea51ng spaCe

'made over a uranlum ox1de 1mpregnated commerc1al cobalt

: veloc1ty Y1elds Jf dlesel fuel follow the same

pass through ‘a maximum value

In studylng Lhe catalytlc hydrodesulphurlzatlon of a

'A,llght catalytlc c#cle oil, Frye andeosby"’ found that the .

o f1rst order equa'1on for the dlsappearance of any 51ngle

o -compound f1ts th‘1r data qu1te well

A
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dxg/dt =k Ps P ‘ : "> o . (2.5)

where, - | o

Lo . ‘\\ ",_*__,—_, P 1
,dxs/dt. = rate. of sulphur removal h

ko =~reactlon rate constant, h™t psia—'2 -

Pé : % partlal pressure of s1ngle sulphur cpd , psia t
/ . . .-
PH o= partlal pressure of . hydrogen, p51a

El- Kady"’ studled the hydrocracklng of a vacuum
dlstlllate fraction boiling in the range 380 C - 550 C over
a: blfunctlonal nlckel molybdenum on 5111ca alumlna catalyst
:1n a flxed bed tubular reactor. The conver51on to gasollne,b'
mlddle dlstlllate and gas 01ls was found to 1ncrease w1th
temperature and decrea51ng LHSV A vacuum d15t1llate |
jconver51on of 97 percent was obtalned at 450 C and LHSV of

0. 5 h". Thelr data showed that overall k1net1c§‘1ndlcate

»-vthe hydrocracklng, desulphurlzatlon and denltrogenatlon

hreactlons £G be flrst order. The. k1net1c equatlons presented | %D
are of the same form as those presented by Qader and Hlll |
'(Equatlons (2 2) to (2 4)) B \j; | B
Other researchers llke Hoog"’, Schu1t ‘and Gates"”,:~x

'Paraskos and co- workers“”, and Yltzhak1 and Aharonx"”
obtalned 51m11ar results in that a flrst order klnetlc |
equatlon fit thelr catalytlc hydrodesulphurlzatlon rate data
'for petroleum fractlons qulte well. Schuit and Gates“”

proposed a k1net1c equatlon of the form~

r
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—dxs/dt- = kg o) x5 + k, ‘az‘v }%5 g . ' (2,'-6)‘
where,
7dxs/dt = rate of sulphur removal,rh_y
lgdl‘ = fraction!reactivefsulphur‘cpd. ‘
az/' = fractlon less reactive sulphur cpd. - "
kg wéightltractlon;sulphur .,
'k k. = réaction rate conStants; nt e /h

"_The equatlon takes the sulphur compounds ip the'

" feedstock to be composed of two hypothetlcal sulphur
_contalnlng groups, ‘a reactlve group and a less reactlve
group,of sulphur compounds. Hence at practlcal

: _ o o
hydrodesulphurization conditlons, the reactive portion is

"jrapidly'conVerted and the rate of conversion of theVless

/_reactlve group becomes controlllng The results of Hoog"’
seem to support equatlon (2. 6) with: data show1ng that the-
rate of sulphur removal 1slfaster for a llghter fractlon
“than for a. heav1er fracalon o |

¥1tzhak1 and Aharonl"” extended this 1dea by
spllttlng the gas oil feed 1nto narrow b01llng fractlons.
The d1ver51ty of sulphur compounds in narrow b01llng range
fractlons is less than in wide b0111ng range fractlons thus
allow1ng for the accurate appllcatlon of 51mple k1net1c‘

*equatlons. They treated hydrodesulphurlzatlon of the gas 011

-.as ‘the sum of processes taklng place in 1nd1v1dual narrow

]
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boiling range fractions. The rate equation for each fraction

was found to, approach first order.

dx /dt = Zk xg | " ,'(2.7')/ ‘k

where,w e T S i ’M \
dx /dt = rate of sulphur removal, h~l‘ S \
XS* “mc = weight fraction stlphur in fraction i’ |

Py

- ‘ !
i - - N
. w

"i'

A study on the catalytlc hydrodesulphurlzatlon of

' Mlddle Eastern crudes by Beuther and Schmld"’ showed-that

'the rate of sulphur removal can be‘represented by a 51mple~
s . . ‘\_

second order model:" S

mdxg/dt = k X,

o ~. ’ .
The reason for the second order behav1our under rather \
\\g.

mlld reactlon condltlons was proposed to be due to the w1de I

) varlatlon of sulphur compounds with dlfferent react1v1t1es

S

present 1n the petroleum fractlons. f each type of sulphur

compound were removed by a. flrst .orde reactlon w1th respect

to sulphur concentrataon, the apparen ~f1rst'order reaction

rate'constant-would continually decreaSe'as the more

reactlve sulphur compounds are depleted the more stable

I3

: sulphur compounds rema1n1ng 1n the residue. Thls sequence

4

w1ll lead to an. apparent second order behav1our._
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Ranganathan and co-workers‘?’’ studied the catalytic

hydrocracking of coker distillates derived from Athabasca

bitumen Their results indicated that a second order kinetic

e

equation-fits, the desulphurlzatlon data whlle

k,denltrogenatlon 15 adequately represented by a first order

‘klnetlc equation. Wakabayashi and co- workers""
1nvestlgated the h;drocracklng of Cold Lake bltumen over -
cobalt-molybdenum supported on alumina catalyst 1in a batch
.reactor Operating pressures range from about 6.8 - 15.4 MPa
while operatlng temperatures are from 375 - 435°C. A second
&order k1net1c equatlon is also found to fit the

ydrodesulphurlzatlon rate data well with an estimatéd

artivation energy of 109 kJ/mol.

F o>
: ¥

\ bzaki and co—workertﬁ” studied thevhydnodesulphuriza—

“\‘ /
s
ned on of. residual oils in a convent1onal high-pressure - flow

u 1t over a catalyst ‘containing a mlxture of nlckel cobalt ;;
dnd m;lybdenum ox1des on alunlna support. ‘Their results
indlcated that the apparent order of hydrodesulphurlzatlon
‘/reactlons of re51dual ©0ils vary with temperature. They

fshowed that 'a n ths order klnetlc equatlon fits the ‘rate data

i
]

/ quite 'well.

| -dxs/_dt = k Xg o ¢ , I (2.9)

Thelr experlmental results also showed that the rate of -
sulphur removal is hlgher for l1ghter fractlons than for

'heav1er fractlons supportlng the results of prev1ous

N



investigators.

Metzger and co-workers‘ "'’ ﬁtuaied the data from‘a
process based .on the Gulf Distillate Detulphurlzatlon
Process on the desulphurlzatlon of various gas oils. A
single pseudo-component approach was used to represent'tbe
kinetics of hydrogenation of a sulphur containing
hydrecarbon.,Their rate data on the hydrodesulphurization of
Kuwait Virgin distillates was well représented by a kinetic
equation of the form: |

<

-dxg/dt = ko xg ! - (2.10)

The effect qf hydrogeﬁ partiel pressufe on the rate of
hydrodesulphurization»wes feund tO'be negligible for
‘hydrogen partlal pressures above 4. MPa.

The llterature survey showed that 51mple equatxons can
‘be used to model the kinetics of hydroconversion,
hydfodesulphurization and hydfodenitrogenatipn, However due,
‘to the 51mp11c1ty of these equatlons, each of whlch are
based on data for 1nd1v1dual feedstock and range of
operatlng,condltlcns, their use 1s limited to the 1nd1v1dua;

‘feedstock and range of operating condltlons.



Cse=e.ls .. 07 II1. EQUIPMENT

B L
’ : . . - _,.‘s> el "\ — ! BN

The hydroproce551ng process un1t used 1n\thls study can y
_be descrlbed as a system comprlsed of three zoneS° (A) a'
fv‘feedlng zone, (B) a reactor zone, and éC) a pressure

_reductlon and separatlon zone. F1gure III 1 shows a;

\

'schematlc dlagram of the whole process unlt set up Detalledf
S .

’dlagrams of 1nd1v1dual sectlons are glven in Flgures Ilf\siﬁ;:h--;'

5to III 5 F1gure III 2 shows a schematlc dlagram of the

waeedlng zone; The reactor zone con51sts of two hlgh pressure?,f'
.flow reactors connected 1n parallel (a) a stlrred reactor"

'7aand (b) a tubular reaqton._The reactors share a commbn

Y

dfeedlng and pressure reductlon and separatlon zones but only*; R
-one of them may be on stream at ‘a tlme. Schematlc dlagrams uf.iaf
J”of the reactors are g;ven in Flgures III 3 and TI 4 Flguref : \

"ZIII 5 shows a schematlc dlagram of the pressure reductlona L

BT

P BN :_:‘

*‘J“"and separatlon zone._':" |
| The process un1t 1s automated through the 1ncorporatlon;f
‘“of two flow control loops and three pressure control loops.;
51F1gures III 2 to III 5 show the locat1on of the varlous
"’ﬁcontrol 1oopS- Table III 5/lists ‘the control loop |

hdcomponents. By 1mplement1ng these control loops, the process_1

"*:unrt can be openated for extended runs of up to several daysb'*

}wlth m1n1ma1 superv151on.

o .
Ca . A . B . 4
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) Table III Symbols for’ Flgure III 2;

B B rburetgeﬁgér.oilfeédrete ﬁeasurements}’.‘» | !f:é' n
7;BVI" | Igburette Value“v RN ) . | |
B c’a'p'illar'y' tubr;_;,g*
'QICV—I’IIF‘5hYdrogen feedrate control valve,r, III‘I;' ;,)iy
’rCTL I.uu‘”hydrogen feedrate contrbller _1HY" o ‘
ILVLCVR"Tslguieonverter for CTL—1 B
;ﬁPTfII;k;:dlfferentlal pressure transmltter for hydrogen *TI;?\f 3
_('EZIII ;T}flow control - Iﬁfiﬂrf:ffeffﬁﬂf‘zf-fueei, jI’ _}'I;g:<”
Vuffoifﬂtf fmass flowmeter;senSorIﬁ5Ayrﬂ ’f*»,r 'ix"zlufieiIb RARRY
ul;é§7g7:;I_°feed 011 breheater‘ffflfuggeﬁ :ﬁ;.eI 5.?_;V -'”g'-.?fﬁ;\

;‘fTKrif}=”;01l feed. tank

. 7VFTK?VeN1;Qfeed tank val

'VZf‘Gfiw_IQﬂ‘ pressure gauge

vﬁEP "I_}‘Ilqurd'feed pump- -
'?e_Rflf:Ie;thlgh_pressure regulator for H2 supply [I
.f.§ST,gI,;““éoueruégutrel'rheostat for preheater
:_ ICféI‘:queiifpreheeterIoutlet thermocouple
'_I§4$e‘ :fufeed hydrbgebythermocouple‘: |
[91. | nysosen flow contro Loop by-pass vave
*v?25>\\if;ﬁgé?ogéﬁ'f15g7§55t501f1609'iséiati§§3§ai§ef"
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* -AMDA.

‘,GPs-v.'
LPS v

RDA 1"

hreactor 11qu1d phase sampl1ng valve |

Vreactor 1solatlon valve

';Tahle-iII;Z;;SYmbofs ﬁothigure 111,3 _,

,'agltator magnetlc drlve assembly

reactor gas phase sampllng valve‘i-

’:rupture dlSC assembly for st1rred reactor
estlrred reactor thermocouple'

;011 feed shutoff valve jk«a‘-v‘lg 7N-/*vh~;'f

»~

,;hydrogen feed shutoff valve

sthutoff valve to pressure sensors o

;othree:way valve -connected to safety pressure/

Ctrip circuit.

22
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= | Ve @ To i
. Too o RDA-2 .. .~ ERAR ..Pressure
Blow-Out. .- oo b e L LetsDown”
o Tapk N e U D

V-8 0 To -
© Pressure .
~ Sensors "

A

 'f";L-  f‘ B fqo 1 |

’ WTC¢1'>

‘jcuiFigﬁre III.4gTubulaf Reactor



RDA-2
. THWL

TC-3 -

TC-4
V-6

V=10

V-1,

5o

SRR

[

Table II1.3. Symbols for Figure IIT.4

/\ ) . . . o ;

L osel
. P SRR

upupture disc aSsembly for tubular reactor.

/thermoveliafor travelling fhetmodouple TC-3

'etravelliug“thermocpuplejalohg'tUbular:reaetof,

" length | B G
fixed thefmocoUple_in'reactorf'
'reactor 1solat10n valve

:shutoff valve to pressure Sensors. .

' hyd;ogen feed shutoff valve |

o11'feed-shutoff valve_

‘»,purge llne shutoff valve _ *; R

ﬂhydrogen and 011 feed dlnes_'

ﬁcombgmed feed.lfne

24
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CV-Z ‘:‘ control ualve‘for reaotor prerUre control
CTL-2 N reactor‘pressure cootroller
CVR;Z "converter forrCTL 2 B
S Cv-3 : control valve for pressure control in hlgh
f/:'b | pressure‘recelvers np_ | o ‘v
ACTL%BI L hlgh pressure recelvers pressure courroller
_‘*—TCVR43‘V ‘converter for CTL-3 . . '  C ‘//
Tcv-4 ut COntrolhvalue,for'iiquidflevelpcontrof/in
CTL-4 7ﬂ‘ 'HPR- 2/l1qu1d level. controller
B ,CVRlé“; ,_oonverter for CTLf4 1;- ) ".'_ .
’.¢Vf5T- B roontro% valve for pressurgfcontrol in LPR-1
‘“CTL:? 'j»;rpﬁé1,pre5§dre controller;e~/: | |
) vCVﬁ-S. - lopuverter for CTE-5 /J‘
UDPTr4l'pW dlfferentlal pressure transmltter for llquld
o . level control in "HPR- 2’ : -
. FM*2 .. mass_ flowmeter sensor | D :
.'lgfé?:ipieepressure.gauge_ ’ | ’
HQRL1ef‘ uppef"Hfgh*pressure.receiver
: »Hﬁhfzpf | lower hlgh pressure recelver‘ﬂw S

'Table'III.4. Symbols for Figure 111:5

LPR*an °low pressure llqu1d holdlng tank

iLER—Z._\'-aux;l;aryulow pressure llqu1d holding tank

oo e . coLet B » . ‘3- . - . P )
. PT-2 = ' pressure transmitter for reactor pressure-

"

26



PT-5

RDA-3.

TC-6
V-12
v-13

V=14

V-15"

V=16

measurements.

pressure transmitter. for pressure measurement

v

in the high pressure receivers

vpressure tranSmitter for LPR-1

rupture disc’ assembly for HPR-1 and HPRr2

thermocouple for HPR-1

3

- liquid product sampllng valve.

drain‘nalve for LPR—1

regulating Qalveeon bypass line on control

loop no.- 3

»

’,three way valve connected to LPR-1 and LPR- 2

three way valve connected to LPR-1 and LPR-2.

27
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A. Feeding Zone ' ‘

The hydrogen gas used for the hydroprocessing studies

is supplied from two hlgh pressure (41.4 MPa) commerc1al

cyllnders (manufactured by Linde Division of Unlon Carbide-

. orporat1on) connected 1n parallel. In the feedlng zone of

[

" the process unit» the supply hwdrogen‘from the cylinders,

rease

.'the flow control 1oop is measured by a O 10 m long Thermo

the outside of a sensor tube as part of a brldge c1rcukt.

.passes through a Matheson Model 3062B high pressure-

i

.regulator R 1, wthh reduces the gas pressure to about 700

kPa above/ ‘the de51red reactor pressure.- The downstream

pressure from R-1 1s~measured-by pressure gauge G-1. %he

Y

hydrogen gas flowrate is then measured by a high pressure.

Tylan Model,FM 360 mass’flowmeter; FM-1. In FM-1, two

resistance thermometers are’wound adjacent to each other. on -

B

When there is flow in the. tube, the upstream sensor is.,

'cooled'whlle‘the downstream sensor.ls~heated ThlS produces

‘a s1gnal from the brldge proportlonal to the flow The mass

flowmeter was acqu1red and used during the latter part of

the study. -'f‘

I

‘The hydrogen‘stream'then enters the'hydrogen flow

control loop A Beckman Model 861 dlfferentlal pressure cell

measures pressure drop of the gas after pa551ng through a
.59 mm length of sta: nless steel caplllary tublng The

51gnal 1s transmltted to a Beckman Model 8830 controller,

CTL 1, wh1ch then adjusts control valve CV- 1 via a

converter CVR-1. The temperature of the hydrogen leav1ng

[
B
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Electric thermocouple. All thermocouples used in the process
unit are of the same type: 1.59 mm 316 ss sheathed type J
Ceramo thermocouples of, varidus lmmersion lengths.

The liquid feed is storedl!in a cubical stainless.steel
feedtank with a capacity of about 1.7 L. Liuuid feed is
pumped to either of the two reactors by a Mllton Roy

’Instrument Model‘2396457 Duplex Mini Pump, LFP. The Mini
Pump'is a ptecision positive displacement pump with rated
capaCities in the range from 29 mn/é%%q\§80 mL/h. It can

accurately deliver ligquid at high pregsures of up to 34.6

“m%pSlg) From. the pump,.the-liquid enters a

R FP whlch consists of a 2.4 m length of 0.635 cm‘

' |

fng wrapped‘with 1.27 cm Electrothermal HT345

Yy

'hg t1ng tape. Power to the preheater is controlled via a

rheostat, RST. The liquid temperature at the outlet from thg?
,'preheater is measured by a 0.10 m Thermo Electric
Thermocquple, TC-2. |

‘The_butputs from all thermocouples are registered on a

Honeywell Electronik 16-point recorder. Similarly, the input
signals from the flow and pressure control loops are

reéistered‘oh a Honeywell Electronik Model 16 24-point

#

recorder.

B. Reactor Zone |

. This part of the process unit is made up of two flow
'reactors connected in parallel: (a) a stirred reactor, and
(b) a tubular reactCr. The reactors are both high pressure

o



. be/ -

Vs e

‘vessels constru§%ed u51ng serles 316 and 304 stalnless

Y

"'steels, respectlvely TheSe reactors were de51gned to

ﬂ

wfthstand the severe operatlng CODdlthnS encountered in -

hydroproce551ng studles.

S
U

L

?Zpstlrred;Reactor. L ' "",}/

AT

» :

':The'stirredAreactor.is‘a modified MagneDrive‘PaCkless

f

ngh Pressure Autoclave manufactured by Autoc lave Eng1neers

3

Thc. tachometer. An“Autoclave Englneers Inc. hlgh

.6 P

Inc.,The rated capac1ty of the ve:sel is ' 0.30 L. r'he-

autoclave was modlfled from 1ts orlglnal batch de31gn to av}

flow reactor by us1ng sampllng outlots as 1nlet aad outlet
porgs; A schematlc dlagram of the 1nter10r and exterlor |
p1p1ng for the st1rred reactor 1s shown in blgure III 3
? The reactor con51sts of a th1ck~walled vessel w1th a

bolted flanged top closure. The MagneDrlve Agltator assembly

forms part of the too clbsure and 1s belt drlven by an’ Inpak

: )‘

-\V S Dr1ve motor un1t A pressure tlght Seal for hlgh ""l'Qﬁ

Y B

temperature hydroproce551ng appllcatlons is achleved by

u51ng ‘a 316 ss closure gasket The max1mum worklng pressure

for the vessel is about 37.2. MPa at 343 C. The rotatlon;il‘

Y

'speed of the ag1tator 1s measured by an Autoclave Englneers‘

”itemperature furnacefw1th a: capac1ty of abOUt 1.2'kf}"

/to-heat‘the_reactor'to operatlng temperatures A detailéd
assembly-diagram-of the;Stlgg@d reactor may be found 1n th'

Autpclave Englneers, Inc..operat1ng manual for the 0 30 L ffﬂ,‘h

MagneDrlve Packless autoclave.p,,."




g on the top closure or on- the 51de walls of the reactog‘

B

P
. . /
B . /

The pressure 1n the reactor is monltored by a Welss

pressure gauge,/G 2 and by a Beckman Model 864 pressure
‘ / s
"transmltter, PT 2, The reactor pressure is ma1nta1ned at the.t

: de51red level by pressure control loop no. 21 The pressure

mgasured by PT 2 is. transmltted to controller CTL -2 whlch

dadjusts control valve CV 2 v1a converter CVR 2 ~The furnace; :

o temperature is controlled by a, Thermo Electrlc Seledtrol

\

»Serles 800 Controller. ThlS temperature controller operates
lvon a- tlme based proportlonal control w1th automat1c reset

I mode.-A O 20 m Thermo Electrlc Ceramo thermocouple, 1nserted7

i

,1n a’ thermowell 1n the reactor, is used to measurenreaCtorg

"temperatures.

e The 1nlet .outlet‘ and thermowell open1ngs are located

c;\

'tf(refer to Flgure III 3) The llquld feed enters the reactor

.

,.zone. .'f . v"/ , f«""

:d{The rup

7

i vla l1ne 3 whlle the hydrogen feed enters v1a 11ne 4 BOth

“x”feed llnes 3 and 4 enter at the bottom of the reactor to

\

Tpensure that the 1ncom1ng feed gas and llqu1d becomes well
?mlxed w1th the reactor contents The gas and llqu1d products

S ex1t v1a llne 6 to the pressure«reductlon and separatlon

Fopt

/
#

A safety head aSSembly, RDA 1 is. threaded 1nto the 'T

Lo wall of the autoclave. It con51sts of a threaded dlsc

o /
T hou51ng body, gasket rupture dlSC, hold down rlng and nut

a

ture dlSC used is made from Inconel and hos a ratedo

¢ /'

');’
burst pressure of about 39. 5 MPa atﬂr tywhead f?

A
a N

e
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sta1nles% steel tub1ng
The\reactor is also equ1pped with a hlgh pressuref'"
',safety trrp c1rcu1t L1ne no. 5 connects the reactor to a
{vMurphﬁ Sw1tch Gauge whlch w1ll send a s1gnal to a magnetlc\f
Jtr1p c1rcu1t cuttrng off the power supplled to the reactor
ifurnace and the llqu1d feed pump when the reactor pressure:
wh,reaches the upper 11m1t settlng on- the Sw1tch Gauge.
pTubular Reactor | FR - P | | |
h The tubular reactor. used was constructed by the machlne
fshop staff of the Separtment of Chem1¢al Englneerlng at the
,Unlver51ty of Alberta ‘The ma1n body of the reector is made
b,from A 4 28 cm serles 304 ss- plpe w1th a wall thlckness of |

Md],O 97 cm. . The ends of the maln reactor body were threaded and

fconed ngh pressure seals for both open ends of gland and

collar type f1tt1ngs were machlned from’éerles 316 stalnless -
'vfsteel The total length oF tpe reactlon zone 1n the reactor*f'

"1s 0 70 m Wthh corresponds to a gross 1nterlor volume of
L T e
‘Y,O 30 L A‘detaxled assembly daagram of the tubular reactor e

Lo

“féfcan be found 1n Flgure III 6";
'f, The tubular reactor IS mounted vertlcally in a L1ndberg_

,“:54000 Series~Three Zone Tube Furnace The reactor 1s

u«v

f[suspended in. a centre locatlon 1n the furnace by a suspended :'
:tube clamp assembly Slmllarly, the furnace ‘is vertlcally IR o
Vt,}mounted on ‘a supbort stand Heatlng in. the furnace 1s’“‘

aiachleved by three separlil heatlng zones. To offset hlgher

htrheat losses at the ends}’the two end zones are short and

o



N
- 0.832 cm Autoclave
' itting.Q'eﬁings '

<—— Main Body

s

. Topand Bottom End Closures Identical ~~
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_\' ’

\

have a muc h&gher heatlng capacity than the longer'andfr
-better 1nsulaﬁed central heat1ng .zone. The temperature of'

each of the'“ones is monltored and controlled by separate f

”‘temperature c Atrollers ‘The max1mum temperature rating for,l
\‘ the furnace 15\\000 c.- SRR P ) S o

1}

\\\ W1th thls*i rnace- des1gn 'the reactor can be operated
at close to 1sotherma%upond1t1ons 51nce end heat losses can

o “be co%pensatedffo\’
o i | \

Fu thermore,'to\m1n1m1ze heat losses the end

i

by supplylng a h1gher rate of h@atlng at

he tuhular r actor shares\a common pressure
, i SRR

measutement and control loop w1éh the st1rred reactor W1th

-

C’diagram

‘ ﬁice-versa{'A-sc.ema

'vplplng is. glven 1__d ure III 4

Hydrogen and» i u'd 011 feed ent r.v1a‘lineS-norf9 a

: 'fTO,;res ect1vely, 'streamuat.line'

“no. 11 whlch thenx ”‘,sptheireact r at\the bottom of the -
hdreactor The ax1al"__ erature:pro}lle”l, asured by a lflO

'm Thermo Electrlc ther coUbleleCr3 positl'ned in a'q 32

: cm thermowell wh1ch jxthnds for ‘the ent1re 'ength of the

reactor s 1nter1or A 0 her thermoc uple,vagka 0 m. Thermo

,;“Electrlc thermocouple o F 4, '15 loca l.1 ed p01nt

' about O 20 m from the bo tom of the eactor 1nfer10r

X



o 3

)

".Thepmocouple TC-4 is in.direCt'cpntact«with the.reactlng\

‘miXture. l , S _ “ | ‘ |

A safety head assembly, RDA 2, :isdconnectedtto the'

’tubular.reactor v1a a 0. 32 cm 316 ss l1ne at the top of the'”
j

reactor.’Th1s safety head assembly was constructed of series

316 stalnless steel and con51sts of a two plece screw on-

',bbdy, an. nconel rupture dlsc and a. hold down rlng The low.hﬁA

pressure Tlde of RDA 2 1s connected to the blow out - tank.
"Slmllarly,vas in. the stlrred reactor set— up, the tubular i:
'_reactor is connected to a common safety pressure tr1p :

.-:xc1rcu1t By sw1tch1ng the three-way valve V- 7 e1ther of thehﬁ

'fjreactors can be on ﬂ%ne to the safety pressure trlp c1rcu1t;f

-;C Pressure‘Reduct1on and Separatlon ione

‘The gaseous and lquld products leave the.reactor aone
"3v1a llne no.lé, through the reactor zone 1solatlon valve,
’fV—6 and through the reactor pressure control valve, CV 2

, before enterlng the h1gh pressure recelvers on enterlng thej‘
ghlgh pressure recelvers, ‘the pressure is reduced to about.yu
2-0 MPa The h1gh pressure rece1vers con51st of an upper
'ﬂhlgh pressure recelver, HPR-1 ‘a lower h1gh pressure

B Y

recelver H?R 2 HPR 2 is made up of an 0. 15 m Jerguson hlghr

N

- pressure s1ght glass to allow for v1sual 1nspectlon of the

"IIQU1d level 1n the receller.lThe holdup volume of HPR 2 1s

'small (about 20 mL) wh1 mlnlmlzes the lqu1d product l

retentlon t1me. HPR 1 is made up of a’ h1gh pressure vessel

'fw1th a holdup volume 'f about 120 mL.=Thxs vessel~prov1des .



T
o

\.
!

\
A

addltlonal dlsengaglng volume for gas llqu1d separatlon.

\‘,The high pressure recelvers are ma1nta1ned at a

constant‘pressure level by pressure control lOOp no. 3. A

vpressure-transmltter measures the pressure in HPR 1

fPressure'controlber, CTL—3 -coupled with converter, CVR 3

: ccontrols;the pressure in the recelvers v1a control valve

:CV 3 A schematlc dlagram of the pressure reductlon and

=’ v . ]

separatlon zone showlng the locatlon of varlous vessels and

"dassoc1ated system p1p1ng 1s shown in F1gure 111, 5

A safety head assembly, RDA- 3 1s connected to the top

) of the upper hlgh pressure recelver. The Inconel rupture

i

'f‘dlsc used 1s rated at a burst pressure of 6.9 MPa at 25°C. A

BEEAN

0. 10 m Thermo Electrlc thermocouple, TC—6, measures_thev,'

’temperature 1n HPR-1

: The llqu1d product collects in: the lower hlgh pressure>

»recelver HPR—2 The l1qu1d level 1n HPR 2 1s malntalned by
'llqu1d level control loop no.’4; L1qu1d product ex1ts v1a'\
'ﬁf control valve CV 4 wh1ch is controlled by controller CTL 4
v'The gaseous products leave HPR 1 via control valve CV 3 .

';sampllng Valve, V- 12 1s located on llne no.v12 justl”

downstream from HPR 2. V—12 is used to sample the,llquid"

kY
v

yproduct _ ;.iﬁf. "A,\M,Q

‘ The lquId product ex1ts HPR 2 via CV 4 “and enters the

“low pressure IR vers where the pressure 1s further reduced

« to nearly amb1e1, prescure. The low pressure recelvers are

',umade up of a: ma1n low pressure receiver, LPR- 1‘ and ‘an

"aux111ary low pressure recelver, LPR 2. Further gas llqu1d

T

\\-



‘sepatation occut;inatheSe.receivers”»Pressure conttol loop
no. S‘nafntainsva'cOnstant pressure of about 109 kPa in

.LPR—1. Gas ex1ts v1a CV 5 wh1le llqu1d product accumulates
in'the recelver.ATo fac111tate méasurement of the cumulatlve'
llqu1d product flowrate, the 11qu1d stream can be sw1tched

to aux1l1ary recelver LPR 2 by approprlate sw1tch1ng of

f_3 way valves, v-15 and V- 16

-

D. Moditications'to the’Stirred}ﬁeactofvfot.Catalftfc
‘p Hydroproce551ng Studies | ) |

A For catalytlc hydroproce551ng studles conducted u51ng
the stlrred reactor catalyst pellets are packed 1nto
cyl1ndr1cal shaped w1re mesh baskets held in place at: the
‘wall of the reactor Schematlc dlagrams of a catalyst basketd
“and the DOSlthnlng of:. the baskets in the reactor are shown
in flgures III 7 and III 8 .respectlvely _ _ |

f Up to fourgcatalyst baskets can be placed in the;

_reactor dependlng on: the catalyst loadlng requ1red The
tshape of: the baskets and theur locatlon at the reactor wallf
“aldsvm1x1ng in the‘;eactor asdthey.setve as baffles nhlch_
.,.help to provldepgoodtcontact_betweenrthe‘agitated liquid

.:phase reacting species'andhthe catalyst sutfaCe,
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' ~1V. OPERATING PROCEDURES
N
A, Thermal Hydroproce551ng
~ Experlments in thermal hydroproce551ng were conduqted
w1th the stirred reactor and the tubular reactor at h1gh
pressure and h;gh temperatures. The lquld feeds used were

heavy gas oils.

Stirred ﬁeactor

. The reacgbr Was.prepared for a run on the‘dayjprior to
the. day of the actual run. About 0. 20 L of a heavy gas oil
feed was placed in the reactor. The top closure and
'agltatlon assembly was then p051t10ned and bolted to thev
',ma1n body of the reactor. After connectlng and t1ghten1ng
all fittlngs on the reactor plplng, the;reactor was
pressuriaed'nitthydrogen'to the desired'operating.preSSure,f
'4USuaIly 13 9 MPa, and 1solated from the rest of the system..
I1f the pressure in the reactor dropped by less than 400 kPa
in. half an. hour :the reactor was con51dered leak- free.

For the actual run, hydrogen and gas~01l feed flows to'
the reactor were establlshed and the flow rates adjusted tol
the de51red values. ‘Agitation of ‘the reactor contents was

_1n1t1ated and'malnta1ned atvabout 800 rpm. The reactor was

4,then heated and brought up to operating conditions at a rate:

of about 150°C per%h@dr

The, volumetr1c‘flows of the llqu1d feed and the llquld

product'were‘determlned,durlng the run. The llquld feed rate
\ ‘ _ :

41



was determined by timing-the decrease of liquid le&el in a
burette connected to the input liduid~feed line over a
period of 2-5 minu;es. The Iiguid product'rate yéﬁi
determined by diverting the produgt flow to the auxiliary
liquid product holding tank and measurinq‘the volume
col}ected for a known time periOd

The sampllng of the gaseous and llquld products was

1n1t1ated after the system had been runnlng at the de51red

.operatlng condltlons for over two hours Gaseous products

exit contlnuously from the system as a combined stream from

* the hlgh pressure recelvers and the low pressure receiver.

Part of . the gas product str.am was dlverted to the gas

'chromatograph for analy51s %teady state operation was

assumed when.gas. analy51s showed that the prr

S TR

fudL gas

,comp051tlon is- approachlng a constant level Lﬁ@uid samples

N

were withdrawn perlodlcally via a ‘'sampling valve located on

" the liquid line after the‘lower‘high pressure receiver. The

samples, approximately 7 mL , were stored;in'capped sample

“vials and refrigerated untilvanalyses could'be carried out.

A larger'liqUid product sample of about 14 mL was taken at

the end of the runftohbeAused,for}determining the density

and the sulphur content;

Immediately after shutdown, with the reaCtorbisolated

from the rest of the system,‘samples ofvboth‘the/}iquid h

fphase and the gas phase'in‘theAreactor were taken into two

high pressure sampllng cyllnders which were connected to the

L3

”h‘reactor llqu1d phase and vapour phase sampllng llnes. The !
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liquid phase sample was . flashed down to atmospherlc pressure
.and the volume of dissolved gases measured using a burette
system with mercury as the dlsplacement fluid. Schematic
diagrams of the sampling cylinder set~ups and the burette
system are'given in Appendix A, | |
;The‘gaSesmflashed from’the reactor liquid phase were
stored in a glass gas receiver where_a saturated salt
solutlon was, dlsplaced to accommodate the gas. This sample
and the reactor gas phase sample were analyzed by gas
‘chromatography, The weight of the reactor liguid sample was
- measured and then'the Sampleﬂwas transferred to a sample
bottle, capped refr1gerated and later analyzed
The reactor was shut down by turnlng off the electrlcal

power suppl1ed to both the reactor furnace and feed

/preheater. The hydrogen and llqu1d feed supply to the

reactor were then switched off~and:

e valve on the prod; t

Tubular Reactor

the reactor'

Follow1ng thls,
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flowrates of the hydrogen and gas 011 and the reactor and
receiver, pressures were set to deslred values. The reactor
was brought up to operating tenperatures at a rate of about
,150 °C per hour. The procedures used to measure feed and
product ratqs and to sample the gaseous and llquld prodUcts
obtained ﬁrom the“pressure reduction and separation zone
were identical to those described for operation of the
stirred reactor. ﬁeactor contents'were not sampled.

The shuttlng down of the tubular . reactor was
.essentlally the ‘same as for the stlrred reactor, except that
vthe end fittings were left on and ‘the ‘reactor’ cTeaned by

.flushing with-solvents.

B. Catalytic Hydroprocessing

The.Catalytic hydroprocessing of a heavy gas o

studied only w1th the Pt}lrred reactor. The catalyst was -
\))

calc1ned ata430 C for one hour prior’ to loadlng 1nto the
reactor The catalysi was packed into two of the spec1ally
de51gned baskets and suspended 1n the’ reactor The catalyst
‘was presulph1ded by gas oil mlxed with carbon dlsulphlde
conta1n1ng about, 4.2 welght percent sulphur at 400° C and
13.9 MPa (2000:p51g)thydrogen pressure-for about 2 hours.
The .carbon disulphide cbntribution toqthe sulphur content of
"the presulphldlng 0il feed was about .6 welght percent |

| The operatlon of the stlrred reactor for catalytlc.‘

hydroproce551ng was similar to that for pure ‘thermal

‘hydroprocessing runs. To maintain constant catalyst

“
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act1v1ty, a new batch of catalet was used for every two

consecutlve catalytlc hydroproce551ng runs, A typlcal

was about S.qg oil’ h“ g Cat";
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..catalytlc hydroprocess1ng run rep:esented about elght hours

'of on- stream tlme.;The catalyst loadlng used in- the studles‘
"

i



b*?;vsampllng valve on the l1qu1d llne after the lower hlgh

V. RESIDENCE TIME DISTRIBUTION STUDY

,

“tw

str1buL1on (RTD) study was made to

A residenCe'
g‘determlne*the leveliof“m1x1ng that ex1sts in the stlrred
greactor A test run was made ‘using: Lloydmlnster Vacuum Gas
-_011 as- 11qu1d feed Hydrogen was fed 1n at a rate of 200
'fm API/m 011 The reactor was operated at a pressure of l3;§
H;MPa (2000 p51g) and 290 C The actual llqu1d hourly space
“lveloc1tyl(LHSV) was 0 97 h". Agltatlon of the reactor

_contents was malntalned at 800 rpm.ljf'l '7“['Q' L
! // N N - . L .

When reactor operatlng condltlons stablllzed the.~’o"

- llqu1d ‘feed stream wa' sw1tched from a pure gas 011 feed to

e gas o0il feed conta1n1ng a. tracer Dodecane (CH (CH )10 ;)é o
ol . -

was used as the trac r The amount of tracer used was 6. O
volume percent of t e gas 011 tracer mlxture* The response
' measured as the change in concentratlon

N

e llqu1d product samples collected The

from the reactor wva
'of the tracer in. t

samples were taken/at 20 mlnute 1nterVals from the llqu1d

! He

.'pressure recelver. Analy51s of ‘the gas and llqu1d product

[samples showed that at the reactor cond1tlons for the test

o

RTD run ‘no 51gn1f1cant reactlon occurreﬁ

The results were plotted on.: a F plot wh1ch 1s a plot in

I

. s i J

‘the relatlve concentratlon of: the tracer in. the llqu1d

samples versus tlmé The exper1menta1 data are shown as.

'gp01nts on the F plot 1n F1gure V 1. An F curve generated for

i

Kan 1deal constant st1rred tank reactor (CSTR) w1th an ':”L;\'

Iy
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1dent1cal holdup volgme as the actual reactor is. shown "as

'the SOlld curve on the same flgure. The 1n1t1a1 portlon of

|

wthe F-curve was due to a t1me lag of about.20 m1nutes_
requ1red for the tracer conta1n1ng gas 011 to travel 1n a
: o

plug flow fashlon from the burette to the reactor through

about 0 96 m of 0 635 cm plastlc tublng It can be seen from
the plot that the experlmental p01nts agree very closely ey

»

1gw1th-those predlcted for a CSTR ~Th15 experlment establlshed

that the level of m1x1ng,1n the stlrred feactor approx1mates S

~iﬂ'; e
.

"that found 1n an: 1deal CSTR ,-5' R fx_,»»
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f.ﬁThe method used 1s

" VI. ANALYTICAL METHODS

17/Advancef ahalytiCal“methdds vere ﬁSed'to analy e the

ngas ous and 1qu1d samples fr m the hydroproce551ng runs.

‘The methods dsed for this stu | 1ncluded b0111ng po1ft range

‘w d1str1butlon analys1s by gas c romatography (51mulat d

,’dlst1llatlon) for l1qu1d samples, ref1nery gas compo ition
.‘anal 515 by g's chromatography for gas samples,,x ra
_ ] :

fluorescence

e s

o determlne the sqlphur coptent 1n llqvids('7ﬁ

-] \
”7and en51ty m asurements by u51Ag a prec151on den51meter
. . 1

the llqu1d samples. The TBP data were used

/

51 ulated dlstlllatlon analy51s A descr1pt1on

‘
b :
\ N . . N,

| , . ,
The b0111ng-range dlStrlbUtlon\Of the llgUlg samples"
i:was determlned by a 51mu1ated dlstlllatlon analy 1s (SDAX.
51m1har to- bhe AS%M Method D2 87. In th1s.'
tl;method 'the sample 1s 1njected 1nto a gas chromatographlc

 ‘column of llmlted ff1c1ency whlch separates the

'.thdrcca:bons w1th espect to thelr b0111ng p01nts;_A gas .

l chromatcg;aph (GC) w1th tlme programmlng capab111 1es,,theb

- Hewlett-Packard Mo el 5830A GC, was used
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-

In a ypical analytical ruh the column temperaturelis
ralsed at‘a constant rate and the area response measuredv
51multan ously as a function of time.. The resultlng data are
» express d as a cumulat1ve area. (total area up to a g1ven_ }g
time)
irolum tr1c response factor is un1ty for the 1nd1v1dual
,‘frac h
res onse factorsAfor.gaseous;and>liguid-hydroCarbonshw
“de ermined‘experimentally with TCD'have valuesbclOSe to
U ity. A table llstlng TCD volametrlc response factors for
‘arlous hydrocarbon compounds is glven 1in Table VI, 1

| The area axis is normallzed to 100% to obtaln/ﬁhe
‘percent'd;stllled off‘at‘a gaVenthme. Then;_the time axis

. R ] e » . o ‘ ",' S Y AN L
is converted to a boiling point axis by using a calibration

‘”fcurve based on‘an ekternal»standard mhiCh‘contains 25

4hydrocarbon compounds with b0111ng p01nts across the
o S

S

temperature range of 1nterest“A b01l1ng p01n7’dlstr1butlon
R
”curve or dlstlllatlon curve is obtalned expressed as

‘cumulated volume percent dlStllled versus b0111ng p01nt

A dlfferehtlal thermal conduct1v1ty de ector is. used
"YThe analytlcal and the reference GC colum_s are two

‘1dent1cal 0 32 cm columns packed w1th 3 V,Dex51l 300 GC on
80/100

mesh Chromosorb W ahd 0 45 m 1n ength.'The carrler

-
i_gas used is" pure hellum. The external

e
s

a mlxture of parafflns ranglng from C to C4O A computer:

;-program SIMUS was’ wr1tten for data reductlon. The program

versus t1me relatlonshlp Here the assumptlon thatvth654“

ions ls,made. Th;s 1s ]UStlfled 51nce volpmetrlc L \.

