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ABSTRACT |

‘L

: 1

Syncrude fluid coke cpnsists of black, fine and\

1
|

spherical particles with size distribution similar 'to a

fine beach sand. Its physical and chemical pfoperties were
. . . o : ) ' Lo
determined as a function ofy

"~

article size. .7

.

50 ( L
b T
,%bw atomic hydrogen to carbon

‘ Syncrude flu1d uﬂ;k&

&
) 'A‘

ratio (0.25)" ‘and h.eg'h # "»éontent (7 wt'%). Its ash’
‘content was about 7-8 wt %. It was found that smaller
particles have a higher hydrogen content than that of larger

particles.

The physical structure of Syncrude fluid coke was
.
investigated by scanning electron microscopy. It was found
that the coke is non-porous and has an 'onion skin'

structure.

In multi-elemental analyses of the coke ash, it was
found that most of the metals are associated with the

mineral matter, except nickel and vanadium.

- The Infrared spéctra of the coke showed that the coke
is very aromatic and the organic sulphur is likely in

hetero-aromatic forms.
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1. Introduction

‘The first:commercial fluid coker in the world was
ﬁnstalled by Carter 0il Company at Billings, Montana, U.S,;.
in 1954. The licenser of thé process was Esso Research and
. Engineering Company [1]. Since»then, about thirteen similafﬂ
fldid‘cokers have been inétalled'in.the world [2].

Syncrude's fluid COker'gt Fort McMurray, Alberta, Canada is ‘

the latest and lérgest fluid.cokers in the world [3].

.  The fluid coking process was developed by Esso Research
Laboratories at'Linden, New Jersey and Baton Rougeﬂ_f
Louisiana iﬁ the early 1950's. It was originally deéignea
for upgrading crude'feéid&a and similar low grade oils. It
éimgd at compéting with other residuum upgrading processes,
such as the delayed coking process.énd the visbréaking_'
process [4]. ;

[«]

SyﬁcrUde Canada Limitea, a consortium of several oil
companies add‘g?Vernmentsh adopted the fluigd coking process
for upgrading bitqmen exEracfed from Athabasca oil sands to -
synthetic crude oil. Syncrude's Mildred Lake tar sand
complex was offically started up in late 1978. There are two
fluid cokers installed at this complex. Each fluid coker'can'

produce over 50,000 bbl. of synthetic crude oil per day [5].

The fluid coking process produces petroleum fluid coke
as a solid by-product. The production rate of Syncrude fluid

coke is about 95,570 kg per hour (733,000 tonnes per year)



4

[6]. At this stage, there is no particular commercial use .
for Syncrude fluid coke. It is now’being stockpiled for

' future development [6].

Some publications on the propettigs of leid coke
exist, but not:specifically.on Syncrude fluid coke. Fluid
coke consists oflvery hard, fine, non-porous particles
[7,8]. The average Earticle size of fluid coke is about 100
mesh (150 microns) [1,6]. The ultimate yield of fluid cqke

from a fluid coking ptocess is proportional to the Conradégn

carbon' of the feeé}stock (71. : \

The’objective of this research is to characterize ﬁhe
nature of Syncrude fluid coke, in order to assist in the
assessment of its potential. A kﬁowledge of the propertiés
of‘Syﬁcrude fluid coke facilitates the prediction and -
- explanation of its kinetics and mechanismé of gasification
“and combustion [1] . It also makes it possible'to‘evalﬁate

the economic feasibility of extfacting some metals from the

coke ash, especiglly nickel and vanadium.

' Conradson carbon is the wt % carbonaceous residue formed
after evaporation and pyrolysis of a petroleum product.



g ' 2. Literature Review

[
1

‘it is necessary to understand the proberties and
chemicalﬂcompoéition of Syncrude fluid coke feed stock,
Athabasca bitumen, before investigatiné the nature of
Syncrude fluid coke; The chemical composition of Athabasca
" bitumen was not known exactly until mid 1970'5,'becausejof

the complex nature of bitumen.

2.1 Quality of Athabasca Bitumen N

[y
In 1975, Berkowiﬁz and Speight Il] summarized data for
Athabasca bitumen fromvseveral different sources . This
Summafy is repdrted‘iﬁ.Table 1; Through a privateﬂ
ﬁommunication’witﬁ Syncrude Canada Limited, it was found
that the bitumen processed by the Syncrude fluid coking

<
process was similar. Its properties are listed in Table 2.

[16]

2.2 Chemical Composition of Athabasca Bitumen

The étudy of Athabasca bitumen composition'was )
initiated by Boyd and Montgomery [2].ih the early 1960's.
They separated the bitumen into asphaltenes, resin and oil.
Then,,they perfofmed structﬁral analysis on some selecteé

fractions [3,4]. The material was also investigated by Jones



Table 1. Some Properties of Athabadgca Oil-sand Bitumens

\

Elemental Composition
Carbon
Hydrogen 
Oxygen
‘Nitrogen

Sulphur

Molecular Weight

'Hydrocafbon Types
Asphaltenes |
Resins |

Oils -

-

Specific Gravity

Conradson Carbon

83.32£0.3 %
T0.310?1 %
112004 %
0.450.1 %

4.940.4 %

540 — 800

18 - 25 ¢

29 - 35 %

45 - 49 %

1.02 (=6 - 9% API)

14.3 %



Table 2. Properties of Syncrude Bitumen

Gravity
Conradsén Carbon
Sulphur

Nitrogén

Nickel

Vanadium

8.3° API

12,9 %

0.45 %

80 ppm

- 250 ppm



and Moote [5], Nagy and Gagnon [6], and Bowman [7], during
the 1960's. |

Strausz et. al., in 1977, gave the most comblete-report
on the composition of Athabasca bitumen [8]. They showed
that Athabasca bitumen contains 17% asphaltenes and 83%
deasphaltened oil. The whoile bitﬁmen has an atomic hydrogen
to carbon ratio (H/é) of 1.48, which is relatively low
compared to typical crﬁde oil'processed at the refinery,
whieﬁ has an H/C of 1.80. About 50 wt % of bitumen is
aromatic compounds. The majority of these aromatickcombounds

contain more than one aromatic ring.

2.3 Fluid Coking Process

The successful development of a fluid coking process by
the Esso Research Laboratofies was announced in 1953 at the
33rd Annual Meeting of the American Petroleum Institute by
Voorﬁies and Martin [(9,10). The objective of developing the
fluid gokihg process was. to combete with other residuum
. upgrading processes, such as the delayed coking‘and the

visbreaking processes [11].

The fluid coking process employs fluidized?solid
technology. I£ does not use any external catalyst fbr
thermal cracking of {ts feedstQCk, residuum or similar lon
grade oil. Ié‘depends on a circulating stream of finely

divided coke particles to furnish both heat and a large

L



surface area for the cokKing reaction.,

Since the fluid coke parficles are continually formed
and grow gradually in size during thé coking précess,
particles are constantly withdrawn from the system. They are
then sized, aﬁd thé finer fraction is returned to the
process to m;intain a constant particle size coke&inventéry
in the coker. The coarser fraction is considered to be a
non-beneficial solid by-product of the fluid coking process

1

and is stockpiled. '

Although the first commercial fluid coker was installed
in 1954, very little research work has been done on fluid
coke. Voorhies and Martin [9510] presented a discourse on
the properties of the fluid ;oke producea/from a pilbt plant .
at the 33rd Aphual Meeting éf the American Petroleum
Institute in 1953. There were three different feed s;ocké
tested at the pilot plant. Ih}1954, Martin, Barr and Krebs
gave esseﬁ%ially the same repért in the 0il and Gas Journal
[12]. The qualit;és of the feed stocks tested at the pilot
plant are given 1in Table‘3. Some propérties of fluid coke

. produced from these feed stocks are listed in‘Table 4.

At the same pilot>plaﬁt, Johﬁson and Wood [13] reported
the results of ten different feed stocks analyses covering a
range of feed qual?ty .fThey f&dﬁd that the ultimate coke
yield from the fluid coking prqéess varied directly with the

Conradson carboen of the feed stock.



