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Abdul Majid, Bryan D, Sparks and John A. Ripmeester
Natienal Research Council of Canada
instituie for Envirgnmenral Chermis
Outwa, Ontario, K1A 8R9, CANADA

Keywords: Synerude Sludge, Insoluble Organic Matter, Humic Matter

Hotwater extraction of bitumen from Albera oi] sands generates large quantities of tailings
sturry, The fine grained sludge component of this wasie is the most troublesome because of jis
swubility and poor compaction potential, Dispersed bitunen, and organic matter that is insoluble in
commen solvents (I0M), are associated with the fines contained in these clay slimes. This organic
imutter is believed (o be partly responsible for the intractability of the sludge, and it could therefore
play an important role jn determining the behavioural characieristics of oil sand slimes. [n previous
investigations we had attem pted to enrich the insolubla organic mater by dissolving the minerals in
concentrated HCYHF. As a resul; of this i i ial is decomposed, but the

i i present work we have
dissolution. The results from the current investj-
gution are compared with (he results of the previous study o assess the chemical alierations of the
organic matier resulting from the two Teatments,

INTRODUCTION

Hot water extraction of bitumen from Alberta oii sands generates large quantites of ruilings
sluTy. 34 Thege tailings consist mainly of sand and an aquecus dispersion af various clay miner-
als, some of which are associated with significan amounts of insoluble organic matter (1I0M),5-10
This IOM is believed 10 be partly responsible for the intractibility of the sludge and could there fore
play an important role in determining the nature of slime stability. 1.5 1t is helieyed that the IOA!
causes the.clay particle surfaces 1o develop & hydrophobic character, allowing particle bridging, by
means of residual bitumen, thereby setting up a weak gel structure.

Ir previous wark, [OM from a number of oif sands tailing seams as well ag oil sand
feedstock samples has been isolaied and characterized,5,7-9.11 GM wag eariched by decompesing
the inorganic material with cancentrated HCYHE, which might have resulted in tha chemical
alterations of the Organic constituents. In this investigaticn we have attempted a milder HCJ)/HE
treaiment for mineral dissolution. The results from the studies using mild or severe extraction

conditions have been compared in order to assesg any chemical alterations thay might have cecurred
during the deashing procedure,

EXPERIMENTAL

Sample description and isolation procedure for organic rich solids fraction have been
reported previously?

HCIHFE Treatment Procedure,

The general procedure for mineral dissolutior: and [0M
enrichment is shown in Figure 1.

* Issued as NRCC Na, 3254)
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NMR Measuremens, The solid stae ¢ NMR Speciry were abuined a1 75.47 MHz on
4 Druker MSL300 Spectrometer, using g magic angle spinning (MAS) probe. For all sumpley

4 Cross polarization techalyue was used with aconiact time of 2 ms, and 4 fepediion time of | g,
Each spectrum was the Faurier mansform Of 150040000 free induction decay curves,

RESULTS aAnND DISCuUssION

Table I Hists the vields for 10M yng volatiles obiained

during the mitd a5 wel] 1%
Chiieeninied aeid reatments, The ash o

enentof the JOM is alsa listed.

Tahile 1, Yields of 108 and Volatiles

Mild Acid

Coacentrued Acid

Compurison of the results of mild acid veatment with those from (he con
Weatment indicates the organic concentrate obtained from (he
when compared 1 the concentrates produced by the 1
frem 2 gremer passibility of forming insoluble fluoro
redtment. Lower weight logs
o the severe acid redtment gy

cenTand acld
fomer exhibited Jow 2 ush levely
Aler treatnent. This observation conld result

silicates during severe rather e mild acid
because of the volatiles in the milg 2cig Teatment case as compured
se is also consistens with this interpretaton.

Elemeny; Analvses. Elemental com

positions of g sample of humic acid and I0M
obtiined from both mild and severe acid trea

{rattions
ments are compared iy Table 2.