)afﬁbratlon mlxture 1s’1j
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Table VI.1 Volumetric Response Factors for .
Various Hydrocarbon‘Compounds

Compound Name . “Boiling Point . Volumetric Response

B ‘;A‘.n ‘  (°¢) a4 Factor_(TCD)
n-Hexane - | 5,  69: I -‘].0500.
- 2,4fDiméthylpentane;; 81 ~?‘ “i:’ ' 1;1113
n—Hepgane o  v : 98_'  - ; vl 6.9944V
'jToluéhef_ o o | .UA11i” L, 0.9175
" n-Octane 126 1./; |  1;0606 4
Hpjxylene o e o 0;9410-=7
 'ﬁ¥prqp§1benzene . ss. . 0.9501

, o |

" 'h-Decane . S 174 ”‘vv »“ 0.9844

T n-butylbenzene - 83| 7 0.9a99

“n-bodecame ©. y 216 ° . 0.9780.  ,

 n-Tridecane . ‘235 . ~0.9703

n-Tetradecane . 253 . 0.9693

n-Pentadecane 271 . 0.9612

¥
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‘presented.in hppendix B..For each‘llQUid sample,’two.'
»analyses on the GC are reéuired; avbaseliné'Or blank run.and
a sample run w1th the GC COndlthﬂS kept constant * The
baseline run was requ1red to correct for dlfferences 1n
character1st1cs between the reference and the analytlcal
'condltlons The actual GC~response due to the sample was
”obta1ned by subtractlng the area response for the basellne
lrun from the correspond1ng area response for the sample run.

AT typ1cal chromatogram of the callbratlon standard’

'“mlxture 1s glven in F1gure VI 1 Thﬁ correspondlng b0111ng:vi

po1nt versus retentlon t1me is superlmposed on the same .
dlagram A chromatogram for a typlcal llqu1d feed sample is
given- in Flgure V; 2, The basellne run “for that sample is
;superlmposed on the dlagram A 51m11ar dlagram for a typlcal

';llqu1d product sample 1s given in Flgure VI. 3. l}f ER

‘B.'Sulphur'Determination -
The sulphur content in the llqu1d samples was

\ determlned by X- ray fluorescence using a Panalyzer 4000

3
A\

\ manufactured by Panametrlcs Inc..The radloactlve source used
\ V
\Yas Fe55\1sotope Samples are 1rrad1ated and em1t X-rays of’

ah energy characterlstlc of the em1tt1ng sulphur atoms A_f
) Y

. detector detects the X-rays and converts them 1nto voltage
: N\

g pulses The number of pulses arr1v1ng over a preset length

of time is a measure of .the welght percent of sulphur in the.

Vrsample Sample calculat1ons are g1ven ‘in Append1x C

1
j

i

v
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C. bensity.Dete mination
‘hccurate d términation of the’denslty for each of the
liquid samples was obtained by using a Digital Precision
. Density Meter, Model.DMA 02c, manufactured b§'the.Anton Paar
Company in Austr1a. The dens1ty meter measures the natural
frequency of a hollow osc1llator cell which is fllled w1th
the fluid sample. The frequency - readlng is dlrectly related
to the sample .S den51ty The hollow osc1llator cell is |
-maintained at a constant temperature by:a recycle flow of
'water from an "ultrathermostat" cohtrolled constant
.temperature bath The data reduct1on procedures and sample

calculatlons are given in Appendix B and C.

‘D Brom1ne Numbe r Determ1nat&on

The method used is based on the ASTM Method D1159 The
Uumagnltude of the bromlne numbér prov1des a rough ?%dlcatlon'
of the quantlty of constltuents that react w1th bromlne and
~ hence a measure of olef1n1c unsaturatlon in the sample An
electrometrlc titratlon apparatus was used. A detalled
descrlptlon of the method and. equlpment requlrements can be
found in the 1977 Annual Book of ASTM Standards for
'Petroleum Products and Lubrlcants. Data reduction procedures

and sample calculations to determlne the brom1ne number for

the~11qu1d gas oil samples are in Appendlx B and‘C.?

[T



feed. With the large number of theoretlcal plates avallable

" for the column, the spinning band distlllataon curve

‘obtalned closely approx1mates the true boiling point (TBP)
distillation curve.. The TBP dlstlllat1on curve obtarned was
compared.with the SDA’diStiilation curve to show that the
SDA distillation curve is a good approximation of;the'TBP
distillation curQel ' |

In the study, the spinning'hang was operated using an
,initial';harge'of 100 mL of‘gas oilﬂfeed. The column was
operated Underva vacuumSof less than 1.3 kPa and at high
reflux ratio.vFigures VI.4 and,VIrSvshOW‘comparisons of the
‘SﬁAlandhthe TBP distillation curyes for a CANMET heayy gas‘
oil?andsthe'Lioydminster heavy gas oil,:respectively.
3?.'Refinery Gas AnalySis -

The gaseous product samples were analyzed by a gas

.Vchromatograph spec1ally set up for the analy51s of

hydrocarbon gases. A Hewlett Packard Model 5840A" gas
'-chromatograph was 'used. The chromatograph system qs equipped
‘w1th a series of three automatlc swltchlng vaives for column
isolation or backflushlng ThlS enables the separatlon of a
large number of hydrocarbon compounds over a short analy51s
time. This analy51s 1s commonly referred -to as a Refinery" |

» Gas Analy51s (RGA).
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N The analyt1cal column 1s made up of three sub columns‘
“vqconnected 1n ser1es The f1rst sub column can be sw1tched to
a reversed flow dlrectlon (backflushlng) wh11e the latter;
&lrp'two can be 1solated 1nd1v1dually‘ A 51hgle reference column
| f_was used The columns used are- llsted below"
.‘ﬁl. Analyt1cal Columns
| (1) 7. 32 m of 16% blS 2 methoxyethglxadlpate on: 80/100
.vgiﬁ#_ p Aw followed by 1 52 m Qﬁ 3O%$?Qx200¢5111cone oil-on
'u,.f;‘j— 80/100 Chrom%orb P-AW . a”ﬁ ' f f“ e "“”'
o (2) 1. 83 m of Porapak Q, 80/100 mesh | ‘5"ftfﬁ‘y5£4dmff5”
3y 3 04 m of Molecular Sieve 5A, 60/80 mesh
s "flly Reference Column 'Th-sf‘*f[jif‘ :ffadf"dtp p‘}7,
(1) O 51 m of 10% UCW 892 Slllcone on 80/100 Chromosorb

o

: w HP ,' B

';-A mlxture of 91 5 percent hellum and 8. 5 percent
, \ ¥

a‘_ Ql

'Y.hydeo%enpwas used as’ tﬁe carrler gas. ThlS carrler gas‘blend
yas requ1red to ellmlnate dual peak phenomenon Two adjacent
tf peaks for hydrogen w1ll appear on ‘the chromatogram prure.fh
“;Zhgllum carr;er gas.1s used whlch results 1n 51gn1f12:nt '
dyerror 1n the peak area 1ntegrat10n.}W1th the carr1er gas
’i,fblend A 51ngle hydrogen peak appears ‘thus ellmlnatlng that |
risource of error. ) ‘_‘ ’ ' "z\ o ' " '
A schematlc dlagram of the plumblng 1n the %GA system }

N B
‘tls glven 1n Append1x A Flgure VI 6 shows the sequence usedr

:{-1n routlng flow through the analyt1calf”t umn d%mang ‘a lki

“typlcal analyt1cal'run. Both the therma%-condugt1v@ty

-

,detector (TCD) and the flame 1on%zat1on detector (FID) were\ “

-_.-————~-'~ = sl et B L -, ! -
’ N B < B L Ve
S T e
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usdd. The TCD was used to.detect hydrogen in}the'product'éas

stream while the FID was used to detect théfrest_of the

, hydrocarbon'gaSeSJ‘;; Y BN X B

This set- up was requ1red 51nce for typlcal gas sampl s

only. small amounts of hydrocarbon gases were present‘ Henc
FID belng the more sen51t1ve detector was used to determ1ne

- th relatlve amounts of these gases. ‘The RGA set up however,

",was unable to measure the hydrogen sulphlde content 1n “the

[¢2

i

gaf samples Hydrogen sulphlde has the same column elutlon

tlhe as 1sobutane but passes through the column undetected

‘*iﬂ‘h standard gas m1xture PfePared bY Matheson Gas

oducts Inc was used to callbrate the GC system‘ The e

e,np051tlon of the standard gas m1xture 1s shown 1n Table
‘iul‘z The correspondlng standard gas chromatogram is. glven‘:
in Flgure VI 7 wh11e a typlcal gasichromatogram for a gasj7‘
‘:V'prbduct sample is glven 1n Flgure VI. 8 ‘ o

A computer program, &PGA was wrltten to comblne gas

comp051tlon data from RGA w1th hydrogen sulphlde content
data from absorptlon 1od1metr1c t1trat10n data.-Program &PGA

2

, 1s llsted 1n Appendlx E.
"JG’ Determlnatlon of . the Hydfogen Sulphlde Content 1n Gas,
Saﬂples’if ;f 'l'f'a,l -T,;.?::‘ﬁ": __'>'dﬁ, 1; ak’-'fvv‘:”d ;w_g

R The absorpt1on 1od1metr1c method was used to determ1ne

ithe hydrogen sulphlde content in the gas product stream. Th@ _ Mf"

effluent gas stream from the pressure reductlon and

°



. LT Co T : . & R
Q.j . : o L Lt 4

a

Table VI 2. Comp051t10n of Standard Gas Mlxture,“

>

_ ' for Ref1nery Gas Analy51s B
Component - \; .. .. Volume %

 Hydrogen . . 88.50

‘Méfhanea 1,02
Ethane L ' e f3ag - ‘1-' o 0.96

‘Ethylene S T N (R

P
g
Aty

- f';:ﬂv o : ;o
i propane L/

- n-Butane -

':isé?BUtadéilamg; N "“'i,“fi,ﬂlaOS‘;f'

Tl W-Butene‘ R o @3L1~01u'}‘

Cls 2 Butene'gf'“' ;:?. S e " 0.63
~trans 2 Butener' AR “"’-‘”k‘ o agvf

.'_Pentane g .."{."lv . R L P 0 94W

e

2-methyl- penié g T 0.96
s - S S e

:i “Hexane ’;: aﬁ_° . :1U: :.“f; ‘ ,‘  0;96 ’ »

g )
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separatlon'zone was allowed to bubble through a scrubblné
solution’of 50 mL 1.0°N caustic. solutlon for fifteen , -
1nutes. ghe hydrogen sulphlde in the - bubbllng gas would be
converted 1nto'sod1um sulphlde as follows:

e - . - T - . ‘ Sy

..2NaOH + H,S ---> Na,S + 2H,0

The resultlng absorptlon solut1on was then ac1d1f1ed

Wlth excess sulphurlc aC1d and a known amount ‘of 1od1ne

’solutlon added Then ‘a fresh starch 1nd1cator was added and g
2 .

the’ excess 1od1ne was back tltrated w1th sod1um,l1"
“thlosulphate. The method 1s based on the follow1ng

‘reactions: ;
_ y
\ ,

WNagS 1, -—=> 2Na* +\21‘ +S
25,0,27 + I, ===% S,0.%7 + 2I°
The hydrdgen sulphlde content of the gas 5ample could S gﬂw

'then be calculated from the amount of sod1um thlosulphatev

z

requiredffor the titratlon; Detailed calcmlatlon procedures , i

"'for'this-methodvis_given'fn Appendixlcl




-----
i

temperatures of 400, 420 and'440 °C, a reactor pressure:- of

VIiI. RESULTS

The - propert1es of Lloydmlnster vacuum gas oil,

1nclud1ng the results of a 51mulated dlst1llat1on ang%y51s

"are glven im Table VII.1. The operatlng conditions, lquld

and gasebUs product'analysis, and flowrates are presented'in
Table VII 2 for 16 hydroproce551ng runs made for thlS gas

0il usmng the ‘stirred reactor system The results are’ for%ﬁ

o

S

E wf},‘" .
13.9 MPa, and nom1na1 LHSV of O 75, 1 00 and 1.50 h-'. The

nominal LHSV 1s the llqu1d volumetrlc flowrate d1v1ded by

lthe reactor volume of O 30 L The actual LHSV is based on

f;the liquid hold- up - and ranged from 0.99 to 2.36 h™'. Both .

the llqu1d hold up. and llquld volumetr1c feedrate were .
measured at room temperature and corrected to reactor

condltlons to determlne the actual LHSV. The correlatlon for\;

Athermal expan51on of hydrocarbon feedstocks-glven in Table

N

‘VII 3200 was used to correct the den51ty to reactor_

temperatures The effect of pressura dn den51ty is small and-

:was neglected Hydrogen was supplled at rates varylng
‘between 199 and 588/m’API per m? of gas oil feed API refers

“to condltlons of LS 0. °C and 101 .3 kPa.

The results/pf sampllng the l1quld phase in the reactor”

"fare presented 1n Table VII 4 The dlssolved gases in the

.-

‘reactor 11qu1d phase were analyzed by RGA ‘to obtarn the

<«

amounts of hydrogen and hydrOCarbons in’the sample. The

..3

;?hhydroge" sulphlde content ‘in the d1ssolved gases was taken‘

7':
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tohbe'that predicted'by an equilibrium flash calcdlatlon.
_The flash calculation was donevfor,reactlon conditions on‘a
feed con51st1ng of the components present in the gas and
l1qu1d products from the reactor system and gave an. estlmate
“of the comp051t10n of both the gas and llquld phases 1n the
reactor. The absorptlon—lodlmetrlc method for hydrogen
sulphide determination could not be used;aué to the small
451ze of the’ gas sample. | | ,

Several attempts were made to process the’Lloydmlnster | f}v-ifﬁ
‘gas 011 at 450 °C and 460 .°C. Runs at these temperatures had

J.“,

to be termlnated because of exce551ve coklng wh1ch caused

2

“ the product line and control valves to block However -

]
3

proce551ng of this gas 011 at 450 °c was studled by blendlng
;t w1th a llghter gas 011 supplled by CANMET "The results of
'proce551ng thedpANMET gas 011 and blends contalniég 50 and.‘
d25 percent by volume of the gas oil w1th Lloydm1nster gas ,4
011 are'presented.ln TablemVIIWS 'Nosoperatlng dlfflcultles‘
were encountered but a small amount of coke. dep051t10n

occured in the reactor for the blend contalnlng 75 volume

£

_percent Lloydmlnster gas.01l. The properties of the CANMET =

gas oil'and‘df’the blends, Are"giveh in Table VII.6. The |

( \

results of sampang the. 11qu1d and .gas phases for these\runs

are presented in Table VII 7

o

Six thermal hydrocracklng runs were made u51ng the

tubular reactor Heavy Lloydmlnster ‘gas 011 was uSed as

‘feedstock and the reactor: pressure was 13 9 MPa. Three S 'ﬁ_

reactlon temperature levels were examlned with the nomlnal 1 . "yi\
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LHSV maintained at 1. OO.h"; The temperature levels‘were
400, 420 and 440°¢C. The effect of changing LHSV was stud1ed
at 440°C for nomlnal LHSV of 0.75, 1.00 and 1.50 h™"'. The
results are presented in Table VII.8. |

The stirred reactor was also used to study the
catalytic hydrocracking. of the lighter CANMET daS’oil A
nlckel molybdenum (Ni MQ) hydrodesulphur1zatlon catalyst
| manufactured by the NALCO Chemical Compaﬁi ‘was used The
.chemical analysis and phy51cal propertles for the 1/1§ inch
: |
r_extruded catalyst\are given in*Appendix G. In these runs
temperature levels of 40Q 420 and 4400°C were examined. The
runs were~made at a constant nomlnal LHSV of 0.28 h™'. The:
actual measured LHSV w e range of. 0.45 - 0.70 h~'.
‘ Hydrogen fegg was supplled at a rate in the range 725 .5.935
m? API per mJ'of 011 The results for thesg catalytlc runs
are presented in Tables VII 9 and VII 10. e R

The results of mass balance calculatlons for the
thermal hydroproce551ng runs in- both the stirred reactor and
tubular reactor are given in Appendlx F. The results show
‘errors of lesshthan 5.0 percent in the mass balance.‘sinilar
mass balance results‘for the catalytic hydroprocessing‘runs
. with errors of‘less than 4, O percent are given-in Appendix
F. Sulphur balance results presented in Append x F for
thexmal hydroproce551ng runs show an. average error of about,
10.0 percent Thevcatalytlc hydroproce551ng ruv results showf

a larger error of around 30.0 percent in the Sl lphur

balance..

¢
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Table VII.1 Properties of Lloydminster
Heavy Vacuum Gas 0il oy
Boiling Range,}E 192 - 566
specific Gravity (15°C).  -0.9239
Sulphur,'wf,%'i S 2 B
Nitrogen,-ﬁt.%_ T : -
Bromigefggmﬁér o T - a
Ffactibnsr Vol.% | ' « - °
/Qﬁéphtha(c7 ~ 177-C) . 0.0 -.\ S 4
Distillate(177 - 343 C) 37,2 e Lo
Fuel 0il(343 C+) 62.8 . \' ' -
Pitch (343 4,5243c cut) ‘. : ’ \'
vol.x '_ o e0.7 Y ‘\. ) \\
we W ers »/ b
AV. Mw" ';;j_ 31308
. | N S
ﬁt‘\' ’
\
. -
1 | ,



Table VII.2 Thermal Hydrocracking Results (%
Feedstock : Lloydminster Vacu y

Run Nq.

Operating Conditions:
Reactor Pressure, MPa
Reactor Temp., °C
Nominal LHSV, h-'
Actual LHSV, h-'
H2/01L, 'm3API/m3 4
Agitation Speed, rpm

. Liquid Feedrate, mL/h

'quu1d Products

Product flowrate, mL/h
S. G. (15°C)

Sulphur, wt.%
Nitrogen, wt.%

Bromine Number

Cuts, Vol.%
_Naphtha(C7-177°C)
D15t111ate(177 343°C)
Fuel 0i1(343°C+) -

" pPitch (343 - 524 C Cut)

Vo l % " i
Wt . % |
Av. MW

i

Gas Products, m3APIXﬂ301L

c1

c2.

C3

Cce

cs )
C6 .- v

H2S :

LL-10

13.9

400
0.75

0.99
304
800

225

225
0.9142
2.12

11
5.5
43,2
51.3

50.70
51.73

- 365.83

.57

1.04
0,91

0.48"
0.16
0.11
2.19

LL-11

13.9
400
1 00
.55,
255
800
300

300

4. 7

0.9155
2.13

12

43.

52, 2
.89

52 88 -

366. 24

1.36.
0.79

0.79 -

0.39

'0.10

©0.08

1.95

et

?&

49
13.9 »13.9“
‘1#60 400
.50 0.75
2 25 1.15
© 187 344
800 50
,450”///g25
450 - 224
0.9200: 0.9159
2.37 2.24
11 12
3.7 4. 9
42.3 43.
54.0 52. o
53.30 . -50.53
,54.24  51.54
"367.98 366.80
,0.81 S 1.43
0.48 0.94
0:41 - 0.93.
0.17 0.52
0.04 0.20
0.04 0.16
1.19 2.35

7

red Reactor)
011 '



o

S. G. (15°C) 0.9188
Sulphur, wt.% ’ 2.14
Nitrogen, wt.% . e
Bromine Number ~ 11
Cuts, Vol.% . o0
Naphtha (C7=177° c) Lo 4,36
Distillate(177-343°C). "43.01
Fuel '0il(343° C+) : 52.63
~Pitch (343 - 524 C Cu;)
Vol.% ~ 51,29
“Wt.% ’ . 52,25
AV, MW T ~ 364.77
Gas Products,fm3API/m3OIL S
c1 - 1.50 -
, cz2 - , o 0.9&
R C3 ' _13;0:3\ .
BT o7 SO . - 0.69"
- C5 . ., o ' 70.36
' C6 Bt S B S i |
- H2§ IR PR T
.Zﬁ ’
S ‘
7

v
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~Table VII.2 Thermdl Hydrocrack;ng Results (Stirred Rgactor)‘

R RGN
“ 4
L'l’, I y“‘ *
(cont d)
Run No. ¢ o LL-22
.Operatind Conditions: ,
Reactor Pressure, MPa - 13.9
Reactor Temp., °C 400
© Nominal LHSV, h-*' * = 1,00
"Actual LHSV, h-' " 1.54
H2/0IL, m3API/m3 . 271

. Agitation Speed, rpm , -850
*,Liguid Feedrate, mL/h 1300

Liguid Products - ,
Product Flowrate, mL/h 300

LL-05

13.9

420

0.75

1 ¢o1 0 )

226

1800 °

225

225

- 0.9019

2.07

«

2,93

. 416 |

12,
47,
?0.
39.47
37 00

361.81

3.01
1.71
1.57
0.83
0.29
0.19

LL-07

13.9

420 -

0.75.
1.19
211

- 800
. 225

»

225

0.9017
2.07

18

. 13.9

42.6
43,57

41.66

43.01;

371.97.

Feedstock : Lloydmlnster Vacuum Gas 0Oil

LL-12

13.9
420
1.00

.55
240

800Q
300

300

. 0.9136

2.18

19

e



.o

.. Nominal LHSV, h-*'

A

;Rﬁh No.f'“

; j'H2/OIL m3API/m3
- ToAgitation- ‘Speed, rpm
Q?quu1d Feedrate, mL/h

,*quu1d Products e,
. “Product Flowrate, mL/h ) é43
8 G (15 c) .
_,tSulphur,_w; % o
. 'Nitrogen, wt. BN
.. Bromine Number“’" R
~Cuts), Vél. %

T_ Voli% o L

LN

'fgble VII. 2 Thermal Hydrocracklng Results (St1rred Reactor)

(cont d) Feedstock -Lloydmlnster Vacuum Gas 011

8 -

@

‘ ‘Operatlng Cond1t10ns.7  ¢
" Reactor Pressure,-MPa .

‘Reactor. Temp.,°C "~

Actual THSV, ShT

PO

Naphtha(C7—177 e&

" Distillate(177- 343 C)

Fuel 0il(343° C+)
“Pitch (343 .- 524 C Cut)’
TUUWES% e 'fﬂ»r~ﬁ~a "
AV'va?, S AR

C1 o L
L3
R of SRR
e CE

GasNEroducts, m3API/m301L

LL&16

220 .

0.9130 "
2017

13.9

2,20
‘.3]Oﬁ?\
-Bo0L
450

13.9
420 -
1,00
: 1 -;53 h
368

”~LLjZO

850

3003ff

300
0. 9087

©2.08°

‘.faféi'“

44.7

7i
15

a7

-f45§66§
46,80
365.63

“;fﬁT 21
0075

- v0931
'1\0'20f

L

0.

45

'f43 52
365;363f

L
b

1

0y

O

s
2.

1616:

45,

3

15
.94
17
1,517
97,

76"
36

lT;LL 06 o

440
0,75
1.18

199
800
'i225vF7f

225‘
0.8738
1,847

’Tj,171 :;

32}5y

"'f46 9

“20 6

.1319f,'

.-20‘2 {’k'

LL 08

’13 9

;440 ,”

L2
21600
800

225 e
0.8837- ¢ s
1.92 o

1'27}03.',‘J3f‘”
a7.4
25,6

302077 ”“%4 97

S 21.28

S
8,27

"BiBT

L 2,455
20,69 5
0,32 .0
4,53,

355;785

a2

26224
360;44;;5,;

7.50

520
0.64 "

0.30 -

16 25\ i'; T§' ’f”



 actual LHSV, R=TS
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;»Table VII 2 Thermal Hydrocracklng Results (Stlrred Reactor)
,,(cont d) Feedstock : Lloydmlnwter Vacuum Gas 011 R

. Run No.‘t;ﬁﬁl-ﬁjlj’ B A 13 LL-17  LL-18 LL-21

}fOperatlng Conditlonsr‘js e T ’.; ; *
" 'Reactor Pressure, MPa' " " 13.9 413,90 13,9 =”13 9

.7~ Reactor Temp.,°C = 440 . 240- . 440 440 e :Q*””

‘Nominal LHSV, h-* fr.j;r‘IJOij“ 150 ° . 0.75 = 1.00
; ST 1,710 2.36 0 1.15 1,66
“H2/01L, m3API/m3 SN 299 . 3487 - 526 . - 588 -
‘Agitation Speed), rpm 800 - 800 850 - - 850
L1qu1d Feedrate, mL/hv”w'30ﬁ\,.‘ 450*-  _225 73000 -
L o P I SR
',,quuld Produéts e R A O | | _
~ Product Flo rate, mL/h 300 a3 216 290'
' ' ,0;90J1_u0 9088 0. 8948 0. 8998

)

Sulphur, yt. o "J'_f»:i]a2;05"~,2 05 . 1.87 1. 90vv';:n¥55"

- Nitrogen,/ wt. e SR Foe

" 'Bromine: ﬁhmber- ’§>'}/"23' '_'.19 . f18 .20

'l',;Cuts,vVol % . Lo qu;p'.w P o i
’1Naphtha%c7—177 c) 24..9 s19 5

Fuel Oil(343°C+) 27

3.3,.patch (343" ~-574°C, Cut) S '“% ST e

Vol.%. o, . 26.28. j‘3o 79 “22.62 24, 70\““”:'
WEL% _»-_fjf».‘.~-‘; 27.56 © 32.96 - 23.75 . 25.80
Av.»MWQrc’-}r‘zr j 359, 46:'360 67 3355F72u“352 94

'.Gas Products,,mBAPI/m3OIL R e R SR ,j.z
@1 .. .. 15.38 8.52  26.43 9.69
Je2e .o B.g0 * 4.997 13.90. 5.75°
€30 e 7.26 4,80 L0 10.72 6.00
Cca T ;;_;;3 62 '2.99 - 4.9%  L.,59
COUEE e 1 1T 161 2,46
LCET L ,v',:o 64’ 0.73 - 0.63 /2.29
’ f H2S“,f S B.70 4.79 0 7.13 . 6.15

te(177-343° c) 48,0 _548\5 '50;7j°¢f51.9j-ffw*fi /
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‘-Table?VIIQ35{Cdrrela£ibn-USed to«Cdrrect'Liquid Density

fbr Thermal Expan51on B S ) o
' . T '\ g . . A ‘ ) )
. ~ o e

ey . : ’4/1» ~ ’ -'. . [

‘ 11au1d-densmty“measgred“at 23;O?C,'g mL:

II

%[ thermal volumetrlc/Slobef Ce

S e s . 0011 92' ool T

A 1 . A

T p—,temperature of reactlon mlxture,/gC‘

=/llauld densmty‘correctedﬁtqv:gactlon‘
V  "- temoerature, g L lk;

Kl




Table VII. 4 Thermal Hydrocracklng Results (Stlrred Reattor)
A ‘Lloydminster Vacuum Gas. Oil. :

Feedstock ¢

T \§eactor L1qu1d Phaée .Sampling Results

Run No. T
- . . . ‘

T R "
‘Reactbr Liquid ', -

- Sulphur, wt.%) .
Nitrogen, wt.

. gBromine Number |

Cutsy*Vol.% .

o Naphtha(C? 177° c)
, Distillate(177-343 c)
Fuel- 0}1(343 C+)'-§
Pitch (343 - g24°C Cut)

Vol.% . - .| :
WEi% o o
g Avﬁ'MW‘v_

S-Gﬁg(35°c)f Lﬁ

‘ Dlssolved Gases

>” Mole % H,.*- "
SOlUblllty of Hz
(mg H, /g 011)

R

3.7
40.1

56.2
. 53.98°
54,90

. 368.48

S

,~Oaé2f4
Ny 2.17

0t

‘f-9o 8

'-giz 343

CLL-11
DRV

12

2.3
”40 6
'57.
655Lb7‘
. 56.84
366.77

. %6.6
2;250u;

9223
13

LL 14

By

b 9212

2. 31

"1Q,
32
V40,1
56.7
54,91

55.82
368.17

- 95.7° ©
10947

\
\

*
«

S LL- 19

0.9201
.2.28;

\9

,4ﬁ3 3
~37. 4
'59.3

'54;é3v

55.81

378,57

95.3 °

€

2,407

N
+

3
k4
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Table VII 4 Thermal Hydrocracklng Results (Stlrred Reactor) Co

(cont'd) Feedstock : Lloydminster: Vaguum Gas Oil
L - Reactor L1qu1d Phase Sampling Results ' ¢
Run~ﬁc;_ o LL- 22 .LL-05  LL-07. LL- 2
- : . \ : H .
'F.Reactor L1qu1d » , o -
§.G. (15°C)- . 0.9235 0.9188 ..0.9146 0.9201 "
'gSulphur,,wt % 2 17 - 2.19 2 22 2. 28 v
N1trogen wt.% : R : o -
‘Bromine. Number :.A10 ‘ 13: 17 14 .
Cuts, Vol.% o : ‘ - ?
Naphtha(C7-177 C) o '1”9 6.6 ' 948,‘ . 6.8
Distillate(177-343°C). 39.7 . 43.1 41.6.  43.0
Fuel 0i1(343°C+)  +” = 58.4 50.3 - 48.6 . 50.2
‘PltCh (343 - 524°C Cut) T ‘ .
vol.% ot ,,56-24 48.68 46.24 - 48.58,°
We.% o SRR .'57.05 . 50.00, 47.46  49.67
AV, MW . 8 1367.56 365. 93 372.14‘ 366.10 . j
. Dissolved Gases. A : - / o
iMole % H;Y - . /. 96,3 . - ..86.0 91.2 . - |
""Solubility of H2 R B D
(mg H,/ g 0il)- ,2.203 .- 2,173 2,175 .
. T “ ‘ - | - » '.. / :_ a ‘ <
AN o "1/ '
O ‘y 2 ' -



B Table VII_4 Thermal Hydrocracklng Results (Stlrred R actor)

(cont a)/ “Feedstock' : Lloydminster Vacuum Gas Oil
e Reactor L1qu1d Phase Sampllng Results
Run No. - LL-16 LL- 20 1 LL-06| LL-08
A;,ReactOf[Liquid: A s |
N = : .
.(15°c) 10.9207 0.9206 O. 9449 0.9258
ulphur, wt.o% '2.26 2.22 2. 42 2.2
~ Nitrogen, wt.% . - : - o -
- Bromine Number 13 9 14 18
Cuts, Vol.% s l e T S
‘Naphtha (C7-177 o) 6:2 7. 5.1 = 15.8  16.8]
‘Distillate(177-343° C) 41.8 - -42.4 46,6 46.2]
" Fuel 0i1.(343° C+) 52.0 . 52.5 37.6 f',37 0o’
Pitch (343 - 524°C Cut) L e g
“Vol.% "50.16 50.36.  36.33. -35 4
WE. % 51,23  51.36 . 37.65  36.35
~Av. MW ' ' 367.32 366.62 363.51 365,93
| B , SRR : A S
(Dissolved-Gases e
S Mole % H, . - §1.6  90.4 64,
\ . Solubility of H, - COe o R
\ (mg Hi/g 0il)" 1.879  2.370 - 7.420
RIS RV
\,\. : e
S\ '-i; f
e ) o~
i o

il
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Table VII.4 Therma ﬁhydrocrack1ng Results (Stlrrgd Reactor)
(cont'd) Feedsq% ¢.Lloydminster Vacuum Gas O1bv
T : R@hcf iLlQUld Phase Sampllng Results

‘ M . v‘\‘,;\ ;, . ol .
'<Run No. ¢ ﬁ\wTéaﬁﬂwp LL-13 LL-17  LL- 18 LL-21
'Reéctof Ligquia - - ' | o ’. “ o ,

s.G. (15°C) . - 0.9469 0.9295 0.9581 0.9§38
~ Sulphur, wt.% 2.56  2.34 2.52 2,500
"Nitrégen, wt.% . & - - 2

Bromine Number T 17 B S R -

Cuts, Vol.% - = ° ‘ B T :
Naphtha(C?-177°C) - . 10.8 1.1 - 8.3 8.9.
Distillate(177-343°C) ;~44_7 - 43,9 44.2 42.5
- Fuel . 011(343° C+) . 44.5 = 45,0 47.5 " 48.6

Pitch (343 - 524°C Cut) | » A

Vol.% L . 0 42.23  -43.03 - 44:28  45.86
S WETR e T 43.43 . 44.26  45.37 47.00 o
Av. MW .~ 367.23 °366.45 367.08 366.69
Dissolved GaSes o T A .
Mole % H, . ~ ' 83.9  77.8  86.1  81.8
- Solubility of H,w" o S . S o
- (mg H. /g9 0il) - T 2,164 2.274 0 2.317 2.408
, / o



Table VII.5 Thérmal Hydrocracklng Results (Stirred Reactor)

Feedstock : Blends of Lloydminster Gas 0Oil with
a lightér CANMET Gas 0il (EMRGO).

‘Rl.ln ,Nb. \ : e ' o LL-—23 LL_24 LL_ZS‘ Lo //‘1“’,
Feedstock Blend No. - o1 2 EMRGO L

ngrating Conditions:

Reactor Pressure, MPa ~13.9 13.9
. Reactor ‘Temp., °C , " 450 450
Nontinal LHSV, h-' 1,00 1.00 )
Actual LHSV, h-! O c1.69 L iE 1.79 o
H2/OIE,,m3API/m3 702 850 507 .
Agitation Speed, rpm. 850 - 850 - . 850
j /}qud Feedrate, mL/h 300 . 300 300
quid ProductS/» . - ' .
/product Feedrafe, mi/h 290 N 298 295
.. S. (15°C) +0.8980 0.9036 0.9020
HSulphur,'wt.%‘ o . 1.58 . 1,55 1.68
\Nitrogen, wt.% - =~ - -~ R
'Bromine Number , - 30 17 20
uts, Vol.% >
aphtha(&7-177°C) 29.13  26.98 30.10
/ 1st111ate(177 343°C) 57.07 58.18 55.79
/ Fuel 01i1(343°C ) 13.80 14.84 14,11 ’ .
'/ Pitch (343 - 524 C Cut) - | - h
' Vol % ‘ , 13,34 - 15,23 . 13.40
CWt.x , 14.09  16.03 14.18
-Av._Mw ... ' 338.68 342.49 345.61
‘Gas Products; ’m3API/mBQIL . : '
. c1r 7 - 711,37 11.87 - 16.20
c2 ;o . 6.95 ° 6.59 9.72
¢3 i " . . 6.85 . 6.72  '8.10
ca - 5.24 . 5,30 . 4.75
c5 ‘ 264 2,95  1.82
Cé 2.56 2.80° 1.59°

«  H2S | . 7.10  7.81 ° 6.86
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Table VII.6 Propert1es of the Lloydminster Gas Oil (LLVGS
’ /CANMET Gas 0il Blends used for Runs No. LL-23,
LL-24, and LL-25 ‘

Blénd No. EMRGO ~ Blend 1. Blend\Z.

Vol.% LLVGO in Blend 0.0 50.0 - .75.0

Boiling Range, °C 132-543. 132-592  132-592° _
Specific Grav1ty (15°c) .0.9172 + 0.9208 0.9213 .
Sulphur, wt.% 2,19 . 2.30 o 2.32° o '
N1trogen>\wt A - - - - '
Bromine Number ‘ .10 9 . 7 '

Fractions, Vol.% : - : v
Naphtha(C7-177°C) 5.2 2.5 0.6

Distillate(177-343°C) 47.6 44.9. 43.7
Fuel 0i1(343°C+) 47.2 . 52.6 55.7
Pitch (324 4'524 C Cut) .- | -
Vol.% o o 43011 51.01 56.18 . °
oWt % ' ‘ 44.05 - 51.90 °~ 56.96
AV. MW | .. '351.95  360.77  358.95
e /o




82

N -

\

‘\\.

\

Table VIT. 7 Thermal Hydrocracking Results (Stirred Reactor)
‘ \Feedstock : Blends of Llpydminster Gas 0il with

\

“_ Run No. Vo

, \\\&iquid Produc&s ‘
: N \

~ S.G. (15°C) L
3\Sulphur, wt.% \

Nitrogen, wt.%

Bro ine Number | °

Cutpg, Vol.% - \
‘Naphtha(C7-177°C)
-Distillate(177-343°C)
Fuel 01¥(343 C+)
Pitich (343 - 524°C Cut)

‘Dissolved Gases

Mole % H,
Solubility of H,
(mg H./g 0il)

a lighter CANMET Gas 0Oil
Reactor liquid phase sampllng results

LL-23

0.9849
2.57

15
5.8
42.7
51.5

48.47

49.47
365.04

88.1

2.344

LL-24

0.9938
2.55

14

4,3

.38.5

57.2

54.02

. 54.95"

369.06

89.1

2.020

-

86.2

LL-25

0.9674
2.34

15
6.4
48. 5
45.

43.08
4.:10

© 358.05

'2.260
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, Table VII.8 Thermal Hydrocracking Results (Tubular Reactor)

L3

N, Feedstock : Lloydminster Vacuum Gas Oil

‘ RBQ\:O. , : LL-26 LL-29 LL-27 LL-32
Operating Conditions: : y . .
‘Reactwar Pressure, MPa . 13.9 * 13.9 13.9 13.9 -
Reactonh Temp., °C 400 400 420 440
Nominal \LHSV, h™' 1.00 1.00 1.00 0.75
Actual LASV, h-' 1.46 1.43 1.47 3.04
H2/0IL, m 1/m3 : 322 83 355 1055
Liquid'Feegxéte; mL/h 300 00 .. © 300 225

. ;

Liquid Products S '

Product Flowrate,’mL/h 298 302 300 222
.S, G. (15°C) 0.9169 0.9204 0.9149 0.9123
Sulphur, wt.% 1.84 1:89 1.79 .63
Nitrogen, wt.% - -, = =

Bromine Number 12 10 16 17
Cuts, Vol.% A e .
Naphtha(C7—177 C) . 6.27 4,27 12.79 13.69
Distillate(177-343°C) 42.71 43,14 46.45 50.97
Fuel 0i1(343°C+) 51.02 52,59 40.76 - 35.34
Pitch (343 - 524™°C Cut) : -
vol.% - 49.07 50.29  38.33 33,21
Wt,% * 50.13 51.24 39:55 . 34,36
Av. MW 368.03 365.10 364477 351,84
- : \
Xghdﬁas Products, m3API/m3OIL L - \‘ S
L C1 ff\ 2.05 1.47 '5.82 10 13 <
cz - . S\ .25 0.92 3.39° \5 27
c3 : o 1.31 0.89 3.32 15.01
ca . - - .0.75 0.58 1.89 .\3.69
x c5 : 40,20 0..20 0.62 1.57
g c6 0.24° "-0.55°  0.49 ~ 11.83 -
.- H2S - 2.08 1.99 3.31. v.49
L [N : .
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Table VII.8 Thermal Hydrocracking Results (Tubular Ruactor)

(cont'd) Feedstock : Lloydm)nster Vacuum Gas 0il
v #
Run No. LL-31 LL-30
: ”
Operating Conditions: : .
Reactor Pressure, MPa 13.9 13.9
Reactor Temp.,°C 440 - 440
Nominal LHSV, h™! 1.50 1.00
Actual LHSV, h-' 2.51 - 1.66
© H2/0IL, m3API/m3 - 540 745
Liquid Feedrate, mL/h 450 ' 300
Ligquid Products
. Product Flowrate, mL/h 447 296
8., G. 15 C 0.9175 0.9086
" Sulphur, wt.% , 1.70 - 1.58
Nitrogen, wt.% - -
Bromine Number 18 16
Cuts, Vol.% ‘ , \ .
4 Naphtha(c7—177 c) 19.37 . 20.91 o
Distillate(177-343°C) 53.31 ' 54.45 MR
- Fuel 0il(343°C+) $27.32 24.64
- 4 Pitch (343 - 524°C Cut) ) o
" vol.x b 25,68 . 2400
WE.% 26.78 25.05 .
AV, MW ‘ 352.33 | 349.50
Gas Products, m3API/m3OIL . : E
c1 .61 ."9.92 .
. C2 : ' - ‘ 6 04 - 4,54 -
C3- L » .5.52 - 3.92 L \
| C4 S 3.34. 2.78 ‘ \
C5 . 1.1¢ -1.50 ‘ .
cée . - 1.30 *" 4.10
H2S 4.39 6.11
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Table V11,9 Catalyticlﬂydrocrackihq Results (Stirrved
. ¥

Reactor)
Feedstock @ CANMET Gas 01l
Test Catalyst : NALCO NM-50¢

‘ . EC1-2 EC1~3 EC1-5

o

Run No.

Operating Conditions:

Reactor Press., MPa 13.9 13.9 13.9
Reactor Temp.,°C 400 400 420
Nominal LHSV, h' 0.28 .28 0.28
Actual LHSV, h™' 0.45 0.48 0.5%1
LHSV,g/h gCat-. : 9.45 9,25 8.89
H2/0IL, m3API/m3 780 725 935
Agitation Speed, rpm 850 850 850
Cumulative hours
on catalyst g 15 23 13
H2 Consumption : ° 264 274 310
(m3API/m30IL) ’
Liquid Feedrate, mL/h 84 84 - 84
Liquid Products -
Product Rate, mL/h 84 84 84
S. G. (15°C) 0.8745 0.8740 0.8549
Sulphur, wt.% 0.144 - 0.258 0.0
Nitrogen, wt.%" S , - -
Bromine Number 3 3 : 3
Cuts, Vol.% ’ .
NaphthaLC7“177°C) 15.0 15.2 27.2
Distill(177-342°C) 60.1 61.4 63.2
Fuel 011(343°C) -24.9 23.4 9.6
Pitch (343 - 524°C Cut) ‘ -
Vol.% 25.86 24 .97 11.36
Wt.% 26.84- 25.92 11,95
Av. MW 342 .84 339.63 329.07
Gas Products, m3API/m30IL
C1 2,13 2.54 6.61
c2 o 1.42 1.74 4.64
C3 1.56 1.81 4,84
of! . 0.92 1.01 2.92
C5 o 0.35 0.36 .. 1.05
Ccé 0.35 0.29 0.85
H2S . 21.63 21.16 25.21

BEC1-7

13,9
420
0.28
0.51
8.89

@
(2
[as I o8]

29
294

84
84

0.8611
0.069

23.1-
62.6
14.3

13.72

©14°.43
1332.69

5.78
4.06
4,18
2.39
0.91
0.62
24.06

0.8460
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Table VII 10 Catalytlc Hydrocracklng Results
oo oo (stirred Reactor)’ :

Feedstock : CANMET Gas oi1
. Test Catalyst ': NALCO. NM-502
%Reactor llqu1d phase sampllng results

© Run No.:5ﬁ 5‘ 'L7 ;j  EC1 2 | EC1 3

‘WQvReactor‘quuid fﬁ,fjé

3[pltch (343 - 524° C. cut)

" Nitrogen, wt. g e

“ 'Broming Number 'x;;:*;3ﬂf 3
Cuts, Vol.% R IV EIRE e S

- .Naphtha(C7-177°C) = 6.6 < 6.7 .

