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The relatively high sulfur content of the coke produced
during the upgrading of Athabasca bitumen, makes it environmentally
unsuitable as a fuel. We have attempted to coagglomerate these cokes
with sulphur dioxide capture agents such as: lime, hydrated lime and
limestone in an attempt to reduce emissions during combustion. By
providing an environment where there is intimate contact between fuel
and sorbent it was hoped that greater utilisation of the sorbent could
be achieved, compared to fluid bed combustion, where the sorbent is
added separately to the bed. Cokes from both Suncor and Syncrude
operations were used in this investigation. The effect of conditioning
agents such as sodium hydroxide, sodium oleate, and a petroleum
sulfonate on the formation of coke 0il agglomerates as well as on the
efficiency of sulfur dioxide capture was also investigated. Sulfur
dioxide capture was found to depend mainly on the calcium to sulfur
mole ratio in the agglomerates, the combustion temperature, partial
pressure of oxygen, and the type of coke and sorbent. The efficiency
of the three agents used in this investigation, for reducing sulfur
dioxide emissions, has been compared.
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INTRODUCTION

Upgrading of Athabasca o0il sands bitumen to form a
synthetic crude o0il produces a solid carbonaceous material, known as
"Coke". The two commercial oil sands plants operating in Alberta
produce approximately 4,000 tons of coke per day [l]. This coke
contains 6-8% sulfur almost entirely in the form of organic sulfur
compounds such as thiophenes, sulfides, disulfides and thiols [a]. Due
to serious environmental and corrosion problems associated with the
combustion of this coke, its use as a boiler fuel is limited and a
significant portion of the coke is being stockpiled as a waste product.
However, o0il sands coke with a calorific value of about 33 MJ /Kg [3]
would be an attractive boiler fuel if it could be desulfurized
economically.

Although considerable work has been done on various methods
of desulfurizing coal and coal chars, comparatively few studies appear
in the literature on the desulfurization of petroleum coke,
particularly coke derived from Athabasca o0il sand bitumen. There have
been some attempts at desulfurization of these cokes employing such
methods as hydrodesulfurization, combustion with limestone addition,
impregnation with high base loadings followed by calcination in an
inert atmosphere and subsequent leaching, chemical oxidation, and
solvent extraction [2-5]. However, most of these methods are said to

be uneconomical [1]. Fluidized-bed combustion of coal in the presence

of limestone is emerging as a promising technology that can achieve



high combustion efficiency with significantly reduced sulfur dioxide
emissions [9]. The disadvantage of the process is the high calcium to
sulfur mole ratios required for acceptable reductions in sulfur dioxide
emissions. For example, using limestone as a sulfur sorbent in a
fluidized bed for Suncor delayed coking coke, a Ca/$S ratio of 3:1 was
required to achieve 80% reduction in S0, emissions [5}.

The objective of this investigation was to develop an
economically attractive method by which the o0il sands coke may be
utilized directly as a boiler fuel without serious environmental
damage. To the best of our knowledge there are no reports regarding
the coagglomeration of coal, coke or char with sulfur sorbents. The
present program was designed to study the feasibility of
co—-agglomerating sulfur capture agents such as limestone, lime and
slaked lime with oil sands bitumen coke as a means of increasing the
utilisation of these agents during sulfur dioxide removal on

combustion.



EXRERIMENTAL METHODS

Materials. Suncor delayed coking coke and Syncrude fluid coke samples
were obtained from the Alberta Research Council sample bank. The coke
was ground to 150 um size using a Brinkman ZM-1 Centrifugal Grinding
Mill. The composition and Calorific value of these samples are listed
in Table I.

Bridging liquid used for agglomeration of coke particles
was a sample of bitumen obtained from the Alberta Research Council
sample bank. This was a sample of coker feed bitumen from Suncor,
prepared for use in a round robin study of bitumen analyses [1].

A number of sulfur dioxide capture agents were tried
including: limestone, lime and slaked lime. The sample of limestone
used was pulverized agricultural limestone (Domtar). It contained
approximately 97% CaCO,;. A partial size distribution of this sample is
given in Table II. Lime was a laboratory grade CaO sample. Various
samples of slaked lime were prepared as shown in Table III.

Petroleum sulfonate (TRS-10-80), used as a conditioning

agent, was obtained from Witco Chemicals Corporation.



TABRLE I
Composition and Physical Data for Cokes
Suncor Delavyed Syncrude
Coke Fluid Coke
Proximate Analysis* (Dry Basis)
Ash 6.0 847
Volatile Matter 11.6 7.3
Fixed Carbon 82.4 84.0
Ultimate Analysis (Dry Basis)
Carbon 83.0 76.8
Hydrogen 3.4 1.6
Nitrogen 1,5 1.5
Sul fur 5.9 6.9
Oxygen 2.9 4.4
Ash 3.4 8.0
Calorific Value* MJ/Kg 33.4 32.6

* Alberta Research Council (Fuel Sciences Division)

TARLE II
Size Distribution of Limestone
Sieve Size Cumulative Weight Percent
(um) Passing
44 67.0
53 74,7
74 91.8




TABLE IIT

Experimental Conditions for Various Hydrated Lime Sample Preparation

Sample Experimental Conditions

4

1. Laboratory grade Ca0 was mixed with distilled water in
the ratio of 1:4 and then air dried at 90°C.

2 20 g of CaO was mixed with 80 g of distilled water and
740 ml of isopropyl alcohol. The slurry was then dried
at 90°C on a rotary evaporator under vacuum.

3. Same as above, except the excess liquid was removed
under atmospheric pressure at 90°C.

4, 10 g of Ca0 was mixed with 40 g of 0.5% aqueous solution
of sodium sulfonate (Witco TRS-10-80) and 370 ml of
isopropyl alcohol. Contents were mixed into a slurry
and then dried on a rotary evaporator at 90°C under
vacuum,

5, Same as above, except the excess liquid was removed
under atmospheric pressure at 90°C.

6. Same as sample 1 except that the sample was freeze
dried,

7 Same as sample 1 except that the sample was dried in a

vacuum oven at 90°C.




Procedure. 20 g of coke was mixed with known amounts of sorbent and
the mixture dispersed in 100 ml of tap water contained in a Waring
Blendor. An appropriate amount of a conditioning agent was then added
and the contents agitated at 250 rps for 15 seconds. At this stage the
blending speed was lowered to 120 rps. Bitumen was added slowly, while
continuing blending, until discrete agglomerates or a unitary phase was
obtained (5-15 minutes). Coke 0il agglomerates/oil phase were then
separated from the agueous phase by screening. A portion of the
agglomerates were used for analysis of bitumen, coke and ash content
using a procedure described elsewhere [8]. The second portion of the
agglomerates was dried at 100°C to a constant weight.