Table 3. Quality of ‘Feed Stocks for Fluid Coking Process

Crudes Source

of Feed

South

Louisiana

Elemental Composition (wt %)

.Carbon
Hydfogen
Sulphur

H/C Atomic Ratio
Gravity,° API-

Conradson

- Carbon (wt %)

Ultimate Yield of

Mixture Hawkins
87.3 85. 1
11.5 10. 1
0.9 4.3
1.57 1.41
13.2 4.2
14.0 : 24.5
N

Coke From the Process (wt

16.0 27.5

Elk Basin

- 30.0

%)
34.0
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Table 4. Some Properties of Fluid Cokes

Feed-stock

Source

Carbon

Hyd;ogen
Sulphur
Volatile Matter
(1100° F)

Ash

Nickel
Vanadium

Iron

South

Louisiana

Mixture Hawkins Elk Basin
wt %

92.5 88.3 88.6

1.6 1.9 1.8

1.4 7.0 1.3

0.6 539\) 1.3

0.785 0.332 0.370
0.021 0.010 0.011
0.003 0.015 0.035

0 0.007 0.003

. 055
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In 1979, Jack, Sullivan and Zajic [14] investigated the
possibility of extracting some metals from the Athabasca o1l
sands cokes. One of the coke samples used was the fluid coke
produced from the fluid coking of Athabasca bitumen at the
Exxon Refinery at Baton Rouge, Louisiana. They reported that
the fluid coke particles were non-porous and spherical and
had a relatively smooth surface. Some properties of this

fluid coke are given in Table 5.

Ambrose and Flynn [15] gave the estimated properties of
Syncrude fluid coke (Table 6) at the 27th Canadian Chemical
Engineering Conference, Calgary, Alberta, 1977. At the
conference, they assessed the,poténtial for utilizing

Syncrude fluid coke.

In 1979, it was found that. the actual ash content of
gyncrude fluid coke was 7.08 % to 8.23 %, which was higher

than the estimated value, 5.9 % [16].

2.4 Inorganic Matter in Fluid Coke

The only information available on inorganic matter in
Syncrude fluid coke was revealed in a private communication
from Syncrude Canada Limited [T73. The ash composition of
" Syncrude fluid coke is given in Table 7. This analysis was

done by inductively coupled plasma emission spectroscopy.



Table %, Some Properties ot

Refinery at Baton Rouge,

Composition

Carbon
Hydrogen
Niltrogen

Sulphur

Ash{(12 hr.,500° C)

Nickel

Vanadium

Iron

Athabasca

Loulsiana

.066
. 159

. 257

Fluid Coke

from

Exxon



e,
PR

Table 6. Estimated Properties of"Syncrude Flhid:Coke

Composition:

VE}Carbon
F'VHydrogég}
'.Nitrogén
'~ Oxygen -
Sulphﬂr,hf
-~ Ash
Nickel_' A
. Vanadium

‘~§rogerties:
Hardgrdve Index
Surface Area
ﬁulk bensity

Volatility

LParticle Size:

Micron
100
200
400
1000

Ultimate Yield of Coke

from the Process:

i

C(wt %)
81.3

15 - 12

10 mz/é

'0.88 -.1.04 g/cc.

léss than 2 %

Culmulative‘&ﬁ% 1ess,thén
0 - 19. S
36 - 62
78 —,54

86 - 98 . S

9 - 10%
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Table 7. Multi-elemental Analysis of Syncrude Fluid Coke

3,

. > ~
Metals ’ ‘ : : % of Ash -

Al o _ | 13.12
Ba = | 012
ca ’3- » o - 3.24
ca  "i4""  _;‘.g 0.11
Co’ _["  : ,:;'1“ ‘._:i ~ 0.01
\':Cﬁ“y-¢  ,‘ : f   1“;a. ”&"_gd.p1

n T eae
o S
Mo S o e eem

S Na I -1 R

Pb . 008
sn S S S
st 2138

L 1,39 7

Zn S D ' 0,06“
2r ' R  0.08
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Since bitumen contains somé petroleum porphyrins, which
are capable of formiﬁg complexes with nickel ana vanadium, °
it is possible that nickel and vanadium in fluid coke are "
mainly associated with oFganic.mattérbrather than mineral
ﬁattér. Champlin and Dunning [18] reported that in Athabasca
bitumen, only §ne—tenth of the total petroleum porphyrins
preseﬁt is required to complex ali of the vanadium énd
nickélfpresent; Comparison with some typical crﬁdes showed

that Athabasca bitumen was)uniqpe in this respect.
. { B :

/)



3. Saméles for Research

1

3.1 Source of Samples

Six batches of Syncrude fluid coke were obtained from
Syncrude Canada Limited between.1978 and 1931 [1]. The date
and the amount of each sémple are listed in Table.B.AAll of
thé samples came without Qualitative or'quantitative
analyses. The samples were taken directly from‘thé fluid

coking process in preference to the stockpile.

The appearance of all samples was the same..They
consisted of black, fine and spherical particles. The coke
particles were vefy dry. They were finely divided but not

dusty, and no agglomeration was observed.

3.2 Sampling Method

Syncrude fluid coke consists of hard granular particles
with a size distribution similar to a fine beach sand.
Because of the apparent inhomogeneity of Syncrude fluid
‘cﬁke, the sampling tgchnique plays an important role in

determining the nature of ‘Syncrude fluid coke.

The sampling method prescribed by the American Society
for Testing and Materials (ASTM) Standard D 2013, was
thought unsatisfactory for Syncrude fluid coke because

réproducibility for chemical and physical tests was poor.

s -

15
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Table 8. Coke Samples used in Research.

Date

Dec 7, '78
Sept 18, '79
May 29, '80
Aug 12, '80
Oct 28, '80°

Jun 8, '81

‘\
\
|

Amount (kg)

20

20
25
80

40

80
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In a|ptelimihary stﬁdy, some pqrtions of Syncrude fluid
coke safhiples were obtained by‘followinq the routine given by
ASTM Sbahdard D 2013. A No. 1 Tyler sample splitter (or
riffler) was used to obtain representative pOrtions of coke
~samples The weight of each portion of sample used for
prox1mate and ultimate ana1y51s was about 2 to 3 grams
However, it was\found that the reproducibility of the
results was poor and unpredictable,‘especially for the ash
content. Therefore, it was, necessary to adopt another

WY

sampling method to overcome this d1ff1culty.

Theksampling method ultimately adopted in this research
was based on particle size distribution. Coke samples were
sieved before‘they were used for testing and analysis.
Surprisingly, it was found that the reproducibility of the
experlmental results for each particle size range became
very good. Ash content analyses became particularly

consistent.

3.3 Particle Size Distribution

The testing sieves used for the particle size
distribution study were Tyler standard screen scale sieves
' series. The mesh cesignaticn used througheut the research
was Tyler's mesh designation [2]. The difference amongst
different mesh designation& such as American and Canadian

aesignations can be found in the Appendix.
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Additional equipment.- used for sieving included é Tyler
Ro-Tap testing sieve'shaker, which was builf to accommodate
eight inch diameter testing sieves [2]. Since Syncrude fluid
coke consisted of very fine p;rticles, about 200 grams of
coke particles were sieved each»time in order to prevent
blinding of the Sieyes. This was repeaﬁed several times,
uhtii about 3.5 kg of gamples were totally sieved. The
different particle sizes werefsfored separately for

subsequent physical and chemical analysis.

The particle size distributions for all six samples‘afe
listed in Tables 9 and 10. Tbe results showed that there was
no significant change in the pattern for particle size
.distribution (Figures 1 and 2), with the exception that coke
sampleé were getting finer in the more recent samples. Tﬁe
distribution patterns, revealed that the major particle size,.

by weight, was 100 mesh (Figure 3).



19

Table 9. Particle Size Distribution of Syncrude Fluid Coke,
Part 1.

wt %
Mesh Size 6ec 7, '78 » Sept 17, '79 May 29, ' 80
-200 6.0 | 4.1 0.8
200 : 3.2 3.3 2.9
170 . 7.6 . | 9.4 10.8
150 7.4 BV A 10.0
115 - 9.2 o 10.8 10.3
100 S 223 25,1 . 20.2
80 12.7 ' 12.9 10.2
65 10.'4 10.4 R
60 8.3 . 6.8 7.8
a8 3.8 3.6 3.2
42 | 3.8 = 201 | 1.8

+42. ‘ 5.3 1.8 4.8
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:

Table 10. Particle Size Distribution of Syncrude Fluid Coke,
Part 2.

wt %
Mesh Size Aug 12, '80 Oct 28, '80 Jun 8, '81
-200 12.9 8.3 5.1
200 6.3 6.2 4.3
170 1.1 9. 7.7
150 . 8.5 11.6 22.8
115 10.7 18.3 | 22.0
100 20.4 15,7 o182
© 80 8.2 8.4 8.7
65 | 7.0 T 7.3
60 : | 6.7 4.1 = 3 2.3
48 2.3 1.6 RS
42 d 104 1.0 0.9

+42 4.5 6.9 | 3.3
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4. Proximate Analysis

A Lyptcdl proximate analysis of Syncrude fluid coke is
listed in Table 11t [1]. The results in Table 11 are averaged
over all particle sizes. From these results, it is seen that
Syncrudé fluid coke changes its characteristics from day to
day. Hence, these results do not give é great deal of
significant information oﬁ the nature of Syncrude fluid

coke.