©. Distill(177- 343 °C)” 5506 .. -.53.2

Ec1-5

O R
781G, (15°C) “xf”p - 0789117,0.8501 0.8893
;!;Sulphur, Wt % . 0,30 -0.29

‘Fuel 0i1(343°C+) . 937.8 -.40.1

Tvol.% - 37,33 1 -39.50

CWEL% f«»‘a_',y_}',¢3a 28 - 40.51" "
“*Av-*Mw'g~j“' 7. 345.36 '351.83

' Dlssolved Gases SR bfu5

PR

Mole % Hi vrnfy~9o;6j" 89 5

'°5ﬁ\f Solubility of H, .~

- (mg H;/g-0il) . 4_;'2r825 3. 068

. 0.08
'?*5335._
7.8

60.5"

31T
31:50°

32.40°

340,18

92 O

3 440,

.o

EC1* .

.0. 89147
;0 21"

5 :8 '2.,_ i

. 60.0 "
S 31.8
31.55

;32447 g
: 34158

89.0°
v:;ngff

8910

CEC1-6

0. 9004]3“'
0,09

642
C2501T

2069
25,54, ¢
340.19

ol

4,065 ¢



was evaluated w1th the st1rred reactor in the later part of
used They are llsted as: follows )

.r‘Zﬂ' \Sync&ude Hydrotreated Gas Qll (AHGOZ)

The thermal hydrocracklng of varlous other feedstocks
{

the study F1ve d1fferent heavy gas 011 feedstocks were ’l:“

1,f: Suncor Hydretreated Gas Oll (AHGO1)

LN

3. f Athabasca Vlrgln Gas Oll (AVG@)

-lf?. Cold Lake Heavy Gas 011 (CLGO1)

*QSETI Canmet Heavy Vacuum Gas O1l (CVGO)

For each feedstock four runs were made at three N

S

S temperature levels and one level of LHSV The temperature v~fi

Zr! runs was at a nom1na1 level of 1 00 h The same equ1pment‘f!'

levels were selected so as.. to deflne the temperature where

coke formatlon causes operat1on problems.‘Thls temperaturelf‘

: ‘whlch glves a rough 1nd1cat1on of the cokrng envelope was:L.ﬂ g

évobtalned for each of the feedstocks The LHSV used 1n the |

operatlng procedures and data analy51s was used for these'

lmﬁs/as in- ‘the CSTR runs w1th Lloydmlnster gas 011 The

prépertles of the gas 01ls and the results of. the

T e

>

hydroprocess1ng runs are g1ven 1n Tables VII 11 to VII 25

P1tch convers1ons for these feedstocks ranged from 27 O to

72,3 percent

o9

. . . 3 s
o Sl o .
S | . B
. - - S .
; P 5 e



Table VII

';, Pltch (343

% .

 Gas:0il

B 80111ng Range,‘_;'

",Av; MW

Spec1f1c Grav1ty (15 C).“"

Sulphur, Wt %

i Nltrogen- %

Bromlne Number;;'“
Fractlons, Vol %'

Naphtha(C?'f 177 C)

D15t111ate(177 = 343 C): 5,f

Fuel 011(343 C+)
524 c Cut)
 Vo1 A _;

%

~

&

52,6

&

B

.T86»€ 582

0 9076

37406

ra
¢

Cesa

1TT PrdpertiesfbﬁVSUnéorAAthébasga-Hydrotreated'



A e L L
-~ Operating Conditions: . s T
“~Reactor Pressure, MPa - 13.9 13.9,‘ 13.9

. e g ’ ) - i o e P

',Table VII 12. Thermal Hydrocracklng Results (Stlrred‘ )
" .. Reactor) Feedstock ': Suncor Athabasca e

Hydrotreated Gas 0il ‘
Run No.© AHGO1—1 AHGO1 -2 AHGO1-4

I

" Reactor Temp.;°C . .450 - . 460 - 450

. Nofinal EHSV, h-' .~ 1.00  1.00° © 1.00-

' “Actual LHSV, h-* .~ 1.56 . [1.62° . 1.69
. H2/0IL,m3API/m3 .~ . 460 478 . a69
Agitation Speed,rpm 850 - . 850 .- 850
fL1quId_Feedrate mL/h : 300,*; 300 . 300"

“'»Liquid ProduétsJ."

- Product Flowrate,‘mL[hif-304' “2§9A - 301

S, G. (fs S, 9084 0.9054 ~0.9149,
Wt % ‘ -0 21 S 0. TQ 0,160

.Sulphu vl i
-Nltrogen wt.% S s Je e

" Naphtha(C7-177 c) ~I14;8'*{'-22;8:,fw,19‘7
“'Dlstlllate(177 343 C) 55.3..7. 57,3 54,5
. Fuel 011(343°C#) . 29, 9 ‘,:.19 9 - '25 8"
- Pitch (343 - 524° C Cut) B '

vol.% a7 e j£24L94 i
Wt.% ool .29.88 ° 20.34 - 26.02
Av. MW e j-~362 14 353.67  356.25

- N L y ' U . v

ngas Products, m3API/m3OIL e S
—C1. . .. 7.84  15.97.  10.36
ez 4,92 9,10  5.84

c3 . oo o a.71 o+ 817 BUB3 L

CLCA e 2,97 0 05,2000 0 3,79

Cs . e 0.890 0 1.57 0 1.35
CLCe T L 0,760 71438 1024
JH2S 0.22 . 0.42 0.20

"AHGO1

~ 'Bromine Number :;"”,*. 12ﬁ o120 120000 12

- Cuts,. Vol.%

89

-5

13,90
- 440

1,00 .

- 1.55 .
S la63°

850

do1
'.0;904

o300

05040
0.17 -
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Table VII 13. Thermal Hydrocracklng Results (Stlrved
'Reactor) Feedstock : Suncor’ Athabasca
" Hydrotreated Gas 0il, Reactor Liquid Phase '
Sampllng Results E \ IR °

¢

Run’ No. / S AHGO1—1 .AHGO1-2 . AHGO1-4  AHGO1-5".

‘Reactor L1qu1d =

Cf

5. G.G(15 o 0"9409“”,0.9569"70 9520 . 0.9294
Sulphur Weed o o j 0 37 o '0.38 0. 33 0,31

‘%Nltrogen, wt.g _”’- ~* il LI Y
'“ Bromine Number - ‘1j'_ 11 L.»J ﬁ*f 12 ’_ 10 .

| ~Cutsy, Vol.%

" 'Naphtha(C7-177°C) 4 5 1 3.8 {"~4.é*;~}ﬁ03'8
D15t111ate(177 343 C) 47.0 ... 39.7 . 56.5 . 44,5

| Fuel-0il(343°C+) . 4By 56.5 . 3B. 78T

_ pitch (343 - 524°C Cut)- :f\\g* R ENEERR

wol.ug 46.67 “~.53.83 37, 40 '>50‘61 L
_/Wt % ;7773,V;’, 47.72  54.80 38,27 51:57
/Av.,MWC SRR _4,"4v'359,07 378.03 353.85  364.50

Dﬁssolved Gases .. i ';ﬂ“.‘.
“Mole:% H, - P *88 5 77.0.!“
Solublllty of H2 SR R I
(mg H, /g 011) _:#‘ i 2 850 2 237 _]* .

e
X




' Table VII.14. Properties. of Syncfude Athabasca

. . . Hydrotreated Gas Ofl -

\,
3

P B0111ng Range,,Ca{{gQ; o i'z'f‘ ‘222 - 58T

 -SpeC1f1c Grav1ty (15° c) R R 9279

.Sulphur, Wt % ”‘_’- S ,0 42

‘ N1

Br

Fr

s . ; ’ o ‘.

trogen, Wt %
om1ne Number ; i'rfi :‘.>fﬁ>;  "‘3f~§Av

actlons, Vol % ‘: S .“‘:/,v

» Naphtha(C7 —-177 c) SR 713  ~V“*;o}i,,.i

‘é.ﬂ‘(343 - 524°C Cut) R L e

Dlstlllate(177 343 c)::; ez

Fue,r)oll(az;a c+) | 57.8 -

&

91



 '1

|Operating Conditionéi»

.’\

 Table VII.

Run No.

15, Thermal H
Reactor)

 H2s‘j

AHG02-1 AHGOZ -2 AHFOZ-

Reactor Pressure, °'.\.13.9‘

" | Reactor Temp., 1450
‘Nomlnal LHSV, “h~'. - - 1.00 -
| Actual LHSV, h-. 1.61
“H2/01L, m3API/m3 472 .
‘Agltatlon Speed,rpm .=~ 850
. Liquid Feedrate, mL/h = - 300 .
- Liguid Prodmcts A IR
"Product’ Flowrate, mL/h . 282.,2

; s. G. (15°C) . . 0.9250
Sulphur,. Wt.%. T 0.32.
Nitrogen, wt,. % oo e
Bropine Number 14
- Cuts, Vol.% . S

Naphth (C7-177° C) o 21.4
" DistilPate177-343°C) 54.8
‘Fuel 0il(343°C+) 23.8
P1tch (343 - 524° o Cut) FEE
VOl %o 1 22.89
t.% . 23.98
Av.'MW" - 364 02
Gas Products, m3API/m3OIL
[oF] , S 15.98
c2 .8.20"
C3 7,01
ca - 4,25
. C5 1039
C6 1,21

. 0.52

300 -

| ;294;61'3 1"
10,9154
r0.34]

}grocracklng Resu t
Feedstock
Hydrotreated Gas 0il \

: Syncr de' Atha

) ‘:
. §
‘\

,13.9\
460 |

-1 00\

71

489"w“

850

13
30,1

54.4
15.5

.14;6_,\
52.8
32,6

14,40 —

15.27

‘}355,76;

35,81

15.25

11,55

7.03
2 0’96 .

0.91

(Stlrted

30. 801
31.97
371,

“7}93

4,50 .

4.22

- 2458” '7
. 0.86
2,75

0.77

0.37

basca.
AHGO2-4

13,9 g,

450
1.00
1.62

476

300

295.2

-0.9293

0.37
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Table. VIJ. 16 Thermal Hydrocrack1ng Results (Stlrred

Reactor) Feedstock : Syncrude Athabasca ,
Hydrotreated Gas 0il, Reactor Liquid Phase =
Sampling Results . : S

i

Run No. L AHGO2-1 AHGO2-2 AHGO2-3 AHGO2-4

RN
\ i
|

> 0.9890. 1.0902  0.9578  0.9930

S.G. (15°C)y .
Sulphur, We.% \\ 665 0.83  0.54  0.62
~ Nitrogen, wt.% =\ T - - - : -
- Bromine Number*‘%"grﬁwﬁ' 15 17 : 1. 14 -

. Cuts, Vol.% .~ . " . ’ o - R
Naphtha(C? 177° C) S 6. 0 4.8 3.9 . 6.3
Dlstlllate(177 343 C) 39.8 36. 8 41.8 39.6
Fuel 011(343 C+) - 54,2 '58v4 ' 54.3 54,1

' Pitch (343 - 524°C Cut) o . N o

Vol % . . . 49:51 ' . 53,62 50.48.  48.95
, % ,‘~,;- 50.57. . 54.63 . 51.45 - 50.02

-Av. MW 386.53  386.64  382.68°  385.98
Dissolved Gases = = - C o -

Mole % H; . . 77.6. 54,2  89.5 75.6

Solubility of | e T A ;

" (mg H,/g 0il) . 2,152 1.138 - 2.460 . 2.193
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‘Table VII.17. Properties of Athabasca Virgin Gas

B01l1ng Range,v -
Spec1f1c Grav{%y (15 C) W
Sulphur, Wt.%
yNi-trogén,\,w.t..% o | L/
‘Bromine Number“ | |
Ffactionsﬁlvél;%
'Naphtha(C7 - .177°C)
Distillafe(177‘— 343°C)
" Fuel 0i1(343° c+) 13
- Pitch (°4§i§ 524°C Cut)
vol.y - | o 67.2
Cwew s
Cave w0 -7' - 404.7 ]
’f' ol



-Reactor Pressure, ‘MPa:

¥
.o

»

Run No. ’ AVGO-1

Qperating Condijtions:

Reactor Temp.,
Nominal LHSV, hf
Actual LHSV, hfp
H2/0IL,m3API/m3] .
Agitation Speed, rpm
L1qu1d Feedrate, mL/h

Liquid Products
Product” ‘Flowrate, mL/h

'S, G. (15°C)
- Sulphur, Wt.%

Nltrogen, ‘wt.%
Bromine Number

© Cuts, Vol.% ..
" Naphtha(C7-177°C)

Distillate(177-343°C)
Fuel 0i1(343° C+)
Pitch (343 - 524°C Cut)

Vol.%

Wt.%.

Av-. MW 

Gas Products; m3API/mBOIL

ct o -0
c2 . ' :

- C3

- C4
C5
H2S

- 13.9

440
1.00
1.60
486
850
300,

298

0.9393

1.46

22

25.8
18.0

26,2 -

24.61

25.88 -

370301

9.82

9,29

7;97'

4.85

1.85
1.82

'5.68

\

\

\

\

-Table VII.18. Thermal Hydrocracklng ‘Results (Stirred
: Reactor) Feedstock

Athabasca V1rg1nv

AVGO‘Z

N\

13.9

420

1.00

1.50

487
850

1300

302
o 9438

60
20 o

12.6
40.3

47,1

43,99
45,36

.385.80

6.45
3.51.

3.64

2.24
0.71

0.78-

3.55

440

AVGO 3

13.9

1.00
1.57
480

- -850
300

298

0. 9429
50—

2% |
22.5
45,1
32.4

- 29.56

30.93

©377.31

19.18
8.97
7.75
”4 66
.70
57

“,5:68v.

3.0
l(.})l\

AVGO 4

13.9
450
1.00 -
1.78
489
-850
~ 300

PG TN
bie

298
0.9724
1.64
22
29.4
48.
22.5
20.88

122.06

368.70

.14
.08
.12
.26
.86
.61
10.42

—

_s._.\(_ﬂ\Q._A

95



able VII. 19, Thermal'Hydroéfacklng Results (étirred

/ : Reactor) Feedstock : Athabasca Virgin
! ' Gas 0il, Reactor L1qu1d Phase Sampl1ng
Results »
Run No.™ /[ | AVGO-1  AVGO-2 AVfQ—al AVGO-4
Reactor L1qu1d ‘ Vi ,
. $4G. (35 c) 0.962@ /0.9972 | 1.0385
Sulphur, Wt.% 1.7 1.89 [ . "1.96
gN1_rogen, wE . % L= B [
om1ne Number . . 18 .18 20
~Cuts, /% ’ N g
Naphtha(C7—177PC) 4 4.5 6.5 7.4
Distillate(177-343° c) 35.8 33.6 - 34,5, 33.9
Fuel 0il1(3 °C+) 57.0 - 61.9° 59.0/ 58.7
Pitch (3437~ '524°C cut) ‘ ; - _ '
Vol.% - ’ o 51.33 . 60.39 - 53. 52,48
Wt. % | .. 52,43 61.47 54, 53,38
Av. MW e 388.30 386.35 390.27 389\78
~.... Dissolved Gases ‘ 7 ; Poo B
Mole % H, ' 73,1 - 88.7 80.4‘ 62.8
".Solubility of I-I2 ' B o
“(mg H,/g 0il) ©1.736 2.007 1.840 1.369
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Table VII.20. Properties of Cold Lake Gas Oil

.
Béil;ﬁg‘Rénge;°CWf »
Specific Gravity (15°C)
'Sﬁlpﬁur,'Wt.%

Nitrogen, Wt.%

Bromine Numbér‘
~Fracﬁioné, Vol.%
Naphtha(C7 - 177°C)
pistillate(177 - 343°C)

1
/

Fuel 0i1(343°C+) |
pitchIK343 - 524°C. Cut)

vol.n PR
| Wt.% .

Av. MW

186 - 557
0.9347
2.94

32.5

 67.4

64.2

65,0

401.2
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VII.21. Thermal Hydrocracking Results (Stirred

Table

Reactor) Feedstock : Cold Lake Gas Oil
Run No. CLGO1-1 CLGO1-2 CLGO1-3 CLGO1-4
Operating Conditions: :
‘Reactor Pressure, MPa 13.9 13.9 13.9., 13.9
Reactor Temp.,°C 440 450 1440 420
Nominal LHSV, h-' 1.00 1.00 1.00 1.00
Actual LHSV, h™*': 1.64 1.84 1.62 1.51
‘HZ/OIL,m3API/m3 ' 494 511 . 1525 495
Agitation Speed,rpm - B850 . 850 , = 850 850
Liquid Feedrate, mL/h 300 300 300 300
Liguid Products . S ' .

_ Product Flowrate, mL/h 280 . 283 287 . 250
s. G. (15°C) e 0.8953 . 0.8619 0.8994  0.9139
Sulphur, Wt.% - 2.57. 2.27 2.59 2.71
Nitrogen, wt.% . - - - : -
‘Bromine ‘Number - 21 22 21 20
.Cuts; Vol.% o : R
. Naphtha(C7-188°C) 26.2 25.7 24.4 . 8.1

Distillate(177-343°C)  50.2 56.0 50.1 44 .9
Fuel 0il(343°C+)! | 23.6 C18.3 25.5 47.0
Pitch (343 - 524°C Cut) | -
"Vol,% = o '23.24 . 17.63 23.66 44 .33
Wt.% ' : ’ 24,47 18.54 24,85 45.51
" AV. MW R 367.29 . 359.17  370.73  387.36,
- Gas Products, m3API/m30IL - -
) c1 . : ‘ 16.58 21.09 . 15.12 4,03
c2" : . 8.84 . 9.89 ° 7.74 2.33
c3 o 7.96 8.20 ‘75.75 2.55
C4 o~ : 5.68 5.26 4.47. .= 1.77
cs . . 2.63 "2.19 $1.79 0.69
B of T 1.13 0.86 1.64 0.80

H2s. | 4.93 5.39 - 4.67  2.49

—
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Table .VI1.22% Thermal Hydrocracking Results (Stirred
Cold Lake Gas

Reactor) Feedstock )
Reactor Liquid Phase Sampling Results

Run No.

Reactor Liguid

S.G. (15°C)

Sulphur, Wt.%
Nitrogen, wt.%
Bromine Number
Cuts, Vol.%
Naphtha(C7-177°C)
Distillate(177-343°C)
Fuel 0i1(343°C+)
Pitch (343 - 524°C Cut)

Vol.¥% . ’

Wt.%

Av. MW

" Dissolved Gases

Mole % H, :
"Solubility of H,
(mg H,/g 0il)

CLGO1- 1

0.9899
3.25

6.9
38.3
54.8

49.80
50.90
390.36

' 80.3

11.994

CLGQQ‘V(’\?.

CLGO1-3

0.9877
3,25

A8

A
6.9
37.1
56.0
52.04
53.13
386.80
93.5

1.737

0il

CLGO1-4

0.9428
2.95



¢

 ' Bo111ng Range,
' Spec1f1c Grav1ty (15 C)

 su1phur Wt %

"Vﬁ=‘N1trogen,.Wt 1 :j 

' Brom;ne Number

@

"'Fractlons, Vol A

a.

Naphtha(C7 177 c)

Dlstlllate(177 - 343 c)7f'

,'\

Fhel 011(343 C+)

Pltch (343 Z 524 c Cut)

Vol %

% _’7' L

°

100

7 i
I

‘o

,r204’— 556
e o 9314

S s
. S
pd ¥
i

‘ >0.‘ 1 -.'

 61 8’

360 2

. Table VII.23. Properties of CANMET Vacuum.Gas.oil,

62 .4__-' G

PRI

'!, 6111,:f:k’ 



'1FOperat1ng Conditiong: .

‘*Z;Actual LHSV ‘hot

[ . ‘ . . : ST

©

ﬁ,Table VII 24 Thermal Hydrocnack1ng Results (Stirred.
’ . Reactor), Feedstock CANMET Vaguum Gas
011 o l - : s

S s L e G ey e S
‘»1 Run ‘No.  jL‘f . CVGO-t ;?'CVGO42~ :{CVGO;Bj-' CVGO-5

. Reactor Pressure, Mpa _ 13. 9’_i;'13 9 1';13;§71,f 13{91-: 
“  Reactor Temp.,°C. . .  ,‘f440 ~W_450 440 -0 430 0 -
Nominal LHSV, h=" = = - 1% % 1. 00«;.;‘1.00 1,00
e 8 . .

1.52° . 1.61. . 1.61

' H2/01L, m3API/m3 7f}j 'Q]ﬂ485, 480 .- 490 . " 486

., 'Ag1tat1on Speed, fpm '*, ‘850”3 ,{ 850 QBSOQQ"»"BSO_'
g'L1qu1d Feedrate, mL/h 300'm51g_300-if‘ =300 -~ - - x3004'

'f_quu1d Products '”'~ Sl RO

o~ Product: Flowrate, mL/h 300 it 2840 305‘“;5"300 T
. ’s..e. (15°C) - o 0.9321 .0.9421. 0.9297 - 0. 9319'~“-'

- Sulphur, W&.% o fev;g;23:-’»~2 29 2,28 - 2.21
© © Nitrogen, wt. g e S

‘fQ;Cuts, Vol.%

. . Bromine Numberv@_t' ;_‘15L8fp,5g};18 'jQrJBH:yﬁ"CfJG

ap tha (C7 “177°C) 1303000 sy 8 9.0 . 6.8 -
E tillate(177-343°C). -51.4 50,9~ 50.0.:  50.6 %
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Table VII.25.

W‘:an No. ‘_«vw

Reactor) Feedstock,
.- 0il, .Reactor- L1qu1d Phase Sampllng . u ,
’ lResurts**-~fv~e;~ N _ ) T T
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VILI. TREATMENT OF RESULTS

~To develop k1net1c models for p1tch and sulphur
'-conversron knowledge of the pltch ‘sulphur and hydrogen:

hfxconcentratlons in the reactor 11qu1d phase 1s requlred Tth

*

sectlon explalns how thlS 1nformatlon is obtalned

e
e

.fjA PltCh Convers1on "”-5; 7‘7’;;&;g
.. . 3 [ e S . - o : . : . .
' PltCh was deflned as the lquld fractlon b0111ng

hbetween 343 q to 524 C When the llqu1d feed stock is
| ¥

:'5hydrocracked part of thls p1tch fract1on w1ll be converted‘/

¢

'j to llghter products and coke. The rate of pltch converted"

'fdd1v1ded by the rate of pltch enterlng the reactor in moles'

p1tch per m1nute, glves the fract1onal p1tch conver51on forv;'~?v

‘vany partlcular hydrocracklng run.'-”fi5 l;, i S
o S ey e
In order to determlne the molar rate of pltch enterlng‘

>,..and leaV1ng the reactor, the welght fracthon and the average:

olecular welght of the p1tch fractlon 1n the llqu1d sampleSX

5are requ1red These were estlmated from the s1mulated
nd1stlllat10n curve data and§data for the phyS1cal propertles,
lof parafflnlc hydrocarbons by mass averaglng of the

“l's;mulated'dlst1llatlonrdata The equatlons used are g1ven 1n

fhhTable'VIII The computer program wrltten to reduce

h51mhlatlon data results,“SIMUS calculates these two‘p

quant1t1es for every sample RATE1 a program wrlttenito,_

i

S process k1net1c data, calculates the pltch conver51on u51ng

’“fdata from SIMU5 The computer program llstlngs and sample'tff’

. «




a0

7Table_VIIILlu Eauatloné Used to Estlmate the Average'

Molecular Welght and Welght Fractlon of

\ ) »'Pltgh E

;‘,'Average Pltch

Molecular Welght T

{
}

LT .
. | . .

. pitch Welght

J'Fract;on_{ e

N

o pdkeh T
- pitch. ERERAT. | ’ ._>(8,.‘-.l)/_ ary

2T e (82)

\ ;
I
oy %
MW =

volume fractlon of comnonent 1

densrty of component 1

molecular welght of comoonent 1



-computer program outputs are presented 1n Appendlx E and

a . L3

“Appendixac, respectlvely

The equatlons used to calculate p1tch conver51on are

glven in Tables VIII 2 and VIII 3. Pltch concentratlon data

i/

‘.and pltch conver51on values calculated for all the runs are -

',presented in Append1x F

S : Sulphur Conver51on

S 2}

The sulphur content of llqu1d samples was measured as'
fwelght percent sulphur yn the sample The level of sulphur

'”conver51on for any run i deflned as the molar raﬁe of

"uﬂsulphur converted d1v1ded by the molar rate of sulphur 1n:'.

N . y .
the llqu1d feed enterlng the reactor The equatlon used 1n3

,';determlnlng the fractlonal Sulphur converSIOn for a glven

Jhydrocrackang run is. presented 1n Table VIII 4 Sample

hcalculatlons are shown 1n Appendlx C

c. Determ1nat1on of PLtCh Sulphur; and H&drogens
Concentrat1ons 1n the Reactor L1qu1d Phase Under React1on
Cond1t1ons

In modelllng the k1net1cs of thermal hydroproce531ng,
1

fgithe rate of p1tch and sulphur conver51on was taken to have.

ﬁ?some dependence on the concentratlon of p1tch sulphur, and

t'hydrogen 1n the reactor lquId phase at reactlon cond1t1ons."

3’ﬂFor the study, the concentratlons of p1tch and sulp ur 1n_é‘ fh'

;the reactor llqu1d wvere obtalned based on a mass averaglng'

jtechnlque where welght fractlons and average molecular_g‘



,'Table

e wherg,\

VIII.

u

= concentration of pitch in liquid feed at .

‘#:fractional;pitch chVexsion‘_ ]

106

2 'EquatiQnHUsed to DéterminérPitch;Cénversibnf‘
. 4 i Py '

k /.

;Qlumétfic flbwrate of’liquid?ﬁeédJat,23.09C,

S

[EEE

!
i
!

= @plumetricxflowrate of liquid p;oductgatj.

R P T DU P
2};OOC4_mL min“lb
A . L e

“23}ooc,7mq1'mL'l

_ﬁldoﬁ&entréﬁibn;of pi£ch in liquid product’ at

,23109Ch,mdl“mL—l‘ " ,

BRCE

£



.Table'VIII:3 Equatiohs~Used,to Determine the Pitch -

P!
Il

Wp Pp

uden51ty of llquld product at 23. O C g mL

’Concentratioﬁ invthe~Liquid;Feed‘and

‘tiquidﬂProduct at 23.0 °c.

-

'welght fractlon of pltch in. llquld product

"sample

-1

_1-

}1n the llquld feed sample, g mol l

’h average molecular welght of the pltch fractlon

in- the lquld product sample, g mol™

"“concentratlon of pltch in the 11G1'* faed

hsample at- 23 0 C mol mL

concentratlon of pltch 1n the l

sample at 123.0° C, mol mL l

e

107

(8.4)
(8.5)
: welght fractlon of pltch 1n llquld feed Sampleliff

”den51ty of lquld feed at 23.0 °c, g mL 'pué?'.t

,average molecular wegght of the pltCh fractlon-
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Table VIII.4 Equation Used to Determine Sulphur

Conversion "S

s sr Pr F1 | '
where, . L e
WSF‘ = welght fraction éulphur in llquld feed

'WSPT ,;5welght fractlon sulphur in llquld product '

op ' =.den51ty of lquld feed at 23 0 C g mz

9?: r¥ denSLty of lquld product at 23, 0 oC g mL- -1
fFl :%-volumetrlc flowrate of liquia feed at 23 0 C,

. "mL min~ ' ' i ‘ f} '
'Fé . ?‘Volumetric flowrate of'liquid’prd@uct-atj,
23.0 °C, mL minT T |

.XSvf'”=.fractlonal.sulphur_conVersion"C

< o
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Weights of the'pitch orJSUlphur in the reactOr-liquid were
.used in the calculagions. The equations used to- determlne‘“

'pltch and sulphur concentratlons in the reactor liquid are

given in Tables VIII 5 and VIII.6. Hydrogen concentraﬁlon in

*‘the reactor liquid is determ1ned from the measured mole

'fract1on hydrogen 1n the dlssolved gases: and ‘the. mass and -
den51ty of the reactor 11qu1d sample. The equatlon used to
determlne thlS quantlty 1s glven in Table VIII. 7

Reactor l1gu1d phase concentratlon results for. pltch
| sulphur, and hydrogen calculated at reactlon cond1t1ons are

~

jpresented in Appendlx F for the st1rred reactor runs.



Table VIII.S5

‘'where,

,MWRL

. 110

¢

Equation Used to Determine-Pitch

LConcentration in the Reactor Liguid Phase

at Reaction Conditione.‘

(8.7)
L\

weight fraction of pitch in the reactor-

liquid phase

Fden51ty of the reactor llquld phase corrected

to reactlon condltlons, g mL -1

-

"average molecular weight of the pltch fractlon

in the reactor llquld phase sample, g mol

'piteh concentration in the reacto: liquid

phase'at_reaction‘conditions,,moi'mL—l- : :

a

J . Y
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L

Table' VIII.6 Equation Used to Determine Sulphur

Concentratioh in the Reactor Liquid Phase

at Reaction Conditions

Weo oot ‘ ' .
cg = -2Eb . \ ‘ (8.8)
, MW
where, , R i ’
. B ~.
L Weg = weight fraction sulphur in the reactor liquid
A . ] ‘ K ’ ,\‘\ P
phase ‘ : N
PRI, =~den51ty of the reactor-llquld phase corrected
/ ‘<\ ) . .

to reactlon condltlons, g mL l

' MW - ;imolecular welght ‘of sulphur, g.mol -1 ﬁ*\\

'C' =.sulphur concentratlon 1n the reactor llquig
'phase at reaction condltlons, mol mL - _ f

/



Table VIII.7 Equation Used to Determine Hydrogen

Concentration in the Reactor Liquid Phase

at Reaction Conditions N
: % WN L p o . . » -
CH - H'"G "RL _ (8.9)
‘ M , ) B
RL . ‘
- where, )
Xy = mole fraotion‘hydrogen in gas dissolved in
| e T ,
,reactor liquid Dhase sample Fen
'ﬁG =>moles of. gas dissolved in. reactor liquid
. phase_sample,vmol
PRI = density of reactor liquid phase saﬁble
’ 'cofrected“to.réaction conditions, g mL—l\
MRL L= mass of reactor liquid phdse: sample, g
. ;.coneentration of ﬁyérogen in the reactor ligquid

‘\ X . . _‘__/

phase at reaction oonditions, mol mL -1

o - -
. .



IX. INTERPRETATION AND DISCUSSION
A; Stirred Reactor Results for LLVGO

Product Distributions and Coking Envelope
"The experimental results from thermal Hydroprocessing
””ovaLVGO summarized in Table VII.2 have been plotted for
eaeier interpretation.’'The effect of actual LHSV upon liquid
product dlstrlbutlon at three temperature levels are
presented in Flgureswlg. toQIX 3. The correspondlng plots
m-of actual'ﬁHSV'upon,gas,product distributions'are shown 1in
~;~«~§f§ures 1X.4 to IX.6. The plota{ahow that increasing reactor
residenoe time'or increasing the reaction temperature |
results in gradually increasing yields of iighter liquid
fractions and correspondingly, greater amounts»of
phydrocarbon Qaees: At tetmperatures dreater than about 440 °C
and at actual LHSV below 1.0 h-*, the increased .yield of
gases indicated a rapid increase 1in reactlon rates and
‘greater yield of lighter fractlons, a reglme where the
formation . of coke 1is favoured
The formatlon’of coke was observed in 51gn1f1cant
amounts during the thermal hydroproce551ng of LLVGO for
tﬁoseﬁexperiments conduoted,at,the more severe operating
condltlons. Visual 1nspect10n of the interior of the stlrred
& , reactor after cool down prov1ded a measure of the extent of

coke formation for -any given run. Temperature and actual

LHSV were used to chart the coking envelope. Figure IX.7
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'summarlzes the 1nf1uence upon cok1ng of the. process

: y’varlables used for all the experlments The dashed curve .

“roughly outllnes the boundary between the hydrocracklng
-reglme, where coke formatlon is 1ns1gn1f1cant and the
cok1ng reglme. The precise p051t10n of this boundary is not
dlStlnCt and was determlned from experimental observatlons
‘for all the runs..

From Flgure IX 7 '1t was observed that coke formatlon'
is s1gn1f1cant for reactlon temperatures in excess of 440 C
E and actual LHSV of less than about 1.0 h" 'TheA
"hydrOgen'tg-llgu1d feed ratlo exh1b1ted no’ 51gn1f1cant
effect upon the formatlon of coke for’ ratlos in excess of

’about 180 m’API per m3 ThlS suggests that at condltlons

-

o where coke formatlon s - 51gn1f1cant the 11m1t1ng step may

.vbe the transfer rate of hydrogen to the llqu1d phase. At
3these condltlons, the rate of pltCh conver51on 1s SO rap1d
'xthat dlssolved hydrogen in the reactor 11qu1d phase becomes
depleted well below the saturatlon level For thls 51tuat10nbr
'where hlgh reactlon rates and conver51on levels prevall |

lthermal cracklng W1th 1nsuff1c1ent hydrogenatlon occurs,

”resultlng in severe coke formatlon,

:Effect of Process Var1ables on Pitch Conver51on* i o
' - . R

: Effect of Temperature on. Pltch Conver51on

The effect of temperature on: the conver51on of the'
1_pitch fractlonvto‘11ghter_components rs.presented'ln
Figure IX.8 to IX%.10as plots of pitch conversion.

‘. i
: L
£

Gonne



L

PITCH CONVERSION,

‘Figure IX.B‘Effe¢t~of T

' TEMPERATURE, °C
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-Actual Av.LHSV = 1.17
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-versus temperature at three levels of“nomlnal LHSV. The
corresponding actual LHSV vary less than'tB percentv |
abou: an average value, From these plots, p1tch
-convers1on was observed to increase Wlth temperature at
all three levels of nomlnal LHSV One data p01nt at 460
°C where severe amount of *coke format1on resulted in
:plugged control valves durlng the latter part of the
run, was included 1n F1gure IX.9 to obta1n the general
,shape of the curve. The curves fltted to the data
points .in Flgures Ix 8- and Ix 10 were based on the»
'shape of the fitted curve in Flgure IX 9
Flgures IX. 8 and Jx 9’ show that the po1nt of

“inflection of these curves occur at a-temperature«of
:'_about 430 °C' This suggests that the maximum rate of
pitch conver51on w1th respect to temperatu;e occurs at"
, about 430‘°C Flgure IX 10 is more arbltrary concernlng

-thlS max1mum rate of p1tch conver51on 51nce the curve "

was fltted u51ng only the three data p01nts avallable.,

'Effect oﬁ LHSV‘on Pitch Conversion

The effect of LHSV on pltch conver51on ‘was

.observedqas p1tch conver51on 1ncrea51ng w1th decreas:ng
‘_'LHSV Plots shqw1ng p1tch conver51on versus LHSV =
relat1onsh1ps are given later so that the predlcted
_values, via klnetlc models yet to be d1scussed can’ be

~ \ X
'_presented for comparlson purposes on the same : plots.

( o , . A S
i . o : ) TN



Effect of Hydrogen Feedrate on Pitch Conversion
Based on reactor liquid sampling, the results
indicated that hydtogen feedrate has no visible effect
‘on pitch conversion; For runs whérefqoke formation 1is |

not significant, the dissolved gases.in the reactor

°©

llqu1d phase have hydrogen content in excess of 70 mole .
.percent. Doubllng the hydrogen feedrate d1d not af%ect
ithé hydrogen content fnd‘the amount of the dissolved
_ gases in/the reactor liquid phase.

Changes in hydrougen feedrate however do indirectly
vaffect‘pitch converslon by causing changes in the
hydrOdynamics within thevreactor; Increa51ng the

hydrogen feedrate has a tendency to decrease the‘liquid

hold—up and hence alter thelresidence time of liquid in
,theireactor. k | | | |
Effect of Feedstocthltch Content on Pitchitonversion
Some useful 1nformatlon on the effect of feedstock
pltch content on p1tch conver51on was extracted from results
for the runs at 450 °C 1niwh1ch LLVGO was blended with a
l1ghter CANMET gas oil. 'Flgure IX. 11 shows the'relation.
»between p1tch convers1on versus feedstock pltch |
concentration. A data polnt obtalned for hydroprocessing
dpure:LtVGC"at 460'°Cvis also used-in this plot as an -
‘1nd1cat10n of the reg1on where coke formatlon ‘is
slgnlflcant. Although the data are 11m1ted Flgure IX. 11

4

~seems to suggest that pitch conversion 1ncreases_w1th pitch
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"FL ;/‘ff‘}v‘Hv B %
content in the feedstock and that at temperatures of 450 °C

o

and above, coke format1on becomes 51gn1f1cant when p1tch

concentratlon 1n the feedstock exceeds roughly 1,4 mmol/mL
. N ”/ R 5
(measured at 23 0° C) l

/

Because of the consmderable scatter and the small

number of p01nts, add1t10nal runs are needed to deflne more

G

clearly the r lat10nsh1p between pltch convers1on and

¢

feedstock p;qch contemt.‘ L

;fEffeCtﬂoffPHoceSSHVariaBles'on7sulphur'Conversion
. . W 4 '

The\effect of temperature on. conver51on of sulph urv

compounds to hydrogen sulphlde 1s presented in Flgures Ix 12 -
L to IX 14 as plots of sulphur conver51on versus temperatureﬁ

i o \

at three levels of nomlnal LHSV The correspondlng actual

- fk LHSV for each of these plots vary 1ess than_+8 percent.xFrom_3 ;

O

t ese plots sulphur conver51on is observed to encrease w1th~v;'

o

temperature at all three nomlnal LHSV from 3. 8 to 29. 5 vf}f T

oy percent conver51on. The plots also seem to 1nd1cate that

: thermal hydroprocess1ng 1s not able to hydrogenate fully the

e sulphur contalnlng compoundS\at practlcal condltlons.JS

[

Further hydrodesulphurlzatlon 1n a catalytnt hydrotreater 1s.':}f‘“

s

:necessary to complete the sulphur removal to acceptablew,,“

levels.-

;(cV;.ig_ The effect of actual LHSV %g%sulﬁhur convers1on at
L ST T S %gﬁ' :
B varlous temperatures 1s presented in: Flgure IX 15 Flgure
O IX 15 shows that sulphur conver51on 1ncreases w1th a

:;1ncreas1ng average llquld re51dence t1me, i, decrea51ng



/ . ‘ o : An

>129 ¢

. : // -
35—

.p

1
+
+

4
+
+

“  30; 1» e S ﬂ“f _1f,:, S - v2{ ' 3'1.-L o

2%
N
€]

f 2de _.‘f- f'- L 1 .3 Y 0 L ; ‘4  :'  ‘»”;P,

/. SULPHUR CONVERSION, %
]
N
N

10-//

‘f")’/-.o g '405.9 4200 - 435.0 -
TR ~TEMPERATURE C

. Flgure Ix 12 Effect of Te;f ,;;
Q/_‘_ : L Conver31on, '

s



130

T

. 3/ttt

T

‘1-'
<+
-

3

a
SULPHUR CONVERSION,
~

l"

e 00390640, . -408.0 420.0 - 436.0 -'436‘01 el
.. .. TEMPERATURE, °Cc s

o T'FigutégIX;l3*E§§Bétfof'Tempe:aturéﬂonvSulphur  
. ... w.. . ° “Cohversion, Nom.LHSV '=.1.00" * -

wAn .-
i .
"6



v

% ,

SULPHUR CONVERSION;

o 5*1 -

38-

-+ .
n

.

-+
Tb
o

-

131

o204
15

104

T

o
' o
.
1\"' .
| .
; A 5
[
. - -
. A

0 . T v'l_ N J l." l ~»l fl
1380.0  405.0 420.0 . 436.0 .. 460.0

5

TEMPERATURE, ;c j “
Flgure IX 14 Effect of Temperature on §ulphur
S Conver510n, Nom. LHSV =L 50 '

. 486.0

B -



- 132

Ty

v

. | ..M.w.mwL o YO..,,.mv..i .. w.N 0z .,w....—«

‘..»

vmaﬁsum me>mH musumumm&wn s9IYyy

m:u um conH®>:oo Hszmﬂzm co >mmq mo uommwm mH XT wunmﬁm

1- Y >mmq

L

2y U R ey

. tes

o ot

R -1 O

b

fez
N

~9E

{NOISYTANOD ¥AHATAS.

Cigl



133 -

i LHSV;”again up to a limiting COnversion‘level,

Mlscellaneous Observatxons

Sampllng of Reactor Contents.
j. Reactor lquId phase comp051t10ns are requ1red for
the correct ‘kinetic analys1s of. hydroproce551ng |
'-‘reactlons in a stlrred reactor (CSTR) conflguratron ‘To
h' determlne whether the llqu1d product comp051t10n--
.(collected after preSSure reductlon and separatlon from~
gaseous products) represents the reactor llqu1d phase

'comp051tlon at reactlon cond1t10ns, a comparlson was

':“tﬁ made between the two measured comp051tlons Flgure

IX 16 shows 51mulated dlstlllatlon curves for both
lquId product and reactor llquld samples of run no.
LL 18. The reactor llqu1d is seen to be composed of"
hlgher b0111ng compounds compared to the llqu1d

' product {" o 3 B ‘

" To check the rellablllty of the measured

comp051tlons, an equ111br1um flash program based on the'v"

bdj Peng Roblnson equatlon of state was used to predlct .
‘reactor contents comp051t10n at reactlon condltlons;.'°
A(TUSlng the\comblned cdmpos;tlon data for .the - llqu1d ‘and
fgaseous products sampled after pressure reductlon and
':_ separatlon. The pred1cted reactor content comp051tlons
| were then compered to comp051tlons obtalned*fromv.'w”
T experlmental sampllng of the reactor contents Table

IX 1 shows the comparlson for a typlcal run. {“ o v‘_'
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The equilibrium flash calculations involves the
use of predetermlned 1nteractlon parameters for. the
. various components ‘in the»reaction mlxtures. From the

results shown'in Table IX.1 it can be\seen that the

predlcted values agree qu1te well with measured values.'f'

On thls basxs, further reaction occurrlng in the liqu1d
' |

phase after leav1ng the reactor does not seem to be

vlikely.