Talble 2, Llementai Analyses {dry, ash free basis)

Elemenal Analyses Atomie Ridgs

Solids, 1-6* | Mild Acid
Solids, 1-8* | Ml Acid
IOAL#+ Conc, Acid
Humic Aciy. 1 2% NaOH

*Figure - L, ** Previous study relL 9; #+4 By dilference
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The two (OM fractions obtained after mild acid wreatment (solids, 1-6 und 1-8) had signifi-
uantly different elemental compositions, Solids 1-6, the organic concentraie obtained from fraction
I-3, had an clemensal compasition resembling humic acid-i and organic concentrate obinined
previcusly? using severe acid weatment. The average elemenia composition of these fractions
(hurnic acid-1, solids -6 and IOM from severe acid reatment} are identical 1o those of the solvent
extructibie humic acids frem Australian brown coal and benzene/methanoi extracts from oil phase
solbds repored previously, 512 Elemenad composition of the organic concentmte 1-8, oftingd
from fraction | -4, appears to be similar 10 those reported for peat and sotl humie maner, 1314
Unlike the Nindings (ot the samples subjecied 10 severe acid treatrdents.9 the present samples
showed no truce of halogens,

Figure 2 is a van Krevelen diagram showing the humic acid and [OM fractions from both
mild and severe acid treatments. All samples fal} in the region of type U keropen. Organic muter
el type HI kerogens is usually derived from plants of wrrestrial origin and is rich in polyaramutic
nuclei and heteroatemic ketone and carboxylic acid groups.'5 This type of organic matler is not
considered 1o have any potential for hydrocarbon generation and usually matures o give coal. It
is comparable in maturity o humic acids from lignite or subbitumineus coals and is relitively
immature when considered in light of iis oil generation potential.7

13C NMR Specoa. The CP/MAS 130 NMR spectm far a number of samples are shown
oa Figure 3. A comparison of these spectra indicates that reslution is equally improved for all
sumples, regardless of the carbon concentration. However, the spectral resolution in the
carbohydrate region (30-100 ppm) is much bener for solids 1-8 a§ compured with that for [OM,
ubtained using concenrated HOVHE. This suggests that carbohydrates are less susceptible
auack by mild ECWVHE. Also, the peaks for aromatic carbons were sharper for solids 1-6 and 1-%
than in the specorum for [OM obtained from concentrated acid reatmeni,

The aromaticity (fy) values for fractions 1-6 and 1-8 obtained using mild acid reatment are
comparable to those for the I0M obtained from severe acid reatment (0.4 and 0.47 respectively
Vs 0.44), These values are considerably higher than those reported for soil and aquatic humic
acids and are comparable to those reporied for humic acids from subrbituminous coal and Victorian
brown ceal lithorypes. 312 As higher aromaticity is chamcieristic of 2 contribution from vascular
plants!, juis likely that the humic matter associated with il sands is largely derived from terres-
trial sources,

CONCLUSIONS

The results of this investgation are indicative of the presence of at least two different types
of organic matler associated with ol sands solids. The (wo organic types had significanty differ-
ent elemental compasitans, with one fraction being almost identical to coa! humic acids while the
other was similar to peat and soil humic matter.
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AQUEOQUS SLUDGE (1000 )
1,

Aqueaus 2% NaQOF, S0°C, 15 days under N2

Residue {(249g) Solubles
Aqueous HCH

# a * 0.5

ppt, Humic Acid -1 Salubles

H/C (atomic ratiq)

Toluene
extraction v :
. ! [Freere dried
at 180°C ( ' :
dried at 2.2dyp) dialized apainst
distilled HZO until
. i 0 a1
solution Cl ree . 0.2
dried under vacuum ‘ 0/C
al 60°C ; Figure 2, yan Krevelen dizgram show:
. Makier conce niryy fmc”g‘;;*‘mg the

¥ tmpurily

Bitumen, Humic Acid free solids V
solids, 1-1,1 *
(solids, 11, 100g") Fulvic Acid -1 (0.5g) :

Sotds -,

Treatment with 0.06 M-HC140,04 M-HF,

Centrifugation

\

Suspension Middle layer, black Bottom Jayer, ;
(sulids, 1-2, .35g] (selids, 1-3, 14.1g) |ig!-|t gre'v. -
{solids, 1-4, 74.8: ;
Treatment with L.I6M-HCI +2.88M-HF , ’

Treatment with

# # 1.16M-HCl+

2.88M-HF 4
Insolubles ]

Salubles

(solids 1.5, 6.0g) {solids, 1-6, 0.43g)

Humls Acig

A
\ v
Solubles Residue
{solids 1-7, 4.42g) (safids 1.8, 12.6p} ; 20200 1y g
ppm

Figure 1. Separation and mild HCI/HF acid treatment scheme Figure 3. Coag - I3CNMR §
* Represents amount taken for further treatment and not actual yield. shown inTablg 3 Peerd Of various fr.
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Figure 2. van Krevelen diagram showing the elemental composition of humic acid nd or ganic
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shown in Tuble 2
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