Combustion of 0il Agglomerates / 0il Phase. Before combustion, wet

agglomerates were first dried in an oven at 100°C to a constant weight
to facilitate analytical calculations. However, because of the
economic advantage in burning wet agglomerates, a separate
investigation involving the combustion of wet agglomerates is in
progress. The results of this study will be reported elsewhere.

Two procedures were used for the ashing of dried coke-oil
agglomerates/oil phase. The first procedure involved weighing an
agglomerate sample into a porcelain crucible, and placing it directly
into a muffle furnace preset at the desired temperature. This
technique has been referred to as combustion with limited air. The
second procedure involved burning the sample over a bunsen burner in
the open air followed by completion of the ashing process in the muffle
furnace at an appropriate temperature. This has been referred to as

combustion with excess air.



Sul fur Analysis. Attempts were made to measure the sulfur dioxide

r

emissions from coke oil agglomerates by burning 1.0 g of the sample
in a porcelain boat placed inside a quartz tube contained in a tube
furnace (ASTM method D4239-83). This method is specifically designed
for the determination of sulfur in coke and coal. Sulfur dioxide in
the cbmbustion gases was absorbed by 1% hydrogen peroxide solution and

the resulting sulfuric acid titrated against 0.05N-NaOH solution to pH

5.0, see equation [1].

S0, + H,03—— H,S0, (1]

The sulfur content of the coke, coke-o0il agglomerates and
coke-sorbent-oil agglomerates was also determined independently using a
Leco sulfur analyzer and by x-ray fluorescence spectrometry. Excellent
agreement between the results for sulfur content for coke and coke-oil
agglomerates was obtained by the three methods. However, each method
gave a different result for the sulfur content of coke-sorbent-oil
agglomerates. Reproducibility was extremely poor for these samples
when using the ASTM method. Results from the Leco sulfur analyzer were
reproducible within #5% but gave significally lower sulfur contents
than x-ray fluorescence spectrometry. Results from x-ray fluorescence
spectrometry were much closer to the expected values than the results
from the other two methods. Total sulfur in the ash obtained from the
combustion of coke-oil and coke-sorbent-oil agglomerates was also

determined using x-ray fluorescence spectrometry.



The sulfur fixed in the ash during combustion is expressed
as a percentage of the total sulfur in the original coke. It was

calculated from the equation:

Percentage _ wt. of sulfur in ash from y g of agglomerates - 100 (2)

sulfur fixed wt. of sulfur in y g of agglomerates

wt. ash x % sulfur in ash
100

wt, of sulfur in ash =

wt. of sulfur in _ wt. agglomerates x % sulfur in agglomerates

agglomerates 100
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Sul fur Petermination. Sulfur contents of coke and coke agglomerates

were determined using: ASTM method D4239-83, a Leco sul fur analyzer
and by x-ray fluorescence spectrometry and are listed in Table IV. The
three methods gave similar results for coke and coke oil agglomerates,
but each method gave a different result for coke-limestone-oil
agglomerates with the most scatter being obtained with the ASTM method.
The reproducibility of the other two methods was similar. However, the
Leco sulfur analyzer gave lower sulfur values compared with the x-ray
fluorescence method. Sulfur content, determined using x-ray
fluorescence spectrometry, was much closer to the expected values.
Hence, all the results discussed in this report are based on the x-ray
fluorescence spectrometry method.

As ASTM method D4239-83 was specifically designed for
sulfur determination in coal and coke samples by direct measurement of
sulfur dioxide emissions it was thought that this approach would be
most appropriate for determination of 50, emissions from the combustion
of coke agglomerates with and without the addition of 80, sorbents.
Consequently attempts were made to improve the method for this
application by studying the effect of applying vacuum and by varying
the oxygen partial pressure. These results are shown in Tables V-VI.
As is evident from the data in these tables, reproducibility remained
extremely poor even under similar experimental conditions. The data
cannot be explained on the basis of any simple correlation. Hence,

further attempts to improve the method were abandoned.
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TABLE V

The effect of experimental conditions on the determination
of 80, emission using ASTM Method

Sample: Suncor Coke-Limestone-Bitumen Agglomerates with Ca:S ratio
of 1.25.

Ashing Temperature: 840°C.

Total Sulfur in the Agglomerates (from XRF) = 3.9%

Experimental Conditions Total oxidisable sulfur
0, Flow Pressure from S0, emission
ml/minute m.bar
0 925 0.6
0 925 0.7
0 925 1.5
0 925 1.3
0 125 0.3
0 125 0.3
60 Atmospheric 1.3
60 " 3.9
60 e 3.9
80 " 3.9
60 100 0.2
60 150 0.4
TABLE VI

The effect of the experimental conditions on the
determination of SO, emission using ASTM Method

Sample: Suncor Coke-Limestone-Bitumen Agglomerates with Ca:S mole
ratio of 2.6.

Ashing temperature: 750°C.

Total Sulfur in the Agglomerates (from XPF) = 3.5

oo

Experimental Conditions Total oxidizable Sulfur
0, flow Pressure from SO, emission
ml?minute m.bar.
0 100 2.1
0 100 1.8
0 100 L¢ 2
0 100 0.8
0 500 1.9
0 500 1.0
0 500 1.4
100 100 0.2
100 100 0.1
100 500 1.4
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The system assembled for the measurement of S0, emissions
using the ASTM method was obviously not suitable for these kind of
samples. One of the major shortcoming of this system appears to be gas
leaks at the joints. Combustion of coke-limestone-oil agglomerates
will also produce carbon dioxide from the decomposition of limestone in
addition to sulfur dioxide. Hence, total gaseous pressure for these
samples will be considerably higher than for the systems producing
sulfur dioxide alone. It is therefore quite probable that gas leakage
could have been the main contributor to lack of reproducibility for
these samples. A more leak proof system might give better results.

Sul fur Retention by the Ash from Suncor Coke-0il Agglomerates.