Hydrogen Solubility Results»

1

Hydrogen SOlUbllltleS in heavy gas 011 were‘also
obtained from- sampllng of the reactor contents/and were
_vexpressed in terms of the mass of hydrogen dissolved
per unit. mass of reactor 11qu1d phase The results are o
o presented in Figure IX. 17, These results show that the'n

isolubllity of hydrogen in the liquid phase at different
:reaction COﬂdlthﬂS varles from 1.9 to 2 5 mg H /g Oll

To prov1de some 1nd1cation on the valldity of

‘these results, the results were compared w1th availableii
data from the literature on the SOlUblllty of hydrogen
'1n Lloydmlnster heavy oilt2"), These data were obtalned
at lower temperatures at non reaction condltions, and
’ranged from O 8 to 1.2 mg H /g 0il for temperatures of
200 to 300 °cC, respectively ThlS shows ‘that the

hhydrogen solubility results obtained for the study are

of the correct order of magnltude, and thus may- be
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Fygure IX 17 Hydrogen Solubility Results,_
»Thermal HydroproceSSLng of LLVGO
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useful' in design calculations.
@

Hydrogen Consumptlon Results

Hydrogen COnsumption'data for hydropr0cessing runs

were obtalned by hydrogen balance calculatlons The. .
ldlfferenqe between the hydrogen feedrate and the gaﬁu
' effluent excess hydrogen flowrate is the hydrogen

’consumptlon. The data is expressed as volume consumed
v‘per volume of feedstock processed (m2API H, /m“Oll)

} 4? Flgure IX 18 shows a plot of the hydrogen_ °
' consumptlon data versus LHSV ‘at the three temperature

levels studled The plot :nows that hydrogen

consumptlon increases w1th decrea51ng LHSV as

o1ncreases W1th 1ncrea51ng temperature.,Somelscatter of
“ "the data p01nts was observed The data showed that for

lpractlcal thermal hydroproce551ng condltlons w1th

‘Lloydmlnster gas 01l_'a hydrogen consumptlon of about

40:m°API‘Hz/m3Oil'orv225 scf/bbl is requ1red.

K1net1c Analys1s of Convers1on Results

Modelllng the K1net1cs of Pltch Conver51on

The ba51c klnetlc model relatlng the rate of pitch
conversion . to the concentratlon of p1tch and the
concentratlon of hydrogen 1n the reactor llquld/ﬁay be.

. expressed as: : y '”ﬁﬁu' '

—r. = kxc. PR I T49.1)
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~

where,

s l=-m-n _m+n-1 . -
mol ml “min

= reaction rate constant,

CRL = pitch concentration in reactor liquid phase at
reaction conditiohs, mol Lt

ﬁ“ = hydrogen concentration in reactor liquid phase
» -1

at reaction conditions, mol mL
m,n = general model parameters
-r = rate of pitch conversion, mol rnL_l min—l a

Prellmlnary studles 1nvolved fxtt ng the

calculated reaction rates to actual reactor llqu1d

phase comp051tlons for pitch and hydrogen based on a

linearized version of equation (9.1) . Due tpo thE'CIOSe

(concentrations .and Fagy, .

?roximity of the data points
;aactién rate data) mu;ti—variablé least square
’calchiatﬁgn§§Was not able to evaluate a reliable

: ¢
estimate of the moﬁel parameters m and n. The 1nput

data matrlx approx1mates a- 51ngular matrix. However the

solutlon of equation (9.1) for an 1n1t1al set of nlne

data points from earlier runs gave an estimate of m_and
n of close to unity and zero respectively..This
observation df‘zero order dependence of-reaction\rate

on- hydrogen concentratlon may be a result of a nearly

cqnstant dlssolved hydrogen content in the reactor

- liquid phase over the range of conditions studied.

Hence equation (9.))_was approximated by a pseudo-first

order rate equation. - .

(‘.{v
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Based on the prellmlnary flndlngs, the rate data )

¥

were analyzed u51ng two kinetic models' Model 1 whlch

relates the rate of pltCh conver51on ‘to theu

. concentratlon of p1tch in the reactor l1qu1d (m-l n= 0)

~Aand Model 2 whlch relates the rate of pltCh convers1on

e

to pltch and hydrogen concentratlons 1n the reactor .

!llqu1d (m-l n-1) ThlS scheme was chosen to enable the

';comparlson of both models to check'the val1d;ty‘of'

s

gl

‘;taklng n to”be zero in Model

A

Arphenlus plots of the rate constants based‘on S

b

‘/vfboth modéls are presented 1n Flgures IX 19 and'IX.?O,

4

*Vfrespectlvely It can be seen that the data aoreef

w,preasonably well wnthvthelr respectlve fltted stralght e

/

llnes.)whe actlvatlon enerqy estlmated for Model .is*;A

170 6 kJ/mol,compared w1th 167 1; kJ/mol estlmated for

Model 2. The actlvatlon energ1es belng approx1mafely

o qual further 1nd1cates that the concentratlon or

{:hydrogen term in the rate equatlon may be a constantv‘H

[V

A comparlson of how: well the two models fit the,h»

e

3 exper1mental results based on 'saome statlstlcal tests is

: ‘/

'ﬂg1ven in Table IX 2 The quantltles in Table IX. 2 are.
iﬁ7calculated based on the Arrhenlus plots and tend tov
. f’-[show thataModel 1 f1ts the data better. The largerdn
escatter of reactor l1qu1d hydrogen concentratlon ddta
’*,could explaln the larger scatter of- data po1nts in the ffh

‘Arrhenlus plot based on Model 2

S PSR S R e R _
P R AT SIS .

: | E A : ’142’
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Table,IX.Z' Statlstlcal Test Results for Klnetlc Models‘

Used to Correlate Pltch cOnver31on Rate Data

.

iln the Thermal Hydroproce551ng of LLVGO &

 rest - . . Modell
. Coefficient ERR. “ry = k Cgr

7r

Model

2

R Q B

“Residual Sum of S 0.4377

Squares SR

_'eceefficientpofh3
Determination -

Correlation . . 4 g g737."

. Coefficient.

0.7964

'0.9059 -

.,30=951§ &
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Modelllng the : Klnetlcs of - Sulphur Removal

r

The general equatlon used to model the klnetlcs of

v'sulphur removal'ls of the ,_form..g

lAv:lrst=}k Csﬁ;,‘ ',:r: ld.fdh‘ ‘i.lill_ t »n(éﬁzil,
| ’.’wherep_‘ d',ijl\‘; - .l. . 1,pff ﬁ | f Lo \_b
o k= sulphur conver51on rate constant 5
;€“.¢S = sulpnur concentratlon 1n the reactor‘llquld
S o phase at reactlon condltlons,pmol ‘mL- Tl 5
n '~,model parameter T S o S ey
LeplE rate of sufphur conver51on,_mol nL 1»min:l”

s |
In thlS study, two models‘xere”examined forfther
’r_klnetlcs of hydrodesulphurlzatl n,-Model 1 wthh~ o

‘relates the rate of sulphur conver51on'ﬁ1rectly to

- -

‘toncentratlon of sulphur in the reactor lquld (n 1) o
”‘and Model 2 whlch relates the rate of sulphur' R e

;conver51on to the square of the concentratlon of

‘5sulphur in the reactor llquld (n 2) |

| The Arrhenlus plobs of the rate constants'
~jfcalculated based on these two models are presented in ;,
';kolgures 1X. 21 and IX. 22. Both models f1t ‘the data o
‘ ~reasonably w ll The hydrodesulphurlzatlon actlvatlon.bpp\t
energy estlmated based on MOdel.1:lS 115, 7 kJ per mole"

of sulphur whlle that based on Model 2 is 106 6 kJ per ;:'

'mole'of,sulphur W1th the avallable data, it was not _"”'

@
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_possible to discriminate between\the two forms.

Use of Kinetic Models to Predict the'Efﬁect of LHSV on

Pitch Conversion.

- TO test the reliabidity'ofvtpelkinetic~equations‘
for pitch’c55§efsibh; the effect of LHSV on pitch |
conversion was predlcted uS1ng the materlaltbalance
equation for an 1sothermal CSTR The equatlons used for -
these calculatlons are. presented in Table IX 3 while |
the der1Vat10ns and sample,calculatlons.are.presented

."‘in»Appendin'D.'Valuesiof,tnebratio»ot'llquid'feedrate
to llqu1d product rate (F,' /Fz ) evaluated at reactlon
.condltlons from measured run data are presented 1n
tTable Ix 4, Both predlcted and exper1mental results .

‘d*awere plotted in Flgures IX 23 to Ix 25 From the plots, _i

‘{t ":;t can be seen that the predlctlon agrees qu1te well L
‘w1th experlmental results

The results 1nd1cated that a good estlmate of ‘the
ratlo of llqu1d'flowrates "/F.') is cruc1al to

'l predlct accurately the level of pltch conver51on in the

:CSTR. Taklng,F‘ /F2 to be unlty causes equatlons (9 3)

and (9.4) to underpredict the pitch conversion.




b S . ‘ 150
[
i
B

fable’IX.B Equations Used to Predict the Level of Pitch

v

cénversion in the CSTR =~ * =
Basis : First Order KineticSI(Model )
" AR | ‘ .
ok, (F'/F)) (ESV H) S RS
R s , . o o |
X, = — o (9.3)
. 1 1 R . ) .
1 +.k13(Fl,/F2 ) ‘LHSVV )
Basis : Overall Second_Ordér Kihetics'(Mddel 2)
- %, C. (F '/f 'y (uEsv™h) R | ‘
i .72 TH. 1 2 ) R T . } o
Xy T - Ty =1 o e
. : » ot LAY i ' . Co - B
; L+ ky Cy (F'/F,') (LHSVTD)
. where' » ' ‘.t. T : ‘,>'.'

1

' . : o
_Af:/Fz' = ratio of volumetric liquid feedrate to
‘ volumetric liquid<prddﬁét.rate evaluated

at reaction conditions

CH~ - v .;%vhydrogéh'conéentfatibnlip-£he<;siFtor liquidl
j‘_. ~ ;phaSé at reactién éonditiopg,'égi mL—l‘i* :

kl"ké é;re?ctignArate‘coqsténts - |

X =foactional pitchfconverSion » - N




151

; a3
|

"Table IX.4 ~ Values of Fl'/Fz', the ratio of Liquid
Feedrate to Lidguid Product Flowrate,

~eValuated at Reaction Conditions

,F ﬂCF (L - Xp)

Basis F2‘ .
o 1 _ -
‘v\.“ . . N N RL
| .‘ o _ o ;\ "; .
Run No,»- L Fl K F2 _ Fl'/FZ -
' mL min - mL min S \
1L-10  5.26 (400 °C) 4.96 (400 °C)  1.06
LL-11 . 6.91 (400 °c) - 5.40 (400 °C) . 1.08
LL-14 . 10.53 (400 °C)"'10.26 (400 °c) - - 1.03
LL-19 5.26 (400 °C) © 4.96 . (400 °C) 1.06/
LL-22 7.02 (400, °C)  6.39 (400 °cy - -+ - 1.10
LL-05 5.41 (420 °C) 4.42 (420 ) 1.22
LL-07 "5.41 (420 °C). 4.89 (420 °c).  ° 1.1l
LL-12 7.21 (420 °C) 6.28 (420 °C) o115
LL-16 10.82 (420 °c) 9.74 (420 %) 1.11
LL-20— - 7.21 (420 °C) 6.22 (420 °C) . 1.16
LL-06 5.56 (440 °C) 2.88 (440 °c)" - 1.93
LL-08 5.56 (440 °C) 3.88 (440 °c) ©  1.43
LL-13 . ' 7.41 (440 °C) 4:45 (440 °cy . 1.67
LL-17 ©11.12 (440 °C)  7.79 (440-°C). C1.43
LL-18 - 5.55 (440 °C) 2.59 (440 °C) . 2.14
L-21  7.22 (440 ) 3.82 (440 %) - 1.94
; av. F '/F,' = 1.07 at 400°C - .
S ._2 .

1.15 at 420°C |
1.70.at 440°C
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B. Additional St1rr&§ Reactor Results For Other Gas Oils
. O |

L

Product D1str1but10n and Cokxng Envelope
“ The experpmental results from thc thermal
hydroprocess1ng of five gas oil- feedstocks ranging from. thej
11ghter Athabasca hydrotreated gas oils 1o the heavier Cold:
Lake des oil are summarlzed in Tables VII.11 ﬁo ViI.25. The -
product,aistributions.for each feedstbck haue been.plotted
for easier interpretation The effect of temperature on
liguid and- gaseous product dlstrlbutlons are plotted in
Flgures IX 26 to IX. 35 These plots show thatf1ncrea51ng the
ireaction temperatures increases the yleld of lighter 11qu1d

o
fractlons and llghter hydrocarbon gases.

These runs were used. to study .the relatlve coke
' formation tendencies of ‘different feedstocks.lThe reaction-
temperature was!used to locate the boundary where coke.

éfofmation begins'to become,significant.‘Figure IX.36 shows_a
%f p1tch conver51on versus temperature plot for°the flve gas
01ls and LLVGO at a constant nomlnal LHSV of 1.0 h™'. The
_observed coking envelope was superlmposed on the same plot.l
'The plothshows‘that for the:heaviet feedstocks“(high'pitch
Vcontent),nthe temperature at;which'coke'formation is

"« 'significant is lower than for a lighter feedstock.
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Hydrogen §oiubility andlﬂonsumption Results
Hydrogen.concentration results obtained from reactor
'liguid phase sampling for the five gas oils are preSented as
a plot of the apparent Henry Law constant versus the inverse
of temperature 1n Figure IX. 37. The plot shows that the
concentrat1on of hydrogen in the reactor llqu1d decreases
w1th 1ncreas1ng temperatures. Slnce hydrogen solubility in
the reactor llqu1d should 1ncrease w1th temperature, this
observed ‘trend strongly suggests that the reactor llqu1d
phase is not saturated-w1th hydrogep and‘that the rate ofw
reaction'isfinfluenced by the rate of‘transfer of hydrogen
,ffom the gas | phase to the llqumd phase 1n the reactor. As
nthe temperature 1s 1ncreased the reaction rate becomes Kt.
~increasingly more rapid than the transfer rate of hydrogen
to the llqu1d phase.,Hence a dlfoSLon controlled sltuatlok
may. ex1st ’." : T SR

\

Hydrogen consumptlon resuits were also obtalned for the
thermal hydroprocess1ng ‘of the gas 01lsq Figure IX. 38
presents the- data as. hydrogen consumpt1on (m°API Hz consumed.
"per m® 0il) versus temperature at a nominal LHSV of. 1.0 h~'.
It can be observed that hydrogen consumptlon 1ncreases

’

strongly w1th reaction temperature. At the temperatures- -

tstudled hydrogen consumpt1 n ranges from 10 to 70 Jﬂji~

m API/m301l or 56 ‘to 393 scf bbl

\\

B Y
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L
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K1net1c Analysxs Results j ) L'->ih : &&f

4 - T : ‘ .
L T . 170,
1 ' = \ \17:\\ T - | 4i

e

The rate data obtalned from the runs w1th the f1ve gas'

.37d¢1ls— ere correlated based on the two models developed in.

¥ . b -

"fearl1er work w1th LLVGO A table llstlng the klnetlc:'

o

"equatlons for each feedstock 1s summarlzed 1n Table IX 5

Al

r_The rate data for all these feedstocks also tend to flt

Model 1 or the pseudo flrst order klhetlc equatlon better~ s

Fhen T el R

tf@ﬂj ffﬂ f;’{;“h lta"T \fﬂh ’l}fffﬁdﬁ*,T ‘jﬁd\ T
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" ic. Tubular Reactor Results for LLVGO . . .
Product D1str1butlons and Cok1ng . o ‘ﬂ . o f,wgtﬁ <
The trends observed in the product dlstr1butlons for

the tubular reactor are 51m11ar to those obsérved in *‘ e ‘(

. .

o

hydroproce551ng w1th the stlrred reactor Plots of the

-~

effect of temperature on both llqu1d product dlstrlbut1on

and gas product dlstr1but10n are glven ?Q\Flgures Ix 39 and

‘d Ix 40 The effect of actual LHSV at 440k>é on 11qu1d product;».v”
and gas product dlstrlbutlons are g1ven 1n Flgures IX 41 andhf"
IX 42. These plots also show that addltlonal l1ghter llqu1dsvh

‘V.and hydrocarbon gases were formed w1th 1ncreased temper ture»

s and average llqu1d res1dence tlme | | | ‘i -

‘ “ff The formatlon of\coke in- s1gn1f1cant amounts was
observed to oc#ur apparently under less severe condltlons 1nh4
the tubular reactor than in the st1rred reactor H1gher |

B p1tch conver51ons were encountered 1n the tubular reactor,
compared to the stlrred reactor at the same temperature and Ll

nomlnal LHSV due to the larger average llqu1d re51dence tlme hi«" R

"»1n the tubular reactor; As the l1qu1d phase moves up the
*J;Q tuhflar reactor conver51on o’ vapour phase occurs |
"contlnuously result1ng 1n the gradual decrease of the llqu1djd“
holdup L1qu1d holdup 1n the tubular reactor 1s a functlon

of conver51on along the ax1al dlrectlon of the reactor.‘"

<

There 1s no’ concentratlon gradlents 1n the radlaL dlrectlon
1f complete rad1al backm1x1ng prevalls 1n the reactor.

ree
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Performance of -the Tubular Reactor

\

. e , : : ' o _
“  Influence:of Temperature upon-Observed‘and Predicted

Pitch Conversion | v /// , o |

I

Figure'IX;4 shows“the/effect of temperatyre upon

pitchvconversion in the tubular reactor at a nominal .

'

LHSV ‘of 1.0 h". A mooel based on assumlng plug flow of

the l1qu1d phase in the reacror ﬁﬁ 4

equatlon derlved to obtaln an estlmate of pltCh
' conver51on in the tubular reactor, based on the
_pseudo flrst order kinetic equatlon developed from CSTR
.run data,fls presented in Table IX.6. |
| A term was’ 1ncorporated into the equatlon to

'account for the decrea51ng volumetri¢ flowrate: o{ ‘the

’llqu1d phase in the reactor due to conver51on to vapour
L. LY

ryo -

phase as the liquid proceeds up the reactor. An average -
vvalue of the ‘term (¢) was estlmated from CSTR data and
assumed to be constant at each temperature level The
der1vatlons foruequatlon (9.5) and sample calculatlons
‘are givenvin"Appendix D. f;‘ . |
R From Flgure IX 43, it can be seen that the
predlcted pltch conver51ons are lower than measured .
;“'values.atr400 and 420aC. At 440°C, the predlcted value
is sliéhtly higher than the measured‘value.'These
dlscrepancies,could~he due to errors arising from an
“incorrect estimate of.the termijwhlch is a functlon of

o
[N
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Tible IX.6 Equation Used to Predict Pitch’Conversion in

the Tubular‘Reactor based on the Plug Flow Model

-

and First Order Kinetics

kl (LHSV ™) n

1 - exp _ _ | (9.5)
“\‘ ,. i (\l’ - 1) . .

av . w -~

4

reaction rate constant based é?/éifét,order

vkinetic equation, hot

[ . . z

=
term used to account for decreasing volumetric
flowrate of liquid phase along. the axial

A T ' : , 3
dirgction of the tubular reactor

@faétional pitchqunversidn :

4 - .

B



conversion. This method of estimation is necessary B
since the liquid phase in the tubular reactor_was not
sampled at reaction conditions. ¢

The observed differences between measured -and
predicted conver51ons in Flgure IX. 43 could also, be due
to errors in the pseudo—élrst order k1net1c equatlon.

used in the plug flow calculations.vErrors in reactor

temperature measurements ar151ng from a sllght radlal

temperature gradlent (5-10°C) 1n the llqu1d phase could

. also cause these observed dlfferences. The wall

temperature could be 5 - 10°C hlgher than the bulk
llqu1d temperature. Tubular reactor ‘run data showed a
maximum difference of 4°C between the outside wall’and
bulk llQUId temperatures. As shown: 1; Flgure 1X.43, an
error in the reactor temperature measurements of 5°C,
nqorrespond1ng'error in the.klnet;C‘equatlonlor a .
combination'of\both could-shift the predicted curve byf

~a significant amount.

§

Influenee ofiLHSVvupoh‘Observed‘andbPredlcted Pitch

Convens1ons

The effect of LHSV on: pltch conver51on at 440 °C
in the tubular reactor 1s glven 1n F1gure Ix 44 Both
the measured conver51ons and plug flow model pred1cted

convers1ons are shown Pltch conver51ons at 440° C
!

predlcted based on the CSTR" model are’ also shown on the:

“same plot. It can be seen thatfﬁhere is some'f

>

N
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discrepancies between the predicted and the measured
pitch conversions for the tubular reactor, These

differences can again be attributed to the possible

\
4

errors in reactor temperature measurements uﬂd“ﬂrroru
in the pseudo-first order kinetic equation u&ed‘xn Lhe

plug flow model calculations.

Influence of Temperature and LHSV on Sulphuf conversion

Sulphur uonversion in the tubular‘reactof ranges
from 8.1 to 25.3 percent for the three temperature
levels '(400°, 420° and 440°C) studied. The LHSV was
maintained at a nominal value of 1.0 h™'. Figufe 1X.45
shows a pldt of sulphur conversion versus temperature-

in the tubular reactor. Sulphur conversion is observed

El

_to 1ncrea5e wlth temperature. The effect of LHSV on

sulphur conversion: is shown in Flgure 1X.46 at 440 C.
SUlphUr conversion‘varies from 18.0 to 25.3 percent for

the range of LHSV studied and is. observed to increase

with increasing average liquid residence time. The plug
flow model predictéd conversions, based on the pseydo- *
- first order kinetic equation for hydrodesulphurization,

are presented on the plots as solid curves.
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hﬁD.‘Catalytic Processing,o£?CANMET Gas 0il . . . R
.'_Product Dlstrlbut1ons
The catalytlc hydroproce551ng of CANMET gas 011 was‘w

o .

ustudled at one level of nom1na1 LHSV and at three levels of
'gtemperatures. The product dlstrlbutlon results (glven 1n '
E"Table VII 9) show that the amounts of l1ghter fract1ons
;1ncrease Wlth mncrea51ng temperature._Flgure IX 47 presents
a plot of l1qu1d product d1str1but10n versus temperature |
‘:whlle Flgure IX 48 presehts a 51m11ar plot for the gas

§
4

";product d1str1but10n.tujfv:,u g f‘ifﬁpﬁ@; o f»i.fff{ff'
~ : - : LT L T e T e

9\

r\catalytlc hydroproce551ng of CANMET gas 011 1s presentéd 1n

ol

SIS S

e

' The effect of temperature on p1tch conver51on in the

';tFlgure IX 49.“P1tch convers1qn approaches 95 percent at a.

”’-htemperature of about 440 °C Addltlonal runs and repllcate

?;runs should help deflne the shape of’ the curve in- Fugure T
‘f‘pIX 49 more clearly ‘.‘»t°”‘3'f_v mlﬂ,’ & ]-Q :f,j,f“',@;
“'Effect of Temperature on Sulphur Conver51on"l

‘j In the catalytlc hydroproce551ng runs, hydro— :f3'

77desulphur1zatlon was almost complete at temperatures of

:-,T400 C and above. Over 90 0 percent of the sulphur compounds

3

sln the gas 011 were converted at 400 C At 420° ana 440 C

e

'sulphur conver51on approaches 100 percent Flgure FX 50 f: =X

ol

‘ 7,shows the sulphur conver51on results..;fl_:-dp: _'j
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Kinetic Analysis Results .

Modelllng the K;netlcs of Pitch Conver51on
‘ .

V Two models of the form used in the k1net1c

analysis of thermal hydroproce551ng results were used -

.1n attemptlng to model the kinetics of pltch conver51on !

via catalytlc hydroproce551ng The - catalyst load1ng L,
]

' conver51on to the concentration of pltch in the reactor
"llqu1d whlle Model 2. relates the rate of pitch

"converS1on to the concentratlons of p1tch and hydrogen

.used was taken into account in the rate of pltch

in the reactor llqu1d

f
cOnversion,term. Model “i relates the rate of pitch '

‘ The Arrhenlus plots of the rate constants for both:
P

models are glven 1n F1gures Ix 51 and IX. 52 The

qvactlvat1on\§nergy estrmated based on Model _ isn154.2

,_kJ/mol tat1st1cal tests were used to determine how ]

‘ Based on a smaller sum of squares of

- kJ/mol whlle that estlmated for Model 2 is 128 8

well the experlmental k1net1c results f1t the models.

gt

esﬁ@uals and
coeff1c1ents of correlatlon and deter 1naﬁuon closer to
unlty suggests that Model 1 models th

]
catalytlc pltch conver51on better (a

-klnetICS of
Shown'in_Table

Ix.7)
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"Table IX.7 Stathtlcal Test Results for Klnetlc Models

Used to Correlate Pltch Conver51on Rate Data

ln the Catalytlc Hydroproce551ng of EMRGO

-
o)
W

e

Test' Model 1 Model 2 .

':Coeff1c1ent —ré = k.GRL —rp'— k CRL‘CH
Z'Residual,Sum of ' : ' R

. Squares 0.0033 0.0201

Y

.Coefficient off- A . o o

- Determination ‘9,99§0 0.9832
Correlation . " N

Coefficient 0.9990 | 0.9916 .\

\
¥~—



X. CONCLUSIOhS !
] |

The study has demonstrated the usegulness of a
‘mini- CSTR laboratory scale process unit supported by
reliable analytical techniques in prov1d1ng useful insights
into the thermal hydroprocessing of heavy gas oils. Much
useful information‘was obtained on the process performance
in terms of the level of hydroconversxon and hydro-
desulphurlzatlon, product dﬁstrlbutlons, the effects of
process varlables and reactlon k1net1cs In addltlon useful-
information was obta1nedvon process condltlons where coke B
formatlon is favoured for six dlfferent heavy gas o1ls The
'concentrat1on of reactlve constltuents 1n the CSTR liquid
phase was -mea ured by sampllng the reactor centents at

-~

“‘reactlon condltlons These concentratlons were used to

correlate the rate data for the CSTR runs. This approach 15‘

super1or to other approaches reported in the literature

- where rate data is 51mply correlated w1th comp051tlons of

the lqu1d and gaseous products sampled after pressureb
}reductlon and coollng

Additional 1nformat1on on the performance and product.
dlstrlbutlons was also obtalned on thermal hydroproq;551hg
of Lloydmlnster vacuum gas o1l 1n a tubular reactoﬁ/
'D1ff1cult1es assoc1ated with accurate repreSentatloh of \
'llqu1d holdup in the reactor were encountered Prellmxnaryt'

'stud1es on catalytlc hydroproce551ng in the stlrred reactor

(CSTR) also provided useful 1nformatlon on performance,\'

194
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product dlstrlbutlons and reactlon klnetlca for a CANMBT gas

0il derived from‘Athabasca bitumen (BMRGO)

Based on the results of the study, a numbér of relevant

4

observations emerged. A brief summary is given.

011 coke fo

i
.l
i

‘ L

Lloydminster Yacuum gas oil can be thermally

hydrocracked ;n a stirred reactor ( TR) at 13.9 MPa
5 i

and temperatures up to about 440°C. itch conversions

of up to 65 —‘70 percent can be attained at these

‘ condltlons At temperatures above 440 C, severe coke:

formatlon occurs

.Coklng envelopes for the thermal hydroprocess}ﬂg_gf

‘varlous heavy gas oil feedstocks can be establlshed

using the CSTR approach The beundary between the

’VCOﬁlng and hydrocracklng regimes c&n be determlned ;

based on. proceSs variables and the correspond1ng level

of pitch conver51on

'In the therm:ﬁ hydrocracklng of Lloydmlnster vacpummgas

matlon was moré severe 1% the tubu}ar

_reactor than in the CSTR at apparent 51m11ar reactlon

condltre S. 'ngher p1tch conversions was observed for

tubular reactor runs compared to CSTR runs at the same'
temperature and nom1nal LHSV due toithe hlgher average
liquid residence time in the tubul#r reactor.

The‘CSTR approach'to kinetic modelling, based on

L ;sampl1ng and analy51s of actual reactor contents at

operat1ng condltlonsd_ls the correct approach The use



“l

—

‘ R
\
of the composition of liquld product sampled after
- \
i " . . . : " [ X N H . . . - ) .
| pressure redpction and cooling wi 11 lead to erroneous
‘\ ) " . ‘
| kinetic analysis.
5.. Based on experimental rate data from CSTR runs with

! Lloydminster vacuum gas oil, a kinetic analysis showed
\ - ‘

" that a pseudo-first order kinetic equation relating the

rate of pitch conversion to the pitch concentration 1n
\Fhe reactor liquid phase fits the data quite well.
6. A CSTR model based on the rate equations derived from
. Llfydminster vacuum gas oil run data was developéd..fhe
mo§e1 prediEteé pitch conversion leveis in the CSTR
qufte well.kIn the analysis, it was found that the
ratis of the liquid feedféte to the liquid producf rate
eval&ated at reaction conditions and used in the model,
is i;¥reasingly greater than unity at the higher
tempe£ tures. Taking"this‘ratié to be unity gﬁ 440°C
will y‘eld large errors in the predicted pitch
conversjon.

7. Blending Lloydminster vacuum gés oii»with éthe: lighter
fgedétoc s allow for thérmal procéssing at higﬁer
temperatures with minimal coke formation. Therevis some
indication that ;oke formation tendency is related to
pitch content in ‘the feedstock.

vé.' The hydrog%n'concentration results obtained from the

. !
thermal hydrocracking of various heavy gas oils were

\

observed to\decrease with increasing t@mperatures.'This

-5

suggesté that the*.reactor liguid phase is not saturated

o



} ‘- s 5 : R ’];9;7_ ;
. m"fiw1th hydrogen and that the hydrogenICOﬂtent in the
N : reactor 11qu1d 1sidependent on the transfer rate of '.\: ~gh‘-;"f
jgjhydrogen from the gas phase to the 11qu1d phase. The d:;ﬁ535715”
f ; 'hreactlon rateﬁcould be 1nfluenced by the hydrogen -
fitransfer‘rate.‘Thls dlfoSlon controlled reglme was not
ulgh;'tf;ev1dent from hydrogen concentratlon data for g;{.;ﬂ:”r%.", .
" hijloydmlnsten vacuum: gas 011 where the hydrogen;r' ; ‘; :g
‘ﬁfrfirgfconcentratlon’1ncreases w1th 1ncrea51ng temperature'at Lk
‘ = ;;constant reactor hydf;;en partlal pressure.'";”' i o
yftié.hf The catalytlc hydroproce551ng of a CANMET heavy gas 01lg*'”' _
| “'T(EMRGO) showed much greater reactlon %ates than thermal'iyfiﬂy
DT _’1,}proce551ng and thus ‘a. much higher level of | FE S
/3%&51”‘2hydroconver51on and hydrodesulphurlzatlon“was attalned-‘“:"1

‘7H0W€Ver coke GEPOSIthD on the catalyst surface caused 1hh5 ,ﬂwfq

x;_rapld cata}yst deactlvatlon.d ]f5~f,j : {,-ﬂ fﬂtw':@

b
4

| ff ThlS study has generated much USeful 1nformatlon on. then e
ythermal hydroproce551ng of relatlvely llght feedstocksigo;_g .
g;compared tO heavy r651duum 11ke bltumen: However,_ﬁhe;uyrif.i
.;5fresu1ts of thls StUdY Should prove useful as ref?rénce.
i 1nformat10n in 51m1lar StUdleS 1nvolv1ng heav1e; feedstocks.;;;g
p ' S ;: ) T?f
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The hydroprocess1ng process un1t can be used to :

'

"~obta1ned useful and rellable process data on the thermal e

Lo

9

hydroprocess1ng of heavy gas 01ls. The spec1abuzed sampl1ng

L and analyt1cal procedures enables useful 1nformatlon on

O

process performance and coklng characterlstlcs to be

obtalned However ‘sSome dlfflcultles were encountered durlng

g : :
the course of the study Some recommendatlons that may allow;

oot

for the 1nterpretat10n and p0551ble solutlon of these -

DR

Sl problems are presented below

rfpoperatlng at dlfferent hydrogen partlal pressures.

- . . - . -

e

For the range of operatlng condltlons used 1n th1s,{~f:
Istudy, the measured concentratlons of the pltch and of

"lhydrogen 1n the reactor llguld phase have values that,f”

\

‘:‘flttlhg the data to -a general rate equatlon relatlng

gthe rate of pltch conver51on to pltCh and hydrogen
';‘runs whlch prov1de results where the concentratlon dataf'
lle over a wider” range would help solve thlS problem e

'nswlder range of pltCh concentratlon data can be obtalnedg?ﬁ

yyyfractlon and a dlluent llght fractlon. The range of ’,“,3

Kl

Tfhydrogen concentratlon data can be. 1ncreased by

& B

PN ‘:.

flle 1n a very narrow range. Thls causes dlfflCUltleS 1n”;p7‘;~*

'jfconcentratlons in. the reactlng llqu1d phase. Addltlonal;h’gﬁd"

'tfrom exper1ments w1th blends cons1st1ng of a p1tch _ e:q;__&“'

Taklng 1nto con51deratlon the large number of comoounds VJ"h'

ef
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8.

. .1n a gas 011 qu1te llkely each w1th d1fferent |

".freact1v1ty,v1mprov1ng the k1net1c ana1y51s to account

S e

'7,fract10ns.,- '

~

for thlS would certalnly 1mprove the model pred1ctlons‘f*

ity
R

A moré sophlstlcated approach 1n k1net1c analy51s where~:77

a dlstrlbutlon of narrow b0111ng range fract1ONS

?-representlng a multlcomponent system 1s used to model
v; the gas 011 would probably 1mprove the model

predlctlons a great deal The d1ver51ty of compounds 1nQ_fQ

ge

these narrow b0111ng fract1ons 1s less than a w1de

b0111ng fﬁ%ct1on allow1ng for the accurate appllcatlon

: of s1mple k1net1c equatlons to the 1nd1v1dual

a
s L=

In order to be able to model accurately the conver51on

of pltch and sulphur compounds 1n the tubular reactor

\ﬁh the: level of m1x1ng 1n the reactor must be establlshed

The accurate,representbtlon of lquId holdup 1n the

Lv reactor must also)be determlned The plug flow model

used 1n thls study assumes plug flow behav1our of the

T T

llqu1d phaSe in the reactor The changlng llquld holdup,d,‘-;r"

o

1n the reactor due to convers1on to vapour phase as the';
lqu1d moves up the reactor 1s roughly accounted for by; “
the 1ntroduct10n of a correctlon term estlmated frem

CSTR data Further study of the plug flow model is

, requ1red to 1mprove 1ts rellab111ty
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APPENDIX A - Supplementary Equipment Diagrams
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_ ‘Matheson Model 63-3262 -
/ _ Pressure Gauge

"Ya NPT Male Connections

o

<«——— 40 mL Whitey 3E-1800
‘ Sampling Cylinder * - -

:>f+-'Hoke 321Y Needle Valves
B Ya NPT Male Connections

‘ . : . N . .
. e . : ’ ’

Connected to
Reactor's
qumd Phase Samplmg

- Valve o
) 7
All Fittings used are s inch Swagelok Tube Fittings

KUt
o

f

) Flgure A.l Schematlc Dlagram of quuld Phase
Sampllng Recelver Set-Up :

+

e
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e Matheson Model 63 -3232
’ Pressure Gauge

©

,4————- 40 mL Whitey 3E-1800
Sampllng Cylmder

™~ N
T
i 4 Hoke-321Y Needle
‘ 1 Vaive S
.’ ’ v . ’//, N \“<\
Connected to /
Reactor's
Gas Phase Samphng Valve
_ All Fittings used are % inch Swagelgk Tube Fittings
\ B . . ’ ’ . )
:;:2\‘;? . . ' . . " T s . y
Flaure A 2 Schematlc Dlagram of Gas Phase\
Sampllng Recelver Set- Up '
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S : T Connection to Gas Receiver
R , Hg Reservoir © . n
' ' / ' i \
. ) . 1_§§§mllli Illl;ss‘ L i
| - * - Teflon’ Regulatmg N

| ~ Support Rings ' : _ “ . Valve ‘ ‘
“‘ 4 1 A== - F2 e » S
‘ \ -0 . 'Top Cover Hold* Down Lo

&;__.4*_5 S | R Sprmgs Paur) s,

gu
Connection'to ~—
Sampling Cylinder .
- : L o e 250 fnL Burette R
' - o e i Lo - o
i 3 e |
I | oo “\ .
I . N ) 4 . . . v ‘L .
. K\ ; ’SubpoﬁSIa,st R LU
: W E . R T **-
. T S R
. ; “Supaort Tray B A
- { i ‘*‘ R ' \: J»s- .
; » R e
: B A 5
. f . ’
Flgure A 3 Schematic Dlagram of Bureﬁte~System Set-Up " w0
for volume measurement of dissolved gas, from
reactor 11qu1d ohase sarnnles . b )
z b 0 A A
R ]‘ BN l‘-“ :- . R . ;s:“ — R s '
2 . 4 - . \g ax‘ ." e e =
x . [ * 2 a "
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F.C.|

D
i
>
i
|
a

HE

Reference

'"’f""”"f*"'""f""""""'"';"—"1’

“Column| Adipate + Silicone  * FC Flow Controller

'~ Columnil Porapak Q - : NV Nupro Valve -

.. Columniil Molecul_ar;Sieve 5A L Loop, 0.25 mi

IP  Injection Port

‘Flgure A.4 Plumblng Set-Up for Gas Chromatograph

used for Refinery Gas Analysis (RGA)

)
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- B,)‘ANALYTICAL METHODS .
ThlS section prov1des a. brlef descrlptlon on the
(‘treatment of data obtalned\from the varlous analytlcal e
| methods used _ fdt'e ”";."‘&;‘thdA'1'f.":fh5“‘-f

Blr Slmulated Dlstlllatlon Analy51s (SDA)

'ﬁ;“:f There is a 11near relatlonshlp between the b01llng

P

gp01nt of allphatlc hydrocarbon compounds and ther
"Qcorrespondlng retentlon tlme.» ThlS relatlonshlp;@s
'{standard contalnlng a serles of n- paraffln compounds.;~dhis

"JCan be expressed as.,"‘:ydmr

1t S

(BP)

s

=D, e

-Whére;/ﬁ

el

i

fKBP)i :boiling pointVoffCOmponent'ip7W”41""

r:cRT)r

‘retention time of component j

l’ 2 R *Flinear'parameters,
i'd:In the analy51s of llquld samples, the respfnse."

factors of the components 1n the petroleum mlxture were,h
eassumed to be unlty ThlS makes the cumulatlve emount of
- .I

”‘;sample eluted proportlonal to the cumulatrve anea under L

e

kfrthe chromatogramg-’c .;*;‘-"d ”’”'j,f].g p

Ve o r=lear el

= T. f'lt '%_C3AT~_-3 b , ;(Bfl;?) ‘
v evmrwos

Comagmpxi0s T Lo

- where,u'

Jerfes

the cumulative volume of sample .



\

eluted and the cumulatlve area

',under the chromatogram at retentlon

['tlma t
VT,Ai‘H'<='total volume of sample eluted and
b él ~€the total area under the chromatogram
‘ Vf‘tf,vﬁ’ﬁﬁvolume.percent of sample‘eluted:ati_y“
i yh5'iiretentlon tlme t |
ify::cfcét} ‘r;oﬁ'proportlonallty constant"

’ U51ng eguatlons (B l l) and (B l 4) to obtaln the“'

b01llng p01nt and volume percentage eluted at any glven'

_retentlon tlme,'a SDA dlstlllatlon curve can be generated.

'Thls 1s the ba51s on whlch the computatlonal procedures.r
followed 1n program &SIMUS is based f:f' e Qﬁﬂf~3fg'5

“ﬂE;Z' Sulphur Analy51s

X

ThlS method lS based on data obtalned by X—Ray

7ddfluorescence u51ng a Panalyaer 4000.- The response for a. . -

fpartlcular sample 1s measurcd as tounts per unlt tlme and

L

Vi is found to. have a llnear relatlonshlp w1th the welght

’“Vfﬂpercent sulphur content 1n the sample.;u

Counts = K+ K We oo (a2

yymeasured response, counts per
'~<measurement tlme
W o :]=~we1ght percent sulphur in sample_‘

1 2

m?-H";' “f'v#”llnear parameters
';;; Callbratlon standards can be made up of paraffln

RECT

'Q01l and a known sulphur contalnlng hydrocarbon compound

llke thlophene From callbratlon runs, the llnear



| ybetween the. den51ty of ‘the - sample and the~ frequency S

"mole fractlons and molar flowrates N The absorptlon—

‘ parameters, Klland Kz, can be determined.

3.33 Den51ty Analy51s o

This. method 1s based on the use of a. den51meter.. The

' 1nstrument is set unguch that the follow1ng relatlonshlp

s

readrng,rs_observedzl

P2 TP T Kd"[i'{rz’f "N ] B

e where.;:.:

.

1od1metr1c tltratlon method determlnes the hydrogen—.//a
T i v L ‘ //..‘

. R Coe » 214

.

'péﬂf A=,den51ty of/sample, /mL
V{plﬁ 'l’svdenSLty of known reference llquld g
‘ :"f:_.dg/mL . s
:,Té%i h*‘“hrd e_frequency*reading-for”saﬁpie'.
'leiﬁ- ‘d" lt'?=ifreguency readlng for\known ;-i?'
e ;'.‘refgrenceﬂllquld vr h.f”.x?f;:
v”aKd}H‘.f .’;;;,#iinstru ‘constant, Tlf‘i.ﬂ‘f'til'fd
The 1nstruﬁeﬂ;?constantTCan-be,determinedvfromd.;lf
.obtalnlng the frequency readlngs for two hnown reference
7] fluldsrb Air and water for ekagple w1ll make good reference‘
3f:pf1ulds slnce thelr densrtles are Well documented and o
1readlly avallable " | ‘1i ot
B¢4' Reflnery Gas Analy51s (RGA) <
: The RGA coupled w1th the absorptlon—lodlmetrlc jdv
‘tltratlon method prov1des é complete gas analy51s for the ?
Tf:product gas.j The RGA determlnes the gas comp051tlon 1n'ft .7:;
h-p'terms of hydrogen and the hydrocarbon gases xdlu;icé?.égf;w /i'
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sulphlde content rnvthe product gases in terms of molar_'
' flowrates.: Comblnlng these results w1ll yleld the overall
| gas product composrtlon The computer program &PGA was
\ wrltten for thlS purpose._ | |

“B.5. Hydrogen Sulphlde Determlnatlon

ThlS method based on the 1od1metr1c tltratlon
technlque uses thegfollow1ng equatlon to determlne the

molar flowrate of hydrogen sulphlde 1n the gaseous products.