In the preliminary study, three portions of unsized
coke samples from Dec 7, '78 were ashed. The ash contents
were 7.3%, 7.5% and 7.8%. These results were too imprecise
and bence not acceptabie. Therefore, an ash content study
was applied to every particle size range to better

understand the nature of Syncrude fluid coke.

4.1 Determination of Ash Content

4.1.1 Methods of Ashing

There are two methods of ashing, low temperatur‘ ashing

(L.T.A.) and high temperature ashing (H.T.A.). \

Low temperature ashing, also known as electronic low
temperature ashing or radio-frequency ashing, was originally
developed by Gleit and Holland [2]. In this ashing method,

oxygen is passed through a high energy electromagnetic fiedd

24



Table 11, Typical Proximate Analysis of Syncrude Fluid Coke

Date

Ash (%)

Volatile Matter (%)
Moisture (%)

Fixed Carbon (%)

Bulk Density (g/cc)

1

Aug 7, '79 Aug 31, '79

B.23 7.08
5.73 6.24
0.79 0.47
85.25 86.21
1.04 1.09



26

generated bf a radie-frequencyvoscillator. As the oxygen is
passing.thrqugh‘the radio-frequency field, a discharge takes
place,‘andVCOnsequently a mixture of atomlc and ionic
‘spedies are fermed;.When.the~activated okygen passes_over~an
organic substance. such as coal or coke, oxidatiou will take

place at a relatively low temperature. This temperature is -

usually lower than 150° C.

- The main advantage of L.T.A. is that the minerals
present in coke are not affected to any appreciable degree.
However,'asﬁing'aﬁfew grams of coke may take several days
for completion. During this lohgvashing pfocesS} some

organlc sulphur may be fixed as sulphate, espec1ally vhen. a

sample contains -a large amount of calc1um [3]7.

High temperature ashing lnuolves ashing a coke sample
in a muffle furnace at a temperature:above 500° C. During
bhigh temperature ashing, some minerals changeltheir states,
(e:g.‘sulphides become oxiaes)} and as a result -of high
temperature-spme volatile elemehts_may be lost. The
»!advantage of H T.A. is that ashing may be completed in a few
hours and that a muffle furnace can handle several samplesk

at a time.

4.1.2 Experimental Procedure

In the. prellmlnary study, the L.T.A. téchnique was

used but 1t was abandoned after a few trials because o%hfhe
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prohibitive amount of time required to ash a few grams of
' ' na

coke. Hence, most of ashing was done by H.T.A.
The furnace used for H.T;Al was a Lindberg tube
furnace,, Model 54241, About 2.5 grams of ‘a coke sample was
4
welghed to the nearest 0.1 mg in a porcelaln combustion

boat , and ashed gradually from room temperature to a‘desired

‘temperature in the tube furnace.
>

The time and temperéture for ashing was -investigated by
a series of tests. Triplicates of 100 mesh coke samples of

Dec 7, '78 were ashed at four different temperatures, gntil

- 'a constant weight of ash was obtained._Surprisingly;
.con51stency of the ash content of this particular partlcle
size was very good. The relatlve dev1atlon was less than 0.5
percent. The ashing results are listed in Table 12. From

these results it was coneleded’that all the high remperature

<

ashings would be conducted at 800x10° C for seven hours.

.3 Results and Discussion

The ash content of four different batches of coke, (Dec
7, '78, May 29, '80, Aug 12, '80 and Oct 28, '80), was
determined for every particle size. Trlpllcates of each
sample were ashed. The relative deviarioh of the ash content
. was less than 0.5 %, whith is surprisingly good. The results
_are listed in Table 13 and plotted on Figure 4. From rhe

results,.it is-evident that all batches of coke show a



able 12. Time and Temperature Studies on Coke Ashing

Temperature (°C)

500
600
700
800

Time (hours)

14

12

Ash (wt %) i

"8.09
7.97

7.Y0

¥

7.54

28



Table 13. Ash Content of Syhcrude Fluid Coke

wt %
Mesh Dec 7, '78 May 29, '80 Aug 12, '80 Oct 28, '80
200 8.21 .  8.35 8.39 . 8.20
170 8.20 8.27 8.39  8.19
150 - 8.10 | 8.05 8.31 '8,18
115 7.84 - 7,98 8.34 7.88
100 7.535 - 7.68 8.27 7.73
"80 7.28 o 7.61 8.19 - 7.71
65 7.66  © 7.58 8.20 ' 7.86
60 6.97 7.56 8.16 8.37
48" 6.95  7.68 8.17 ' 8.67
12 - .08 B.14 8.25 . B8.84
35 7.94 '8.32 - B.49 . 9.05
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similar trend of. ash content with respect to particle size.

The results are calculated on an as‘received basis.

’

4.2 Determination of Moisture Content and Volatile Matter

?

4,2.1 Experimental Procedure -

Both moisture and volatile~mattér of Syncrude fluid
coke were determined in an apparatus which coﬁsistedvof a
custom-made quartz tube with stoppocks at both'endé, a tube
_furhaée and a vacuum system. The vacuum system consisted of
a'five;outlet'manifold, a cold-finger trap and a vacuum

pump. This vauuum system was capable of maintaining a vaccum

of less than 0.05 torr. .

About 2.5 grams of a coke sample'were placed in a
porceléin boat and weighed to the nearest 0.1 mg. This wgs
then put into’%hé guartz tube which coUld take tHree
porcelain boats ét a time. One of the outlets of the
manifold Qas connected to a stopcock attached to the quarfz
tube and turned on for evacuation. The tube furnace was then
switched on and heated slowly toftge desired temperature.

The coke samples were devolatilized for 24 hours.
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4.2.2 Results and Discussion

The reproducibility of the volaFile mafter‘and moisture
content determination was not as gobd as thatvof the ash
content detEfmination; the relative deviation was about 10 %
‘even for the same pérticle size. This may have be gaused by
the limitatioﬁ of the method and/or the inhomogeneity of the
coke. However, some interesting data were found in the
results (Table 14iand Figure 5). The results suggeét that
carbonlzatlon ot Syncrude flUld coke takes place at about
700° C. Table 14 is a summary of the devolatlllzatlon of
unsized coke samples of Dec 7, '78 at eight dlfferent
temperatufes. At\?emperatureS'greater ﬁhan 800° C, some coke
particles were ejected from the porcelain. combustion boat
because of rapid discharge of volatile material. Hence, no

accurate results were obtained beyond this temperature.

/



Table 14. Coke Loss due to Destructive Distillation

Temperature (° C) - = Weight Loss (wt %)
100 . o 0.8

200 R

300 | | 1.7,

400 I 2.2

500 | 2.8

600 ' | 3.2

700 B 5.6

800 | 7.0

S
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5. Ultimate Analysis

The ultimate analysis encompassed the quantitative

determination of carbon, hydrogen, nitrogen, oxygen and

6rganic sulphur

which make up the vorganic matter of the

coke. The analyses were done by conventional oxidation

_ and/or reduction methods.

5.1 Experimental Procedure

5.1.1 Determination of Carbon, Hydrogen and Nitrogen

The instrument used for determining carbon, hydrogen

and nitrogen was a Perkin-Elmer elemental analyzer Model

240B. The elemental analyzer consists of 2 components, a

combustion train .and an analytical system.

The combustion train included two independently heated

combustion and reduction furnaces, each with the appropriate

reaction tube. About 2-3 mg of a finely‘ground and

previously dried coke sample was weighed and placed in a

platinum combustion boat. It was then inserted into the

combustion tube

combusted in an

conditions. The

reduction tube,

nitrogen oxides

oxygen ‘from the

of the elemental analyzer wherevit was
excess of pure oxygen under static
combustion took place at about 850° C. The
which was heated to 6505-7009 C, reduced any
to nitrogen gas and removed any residUal

combustion train.

