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Dewatering of Athabasca Oil Sands Fine Tails using Agglomeration
Technigues*

Abdul Majid and Bryan D, Sparks
Institute for Environmental Chemistry, National Research Coungil of Canada, Ottawa, Ontario K1A OR9

ABSTRACT

LI{]md phase agg!omerauon ts,chmqucs d{weloped at the National Research Council of Canada have heam applied
for the recovery of organic material from the fine tails produced by surface mining, bitumen extraction piants, The
fractions separated by these techniques include residual bitumen and naphibia plus solids associated with strongly

adsorbed largely insolubic organic matier. After separation of fhese hydrophobxc compcments, the cleaned alu&ge has :

been found to show. altered settling behaviour.

The present study s a continuation of our prewous mvesngmon on thie settling bebaviour of cleaned sludge aﬁe:r
the removal of organic Components using oil phase agglomeration technigues, In general the sludge separated into
three layers: refatively clean water on top followed consecutively by a suspension of colloidal solids and a clean
compacied solids layer.. Dewaiering of the suspension fraction, containing coljoidal solids, was also investigated by
using conventional coagulanonlﬂocculduon techniques. The resuits of this investigation suggest that up to 60 w/w%
of the total water ih the sludge can be recovered for recyciing, Gverall water rewvi.ry depends upon thc selected
levels for lhe variables in the oxl phase agglomeration techmque -

IN I‘ RODUCTION

All bitumes separation prmasﬁév.. both in situ and. surface mine, currently in operation in . Alherta have the
disadvantage of producing large vohunes of aqueous tailings, partly in fhe form of stable sludge suspensions [1-3].
' Copstderable quantities of dispersed bitumen and solids associated with organic matter, insoluble in common solvents
(IOM}, are found with the ines contained in [thB tdﬂmgs {4 5] Thxs orgamc matter is hehcvcﬁ to lre parﬁy
respons:ble for the stability of the sludge. :

For the past several years, we have been developing liquid phase agglomerduon Lechmques for the recovery of
valuable hydrocarbon components from the fine tatls produced by surface mining, bitumen extraction plants [6-10].
The. fractions separated by these techniques include residual bitumen and’ naplnha plus a heavy metal minerals
fraction assoeiated with stronply adsorbed largely insoluble organic matter [11-13], After qeparauon of these
hydrophnbic components, the dleaned slidge was found (o show aliered settling behaviour [6, 7, 9, 14-18],

In our prevmus work we Tepotied setthng data for clean sludge after qelecuvely removing hydrophob:c conmponents
by a Hguid-liquid trangfer technique, using a mixer with contra-rotaing biades and with vacuum still bottoms s the
collector phase [9, 15-18].. The present study is a continualion- of our previous work on the setling behaviour of
clean sludge after the removal of OFganic components using oil phase ag,giomcrauon techniques. In this inves lwa!xon
-we have used refinery coke as-the collector phase o remove hydrocarbon componenis from. fine tails mixed in'a
Waring Blendor. The settling behaviour of clean sludge after various levels of treatment was studied, In addition,
"dewatering of the suspension fraction containing coilmdal solids was also mvesugawd by us.mo convcnuonal

coagulauanfﬂecculauon techigies.

# "Thxs work was performad under the F I‘me !‘aﬂing I*undamentah Comartlum Agreemem" Partlclpanis'
Alberta Energry, Alberta Oif Sands . Technology and Research Authority, Alberta Research ‘Councit,
Environment Caneds, Energy Mines and Resources (CANMET), the National Re.‘,earuh Councll, OSLO,
- Suncor Inc., and Syncrude Canada Ltd. Issued as NRCC No. 35734




EXPERIMENTAL PROCEDURES

Sample description. Aqueous sludge from e 17m level of the Syncrude tailings pond was pumped into 200 L
plastic drums [19], Bach drum was inveried five times (with a barrel tipper) before being divided among a number
of 5 L plastic jugs, which were then stored in a cooler at = 10°C. 'The results presented in this report were obtained
on these sub-samples, provided courtesy of Syncrude Canada Lad, Before further sub-sampling, each jug was shaken
vigorously by hand to ensure thorough mixing. The physicochemical properties of sludge, provided by Syncrude are
presented in Table 1 [20].