:',(VI SV Y)W

 rMHiéH?:{#',‘f ‘Thlo. .sq;?)d:'vf}»d cik3;3;2)
2 o S ?}}VS_.ts. R Sl -
where,
,d,;ﬂgésrh5;f‘molar‘flowrate of HZS 1n‘product gas,u
AT ol min; } | fp"' L
'fviﬂ ;. Jf“volume ofHO l N’ 1od1ne solutron used ‘10 mi;
“?Viﬁié;h,%?volume of 0 1 N sodlum thlosulphate soln.s
S 'Jlused 1n‘titrat1ng the excess 1od1ne, mL
‘7HN ;dekfi.normality o% sodlum thlosulphate soln. used
Csoanm S .
Vséind fé'VOlume of scrubblng solutlon used Sbth(
'f,VSphf'p ;fvolume of scrubblng solutron used in s
o "rtltratlon mL 2/
.”tsd,h‘“:=rscrubb1ng tlme,lmin :
s :
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‘ 'C;l.2 Sulphur Content Analysrs ReSults

,computer program are dlscussed 1n Appendlx B.

_product samples for run LL- 18. ,j'{ ‘bt‘i‘f"

217

c. -SAMPLE”CALCULATIONS

The results for a typlcal run, LL 18, are used to'

:demonstrate the calculatlon procedures used. -Run'No LL—lS
was a- thermal hydrocracklng run w1th Lloydmlnster gas 0il" as

4 feedstock ~ The operatlng condltlons and run data obtalned

a

ﬁvdurlng the run - are glven in Table C.

C.l Basic. Data Reductlon

“C;l,l Slmulated DlStlllathn Analy51s.(SDA) Results

‘ The raw SDA results (retentlon tlme versus area

”pﬁresponse) for the llquld feed, llquld product,:and reactor»'
;llquld samples were converted 1nto ba51c dlstlllatlon
'results (volume percent versus/b0111ng p01nt) by computer_

’f_program &SIMUS ‘ The calculatlon procedures used ln the' :

.

7_Table C l 1 shows the computer output for the llquld

N

A S
Sulphur content results for the lquld samples"

rlcollected durlng run . LL 18 were converted from counts

'per mlnute data to: welght percent data by u51ng ‘a callbra— »

;tlon curve based on thlophene in paraffln 011 callbratlon

.7-h~m1xtures The results are glven Ain- Table C. l 2.

or

The callbratlon curve can be assumed to be a stralght
llne for the range of sulphur content con51dered and can'
be represented by the follow1ng equatlon

. 2.69 1 47

s T 526 f 364
b 240 |

(Count = 364) + 1 47 ¢



Feedstock

Operating quditidns

o
/

{:Reactér;feﬁﬁefétu:ei QC_ L o - ‘440
Rea¢£6f Pressure, MPa: o  5; o “.i3'9

'-Hydfééeﬁ Feédraté, L/ﬁin
waOc . o

' OiI'Feedrate,“hL/miﬁ | | |

 .at‘23?CA R Q L : 'fviA 3.75

bl'AgiEaﬁipn'Speed, rpm* I  “‘ : . 7 850"

,\MéaSuredeuh Data ° -

”:‘Gégj?roduCt Flera£e;‘L/mih
'1 LiqﬁiaPrgductiF16WﬁAte,_;L/miﬁ. o |
at23%. . 36
. Reactor Liquid Holdup, mL R

S
N .

a2 195
Reaétq;‘Lféuid Phasé‘sémpiiﬁg,j: DRREE
.Sémpie,Wéigﬁt}19’1 :::4:1_," e 12.28
Volume, 6f Dissolved Gases in ST
' aRéaqtp£vLiqpidfPhase éampie at: |
t _é39C@me- i  i -  '»;>; "‘ e - if 469f



Table C. 1. 1 Sample Program &SIMUS Output - SDA, Data

RT

A
2

- 10

W EIo OB W

.51

.51
51
.51
.51
.51

.51
.51

51
.51

51

.51
.51
.51
.51

51

.51
.51
.51

w51

.51

.51

.51

.51

.51

51 -

.51

.51
51
.51

.51

.51
.51

.51
.51
.51

.51
51
.51

.51

.51

.51

.51

.51
W51

8280
2900

3100 -

2290

2898
2406

2809

2639

2877

2822
3423
3290
. 3839
3654
4360
3939
4244

4309
4166
4099

4036 °
3883

3665

3323
2962
2616

2271
1980
1734
1537

1331,
1161
11035
933
. 853
796

752
711

669
637

611

593
576
568
567

L

21

168
288
386
466
1534
‘585

626
1657

680

694

699

702
© 706
705

701
698
689

.. 681
675
. 668 -

657

647
640

628

621

613

606
599
589"
580 -
570

561

552

538
528

515"

507

494

482

476
472
476

485

Sample LL-18-1

© AL
8259

2732
2812
1904
2432
1872
2224

2013
2220
$ 2142
2729

2591
3137

2948

3655
3238

3546 .
3620 .
3485

3424
3368
3222

3008°
2676
12322

1988
o5t
136
1128

742
581

465
372

S 301
258

224
196

162"

143

129 ¢
117
104

VoL

LA AE NN WWWWWIBEPRWEBEWWNWRNRNRNRNODNDNWWW

.554

.160

.253
.203

.813

.166
.573
.329

.568
478

. 157

. 997
.629

.

410

.228
746

L1020

.188
.032
.961
.896

.727

.480

.096
.686
.300
.909 -

.581
.305

.085
.858"

.672
.538

430
.348-
.298"
.259
.227
.187

. 165
. 1489

L1350
120

.000
.000

(GC ID. 547)

ACC.VOL.
Q.
12.
15
_18.
.20
23.

.25
30
36

42

70
74

78.
81,
84, _
431
. 731

87

89
9.
93.
.94

95,
96.

97,
97.

98
98.
- 98,
'99.

99,
99
99.595

). 744

.880

.000:

.000

.000

554
715

.968

170

.984
149 .
722
28.

051

.619
33.
36.254
39,
.880
46.
50.
54,
58
. 62.
. 66.

097
251
290

518
264

.366 .
554

585

546
442
1707

649
745

640
221

526
611

469

141 -
679
1710

458

/156

016
242
430

219

B.P.
52

109.
120.
132,
143
155.
166
177.
189.
200.
211,
223.
234

246

268
- 280.
.57
94 .

291

- 302.
L3714,
70

©7325.70 -
08

1337,

348.

359.
.21
.59
393.
405.
416.
428.
439,
450.

371
382

462

184,
- 496.
507.
519,
530.
541

553,
.63

564

576.
587.
- 598.
610.

90

28
66
03

.41

79, .- e e

54
92
30

.68
.06
257.

42

.81

19

32

45
83

96
34
7.2
10
48

85
.23
173,

61

99.

36

74
12

50

25

.87

01
38

76
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Table -C.1.1 Sample Program &SIMUS Qutput - SDA Data
(GC. 1D.

‘45 PLUS FRACTION

/

Sample LL-18-1

. //Q
s

(cont'd)
C NO. - BPF
8 258.0.
9 ~303.0
10 " 345.0-
11 385.0
12 - 421.0
13 - 456.0
14 488.0
15 519.0
16 548.0
17 576.0
18 602.0
19 627.0"
20 650.0
21 674.0
22 696.0
23 716.0
24 736.0
25 755.0
26 774.0
27 792.0
28 809.0
29.. 825.0
30 . 841.0
31 858.0
32 - 874.0
33 1 889.0
34 '901..0
'35 - 916.0
.928.
37 9%4/%
38 954 .0
39 ., 964.0 -
40 . . 875.0
41 /988.0
42 " ./ 999.0
43 1009.0
44,/ 1018.0

BPC
126.
151,
174,
196.
216,
235.
253,
- 271,
287.

"302.

-317.

331,
344,

- 356.
369.
©.380.
391.
402.
412,
422,
432,
441,
2450,
459,
468,
476.
- 483.
491,
498,
505.
512.
518.
525.
531.
537.
543.
548.

o<DC>o<3c>o<pc>oc3c>ocjc>oc3c>o<3c>ocjo<3C>o<3cgoc3c>o<:c>o<3

RT

.41
.61
.66
.61
.37

08

.64

157,
.57
.94
.21
.43

55

.72
.80
.77

.75
.68
.60

.48
.31
.09 -
.88
.71

.49
.22
.81
.54

5.12

.76

.39

.88

.42

.05

.59

.08

.52

547)

0 cnoticaocDCiocjc>c>ocjc>o<3;+»-a—amrouap»>¢>mcnowmcnun>¢>»<n

VOL.

e 14,05

.83
93
27

.53
.03

.51

.69

L1

.81
.28
.18

.43

.71

.33

.87
.57

.26

.01
.83

.67

.58
.46

.37
.25

.27
.20

.19

.17

.13 .
L3

.14

.10

.09
.07

.48

.VOL
.05
.88
.84
.62
.26
.53

.09
.60
.29
.40
.21
.49
.68 -
.11
.82
.15
.02
.60

.87
.69 -
.36
.94
.40
.77
.03
.30
©.50 °

220 .

.86
.99
L1
.25
.35
.44
.52

.00



Table cC.1.1. Sample Program &SIMUS- Output - SDA Data

\

\

(cont’ &)

Sample LL-18-1

(GC ID.

PRODUCT LIQ. FLOWRATE, ML/MIN
VOL. % PITCH (650-975F

AVERAGE SAMPLE MWT.
AVERAGE PITCH MWT.

WT. % PITCH IN SAMPLE

FRACTION NO,

1

O OO0 ~1 O U WO

L d

(c8)
(C9-Cc11)
(C12-C14)

(C15=C17).

(C18-C20)
(C21-C23)

(C24-C26)
(C27-C29)
(C30-C32) .
(C33-C35)

(C36-C38)

(c39* )

G/MIN

. 3447905
4081116
.4191393
.4780630
.4007953
. 2944026
. 1660792 .
0897131 '
.0498218:
.02614 14
.0164822
.0336857

FRACTIONY

MOL/MIN

547)

.0034407

.0028682
.0022734
.0021111
.0014926

- .0009478
.0004709.

.0002272
.0001140
.0000546

.0000316

0000557

o uwnn

g e

22.62

233.78 -

355.72 .
23.75

MOL.FRAC.

.2442318
.2035928

.1613712

.1498548
.1059468
.0672797

-».0334257
.0161309
.0080953

.0038743
.0022455

.0039510

221
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Tablé‘C;l.Z,Sulphur Analysis Results for Run No, LL-18

. Data Noh' Liguid ﬂeed " Liquid Product ' Reactor Liquid
- (LL-18- F_)- ( 1L-18-pr ) ( LL-18-RL )

\
|-

494 420 . - s01
491 . . 416 480
ags . . a20 519
04 e . - 415 490
e 435 | 491

427 |- 499
427 © . 523
g09 . sl2
418 524
410 520
420 - 519
432 . L0 484
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=
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, Table'C,l.Z Sulphur.Analysis Results for Calibration
(cont'd) Samples : Co

THIOPHENE IN PARAFFIN OIL

‘Data No. - .+ 1.47 WT. % S 2.69 WI. % S
1 357 537
2 365 ' 529 .

3T 355 , 512
a0 . 368 ' 527
5 . 373 %55
6 '~ 356 B 538
7 369 . 513
'8 31 520
9 368 516
10 ) 364 .7 7L 539
11 o 364 . - . 519
12 | 370 - 517
AVERAGE - - E -
COUNT L 364 . 526
.
: w<;
| . ,\/X



\

* = 537 -

wS | Q:OO?le \
where, ?

Count =‘averaqe'count for a sample \

WS = wt. % sulphur in sample

LL-18-FD

Count = 498 .

W = 0.007531 (498 - 364) + 1.47 = 2.48

LL-18-PR

Count = 420

R
WS = 0.007531 (420 - 364) + 1.47'*='1.89
A ¢

i 505 o
7/ ' ) . ’ .
: 007531 (505,—'364)'+ 1.47 = 2.53 -, R
Cc.1l.3 Den51ty‘Determlnatlon Results

(Count - 364) + 1.A7 (C.1.2)

%ﬁfj ' The frequency readlngs from the. dlgltal densimeter

were taken for the llquld samples.

The instrument .was.

callbrated u51ng air and water. ]

Experlmental condltlons were 713.,4 mm Hg and 23 C.-

The frequency readlngs

T_.
air

T, L e
HZO- .

. Trr-1s-FD
L "TLL418—PR

'

LL -18~- RL

7=:214l343,

obtained are 1lsted asufollows.

= 1584687 - ,

. = 2164083

= 2123884
- 2108811 - . o

P

L ' Phy51cal propertles of air and water were obtalned

'from the llterature (Chemlcal Englneers

J

-~

Handbook, Perry &

7 -



A < . : b R e R 'c‘-

Chilton, 5th Edltlon)

Lt

0 0012928 g/mL @ 0 c, 760 mme Hg

N
H

|

0. 9975415 g/mL @ 23 c, 760 mm Hg U

= Den51¢y Calculatlons

‘__Corne t;ngapair,to analytlcal condltlons e

R (713.4) (273)
Pagr L T 0. 0012928 (760.0) (296)

0 001119 g/mL

n

HA

Correlatlng equatlan spec1f1ed for éz= n:Jmeter used:

.'"‘;‘j792 f‘gl,.'

. “ “*\ ,\vu o .-: --_ . 5 .tu. . ' | l‘ |
R ;‘tV-" R
den51ty of callbratlng lquld, g/mL

H‘

B " & B g o
TR SRR S
'M:' 1

'frequency readlng for, sample .

ieh
H

3
I

fgiv 1 frequency readlng for callbratlng llquld

_i._Kde‘n f;*

1nstrument constant

Physlcal and experlmental data for alr and water were used

: to determlne thellnstrument constant Kd e 4“:. ol
p e . . . . S
S ' : 2 o T
S ‘»K X s K 4‘:'_ (O ) / . T ._\.'\ . ) R o v "
u}_'-»j~" ; AR HZO .a 2 ~‘n il AR
T = (. 9975415 - . 001119)/(21640832 i
. ue Q’V‘- a"1584687 ),. - o ;  % .

A

1.5875 x - 10° l“’q/mr;

i

051ng the value of Kayobtalned and equatlon (C. l 3) thef‘;ﬁ'

‘. densatles of the lquld samplegﬁﬁan'ée determlned.,_

Ty

LL- 18 FD },;tﬂ*f; S .: P

= XKg (Trpe1g-wp .~ Tio ) T Pm0

‘.pﬁ 218~ .
1L 18-7D w00 " on,

‘55'[:T2:;f,?11'] (c 1 3) o
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75975'§'Lo“;3'(2123884?’

i

2164083%)
40, 9975415

9185 g/mL fﬁ'

]
O

. LI-18-PR .

v;gLL518—PR fo% 5875 X lO ‘ (2108811 $21§4083,).-

| +'o;9975415

Il

0.8892 g/mL o h e

4 5875 x 10° (21413432

2164083%) -

| ?,dpLL—IS*RL‘:
o e, 9975415'r~".:7 e

0. 9526 g/mL

The den51ty correlatlon descrlbed earller ;d the’resultsft
sectlon was used to correct the measured den51ty at 23 C :
and 713 4 mm Hg to(the API condltlon of 15 °c and 760 mm H | S e

.~PreSSure effects on den51ty were neglected 1‘-vf ~j:;rgf.?

S e e 2:; : :;: tcdff
., PrL1-18-FD,15°C ~ JhLL 18-FD, 23 °¢ 0.0011 (15»'52;)1v

ﬁ .9185° '— 0" 0011 (15'- 23)

0 9233 g/mL

o

i

A

RN SRR . SR _
- Similarly, ;),H . .Q.
ST - R T e

Jb 8892 = 0.0011 (15— Ay

v", .. - I‘(‘/’/‘ .
PrE~18-PR,15°C T,

/
s

TR AR e 8941 g/mL ,;_~v<f3,;’

~

PR
PLL-18-RL,15°C ~

1I

VF'§526 ~. 0. 0011 (15 - 23) ‘i
, H . 0.9572 g/mL ) ~ ;

T B
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eC;l}4v Bromlne Number Determlnatlon Results
: T v ‘
The method used for bromlne number determlnatlon is .,

based on the ASTM—1159 standard metrmd whlch estlmates thek‘

B

(A= B) (N) (7 99)
oW |

bromlneFKumber by the follow1ng equatlon"
-,.Bromine.Numberv= S (Cc.l.4)

+ where,

i

tltratlon volume of bromldQ«bromate standard
\/

”;solutlon requlred for Sanmle allquot - mL

. JAEI

‘vbB _% tltratlon Volume of bromldefbromate standard
‘solutlon requ1red for blank, mL

:{W ,=fwe1ght of sample 1n the allquot g

: N1- normal;ty of the bromlde—btomate solutlon,3

The bromlne number calculat;ons are demonstrated

e
e,
=2

: below based on equatlon (C l 4) The Value obtalned 1s»

-'rounded up to the nearest whole nuﬁmer

e
';LL 18 FD - T EE . SR

dExperlmental Results :é vo*83 ki, “‘_B‘¥‘0’40‘mL
- ‘TH"lv ’ . Y . . ) . . . .‘ . . . . ‘ .~

Woo0.3829, N=0.50 .

i ﬁrCmine'Number =‘LQ_EE,:_QViE%fégeélliZngl = 5.3 ‘

II

v7ﬁTherefore, Bromlne Number for LL—18 FD 1s£6;*’

”,,1LL-r8 PR

153mLf""B

u
i

~fExper1mental Results 0.40 mLi;l‘

WV

: B[()||[| r = W~ = I

t:Therefore, Bromlne &gﬁber fox LL 18 PR lS 18.
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1n-18-RL .

‘l;70 ml, ';hB' 0;4leL

/ W =10.3719 g, N'=0.50

/ . . . . R . B
jBromineﬁNumbefﬁﬁv(lf7o_f q 40)_ (0. 50)‘(?799) = 14.0

Experimental Results: A
o . /

‘

0. 3719

.Therefore/’Bromlne Number for LL 18 RL 1s 14.

/

;Cnl:Sf Reflneryrﬁas Analy51s (RGA) Results

puter program &PGA was used to comblne the RGA
results/(whlch glves the comp651tlon of the sample gas, Hé/ f"t

‘:Cl to/C ) and the hydrogen sulphlde content of the gas
/

lsample as determlned by the absorptlon-lodlmetrlc method

"

',The product gas comp051tlon as llsted on the program

//1output lS glven “in: Table C l 5

’:C.2 Predlctlng Reactor Contents Comp951tlon at

condltlons o ‘, ‘ :); : . ) ¥ :. | .. ) ‘
The equlllbrlum flash program, PENG PR. FIX developed
by D‘ Roblnson & Assoc1ates Ltd ‘was used to estlmate ther"'.
"comp051tlon of the llquld and vapour phases in- the reactor.:3;
The comp051tlon data for the gaseous and 11qu1d products
‘ were used in the equlllbrlum flash calculatlons 1n order to.
predlct the comp051tlon of the’ Vapour and lquld phases at,:‘

"“reactlon condltlons.

'Table C 2 l shows the comp051tlon of the comblned
| 7

'gaseous and llquld prodpcts for run LL 18 in flow unlts,
“mol mln l; ThlS was used as 1nput data in. program’?ENG PR.
'FlX;- The program performs flasg calculatlons to predlct
ﬁithe composxtlon at condltlons of 440 C. and 13.9 MPa.n:The;lf

fresults are glven in Table C 2. 2. ”ﬂ" h: S Sy

.'c.,’,“
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'Tableic.Zﬂl Composition of the Gaseous and quUld
‘ : - Products for Run LL-18 ! ‘

COMPONENT FL?WRATE
‘ (mol mln__)

R

‘MOLE'%.

H2S'

c1

c2
C3. ..
o4 T

6
“c8-

. co-c11

c12-Cl4
-~ c15-Cc17 .

- cl18-C20
S c21- _ca3
o Cc24-C26
 c27-c29
€30-C32. -
1 C33-C35
C36-C38
€39+

© o ©o o o o o

.001753
.009710

.000531

0.000471

0.000227
©.0.000114 .
0.000055

0.000032

0.000560

.074078 ‘
001130

.090886“

.000239 .
0.000127
0.003441
'07002868_:’

0.002273
0.002111
 .0;001493’
0.000948

230

78.9713 .

- 1.2046

1.8688

1.0351

©0.9445

"0.5661"

0.2548

2.4231

2. 2504

0.1354.
3.6683 -
©3.0574

1. 5916[7
©1.0106

0.5021

0.2420°

0.1215

0.0586

0.0341

0.0597

TOTAL

10.093804 -

7100.0000 -

s

S
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_C.3 Pltch Conver51dn Calculatlons

\

‘Pltch conver51on calculatlons were made based on a’

N

mass balance equatlon:

F c_ - F.C

k= glchziq;‘f' R (©.3.1)
where,

.4?1 , s'volumetric‘flowrate‘oftliquid feed at 23°C;f
| : mL/mln o |

YF2 s volumetrlc flowrate of llquld product at
i' d 23 C, mL/min

:Cé = concentratlon of pltCh 1n llquld feed at 23 C,_

M'( ; mol/mL ' | |

: “VC-p = donceutratlon of pltch in llquld prqduct at

- 23 c, mol/mL

X' o= fractlon pitch cogverSLOn

o . p
' The pltch conver51on calculatlons for run LL~- 18 are

»"t
= ?

demonstrated below.. The - average molecular welght and welght.-'
fractmon of the pitch in the liquid: samples were estlmated
“kby a mass averaglng of SLmulated dlstlllatlon data based on

allphatlc hydrocarbon phy51cal propertles ; TheSe values

were estlmated in the 51mulated dlstlllatlon data program ///
v.&SIMUS. o . o e R T T e
uExperrmental Results:‘ S
Run Result5° o - ye
Fl —o3 75 mL/mln, {3 F, = 3259 mL/miﬂ
N //'
_. " vé.



simulated Distillation:

v LL-18-FD .
"LL-18-PR
Density Analys

0.88

il

Pp,23% ~
Calculetions:

W0

MW_ =

MW

g = 373.36

355.72

P
is:

85 g/mL.

92.g/mL.a»

¢ o _FPF'_ 0.5963 (0.9185)
FT MW, 373.36
' / ) T
= 1.4670 x ;p’ mol/mL T

>/  N CWoo .

2375 (0. 8892)

mol/mL'

0.5963

0.2375

ip‘oi/mL L o

///< “p ~ M g// 355.72
= 5 936 10_4'mol/mL
X = 3 25 (l 4670 x 10 °) - 3.59-
p
o .3 75 (1 4670 x 10

C.4

3

o)

(5.9368 x 10

7
Stlrned Rebctor

Ce;culatlons to obtaln the rate constants for the two e

%)

-Model;ing’the Kinetice of;Pitch'CenverSionjin:the

233

‘models described earlier are presented in thlS sectlon for

‘run LL—lB.

Model_}. Ty = k4 Cry,
v,Model 2. —rp = kZCRLCH

- Mass-balance o

pitch conversion,. -r

n the stirred'reaetor“gives the rate of

7
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‘ 8 : 1.%;'.7“.,..
. FiCp = FoC,

‘Experimental Results:

VRL'

P
rm

195 mL at 23°C

700.5 mm Hg, : T = 24°C

Simulated Distiliation%_ |
j/.LLAlS-hL . MWRL =i368;81’ W | = 0.4528
Density Aﬁaleis; -
pRL,23¢Cfe.o;ésgé g/mL
'Reéqtor Liquid;Phése{Sémpling: |
| Wt . ReéctorlLiQuia‘Sample} W= 12.2830 g
. Vol. Diééolved-Géses,*VG = 469 mL ‘f_‘/.// )
Mole Fraction H, in Dissolved Gaées,'xg - 0.86144"
Cal¢ulatiqﬁs: | o
haa \

Correcting reactor ligquid volumetric data to reaction

conditions,

= 7J(0:9526)2“4 0.0011 (440 - 23)

PRrL, 440°C S
S o= 0.6700 g/mL - RIS
- (Vgy,,23°¢) (pRL,23°c), '

v

RL, 440°%C * E

PRy, 440%’ .
' .195 -(0.9526) _ ' '
\\

T

* o _ . i ) . _ & S
Measured by RGA of dissolved gases and correcting for HZS
content using‘predictéd value from the equilibrium flash-

, s
calculations



Calculating the rate of pitch conversion,

. _'3.75 (1.4670 x 1073) - 3.59 (5.9368 x 10”4
R 277.3 . :
=-1.2153 x~1075.mol.mL_¥'min‘il //

CalCulating‘pitCh and hYdrogen concentration in

reactor liquid phase,

c . - "mufRL _ 0.4528 (0.6700)
RL ~ MW, 368.01
- 8.2437 x 1074 mol mu ™t
. % S .
Cp = (XgMgpgy) /W
L SN : Prn'G
‘MG“ = moles of dissolved géses,= R T
. | . 7 Trm
. (700.5/760.0) (469) _ ’ L
=~ Sgres(aeT. ISy . o 007 mel
o - 0.86144 (0.01773) (0.6700)
g T —12.2830
~ IR SPT
= 8.3311 x 107" mol mL b

Calculating rate constanﬁs,

L | ; ‘ . -5
- . ,.- _1.2153 x 10 . -1
g Model }. ky = rp/CRL = T ” min

. | 8.2437 x 10 © -
-2 1.4742 x 1072 min'l |
"MOQ§; 2. k2 = _'rp‘/ (CRLCH_) . o | . {«A‘\ v
_ 1.2153 x 107> o

(8.2437 x 107%) (8.3311 x 1074

17.6953 mL mol " min~ %

i

235
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APPENDIX D - Sample Calculations (Mddei'Predictiéns)

i
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.

‘D. SAMPLE CALCULATIONS (Model Predictions)

D.1 Predicting Pltch Conver51on in: CSTR

D.1.1 De51gn Equation Based on Flrst Order KlnethS
’ \
For a CSTR, the mass bahancemequatibn based on first

order kinetic results can be w‘itten as:

. f F |C 1 —\F. 'C ) ; .
(-x ) =kcC, =+ EF 12 Rb . (D.1.1.1)
p RI{.MJ v : i '
\ b RL

«

Pitch conversion is defined as:

.F.'C.' - F,'C o S
X, =1L F 2 RL | . (D.1.1.2)
Fl C ‘
where, 8
S . . : : . =1 -1
(—rp). = rate of pltch conversion, mol min — mL
\; -k = flrst order rate constant, min—

Fl' . ='volumetr1c flowrate qf llquld feed at
reaction conditionﬁ,\

F' = volumetric flowrate of

reaction conditibns}»

the liquid phase.

R g

pUS
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* Rearranging equations,’

Fo'C - :
- L F -
CRL : = (1 Xp) o
., 2 %
By definition,
-1 " , A
LHSV [ = Vo /Fy , ‘

The following simple relation giving Xp»in terms of

LHSV—l was derived by substitution into equation

(D.1.1.1).
. ' " ;-_'l
(Fy'/Fy") (LHSV 7) ot :
x = L ‘ o (D.1.1.3) '~

P : A~ . -1
' % + k(Fl /F2 ) (FHSV )

D.1.2 Design Bquation Based on Overall Second Order

3

@ ~Kinetics - ' , ,

Slmllarly, the follow1ng mass balance equatlon can - -

P v ' e r -1
| l.+ kCH(Flﬂze ). (LHSV )

o9
\ %’S"“  F.'C.' - F: 'c ce -
gy = : &~ _ L F. 2 "RL s
1( rp) 7“kc§LCH = - . L (p.l,Z.l)
: RL .
Where,‘ |
CH"' = concentration of'hydrogeh ih’the reactor
llqu1d phase at reactLon condltlonsr mol mL. -1
Rearrang;ng equatlons as in the last. sectlon, obtaln
& e oy e Ly _ .
CkCL(F '/Fy") (LESV 1) . ) :
X. = - e — - - (D.1.2.2)



':‘D41.3, Calculatlons to Predlot Pltch Conver51on at -

.leferent LHSV at a glven TemEerature

Calculatlons for predlctlng the pltch converslon in:
l*the CSTR at, varlous LHSV was made at 400 C to demonstrate'
the calculatlonal procedures 1nvolved The rate constants
brequlred for the - calculatlons were obtalned from correla—'f
tlons developed earller for the two klnetlc models examlned
l ‘.The hydrogen concentratlon term requlred to evaluate
FX? rn the overall second order model- (Model 2) was obtalned
ased on the experlmentally determlned C Versus temperature'

;fr 1atlonsh1p.‘ Sample calculatrons are as followsr N

dogel 1. (ory) =k oy

vgt,AOO:C(-k,f,O.%lZQ hip: av. Fq /Eg" =1.07 .
|
. Equatron (D l l 3)

| ; o :-:: /: . | ' v’ | 4 .' E . %

h-“p;,.l + k(F '/F ' LHSV l).

"ﬂThe results are summarlzed in the folloW&ng table

u(Lﬁsvi,)._in‘;x-,'% S ... (nHSV. )i X, 8

0400 «;}~ ‘”o,oo ‘Tf_-a, »":u\,‘ .2.00-h;“.'4f}31;23‘7""
o100 18051 . 3.00 . S 40.53

1050 o 25.41 - 3.500 :‘44}29“

LAy
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Model Z}ﬂllfr ) = KC Cp
| W A ! L e

at 400°C, k = 304.34# £ 1.07

4

Cyy, & 7 . 037 7é

5 ~4 ol mut (from correlation

3 reléting;€H an§ tempeiaﬁure deVéioped from

| ‘ ekperimeﬁtéihrééulté)z S " u FRER  f‘ 
Equation (D.1.2.2),

Ckemtesy @Rsvh
L KCy(Fy FS ) RS S R R

. X = -—
Pty CFL /P (LHSV
[;’“lf'kCH‘?l'/an),(LHSV,

"‘The}résﬁlts are summarizéa“iﬁ,thé folloWihgvtablef

; (LHSVrl)_ ﬁ ’X‘;’x
e P

R

u  Téb1e;IX;4:sHowS"hefvalues“of”Flf/Fé' evaluétéd*from'CSTR'

 data for LLVGO fepdstock.

Y
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R

'4@%

. D.2 Plug Flow Model Cahpulatlons

D.Zblr'De51gn Equatlon Based on the Plug Flow Model

/gW‘_ The follow1ng assumptlons weére used in the formulatlonv
Tof ‘the’ de51gn equatlon ‘,:d‘-ff R .:" Wtr) i fbl‘ B
tv(lthlug flow behav1our of the fluld;‘no ax1al
‘im1x1ng . _
G(Zl'Flrst order klnetles applles for reactlon 1n ‘the d’-- J>f
::illGUld phase '“}' “-'»h'”‘;d N ‘ ’
(Bl Constant total llquld hold—up 1n.the reactori.

“?hé;baSlC plug flow deSLgn equatlon is glven as

R T Lt fxt;‘:" [:~r T N e S S S
o [avy Tt e A B AP S
] === ~ o dpa2.101) Gy

(1_f‘¢):Fl'

L B
=
v

il

(X ), gﬁgerm used to’ account for the
. ‘\ :

|
<
N

decrease 1n volumetrlc flow of llquld" 5

; . SR L \ S
phase as. 1t proceeds up the reactor R S

the functlonal relatlonshlp of k2 to Xp,is not. -

‘:fromvthew'ollow1ng equatlon ‘ Flgure D. l show a represent—'

‘,ation?gf vquLd flows in the tubular reactor




v
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Co= (1 - )F' B . . (D.2.E.3)

/ Substituting fje‘éjuation ,(D.~,2,_‘1‘.‘3). into (D.2.1.1), o

i '»'f .‘? x, _ -f : _
/ ey, j
ol £ f I
a8 (l K ‘\pav) 1 SF : Xp')'

A TR TR N X)L o
S I T 25 [ \ L Lo b, v . T
S Flv} (1 wav)_» Sk B X I

S Soa .
4 . TN,

R e B R T o ;1’[ ,
sy deflhltloh, YRL/FI: »NLHSV .

'Substi{?ting, obtainﬂthe:following'reiationship}

ey kT TR
g @V S

D.2i2 Estlmatlon of term,~¢@f“'

Slnce no reactor llquld phase samples were taken from

<

'tubular reactor runs, 1t is not pos51ble to estlmate F2 '

o from;runrdata. However, that data was obtalned for the CSTR,

o

‘hruﬁs@[;Based-on CSTR data. obtalned at SLmllar conver51on

1e§els;ﬁwgv was. taken as a constant at ‘each, temperature

6

I/F
_'/F

l./Fz = 2.00 at 4407C

1.07 at 400°C

,ll

1.15 at 420°C.

051ng the above values for Fo'/F, . it is possible to

evaluate an’ estlmate for ¢ at the three temperature levels

\;' B
<z

.}1%5
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“based on equatlon (D 2 l 2).

A

S 0. 0327 at 400°C
' av
_uay = 0.0652~at 420°¢
Y= o.zsoolat 440°c -

av

: D.2,3 ,Sample Calculatlons on: Estlmatlng the Effect of

‘LHSV on Pltch Converslon in the Tubular Reactor at

[

- 440°¢ iR

~ Run Data: - ol ' S N

. Run LL_Sl \:_»,,: . ] . . ', ) ) .:J‘i. LI - - .’ - o U
LHSV = 2 51 h *L Temp 440 c, k =’1 1804 h'l |

a
e

’»Use of equatlon (D.2.1. 4) glves the follow1ng.

<
&,

2.51 (1 - 0.28) - P
'S ='46.3 % u
p | - +

-1

l‘81mllarly, Xp‘can be evaluated at other LHSV ,;””A
«table show1ng values of~§é1evaluated at varlous LHSV =1 is‘
b

: glven as Table D. 2. l , Values of Xp’predlcted for a CSTR at

‘440 C is also presented in Table D 2.1 for comparlson

/

purposes. . fi ' T .

~D.2.4- Sample Calculatlons on Estlmatlng the Effect of ,ATQH

Temperature on Pltch COnver51on in the Tubular

ﬁReactor.at nomlnal LHSV of 1.0 h~lu

" Run Data:

Run LL—26

LESV ='1.46 h}}, = 0.2136 bt




[

table show1ng values of X evaluated attvarieus”LHSV “ié

given as. Table ‘D.2. 3.';

245

Use of equation (D.2gl.4) gives the following:

0.2136 e ln (1 - X))
1.46 (1 - 0.0327) P

' : % :

-

X =14.0 3
T

s

Slmllarly,-Xp‘can be calculated at other temperatufes.‘

‘e

A table show1ng values of Xp evaluated at varlous
temperatures at_nominaleHSV of lfO h -1 1s glven as Table

D.2.2.

,D}2.5' Sample Calculatlons on Estlmatlng the Effect of

LHSV on Sulphur Conversmon in the Tubular Reactor at

Run Datai

Run‘tL—3l" _
| S _ 4anO o apes ol
~LHSV ='2.51 h. 7, Temp. = 440°C, k = 9.3652 h ~

: ,Use‘of equation (D.2.1.4) gives the‘followiug:s

. 0.3652

i : = - In(l - Xg) : | .
22.51 (1 - 0.25) . B T
, Ty . . ‘
XSf?217;6 %‘. ‘:.- Olf“ ‘ R
lSimilarly, Xslcah be evaluated atudther LHSV_lg  A

-1

QJDQ2l6 Sample Calculatlons on’ Estlmatlng the Effect of

'Qfﬁﬁgperature on Sulg@ur Conver51®n 1n the Tubular‘

' Reactor at nomlnal LHSV of l .0 h l:*. :

Rﬁanata.;i*fé:uﬁ F ". jf: » f,ﬁﬂﬁaf
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®

Run LL-26 . .

1° 1

 LHSV = 1.46 h™T, Temp. = 400°C, k = 0.1145 h

USe‘of'equatiQnA(Df2‘1.4) gives the followingﬂi

5

0.1145" = - 1n(1 - .xS)

1.46 (1 - 0.0327)

: . . R I
XS =7.8% . E

‘Similarly,txs.caﬁ'be eyaluated at‘othefftemperatures[

A»t@blé'showing:vélués of_XS:évaluated at various

temperatures aﬁ\fominalLHSVof l.O‘h—l,is_giVen as Table.

' Dp.2.4.

Xo 2
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3
Table D.2.1 Effect of‘LHSV on Xﬁ in the
Tubular Reactor
RunMNQ; : LHSVfl, h - Tubular Reactbr]» | CSTR
e o . '
Xp,expt’ Xp,pred’ Xp,pre@
- 0.25 - 32.5 30.7
- 0.29 - 36.6 33.9
LL-32 0.33 43.8 40.5 36.9
LL-31 0.40 '55.5 46.3 41.5
- 0.50 - 54.5 47.0
LL-30 10.60 58.1 . 61.1 - 51.5
- 0.70 - 66.8 55.3.
- . 0.80 = 71.6 58.6.
\\
‘Table D.2.2 Effect of Temperature on Xp'in
r   the Tubular Reactor at nominal
| LHSV of 1.0 h™
Run No. “Temperatufe Pitch'ConVersion, Xp
°c : 'Measuréd Predicted
- LL-26 400 ©18.6 [14.0
LL-27 420 35.3 31.2
LL-29 400 - 15.4 14.3
'LL-30 440 61.1
- . 450 7649
Ay S
, ’ e
S
ey



Tubular Reactor

Table D.2.3 Effect of LHSV on Xs'in the

Run No. LHSV * ‘Sulphur>COnversion;>XS
" _Méasured' Predicted -
- 0.25 - 11.5
- 0.29 - 13.2
LL-32 0.33 19.49 14.8
LL-3T £ 0.40 18.04 17.6
= 1 0.50 - S 21.6
. : N . \\
LL-30 0.60 25.33 25373
- - 0.70 - 28.9
= 1 0.80 - 32.3
N R
Table D.2.4 Effect of Temperature on XS in
 the Tﬁbular Reéctor ét'nominal
LEHSV of 1.0 h™1
Rﬁn No. ‘ Tempexature Suiphur Con?ersion)ﬁxs.
¢ ‘Measured Predi&tgd
- 385 -- 4.9
[ LL-26 1400 8.13 7.8
- LL~27 420 ©10.24 . ©14.0
© . LL-29" 400 8.82 7.9
LL-30 440 . - 25.33 125.3
- 450 - 41.9
g

1248
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PROGRAM &SIMU5 LISTINGS

-
S,

™~

PROGRAM SIMk 0,
SIMULATED DISTILLATION ANALYSIS

THIS PROGRAM PROCESS SIMULATED DISTILLATION
DATA S '

PROGRAM FUNCTIONS: C | ‘

1. CONVERTS AREA RESPONSE VERSUS COLUMN RETENTION
TIME DATA TO BOILING POINT VERSUS CUMULATIVE
VOLUME PERCENT (OR DISTILLATION) DATA BASED

" ON A CALIBRATION CURVE
GENERATE DISTILLATION IN REPORT FORM ‘
ESTIMATES THE WEIGHT PERCENT OF THE PITCH
FRACTION (343-524 C) IN THE SAMPLE

4. ESTIMATES THE AVERAGE MOLECULAR WEIGHT OF

THE SAMPLE ‘ : - , ‘

5. ESTIMATES THE AVERAGE MOLECULAR WEIGHT OF .

THE PITGCH FRACTION IN THE SAMPLE
6. ESTIMATES THE MOLE FRACTION, MASS & MOLAR
FLOWRATES OF 12 INDIVIDUAL NARROW BOILING
RANGE FRACTIONS IN THE SAMPLE. THE ABOVE
STIMATIONS ARE BASED ON PROPERTIES QF PURE .
LIPHATIC COMPOUNDS (N-PARAFFINS). o .

W N
. .

ABSTRACT

SIMULATED DISTILLATION ANALYSIS OF GAS OIL SAMPLES
GENERATES A CHROMATOGRAM WHERE THE ELUTION TIME

1S PROPORTIONAL TO THE CONSTANT RISING COLUMN )
TEMPERATURE. THE AREA RESPONSE IS DIVIDED INTO EQUAL
INCREMENTAL TIME SLICES. THE TRUE RESPONSE IS

OBTAINED AS THE DIFFERENCE-BETWEEN”THE‘SAMPLE RUN'
AND THE BASELINE RUN AREA RESPONSE. ' o

THE VOLUMETRI& RESPONSE FACTOR OF EACH SLICE;,WHICH
REPRESENTS A NARROW BOILING FRACTION IN THE SAMPLE, -
WAS ASSUMED TO BE EQUAL. T:US VOLUMETRIC PERCENTAGE |
DATA CAN BE OBTAINED FROM AREA RESPONSE DATA.

A LINEAR CALIBRATION CURVE BASED ON N-PARAFFINS
WAS USED TO CONVERT THE RETENTION TIME DATA INTO
'CORRESPONDING BOILING POINTS BASED ON THE BOILING
POINT OF N-PARAFEFINS. A MIXTURE OF N-C9 TO N-C40

WAS "USED FOR CALIBRATION. - o

IN THE ESTIMATION OF AVERAGE MOLECULAR: WEIGHTS,
_PITCH CONTENT, MASS AND MOLAR FLOWRATES, ' PROPERTIES
“OF N-PARAFFINS (N-C8 TO N-C44) LIKE DENSITY,.

BOILING POINT AND MOLECULAR WEIGHT WAS USED. TO

FACILITATE A CONTINUITY OF THE DISTILLATION DATA,

RS

~

o



“OOOO‘OO(‘.\O‘dOOOOOOOOOOOOOC}OOOOOOOOOOOO'.