-

35
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The combustion products, carbon dioxide, water and
nitrogen, were then mixed homogeneousiy wi;h helium which
served as the carrier gas. Three pairs of the;mal
conductivity «cells arranged in series were used for
detection in the analgtical system, one pair each‘for‘water,
carbon dioxide and nitrogen. The platinum filaments of each
cell péir'were connected differentially in a bridge circuit
so that any difference in the contents of two cells would
result in an electrical_signal. A magnesium pqrchlorate trap
between the first pair of celis absorbed anysﬁater from the
gas mixture before it entered the second cell. Therefore the
signél obtaihed from the corrésponding bridge circuit was
pr%portional to the amount of water removed. Likewise, an
Ascarite (NaOH coated on asbestos) trap between the second
-pair of cells resulted in a signal in proportion to the
carbon dioxide removed fr;m the sample. The last pair of -
cells detected nitrogen by comparing‘the thermal
conductivity of the remaining sample gas with that of pure‘

helium.

5.1.2 Determination of Oxygen

The instrument used for determining oxygen in the coke
saﬁple was a modified Perkin-Elmer elemental analyzer Model
240B. Instead of combustlng the sample in pure oxygen 2-3
mg of the finely ground and previously dried coke sample was

heated to over 1000° C in pure helium on the assumption that
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all the organic oxygen would combine with carbon to form
carbon dioxide. Hence,' oxygen was determined as carbon

dioxide Yy the thermal conductivity detector.

5.1.3 Determination of Sulphur

2-3 mg of a finely ground and previously dried coke
sample was weighed, placéd in a platinum sample holder and
combusted quantitativeiy in a flask containing pure oxygen
and 5 ml of diluted hydrogen peroxide. During combustion
organic splphur was oxidized to sulphur‘dioxide and
diésol&ed in. the hydrogen peroxide solution. The dissolved
sulphur dioxide was.then oxidized by hydrogen peroxide to
sulphuric acid. The final solution was titrated
gravimetrically with barium perchlorate solution using

thorin as an end-point indicator.

5.2 Results and Discussion

The batch from Dec 7, '78 was selected fqr ultimate
analysis. Duplicates of coke samples for each particle size
were used. for hydrogen, carbon, nitrogen and sulphur '’
determinations . Only one sample of each particle size was
used for oxygen determination; All the elemental analyses

was reported on a dry basis.

The reproducibility of the hydrogen and carbon

determinations was very good; the absolute deviations for
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hydrogen and carbon were about *0.01% and *0.1%,
respectively (Table 15). However, the reproducibility of
nitrogen and sulphur was poor as indicated in Table 16 and
Table 17. This might be due to the random distributidn 6f

nitrogen and sulphur in bitumen (Figure 7).

From Table 15, it is observed that the émaller
particles have a higher hydrogen content and %ower carbon
content. In other words, the hydrogen to carb;n ratio (H/C)
decreases as the particle size increases (Figure 6 and Table.
15). This may be because the smaller particles have more’
surfécelarea per unit volume for the adsorpt{on of bitumen,
or because the larger particles are more poly-aromatic in

nature as a result of their longer residence times in the

fluid coker for carbonization.

In these determinations it was assumed that
interference from matter, such as mineral carbonates and

sulphides, was minimal.



Table 15. Hydrogen and Carbon Contents of Syncrude Fluid
Coke, Dec 7, '78. ‘

Mesh‘Size Hydrogen Carbon H/C ratio
170 1.67x0.01% 79.0+0.0% ' 0.253
150 1.6520.02% 79.6x0. 1% 0.249
80 1.610.01% 80.5+0.1% 0.240
60 1/5120.01% 81.420.2% 0.223

48 1.50+0.01% 80.5+0.1%  0.224



Table 16. Oxygen and Nitrogeﬁ Contents of Syncrudé Fluid -

*Coke, Dec 7, '78.

\

Mesh size‘ ’ Nitrogen
170 .. " A 1.53:0.19%
150 | ) 1.6020.20%
80 C 1.3130.11%
60 - 1.3320.17%
48 . 1.4330.04%

2.54%

Oxygen

2.54%

. 2.48% .

2.49%

©2.33%

40
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Table 17. Sulphur—Conteht of Syncrude g%uid Cdke, Dec 7,
'78. : o ' :

@\.

Mesh Size . : ’ Sulphur (wt %)
200 ,  6405%0.02
170 - :  6.1820.13
150 - : “ ) 6.34x0.08 -~ s
80 ’ ‘ 5.77£0.06
65 o | 6.880.08
60 . | ‘ 5.8140.18
48 -  6.3740.10
42 ; o ”6.25¢0.11
35  \\ _ 7.04%0.03
. .
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6. Scanning Electron Microscopy

Jack, Sullivan and zajic [{] used scanning electron
microscopy to study the»strUcture of three different kinds
of petroleum cokes (fiuid‘cnke, flexicoker cske and
delayed-coker coke), which were all produced from Athabasca
bitumen It was fnund that the {luid coke particles had a
relatlvéﬂy smooth surface and we;e not porous. However,

their work was very brief, as they were only interested in

extracting minerals from the petroleum cokes. -

In this research, .the structure of Syncrude fluid coke
was also studied by scanning electron microscopy. The

scanning electron microscope used was Model ISI- 60 made by

International Sc1ent1f1c Instruments, "Inc. Thls mlcroscope
=
ls equ1pped with an energy dispersive X= ray analyzer, which

is capablp of performing nondestructlve qualltatlve and
& oy
'seml—quant1tat1ve elemental analyses while a sample is being

observed.

3 T
A

6.1 Sample Preparation

< Both cnke particles and coke ash particles nere studiéd
bynssanningnélectron microscopy; The coke samples were dried
in a vacuum furnace for 24 hours'at f10f C to remove any
moistu;éfand volatile matter adsorbed on'thexcoke‘surfacé.
Tne‘éokefaSh particles were prepared by ashing some’coke

| particles at 500° C for 12 hours. The coke particles were

44
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ashed at a relatively low temperature to avoid the
destruction of the coke particle skeletons. Also, some coke
particles were partially oxidized 'in an electronic low

temperature asher for 24 and 48 hours.

The samples were mounted on aluminum sample holders
with high purity}condUctive silver paste. After mount}ng,
the samples were coated with a layer of gold (apout 200
Angstroms thick) . The cqatiné instrument was an ISI -
VSPUTTEREﬁ—COATER Model P-S1. Sample coating was necessary
because scanning electronlmicroscopes work only with-
conductive materials. While the samples were investigated
‘under the scanning electron microscope they were sefectively
photographed bf a Polaroid camera. Also, some qualitative_
and semi-gquantitative studies were done on selected regions

of the sample particles using the energy dispersive x-ray

lyzeg.
ana Xzeg

. 6.2 Results and Discussion

The general appearance of the cbke particles 1is shoyn
in Figures 8 - 10. The particles are spherical and
non-porous. The actual diametérszof the Qgrticleé can be
measured diréctly from these electron photomicrographs. This
confirms that the sieviﬁg of the coke particles was done
propefly. In Figure 11, a 100 mesh coke particle‘magnified

1000 times shows that it does not have any visible péres.
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This can be explained by the fact that it was formed and

' grown by surface deposition of material.

A 42 mesh Coke particle was fractured mechanically. The
internal structure of the fractured particle reveals an,
'onion skin' or"sedﬁmentary rock' structure (Figures 12 -

16).

The ash pafticles retain the skeleton of the sphe;icai
structure of coke particles (Figure 17-19), but are more
‘porous. The"onion.skinf structure is more prominent in é§h
particles (Figure 20) than in the coke (Figure 13). Part of
the outer layer of the ash particle in Figure 20 is peeled

\\\\off. Its appearance is like an 'ivory ball', in that it

'
layers of concentric spherical shells.. This

confirms that the growth of a coke particle is by surface

depositian of materiai,

The i-layered structure of the fluid coke particles

is best shown by‘electron photomicrographs of coke particleé
‘which had beén partially oxidized using the low temperature
ashing technique. Figure 21 and Figure 22 are electron
photomicrograpﬁs of 60 mesh coke particles which had been
partially oxidized in a low temperature asher for 24 and 48
hours, respectively..THe organic matter of the outer layers
has been oxidized leaving only the mineral matter.béhind.