Recnfery of Bitumen

About 500 g of homogenized sludge was placed in a Waring Blendor jar and the desired amount of sodium silicate

‘or lime added as & conditioning agent. The contents were agitated for-1 rinute at 120 1ps. Varying amounts of
Syncruds refinery coke (100-2004im diameter) were then added and blending continued for another 13 minutes, The
‘contents wete allowed to stand vatil a clear demarcation ifi the top froth layer was observed (about 30 minutes),
'The froth was carefully skimmed off so as not to disturb the tails starry underneath, The clean tas wete used for
sedimentation/dgveatering studies. '

Sedﬁmentatiqu_!}éwgteriqg

#). Gravity Sedimentation Measwements. Treated aqueous tails, or the colloidal suspension fraction separated fropa
“whole tails, were transferred 0 500 ml graduated glass cylinders. The cylinders were sealed with parafilm in order
to prevent losses due to evaporation dusing the prolonged settiing fests. Gravity seitling was followed for periods
up to 90 ddys. The treated samples were observed to separate into layers; the height of the each interface {in mi)
was recorded along with the elapsed time. At the end of each test the layers were carefully separated, weighed and
then dried at 100 £ 10°C in order to determine their solid contents, ' -

b). .Centrifupation, A quick sedimentation/dewalering test was developed using a Sorvail RT6000B ceniiluge. This
method involved centrifuging treated samples in a 100 ml preweighed glass jar for 15 minutes at 1500 x G At the
end of the centrifugation period, the volume of clear water was noted and then decanted off. - The suspension layer
(if any) was then carefully separated. Both sediment and suspension fractions werg dried at 100 +10°C in order
to defermine their solids content, - T Co T T

RESULTS AND DISCUSSION ~

Gravity settling to study the sedimentation/dewatering behaviour of treated tails samples is-a very slow procedure.
Although, most of the coarse solids seitie within 24 hours, consolidation takes about 10 days. The settling of finer
solids takes much longer and the differentiation between clear water and the colloidal suspension layers takes about
90) days. A quicker test would be more desirable; altempts were made to develop such & test using cenfiifugation
to increase settling and consolidation rates, The data in Table 3 Compares the volume of clear water obtained from
a number of samples using “the two fest procedures. Significant differences in the volume of clear water released
in the two l€ts were noted. Consequently, causion should be exercised when comparing thits type of data from the
two test procedures, ' ' - : '

Table 4 lists the data for solids contént of compact sediments and colloidal suspension [ractions obtained using the
two test procedures. The solids content of the sediments obfained by the two methods were similar. However, there
was still some variation in the results for the solids content of the cofloidal suspension fragtions. This is consistent
with the differences found in data for the volume of clear waier. ‘This suggests that the centrifugation test,
developed in this investigation, gives results similar 10 those ' from gravity settling tests for
sedimentation/consolidation studies, but may not give comparable resulls for clear water release.




In our previous work [9], we had demonstrated that sediment compaction (as measured by the percent soluls in the
sediment) data alone is rot a good indicator of the overall consolidation hehaviour of studge because it does not take
into account (he amount of solids remaining in suspension. Therefore, a Separation Index (SI), desiguted to take into
account the total amount and degree of compaction of solids separated into the sediment layer, was developed. This
parameter allowed better discrimination between the results of settling tests when compared to the compaction data
alone. :

Treatment-1, Gravity Settling Results

' Gravity- setumg of sludge samples after conditioning with sodium silicate and treatment with coke, was carried out
in graduated glass cytinders for 90 days, The sludge separated tuto four layers, namely: coke-oil froth or top,

o followed. consecutively by relatively clean water, a suspension containing 7 £ 1% (wfw) of collojdat solids, and a

well comp'wted layer w1t11 a solids contentof aver 60.% (w.f W) (sedunent) which also contained some of the coi.ﬁ!o:!
fraction, - -