Tests on several lignites at various laboratories have shown
that with no limestone injection, highly variable sulfur retention by
the ash is achieved during combustion in a fluidized bed. In some
cases the retention of sulfur by the ash alone have been quite
significant [9]. Mineral composition of the ash is said to be
important in determining the extent of sulfur retention. Iron in
particular has been reported to catalyze the sulfation reaction between
Ca0O(s) and S0, (g) [ig]. Ash analyses of the Suncor delayed coking coke

and Syncrude fluid coke are presented in Table VII below:
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TABRLE VII

Ash analyses of the Cokes (w/w2 of Ash)

Component Suncor delayed Syncrude Fluid
Coking Coke Coke
Total Ash 3.4 8.0
Sio, 42 41
Al,04 19 22
Fe,04 23 12
Nio 2 1
V505 5 3
TiO, 2 3
Ca0 3 5
MgO 2 2
Na,O 1 2
K ,0 2 2

As Fe,O, is one of the major components of the ash from both
cokes, significant amounts of sulfur retention by the ash from these
cokes might be expected. Sulfur retention data by the ash alone is

presented in Table VIIT.



TABLE VIII

SO, Retention by Ash Alone*

14,

Exp.| Ratio of Conditioning Agent 50, Retained in Ash
# Coke / and its Conc. (as w/w% of Total Sulfur)
Bitumen
a b (o]
1 Coke alone - - 4 -
2 I «2 - 1 1 1
3 1.7 - - 3 -
4 2.9 - - 2 -
5 1:3 NaOH; 0.01 M E 1 1
6 Tl "y 0.025 M 2 1 1
7 1.2 o u M 1 1 1
8 2.1 " " " 1 1 2
2 1.5 " ; 0.05 M 1 1 1
10 2.8 " v 1 2 3
L. 1.6 " ; 0.1 M 1 2 3
12 2.4 " s 0.15 M 1 2 3
13 252 Oleic acid; 2 drops - 1 -
14 3.8 " S o I 2 4 1
15 2.3 Na-Oleate; 0.5% 1 2 -
16 8:7 Na,Si04; 0.1% - 1 -
17 1.5 - 7 4 -
18 1.7 - 5 5 -
19 2.0 NaOH; 0.025 M 4 6 -
20 2.8 NaOH:; " 6 6 -
21 1.4 " 0.05 M 5 5 -
22 4.2 Oleic Acid, 5 drops 3 4 -
23 4.2 < " 3 3 -
24 4.0 " , 10 "
+ 0.025M~-NaOH 5 6 -
25 3.9 Na-oleate; 0.25% 4 4 -
26 2.2 Na,S5i0,; 0.20% 3 4 -
* Exp. #1-16 Suncor Coke; 17-26 Syncrude Coke.
a) Ashing temperature 460°C, with limited air
b) " " e, " excess -
c) o o i1000°¢c, " limiteda "
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No significant sulfur retention by the ash from either coke
was observed in the present investigation. Sulfur retention by the ash
from Suncor coke ranges from 1-3% and for Syncrude coke it is in the
3-5% range. Although the Fe,0, content of the ash from Suncor coke is
about double that of the Syncrude coke, its sulfur retention is only
half that of the Syncrude coke ash. This appears to be more consistent
with the CaO content of the two ashes. This suggests that Ca0 is the
only reactive ingredient for sulfur retention in the coke ash. There
is no significant sorption of sulfur dioxide by Fe ,0, or any of the
other ash constituents.

None of the conditioning agents listed in Table VIII appear
to affect the retention of sulfur by ash. However, conditioning agents
were found to facilitate agglomeration, probably by increasing the
wettability of the coke particles with respect to the bridging oil.
the effect was more pronounced for Syncrude coke than for Suncor coke.
This is evident from the lower amount of bridging liquid required to
agglomerate Syncrude coke in the presence of conditioning agents, in
particular oleic acid and sodium oleate. This is consistent with the
fact that Suncor delayed coke is more hydrophobic than Syncrude fluid
coke because of the presence of a small amount (0.4% by weight) of a

benzene extractable material [ll].

Coagglomeration of Limestone with Suncor Coke in the absence of a

conditioning Agent.

Suncor coke can be easily coagglomerated with limestone.
However, individual agglomerates were only obtained when the Ca to

sulfur ratio was < 1.2: beyond this ratio a unitary phase resulted.
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Retention of sulfur dioxide by the ash from these agglomertes at 460°C
in the presence of limited as well as excess air and at 1000°C in the

presence of limited air is listed in Table IX.

TABLE IX
S50, Capture by ash from Suncor Coke-limestone
agglomerates prepared in the absence of conditining agents.

Exp.| Ca:S Ratio of S0, retained in Ash (as w/w% of total
4 Mole wt.Coke/ Sulfur)
ratio wt. Bitumen A B C
1 0.2 1.6 - = 31
2 Q.3 Zwl) - - 35
3 0.3 2.0 - - 35
4 043 250 - 16 -
5 0.3 1.9 - - 35
6 0.5 2.0 - - 37
7 0.5 1.8 = = 38
8 0.5 1.6 - 26 -
9 0.7 h o - - 63
10 0.8 1.1 23 43 69
11 0.8 1.0 21 43 64
12 0.8 14,9 = = 58
13 0.8 0.9 - - 59
14 0.8 0.8 - - 60
15 0.8 0.6 = - 58
16 1.0 g [ - 45 -
17 1.0 0.5 - - 556
18 1.1 0.7 - - 61
19 1x:2 1.3 24 58 -
20 1.7 0.9 283 56 69
2. 2.3 0.9 38 56 74

A, B and C refer to different temperature conditions as described in
Table VIIT.
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Figure 1, which is a plot of the percentage of the sulfur
retention versus calcium to sulfur molar ratio, is a graphic
representation of the results in Table IX. It is obvious from these
plots that the efficiency of sulfur dioxide capture mainly depends on
the calcium to sulfur mole ratio in the agglomerates, and the
combustion temperature. Considerably more sulfur dioxide retention was
obtained at 1000°C than at 460°C. This is consistent with various
published reports [9,12-15]. This greater reactivity of limestone at
higher temperatures has been explained on the basis of several
mechanisms [2].