Since the low temperatur@ ashing method is more static than

the‘high temperature ashing method, the multi-layered



Figure 9. Electron Photomicrograph of 60 mesh Coke, 100X,
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Figure 11. Electron Photomicrograph of 100 mesh Coke, 1000X.



Figure 12. Electron Photomicrograph of Fractured 42 mesh
Coke, 100X.

Figure 13. Electron Photomicrograph of Fractured 42 mesh
Coke, 500X. ’

49
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Figure 14, Electrén‘Photomicrograph of Fractured 42 mesh s
Coke, 150X. N .

Figure 15. Electron Photomicrograph of Fractured 42 mesh
Coke, 300X. -
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Figure 16. Electron Photomicrograph of Fractured 42 mesh
Coke, 500X. :



52

ﬁigure 17. Electron Photomicmograpl. of Ash from 60 mesh
Coke, 90X. ‘

Figure 18. Electron Photomicrograph of Agh fBrom 60 mesh
Coke, 470X, | B0 - 60 mes




Figure 19. Electron Photomicrograph of Ash from 42 mesh
Cokey, 100X.

4

Figure 20. Electron Photomicrograph of Ash_from 42 mesh
Coke, 520X.
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7

Figure 21. Electron Photomicrograph of Partially Oxidized 60
mesh Coke Ashed for 24 hours, 300X, .

Figure 2. Electron Photomicrograph of Partlally Ox1dlzed 60
mesh Coke Ashed for 48 hours, 300X. .
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‘structure. of the low temperature ashed coke particles is |
Ko e
less disturbed. Hence,. thlS gives more evidence .to confirm

that the growth of flu1d coke particles in the fluid coker

is by deposition of-materlal onto their surfaces..

When the fractured coke particles werekobserved under
‘ _ 5 s &

;the energy dispersive

the scanning electron micros
x-ray analyzer was - gsed to l‘?'.e‘any particularly high
sulphur content regions 1n51de the particles. The ex1stence‘
of a high sulphur content ared implies the presence“of a
mineral sulphur"crystai, éuch as iron sulphide. However, no
eech structure was found insi@e‘the eoke particles.»This

suggests that most of the sulphur exists in organic forms.
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7. Multﬁ—elemental~Ana1ysis of the Fluid Coke Ash “

Similar to coal, Syncrude fluid coke is a fairly
'dirty" fuel cbmpared to l%}?id fuels because after
combustjon, 7 to'8 wt % of“materlal remains in the form of
coke ash. Hence, 1t is’ 1mporta@} to mon1tor the inorganic

constituents in the fluid coke,durlng various stages of, it

preparation and utilization.

Since the mineral métter in the fluid coke may be an
intrinsio ¢atalyst for its gasification, the nature of the

coke ash should be determ?ned.pridr#tO«a'study of the

Vgasificatioqvpﬁbcess. aAlso, in a high temperature

environment, some elements (e.g. vanadium and nickel) are
corrosive. Hence it is essential to know the concentration.

of various inorganic elements in the ash.

There are some'fundamental distinctions between the

rmlneral matter in the f1luid coke and the ash produced from

5y

high’ temperature ashlng During the course of combustlon at

temperatures above’ 600° C, carbon dlox1de from the mineral

carbonates and the wat&; of hydratlon from hydrated

‘5111cates are lost. Also, su ohldes are oxidized to ox1des.

- As’'a re5ult of dehydratlon,'decomp051tlon, ox1dat10n and

volatile constltuents such as Na, Cl and Hg,

the hlgh temperature ash is qualltatlv@ly and quantltatlvely 1

. different from the mineral matter that gave rise to it.
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Several attempts were made to ash the flu1d coke. using

‘the low temperature ashlng method as it alters very llttle

the nature of the m;neral matter. It was, however, not

7successful because it took too much t1me for complete

ashing, It requlred more than 3 or 4 days to ash a few grams
of coke completely% Hence, all of the samples for
multi-elemental analysis were prepared by the high

temperaturé ashing method.

At the beginhing of the research there were semeral
available»choices of analytical methods, namely neutron
Qctivation analysis (N.A.A.), atomic absorption spectroscopy
(A.A.Sl) aha inductively.coopled plasma emission
spectroscopy (I C.P.) . Some trial analyses were done with'
these three analytlcal methods. Flnally, only atomic

absorption spectroscopy and 1nduct1vely coupled plasma

emission spectroscopy were adopted. for the entire analytical

/ _ ; . X
-analysis. The reasons for rejecting neutron activation

analysis were its excessive tlme‘requirements and the
availability of neutron activation facilities for only four
hours per week?. In addition; the lengthy half-lives of some

elements neceSS1tate several days for thelr detectlons after

TN

irradiation of the sample. Hence, it was not p0551b1e to do

the multl—elemental analy51s by neutron actlvatlon, ‘despite

. its high sensitivity and selectivity.

___________________ s

’N.A.A. is located at the Slowpoke Nuclear Reactor Centre,
Faculty of Pharmacy, gplv@151ty of Alberta.

Y ]
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7.1 Experimental Procedure

t

'7.1.1 Preparation of Ash Samples

About 2 £6 3 grams of a coke Sample.ygre weighed to the
nearest 0.1 mg in & porcelain combugtion\boat. The sample
was then placed iﬁ a tube furnace for ashing. It was
gradually hgatéd to 300°'C for an hour, then to 500° C for a
further héur, and finally to 800%10° C for 4 to 5 hours. The
reason for noﬁ ashing the coke saméle rapidly was to avoid
any.mechahical‘loss due to‘fapid expulsion. of volétile
‘matter. After ashing, it was cooled to room temperature and
again weighed to the nearest 0.1 mg. 2 to 3 gramévof a coke
sample should yield about 0.2 gram of ash. Tﬁisvashing
prggédﬁre, which required a day for completion, should yield
g c56stant weight losg for nominially identical coke
samples.'

%

7.1.2 Dissolution of Ash

The method for dissolution of the ash was an acid

digestion technique [1,2].

I3
©
-

)Pa;r Teflon lined acid digestion bombs Modél 4745 were
" used for the ash dissolution. Each acid disgestion bomb |
‘consists of é 23 ml Teflon crucible and a stainless steel
body.\Thé ash sample previously prepared by high temperature

ashing was quantitatively transferred from the porcelain

4
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~
-]

combustion boat'to thélTéflon crucible. Wetting of the
sample with 2.0 ml of aqua fegia,was folIbwed_by the
addition of 3{0Aml of concentrated (48%) hyd;ofluorie acid.
The Teflon crucible was enclosed in the stainless steel b@dy
and transferred to a 110° C furnace forugo ﬁinutes. After
heating, it was cooled to room temperaturef»The contents of
the Teflon crucible were transferred to a Teflon beaker,
with the aid of a Teflon stirriﬁg rod. The Téflon crucible
was then‘rinsed with 10 ml of distilled water; 2 grams of
boric acid were added to the Teflon beaker to neutralize the
excess hydrofluoric acid. Since the dissoiution reaction of
boric acid is exothermic and the solubility of boric acid is
low but increases with temperature, the amount. of distilled
water 'added to the beaker was kept to a minimum so that the
'proéess for dissolution could be hastened. If precipitates
were -present, the solution had to be heated on a steam bath
until a clear solution resulted. The solution was then
transféfred to a 100 ml voiumetric flask and diluted to
volume. After dilution, the solution was immediately
~transferred to a polyethylene‘bottle'to pgevent attack Qf
the volumetric flask by the fluoride solution. The bottleé

were étored for subsequent analyses. Usually, the solutions

were stable for several weeks.

Several attempts were made to digest the coke particles
directly without ashing, but they were not successful,

despite the use of higher temperatufes and excess agua

’ ias
R
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\

e
g

z;egia.-The'incomplete dissolution of the .coke particleﬂﬁﬁay

have been caused by the large guantity of organic matter.

7.1.3 Atomic Abéorption Spectroscopy

The atomic absorption spectrometer used in-the

elemental analysis was a Unicam SP1950 Atomic Absorption

) 31'\« R

SpQﬁ@tophotometer.

-

Both analytical curve_(calibratign graph) and standard
additions methods were used for elemgntal1analy§is.'lnvthe
method of standard additions, varying amouﬁﬁs;of standard
were added’to a s;ries of solutions containing constant
amount of sahple [3]. The advantage of the method of .
standard additions is the-elimination of inte%ference from
the solution mafrix. The method of analytical curve 1is

advantageous because it is less time consuming, provided .

that the influence of the solution matrix is very small.