. l‘.Flgl!I‘C I ﬂlubtrates the resplts of gravnty setling tests for both Syncrude and Suncor Sludae samples including -
blanks. The data include: volume of clear water released (% of total water), % solids in the sedimént and a

.- Separation Index [18], which is a measure of the overall consolidation behaviour of the sludge. The. amoynt of clear

water released was insignificant Because of the dispersion of aggregated clay particles by sodium silicate. ‘However,
~ -the consolidation behaviour of the sludge improved considerably after treatment with coke, which removed most of
* the free bitumen by adsorption. The mlprtwcmem in the consohdauan behavsour was more pronounced for samples

s condirioned w:th sodmm snhcate

The role of sodiun sﬂmaw appms o be complex because cond:umnng with sedium silicate alone Goes. not result
in significant congolidation of studge solids, Also, its role as a pH modifier does not appear to be important as pH
modification by cther alkalies (9} does. nm produoce snmlar resuits: It is known to act as a viscosity modifier by
dispersing aggregated clay-particles. This would be important'in the breakup of sludge strucluze and coutd result
in the rapid seltling of coarser solids while the finer colloidal, clay particles would remain dispevsed in sol form
rather than as a gel type structure, A third role could be as a surface modifier, rendering the hydrophobic solids
hiydrophilic either by direct adsorption or by displacement of org.mxc watings. ’I‘in‘s Jatter acucm would tcsult in
bitimen displacement and’ subsequeﬁt removal by coke. - : ‘ e

. - The results of settting tests obtained in the ‘present investigation are ploticd in Figure 1. Ttis obvious that tHe
removal of organic componeis improved the settimg behaviour of studge as indicated by me Iugher acduncnt solids
content and $1 vaiues for the treated samples, as wmpaxed o the blanks.

The test results for sodiam silicate conditioned sludge samples suggem a considerable improvcmcnt tn.the settling
pesformance over the unconditioned samples. Increasing sodium silicale concontration further improved the setiling
. behaviour as indicated by the best settling perfonnance obtained with -sodivm silicate. cnndltmmng at pH 10,
- compared t0 tower pHs ‘

The siudge samples from -Suncor showed essentiaily the same consolidation behaviour as those from Syncrude

- tailings ponds. However, considerably more clear water was released in the blank tests for Suncor ‘sludge compared
to those for Syncrude sludge. Contrary to this behav;our, no clear water was released from sodium silicate treated

~Suncor samples whilé a small amount of clear water was obtained from Syncrude samples. This suggests that the .
nature of ultra-fines i in the two typeq of samples could bc dﬂ?iermt ezther in compo‘;mou or in surfacu charactensncs

: Dewatermg af Coilmdal Suspensmn fmm trcatnwnt-l
Dewatenng of the suspensmn fraction, contammg dispersed, ﬁne *ollmdal clay partic!e,s was auc'npted by usmg a

number of coagutants/fiocculants as well as sulphuric acid [21-22}. During the initia! stages of this investigation it
was found that similar levels of dewatering could be achieved with most of the reagents iested, including sulphuric
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acid. However, because of its low cost sulphuric acid has an economic advantage over other materials and
subsequent siudies were limited to this reagent only, The test results for the dewatering of the colloidal suspension
fraction from treatment 1 are shown in Figure 2. Over 30 % of the total water from the original sludge (45 % of
suspension water) can be recovered by the use of 2 kg/m’® of sulphuric acid (specific gravity 1.84g/mi). The
separated cake had a solids content of 15 % compared to 8 % for the suspension. At this acid loading the pH of
the recovered water was very Iow (2.5), however, the pH slowly increased if the treated sample was atlowed to stand
for several weeks. In one case the final pH was found to be around 5; this increase in final pH is consistent with
Schutte’s work {223.