The detailed kinetic mechanism of the reaction between
carbonate rock and sulfur dioxide is not well understood [16-17].
However it is generally accepted that the reaction involves two steps.
The first step is the decomposition of calcium carbonate (calcination)
to carbon dioxide and calcium oxide:

CaCO,(s) ————— CcaO(s) + CO, (q) (3)
The second step is the reaction of sulfur dioxide and calcium
oxide. In the presence of excess air this reaction produces CaSO“(s):
CaO(s) + SO,(g) + %02————————+ Caso,(s) (4)
However, with limited amounts or no air present the preferred
product was temperature dependent [12]. At lower temperatures Caso,
was formed whereas the more thermodynamically stable CaS0, «CaS were the
preferred species at higher temperatures as shown in reactions 5-7
below.
Ca0(s) + 80,(g)——— Cas0 (s) (5)
A
4 CaO(s) + 4 SOz(g) » 3 Caso,(s) + caS(s) (6)

casS(s) + 2 0,(g) ———  CaSO, (7)
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The capacity of limestone to react with 80, in a fixed bed
reactor has been studied by various workers [9,12-15]. It has been
found that the calcination reaction is the controlling step at low
temperatures, and the sulfation reaction is the controlling step at
high temperatures. At low temperatures calcination is slow and hence
overall conversion of limestone to CasO, will be low. As the
temperature is raised the calcination rate will increase [18]. At the
optimum temperature the rate of calcination is so fast that the rate of
sulfation dominates the overall reaction resulting in higher
utilisation of sorbent.

Results summarized in Fiqure 1 demonstrate that as the
limestone content of the agglomerates is increased a corresponding
decrease in sulfur dioxide emissions during combustion of Suncor coke
is achieved. For small values of the calcium to sulfur ratio there
appears to be a linear correlation between sulfur dioxide capture and
the calcium to sulfur mole ratio. This is consistent with the
fluidized bed combustion studies of coals in the presence of
limestone.In this range, sulfur retention has been found to be related
to the capacity of the stone and not its reactivity [6 ].

It has been suggested that the rate of reaction between
sulfur dioxide and limestone is strongly affected by the diffusion of
the gaseous reactants [16,17]. Because calcium sulfate has a molar
volume about 3 times larger than that of calcium oxide, the
accumulation of reaction product causes the sorbent porosity to

decrease and the diffusional resistance to increase. When the pore
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mouths are filled with the reaction product, a considerable percentage
of the interior of the pores become inaccessible to the gaseous
reactants and the reaction stops.

In addition it has been shown that the pore size distribution
is affected by the temperature and co, partial pressure during
calcination [14]. At higher temperatures and under higher partial
pressures of CO, higher rates of reactions between S0, and Ca0 have
been reported [19]. This is consistent with the observed lower degree
of sulfur fixation at 460°C than at 1000°C.

The data in Table IX further demonstrates that the sulfur
retention by limestone is also affected by the oxygen partial pressure
during combustion at a particular temperature. This observation is
based on the much higher sulfur retention values found under excess air
than under limited air at the same combustion temperature (460°C).

This is because of the fact that at lower temperatures, in the presence
of excess air CaSO,, is formed which is thermodynamically more stable
than the CaS0O,; preferentially formed in the presence of limited air.
However, it is noteworthy that the results under discussion were
obtained from two stage combustion as described in the experimental
section. The initial combustion was carried out on a bunsen burner
where the effective combustion temperature could have been considerably
higher than 460°C, the temperature of the furnance for the second stage
of combustion., Hence, the effect noted above could be due to a
combination of excess air and higher initial combustion temperature.

With increasing amounts of limestone, greater guantities of

bitumen are required for agglomeration as seen from the decreased ratio



of coke to bitumen.

However,

the ratio of coke to bitumen does not

affect the extent of sulfur retention by limestone.

limestone is a good sorbent for sulfur emissions from both bitumen and

This suggests that

coke.
TABLE X
The Effect of Ashing Temperature on the S0, Capture by Limestone
Exp.| Ca:S Ratio of the Conditioning S0, capture by Ash
# Mole wt. Coke/ agent and (as w/w% of total Sulfur)
Ratio wt. Bitumen its conc.
a b c d

1 0.8 ;1 | - 23 43 & 69
2 0.8 1.0 = 21 43 - 64
3 243 0.9 - 38 56 - 74
4 0.6 3.1 NaOH; 0.025 M 23 34 68 73%
5 0.8 2.0 "y 0.01 M 22 50 66 77
6 0.8 3.6 " D.05 M 31 41 72 a3
7 1.25 1.6 "y 0.01 M 27 46 68 72
8 1.25 1.7 " 0.025 M 27 46 68 75
9 1.25 2.5 "y 0,025 M 36 51 77 83
10 1.8 1.5 "y 0.01 M 22 52 69 75
11 1.8 1.6 "y 0,025 M 36 52 70 75
12 1.9 1.7 “ 7 0.05 M 37 50 69 74
13 2.6 1.6 "y 0.025 M 38 56 71 74

a) Ashing temperature 460°C

b)
e}

d)
*

" 750°C
" 1000°C

with limited air

excess

limited

excess

L1}

u
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The Effect of Combustion Temperature on the Retention of SO0, by Ash

from Suncor Coke~Limestone Agglomerates

As discussed above, the capture of sulfur dioxide by the
sorbent is affected by the combustion temperature. The samples of coke
agglomerates containing limestone were ashed at 460°C, 750°C and 1000°C
in order to find the optimum combustion temperature for maximum sulfur
retention. Results are summarized in Table X. Figure 2 is a graphic
presentation of these results. These results are different from the
results shown in Figure 1 in that these were obtained using sodium
hydroxide as a conditioning agent.

It is obvious from these results that maximum retention is
achieved at 750°C and 1000°C. The extent of sulfur retention at 750°C
and 1000°C is essentially identical. However, an ashing temperature of
1000°C was selected for subsequent work because this is closer to the
temperatures used in actual combustion equipment.

At higher temperature sulfur retention is almost indepen-
dent of the calcium to sulfur mole ratio in the range investigated.
Almost 70% sulfur retention can be achieved with a Ca to sulfur mole
ratio of 0.6. This can be explained on the basis of much faster rates
of reaction for both calcination and sulfation as well as pore plugging
at higher temperatures as discussed above [££,16—l7,lg].

At lower temperatures, sulfur retention is proportional to
the Ca to S mole ratio. This could have been due to the greater

thermal stability of CasO, at lower temperatures.
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At 460°C, for a particular Ca to S mole ratio the extent of
sulfur retention was much higher in excess air than in limited air.
The effect of oxygen partial pressure at higher temperatures was
insignificant. This can be explained on the basis of the formation of
thermodynamically more stable CaSO, in excess air at low temperature
and under any conditions at higher temperatures as against
thermodynamically less stable CaSO,; obtained at low temperatures in
limited air. Calcium sulfite will decompose above 400°C according to
the equation:

L
CaSO,(s) . Ca0(s) + S0,(g) (8)

The Effect of Sodium Hydroxide on Sulfur Dioxide Capture by Limestone.