The standard solutions were prepared from certified
atomic absbrption standard'reference‘solutiohs~supplied by

the Fisher Scientific Company.

Four elemgPts, nickel, vanadium,” iron and titanium,
were investigated by both methogsaof analytical curve:and
standard additions. For the method of,analyfical curve,
sample solutions were diluted 10-fold for iron and titanium
determinations. No dilution was required for nickel'and.

.vagad}um deterhinations. For the method-of standard

R

'—uiﬁ‘.u . ) 2
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~additions, the solutions were adjusted to the range of 0 to
30 ppm for titanium determination and 0 to 20 ppm for iron,

nickel and vanadium determinations.

7.1.4 Inductively Co’!&ed Plasma Emission Spectroscopy t

The inductively cbupled plasma emission spectrometer

‘ “‘:‘»% ‘\,ip,
used in the multi-elemental analysis was a Model 975 made by .

Jarrell-Ash?. e . : .

The method of internal standard calibration was use%
for multi-elemental analysis. The internal standard was
scandium which was not found in the coke ash. An aliquot of
each sample solution was diluted 10-fold. 1 pbm scanéium was
added to. it. After dilution, the sqution was ready for
multi-elemental analysis.'A blank was used throughout the
analysis containing the same amounts of agua regia,
Eydrofluoric‘acid; and boric acid and was uséd for the blénk
correction in the inductively coupled plasma emission
spectroscopy measurements. Twenty-one elements were
determined. These were Al, As, éa, cd, Co, Cr, Cu, Fe, Mgf

Mn, Mo, Ni, P, Pb, Si, Te, Ti, V, Y, Zn and Zr.

* The 1.C.P. spectrometric facility was provided by Sherritt
Gordon Minés Ltd., Fort Saskatchewan, Alberta, Canada.
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7.2 Results and Discussion

The batches of Dec 7, '78 and Aug 12, '80 were selecﬁed
for the multi-elemental analysis. They were chosen because
the‘formef'batéh had thewlargest variation in ash content
(6.95 % to 8.21 %) and the latter had the least variation
(8.16% to 8.49‘%) (Table 13). Duplicates of each particie
size range for both batches were prepared for elemental
analysis using'atomic absbrption spectroscopy and

inductively coupled emission spettroscopy.

The analysis done by atomic absorption spectroscopy
showed that the results obtained by the method of analytical
curves were higher than thoée determined by'the method of
étandard,additions. Iron concentration was higher by 5 %,
-vanadium by 10 %, nickel by ;0 % and titanium by 400 %. This
phenomenon was gquite understandable as thé sample solufions
contéined 30 to 40 different elements capable of causing
substantial interference. The solution matrix effect Qas
partigularly prominent f%r titanium because the absorbance

of a titanium solution is greatly enhanced in the presence

of fluoride and iron.

On comparison of, the analyses obtained by atomic *
absorption spectroscopy using the method of standard&gk ‘ ;
addition Qith those obtained by inductively coupled blééﬁa
" emission spectroscopy, it was found that determinations of

iron, nickel, titanium and vanadium agreed within 2%. This
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indicates that the method of inductively coupled plasma
spectroscopy is relatively free from interference caused by
the solution matrix. Hence, inductively coupled plasma’
gmission spectroscopy is superior'to the‘method of
analytical curve by using atomic absorption spectroscopy for

multi-elemental analysis of éoke'and similar materials.

Since inductively coupled plasma emission spectrbscopy
is capable of determining several elements simultaneously
while-atomic absorption is restricted to a single element at
‘a time, the.former methbd.becomes more attractive for
multi-elemental analysis. Hence, most of the elemental
analysis in this résearch wast+accomplished with inductively

coupled plasma emission spectroscopy.

From énalysis by using‘inductively?coupled plasma
emission spectroscopy, the major elements in the coke ash
weré found to be Ai, Ca, Fe, Mg, Mn, Ni, Si, Ti, and V. The
concentrations of these elements in the coke ash were
approximately equal to or in excess of 1 wt % . The minor
elements (trace elements) were As, Cd, Co, Cr, Cu, P, Pb,
"Te, ¥, Zn and Ir; their concentrations g4n the coke were less

than 50 ppm;

Originally, all the elemental analyses were reported in
terms of weight percent of coke (Tables 18-26) and their
concentrations were plotted as a function of particle size

(Figures 23-40). All the plots, except the Aug 12, .'80 iron,
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manganese and titanium plots (Figures 28, 32 and.38), show a
common trend thch indicates that the shalle: particle
ranges had higher concentrations ¢f the major elements. This
phenomenon could be explained by the fact that the smaller
particles had higher ash content (Table 13 and Figure ;).
Howe;;ry this explanation is based on an assumption that the
quality of the coke ash produced from different particle.
size ranges was the same. In other words, the concentration‘
of the majbr elements in the coke ash should have been
constant. If this is true, then plots of the concentrations
'of,major elements as weight percent of ash versus particle
size (Figures 41-58) should yield approximately horizontal"
lines. Nevertheless, not all elements Sehavéd ideally. In
addition to iron, manganese and titanium of Aug 12, '80
(Figures 28, 32 and 28), ﬁickel and vanadium of Dec 8, '78
(Figures\51, 57) showed a reverse t;end'which indicateé that
the larger particle size ranges conta;h a higheru
concentration of ﬁhese eleméhts. Hence, this'confirms that
nickel and vanadium are associated with organic matter;
Also, the batch of Aug %ZJ '80 had the lowest ash Lomtent in
.the particle size range of 150 to 300. microns and it was
found that nickel and vanadium had their highest
concentration in this range. These finding implies that

nickel and vanadium should be associated with the organic

matter in the coke.
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The concentrations of iron, manganeée and titanium in
the ash of the Dec 8, '78 batch (Figurés 27, 31 and 37) did
‘not have the same trend as those in the Aug 12, '80 batch.
Hence, their affiliation with organic matter i§ unresolved.
Furthermore, in the batch of Dec 7, '78, the concentration
of iron in the ash was constant (Fiéure 27) and that Pf
titaaium was higher in the smaller particles (?igure‘37).
For the rest of the major elements, espécially aluminum and
silicon;‘{mir'concentrations in the ash were higher in the
smaller particles, rather than being constant over the full

range of particle sizes.

-

All elemental analyses (Tables_18 -35) are reported on\
an as received bas@s, In termé_oﬁ accuracy, most of the
major elements had relative errors less than 1 % ?hich is
typical for the performanée of inductively'coupﬂed plasma
emission spectroscopy. This also demonstrates that fluid
coke of any particular particle size range is quite

homogeneous. ‘ ’



Table 18.

Particle Size

(Mesh) (Wt %) (wt %) A& - ’,%;} :.' -
200 ©1.18%0.00 1.2340.00 . | ﬂﬁ%_fg?
170 | 1.1980.00 23eg.01 . owd
150 1.172£0.00 1.2120.01

115 1.15£0,01, 1.21£0.00

100 . 1.10£0.00 1.190.00

80 - - 1.05£0,00 1.18+0.00

65 1.03:0.00 1.18£0.00

60 : 0.996+0.002 ©1.1620.00

48 | . 0.975£0.001 1.14£0.01

42 : 0.958+0.008 1.12+0.00



Table 19, Concentration of Calcium in Fluid Coke.

Particle Size

(Mesh)

!

200
170
150
115
100
80
65
60
48

42 &

Dec 7, '78

(wt %)

W
0.325+0.001
0.328+0.003
0.31720.002
0.314x0.001
0.3011£0.006
0.288+0.002
0.287+0.003
0.282+0.001
0.279+0.004
0.282t0.00i

. Aug 12, '80
L

(wt %)

0.171:0.005

0.174+0.002

0.172+0.005
0.173+0.000
0.165+0.003
0.167+0.001

0.167+0.001

0..164%0.001
0.166+0.001
.,0.160+0.000



‘Table 20..Concentration of Iron in Fluid Coke.

\

Particle Size

(Mesh)

o

200

170

150
115

100

{30

65
50
48 -

42

Dec 7, '78

(wt %)

0.472+0.
0.474%0.
| 0.464%0.
0.45540.

0.438%0

- 0.422+0.

0.419+0

0.409+0.
. 0.408%0.