Table 5 ]ists the summary of combined resulis from treatment-1. It is obvious that about 40 % of the total water
present in sludge cah be recovered by removing free and adsorbed bitumen. by oit phase agglomeration using coke
and subsequernt treatmet of the free colloidal suspension with sulpburic acid.. The sediment from the initlal settling
stage is very compact and can be mixed with the cake obtaitied trom the treatment of the colfoidal suspension. The
combined sediments had a solids content of about 48 % and would be suitable for further mechanical treatment and
snbscquent dry d:spmal '

Treatment 2

.Reccmly, we have developed a téchnique whereby sulphur dioxide adsorbents can be incorporated into coal or coke

agglomerates by liguid-phase agglonieration using bitumen or heavy oil as the binder [23-27]. This technique allows
the advantageous use of very small and more active siiphur dioxide adsorbent particles in flnid bed combustion by
binding them. tightly wilhin larger coal agglomerates, thereby seducing. the possibility. of their elutriation. from the
bed. As a result, higher adsorbent utilization efficiencies were obtained for the co- aggiﬂmerated fuel, compdred o
conventional systems in which a coarser adsorbent is added separately to the fluid bed, -In this investigation we have
studied the effect of sulphur dioxide sorhents on the settling behaviour of coke treated sludge. The sludge was first
conditioned with time before treatment with coke After treatmen, the froth was skimmed off and the Temaining
shirry was centrifuged at 1500 x Gt for 15 minutes. The sedimentation reselts for & nimber of tests using a Syncrude
sludge pond samp]e are listed in. Table 6.. No significant amount of clear water was released in these tests.
However, the amount of fine colloidal solids in the suspension fraction was much lower than in the cases where
sodium smcate was used (3503 % vs T+t %). With increasing amoynts of lime, the amount of sofids in both
the froth ind sediment increased, Lime concentrations greatcr than 0.5 kg/n’, gave compact sediments-with solids
ccmtents hxghgr fhan 30 %. \

Dewuiermg of treated siudge with sulphuric ac:d

Froth was skimmed off after treatment of lme conditioned shrdgc with coke. The rematning slun'y was then ueatcd
with various amounts of sulphuric acid, and centrifuged at 1500 x G for 15 minutes. The results are listed in Table
T Although sagmﬁcant amounts of clear water were recovered from whole sludge by the use of sulphuric acid,
without any prior treatment (blank), the sediment was not sufficiently compact. The coke treated samples gave almost
lhe same amaount of clcar waler as obtamed in the blank tests but the sediment contamed more than ‘30 % sohds

'Dawatermg t)f Cnllo:dal S‘uspen,sum from Treatment-z

The. collo:dai buspensmn obiaumd fmm treatment-2, usmg hme as A coadmoncr, was d!SO dewatered hy pH
‘modification with sulphuric acid. ‘The sulphuric acid treated samples were centrifuged at 1500 x G for 15 miniutes
to ass¢as the degree of dewaterability for the various acid doses. The results aze Fisied in Table 8. It is obvious from
these results that about half of the total water (70-80 % of the suspension water) can be recdvered from the treatment
of this colloidal suspension with sulphuric acid. Also, the pH-of the recovered water was pear to that of natural,
surface water. The solids content of the sediment was about 20 % and could be mixed with the coarse sollds
‘obtained from the treatment of sludge with coke: to gm, an overali solids content of 45 %.




Table 9 lists the summary of treatment-2 results. For this freatiment the dewatering tests were cerried out on the
whole sludge as well as on the suspension fraction. An additional 20 % more water was released if treatment was
carried out it two stages. However, the sediment obtained from the one slage treatment was more compact than
that obtained from the two siage treatment (1 % solids compared (o 45 % solids). The pH of the water recovered
from the two treatments was similar.

Table 10 contains a summary of key resulls from various treatments including blanks. The two important parameters
are the amount of total clear water released and the average solids content of sediments. A comparison of this data
tor various treatments leads 10 a number of conclusions: :

L. About 45 % of tofal sludge water was recovered by agitating whole, untreated sludge with 1 kg/m® of
concenisated sulphuric acid . However, the sediment obtained from these tests contained only 42 % of sofids.