In a recent publication it has been reported that when sodium
was deposited on Ca0O, there was a significant increase in SO2
adsorption, and adsorption increased with increasing sodium deposition
[20]. The presence of sodium was suggested to have activated the CaO
surface for S0, adsorpton due to the formation of Na-0-Ca species. 1In
order to investigate the effect of sodium hydroxide on 80, capture by
limestone, Suncor coke was coagglomerated with limestone in the

presence of various concentrations of sodium hydroxide. The results

are listed in Table XI.
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TABLE XI

The effect of Sodium Hydroxide on S0, Capture by limestone in Suncor

coke - limestone agglomerates.
Exp.| Ca:S Ratio of the Conditioning S0, capture by Ash
# Mole wt. Coke/ agent and (as w/wg% of total Sulfur)
Ratio wt. Bitumen its conc.
a b c d
1 0.2 3.3 NaOH; 0.05 M - - - 28
2 0.2 3.5 " " - - - 25
3 0.3 2.7 u Y - - = 31
4 0.4% 2.4 "y 0.025 M 6l 59 - -
5 0.4 2.9 "+ 0.05 M - - - 51
6 0.6 < T | " ; 0.025 M | 23 34 68 73¢€
7 0.6 2.9 "+ 0.05 M - - - 57
8 0.7 3.2 "o, " - - - 62
] 0.8 2.0 ", 0.01 M 22 50 66 77
10 0.8 3.6 " . 0,05 M 31 41 72 83
11 0.8 2.3 "o " - - - 62
12 0.8 2.7 L " - - - 63
13 0.9 3.2 "o " - - - 69
14 0.9 2.6 oy " = = - 69
15 0.9 1.8 " s 0.025 M 20 50 91 90
16 1.1 1.9 " s 0.05 M - - - 85
17 1.2 242 "o " - - - 87
18 1.25 1.6 " . 0,01 M 27 46 68 72
19 1.25 1.7 " ; 0.025 M 27 46 68 75
20 1.25 2.5 "y 0.05 M 36 51 77 83
21 1.80 1.5 "+ 0.01 M 32 52 69 75
22 1.80 1.6 " s 0.025 M 36 52 70 75
23 1.90 1.7 "y 0,05 M 37 50 69 74
24 2.60 1.6 " . 0.025 M 38 56 71 74

a) Ashing temperature 460°C with limited air

b) n " n " excess ]
C) ] 1l 750°C " " n
a) " " 1000°C " limited "
E) " n ] 1 excess "

* Fine Powder, reagent grade CaCO,
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Plots of percentage sulfur capture versus calcium to sulfur molar ratio
for agglomerates, prepared with or without added sodium hydroxide are
presented in Figure 3. As can be seen from these plots, better sulfur
capture was achieved when the agglomerates were prepared in the
presence of sodium hydroxide. This effect was more pronounced for the
higher calcium to sulfur ratios. However, contrary to the published
report [20] sulfur retention by limestone does not appear to be
affected significantly by the variation in the concentration of sodium
hydroxide.

The effect of the combustion temperature and the oxygen
partial pressure on the sulfur retention for the sodium treated
agglomerates was identical to that for clean agglomerates as noted
above,

Also, sodium hydroxide addition improved the
coagglomeration of the components, resulting in the use of smaller
gquantities of bitumen, especially at higher calcium to sulfur mole
ratios. This could have been due to the improved wettability of the
components towards the bridging oil, as a result of the use of
surfactants or by in situ formation of surfactants and by reaction
between the alkali bitumen components.

Another interesting observation from the data in Table XI
is the increased sulfur capture capacity of finer ground CaCo,
compared with coarser limestone. However, this observation is based on
only one experimental result and needs further investigation before

drawing any concrete conclusions.
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Effect of a Sodium Salt of Petroleum Sulfonate on Sulfur Retention.

TRS 10/80 surfactant is a sulfonated petroleum distillate
obtained‘from Witco Corporation and is reported to be 80% active.
Results listed in Table XII demonstrate the effect of this surfactant
on the retention of sulfur dioxide by limestone. This data has been
compared with the data from blank experiments in Figure 4. It is
obvious from these plots that TRS 10/80 surfactant had a beneficial
effect on the retention of sulfur dioxide by limestone for the higher
calcium to sulfur ratios only. For low calcium to sulfur ratios sulfur
dioxide retention was higher for the blank experiments. This suggests

that the observed improvement in sulfur dioxide retention could be the

TABLE XIT
The effect of a Petroleum sulfonate* on the S50, capture

FXps Ca:S Ratio of S0, Capture at 1000°C in limited
* Mole wt. of Coke/ air (as w/w% of total sulfur)
Ratio wt. of Bitumen
1 0.2 1.7 18
2 0..25 1.4 22
3 0.30 2.9 24
4 0.40 2.2 38
B 0.45 1.6 40
6 0.50 1.6 48
7 0.50 1.6 52
8 0.60 1.9 57
9 0. 70 D i 73
10 0.85 2.3 77
11 1.10 1.8 80
12 1.10 2.1 78

* Witco TRS 10-80 Petroleum Sulfonate; 0.025% except for experiment #3

in which 0.05% solution was used.
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result of activation of the CaO surface for SO, adsorption. Another
possibility could be that the presence of surfactant results in a
decrease in pore plugging, thus increasing the reactivity and capacity
of the stone. This latter possibility is supported by the smoothness
of the curve suggesting a more homogeneous reaction.

TRS 10/80 surfactant also had a beneficial effect by reducing
the quantity of bitumen reguired to achieve satisfactory agglomeration
compared to the blank experiments.

The Effect of Sodium Oleate on Sulfur Dioxide Retention by Limetstone.

Table XIII and Figure 5 summarize the results of a series
of experiments using sodium oleate as a conditioning agent for
co-agglomeration of coke and limestone. The observed effects were
essentially similar to those seen with TRS 10/80 surfactant. The
efficiency of sulfur capture was enhanced for higher calcium to sulfur

ratios but was reduced for low calcium to sulfur ratios.

TABLE XIIT
The Effect of Sodium Oleate on the S0, Capture by Limestone
in Suncor Coke-limestone Agglomerates.

EXp. Cazs Ratio of Conc. of S0, Capture at 1000°C in
# Mole wt. Coke/ Sodium limited air
Ratio |wt. BRitumen Oleate (as w/w% of total Sulfur)
1 0.4 3.1 1-2 drops of 24%
Oleic Acid

2 0.45 o | 0.25% 40

2 0.60 L7 " 54

4 0.65 0.9 " 60

5 0.80 1.3 M 74

6 1.00 1.2 I 77

7 120 3.2 - 80

* Ashing temperature 460°C, excess air.
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The negative effect of sodium oleate at low calcium to sulfur ratios is

difficult to explain. However, considering the scatter in the data

points for the blank experiments it is possible that the two curves
overlap in the range of low calcium to sulfur ratio.