NeXeXe BN

_ INITIATION . R | S

AL AP & 4

LINEAR INTERPOLATION WAS/USED TO EVALUATE

THAT DOES NOT FALL ON T E SLICE BOUNDARIE@
E

INPUT DATA DESCRIPTION s
A0 INTERCEPT - CALIBRATION CURVE (RT VS

A1 SLOPE - CALIBRATION CURVE (RT VS. BP)
“MA SAMPLE RUN I.D NO, R .,

MC  CALIBRATION RUN I.D. NO. a . T
ML BASELINE RUN I.D. NO. o A
MM AREA- REJECTION (OPTIONAL) "

MR PROGRAM RUN I.D. NO.

OUTPUT DATA DESCRI PTION i

A(1) AREA RESRBONSE FOR SLICE 1I Féﬁ SAMPLE RUN

AA- SUM OF TRUE AREA RESPONSE , \

AL{(I) ' TRUE AREA RESPONSE FOR FRACTION .I IN\SAMPLE

_BP(I) BOILING .,POINT FOR FRACTION I IN SAMPLE

“c(J) CUMULATIVE VOLUME PERCENT - VARIABLE USED
TO GENERATE DISTILLATION REPORT

 L(I)  AREA RESPONSE FOR SLICE I FOR .BASELINE RUN"

R{J) RETENTION TIME OF FRACTION CORRESPONDING TO
: c(J) .

WAC(I) CUMULATIVE VOLUME PERCENT OF SLICES UP\TO
- ~ AND INCULDING SLICE I - : ,

'WT(I) TRUE VOLUME PERCENT OF SLICE I : \

N ) ) ) S ~ - & )‘_:.«" .
o | B &

REAL L(45),MWT(40) MWT1(40),MWT2(40),MAFR(40y

. REAL MOFR(40) MFR(40) ' '
INTEGER OUNIT, SAMPLE(20)

DIMENSION A(45) WT(45), WAC(45) AL(45) R(14)
DIMENSION C(14),BP(59),LU(5), P(9) Q(3) RT(81)
DIMENSION-BPC(81) TRT(3) ALPHA(B) WORK(3) IW(e6)

O DIMENSION COEF(9), TWAC(3) TEMP(43) WTEC(43) WTEM(43)

. DIMENSION TEMPC(43) RTT(43) DENSI(40)
DATA FILE

DATA C/0.5,5.,10.,20.,30.,40.,50.,60.,70. , .

,*80.,90.,95.,99.5,100./

DATA TEMP/258.,303.,345.,385.,421.,456.,488.,519.,
*548.,576.,602.,627.,650.,674.,696.,716.,736. '
*755.,774.,792.,809.,825.,841.,858, 874.,889.,901
*916.,928.,941.,954;,964;,975.,988.,999.,1009.,1018 /

DATA TEMPC/126.,151,,174.,196.,216.,235.,253+,271.,

x287,,302,,17.,331..,344.,356.,369.,380.,391.,402.,

C

*




$ i
s

leleXe!

- 150

101

 309

=107

108

T 109

110

o WRITE(IUNIT 111)

|

*412.,422.,432 441.,450§§4J9 L 468.,476.,483.,491,

V*498.,305.,512 ,518.,525.,531.,537.,543.,548./

ATA- DEN 1/0. 703 0. 718 0. 73 0 74,0.749,0.756,
4763,0.769,0. 73 0. 778 0. 782 0. 786 0. 789 0. 792
*0 ﬂ94 0.797,0.%89,0.801,0.803,0.805, 0.807,0.808,
x0.81,0.811, O 812, 0 814, 0 815, 0 816, 0 817, 0 818,
x0 . 819 0.82,0.821,0.821, O 822, 0 822,0.823,0.823,
x0 . 829/

1

DATA'MWT/114 2,128.26, 142 29,156. 32,170.34,184.37,

*x198.4,212,42, 226 45, 240 48,254.51,268.53,282.56,
%296. 59 31 61 ‘324, 64 338. 67 352. 69 366. 72 380. 75
*394.78,408.8, 422 83, 436 86, 450 -89, 464 92, 478 95
*¥492.97,507.0,521.03,535.06,549.08, 563 11,577.
591417, 605 2,619.23, 703 4/

SELECT INPUT/OUTPUT MODE
CALL ‘RMPAR(LU) o

WRITE(LU,150) ~ . - : FEAN :
FORMAT(//," INPUT AND OUTPUT ON THIS TERgINAL 2

¥ -1 N-2")

.READ(LU, %) IFLAG ' - 1
IF(IFLAG.EQ: 1)GO TO 203 n .
LUNIT=LU '

GO TO 202

IUNIT=LU

OUNIT=LU

GO TO 162

INPUT VIA TERMINAL . .

WRITE(IUNIT,JOS)

~ FORMAT(// tENTER DATE-MONTH- YEAR OF RUN (N1 N2, N3)")
-READ(LUNIT,*)N1,N2, N3

~ WRITE(IUNIT,106) R
- FORMAT(//,"ENTER SAMPLE ID. NUMBER (MR) ")
- 'READ(IUNIT,*)MR

WRITE(IUNIT, 101) S )
FORMAT(//,"ENTER 'SAMPLE NAME 40 CHAR. MAX." )

, READ(IUNIT, 100)(SAMPLE(I) I=1,20)

FORMAT (20A2) ' R .\~ CL
WRITE(IUNIT,107): . .
FORMAT(//,"ENTER HP SAMPLE RUN 'NO. (MA)")
READ(IUNIT, % )MA o o '
WRITE(IUNIT, 108)

_FORMAT(//,"ENTER HP BASELINE RUN NO. gML)“) 

"READ(IUNIT, *)ML
WRITE(IUNIT 109) S L »
FORMAT (//, "ENTER AREA OF REJECTION (MM).")

" READ(IUNIT,*)MM

WRITE (IUNIT, 110)g o ‘ R
FORMAT(//,"ENTER VALUES OF L(1) TO L{(5)") v
READ(IUNIT,*)(L(I),I=1,5) R .



113

Cor1e

405

U116

‘ “"READ(IUNIT, *)(A(I) I 21

119

‘FORMAT(//,“ENTER VALUES OF L(6) TO L(10)")
READ(IUNIT, %) (L(1), I= 6 10) e .

~WRITE(IUNIT 112) .

READ(IUNIT, xg(L(I) 1—16
WRITE(IUNIT 114)

- READ{IUNIT, *)(L(I) 1 21

'WRITE(IUNIT 115)
, ]FORMAT(//,"ENTER VALUES OF L(26)
- READ(IUNIT,*)(L(1),I= 26, PRSI

WRITE(IUNIT,40%)

FORMAT(//,"ENTER VALUES OF L(31)
“"READ(IUNIT, x)(L(I) I=31; SR

WRITE(IUNIT 402).

"WRITE(TUNIT,405)

READ(IUNIT,*)(L(1),1= 41

f~WRITE(IUNIT 116) »
UHFORMAT(//f"ENTER VALUES
S READ(IUNIT,*) (A(1), 1—1
S _WRITE(IUNIT 117)
177

" READ(TUNIT,*)(A(I), 1= 6,

‘FORMAT(//,"ENTER VALUES

WRITE (IUNIT, 118)

,119)
_FORMAT(//?"ENTER VAL

WRITE(IUNIT,121) -

WRLTE(IUNIT, 404)

- FORMAT(//,"ENTEB\VALUES OF A(36)
- READ(IUNIT, *)(A(I) 1=36, ‘
- WRITE(IUNIT,406)" R
. FORMAT(//, "ENTER VALUES OF A(41) TO A(45)")'
i READ(TUNIT, %) (A(I), 1= 41 :
Q;‘”WRITE(IUNIT 407) .. \

.~ FORMAT(//, "ENTER A PROD RATE ML/MIN
| - READ(IUNIT,*)PFR : :
7;:§WRITE(IUNIT 122)

L “

7YFORMAT(//,"ENTER VALUES OF L(11)
“READ(IUNIT, *) (L(I), 1—11
WRITE(IUNIT,113)-

;FORMAT(//,"ENTER VALUES OF L(16)

15)

20)

* FORMAT(//, "ENTER VALUES OF . L(21)

25)

30)

35)

',”FORMAT(//,"ENTER VALUES OF L(36)
. READ(IUNIT, *)(L(I) I= 36

40)

YFORMAT(//,"ENTER VALUES OF L(41)

45)

,45)

v\,.

: ES OF A(16)

READ(IUNIT,*)(A{1),1I 1=16, :
"WRITE(IUNIT, 120)
FORMAT(//,YENTER VALUES OF A(21)

20) -

25)

T EORMAT(//,"ENTER VALUES OF . A(26)

gQ:READ(IUNIm,*)(A(I) 1= 26
 WRITE(IUNIT;403) L
' FORMAT(//, "ENTER. VALUES oF A(31)
READ(IUNIT,*)(A(CI), 1531, =

30)
35)
40)

LN

TO

TO

0

o
s6) 0.1

OF (1) TO A(S) )
5)9;.

To

TO."A

10

,L(JSYW)":  ’.

L(20)")

253 -

LK30)”)

LS

i

\

=,

OF (6)‘T0_A(10)"):«‘
10)(' ' L

Y

,:FORMAT(//,"ENTER VALﬁEs OF « A(11) TO A(15)")‘ﬂ§"
= READ(IUNIT *) (A(T), I£ o e

A ({2.,‘0,')‘" )

TQ-A(zé)") f 

W

FEORS

',A<3’5]{>;"'>g_ B

f<-4jo> hoo

\

K4Q5*Xf1’

(30)")

L A



. 122 FORMAT(// "ENTER CALIBRATION RUN NO. (MC)")
‘ .READ(IUNIT,*)MC .. : \ ,_', I -
', WRITE(IUNIT,123) ) o o
»123. FORMAT(//,"ENTER VALUES OF Aﬁ AND at FOR m

. ¥"CALIBRATION RUN™) / '

‘ READ(IUNIT,*)A0 ;A1 /
P WRITE (IUNIT, 126) TR . ,
\\126 FORMAT(//,"SELECT OUTPUT’UNJTS c "Fo=2"):
READ(IUNIT,*)ITC ~ el R

. . GO TO 66 Pl G ~' a

c _ “.

L C INPUT VIA CARD READER .

e Do

©.206 WRITE(LU 152) S o ’ .
2152 FORMAT(// "CHECK IF ALL THE " DATK’CARQS ARE IN ",g
"+ x"CARD READER —'ENTER 1 wamﬁgaEAmgg)<~f R s

© . 4 READ(LU,*)ICARD - : LS g I;gv 1’;'Qﬁf
el IF(ICARD EQ. 1)GQ TO 99 ' L S o

s WRITE (LU, 154 ) . ’ ' :

'_154 FORMAT(//,"WAITING'— ENTER 1 WHEN READY")
.GO 'TO 206 - :

59 . READ(IUNIT *)N1, N2 N3 B S -.j FRE S

25 FORMAT(312) ! e e

2 READ(IUNIT, *)MR MA ML MM el Tt

N,IY‘ , FORMAT(4I4) ' e ‘
; * 'READ(IUNIT, 100)(SAMPLE(I) I=1, 26)
CREAD(IUNIT;*)(L(I),I=1, 10) R
READ(IUNI@ *)(L(I), 1—11 20)';~_, B
'READ(IUNIT,*)(L(1).,1=21,30) .~ = 7
CREAD(IUNIT,*)(L(1),I=31,40) = . . - ..
- READYIUNIT, * )(L ~41 ,45) e ST
fREAD(IUNIT *)(A J10) L R

- READ(TUNIT, * ) ( 1 20) b

' 'READ(IUNIT, %) (A 430) -

f,y_~vREAD(IUNIT *) (A 1 40)
. READ(IUNIT,*)(A 1,45) - 0 ¢ SRR
3 /‘ FORMAT (10F8.0) R P Ry A

S CREAD(TUNIT, *)MC,A0,A1 A

*:4 S FORMAT(I4 2F12 8) e
= GO TO 66 . B R T e

C ' R LI TSN

co SET INITIAL VALUES ) N SR

N S <L

66 AA 0. 0 - '

I WW=0..0 LRI
DO 21 1—1,45 Tg‘ b
CRT(I)=I- 0.49 T B

CAL(T) =0. 0 AT e LT R 1
WT(I)-— . ; ot P :

e

1
,

(1) ,¥®
(I)fI
A(1),1=
(1),1
(r),1
(1) I

o] ll it

pwm—s

r
1
r
4
I

LR

WTEM(I)

v ”";’3-.,;: v



aaaa

E
to.

AOOO. 0A0 anaaos

@
Ao TR

'EVALUATE SUM OF AREA RESPONSE 'FOR SAMPLE
 AA= AA+AL(I)
" CONTINUE- =

DO 12 1_1 45

”:EVALUATE VOLUME PERCENT SAMPLE JIN INDIVIDUA,

S 5
WT 1)= AL(I)/AA

- WW WW+WT(I)

‘UTR(J) (0. 51*c(J) /WAC(1)
GO 'TO 84 N

CI1=I41 ) “ g
CWI=(WAC(I)- C(J))*(WAC(I1) C(J))

gIF(WI 0.

CONTINUE

DO 5 1—1 45 ' ’ . i . ‘ "m‘ L o’
"CORRECT FOR BASELINE RESPONSE
AL(I) A(I)-L(1)

7;SET TRUE SAMPLE RESPONSES THAT ARE LESS THAN
hRPRESET REJECTION AREA TO ZERO

LIF(AL(I) MM)6 7 7
AL(1)=0.0 .
GO TO 7

i

SLICES. AND CUMULATIVE VOLUME PERCENTAGES UP
TO ‘EACH SLICE '

R e}

WT{I)=WT(T)¥100.0

LG

DO 74 I=1,44 f*' fr';,ﬂ o

IF(ABS(WI).LT.1E-6)WI=0.0. ~—~__ /"'
)77,77,74 A

o | =
~ FOR. WA (1) GREATER THAN' C(J)' EVALUATE CORRES):

255




77 (J) (C(J) WAC(I))/(WAC(I1IPWA
84 /33=3+45
BP(JJ)=(R(J)~ AO)/A1~-
GO TO 78. . B
CONTINUE , - / ,/
CONTINUE |

AT SPECIFIED RETENTION T#MES

. DO 61 1=1,37 /‘ ' /
S "IF(TEMP(I) BP(45))63 63 69
63 RTT(I)= AO+A1*TEMP(I) /
.7 DO 62 J=1,44 [
R WRI= (RTT(I) J)*(RTT(I)rJ—I)’
- IF (WRI-O. )64,64,62 Z
64 WTEC(I)—(RTT(I) J) *WT J+1)+ AC(J)
..{WTEM(I) =WTEC(I) ,‘\%,/ g
% IR (I-1)61,61,57 |
157JH,WTEM(I) WTEC(I) WTEC(I—W)
ST GO TO 61 o [

iEINUE‘;f~ o T

II
B
t
L—t

WiEY=100. o j

! |
I

' WHEY 100. *WTEC(ITEM)

PF W EC(33) WTEC(13)- S

=%
A
)

o Co PRINT PRIMARY OUTPUT i

Cc S
[75~ WRITE(OUNIT 30)MR - 4 L
.30 FORMAT("1"," SAMPLE- ID NUM ER" 3X,14)

S - WRITE(OUNIT,33): (SAMPLE(I) i =1, 20) g SR
"33 FORMAT(" SAMPLE NAME" 4%, 2012)

. " WRITE(OUNIT,29)N1,N2, N3 .
© 29 FORMAT(" DATE" 4X, 12, 12, 12)
" WRITE(OUNIT, 31)ML MA™

31 FORMAT(" BASELINE HP5730a I . NUMBER"q4X 14 /i

1" OIL HP5730A RUN NUMBER", 14)
e WRITE(OUNIT, SO)MC; L -
507 -FORMAT(" HP5730A CALIBRATION’STANDARD" 4x 14)
. WRITE(OUNIT,88)MM| - T
88 FORMAT (" AREA OF REJECTLON",
. WRITE(OUNIT,32) .| -« iR |
32 .FGRMAT(/, " RT.",12X,"A",9%,'L", ox, "AL" 8X,
~ . A"VOL",4Xx, "ACC. VOL " 4x "B P. ') -
. . DO 34 1-1 45 . :
R BPC(I)—(BP(I) 32, )*5 /9
, * . - IF(ITC.NE.1)GO TO -39 -
e et -~ WRITE(OUNIT,35)RT(I), A(I) L(
Rel S '1WAC(I) BPC( 1) S

”x 14)

}AE(II,WTIr)f

TR

.LINEAR INTERPOLATION - EVALUA E BOILING POINT -
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.39

35

34 -

. C
-C
C

500

501~
. 502

. 503

504

: .Afj B
LW
<5057,
wo N
\’ .

47
T 48
38

“ﬂWRITE(s 47)R0

“WR3TE(6,48)A1" | - - I Voo @

GO TO 34

WRITE(OUNIT, 35)RT(I) A(I) L(I) AL(I) WT(I)
1{WAC (1), BP(I)

FORMAT(" " F5. 2 5X, 3F1O 0 2F10 3,F10. 2)
CONTINUE

SECONDARY OUTPUT -

- WRITE(OUNIT, 500)MR S ' /

FORMAT ( 1HL, "SAMPLE 1D. NUMBER" 3X,14)
WRITE(OUNIT 501) {SAMPLE(I), 1-1 20)

FORMAT (" SAMPLE NAME", 4X, 20A2)

WRITE (OUNIT,502)NT, N2 N3 L

FORMAT(" DATE",4X, 12 = 12 "'12)

WRITE (OUNIT, 503)ML MA -

'FORMAT(" BASELINE HP5730A ID NUMBER" 4x 14, /,

e ‘ i\ 4x 14)

WRITE (OUNIT,504)MC . '

" FORMAT(." HP5730A CALIBRATION STANDARD" 14X, 14)
"WRITE (OUNIT,505)MM e
~“FORMAT(" AREA OF REJECTION" 4x 14)‘v R . ;

oy e

FORMAT (" '20=",4X,F15. 10) )' 1

Ca
i

FORMATA" A1=", 4X %15 ﬂO)

TWRITE(OUNIT 38) .
- FQRMAT(/," ", 7X, "RT" 6%, "VOL PERCENT"~»"

14X "B. P ") : ‘r . L LRy
o polaoTsn,ie B
JJ=1+45 o L ”»i?, :

¥

LA
L. 40

510
LB

512

o {} WRITE (OUNIT, 515)MM
515

 BPC(I)’(BP(JJ) 32, )¥5. /9
“IF(ITC.NE.1)GO TO 42

. GO TO 40

'RORMAT(1H1,"SAMPLH ID. .NUMBER‘,3X,I4)v"»v
' ,WRITE(OUNIT 511) (SAMPLE(I),I=|1,20)

 WRITE(OUNIT,514)MC

]

"WRITEIOUNIT,41)R(I), C(I) BPC(I)

"WRITE(OUNIT,41) R(I) C(I) BP(JJ)
FORMAT(1%X,F10.2, 4x F10. 2 1x F10 2)
CONTINUE ' .

"WRITE (OQMIT, 510)M

FORMAT (" SAMPLE NAME"  4X, 20A2)
WRITE (OUNIT, 512)N1 N2 N3
FORMAT("DATE", 4X;, 12 12
"WRITE (OUNIT, 513)ML MA ST : '
FORMAT(". BASELINE HP573OA ID NU.BER"‘4X 14 /
4" ,0IL HP5730A RUN NUMBER", 4x 14 PR

- FORMAT(" HP 5730A. CALIBRATION S'ANDAR
14X,14) e AV

FORMAT ("AREA" OF REJECTION" 4X 14)

. WRITE{6,45).

']f45 3 FORMAT(//," c NUMBER" IX, "BPF" 8x '8 c"

o e ] °/‘f_




o

s

HeXeXel
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.'111x "RTM BX "VOL PC" SX,"AC‘VOL")g

R N
N o

ana o
‘_(JJ

T
X4

‘anconnaoaadaa

SET INITIAL VALUES -

WTEM(38) =WHEY

:'»COMPUTQQ%'

DO 55 -I=1 ITEM o S
~CN=I+7- : . : ’
- €X=ITEM+7 : : S i
IF(CN.GT.CX)GO TO 56 e 'ﬁr

* WRITE(6%46)CN, TEMP(I),TEMPC(I), RTT(I);
1WTEM(I), WTEC(I)
]‘FORMAT(ZX 12,4X,F8.2,4%,F8.2,4XF8.2,4X,F8. 2,4

14x F8.2) <.

.CONTINUE. - _ - PR
WRITE(G 52)WHEY T : -
FORMAT(/," WHEY" 39X, F8. 2, 7x,"100 o).

WRITE(6,53)PF d }
-FORMAT (/, "VOL % OF(650 975F),FRA€T10N . 2%,
1F5.2) - C gk .
'ESTIMATE AVERAGE ' MGf
 MAS; ‘ , '
MO WEIGHT OBTAINED BASED oN s
- MA§i GING USING\MOLECULAR WEIGHTS. =~ = =~ @
OoR 4 {FF INS WITH THE SAME BOILING ' ‘
PO NGE AS THE INDIVIDUAL FRACTIONS
"IN SAMPLE
B A : hd

SUM1=0.0
.SUM2=0.0
SUM3=0.0 . §
SuM4=0.0 .

Do 600 I=1,38

MWT1(I)= WTEM(I)*DENSI(I)*MWT(I)
MWT2(1)= WTEM(I)*DENSI(I)

" SUM1=SUM1+MWT1(I) -

SUM2=SUM2+MWT2 (1) -

- AMWT=SUM1/SUM2 j]“  | 4";~‘

-~ DO 602 I=14,33

MWT1(I)= WTEM(I)*DENSI(I)*MWT(I)

~« %oMWT2(1)=WTEM(I)*DENSI (1)

.ﬁk£m 

SUM3=SUM3+MWT 1 (1)
_SUM4=SUM4+MWT2(1) . L
PMWT=SUM3/SUM4& - . A

© PWT=SUM4/SUM2%100.0 ”3v~;§”;’h: R

I‘PRINT AVERAGE MOL. WT FOR SAMPLE

- 1 -
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WRITE{OUNIT; 60 1)AMWT -
WRITE (OUNIT, 603 ) PMWT
WRITE(OUNIT, 604 )PWT

601 FORMAT(//, 2%, AVERAGE SA PLE MOL WT. = ',
13X,F8.2) .
603 FORMAT(/‘zx AVERAGE PITC MOL.. wT. =",
© 13X,F8.2) -

04 FORMAT(/ 2X, ' WEIGHT % PITC - ',3%,F8.2) |

ESTIMATE MASS/MOLAR FLOWRATES & MOLE FRACTION
OF INDIVIDUAL NARROW BOILING RANGE ' .

6
Cc
c
~C
L C , o o FRACTION IN SAMPLE
C B
C
C

e 12 FRACTIONS e

0

. RO
)

.SUM = 0.0 .
DO 611 I=1,12
IF(I.NE.1) GO TO, 606
© MAFR(I)=0. 6838*WTEM(I)*PFR/1OO
“'MOFR(I)= MAFR(I)/ﬂob(21
GO TO 605
606 IF(I.NE.2) Go Toﬁ607
B | ”
.. GO TO 615 - - S
607  IF(I/EQ.12). GO TO 608
, . J=3+3 ' .
. 615 : 3
55615 VOLF= WTEM(J—1)+WTEM(J)+WTEM
o MAFR(I )= DENSP(J)*VOLF*PFR/1
MOFR(1I) MAFR(I)/MWT(J)
L GO TO 605
., 608 VOLF=0.0 i
: DO 610..J=32,37
. VOLF=VOLF+WTEM(J)
610 CONTINUE - T |
. VOLF=VOLF+WHEY IR
- MAFR(I)= DENSI(36)*VOLF*PFR '100.9¢
L .MOFR(1) MAFR(I)/MWT(BG) ;
605  SUM=SUM+MOFR(I) . R
611 - CONTINUE. . L , ( >4
- DO 612 1=1%2 e e _ o P
- MFR(1) MOFR(I)/SUM SO e e ' “
612" CONTINUE - A I . o
" . WRITE(OUNIT, 616)PFR S B o o
616 FORMAT(/ 1%, ' PRODUCT LIQUID FLOWRATE =',F8.4,
‘ 12X, ML/MIN ) : S

- E

- WRITE(OUNIT 609) : .,L . SRS .
609 FORMAT("1",2X, "FRACTION NOL " 3X;"GM/MINJ"; e
C 13X, "MOL/MIN v 3X, "MOL FRAC") ‘ : :
DO 614 I=1,12..
| WRITE(OUNIT 61%)I°MAFR(I MOFR(I) MFR(I) - : oy
613 FORMAT (2X,I2, 9x F9 -7, 14X, F9.7 4%, F9 7) LT e .
. 614 CONTINUE RO o EE LT, R
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WRITE(OUNIT 617) . ~ T . .

C

617 FORMAT("1")‘ o oo L
C. INPUT/OUTPUT CONTROL '
C . .

. LUNIT= OUNIT
IF (OUNIT.EQ. 6)LUNTT=LU -
IF(OUNIT.EQ.17.0R. OUNIT.EQ. 18)LUNIT LU
- 'WRITE(LUNIT,200) -
200 FORMAT(//;" ANOTHER RUN? Y- 1 N-2")
READ(LUNIT *)IFLAG" -

: -IF(IFLAG-1)999,201,999 i , : :
201 WRITE(LUNIT, 102) C o .
102« FORMAT(//, "ALTER 1/0" SETTING Y -1 N - 2")

‘ ©  READ(LUNIT,*)IO _ I T ,

 IF(10-1)888,202,888 & . _ . C W

202 WRITE(LUNIT, 103)

103 FORMAT(//," ENTER DESIRED INPUT TERMINAL NUMBER "/
E 1" CARD READER - 5 TERMINAL - NN. ")
. READ(LUNIT, % )NEWI o
~ WRITE(LUNIT, 104) . o S
104 FORMAT(//, "ENTER DESIRED OUTPUT TERMINAL" S

1"NUMBER.",/,"LINEPRINTER - 6 TERMINAL - 1") ' .

READ(LUNIT * ) NEWO o
. IF(N EW%“EQ 6 .OR.NEW.EQ. 5) GO TO 202
: IUNIT NEWI
" OUNIT=NEWO " . .
. 888 LU=LUNIT e, v
IF(IUNIT.EQ.5) GO TO 206 ‘
IF(IUNIT.EQ.17.0R.IUNIT. EQ .18) "GO TO 99
188 . WRITE(LUNIT,221) .
221 FORMAT(//, "ENTER 1 IF TERMINAL IS READY")‘
READ(LUNTT x)ITERM = . - : o
N IF(ITERM- ') 188,163,188 ’ ‘ '
163  LU=NEWI ’ .
" GO TO 162
1999 STOP
END -
«
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PROGRAM &RATE1 'LISTINGS

o000 NOO0n0n

TP
o

- R e

c ™y

100

aO00n

FTN

PROGRAM RATE1,() ; 5.Y.K. CHUNG

"THIS PROGRAM CALCULATES THE CONCENTRATIONS

OF THE PITCH FRACTION (650 - 975 F cuT)

~ IN VARIOUS LIQUID SAMPLES FOR USE IN THE
- RATE EQUATION FOR THE CONVERSTON OF

PITCH.

INITIATION,

“INTEGER LU(5), SAMPLE (20),N

REAL FR (2), DENSI(4) WFRAC(3),MWT(3),
1CONC(4) L

REAL MG,ML,MH2S,MH2, MASS CONV

INPUT DATA

CALL RMPAR(LU)

CWRITE(LU,1) - Sy
READ(LU, 107) (SAMPLE(I),1=1,20) -

FORMAT(20A2)
WRITE(LU,2) :
READ(LU, *)FR( 1) ,FR(2) .
WRITE(LU 3)

READ(LU, *)(MWT(I) 1_1 3)
WRITE(LU 4) o o
READ(LU, *)(DENSI(I)AI=4 3)
WRITE(LU 5)

P

. READ(LU, *) (RFRAC(I) , 1_1 3) e

WRITE(LU 6) ' : ; N
READ(L *)PT,T{,PZ,T2,SWT,V g
"WRITE(LU,7) h

READ (LU, *)HZF H2OIL

= WRITE(LU,9) o

'READ(LU, ¥) VG

COMPUTE .
MG= (vs*p1*1 60345E 5)/(273 15+T1)
MH2=H2F*MG - ° S
DO 200 I=1,3

CONC(I)= DENSI(I)*WFRAC(I)/MWT(I)

200 CONTINUE .,

A oa0an.

‘CONC(4) = MHi*DENSI(3)/SWT
RATE (FR(1)*c0Nc0ﬂ) FR(Z)*CONC(Z))

“CALCULATE MOLAR CONVERSION OF :
PITCH ‘

CONV—(RATE/FR(1)/CONC(1))*100 0
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wNOQO

=000

ANOO . 000
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ESTIMATE RATE CONSTANT BASED ON 15T
ORDER REACTION e

Lo
»CONST1*RATE/CONC (3)/V-

~.ESTIMA'I‘E‘. RATE CONSTANT BASED ON
2ND. ORDER REACTION

CONST2=RATE/CONC ( 3)/CONC(4)/

Vil

WRITE(LU, 10)
READ(LU; *)IOUT
WRITE(LU 11) .

READ(LU, *)N

~ PRINT OUTPUT

WRITE (I0UT,50)N
WRITE(IOUT,49) :
WRITE (IOUT,51) (SAMPLE(I),I=1,20)
_WRITET{IOUT,65)P2,T2 :
WRITE(IOUT,?O)FR(1)
WRITE(IOUT,71)FR(2)
WRITE(IOUT, 72)H20IL .
WRITE (IOUT, 108)V § : L
WRITE(IOUT,73) L - u g
WRITE (IOUT,74) ) : o .
) S E

WRITE (IOUT,75) (MWT(I),I= 1

WRITE (IOUT, 76) (DENSI(I),I=1,3)

WRITE(IOUT,77) (WFRAC(I),I 3) A - L
WRITE(IOUT,78)SWT : . T o HEE

N

3
1
1

ft i~

WRITE (IOUT,52)CONC( 1) o R m
WRITE(IOUT,®f)CONC(2) .= "+ gL
WRITE (IOUT, 54 )CONC(3) B SO R o

WRITE(IOQUT,55)CONC(4) . "

. WRITE(IOUT,56)RATE

WRITE(IOUT,61)CONV
WRITE(IOUT—S?)CONSTlv
WRITE(IOUT,58)CONST2

WRITE(IOUT, 120)

I1/0 FORMATTING

FORMAT (/, ."ENTER RUN NUMBER - 40 CHAR. MAX")

FORMAT(, "ENTER LIQ. FEED & LIQ PROD "

JA"RATE - .2 VALUES')

FORMAT(/, ‘"ENTER AV .MOL. WT.,FEED ‘PITCH,"

"1"PROD.PITCH, REACTOR LIQ.PITCH - 3. VALUES )

FORMAT(/, "ENTER LIQ. DENSITY FOR FEED,",
1"PRODUCT, REACTOR LIQ. AT REACT. COND. - "3 VALUES")
FORMAT(/, "ENTER PITCH WT. FRACTIONS.

- 1FEED, PROD.,REACTOR" ;"LIQ., =:3 VALUES")

FORMAT(/, "ENTER AMBIENT PRESSURE(MM HG)',
1"TEMP. (C) ,REACTOR, PRESSURE(MPA) TEMP. (c). ,

1"SAMPLE WT. (G)_ REACT. LIQ HOLDUP(ML) - 6 VALUES")

(e



7

10
11
49
50

51
52

53
54

‘55

56
A1F10.8," GMOL/MIN") T

61
57
58

N

65
70
7
| 72

0 74
75

76
77
.78

108

- 120

SO0 n0
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FORMAT (/, "ENTER MOLE FRACTION H2 IN GAS",
{"DISSOLVED IN REACTOR LIQ., H2/0IL", '
{"FEED RATIO (M3API/M3OIL)")

FORMAT(/, "ENTER MEASURED VOL. OF GAS",
1"DISSOLVED IN REACTOR LIQ. AT REACTOR",
1"CONDITIONS")

FORMAT (/, "ENTER DESIRED OUTPUT UNIT") -
FORMAT(/, "ENTER PAGE NO, MAX. =99") ‘
FORMAT (5X,18"=")

FORMAT(/// 5X , "HYDROCRACRING - DATA", 30X,

1"PAGE NO. 12)

FORMAT(//, 5%, "RUN NUMBER : ", 3X,20A2)
FORMAT (///, 5%, "PITCH’ CONC. IN LIQ. ",

{"FEED =",F10. 8 " GMOL/ML")
FORMAT(/ 5%, "PITCH CONC. IN LIQ. PROD.",
1"=" F10.8," GMOL/ML") .

FORMAT(/, 5x "PITCH CONC. IN REACT.LIQ,=>Y
1F10.8," GMOL/ML") N ‘
FORMAT(/,5X, "H2 CONC. IN: REACTOR LIQ.=",
1F10,8," GMOL /ML) : :
MAT(//,5X, "RATE-OF PITCH CONVERSION-=",

FORMAT ( (/////,5%,"PITCH 'CONVERSION, % ol
1F8.4) ,
FORMAT (/, 5X, "RETE CONST. (1ST ORDER EQN.) = ",

1F10.8," /MINs")

FORMAT(/ 5X,"RATE CONSQ ORDER EON.) "y,
1F10.8," ML/MOL /MIN." . :
FORMAT ( //,5X"PRESSURE = ™,

1" MPA, TEMP. =",F6.1, " c") , -
FORMAT(/ 5X "LIQUID FEED RATE : 5", KR
1F8.2, 3%, "ML/MIN ") A

FORMAT / 5X,"LIQUID PRODUCT RATE ELE
1F8.2, 3%, ?ML/MIN ")y ’
FORMAT(/ 5X,"H2/0IL FEED RATIO =",

1F8.2, 3%, "M3API/M3OIL")

FORMAT(// 21X, "FEED SAMPLE" 4%X,"LIQ. PRODUCT"
14X, "REACTOR LIQ ")

FORMAT(21X 11"-",4x,11"-",4X, 12" "y

"FORMAT(/, 5x "PITCH AV.MOL.WT." F1O 2,
15%,F10.2,5%X,F10.2,3X,"G/MOL."). )

FORMAT(/ 5X, "SAMPLE DENSITY ",F10.4,

15X ,F10.4,5%,F10.4,3%X,"G/ML .23.0 C" y

FORMAT(/ 5X,"WT. FRACT PITCH",F10.4,

 15%,F10.4,5X,F10.4)

FORMAT(/ 5X,"SAMPLE WT. " 30X,
1F10.4 3x,ts",///) -

FORMAT(/ 5%,"LIQ. HOLDUP VOL. =",
1F8.2, 3%, L”) ‘

FO*MAT("1")

WRITE(LU,59)

1/0 CONTROL
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READ(LU, *)JFLAG
. IF(JFLAG EQ.1)GO TO® 300
59 FORMAT(12/,"ANOTHER LISTING OF RESULTS ",
"1 - Y 2 - N")
WRITE(LU, 60)
READ (LU, *)IFLAG ' :
IF(IFLAG EQ.1)GO TO 100 ;
60 FORMAT("ANOTHER RUN ? 1- YES 2-NO")
STOP
END L &
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PROGRAM &PGA LISTINGS - ) ' T
PROGRAM PGA (), S.Y.K. CHUNG i

¢

C

onn‘nonooonoono_nnonnnnnndnnnnnnonhlnn

c o SR o
\\INPUT DaTA I Lo o I

INITIATION

THIS PROGRAM PROCESS PRODUCT GAS ANALYSIS DATA Coo il

VARIABLES:
c(1) - = COMPONENT \
FLOW(I) = MOLAR FOW ‘RATE OF H2S AND
NH3, MOLE/MIN - :
FRAHC(I) = MOLAR FRACTION OF EACH . g
- | COMPONENT IN HYDROCARBON
Mw(I) = MOLECULAR WEIGHT OF EACH
g COMPONENT
PF° = PRODUCT GAS FLOW RATE, L/MIN
PTC = PRODUCT GAS TEMPERATURR“QEG/C///
PP = PRODUCT GAS PRESSURE, MM HG
V(1) = VOLUME FLOW RATE OF EACH '
COMPONENT, L/MIN
VPER(I) = VOLUME % OF EACH COMPONENT
W(I) = WEIGHT % OF EACH COMPONENT
WF(I) = WEIGHT FLOW RATE OF EACH"’
‘ COMPONENT e
MF(1) = MOLAR FLOW RATE OF EACH
: COMPONENT
FUNCTION: = S -

" 1, COMBINES REFINERY GAS ANALYSIS DATA WITH _

H2S FLOWRATE DATA AS OBTAINED FROM THE
) ABSORPTION-IODIMETRIC METHOD o
2. CORRECTS FLOW DATA TO STP .CONDITIONS -
3. GENERATES THE AS PRODUCT COMPOSITIQN
"IN A REPORT FOR |

REAL MW(9), szg9)[ WH2(9), V(9), VPER(9),
1W(9), WF(9), FLOW(9) o

" 'REAL FRAHC(9), MF(9)

INTEGER C (18) LU(5)’SAMPLE(20) :
"DATA MW/2,016, 16 04+,30,07,44.10, 58.12,72.15,
186.18,-34. 08 17 03 '

DATA C/2HH2 2H- ®HC1,2H - ,2HC2}2H ,

12HC3,2H ,2HC4, 21 ,2HC5,2H ,2HC6,2H ,

12HH2 , 2HS ZHNH 2H3 /- ' , AT o

Lty ~<, .

&AL RMPKR(LU)

999 WRITE(LU,1) “ T

‘.107

READ (LU, 107)(SAMELE(I) I=1 20)
FORMAT(ZOAZ) , ) o :



" WRITE (LU, 2)

'READ(LU, *)pm
‘WRITE(LU 3).

‘READ(LUﬂ*)PP PTC

'.WRITE(LU 4)

100"

DO 100 I=1.,7"
READ (LU, * )FRAHC(I )"

"CONTINUE

“ WRITE(LU, 16)

eXeXs)

0OON0 QN0 o0

noao

3

106

no0o0 =

READ (LU, *)FLOW(1)
READ (LU, * )FLOW(2)

' RESET INITIAL VALUES‘,

CWT=0.0

VH2(7)=0.0
WH2(7)=0.0
PTF=PTC#1.8+32,0

(760MM HG & 60 DEG F)

PFSTP (PF*PP*520. )/760 / 460 +PTF)

CONVERTING MOLAR FLOW RATE OF H2S &

NH3 TO VOLUME FLOW RATE

v(ST“FLow(1>*62 36*288 5/760.
. V(9)=FLOW(2)*62.36%288.5/760
; VHC= PFSTP ~-v(8)- v(9) :

VOLUME FLOW RATE OF HYDROCARBONS
’ AND HYDROGEN B

DO 106 1=1,7 .
V(1)=VHC= FRAHC(I)/TOO
CONTINUE W}

)CONVERSION OF FLOW RATE. TO STP

\ ©

N

/
2
|
|

TO SS & MOLAR FLOW RATES

WFAC 760. /62 36/288 5

‘DO -101 I=1,9

WF(I)= WFAC*V(I)*MW(I)
MF (1) =WFAC*V(I). ~

 WT=WT+WF (1)

VPER(15 V(I)*100//PFSTP
CONTINUE . -~

DO _102I=1,9 - -
' w(I)%WF(I)*1OO /wT

CONTHNUE

'ANALYSIS ON A H2-FREE BASIS:

N

. coﬁ RSION FACTOR OF 'VOLUME FLOW RATE /

266



L e
e 2WT WF(1) A

C.‘; o ’
o I/O FORMATTI NG AND CONTROL
C . .

R ST

EETRUEN BN e

.. VT2=PFSTOP- v(1)
‘DO 103 1=2,9 = - ”
"VH2 (I V(I)*100 /VT2 R
WH2(I)=WF(I)*100. /WT2 SR

. 103" .CONTINUE - e

-~ WRITE(LU,5) ~ - BT e
“ READ(LU, *)IOUT R s

“'QOUTPUT

‘U}WRITE(IOUT 6)  TN e
«WRITE(IOUT,7) .~ .70 S el

DO 104 I=1,9 ..
, J1—I*2 SR -:‘%J‘»~ SRR P
‘y>WRITE(IOUT 11))C(J) C(J1) VPER(I)
V(1) MW (T) ,WF (1), w(I) MF(I) R

WRITE(IOUT 12)PFSTP WD

":IWRITETLOUT 13) __ﬂ»,ffﬂ_’fﬁ;iﬁz-;‘ .‘1,73.;fvu e

..jDo 105 1=2,9 -

i Ag=J1-L § e S R

.. WRITE(IOUT, 11)C(J) C(J1) VHZ(I) V(I) R '
IMW(I), WF(I) WHz(I) MF(I) o _H:'

. .°105 CONTINUE . - ;fﬁ_f»:' Sl L R
‘«"WRITE(IOUT 12) VT2 WT2 ,-,p A e IR e Lt

_"READA{LU, *)IFLAG e TuEe T e T e T
“ IF(IFLAG,EQ.1)GO TQ 999 1,;j~g,“'v_fﬂ SRR
. _FORMAT(//," ENTER RUN’ NUMBER ‘40 .CHAR. MAX")‘
'FORMAT(//," ENTER.GAS FLOW RATE “L/MIN") "

. {"AND-TEMP. DEG C.") -
- FORMAT(//," ENTER MOLAR FLOW RATE OE,EACH" . :
1" COMPONENT IN THE ORDER OF H2,C1,C2,C3, c4 C5 C6")

N

“FORMAT (-1H1;//,20%,29"*") -
 FORMAT(20X, "%";27X,"s™) = % ' ;«1
. FORMAT(20X,"*",2X%, "ANALYSIS OF GAS""

,‘ ~_‘).1 " pRODUCT LA 2X "* 1] ) -. -, . . : R o .