* 2. A couibination of agglomeration treatments followed by dbwateriilg'using 0.75-2 kg/m® of concentrated sulphuric
acid, released 10-15 % additional water, This treatment also resulted in the setyling of over 80 wiw % of total solids.
dnto 3 compact sediment containing up o 63 w/w % of solids. The combined sediments ffoni the Lwo treatments
had a solids content of 45- 48 % (w/w). A ‘ o

3. The pH of the recovered water ranged from 3-6.8.
CONCLUSIONS

Conditioning of fine tails with sodium silicate or lime, followed by oil phase agglomeration treatment, using refinery
coke as a collector for hydrophobic components, resulted in sludge destabilization. Over 80 w/w % of the solids
settied rapidly to a compact layer comtaining up (0 63 w/w % solids. After oil phase agglomeration treatment the
remaining suspended solids could be dewatered using sulphuric acid, SR '

About 40 % of clear water could be recovered by treating the whole sludge with sulphusic acid without ‘any prior
treatment. The seditment from this (reatment had a yolids content of 42 wiw %. The coke treated whole shudge gave
almost the same amount of clear water as obtained in. the blank tests, but the sediment from these tests had a solids
content of about 50 wiw %, The amount of clear viates regovered coulid be increased to 50-60 9% by carrying out
the sedimentation und dewatering steps separately. - Oil phase agplomeration treatment resulied in sedimentation of
over 80 % of the solids and produced a dilute suspension of coloidal solids that could be further dewatered with
sulphuric acid to give an additional water recavery of 40-50-9%, The cake obtained from the dewatering of this
colloidal suspension had a solids content of only 20%. Blending of this material with the coarser sediment produced
a matertal suitable for further mechanical dewaiering. ‘The recovered water was free of suspended solids and had
a pH of about 6.6 0 6.8, '
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Table 1Physicochemical properiies of Syhcrudé Sladze

| ‘ N — |

ﬂ - N -R‘?u';oper_t}_r : DU ' Value‘
pH at I7810.5°C - | 7831003 o
Conductivity (msfem) o 1.6£0.01

|i Total Sofids [Gravity], wt. % . 26.610.1
Ditumen [OWS], wt. % - 0.9:0.05 (1.1+0.2)
So!ids [OWS}, wh% o 25603 (26:5:99)
]}enswy (caicu!al:ed), gl RS
Solids, < 445 (%) - Soxr10

| sotigs, < 2216 (%) T | eaome
Solids, < 1IjL (%) - - 1 837421 ‘

Values in parentbesis were determined at NRC.




Table 2, Summary of various tests

Sample | Treatment ID Collector Conditioner Coagulant/
u ‘ S flocculant
“ Whole Studge Blank-1 - . -
I Whale S‘!udgg | Blank-2 - Na 8i0, -

Whole Sludge Btk . R | B0,
Whele Sludge Aggl | Coke Na,Si0, .
_Colloidal Suspension | Agg-t .| Coke . | Nasio, ., ‘| Hgo,
Colloidal Suspension | Blank-4 | Coke NaSiO, |-
Whele Siidge - | Ags2 Coke | Lime

Whale Sludge Age2 Coke Lwe | Hgo,
kﬂCol!oidél-Sbs;l}lemiun . Aizge2 | Coke | Lime | H,80, @

W#ﬂw

Table 3 Compamon of Gravztv and Lenh-i;ﬁjgahon Test Procedures. The anume of Water relwsed fmm
Svncmde S!udge samgles.

= s - L i : : 5 - : .

Sumple . o D L!eaﬁ' Water (% oftotai Velmm} ;‘“
. (xravﬂy (90 d.ays) Centri!‘ugatmn ; ‘
Blank (Whole S!udge) - §£2 ° o ises .
{ Blank (Colloidal Solids) | 6+1 = - f10x1
1 Treated Shdge-1+ Jwts ' 1042
Treated Sludge-2+ L T£1 . __ ) RETETY o

* Laquid-iiquid transfer with"heavy oil us collector and Na,8i0, as conditioher.