The reduced scatter of data for those experiments where
sodium oleate was used suggests more uniform distribution of limestone
within the agglomerates. This improvement in the co-agglomeration of
coke with limestone was identical to that observed for other
gur factants.

Comparative Effect of Various Additives on the Sulfur Dioxide Retention

by Limestone.

The comparative effect of various additives on the retention
of sulfur dioxide by limestone has been illustrated in Figure 6. These
results are also listed in Table XIV. All additives used in this
investigation had a beneficial effect on agglomeration; leading to a
lower bitumen requirement than the blank experiments. Also, the three
additives listed in Table XIV increased the capacity of limestone to
retain sulfur dioxide. The relative effectiveness of the three
additives was essentially identical. Also, the effect was more
pronounced for the higher calcium to sulfur ratio. As all three
additives were sodium salts it is possible that the observed
improvement was owing to sodium activation of calcined limestone.

It is also apparent that there is a reduced scatter in the data
points for experiments carried out in the presence of additives,

compared with the blank experiments. It appears that the three
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TABLE XIV

Comparative Effect of Various Conditioning Agents on the SO, Capture.

EXp. Ca:S Ratio of the |Conditioning S0, Capture at 1000°C
# Mole wt. of coke/ agent and in the presence of
Ratio| wt. of bitumen its Conc. limited air
(as w/w% of total sulfur)
1 .2 1.6 - 31
0.2 3.5 NaOH;0.05M 28
Dis 2 Lo 7 TRS10/90; 18
0.025%
4 53 2:0 - 35
0.3 2.7 NaOH;0.05M 31
0.3 2.9 TRS10/90; 24
0.05%
05 1.8 - 38
8 055 1.6 TRS10/90;
0.025% 50
9 8 Iy [ - 63
10 0.7 s 2 NaOH:0.05M 62
11 0.7 . TRS10/90;
0.025% 1.3
12 0.8 1.0 L 64
13 0.8 2.3 NaOH;0.05M 63
14 0.8 1.3 Na-oleate:
0.25% 74
15 0 7 - 61
16 1.1 1:9 NaOH;0.05M 85
17 2.0 TRS10/90; 79
0.025%
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additives all have the ability to distribute limestone uniformly within
the agglomerates. Overall sulfur capture by limestone was independent
of the concentration of the various additives. This is consistent with
the presumed catalytic nature of these additives.

Coagglomeration of Suncor Coke with Lime.

Coagglomeration of Suncor coke with lime was also attempted.
This procedure was considerably more difficult than with limestone,
resulting in a unitary phase in most cases. Certain bitumen components
(carboxylic acids) are known to interact strongly with calcium ions.
For limestone, chemisorption of these components to calcium atoms at
the solid surface appears to occur readily. This results in a
hydrophobic surface easily wettable by the o0il, allowing
co-agglomeration with the naturally hydrophobic coke. Lime, however,
reacts strongly with water and this reaction probably occurs in
preference to interaction with the acidic bitumen components. Thus,
the lime surface does not become properly conditioned by the bitumen
and co-agglomeration doces not readily occur.

The results for the sulfur dioxide retention from Suncor coke
by lime are summarized in Table XV. Conditioning agents had identical
beneficial effects as noted for limestone. These not only aid in

agglomeration but again activate CaO in the sulfation reaction.
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TABLE XV

80, Capture from Suncor Coke lime*.

Exp.| Ca:S Ratio of the Conditioning SO, Capture
# Mole wt.Coke/ agent and (as w/w% of total Sulfur)
Ratio wt.Bitumen its conc.

a b & d

- 2.2 - 5 6 - 4

2 0.8 - 65 59 75 66
3 243 - 38 31 51 40°
4 0.8 NaOW;0.025M | 61 56 62 52°
5 0.9 ¥ . 51 48 57 54°

6 1.0 1.3 Na-oleate;

0.25% = - - 73

7 2.0 1.7 " " = - - 95

8 2:85 Zw 8 i Y - - - 21

4,20 1.7 " " - - = 88

* Reagent grade, fine powder, except experiment #3 and 5 in which lime
prepared from coarse limestone by heating at 800°C overight was used.

a) Ashing temperature 460°C, limited air

b) " " ", excess -
c) " ¥ 7507, " "
a) " " 1000°C, limited "
e) " " ", excess "

The effect of calcium to sulfur mole ratio on the retention of
sulfur dioxide by lime has been illustrated in Figure 7. As is evident
the degree of sulfur dioxide retention by lime increases with
increasing amounts of lime in the agglomerates up to about 902 at a
calcium to sulfur mole ratio of about 2. Relatively low data scatter
in Figure 7 suggests a uniform distribution of lime within the

agglomerates.
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Figure 8 demonstrates the effect of combustion temperature and
amount of excess air on the retention of sulfur by lime. Again,
considerably higher sulfur retentions were achieved at 1000°C than at
460°C, This effect is identical to the one noted for limestone. It is
also consistent with the published results for the fluidized bed
combustion studies with similar systems [9,12-15]. However, contrary
to the limestone case, where sulfur capture was found to be independent
of the calcium to sulfur mole ratio in the higher ratio range, sulfur
capture by lime is dependent on the calcium to sulfur mole ratio at a
combustion temperature of 1000°C. This could be partly due to the
difference in the reactivities of uncalcined and precalcined limestone
at higher temperatures [ii}. It has been found that the capacity of
uncalcined limestone to react with S0,(g) reached an optimum near 900°C
while the capacity of precalcined limestone decreased with increasing
temperature above 700°C. Higher reactivity of uncalcined limestone at
higher temperatures is said to be due to the higher partial pressure of
€O, (g) produced from the calcination reaction [21].

The temperature effect for sulfur dioxide retention by lime
is more pronounced for the Syncrude fluid coke-lime system than for the
Suncor delayed coking coke-lime system. This reflects the differences
in the conditions during formation of the cokes. During fluid coking
(FC), more volatile matter is removed from the bitumen feed than during
delayed coking (DC) [22]. As a result DC coke may require lower

combustion temperatures than the FC coke.
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Another important observation relating to the temperature
effect is that maximum sulfur dioxide retention was obtained near 750°C
for lime in contrast to the maximum near 1000°C for limestone. This is
consistent with the published data of wvarious authors who found that
the optimum sulfation temperature for uncalcined particles is generally
higher than that for calcined particules of the same material [9,13].