Q;-FORMAT(// 3%, "RUN, NUMBER :" ,5X, 20A2 //).ﬁ: SR
0¢;,F0RMAT(3X " COMPONENT" , 3X, "VOLUME", 5x ;gJ:.;ﬁ.v
© “1"VOLUME" ,5X, “MOLECULAR" 4x "WEIGHT" b e

S WRITE(IOUT,8) - o 7 o s R
. . WRITE(IOUT, 7) "';f~ R “f»-‘:?* » ,.*u_.?'\v ;
©0 0 ® O WRITE(IOUT,15) 0 o e
. WRITE(IOUT, 9)(SAMPLE(I) 1-1 20) ' B
CWRITE(IOUT,10) : =+ 7 N

. f‘WRITE(LU 18) “f'\jfﬂ[ j~(f;¢:*;,_, T L

_.FORMAT(//," ENTER MEASURED PRESSURE MMHG, .U";:-\5‘h\"

- 'FORMAT(//," ENTER DESIRED OUTPUT UNIT ") AR T



. ~1"WEIGHT" sx "MOLAR",/,

'ng

12
13-

15

'g14.
S 1"H2S & NH3 MOLE/MIN")

END

S C e e
. TS 268

«3\, .

115X, "PERCENT" '3X,"FLOW RATE", 4x "WEIGHT" ,
15X, “FLOW RATE" 3x "PERCENT" 3xh"FLow RATE" ‘ .
1/ 26x (L, ¥"~17x "(GM IN)" 16X, :
1"*GMOL/MI "STY -'

FORMAT (3X, 2A2 8%, F7 4,3%, qdo 5 4x F5 2,
14X,E10.,5,4X%, F7 4,2X%, E10 5) >
FORMAT(/ 3X, "TOTAL" 18X ,F7. 4 16X ‘FB. s /) Lol
" 'FORMAT (3X, "ANALYSIS ON A HYDROGEN FREE BASIS" , /)
FORMAT(ZOX 29"x") S
FORMAT(//,™ ANOTHER. RUN ? 1= YES ‘2= NO")'
FORMAT(//," 'ENTER~MOLAR: FLOW RATE OF"

"STOP .
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‘HYDROCRACKING DATA o '
‘Run No} E _LL-05 . :
Run Type\‘\ Thermal Hydrocrack1ng
Feedstock " LLVGO
‘ - Y
Process Data f", _ 5 }
",fPressure‘= 13'9'MP?: Temperature 420 0- C ;
, L1qu1d Feedrate = ™ = 3% 75¢mL/min"-
. Liquid Product’ Rate = 3, 75%L/min . :
'HZ/OII: Feed Ratio « ==, 225 70 M3API/M3OIL \ o o
Liquid Holdup Vbl.”_=’ 296,90 mL (at 420 c) A
i ngple Data ’ | ?g ‘.:' r. _+/;>¢;

: éitchlAQ MWT 379,019
‘ “(g/mL) 0.9174
P1tch Wt. Fra 0 6100

Sample Wt. g)‘

ifComputed Result517v“:

-Pltch Conc._ln L1q Feed

 &LiqL7Feed.

Liq. prcd‘”Rééct.‘Liq.'

361.81  365.93
~0.8967°  '0.6308
. 0.4100 - 0.5000
L 140116
- . v’.‘ ,‘ : '

§.00147589 mol/mL

. “Pitgh Conc. in Lig.Prod. - -%'0€00]016]3'm0l/mL SR
‘?JPLtch.Conc_‘ln Reactor: L1q7”='0,00086191‘mol/mqu3.~
.fH2'Conc.7' Reactor L1q =.0.00065867 mol/mLJ '
Rate. of Pitch Conver51on . 0;00000581 mol/mL/m1n\
- Pitch Conver51on '%f." ." = 31.1513 ;. . .
J Rate Const (1st Order Eqn ) = 0.00673733 /m1n
Rate Const (2nd Order Egn. ). =10.2286870 mL/mol/m1n
"i,Sulphur Conver51on / RS %_¥6;38-f';*‘“>'k v
$.G. (L1q Feed & L1q Prod ) measured at 23. 0 C e S
S.G. (React]qu ) corrected to reactor condltlons IR

,w" o

270
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N\ S 10 ' : S
- EREEEAN o
" HYDROCRACKING DATA .~ - . |
A ::‘ o “ * " 4' ‘ ' ’ I( N -
Ruft No.: LL-06 Thermal Run |
Run Type Thermal Hydrocracklng

- Feedstock: LLVGO' J

' [ e » e ‘
Process Data , S - \Séi T

Sulphur Conver51on

%

c.S.G (L1q Feed & Lig. Prod ). measured at 23,0 C
S.G. (React L1q ) corrected to reactor condltlons

. : («
Pressureré 13.9 MPa. TemperatuFe = 440.0 C ,
L1qu1d Feedrate Co= 3,75 mL/min o o
‘Ligquid Product Rate = 3.75 mL/min
"H2/01L Feed Ratio = /;98.60 M3API/M301L :
Liguid Holdup Vol. = ‘274.10 mL (at 440 C)
Sample Data - - IR B a..@
L, ~_Big. Feed Lig. Prod React. Lig.
Bitch Av.MWT  379.17 . 355,78  363.51
5.G. (g/mL)" 0.9174 0.8686  70.6514 .
~ Pitch Wt. Frac. 0 6100 -0.2124 . 0.3765
Sample-Wt (g) : : ‘ - 7.9110°
Computed Results oL _ ‘
" Pitch é%nc. in- Lig. Feed ﬁ v=‘0 00147589 mol/mL
-~ Pitch Conc.,ln Lig.Prod. .. =.0,00051855 mol/mL .
Pitch Conc. in Reactor Lig. = 0.00067468 mol/mL »
: H2 Conc in Reactor L1q ~ . ='0,00068519 mol/mL’ N
! . g S -
, ‘Rate of Pitch Convers1on © = 0.,00001310 mel/mL/min
' P1tch ngyer510n,.% = 64, 8651 R .
‘Rate Const.(1st Order Egn.) = 0. 01941297 /min
Rate Const. (2nd Order Eqn ). = 28.3321950 mL/mol/min
= 27.99 | |
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HYDROCRACKING DATA "j P o
- Run No.: " LL- 07 Thermal Run ’

"Run Type : . .Thermal Hydrocracklng

Feedstockt LLVGO :

Process Data

Pressure - 13.9 MPa" - Temperature = 420.0 C°
Liquid Feedrate 3.75 mL/min o
Liquid Product Rate . 3.75 mL/min .
H2/01L Feed Ratio 210.80 M3API/M30IL
Liquid Holdup Vol:. 275.10 mL (at 420 C)

Sample Data "”"“‘ - "‘:v

Lig. Feed L1q Prod React Liq.!

Pitch AV.MWT . 379.17 . 371. 17 372008

~ S.G. (g/mL) ' 0.9170 . 0.8965 " 0.6247
" Pitch Wt.Frac.  0.6100 ©0.4301 - 0.4746

Samﬁle'Wt (g) S ; - I "14.116

~.Computed Results

Pitch Conc. .in L1q Feed
‘Pitch Conc. in Lig.Prod.
"Pitch Conc. in Rea&tzr L1q
H2. Conc. in Reactor "Lig.

0. 00079670‘mol/mL
_0.00064753 mol/mL

nouon ll

”Rate of Pitch Conver51on_'

. 0..00000595 mol/mL/min
','Pltch Conver51on _% I __—

29.5823

Rate Const (tst . Order Eqn )

| 1 0.00746699 /min -
- Rate. Const (2nd Qrder Eqn ). :

11}5314290“mL/mol/min'¢

Sulphur Conver51on, %

16.36 . BRI

qu Feed & L1q Prod. ) measured at 23 0C
React L1q ) corre%ted to reactor condltlons

Y

.
A’\




' H2 OIL Feed Ratio
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HYDROCRACKING DATA .

Run No, .,

Run’ Type ;- " | Hydrocracking .
FeedstOckav“w \ ¢ : o

_ ) : : R ) .
Process Data - ' o )
Pressure = 13.9 MPa - Temperature = 440.0 .C~

L1qu1d Feedrate ' 3.75 mL/min :

uid Product Rate 3.75 mL/min’
-215.50 M3API/M30IL

262.10 mL (at 440 C)

mnonon

Liquid Holdup Vol

, Sample Data-

Lig. Feed. Liq{ Prod rReacﬁ. qu;

Pitch Av.MWT 375,32 360.44  365.93

$.G6. (g/mL) ~  0.9159- 0.8763 - . 0.6203
:Pitch Wt.Frac. 0.6500 - 0.2624 0.3635

Sample Wt. (g) s ... 6.0060

Computed Results »
Pitch Conc. in Lig.Feed 0.00158621-mol/mL.
Pitch Conc. in Liqg.Prod. 0.00063795 mol/mL -
- Pitch Congc. in Reactor Liq. 0.00061618 /mol/mL
- H2 Conc.m' Reactor Lig. / 0. 00071956’mol/mL

‘Rate of PltCh Convers1onma

0 00001357 mol/mL/mln_
Pltch Conver51on, % :

59.7817 -

»0.02201831'/mih

'Rate Const.(1st Order Eqn.) = ( -
30.5995790 mL/mol/min

Rate Const.(2nd Order Egn.)

;8

‘Sulphur Convérsion;c%i_. 21.47

L1q Fecd & Lig.Prod.) measured at 23 0 C-
React. L1q ) corrected to reactor condltlons

e~ ~
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HYDROCRACKING DATA

. w !
Run. No. 't LL=10 .
Run Type :° Thermal Hydrocracking ,
Feedstock: - LLVGO T ;
N L ) . ) . . ‘ .
Process Data
Pressure = 13.9 MPa Temperature = 400.0 c
Liquid Feedrate = 3.75 mL/min
Liquid Product Rate = 3. ? mﬁ /tin
H2/0l1L Feed Ratio , =  304. ' s
L1qu1d Holdup Vol. ' = 274, O
Sample Data L : _ \“‘fwg@&“
‘ ~ Lig. Feed Lig. Prod React. LiQi <
Pitch Av.MWT - 369.24 . 365.83  368.48
s.G. (g/mL) 0.9191 09090 0.6517 r
Pitch Wt.Frac. 0:6000°. .0.5173 0.5490 -~ . .,
Sample Wt. (g) : N PR 14.123 R
’ Compured Results °
‘pitch Conc. -in Lig.Feed 0.00149350 mol/mL | -

0.00128537 mol/mL
0.00097097 mol/mL
0.00076348 mol/mL- -

Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Lig.
H2 Conc. ih Reactor L1q

na wn

'Rate of PltCh Conver51on
P1tcH Conver51on, %

10.00000285 mol/mL/min

13.9360 S
.RatenConst .(1st. Order Egn.)
Rate Const (2nd Order Egn.)

0,00293264 /min. '
33484T12690 mL/mol/min

oW

f‘Sulphur Convers1on % .

11.53:

(élq Feed & L1q Prod.) measured at 23z 0c N
A eact Lig.) corrected to reactor conditions

N
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HYDROCRACKING DATA

. Run No. : - LL-11

Run Type : Thermal Hydrocracklng

Feedstock: ' LLVGO : .

. Process Data

Pressure = 13.9 MPa Temperature = 400.0. C «

Liquid Feedrate 4,92 mL/min -

- Liquid Product Rate 4,92 mL/min

. H2/01L Feed Ratio 2.54.50 M3API /M30IL
‘Liquid Heldup Vol. 267.50 mL (at 400 C)

{1 | IR LI |

~.Sample Data

‘

Lig. Feed Lig. Prod React. Lig.

Pitch AV.MWT 372,10 366.24 366.77

.G.- (g/mL) .0.9171 0.9081 0.6499 : y
Pitch Wt.Frac. . 0.6100 0.5288 0.5684 o
Sample wt. (q) . T - 30.168 B '

Comggted Results.

[

0.00150344 mol/mL
0.00131117 mol/mL
0.00100718 mol/mL
0.00069876 mol/mL

‘ PltCh Conc.f1n qu.Feed
Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Lig.
H2 Conc. in Reactor Lig.

Hnon onou

Rate of Pitch Conversion
Pitch Conversion, %

0.00000354 mol/mL/min
12.7888 -

0.00351115 /min .

Rate‘Const.(1st Order—Eqn}) :
5.02483?80_mL/mol/min_

Rate Const.(2nd Order Egn.)

W

'éulphUr Convefsion,‘% . - 4.99

(Lig.Feed & Lig. Prod.) measured at 23.0 C
React.Liq.) corrected to reactor conditions |

OG‘)



HYDROCRACKING DATA

)

.Run No. : LL-12
Run Type : Thermal

Feedstock: .~ LLVGO

Process Data

Pressure = 13.9 MPa
Liquid Feedrate

- Liquid Product Rate
H2/OIL Feed Ratio
Liguid Holdup Vol.

oW nou

Hydrocracking

-Temperature = 420.0 C
#5,00 mL/min :
5.00 mL/min
240.40 M3API/M30IL
279.80 mL Yat 420 C)

Sample Data

Lig. Feed Lig. Prod React. Ligqg.

Pitch\Av,MWT 364.52 366.10.

368.39
S.G. (g/mL) 0.9172 . 0.9062 0.6295
Pitch Wt.Frac. - 0.6050 -  0.4318 0.4967
Sample Wt. (g) =~ , - , . ©12.498

* Computed Results

.0.00150630 mol/mL
0.00107346 mcl/mL
0.00085406 mol/mL
0.00068446 mol/mL

- Pitch Conc. in Liqg.Feed,

- Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Liqg.
" H2 Conc. in Reactor Liqg.

monoanow

‘Rate of Pitch Conversion .

= 0.00000773 mol/mL/min
Pitch Conver51on % = 28.7354 . '
Rate Con§t (tst Order E&n )A;'0600965651 /m1n
Rate Const.(2nd Order Egn.) = 13.2316060 mL/mol/mln
~Sulphdr Conversion, %:% = .16.83

[Fo M ¥p]
c:o'

.

L1q Feed & qu Prod.) measured at 23 0.C
React.Lig.) corrected to reactor conditions

276
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HYDROCRACKING DATA - '

Run No. LL-13

Run Type : Thermal H
Feedstock: LLVGO
‘ProceSS'Data X
Pressure = 13 9 Mpa_

Liquid Feedrate
Liguid Product Rate
H2/0IL Feed.Ratio

)

ydrocrack1ng

Temperature 440.0 C
5.00 mL/min

5.00 mL/min

298.80 M3API/M30IL

n o u “

Liquid Holdup Vol,. 252.50 mL (at 440 C)

_Samplg Data

Lig. Feed Lig. Prod React. Lig.

Pitch Av.MWT

381.59 1359.46 367.23

S.G. (g/mL) 0.9172 0.8937 0.6511

Pitch Wt.Frac. 0.6418 0.2756 0.4343 | ,

Sample Wt. (g) 12,366

COmputed Results ‘ ‘ ‘

Pitch Conc. in qu Feed V = 0.00154255 mol/mL

Pitch Conc¢. in Lig.Prod. = 0.00068520 mol/mL s
~Pitch Conc. in Reactor‘Liq. = 0.00077002 mol/mL )

H2 Conc. in Reactor Liq. = 0.00065867 mol/mL . _
'Rateoof PltCh Conversion j='0;00001598 mol/mL/min

'PltCh Conver51on,_% =‘55,5826 ' .

Rate~Const. (1st Order Eqn.).= 0.02205029 /min
- Rate Const.(2nd Order Egn.) = 31.3017850 mL/mol/mln

Supour Coﬁvefsioh,.%- '@ = 22;86j ‘ N

e o e e e . - - —— - . — - —— i i e e - 4 e

Liqg. Feed & ‘Lig.Prod. ) measured at 23.0 C
React. qu ) corrected to reactor condltlons
(]



* -Pitch Conc.

HYDROCRACKING DATA

oo

Run No.
Run Type :
Fee@stock:

LL-14
Thermal

» PLVGO

~

Process'Data

Pressure = 13.9 MPa
Liquid Feedrate
Liquid Product Rate
H2/01L Feed Ratio
Liquid Holdup Vol.

LI LI N

Data

-Sample

Hydrocr

Temper
7.50
7.50

187.10

281.90

acking

ature =
mL/min
mL/min -

278

400.0 C

DAl

M3API/M30IL
mL (at 400 C)

Lig. Feed Lig. Prod React. Lig.

Pitch Av.MWT

377.22 3
S.G. (g/mL) 0.9176 0
Pitch Wt.Frac. 0.6235 .0

Sample Wt. (g)

Computed Results

Pitch Conc'.
Pitch Conc.
in Reactor
H2 Conc. in

Rate of Pitch Conversion

Pitch Conversion, % .

Rate Const.(1st Order Egn.)
Rate Const.(2nd Order Egn.¥

Sulphur Conversion, %

in Liq;Féed‘
in Liqg.Prod.

Reactor Ligqg.

Liqg.

nononou

i

67.98
.9126
.5424

0.00151668
0.00134517
0.00098292
0.00063105

0.00000456

11.3088

0.00464257

7.35688020

3.79

368.17 -
0.6483 °
D.5582
14.095

mol/mL
mol/mL
mol /mL .

‘mol/mL -

mol/mL/min
. A\
/min-

mL/mol/min

- ~

i
|
[
\
\

e ———————— e e e e

S.
S

G.(Lig.Feed & Lig.Prod.) measured at 23.0 C
.G.(React.Lig.) corrected to reactor conditions
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4
HYDROCRACK ING DATA
‘{U” DNO . M IAIA*" ‘IJ
Run Type : Thermal Hydrocracking
Feedstocok: LLVGO
Process Data
Pressuré = 13.9 MP& Temperature = 460.0 C
Liquid Feedrate = 3.7% mL/min

3.7% mL/min
388.50 M3API/M30IL
200.30 mL (at 460 C)

B

Liquid Product Rate
H2/01L Feed Ratio
Liguid Holdup Vol.

By

Sample Data

Lig. Feed Lig. Prod React. Liqg.

Pitch AvV.MWT 371.76 347 .71 367.63
S.G. (g/mL) 0.9176 G.8747 0.7275-
Pitch Wt.Frac. 0.6095 C.1518 " 0.3467
Sample Wt. (g) ‘ 10. 149

4

Computed‘Results

.00150440 mol/mL
.00038187 mol/mL
.00068608 mol,/mL
.00050010 mol/mL

"Pitch Conc. in Lig.Feed
Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Liqg.
H2 Conc.-in Reactor Lig.

LI S L 1
OO OO

0.00002102 mol/mL/min
74 .6166

Rate of Pitch Conversion
Pitch Conversion, %

0.03063196 /min
61.2516940 mL/mol/min

Rate Const.(1st Order Egn.)
- Rate Const.(2nd Order Egn.)

n

Sulphur Conversion, %

Lig.Feed & Lig.Prod.) measured at 23.0 C

React.Lig.) corrected to reactor conditions
X ¥

S.
S

(o N

s



" Run' Type TR Thermal Hydrocracklng

{v?quu1d Product Rateé
S H2/01L Feed Ratio =

280

. HYDROCRACKINGJDATA‘F Sl A

RUR N6, £ LL P 5'fw'
Feedstock: LLVGO RS _ 1‘7 ;,; R -

TProcess Data'

. : S A S
Pressure,= 13, 9 MPa o Temperature +:420.0 C .
Liquid Feedrate" ©7.50 mL/min g
7,39 mL/min

309 80 M3API/MBOIL
286 90 mL (at 420 C)

"quu1d Holdup vol..

k . o .

%,Sample Data gf.éf_

. vp-‘ !

L1q Feed L1q Prod React Liql

Pitch Av.MWT = "3387,87. {‘ 365. 63f '»f367 3277

'S.Gy (g/mL) | _v 0.9168 ~': 0.9056 :«0,6304,,; R

/ pitch Wt.Frac. 0.6422 - 0. 4680 0.5123 -
. .Sample Wt (g) R \.-,;12,635'

@t{Computed Results

' HZ Conc. insReactor L1q

"tRate of . PltCh Conver51on F'

*ffthate Const (2nd Order Eqn )

-0. 00151795 mol/mL‘sl,,;wad-“f v
0. 00115915 ‘mol/mL. ¢ =~ - - i
0,00087922 mol/mL U
0.00059213 mol/mL L

;,fP1tch Conc.:ln L1q Feed -Qt,
‘:Pltch Conc. 'in Lig. .Prod.
Pitch'Conc.” in Reactor qu.

kulﬁﬂ

000000982 mol/mL/mln‘jT’
PltCh Conver51on,‘%5~t-,. 24 7572 = _
0. 01117365 /mln,ﬂ"*i”

4_Rate Const (1st Order Eqn ) = e
18 8701630 mL/mol/mlnv>» B

lI o

i

”14 83

i

ulphur Conver51on,,%‘dj

L1q Feed & L1q Prod ) measured at 23 o C fuvg“g‘;_x”-d]
React L1q ) corrected to reactor condltlons . S

o
: CDO

B e' ». ’



~ .Run Type

v"'ﬂquU1d ‘Product ‘Rate

,J,e'Pltch Conc'. ﬁ1n L1q Feed
- Pitch.Conc. in Liqg. Prod.

" /Rate’ Const (2nd Order Eqn

H?HYDROCRACKING DATA

LL k? _ o
©t+ . Thermal Hydrocracklng
Feedstock: . LLVGO

" Run No.

se oe

Process Data

_Pressure = 13 9 MPa ‘?empeﬁaturelé

Liquid Feedrate

~ H2/0IL Feed. Ratio:3
. - Liquid. Holdup Vol

o

’,'Sample Data;

440,0 C -
Z)SO'mL/min.' Sl
. 7.38 mL/min . e
348.20 M3API/M3OIL

o 280 70 mL (at 440 C)

L1q Feed qu Prod React.,qu

Pitch Av. MWT S371.46 0 360,67
‘S.G. (g/mL) Ry 0.9171 . . 0.9014"

b'*Pltch Wt Frac . .0.5893 Co -O~3206f-”

’Sample Wt. (g)

| 'prComputed RésoltsAd‘

S Pitech Conc. “in Reactor: Lig..
H2. Conc. 1n Reactor L1q

f” ,_u‘ Weome

,ﬁRate of P1tch Conver51on;e5
,P1tch Conver51on, %“ '

_'_u 1

’Rate Const (1st Order Eqn )=

v
[

T

V.fSulphur Conver51on, % -

~!

| . e g . :'~":

+0.00145493 mol/mL -
0.00080126 mol/mL
0.00075935 mol/mL- . .
10 00071474]mol/mLff’

18.40

366.45
0,6287,'
/0;4426 x
12,718

‘o -

0. oooo17s1imol/mn/m1?
45.8092

®

fo/023451624/m1n L
32. 81}2640_mL/mol/m1n

qu Feed & ‘Liqg. Prod ), measured at’ 23 0 C ,
React L1q ) corrected tOIreactor condltlons

281



",:pltch Av.MET ©373.36 355.72

| "7P1tch Wt.Frac. df0J5963_ ~Oy2375‘rl

" HYDROCRACKING DATA -

Run No;°

: + LL= 18 g
-, Run Type : Thermal Hydrocracklng
Feedstock' LLVGO o L .
lProcess Data
Pressure': 13 9 MPa Temperature 44

3.75 mL/min .
© ' 3.59 mL/min
'526.20 M3API/M30
©277:30 mL (at 44

‘Liquid Feedrate
"quuld Product Rate
H2/0IL Feed Ratio
»leQUld Holdup Vol

-|_| non u-

LA

"-Sample Data fo

™

U B

L1q Feed qu Prod React Liq.

0.0Cc .

1L
0 C)

(g/mL) - °+0.9185 °  0.8892

-iSample Wt.,(g)‘

;Computed Results'

fPltch Conq in. L1q Feed = 0300146759

;Pitch Conc. 'in Liq. Prod. =.:0.00059388

. Pitch Conc. in  Reactor qu. ='0.00082437

.o H2. Conc. Reactor qu, =0, 00083302

_V,SRate of Pltch Conver51on Cso. 00001216

'",Pltch Conver51on ko= 6l 2600

" Rate Const ;(1st Order Eqn - =0.01474832

. Rate Const. (2nd Order ‘Egn. ) = 17. 7046280
iSulphur Convers1pn,3% v,,ﬂu'=529 51

S.G. (L1q Feed & L1q Prod ) measured at 2
S.G. (React L1q ) corrected to reactor co
: : e v "fﬁ,.[ ‘
: B v _b:: '
5 v

. 368.07 r
1 0.6700°

0.4528

12,2830

‘mol/mL)
mol/mL
mol/mL

mol/mL SRR |

/m1n St
mL/mol/m1n°>

3 0 C
ndltlons

282

mol/mL/mln fff;
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HYDROCRACKING DATA' .

. Run No. ;’LL—19 ST S T
Run Type : . Thermal Hydrocrack;ng R :
Feedstock: -,LLVGO

1

‘:Process Data

'Z~Liquid-ProduCt Rate

PreSsure - 13.9 MPa Temperature = 400.0 C
- Liquid Feedrate ' 3.75 mL/min ‘.
. .3.74 mL/minm N
343.60 M3API/M3OIL X

H2/0IL Feed Ratio - o
274;60,mLJ(at 400 C)

v[;quu1d Holdup Vol

»Sample Data'”

. Lig. Fééa-'Liq. Prod React - Ligq.

’»PthAva‘efm3ﬂ 01’ ‘¢36&80}~ 378.57 T

S 8.G. (g/mL) ‘,, 0.9189 . - 0.9105 0.6496
., Pitch Wt.Frac. ,O 6263 - 0.5154 -+ 0.,5617
'._'Sample/Wt. (g) L 130537

'fComputed Results | N T -
'fpltch Conc. 1n qu Feed : =0. 00155119 mol/mn'v o
. Pitch ‘Conc. 'in Lig.Prod. = = 0. 00127937 mol/mL -~ . -

Pitch Conc. in Reactor. qu,;ﬁ,o 00096384 mol/mL = -
.H2.Conc. in: Reactor L1q ;:0'00078166 mol/mL - e
f Rate of Pitch Conver51on ="0. 000003764hoi/mﬁ/mih‘-»' .
‘4P1tch Conver51on ‘%3‘_1 b_.= 17.7435 B «

',”Rate Const (1st Order Eqn ) = 0 00389969_/m1n,54:*“v;}- ;{-»
. Rate Const (an Order Egn. ) = 4,98898320'mL/mol/m1n e S
7:‘Sulphur Conver51on %,f;“ = ,9}9€1fg*‘;fﬁ,”f;:j3 o
_____~_-___________________;___________;;; (o_slzosd
[QZ /

L1q Feed & L1q Prod ) measured at 23, 0. C
React qu ) corrected to: reactor condltlons

v OO‘



. epjtch:'Conc. in-Reactor: L1q
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HYDROCRACKINGUDATAf‘ Cie SR

~ Run No. :.' LL-20 L

"Run Type : <« Thermal Hydrocracklng
Feedstock: LLVGO ' ‘ o

 Process Data. -

"~ Pressure = 13.9 MPa. Temperature 420.0 C
~Liquid Feedrate ' 5,00 mL/min . .
L1qu1d Product Rate ©.© 5,00 mL/min - e
' #2/0IL Feed Ratio 367.90 M3API/M3OIL  \
~'Liguid Holdup-Vol. '283.10 mL (at 420 C) - ..

IR I (B

Sample Data e v
"flleﬁldl {"1 qu Feed qu. Rrod React L1q7 v

Pltch "AvV . MWT. : 368\\B 365.36_1 - 366.62

©S8.G.. (g/mL) 0.9178. .. 0.9038 0.6340

: -Pitch'Wt;Frac; . 0.5943 - -0.4469 0.5136 .
'Sample-Wt.?(g) S i 13,0020

1Computed Results 2 L ffe'f,A ~ "ie JRERR

“f,Pltch Conc “in Liq. Feed

6.00147874 mQ;/ LQ' P A
Pitch Conc. in Lig.Prod. ff L.

0.00110551 mol
0.00088817 mol/mL
10.00075140 mol/mL.

n|yu|y

nHZ Conc. 1n Reacter qu

\p;00000659fmcl/mnymiﬂ'ﬂ”- .
25.2400 SN

‘.'°>
W

- Rate oi Pltch Conver51on
e-:Pltch Conver51on, %‘» ﬁ

L 0. 00742187 /mln Ju*”’

Rate Const (1st Order Eqn ). o
9. 87739180 mL/mol/m1n

-f Rate Const (2nd Order Eqgn. )

i

' ?ﬁ;Sulpbur_Conversron, % f13 5§

qu Feed & L1q Prod ) measured at 23, 0 C
(React, L1q ) corrected to reactor condltlons

s \\, Lo
OO



.- Pitch Conc. in Reactor Lig.

o~

‘HYﬁROCRACKING DATA

Run No. :. « “LL- 21

Run Type :  .Thermal Hydrocracklngk o
 Feedstock: LLVGO
. Process Daté ’ | |
Pressure = 13.9 MPé | Teﬂﬁerature 440.0 C
Liquid Feedrate ., = 5.00 mL/min
 Liquid Product Rate = 4,83 mL/min
. H2/0OIL.Feed Ratio = 587.80 M3API/MBOIL
. Liquid Holdup Vol = 258,60 mL (at 440 C)
‘Sample Data - "‘_ G ;
, qu. Feed L1q Prod Redct >ﬁiq}
S S ' . . N
 Pitch Av.MWT 368.77  353.13 - 366.69 (5
. §.G. (g/mnL) - 0.9169, 0.8942 -  0.6639
. Pitch Wt.Frac. = 0.5969 '~ 0.2654- . 0.4700
- Sample Wt. (g) N o 11,6740

Computed Results

0. 00148412 mol/mL

0. 00067220 mol/mL
0.00085094 mol/mL_ . 4
.0,00081935 mol/mL "

Pltcthonc. 1n qu Feed
Pitch Conc. in.Lig. Prod.

o

N le"

,H2 Conc {1n Reactor L1q

eRate of PltCh Conver51on-
‘“P1tch Conver51on %,

56 2471

0. 01896740 /min’

Rate Const: (1st order - Eqn ) o
23, 1493490 ‘mL/mol/min..

Rate Const.(2nd Order Egn.)

- sulphur Conversion; % ;26 32

o

.G (L1q Feed & L1q Prod.) measured at 23 0 ¢ .
«G. (React L1q ). corrected to reactor condltlons S

285

0.00001614 mol/mL/min .



"'jH2 Conc. in Reactor qu. .

‘ Rate of Pltch ConVer51on

A

HYDROCRACKING DATA
Run No. :  .LL-22
Run Type : : Thermal Hydrocracklng N
Feedstock: : LLVGO . . ' j) _ '
Process Data S - (it
Préssure = 13.9 MPa _ Temperature =_4bO;OaC'
- Liguid Feedrate . = 5.00 mL/min -
- Liquid Product Rate = |, 5700 'mL/min
H2/0IL Feed Ratio = 271.10 M3API/M30IL
Liguid Holdup Vol =" 273.60 mL (at 400 C)
gSample Data d’j» e T L
s | © Lig. Feed 'Lig. Prod Redct. Lig.
pitch AV.MAT ~  368.51  365.08 . 367.56
(g/mL) . ~ 0,9175 . 0.9134 ' 0.6544
_Pltch Wt.Frac. - 0. .5939 . 0.5192  ~0.5705"

Sample Wt. (g) . " o 14,513

,CompUted ResUltsi.

00147867 mol/mL
.00129900 mol/mL’

" pitc® conc. in Lig.Feed 0
0
.0.00101571. .mol/mL-
0
0
1

~ Pitch Conc. in Liq.Prod. -
" Pitch Conce in Reactor Lig.

nmnn Alb'-

.00073732 mol/mL

;00600328;mol/mL/m1n
. 1509

Pitch Conver51on,'%-

0.00323266f/min D

Rate Const. (1st Order EqQn. ol 0 ]
14.38431840 ‘mL/mo}/min

' _Rate Const (an Order Eqgn, )

non

Sulphur Conver51on,;%' . 7.77_d

s o o i . o Y > W o o o o = At o e e et i e e e e e i ot e o o e o e

“§.G.(Liq. Feed & L1q Prod ) measured at 23. O C
- S.G.(

React L1q ) corrected to reactor’ condltlons
: - I : 6

286



. Rate Const’ (1st Order Eqn )

. 287

/
[ '
HYDROCRACKING DATA
. f\‘
Run No. | \ LL 23 ‘
Run Type : |- Thermal Hydrocracklng
Feedstock: 50 - 50 Vol % LLVGO - EMRGO Blend
?rocess Data_‘ 7
Pressure = 13. M?a ' Temperature = 450.0 C LT-?’. y

Liquid Feedrate.
Liquid Product‘Rate.
H2/OIL Feed Ratio °
L1qu1d ﬁoldup Vol

5.00 mL/min: we e -
. 4.82 mL/min S C
702 30 M3API/M301L
247.70 mL (at 450 C)

4

i
!

Sample Data'

P : |
L / Lig. Feed "Lig. Prod React L ig.-
Pitch AV.MWT/ 360.77 . 338.68 - 365.04. -

S.G. (g/mLY ©.0.9154  0.8926  ~ 0.6998
piteh Wt.Frac.  0.5190 0.1409 . 0.4947
sample Wt. //g) Do T 13,817
,Computed REsults ‘  ' f o : P ) s

: \

.Pltch Conc.\ln Lig.Feed
Pitch. Conc.\ln Lig.Prod.
Pitch Conc. ‘in Reactor Liqg.
H2 Conc. in Reactor Liqg.

.0.00131688 mol/mL °
0.00037135 mol/mL
0.00094836  mol/mL
0.00081992 mol/mL

Rate of PltCh Conver51onr

0.00001936 mol/mL/min
. PltCh Conver51on,<%.-‘ . : K

72.8164

0.02041012 /min
L24.8927880 mL/mol/min

'Rate Const.(2nd Order Egn.)

Sﬁlphmr Convérsion, % i33f0 -

(Lig. Feed & L1q Prod. ) measured at 23.0 C-
React L1q ) corrected to reactor condltlons

-~ o~
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HYDROCRACKING DATA

Run'Nc.

: LL-24
Run Type : Thermal Hydrocracklng
Feedstock: 75 - 25 Vol.% LLVGO - EMRGO Blend
Prdcess Data ‘ o o ‘Wrc
— . R : : o B T
Pressure = 13.9 MPa - Temperature = 450.0 C":

5.00 mL/min

4,97 mL/min :
849.90 M3API/M30IL TR
260.90 mL.(at 450 C)* = P

Liguid Feedrate
Liquid Product Rate
H2/0IL Feed Ratfio
L1qu1d Holdup Vol

oo

Sample Data

¢

'Lig. Feed. Lig. Prod React. Liq;' M

2

Pitch Av.MWT _  356.38 . 342.49  369.06° -

- §.G. (g/mL) \' 0.9159 - 0.8982 0.7122
Pitch Wt.Frac. ' 0.5629 0.1603 0.5495 "
‘Sample Wt. (g) . - R ' oo14.222

Computed Results

0.00144666 mol/mL , o
0.00042020 mol/mL e
0.00106041 mol/mL . :

" 0.00071917 ‘mol/mL

Pitch~-Conc. * L1q Feed
Pitch Conc. in Lig.Prod.
Pitch Conc. in.Reactor Lig.
H2 Conc. in Reactor Lig.

nonenou

Rate of Pitch. Ccnversion-'*‘
=P1tch Conver51on % -

0.00001972 mol/mL/min
71.1145 AR

0.01859292 /min
25.8532410 mL/mol/mln

Rate Const. (1st Order Eqn )
Rate Const.(2nd Order Egn.)

]
w
=
oY

Sulphdr‘Conversioh, %

Lig.Feed & Lig. Prod.) measured at 23 0ocC - .
React L1q ) corrected to reactor condltlons S

)

- S.G.
S.G.

~~ ~



e

' HYDROCRACKING DATA -~ @
Run No. : "LL-25 . ’

~Run Type : Thermal HydrOCracklng
Feedstock:

EMRGO

~'Process Data

Pressure = 13.9 MPa Temperaturé = 450.0 C
' Liquid Feedrate :

5.00 mL/min

4.91 mL/min ,
.507.00 M3API/M30IL
239.40 mL° (at 450 C)

Liquid Product Rate
H2/0IL Feed Ratio
Liguid Holdup Vol.

R

Sample Data

Lig. Feed Lig. Prod React. Lig.

Pitch AVLMWT . 351.95 345.61 . 360.63

S.G. (g/mL) 0.9118  0.8966 0.67251
_Pitch Wt.Frac. 0.4405 0.1418 - 0.4425

Sample Wt. '(g) ' - . 13.393

ComputedeesulEs

Rate of Pitch Conver51on
_P1tch Conver51on %

'Rate Const. (st Order'Eqn )
<Rate’Const‘(2nd Order Eqn )

‘ Sulphur Conver51on %

0.00114121 mol/mL
0.00036787 mol/mL
0.00082836 mol/mL
0.00076299 ‘mol/mL

Pitch Conc. in ‘Lig.Feed
Pitch Conc. :in Liqg.Prod.
Pitch Conc. in Reactor Lig.
H2 Conc. in Reactor Liq

LI | KO 1

68.3455

s

0.01966531 /min
25.7738880 mL/mol/min

nou

24.6

e o e P ——— v —_—— = - = e e o/ e - —— o ———— ] — i —— o

L1q Feed & Lig.Prod. ) measured at 23.0 C
React L1q ) corrected to reactor conditions

o~~~

P

0.00001629 mol/mL/min

289



“Pitch Conc. in Liq. Feed .

. H2 Conc. in Reactor Lig.

. Rate Const (1st Order -Egn. )
- _Rate Const (2nd Order Eqn.)

Liquid Holdup Vol.

vP1tch C%nversxon, %

.SulphUr Qonver51on,'%

" HYDROCRACKING DATA

: EC1 2

Run No. °

Run Type : Catalytic Hydrocracklng
Feedstock: EMRGO

Process;Data

Pressure = 13.9 MPa - Temperature =.400.0 C

Liquid Feedrate
Liquid Product Rate
H2/01L Feed Ratio

1 4t mL/min
. .38 mL/min
702.80 M3API/M30IL
277.40 mL (at 400 C)

nm.# in

A

Sample Data

 Lig. Feed Lig. Prod React. Lig.

Pltcthv MWT 354,14 342.8@ . 345.36

0.00117619 mol/mL
0.00067883 mol/mL
0.00067081 mol/mL -~
0.00085486 mol/mL

Pitch- Cbnc. in Lig.Prod.
Pitch Conc. in Reactor qu

nJln‘n

Rate of\Pltch Conver51on" 0. 000002601 mol/mL/mln-

43.5097

0.00387745 /mln
.4.53577900 mL/mol/min

o

95.0

qu'Feed & Lig. Prod.) measured at 23.0 C

React Liqg. ) corrected to reactor conditions
. \' v »

.- 1

l .

1

U)U'J
G)Q =

|
i

(g/mL) . 0.9096 0.8671 - 0.6052
Pltch Wt.Frac. -0.4579 " 0.2684 - 0.3828
Sample wt. (g) 4 : 11,799 .
_Cohcuted Results o ‘ ‘_ - a v

290
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HYDROC&ACKING DATA

Run No. : EC1-3

Run Type :  -Catalytic
FeedStock: . EMRGO
‘Process Data '
Pressure = 13 S MPa

- Liquid Feedrate
Liquid Product [Rate
H2/0IL Feed Ratio
Liguid Holdup Yol.

T T

'Samgle Data

Hydrocracklng

Temperature = 400.0 C
.38 mL/min

. 1.40 mL/min

655.50 M3API/M30OIL

250.00 mL (at 400 C)

, . Lig. Fe
Pitch AV.MWT 354, 14
S.G. (g/mL) ©0.%096 "

‘Pitch Wt.Frac.
Sample Wt. (g)

_Cbmpﬁted Results

Pitch Conc.
Pitch Conc.
Pitch Conc.
H2 Conc. in'ReactorfLiq

in Lig.Prod.

Rate of’ P1tch Conver51on
Pitch Conver51on %

Rate Const (1st- Order Eqn )
- Rate Const.{2nd. Order Eqn )

Sulphur Conver51on, %

—~—

(React, Lig.) correct

. 0.4579

in Lig.Feed

in Reactor Lig.

(Lig. Feed & Liq. Prod. ) measured at 23.0 C

o
ed Lig. Prod React. Liqg.
339.63 ©351.83
' 0.8666 0.6037
0.2592 0.4051

9.8650

“~

0.00117610 mol/mL °
0.00066137,mol/mL
0.0006951.1 mol/mL
0.00092643 mol/mL

Wowon

o

42. 9507

0. 00401148 /min °
4.33002950° mL/mol/mln

90. 4

A

ed to reactor condltlons

0.000002788 mol/mL/min

291



HYDROCRACKING DATA

- EC1-5

"Run No. . :

Run Type : Catalytic Hydrocracklng
Feedstock: EMRGO

Process Data

Pressure = 13.9 MPa Temperature = 420.0 C

Liquid Feedrate
Liguid Product Rate
H2/0IL Feed Ratio
Liguid Holdup Vol.

. 1.40 mL/min~
845.00 M3API/
244.70 pL (at

.

301L .
320 ¢C) i

L B (|

. 1.39 mL/m1ﬂ4

Sample Daté?

qu, Feed qu Prod React Lig.

Pitch AV.MWT - 368.14 329.07 340.18
s.G. (g/mL) ~ - :0.9089, - 0.8474 0.5838
Pitch Wt.Frac.  0.5088 0L1195 0.32490
Sample Wt. (g) e 9.898

Computed Results

0. 00125618 mol/mL
0.00030773 mol/mL
0.00055603 mol/mL

0. 00100401 mol/mL -
0.000005375 mol/mL/mln
75. 3265 .

" Pitch Conc. gn-Liq.Feed .
Pitch Conc. in Liqg.Prod.
Pitch Conc. in Reactor Lig.
H2 Conc. in Reactor Lig.

Rate of Pltch Conver51on"
P1tch Conver51on %

0.0096667\1 /mln

Rate Const. (1st Order Eqn ) ;
g, 628135Zb mL/m01/m1n

Rate Const. (2nd Order Egn.)

) Sulphur Convers1on, % 100.0 ."