0.407%0.

&

000
004

001

001

.003
001_
.003
001 -

002

003

oD

Aug .12,

' 80

o o o

“0.
0.

0.

“. (wt %)

-~

.566%0.
.569+0.
;5?%:0.
.576%0.
.583%0
.588:0.
59740,
600+0.
' 04609:0-.
61540,

001

003 |

004
003

.002

000

.001
002

001

001 .

68 -



‘Table 21. Concentration of Magnesium in Fluid Coke.

[

Particle Siée

(Mesﬁf

200
170
150
115
100
80"
65
60

48

42

Dec 7, '78

749+0

'
754+3

73246

7222 -

6937

| 66545

651%5
63#:2-

622+6

. 617£0 - -

N .

8280
829+ 1
B18+5 -
819+3

- 8074

sozé%
sozﬁﬁw

79241

785%2

77742
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Particle Size

O

150

(Mesh)

200

170

115
100
80
65
60
48

42

\

'Table 22.fConcentrati%

1360

1371

13341

13120

< 126+2

12320

12241

1200
126%2

118%1

?Fof Manganese‘iq Fluid Coke.

w

70
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Table 23. Concentration of Nickel in Fluid Coke.

Particle Size

(Mesh)

200

170

150
115
100

80 /
65 |
60 . ( .

48

42

7120
7182
718£5
7193
703%3
68512
6762

6672

" 673¢1

6583%\2}

M4

[

565+
56244
56048 :
565+5
56045
556+ 10

5616

555+3

'\5@913-'

548+3
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Table 24. Concentration of Silicon in Fluid Coke. .
Pérticle Size ‘\Dec 51 '78 Aug 12, '80
(Mesh) (wt %) C(wt %)
200 1.59:0.07 | 1:83£0.04
170 © 1.61%0.08 1.83%0.05
150 1.5840.07 1.82:0.03
115 " 1.5520.06. 1.810.04
100 ~ 1.48%0.05 1.80£0.04
80 | 1.35£0.01 1.77£0.05
65. 1.34:0488 * 1.77£0.05
60 | 1.29+0.01 - 1.74+0.06 . #
48 . 1.30£0.01 1.75£0.05
s2 éwj,w\‘ 1.3520.01 1.7550,05 -
“ &5 L |
" B
- P 3%%



Table 25. Concentration of Titanium in-Fluid €oke.

42

Particle Size Dec 7; '78 Aug 12,
(Mesh) (ppm) .  (ppm)
200 1453%1 1484%1
176" 144845 1484+3
150 | 142743 1554413
115 - 139840 157041
100 136916 161743
80 134746 AT LT
65 133544 166826
60 131849 1695+29
w7 0128 i 1714422
28848

1730443



Table 26.

o

Conceg}ration of' Vanadium .in Fluid Coke.

Particle Size

(Mesh) 3

200
170
150
115
100
80
65
60
48

42

o .

1921£3
1947410
193246
1923%4
188316
1850+4
18378
18155 -
1808 1. ¥,
1792i8;%

EA Y
'\)

1535%4
154143
15347

1541+5°

15395~ °

1535% 1
154040
15302
Jéésiz

1518+ 1

b

[

74
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Table 27. Concentration of Aluminum in Fluid Coke Ash.

Pé}ticle Size - Dec 7, '78 5 Aug 12J-'80

(Mesh) (vt %) N CTIE

200 , 14.7£0.0 ©14.7£0.1

170, | 14.850.1 0. {‘ 14,7401

150 14.60.0  14.620.1

115 ] 14.8+0.1 14.6£0. 1

160 = 14.6£0.1 14.5£0.0

80 | 14.5£0.0 14.5£0.0
&&;;egf) - | 14.540., 1 O 14.420.7

60 . 14.320.0 S 14,3201

48 o ia.120.1. 4 J8.050.0  o

42 g 13.680.1 13.6+0.0

: T '



Table 28. Concentration of Calcium in Fluid Coke Ash.

barticle Size Dec 7, '78. Aug 12, '80
(Mesh) (vt %) o (vt %)

200 | ‘ 4.06+0.01 | 2.04£0.04
170 - 1.0840.03 2.08+0.03
150 ' 3.9640.01 2.06%0.06
15 | 4.0240.02 2.07+0.00
100 . 3.99+0.02 1.99%0.03
80 ©3.98:0.02 | 2.05:0.02
65 © 4.0520.02  2.04:0.80
0 L 4.0520.01  2.01%0.01
48 - 4.03+0.07 2.03%0.04
é%;? | 3.99£0.01 ‘ 1.940.00




Table 29. Concentration of Iron in Fluid Coke Ash.

Particle Size Dec 7, '78 Aug 12, '80
(Mesh) ' (wt %) (wt %)

200
170
150
115
100
80
65
60
48

42

.8840.01
.89+0,06
.80£0,01
.83%0.01
.82+0.,04
.8320.03
.90+0.03
.8420.01
.88+0.05

.76x0.02

.75%0.02
.7840.02
.88+0.06
.90:0.03
.04£0.02
£19%0.01
.2740.03
.3540.01
.45£0.03
.46£0.02
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Table 30. Concentration of Magnesium in Fluid Coke Ash.

i

a

Particle Size

Dec 7, '78 Aug 12, '80

(Mesh) : (wt %) (wt %)
o

200 ) 0.93340,003 0.987+0.001
170 | 0.934+0.004 0.989%0.002
150 0.914+0.004 0.981£0.010
115 k 0.926+0.004 0.982+0.002
100 0.920£0.010 0.976+0.00¢
80 | - 0.917£0.006 0.97910.002’
65 l: . 0.916%0.005 0.978x0.005
60 0.906+0.Q01 ° 0.970+0.005
48 V\\ @ u 0.895¢Q:§;;\ ‘ 0.960£0.005

42’ B ' 0.871+0.004 0.942+0.003




Table 31. Concentration of Manganese in Fluid Coke Ash.

Particle Size Dec 7, '78 ~ Aug 12, '80

(MeshY ot w) . (wt %)

200 ' 0.169%0.000 0.194%0.001

170 0.170%0.002 * 0.196+0.000

150 0.166+0.000 0.199£0.002

115 . 0.168%0.001 0.201£0.001.
100 | 0.16840.002 0.204+0.001

80 0.169%0.001 0.210+0.002

65 0.17240.001 0.210%0.,001

60 0.17120.000 0.215£0.004

48 | 0.180%0.003 0.21320.001

42 - 0.167+0.000 ' 0.211+0.001
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Table 32.. Concentration of Nickel in FTui? Coke Ash.

Particle Size . + Dec 7, '78 Aug 12, '§0
(Mesh) H (wt %) (wt %)
200 ‘ . 0.887%0.002 0.673+0.000
170, 0.890+0.003 . 0.671£0.005-, ‘; —
150 0.896+0.004 0.674:0.010 W
115 0.921%0.001 0.6f9¢0.005;%@
100 . 0.933£0.003 1 0.677£0.004
80 ‘ 0.9454£0.001 0.680+0.813
65 0.951%0.001 0.684+0.004
60 - 0.956+0.001 0.68040.002
48 | | 0.9680.003 0.67240.001

42 ‘ 0.928+0.001 0.664+0.002



81

Table 33. Concentration of Silicon in Fluid Coke Ash.

Particle . Size Deé 7, '78 . | Aug 12, '80
(Mesh) . OIS (Wt %)
200 | 19.820.9 '21.840.5
170", h 20.0£1.0 ~ 21.9%0.5
150 19.720.9 21.920.3
1s C 19.9:0.7 21.7%0.5
100 ; 19.510.6 21.8%0.5 ‘
80 _ o 18.70. 1 21.60.6
)
65 18.820. 1 21.6%1.6
60 18.6%0.2 21.520.6 -
8 18.620.0 21,620.6
6

42 | 19.0+0.1 21.2+0.



)
Tabje 34. Concentration of Titanium in Fluid Coke Ash.