Excess air had a negative effect on the retention of sulfur
dioxide by lime at a combustion temperature of 460°C. This is contrary
to the effect noted for limestone. The presence of excess air will
lead to the formation of thermodynamically stable CasO, in both cases.
However, the rate of sulfation reaction will decrease with the extent
of reaction due to pore plugging [16-17]. It is probable that this
pore plugging is slow in the presence of excess CO, produced from the
calcination of limestone,

Coagglomeration of Suncor Coke with Hydrated Lime.

It was relatively easy to coagglomerate the samples of
hydrated lime prepared in the laboratory under different conditions as
listed in to Table III, compared with the reagent grade Ca(OH)z. The
results for the retention of sulfur dioxide from Suncor coke by
hydrated lime are summarized in Table XVI. Inspection of the data

leads to various observations.



TABLE XVI

S50, Capture by ash from Suncor Coke-Hydrated Lime

Bitumen Agglomerates

335

EXP|Sample Ca:S Ratio of Conditioning S0, Capture by Ash
# |descrip- Mole Wt.Coke/ Agent and its {(as w/w% of total
tion Ratio |wt.Bitumen conc. sul fur)

a b c
1 [R.G.Ca(OH),| 0.2 1.1 - 24 23% 15%
2 " " 0,2 . NaOH; 0.025M 26327*%) 30% 19%
3 " " 0.2 i " 3 0.05M - - 12
4 " " 0:2 Na,S510,4;0.05% - - 12
5 " " 0.3 0. - - - 21
6 " i 0.3 NaOH;0.05M = - 28
7 " " 0.5 0 = 54:;50%] 61* 48
8 " ! 0.7 Na,8i04:;0.05% - - 40
9 - & 1.1 Na=-0leate;0.25% - - 78
10 |Sample 1 1.1 “ " - 20 68
11 |Sample 2 1,2 " " - 85 92
12 |sample 3 1.2 " " - 83 88
13 |Sample 4 1.3 . " " - 71 86
14 }sSample 5 1.2 . " * - 13 20
15 |Sample 6 1.3 1. Y " - 79 96
16 |sample 7 1.3 " " # 78 920
Detailed description for samples 1-7 is given in Table 3, in

experimental section.

R.G.

= Reagent grade

a) Ashing temperature,

b) Ashing temperature,

¢) Ashing temperature,

* with excess air,

all

460°C:;
750°C;
1000°¢C

other with limited air.




34.

As with lime maximum sulfur dioxide retention was achieved
near 750°C for reagent grade Ca(OH), in contrast to the maximum near
1000°C for the laboratory prepared samples of hydrated lime. The
reason for this difference in behavior of the same sorbent obtained
from different sources is not well understood. However, this behavior
is consistent with the fluidized bed combustion studies of sulfur
retention by limestone and dolomite. It has been reported that the
maximum in sulfur retention in fluidized bed combustion depends on the
specific limestone or dolomite employed [23].

Whereas sodium oleate was found to be beneficial in the
agglomeration of laboratory prepared samples of hydrated lime, none of
the additives affected either the retention of 80, or agglomeration of
the reagent grade Ca(OH),. This suggests that reagent grade Ca(OH), is
the least hydrophobic among the sorbents investigated in this work.
Also, decomposition of Ca(OH), possibly produced reactive CaO

Ca(OH) ,(s)———3 CaO(s) + H,0(g) (9]
Water vapour and oxygen have been found to show a similar impact on the
oxidation rate of CasSO,; to CaSoO, [zi].

Figure 9 is a graphic representation of the results in
Table XVI. There is a linear correlation between the amount of sulfur
retention and the mole ratio of calcium to sulfur in the agglomerates.
About 90% sulfur retention can be achieved with a calcium to sulfur
mole ratio of 1.2.

Coke to bitumen ratio does not appear to affect the

reactivity or capacity of hydrated lime for SO, capture. This suggests
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that hydrated lime is an effective sorbent for sulfur dioxide from
bitumen as well as from coke.

The presence of excess air does not have any significant
effect on the overall retention of sulfur dioxide by hydrated lime.
This is contrary to the effect noted for Ca0 and limestone. Since
water wvapor and oxygen have a similar effect on the oxidation rate of
CaS0O; to CaSO, [2&], the need for additional air will be eliminated.
Also, it could be possible that water vapor prevents the pore plugging
that produced a negative effect for CaO in the presence of excess air,
leading to almost stoichiometric utilisation of the sorbent. This will
also explain the linear relationship between the extent of sulfur
dioxide retention and the amount of hydrated lime in the agglomerates.

Coagglomeration of Syncrude Fluid Coke with Lime/Limestone.

In order to assess the efficiency of this process for
controlling sulfur dioxide emissions from the combustion of wvarious
types of cokes, coagglomeration of Syncrude fluid coke with lime or
limestone was also attempted. The results are listed in Table XVII.
The results are essentially identical to those observed for Suncor
coke. The efficiencies of sulfur dioxide retention from the combustion
of Syncrude coke by limestone andrlime can be compared with the results
presented in Figure 10. Although, both curves follow essentially the
same trend, it is obvious from the results that limestone is a more
efficient sorbent compared with lime in the entire range of calcium to
sulfur ratios. This could be attributed to the higher porosity and

reactivity of the freshly calcined limestone compared with the
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TABLE XVII

SO0, Capture by ash in the Syncrude

36.

Coke-limestone/lime-bitumen Agglomerates.