R A ST ——— A e | — — - ————

o A
qu Feed & Lig.Prod.) measured a8t 23.0 C
React. L1q ) corrected to reactor conditions

-

mm‘
-'c)m

292
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HYDROCRACK I NG DA'TA

i

Run No. : ECI-6
Run Type : Catalytic Hydrocracking
Feedstock: EMRGO ,

Process Data

Pressure = 13.9 MPa Temperature = 440.0 C
‘Liquid Feedrate a 1.39 mL/min '
Liquid Product Rate = 1.3% mL/min

H2/01L Feed Ratio = 847.50 M3API /M30IL
Liquid Holdup Vol. .= 182.60 mL (at 440 C)

Sample Data

Lig. Feed Lig. Prod React. Liqg.

Pitch Av.MWT " 351.95 318.01 340,19
S.G. (g/mL) 0.9089 0.8385 0.5819
Pitch Wt.Frac. 0.4548 0.0268 0.2554
Sample Wt. (g) e 10.415

Computed Results

.00117451 mol/mL -
00007066 mol,/mL
.00043687 mol/mL
.00118317 mol/mL

Pitch Conc. in Lig.Feed
Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Lig.
H2 Conc. in Reactor Liqg.

Wouonou

OOC OO

0.000008418 mol/mL/min
94°. 1567

Rate of Pitch Conversion
Pitch Conversion, %

noi

0.01926961% /min

Rate Const.(1st Order Eqgn.) n
16.2863660 mL/mol/min

Rate Const.(2nd Order Eqgn.)

Hou

H

Sulphur Conversion, % 100.0

e e e et e o T = m A b S e T e e e e e A A . L S e A e i -

qu Feed & Lig.Prod.) measured at 23.0 C
React. L1q ) corrected to reactor COﬂdlthﬂS'

LS~

-



© HYDROCRACKING DATA :
o | TR |
" Run.No. : “ ECI1-7
. Run Type :.
L;Feedstock

A_\

Process Data IR

EMRGO

[LPressure = 13 9 MPa »ﬁTemperature : 420;OqC_~7'
- ‘Liquid Feedrate = = " 1 39'mL/min o
. Liquid-.Product’ Rate ;‘fr .39 mL/min :
“©H2/01L. Feed Ratio: = = '727;80 M3API/M3OIL
«'quu1d Holdup Vol = 1 245:40 mL,(at_420‘C) ‘

gt””Sample Data

°lf;':' ;;f L1q.

Feed qu.

Catalytlc Hydrocracklng gﬂi S

Pﬁdd”.Reatt;'

"-Pltch AV.MWT 36305
- <8 (g/mL) 0.9089
Pltch Wt. Frac.‘* 0 5047

©; Sample Wt.
'*uf‘Compuéed Results

;1n L1q Feed o
“in Liq.Prod.

«fP1tch Conc.
" Pitch:Conc.
5:1P1tch Conc ..
"HZ Conc. in Reactor L1q

ARate of P1tch Convers1on fda

'eﬁgpltch Conver51on, %.

_iRate const. (1st -Order Eqn )
.Rate Const (2nd drder Eqn )

,,;e Sulphur Conver51on /_

o e e o e o o i e e e e e e e e s e D e e G i i e e T e e e e b e o S o

.c)m :

in Reactor: qu.,

ln nwyu"'

.uﬁ;

3
0.
O

g e

0.00126352
10.00037024"

0. 00087478

0.00906781 S
10 3658100 mL/mol/mln

’::n341 58

32.69 |
8536 . .0.5870
70,3247

1443 : :
o 13.638

[ PRS-
: el

mol/mL

. ; mol/mL’
0.00055799 mol,
mol/mﬁ'

0. 000005060 mol/mL/mln
370 6979 :

. .

/mln'

;97 6

L1q Feed & qu Prod ) measured at 23 0 C ,
React L1q ) corrected to reactor COﬂdlthﬂS

mol/mL

294
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'HYDROCRACKING DATA

Run No : f‘»AHGOT?15 Ll e T
“Run Type : .. Thermal Hydrocracking
»Feedstock;’ ~ ©AHGO1 T

L e '-x;‘ v,aa R
‘Process Data'- S "ﬁ“'

" Pressure = 13,9 MPa . ,TemperatUre =. 450 0 C N
Liguid Féedrate . 5,00 mL/min e
Ligquid Product Rate - 5.07 mL/min T
H2/OIL Feed Ratio _ 460, .00 M3API/M301L .

Liquid Holdup Vol. '290.90 mL. (at’ 450 C) .

niru’u

Samplé/Data jfv.,~‘.
e S

S/ i}}”;'pﬁdfe‘ L1q Feed qu. Prod React Liqi-;

. PitchyAv.MWT ,’~‘ 365.83 362.14  369.07
'5.G. (g/mL)  © 0.9023 0. 5030 0.6368 <
‘Pitch Wt.Frac,  0.5077 ~,0.2988‘&1-'Q;47817*0

'*.Lw Sample Wt (g) St s 11,600

Computed Results

; P;tch'anc,~1n qu Fe
_PitcH Conc. in‘Liq. p: d
“Pitch Conc. in Reactor L1q

= H2 Conc in Reactor qu‘_~'

0 00125221 mol/mL LT e
.0.00074506: mol/mL =
'0.00082492 mol/mL =

O 00090906 mol/mLu'

w&rnfn?'*

‘Rate of PltCh Conver51on"

) O 000008538 mol/mL/mln
'_ Pltch Conver51on,3A ; Ll

39 6675

In'ﬁf7

o 01034969 /mln“““

Rate Const (1st Order Eqn ) % .
Rate Const (2nd Order Eqn. ) = 3850990 mL/mol/mln
Sulphur Conver51on, % l@7> _=p0;é;_f»”'

L1q Feed & L1q Prod ) measured at 23. O C ‘
React. qu ) qorrected to feactor condltlons PRE

T~ e~




" Liquid Product Rate.

e

"HYDROCRAGKING‘DATA

 Run No.. o  AHGO1-2
- Run Type :: “Thermal Hydrocracklng
‘VFeedstock AHGOT-

KV‘Process Data _ j__]'Fﬁ' {v fgﬂp

“Pressure~= 13. 5 MPa ’ Temperature 460 0 C
Liquid Feedrate = c 5,00 mL/mln R
' 4.99 mL/min °. -
~478.00 M3API/M3OIL

~H2/0IL Feed Ratio RN o
. 270.00 mL (at 460°C) -

Liquid. Holdup Vol

wwrn,u

"'_SamplefData._°

\f*¢f'vir qu Feed qu Prod React. Liq;djiaz“u

1'fP1hch AV .MWT 5,1 W369.63"7 353.67 . 378.03
. s.6. (g/mL) . 0.9020°° - 0.8998  ©0.6943
'Pltch Wt.Frac. = 0.5272 - 10.2030- -  0.5480

i Sample Wt. (g) “‘»*;uﬂ~3m,. S ﬂj_r .12v000 vf‘f;

;;]vCoﬁputed Results ’fj ;:1ff ?d ;f fl):f:;f;‘;f"': dy?ﬁ-‘d

»Pltch Conc.a1n qu Feed

pPltch,Conc.;ln Lig.Prod.

- Pitch Conc. in’'Reactor. L1q
“H2 Conc. in Reactor ‘Lig.

700051647 mol/mL
,00100647 mol/mL "~

;fociOCJa

.:dRate'of'Pltch Conver51on5;
”7P1tch Convdr51on,_%r. ‘

59. 9355

”fRate Const. (1st Order Eqn ) 0. 0141&743 /m1n

'»RatecConst (2nd Order Eqn ) = 15 9810940 mL/moi/mln o

‘;Sulphur Conver51on '% o 9 93 :

..________,___.....__.__-_.....,.....___...v_..___...'._._...‘_._.___..___._-___...._-..'...._i..__._'_

L1q Feed & L1q Prod ) measured at 23 0 C
React L1q ). corrected to reactor condltlons

T -~

100128651 mol/mL: 7

.00088776 mol/m -

0.000014279 mol/mL/mln -



: Computed Results

P1tch Conc
Pitch Conc.
Patch Conc
H2 Conc 1n Reactor L1q

An L1q Feed
.in Lig.Prod.

* L‘.

Rate of Pltch Conver51on
Pltch Conver51on,ﬁ%»:-

7

Rate Const {ist Oorder Eqn DN
r Rate Const (2nd Order Eqn )ﬁ

Sulphur Conver51on g

e il e i i e e o o ot g o G o i o s [ o ] e o o ot M S o ot e e e i e

w Uy
-jcam\A

“in Reactor Lig.:

. v", 1 LR | A T

| HYDROCRACKING DATA
Run No. : ,AHGOlé4j B T =
_Run Type- : Thermal Hydrocracking =
Feedstock° - AHGO1 S T
‘ Process Data ‘ ‘
Pressure 13, 9 MPa | Temperature 450 O C
“Liquid Feedrate’ = 5.000 mL/mln
Liquid Product Rate = 5. 01 mL/min -
'H2/0IL Feed Ratio. = - 469,00 M3API/M3OIL . -
quuld Holdup Vol 1=‘j,268 00 mL . (at 450 C) =
.‘ Sample Dataw‘-."“- _ ‘b }i N 2y
“;.;ﬁ;lvw;;’ qu. Feed qu pfdd*iné5¢t. Liéi h
i Piééh'Av‘Mprrv 361.59 ©  356.25  374.36
(g/mL);;,. 0.9010°° " 0.9075 . 0.6526
P1tch Wt.Frac. 0. 4695 . :0.2603 . 0.5220 .-
Sample Wt.v(g) : e

fﬂZ;OOOﬁY

0.00116989 mol/mL .

0.00066308 mol/mL

0.00090997 mol/mL . -
0. 00092183 mol/mn‘

,o 01036363 /mln R
'11 2424560 mL/mol/mln

19 26

L1q Feed & L1q Prod ) measured at 23 0 C RE
React qu ) Corrected to reactor condltlons.rf' '
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0.000009431 mol/mL/mlnf"”'
43,2077°



HYDROCRACKING DATA_““”Q"». T e

ST o
- Run No. ~: AHGO1- 5°
.. Run Type : . Thermal_Hydrocracklng ol

Feédstock: AHGO'

‘,ProceSs Data

.Pressure =13, 9'MPa[ff“Temperature = 440.0 C. o

Liquid Feedrate = 5,00 mL/min - : RS
- Liquid Product Rate = .. 5,0t mL/min .
“ H2/01L Feed Ratio. = 463.00 M3API/M3OIL R
Liquid Holdup Vol. = 292,10 mL (at 440 C) - =

‘”,Sampie Data

‘"ff_f Liq.JFeed L1q Prod React ngf

- Pitch AV.MWT = ', 376.39 | 356.1 e 364 50
8.6, . (g/mL) " 0.9006° r“f“o.8966;j . 0:6282

- Pitch.Wt.Frac. . 0.5337  ~ 0.3238 ~ 0.5157 . . '*
,'Sample Wt (g) T 1;-‘11 937 .o

°“Computed Results

298

R

\°¥P1tch Conc._ln L1q Feed = 0 00127700 mOl/mL,-dv,,"~

- Pitch, Conc. s1n Lig.Prod. ='0.00081518 mol/mL -
... Pitch®Conc. 'in Reactor L1q = 0.00088879 mol/mL - . - .

- H2. Conc.aln Reactor L1q = 0. 00092733 mol/mL_v S
“t;Rate of Pltch Conver51on va;*O 000007877 mol/mL/mln o

4.P1tch Conver51on,»A\ . =[36 0366 d : . ,

.,od7Rate Const (1st Order Eqn )= O 00886381 /mln i el
'”f;Rate Const (2nd Order ‘Egn. ) 5“9 55845070 mL/mol/mln i
idgdSulphur Conver51on, Av;_,r = 17 98

qu Feed & L1q Prod ) measured at 23, O C
React}qu ) corrected to reactor condltlons

© -



"s.G.
S.G.
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e . A eb“ o B : N
nHYDROCRACKING DATA . S SR : : 's‘fw
‘Run No. : . AHGO2-1 o
Run Type- :‘ - Thermal Hydrocracklng
,Feedstock ’AHGOZ i
TProcess Data | l
Pressure = 13 9 MPa ;'v Temperature‘= 456;0_C.f.‘
_ Liquid Feedrate - ° = . 5.00: -mL/min ' :
- Liquid Product. Rate = © 4,87 mL/min . -
' H2/0IL Feed Ratio = '~ 472.00 M3API/M3OIL -
rquuld Holdup Vol =" 264.5Q mL, (at 450 C)
,. ‘ d ‘ -vdj‘quv Feed qu. Prod React Liq; }
,PltcH‘AV MWT . 385.57" 364,02 386.53.
A (g/mL) . .0.9205 © 0.9176.  0.7051
) ‘Pltch We.Frac, . 0.5507 . 0.2398 . 0.5070,
- sample Wt. (g) A“j Sy T 1443937
vu'Computed Results »l ‘ ‘, ‘ | _ |
';*pltch,cOnc. in Liq.Feed = 0.00131473 ‘mol/mb '
Pitch Conc. in Liq. Prod. ,; 0.00060447 mol/mL = .
Pitch Conc. -in Reactor L1q =.0.,00092483 ‘mol/mL -
'H2 Conc. 1n»Reactor L1q =0, 00075617 mol/mL,ﬁ
iRate S Pltch Conver51on é‘O 000013723 mol/mL/mlnrr
Pitch Conver51on, %a : = 55. 2188 T
:'erate Const (1st Order Eqn )= 0. 01483771 /mln‘ S
‘4dRate Const (2nd Order Eqn ) =19, 6223220 mL/mol/mln
‘\Sulphur Conver51on A'u*fff'%_26 02

(L1q Feed & L1q Prod ) measured at 23 0C.
(React. L1q ) coggected to reactor condltlons

T

o Tw



’
HYDROCRACKING DATA |
. 3 B )
y . - o " - o -
Run No. i -, AHGO2-2 | R
Run Type : Thermal Hydr0crack1ng R
FeedStock:' AHGO2 ' .- A
'T‘Process Data 'ﬁ-; L |
1 ‘ R
-Pressure - 13.9 MPa ~Temperature = 460.0 c
Liquid Feedsate -~ = = ° 5.00 mL/min’
‘Liquid Product Rate = . 4.91 mL/min. . -
 H2/0IL Feed Ratl(_) =, -489 00" M3API/M3OIL o
‘Liquid Holdup Vol. = 236.40 mL (at 460 C) - )
. - Sample Data - ., . . ’
‘_f\ » ' Liq;'FeedevLiq.lprod ReaCt_ Lrg 1
Pitch Av.MWT  386.96  .355.70 ' 386.00
$.G. (g/mL) 0.9205 = 0.9080 . 0.8337
Pltch Wt.Frac. ‘0.5463 . 0,1527 ..+ 0.5463 .
Sample Wt. (g) L e 180377
:COmputed Resultsz;i. ‘ 'ﬁ“ri* o :
bw'Pltch Conc in qu Feed =10, 00129954 mol/mL -
Pitch: Conc._ln Lig.Prod. = 0.00038980 .mol/mL:
- Pitch Conc: in Reactor L1q =-6-.66117992 mol/mL -
~H2 Conc., ‘in Reactor qu = 0. 00065921 mol%mL
,jRate of*Pltch Conver51on L 5;0 000019392 mol/mL/mln
g PltCh Convers1on,.£ S =;7O 5447 .M" v
u;'Rate Const (1st Order Eqn )= 0. 01643459 /min '
* Rate- Const. (2nd Order Egn. ) =24, 9305920 mL/mol/m1n
- Sulphur Conver51on %;"‘ '%:e2 -58 Eff. AR
D e r___ _____
S.G. (L1q ?eed & qu Prod ) measured at 23 0 C e
,S_G.(React L1q ) corrected to’ reactor condltlons
- SISt ffﬁ, ‘ _-‘:;.,c1L'3_ -;3 d\

300
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. H2 Conc. in Reactor Lig.

' HYDROCRACKING DATA °

Run No. . : - AHGO2-3 . 5;"
- Rur Type ¢t — Thermal. Hydrocracklng : ‘
vFeedstock. AHGOZ2 ' . 4 g
Process Data -
‘Pressure kg 13 9 MPa o Temperature = 440.0 C’

5.00 mL/min
. 4.99 mL/min
| 465.00 M3API/M30IL
©272.70 mL (at 440 C)

Liquid Feedrate:
- Liquid Product Rate
- "H2/0I1L Feed Ratio “
~Liquid: Holdup Vol

mown ’n"

Q-

Sample Data .

o

qu. Feed L1q Prod React Lig.

,;pltch Av.MWAT . 386.95 - 371.74 = 382. 88

S.G. .(g/mL) .. -0.9206- . 0.9169 0.6692

Pitch Wt.Frac.  0.5459 = - 0.3197 ~  0.5156"

',Sample Wt (g) . S 12.841
- Computed Results _ C : S B NS |

)
|

tPltch:Conc;‘ln‘qu}?eedu
' Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor 'Lig.

.0.00129876 mol/mL
0.00078854 mol/mL
'0.00090117 mol/mL
0. 00082107 mol/mL'

‘ Rate of PltCh Conver51on
Pitch" Conver51on,*%

W

0. 000009384 mol/mL/mln
39.4064 \

0.01041374 /min.

Rate. Const (1st Order Eqn ) ‘
1256831029.mL/mol/min

Rate Const. (2nd Order- Eqn )

-Sulphur Conver51on, %' 8.06

)

S.G_(qu Feed & 1q Prod ) measured. at ‘27
G:(React Liqg. ) corrected to reactor conc

4



ao

HYDROCRACKING -DATA

Run No. . " AHGO2-4

Run Type : = Thermal

Feedstock - AHGOZ2

Process Data

Pressure = $3 9- MPa
Liguid Feedrate
-Liquid Product Rate
.~ H2/0IL Feed Ratio
-Liquid_Holdup Vol

Mwonn

Sample Data

302

Hydrocracking

. Temperature = 450.0 C

5.00 mL/min

4.92 mL/min
476.00 M3API/M30IL
263.50 mL (at 450 C)-

‘. Lig. Feed qu. Prod React. leL
Pitch AV.MWT 386.95 367.79 - 385.98 . .
§.G. (g/mL) ~  0.9206 0.9219 ~ 0.7106

Pitch Wt.Frac. . O. 5459 0.2559 0.5016

Sample Wt . (g)

Computed Results

Pltch,Conc. 1n‘L1q Feed
'Pitch’Conc.‘ln Lig.Prod.

Pitch Conc. in Reactor

~H2 Conc. in Reactor Lig.

,Ratefof'PitchiConversion

Pitch Conversion, %

.‘Rate‘ConSt;(1st-Order:Eqn.%
"Rate Const.(2nd Order Egn.)

1Su1phur Conversion; %

e

L1q Feed & L1q Prod.) measured at 23.0 C
React Liqg.) corrected to. reactor conditions

124475

0.00129876 mol/mL
0.00064144 mol/mL , R
0.00092351 mol/mL N PRE

0.00077610 mol/va B ’

L1q§

o

0.000012668 mol/mL/mln
51. 4018 ‘

0.01371530 /min |
17.6719860 mL/mol/min -

8.85



~ Rate Const (2nd Order Eqn )

' 303

HYDROCRACKING DATA

Run No. :  AVGO-1

Run Type : | Thermal Hydrocracklng
Feedstock: AVGO . e
Process Data

Preéssure =_13.9'MPa,»'t Temperaturé~= 440.0 C
Liquid Feedrate '5.00 mL/min ‘

. 4.96 mL/min ¢ -
486.00 M3API/M30IL L
259,60 mL (at 440 C)

Liquid Product Rate
H2/0IL Feed Ratio
'Liquid Holdup Vol.

o oonn

~Sample Data

, Liq. Feed« Liq.'Prod Reect. Lig. S
Pitch Av.MWT '403.74 370.01 388.30
S.G. (g/mL) 0.9388 0.9319 0.7480
Pitch Wt.Frac. 0.6837 '0.2588 0.5265

Sample wt. (q) o oL 14,4248

P
- 1

'Computed Results

0.00158978 mol/mL
0.00065181 mol/mL
0.00101418 mol/mL
0.00063181 mol /mL

_Pltch,Conc.v1n Lig.Feed
Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Lig.
' H2 Conc. in Reactor Lig. =~

SN W

0. 000018166 mol/mL/mln
59. 3281 o Y .

' Rate of Pité&h Conversion
vPitch Conversion,f%

et

0.01791212 /min L
28.3505330 mL/mol/min

. Rate Const (1st Order - Egn.)

AN

20.13

Sulphur Conver51on, %_

v'.,.__._._......__.'.__.——.-,—_—...._._._____—__._._.__..__._—-..__.___,,_.._...__._._.——___

L1q Feed & L1q Prod ) measured at 23 .0 C
React Liqg. ) corrected to reactor CODdlthﬂS

—~—



C : AVGO-2 : o
- gyp Type . Thermal Hydrocracking °
Fe»edStOCk‘: v AVGO : Co

pyocess Data
L

pyeSsureé = 13,9 Mpa ~ Temperature = 420.0 C
L3guid Feedrate 5.00 mL/min '
13;9uld Product.-Rate
H7/0IL Feeq Ratio
- pjguid Holdup vol.

5.03 mL/min- .
487.00 M3API/M30IL
282.70 mL (at 420 C)

nononw

l ‘S3m le'DataA'

Lig. Feéd';Liq; Prod React. Lig. .

P

pjtCh AV.Mwr . 405.12 385.80 .386.35

g.G. (g/mL) . 0.9388 0:9364  0.6932
pjtch Wt.Frac, ' 0.6680 . 0.4543 0.6147

.Sémplé-wtﬁ (g)i S L 14.997

computed. Resyles

pitch Conc, in Lig.Feed
pjtch Conc. ip Lig.Prod.
pjtch CONC, in Reactor Lig.
ys Conc. in Reactepr Lig. .

0.00154798 mol/mL
0.00110266 mol/mL
0.00110291 ‘mol/mL
0.00068379 mol/mL"

wononou

.
rot€ of Pltch Conversion
pjtch CoNVersion, %

o

28.3405

_ AR
0.00703470 /min .

pate const, (1st order EQn.)- E
10.28777}0_mL/mol/m1n1

rafe Const. (2nd order Eqn.)

t

]

sulphur Conversion, % 10.81

e -

§.6.(Lig-Feeg & Lig.Prod.) measured at 23.0 C
5.6-(React.Liqg.) corrected to reactor conditions

;o

0.000007759 mol/mL/min

304
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HYDROCRACKING DATA'

Run No. _: - AVGO-3
“Run Type : Thermal Hydrocrack1ng

' Feedstock:  AVGO

' Process Data

Pressure = 13.9 MPa . Temperature. = 440.0 C
Liquid Feedrate - 5.00 mL/min

Liquid Product Rate 4,97 mL/min

H2/0IL Feed Ratio ., 480.00 M3API/M30IL
Liguid Holdup Vol. 267.90 mL (at 440 C)

o un

Sample Data

Lig. Feed Lig. Prod React. Lig.

Pitch AV.MWT ~ 404.68 <  377.31° 390.27

S.G. (g/mL) ' 0.9388 . 0.9355 .  0.7241.

Pitch Wt.Frac. . 0.6788 0.3100 - 0.5466 ‘ :
Sample Wt. (g) . ~_ 15.336 . Y
Computed Results e |

0.00157472 mol/mL. -
0.Q0076861 mol/mL
0.00101415 mol/mL _

'0 00064766 mol/mL‘“\<
O 000015131 mol/mL/mln‘wx

Pitch Conc. in qu,Feed E
Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor L1q
'H2 Cont. in Reéactor Liqg.

Snenonen

Rate df‘Pitch~Conver51on
" Pitch Conversion, %

won

‘Rate Const. (1st Order Eqn.)
Rate Const. (2nd Order Eqn )

0. 01491875 /min
23 0348820 mL/mol/mlne

n

Sulphur Conver51on % v17.46w

L1q Feed & Lig. Prod. ) measured at 23,0 C
React.Liq. ) corrected to reactor conditions

_—~—~

\



' H2/0IL Feed ,Ratio

-

‘Pitch Conversion, %

‘Rate Const. (1st Order Egn.)
‘Rate:Const (2nd Order Eqn )

© 306

HYDROCRACKING DATA

- Run No. ' : . AVGO-4

Run Type : Thermal,Hydrocracking
Feedstock: AVGO )

Process Data N,

Pressure = 13.9 MPa- Temperature = 450.0 C
Liquid Feedrate . ’ 5.00 mL/min '
Liquid Product Rate. 4.97 mL/min y
489.00 M3API/M30IL
234.90 mL (at 450 C)

wou uon

Liquid HoldupVVol."

Saﬁple Data

N

Lig. Feed L1q Prod React. Lig. -

_ Pitch AV.MWT 404.68  '368.78  389.78

's.G. (g/mL) " 0.9388 0.9650 -  0.7725

Pitch Wt.Frac. 0.6788 0.2209 . 0.5358,
Sample Wt. (g) =~ . : : 16.074" .

Computed Results

0.00157472°mol/mL
0.00057804 mol/mL
0.00106190 mol/mL
0. 00060024 mof/mL

Pitch Conc. in Lig.Feed
Pitch Conc. in-'Lig.Prod.-
Pitch Conc. in Reactor Lig.
H2 Conc. in Reactor Lig.

o H'II'

0.000021287 mol/mL/mln
63.5129

Rate of Pitch .Conversion

@

0. 02004628 /m1n 0L
:33 3972780 mL/mol/mln

‘Sulphur Conver51on, % = 6 91
; ' - .
——————————————————————————————— A"’_"""""""""__"‘_JU""""—__ .
S. G (Lig.Feed & L1q Prod ) measured at 23.0 C
'S.G.(

React L1q ) corrected to reactor ‘conditions



HYDROCRACKING DATA

Run No. - : CLGO1-1 ¥
Run Type : Thermal Hydrocracking
Feedstock: CLGO1

Process Data

Pressure = 13.9 MPa Temperature = 440. O C
Liquid Feedrate 5.00 mL/mln

Liquid Product Rate 4.67 mL/min

H2/01L Feed Rapio 494 .00 M3API/M3OIL
Liquid Holdup Vol. 259.00 mL (at 440 C)

oo

Sample Data

Lig. Feed Lig. Prod React . Liq.

Pitch Av.MWT 401.17 367.29 390.36
S.G. (g/mL) - 0.9293 0.8899 0.7145
Pitch Wt.Frac. 0.6499 0.2447  0.5105

Sample Wt. (g) . 13.621

Computed Results

0.00150548 mol/mL
0.00059288 mol/mL
0.00093440 mol/mL
0.00068739 mol/mL

Pitch Conc. in Lig.Feed
- Pitch Conc. in Lig.Prod.
Pitch Conc. in Reactor Ligq.
H2 Conc. in Reactor-Lig.

[ L [ I 1}

0.000018373 mol/mL/mln
63.2177

Rate of Pitch Conversion
Pitch Conversion, %

HoHu

Rate Const (1st Order Egn.)
Rate -Const.(2nd Order Egn.)}

0.01965999 /min
28.6008680 mL/mol/min

o

"

Sulphur Conversion, % 1;§2

qu Feed & qu Prod. ) measured at 23.0 C
React Lig.) corrected to reactor conditions

~,c)o
(\r"\

4



Tl

'rgQProcess Data

'HYDROCRACKING-DATﬁivﬁfP

‘Run‘No. :  CLGOI- T R S P
‘n-Run Type : Thermal Hydrocracklng P

;Feedstock CLGO1

£

o
4

'tPressure 13 9 MPa . Temperature 450 0 C .
- Liquid Feedrate.jv~» Bk EIE .
« Liquid Product. Rate’
. H2/01L Feed Ratio -
_T;quuld Holdup Vol

5.00 mL/mln
4T .mL/min- -
511.00M3API/M30IL.

"];224.30 mL. (at 450 C)

‘o . ¢

ﬂru'uqr

.fSample Data5

,Computed Results

o

'ﬂﬂfPltch Conc in qu Feed

f_Rate Const (1st Order Eqn )
Rate Const. . (2nd’ Order Egn. )

)7;5Sulphur Conver51on,v%lf‘

0 00150548 mol/mL”

“o 02287186 /mln

=1

“a

S

'32 97

,____-_____________--_--,»_,______,_,,_;_______é_

L1q Feed & L1q Prod ) measured at" 23 0 C eﬁ
React Lig. ) corrected ‘to reactor condltlons

3’;6)0 ;

34, 4008180 mL/mol/m

L Pltch AV. MWT _m;401.17- 359 7 ¢ -388B.160 o
8.6, (g/mL) ", 0.9293 " J' 0.8565 ;"O 7702
o Pitch Wt Frac . 0..6499" 0.1854: . .0.5335

: Samplé Wt (g) R 1-J,¢ . »"k 15 164

in-

iy

e

308

‘leiq} Feed L1q Prod” Reabt}vLiq}ﬁJ?gp*-b

Pitch Conc. '1n "Lig.Prod.: ;5,0 00044212 mol/mL::fx.
. Pitch Conc. in' Reactor- qu = .0.00105859 mol/mL = .
'”‘,H2 Conc. in Réactor L1q =0, 00066486 mol/mL
deeRate of. Pltch Conver51on' '¥f0 000024211 mol/mL/m1nm't‘f
'Pltch Conversxon % = 72 3361 : .



L2

. 'Liquid -Product Rate"
' H2/OIL Feed Ratio. °

'“f:Computed Results

. Pitch ‘Conc. 'in Reactor qu
" H2 Conc.-ln Reactor L1q

309"

o

fHYDROCRACkINGIﬁATA"’, R R I
: 'Run.u¢.r-e~f{: CLGOT-3
_‘Run"Type" . Thermal Hydrocracklng ' e '

'vFeedstock . CLGO1 :

o . N : .

;Process Data ?f :L uﬂ._;

. Pressure- 13 9 MPaI;»-'Temperature 440 0. C
Liquid Eeedrate ‘ 5,00 mL/mln e
4 0P8 mL/min. e
525.00° M3API/M30IL ¢
262 30 mL. (at 440 c)wp

‘vL;qu1d Holdup Vol

H"Sample Data

: L1q Feed qu Prod React 'qQLf'

' ,Pitch-Av}MWT“ e 401?. : -.,370 73 386.80 . -
©8:G. (g/mL) “',_\0;92934‘~. 0. 8940 T o 7116
“Pitch Wt. Fraco:g 0.6499 . - 0,2485,\.}10.5326’\

‘]*Sample Wt. (g)% -TR“ S 15,447

0.00150548 mol/mL
0.00059925 mol/mL
0.00097969 mol/mL . -
0. 00060183 mol/erﬁ‘ﬂbf:h*'

/P1tch Conc in L1q Feed
.Pitch Conc. in' Liqg. Prod

n u‘ T |

0 000017777 mol/mL/mln

R‘Rate of Pltch Conver51on
- 61. 9469

;jPltch Conver51on,.%

" 'Rate Const (1st Order Eqn )vﬂ»o 01814440 /mln e
“Rate Const. (2nd Order Eqn )r 30 1487430 mL/mol/mln '

N

l.l'

‘Sulphur Conver51on f%i'.‘f ’18 98

L1q Feed & L1q Prod ) measured at 23, 0 C’fﬁe
React L1q ) corrected to reactor condltlons
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'HrDRocRACKING.DATAf-

CLGO1 4. .
Thermal Hydr0crack1ng
CLGO1 - N

. Run NcQ_
Run Type,
_Feedstock

: {Process Data'

’3'fLiquideeedratei

Pressure =13, 9 MPa ‘f“Temperature' 420 0 C‘\
~-.5,00 mL/min

. Liquid Product Rate 4 .76 mL/min

H2/0IL Feed Ratio

- Liquiad Holdup Vol

286, ZO‘mL‘(atw420 c) G

‘”Samg}etData

-ﬂLiq Feed L1q Prod React quA

:*.Pltch AV.MAT . 401.1 fff387 36 'y'?389 32

'“gpltch Conc in qu Feed

. Pitch Conc. in Reactor. qu.;
“i”;H2 Conc in Reactor L1q ‘

"3P1tch Conver51on, %r‘

s.G. (g/mpL) . . 0. 9293 1 0.9082 © 0.6648 -
 Pitch Wt.Frac, '-aso_6499,‘,¢-0;4551‘ T 0.5849
Sample Wt. (g) 714,083 0

'_Computed Results . "frr v-'ird»;‘fff*‘ W

-0.00150548 mol/mL
000106702 mol/mL" -
0.00099877 mol/mL .
0. 00069763 mol/va

Pitch. Concv “in Lig.Prod.

[T [T I

VRate of Pltch Conver51qn - 0. 000010792 mol/mL/mln

41, 0311

uon

0.01080417 /mln

'[Rate Const (1st Order EQn ) _ SRR
vJS 4869690 mL/mol/mln R

Rate Const (2nd. Order Eqn )

'l!. H

W

';Sulphur Conver51on,.z: f', _25 05

(qu Feed & L1q Prod ) measured at 23 0 C
(React Llﬁ ) corrected to reactor condltlons

C)O

’"f495 00' M3API/M30IL ™~ - o



HYDROCRACKING DATA !

) Lo o W

Run No. 'z CVGo-1 - - : o
Run, Type : Thermal Hydrocracking -

1 Fee St'OCk‘ - CVGOgy

‘Proc ss Datatﬁﬂ

Presfure~= 3.9 MPa ¢ Temperature =. 440, 0 C
,'Feedrate L © 5,00 mL/min: '
Product Rate’ 5,00 mL/min -~ .
Feed Ratio- 485 00 M3API/M3OIL o
;Holdup Vol 264 20 mL Qat 440 C)

e

Sample\Datai":v

qu. Feed ng( Prod React. qu

 pitch AV.MWT  365.45 355, 77 368,94
S.G. (g/mL) ~° 0.9267 ~ ~.0.9267 = 0.6700 " . ' . ¥
‘Pitch. Wt.Frac. - 0.6206 ;,0.3513,:- 0.6094 oo
Sample weLe (g)y . 13 700>r o
Computed Results‘ | L L -

: e
N Pltch Conc.]ln qu Feed '
",thch Conc. in Liqg.Prod.
- Pitch: Conc.‘ln Reactor Liqg.
H2 Conc 1n Reactor qu.

00157370 mol/mL-
_'00091506'mol/mLf
©0.00110668 mol/mL.
=0, 00071790 mol/mL ;

Rate of PltCh Conver51on

Pltch Conver51on % ‘41 8533

7

Rate Const (1st Order Eqn )
Rate Const (2nd Order Eqn )

-0, 01126337 /mln o
15. 6893330 mL/mol/mln

Sulphur Conver51on, %

SR ’*-ff7744*?rf—fFe+?ef4—?%fe—~~4esae~e+é——e—¥%—
.S.G. (L1q Feed & L1q Prod ) measured at 23.0°C g‘cf
.S, G (React L1q ) corrected to reactor condltlons

= 0. 000012465 mol/mL/mln MR



Pltch Conver51on, %

Rate Const (18t Order Eqn )
'Rate Const (2nd Order Eqn. )

. Sulphur Conver51on ,%""

;u“ﬁ

. &
. HYDROCRACKING DATA

Ruh]Nof T cveo-2 ]

Run Type : Thermal Hydrocracking -

Feedstock- CVGO SRR

Process Data Xﬁ

PIESSUIE'? 13 9. MPa Temperature = 450'0~C

Liquid Feedrate - ?' © 5,00 mL/min S

" Liquid Product Rate = 4,73 mL/min .

H2/0IL, Feed Ratio =. 480.00 M3API/M3OIL :

. Liguid Holdup Vol. =" 275,20 mL (at 450 C)
v;Sa@plevﬁata' |

- o qu Feed qu Prod React 'Eiq;ﬂ"

’pitcthv,MWT, 365.45 - - 357.51 - 365.48

S.G. (g/mL) 0.9267.  0.9367 . 0.7100

Pitch Wt.Frac. -~ 0.6206 °~  ~0.3297 ~ ' 0.5580 -

Sample Wt.- (g) J B 14.600

Computed Results f_ ‘ el
r,PltCh Cpnc 1n L1q Feed £‘6766357370'm51/mt’

- Pitch Conc. in Liqg.Prod. = 0.00086384 mol/mL
. Pitch Conc.gln Reactor . L1q ©=0.00108412 mol/mL
HZ Conc 1n ‘Reactor L1q ' 5_0 00055719 mol/mL-V

Rate of Pltch Conver51on =70 000013745 mol/mL/mln

48.0723,

0. 01257881 /mln

122.7550200 mL/mol/mln s

.82

(qu Feed & qu Prod ) measured at 23.0 C‘ -
G (React L1q ) corrected to reactor condltlons
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. HYDROCRACKING DATA

‘Run No. i eo-3 oo
~ Run Type.: ° + -Thermal Hydrocracking -
’Feedstock- CVGO -

Process Data

Pressure = .13.9 MPa ,‘_'Temperature = 440 0 C
‘Liquid Feedrate = . 5.00 mL/min- -
Liguid Product Rate_ .. 5,08 mL/min": .
#H2/0IL Feed Ratio. 490.00 M3API/M3OIL - -
" Liquid Holdup Vol._' 265,20 mL (at .440.C)"

Sample Data

' Lig. Feed 'Lid. Prod. React. Lig.

.__.\__ . : - .

- Pitch AV.MWT = .360.15 "356;46s‘,. 363 34 i
. 8:G. (g/mL). - -0.9260 . . .0.9243 -0.6663

- Pitch /Wt.Frac. . 0.6179 0;4073--:. 0.6164 .
Sample’Wt (g)"' ST e 14,3000

;;1Computed Results v _;£;.;“T{v>:;,;, AN R V4 T R

”0;00158871‘mol/mLf o
0.00105613 mol/mL - -
0.00113037 mol/mL - = -~
0. 00071528»mol/mL'."

.@;ipltCh Conc. in: L1q Feed .
. Pitch Conc: in Liq. Prod _

. Pitch Conc. in Reactor L1q
g-H2 Conc 1n Reactor Lig.

n,nwpu

" Rate of Pltch Conver51onif

10.000009723 mol/mL/mln ERI
'PltCh Conver51on,;%' S

»32 4595»'7@

“0n

1 0.00860066. /min -

_ Rate Const (2nd Ordet’ Eqn )v= 12 0241090 mL/mol/mln‘;'q

E Sulphur ConverS]-Oﬂ % 1 .66 ,‘ v‘ ‘ v. .

1q Feed & L1q prod. ) measured at’ 23 o Covr
eéct L1q ) corrected to. reactor condltlons e

00
wF?



'“Rdn'No

HYDROCRACKING DATA

i "CVGO-5 Co
“ Run. Type i ’ Thermal Hydrocracklng
Feedstock o CVGO v :
'Process Data
'\~Pressure : 13.9 MPa Temperature = 430.0° C:

“Computed Results

.'JPItCh Conc in L1q Feed
" Pitch Conc in-Ligqg. Prod.

':f'Rate Const (1st Order Egn. )
" 'Rate. Const_(an Qrder_Eqa )=

Liquid Product. Rate:
' 'H2/0IL Feed Ratio’

5,00 mL/min

5,00 mL/min .
486.00 M3API/M301L
263.20 mL (at .430 C)

Liquid Feedrate

L1qu1d Holdup Vol

v

‘e

Pitch AV.MWT

Sample Data

'Jt],H' ;Z‘Lig;vFeed;'Liq. Prod React Ligi

©

- 361.83 . 356. 37 . 371.37
§.G. (g/mL) : . 0.9261 - 0.9265 > 0.6685
" Pitch Wt.Frac. 0. 6015 - 0.2321 0.6590 -
- - Sample Wt . (g) v Lo 14,000

FH2 Cong.. in Reactor qu

”tRate of Pltch Conver51on
‘Pltch Conver51on A

Sulphurfcon§er3ioh§ %

10.00153953 mol/mL -
10.00112338 mol/mL
0.00118626 mol/mL:

Pitch Conc./ln Reactor qu ‘
0. 00075729 mol/mL“

uw«uwr

27 0308

’
o -

0 00666553 /mln;'

'll Il.

.il.. :

4 %9 =

-__.._._____..‘_.____,___—___________?__._.__....._'_-._'.._..__a..'_...:,_____...

L1q Feed ‘& 'Liqg. Prod ) measured at 23. 0 c’
React Lig. ) corrected to reactor- condltlons

mm
'C)m =

0. 000007907 mol/mL/mln{f

18.80177310 mL/mol/mln ©

314
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‘Table F.1 Sulphur Concentration.in Reactor Liquid

‘Phase at Reaction Conditions - CSTR Runs -
With LLVGO . o

&

 ARUN'NO. o TEMR.,é ' v\ " LHSV,/h - . ,cg,'mmdl/mL

© LL-05 . .. 420 . 1,10 0.4321
LL-06 > 440 . . . 1,18 . 0.4932 -
LL-07 -~ /. 420 - 1,19 S 0.4338 e
LL-08 . 440 ° . 1,27 - 0.4350
LL-10.. 400 . - 0.99 0.4423 °
S LL=11 400 - - 1.55 - - 0.4351
SLL-12:°: 420 - . - 1.55° .« . 0.4512
LL-13 440 1.71 ¢ 0.5241
LL-14 -~ 400 . - 2.25 . 0.4707
LL-16 . . 420 - - 2.,20 0 0.4479
- LL-17"¢ - 440 - 2.36° - 0.4626
SLL-180 4400 . 1.15 - 0.5286
LL-19 . . 400« . 115 0 . 0.4634
LL-20 = - 420 . . 1.53 .- .0.4398
S LL-21 C 440 10660 0.5195- -
" LL-22 . 400 . 1.54 . .0.4438
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'waTabie,G.i ' Cheﬁﬁcal analy51s and phy51cal prOPertles of S
SR NM—502 catalyst.- : PR e

‘Chémic¢al ‘Analysis, wt. % dry basis -~ o

Mooy . 14.0 .

S0

:Aiumina Bése‘ qe 'Balance

¢

- Physical Properties

i ’FQfm g“' f:{" R S . Extrudate

s L . ’” ) . e - 4 - . . o

'*'q”',fSurface Area, m /g e ."_'270

‘4/“’4, "

" Total Pore Volumc, cm’ /g '1‘.0;55f [.‘f
*fDen51ty, g/cm3‘ - a ”é;-b;68e%‘0;7if

S : RS .
‘Attrition Index. . . - . 295 ¢

o e

CETo e {ye‘;' ; -f[y ~e‘,g.fai :{v: ¥ - ) |
% retalned on a 20 mesh sieve after tumbllng forﬁ-l

hOur.".ﬂ I