*+  Aggiomeration with coke as collector and Na,8i0, as conditioner,




Tahie 4. Comparison of Gravity and Cenfrifupgation Test Procedures. Solids content of separated fractions

— S
Sample Solids Content {w/w %)
. Gravity (90 days) Centrifegation
Suspension - Sedimeht Suspension Sediment
- Blank (Whole Studge) 9+1 - 3041 , .
Blank (Colloidal Solids) . | 6 £ 1 . 101 1-
Treated Siudge-1* | 7.4+1 BEEE 78+ 1 leo+z
ETréated Sludge-2* | 64%1 feazr — lag 63

e ‘ - |

o LLT, usiﬁg hieavy ofl as colfector, and Na S0, as a conditioner,

**  Agg, Using coke as collector and Na,8i0, as a conditioner.

Table S.- thbined resuits of sludge {reatment by Agplomeration-1 followed by Dewatering of colioidal
sugpension

- . , _ . e
Clear water .reieaséd from gravity settling of whole sludge . 6%
Watef released from déwatering of colividat sizs‘pensicrn, {centrifugation) | 34 % o
"{ Total clear water released | - ‘ 40 % of total
Amount of HZSO4 requi;'ed for dew‘atering | 2kg/m’ ofr suspension
_Final pH of the recovered water _ 15
'Solfds content of the sediment from gravity settling of whole sludge 63 %
1| Salids content of the ¢ake from suspension . 15 %
Average solids content of the combined sediments 48 %
Total solids recovered in combined 'sedﬁmenﬁ | 100 9
e = = S




Table 6. Sedimentation data for treatment-Apg-2 (Whele Shedpe)

P T T T T e e s v = S
Test # Lime Clear water pit Froth Suspension Sediment
(eg/ne’) (% of total) = |
Solids Content (W/W %)
Blank .75 6 105 |3 s2 {60
1 05 o 97 {33 |32 45
2 w75 |10 ‘ 105, ) s2 33 85
3l e 107 |56 |39 K
R e T e S i o e . = T R S

.'E_g_lpié 7. Bewatering of Syncrude sludge from treatment-Apg-3 (whole sludpe)

f— : 353

e S e

Test# | Lime (kg/m®) | H,SO, (kg/m®) | Clear water | pH | % solids in
S (% of total) Sediment
Blank - X 8 165 28
| Blank 2 - W |4 60 - 142
1 ; 05 7 61 43
R 1 10 a1 6.6 e ﬂ
oo T "

L

16




Tuble 8. Dewatering of colloidal suspension from treatment-2 (Himwe conditioning)

Test # Lime H,80, Clear water pH mw—;ﬂ!ids in sedimejzt |
(kghit) (g/m®) (% of totah) (WIW %)

Blani* 0.75 0.8 18 6.6 489

1 0.75 0.5 | 50 | 65 21

2 @5 os 40 56 21

¥ No coke

Table 9. Combined Results from Agp-2 Treatment,

- Single Stage trestment (treatm;enf of whole sludpe from Agg-2 with sui‘phﬁrlc‘acid) -

Clear water releised 0% ‘
Amount of sulphﬁric acid used . lkg/nf of siudge
¥inal pH of the recovered water 6.6

Solids content of the sediment 51 %

I

e T

Two stage freatment (Agglomeration with cole followed by dewatering of caﬂa&dai guspension)

T

. ﬁ Ciear water relessed from settling of whele sludge

10 %

56 %

" Water released from the treatment of coltoidal suspension

Total clear water released for two stage treatrment

o6 %. of total

Amount of H,80, required‘for dewsitering

0.75ﬁgf.ms' of sus ﬁemimﬁ

Total selids vecovered in compact sediments

11

 Final pH of the revovered water 168
I Solids content of the sgdﬁﬁéht from sludge éétti;‘hg S5 %
Solids content of the _;ﬁke 'frmﬁ suspension 21 %
Avérage solids content of the combined sediments 45 %
‘ 100 %
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Figure 2. DeWatering of Colloidal Suspenslion_
from Treatment-—1 with Sulphuric Acid