Exp.|Ca:S Ratio of Conditioning agent S0, Capture

# Mole wt.Coke/ and its conc. (as w/w% of total

Ratio wt .Bitumen a b (o

1 | 0.1 147 Na,Si04:0.05% - - 3

2 0.3 0.9 NaOH; 0.05% - - 21
3 0.3 1.1 Na-Oleate; 0.25% - C 30
4 D.35% 22 " " " = - 16
5 0.4 2.6 NaOH; 0.05M = - 38
6 0.5%* 1.5 ! . = = 28
7 0.6 0.9 " " = - 71
8 0.7* 2.4 Na-oleate; 0.5% 25 24 49
9 1.0 1.2 NaOH; 0.05M - = 94
10 | 1.1% 2.2 Na-Oleate; 0.5% 41 | 36 |94;93°
11 1.5 1.4 NaOH; 0.05M - - 97
12 | 1.8* 2.4 Na-Oleate; 0.5% 53 | 42 |88:86°
13 | 2.a* 5,1 "o 0,5% 52 | a4 |s0;81¢

* Pinely divided reagent grade lime.

a)
b)
c)
a)

Ashing temperature 460°C,

" 1000°C,
" g00™¢,

limited air.

excess "

limiteda ™ .

n n
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precalcined samples of limestone, CaO [16,17]. The effect of the pore
size is known to be significant in determining the rate as well as the
extent of reaction between SO, and CaO. It has been found that small
pores in the calcines resulted in high rates of reactions and low
overall conversions due to pore plugging, while large pores caused
lower rates of reaction with higher conversions [17,21,25]. It is
probable that the freshly calcined limestone particles have bigger
pores than those in the CaO used. This is a very important result as
the ability to use a cheap and readily available material in its
natural form has a considerable economic significance. The cost ratio
of lime to limestone on a molar basis may vary from 2 to 4 depending on
the transportation distance [26]. Even the costs for transportation
and handling of limestone tends to be lower than for lime since it can
be transported in open trucks.

Results discussed so far have demonstrated that
coagglomerating cokes with such sulfur capture agents as limestone,
lime and hydrated lime could be an effective way for controlling sulfur
dioxide emissions from the combustion of these cokes. 1In Figure 11 a
comparison of the efficiency of this process in terms of sulfur
retention by the ash has been made for the two cokes investigated. It
is obvious from the plots that although this process is effective for
both cokes it is slightly more efficient for Syncrude coke compared
with Suncor coke specially at higher calcium to sulfur ratios. Thus at
a calcium to sulfur mole ratio of about 1:1 over 290% sulfur retention

can be achieved for Syncrude coke compared with over 80% sulfur
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retention for Suncor coke. This difference may be due to the
reportedly higher bulk gasification reactivity of Syncrude fluid coking
coke compared with that of Suncor delayed coking coke [22]. Higher
reactivity of fluid coking coke compared with delayed coking coke is
surprising as the former was subjected to more severe treatment in the
coking process. However, no reason for this reactivity difference has
been suggested.

Comparative efficiencies of the three sorbents
investigated; lime, hydrated lime and limestone have been illustrated
in the plots shown in Figure 12. These results were obtained in the
presence of conditioning agents that activate the sorbent as discussed
above. It is obvious from these plots that activated limestone is the
most efficient in its capacity to retain §0,. Lime and hydrated lime
both have comparable efficiencies for low calcium to sulfur ratios (up
to = 1.0). However, in the range of Ca to S ratios beyond 1, hydrated
lime appears to be more efficient than lime approaching in efficiency
similar to that observed for limestone. The observed higher efficiency
of limestone for SO, retention is of considerable significance because
of its already mentioned economic advantage over the other sorbents.

According to the findings of Schneider and George EEZ]
calcium has a beneficial effect on the leaching of nickel and vanadium
from coke ash using hydrochloric acid. Hence, coagglomeration of coke
with calcium compounds will have the added advantage that the ash from
these agglomerates would be more suitable for mild acid leaching than

the ash from coke alone.
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In a fluidized bed combustion of coal the amount of sorbent

required to achieve a given reduction in sulfur dioxide emissions

mainly depends on the gas retention time in the bed and consequently

the flow rate

of air. However, in the present case, where there is

intimate contact between fuel and sorbent, sulfur dioxide has to

diffuse out through the agglomerate pores, contacting sorbent during

its passage,

before coming in contact with the fluidizing air. Hence,

there should be greater utilization of the sorbent within agglomerates

compared to the fluidized bed combustion where sorbent is added

separately to
investigation
fluidized bed
efficiency of

bed., Details

the bed. A comparison of the results from this

with the data from some preliminary experiments on the
combustion of Suncor coke does suggest a greater

the sorbents in the agglomerates than in the fluidized

of these findings will be presented elsewhere,
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CONCLUSIONS

There is no significant sulfur retention by the original ash from
the Athabasca bitumen cokes.

Cokes produced during the upgrading of Athabasca bitumen can be
successfully coagglomerated with sulfur dioxide capture agents
such as: lime, hydrated lime and limestone as a means of reducing
sul fur emissions. On combustion, most of the sulfur remains in
the recovered ash from these agglomerates instead of escaping to
the atmosphere as 802.

ASTM method D 4239-83 is not satisfactory for measuring the sulfur
dioxide emissions from the combustion of coke-limestone
agglomerates.

Decrease in the sulfur dioxide emitted on combustion of the
coke-sorbent agglomerates depends on such variables as the calcium
to sulfur mole ratio, combustion temperature, partial pressure of
oxygen, conditioning agents and the type of coke and sorbent.

The quantity of the sulfur dioxide capture agents required for
coagglomeration with coke depends on the degree of sulfur removal
desired. The decrease in the sulfur dioxide formed on combustion
increases with increasing quantities of additive, until further
additive confers no additional benefit. Thus over 80-90%
reductions in sulfur dioxide emissions can be achieved with a
calcium to sulfur mole ratio of approximately 1:1.

Combustion temperature had a profound effect on the retention of
sul fur dioxide by sorbents. In general, at higher temperatures
more sulfur dioxide retention was achieved than at lower
temperatures. However, tﬁe optimum temperature at which maximum
sulfur retention could be obtained varies with the type of

sorbent.
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At lower combustion temperatures, the presence of excess air had a
beneficial effect on the retention of sulfur in the coke-limestone
system, and a negative effect in the coke-lime system. For the
coke-hydrated lime, the presence of excess air does not affect the
overall conversion.
Conditioning agents such as sodium hydroxide, sodium oleate and a
petroleum sulfonate had a beneficial effect both on agglomeration
and on the extent of sulfur dioxide capture.
Coagglomeraion of Athabasca bitumen cokes with lime, hydrated lime
or limestone is an effective desulfurization method. However,
Syncrude fluid coke gave slightly better results than Suncor
delayed coking coke.
Limestone is a slightly more efficient sorbent than lime. This
has an economic advantage as limestone is 2-4 times cheaper than
lime.
RELATED WORK IN PROGRESS
Leaching of nickel and vanadium from the ash from coke-calcium
compounds agglomerates.
A comparative study of the desulfurization of cokes using calcium
salts by agglomerafion and fluidized bed techniques,
Extention of the coagglomeration techniques to low sulfur coals,
and the recovery of hydrocarbons from tailings.
Correlation of porosity data with sulfur capture data.
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