~

Particle Size Dec 7, f78 \ | Aug 12, '80
(Mesh) . S (Wt %) o (yt %)
200 N 1.81£0.00 11.7740.00
170 ' ~ ©1.80%0.01 ) 1.8040.00 -
150 . N 1.78:0.01 1.87+0.01
115 - 1.79+0.00 ' 1.89+0.01
100 | 1.82£0.01 - 1.96£0.01
80  1.8620.01 K 2.02%0.00
65 o | 1.88£0.00 : 2.03%0.04
60 I 1.89£0.01 2.07£0.03
48 1.87£0.00 . 2.10%0.03

42 1.81+0.00 2.1040.02



\ /
/" r
] ” /
‘Table 35. Concentration of Vanadium in F/iuid ‘Coke Ash,
.[ ’/’ ’
] /
Particle Size Dec 7, 78 . Aug 12, '80
(Mesh) (wt %) (Wt %)
“ : !

200 ° o - 2.39%0.01 ~1.83%0.01
170 2.41£0.01 - 1.84+0.00
150 : 2.41£0.00 1.85:0.01
115 , | . 2.46£0.01 “* 1.85+0.01

100 ~2.504£0.01 1.86:0.01
8o 2&5510.01 1.88:0.00°
65 2.58+0.0™ 1.88+0.01

, ; ’

60 ' 2.61+0.01 1.88+0.01
48 | 5.60£0.01 1.87+0.01
42 . 2.53:0.0 | 1.84+0.01

/
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8. Fourier Transform Infrared Spectroscopy

Some preliminary studies on the organic molecular
structure of fluid coke were made by infrared spectroscopy.
The spectrometer used was a Nicolet Fourier Transform

Infrared 9pectrometer (FT-IR) Model 7199,

Two dry samples each of 100 mesh and 42 mesh coke
particles from Dec 7, '78 were ground to less than 2
microns. The prepared samples were embedded in potassium

’

bromide and analyzed by the FT-IR spectrometer .

From the spectra (Figure 59 and 60), it was found that
fluid coke is very aromatic and contains a substantial
concentratisn of hydroxyl (-OH) functional groups. Some of
the hydroxyls may be contributed from the hydrated silicates
of the mineral matter. Some carbonyl functional groups were
observed and they were found to be more prominent in the
smaller particle,sizg (100 mesh) than in the larger particle
size "(42 mesh). This is quite understandable, because the
largef coke particles had a longer residence time in the
fluid coker‘for‘deca;boxylation. Mercapto (-SH) functional
groups, which are usually indicated by peaks between 2650 to
2500 cm-' , were not observed. This suggests that the
organic sulphur is mainly in the form of heterocylic ' ring
strucﬂures. The assignment of the spectral peaks to their

corresponding organic fgnctional groups appears in Table 36.
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‘Table 36. Absorption Bands in Infrared Spectra of Syncrude

Fluid Coke

Band Position (cm™') . Assignment

3420 - \ Hydroxyl (-OH)

3030 Aromatic (C-H)

2940 Aliphatic. (C-H)

2860 Aliphatic (C-H)

1710 , ' Carbonyl (C=0)

1690 ‘ Carbonyl (C=0)

1630 . ~ Aromatic (C=C) or H-bonded

Quinoid Oxygen
1430 ‘ . Aromatic (C=C)

1380 ‘ not assigned
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,vpolyaromatlc and hydrog eficient fractions of ti

9. Conclusions

) : , . .
Syncrude fluid coke is a fairly homogeneous material

-‘compared to.naturally occuring fossil fuels such as coal.
Hence, the nature‘of Syncrude fluid coke is more péedictable'
than that of fossil fuels. As a matter of fact, fluid coke
may be'considered as a Eynthetic material. Its nature is
\governed by the production papameters of the fluid coking

-process as well as the quality of 1ts feed stock.

“In the fluid coklng process, it is very likely that

flu1d coke’ orlglnates from the high boiling p01nt

stock which are dep051te'«o _mineral matter nuclei inside

the coker. Hence, fluid c is less qomplex than its»feed
stock, as theAlow boiling pointffracfions Qf.the feed stock
beeome the liquid or gaseous products of the process. During
‘the coking process, the low b01l1ng point and hydrogen- r1ch
fractions of the feed stock are partially hydrogenated at
the expense of’ dehydrogenatlon of high b0111ng point and
hyd:ogen—def1c1ent fractions. Thus, the hydrogen-deficient
fractions of the feed stock are polymerized by dealkylation,
hyd:ogeﬁ elimination and aromatization until they become‘a‘
solid-like material. This solid-like material will Very
likely deposit onvthéssu;faCe of fluid coke particles which
provide heat and.surface for the coking reaction. In other
words, the proceds may be considered as a heterogeneous

2

nucleation process, in which fluid coke particles serve as
g - 2 .

124 @



o, . 125

nuclei for the formation and growth of solid materials in

the fluid coker. Hence, fluid coke is a very

hydrogen-deficient material ‘(atomic HAC = 0.25).

During the coking‘process, which takes place at 950° F
(510° C), mercapto functional groups (S-H) are eliminaéed as
hydrogen sulphide. Thus, most of the organig sulphur found
in fluid coke is likely in a heteroaromatic form. Th?s
phenomenon was observed in the FT-IR spectra of Syﬁcrude
fluid coke. Since the orgénic sudphur content is higher in
the highAboiling point fractions, the concentration of |
sulphur in the fluid coke (7-8 wt %) is greatervﬁhan ﬁhaﬁ'in
‘the bitumen which was found to be approximately 5 wt %..

.

Raw bitﬁmen,‘the feed stock of Syncrudefflﬁid cokey
contains some minute partigléé of alumino—silicate minerals.
These mineral particles may serve as the sites for cdke

. ‘ ‘ o
formation. Hence, they méy be considered as an intrinsic
catalyst fof the coking reactions. As a coke barticlefgrows
in siie by depbsition,of.solid organic matter on its.
surfaée, the weight percent of mineral matter deérea;es.
This was corroborated experimentélly as it was found that
smaller particles have higﬁer ash,conténts (Table 13 and
Figure 4). This.trend is commoﬁ‘to all batches of coke
- analyzed in this research, Of courSe, some relativeiy'large
mineral,particleé may be accidentally fed ihto the fluid .
coker and cause sogé irregularity in .the treﬁd. This

phenomenon was obseryed in the experimental results..In
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Figure 4 it is seen that the coke partlcles which are
greater than 300 microns (42 mesh) start to reverse the
trend. Nevertheless, only about 5 wt % of each batch of coke
received contained particles greater than 300 microns in
eize. In terms of the population of coke particles, the
number of particles greater than 300 microns becomes |

insignificant.

For the inorganic matter in Syncrude fluid soke, some
-elements such as vanadium and nickel-are highly aSsociated

with the organic matter. They may'be trapped inside the coke

particles whe petroleum porphyrins are carbonized and

become solid aterlal durlng the coking process. Some

elements, such as t1tan1um and 1ron, may or may not be
affiliated with the organlc matter in the coke. From the
x‘mUlti-elemental aﬁelyses,.mOSt:oﬁ the other major  elements
are likely‘associatedlwith the’alumino—silioate mineral

matter.

Since Syncrude f,luid 'ooke h”e high sul[ohur and
hvanadium‘content it-caﬁnot be used for the.manufecture of -
graphlte electrodes for the alumlnuo industry. Syncrude
ﬁfluld coke cannot be sold as a metallurglcal coke, because
1t is too tlneiand has hlgh sulphur content. Coke

desulphurization may not be feasible because heterocaromatic .

sulphur is very difficult to remove.
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It seems that the only possible meaﬁs.of disposihg of
Syncrﬁde fluid coke are'comb&stidn and gasification. Sulphur
corrosion may cause problems to combustioﬁ systems, but
these problems may be minimized by judicious system design.
Syncrude fluid éoke can be gasified by:oxygen and/or steam
to medium?Btu gas. During Qasification, sulphur is released
as hydrogen sulphidé which can be removed by conventional
‘technoloéy. The medium-Btu gas can be cohsgmea at the plant
site. Hence, the coﬁsumption of natural gas at the plant can

be decreased.

Syncrude fluid coke ash is rich in some valuable metals
such as nickel, vanadium and titanium. I'f it is economically
feasible, these metals should be recovered before the ash is

discarded.
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Appendix



Table 37. Comparison of Tyler, U.S. and Canadian Standard
Sieve Series -

Mesh No.
Openings Tyler | U.S. ‘ Canadian
(microns) w |
420 _. 35 .40 40
354 42 45 45
297 | 48 50 50
250 : : 60 - 60 60
210 | 65 | 70 ‘ 70
177 80 | 80 80
. 149 100 100 © 100
125 | 115 120 1200
105 150 140 140

80 170 170 . 170
74 200 200 | 200
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