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Effect of Bitumen Aging Conditions on the Efficiency of Hot Alkaline
Water-Based Separation for Oil Sand Bitumen
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Abstract: Artificial laboratory simulation is commonly conducted to modeling the natural process of asphalt aging. The
effect of oil sand wettability and asphalt aging time( the time of interaction between asphalt and mineral grains) on the re—
covery efficiency of bitumen through hot alkaline water-based separation were both investigated. The results show that the
optimal time of bitumen aging for simulation experiment in laboratory was about 20 days and oil sand wettability had an in—
fluence on the recovery efficiency of bitumen. The results of this study are much helpful for further research on investiga—
ting the influence of lithology and bitumen properties on the recovery efficiency of bitumen.
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1
Table 1 The data of hot alkaline water-based separation for aging bitumen without water film
MIBC HPAM 1 2 3 1 2 3
/d /g /g /g /g /ml /C 1% /g /g /g /g /% /% /% 1%

—_

4 99.9 3.65 0.2 0.2013 550 80 10.00 1.9865 0.1507 1.6196 3.7568 19.88 1.51 16.21 37.61

[« NV B S I S

10 100.06  3.6088 0.2  0.2016 550 80 10.00 2.4943 0.2814 1.1706  3.9463 24.93 2.81 11.70  39.44
20 100.2 3.6086 0.2 0.1986 550 80 10.00 3.0108 0.4489 1.0252 4.4849 30.05 4.48 10.23  44.76
30 98.89 3.58 0.2 0.1997 550 80 10.00 2.8112 0.4073 0.9043 4.1228 28.43 4.12 9.14 41.69
90 100.89 3.647 0.2 0.2024 550 80 13.79 3.2279 0.0269  0.605 3.8598 23.20 0.19 435 27.74
180 100.35 305973 0.2 0.2094 550 80 13.79  2.998 0.0512 0.575 3.6242  21.66  0.37 4.16  26.19
2
Table 2 The data of hot alkaline water-based separation for aging bitumen with water film
MIBC HPAM 1 2 3 1 2 3
/d /g /g /g /g /ml /C 1% /g /g /g /g 1% 1% 1% 1%

4 100.49  3.6204 0.2  0.2066 550 80 12.83 6.7181 0.2340 0.5513  7.5034 52.11 1.81 4.28  58.20

2 10 100.30  3.5958 0.2  0.2088 550 80 12.83 8.0137 0.3741 1.8473 10.2351 62.27 2091 1436 79.54
3 20 100.08  3.6018 0.2  0.2028 550 80 12.83 8.9038 0.6445 1.9626 11.5109 69.34 5.02 15.28 89.65
4 30 100.04 3.6001 0.2 0.2074 550 80 12.83  6.9044 0.6328 2.9948 10.532 53.79 4.93 23.33 82.06
5 90 100.08  3.6014 0.2  0.2025 550 80 12.83 5.0101 0.6312 3.771 9.4123 39.02 4.92 29.37 73.30
6 180 100.73  3.6067 0.2  0.2009 550 80 12.83  2.598 0.1736  2.69%4 5.4656 20.10 134 20.85 42.29
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Fig.6  Cross-polarized light images of mineral grains of oil sands from inner Mongolia(NMG-5)
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Table 3 Evaluation of Amott wettability( after Duan Qiuzhe 2010)
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Fig.8 Comparison of bitumen recovery between bitumen aging with and without water film
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Table 4 The Amott of quartz with variable
° NaCl.CaCl, water film after the adsorption
of bitumen( after Duan Qiuzhe 2001)
Amott
ol ml Quiml Quiml Quiml Wy Wy
0.09NaCl  5.50 1.2 0 1 0.82 0 0.82
° 0.72NaCl  2.14 0.3 0.01 4 0.88 0.01 0.87
0.72CaCl,  6.30 1.5 0.11 4 0.81 0.03 0.78
0.45CaCl, 4.73 0 0.55 1 1 0.36  0.64
2008) ; o
2.3
«c 2 3)



666

o 1. 2.
3 ( 3
1
( 8a)
20 d
3
3 o
20 d o
20 d
;20 d
; 20 d
( 2009)
1 180 d

€))
1( )

)
20 d

3)

P B AR S N MR AL SRR R T 6 B
IR AT R AR T FI R, kT
Rt o

( References) :

Basu S Kanda W C Nandakumar K Masliyah J H. 1998. Effect of hy—
drophobic and hydrophilic clays on bitumen displacement by water
on a glass surface. Industrial & Engineering Chemistry Research 37
(3) : 959-965

Basu S Nandakumar K Lawrence S Masliyah J H. 2004. Effect of cal—
cium ion and montmorillonite clay on bitumen displacement by water
on a glass surface. Fuel 83: 17-22

Basu S Nandakumar K Masliyah J H. 1996. A Study of Oil Displace—
ment on Model Surfaces. Journal of Colloid and Interface Science
182: 82-94

Chong J. Ng S Chung K H Sparks B D Kotlyar L S. 2003. Impact of
fines content on a warm slurry extraction process using model oil
sands. Fuel 82: 425-438

Dai Q Chung K H. 1996. Hot water extraction process mechanism using
model oil sands. Fuel 16(2): 220-226

Guo Z XuZ Nandakumar K Masliyah J H. 2002. Influnence of water—
soluble and water-insoluble natural surface active composition on the
stability of water-in—toluence-diluted bitumen emulsion. Fule 81:
1859-1869

Kasongo T Zhou Z Xu Z Masliyah J H. 2000. Effect of Calciumlons
and Fine Clays on Bitumen Extraction from Athabasca Oil Sands U-
sing Flotation. The Canadian Journal of Chemical Engineering 78
(4) : 674-681

LiuJ Long] XuZ Masliyah J] H. 2005. Processability of oil sand ores
in Alberta. Energy and Fuels 19(5) : 2056-2063

LiuJ XuZ Masliyah J H. 2004. Role of fine clays in bitumen extraction
from oil sands. AIChE Journal 50(8): 1917-1927

Long J Drelich ] Xu Zhenghe Masliyah J H. 2007. Effect of operating
temperature on waterbased oil sands processing. The Canadian
Journal of Chemical Engineering 85(5) : 726-738

LongJ LiH XuZ Masliyah J H. 2006. Role of colloidal interactions
in oil sand tailings treatment. AIChE Journal 52(1): 371-383

Long J Xu Z Masliyah J H. 2005. On the Role of Temperature in Oil
Sands Processing. Energy and Fuels 19(4) : 1440-1446

Masliyah J H. Zhou Z Xu Z Czarecki ] Hamza H. 2004. Understand—
ing Water-Based Bitumen Extraction from Athabasca Oil Sands. The
Canadian Journal of Chemical Engineering 82: 628-654

Wik S Sparks BD NgS TuY LiZ Chung KH Kotlyar L S. 2008.
Effect of process water chemistry and particulate mineralogy on
model oil sands separation using a warm slurry extraction process
simulation. Fuel 87(7): 1394-1412

( 686 )



686

pact chemistry of methanol: Implications for volatile evolution on icy
satellites and dwarf planets and cometary delivery to the Moon. Ica—
rus 243: 39-47

Shearer C K Hess P C Wieczorek M A Pritchard M E  Parmentier E
M Borg L E Longhi J Elkins-Tanton L T Neal C R Antonenko
I Canup RM Halliday AN Grove T . Hager BH Lee D C
Wiechert U. 2006. Thermal and magmatic evolution of the Moon.
Reviews in Mineralogy and Geochemistry 60(1) : 365-518

Shukolyukov A Lugmair G W Macisaac C. 1998. Chromium in the Cre—
taceous—Tertiary boundary layer: First isotopic evidence for an im—
pactor and its type. Meteoritics and Planetary Science 33: Al44
—-Al45

ShukolyukovA Lugmair G W. 1998. Isotopic evidence for the Cretaceous—
Tertiary impactor and its type. Science 282(5390) : 927-930

Touboul M Kleine T Bourdon B Palme H Wieler R. 2007. Late for—
mation and prolonged differentiation of the Moon inferred from W i-—
sotopes in lunar metals. Nature 450(7173) : 1206-1209

Touma J Wisdom J. 1994. Evolution of the Earth-Moon system. The As—
tronomical Journal 108(5): 1943-1961

Wada K Kokubo E  Makino J. 2006. High-resolution simulations of a
Moon-forming impact and post-impactevolution. The Astrophysical
Journal 638: 1180-1186

Ward W R Canup R M. 2000. Origin of the Moon’s orbital inclination
from resonant disk interactions. Nature 403(6771): 741-743

Ward W R Canup R M. 2010. Circumplanetarydisk formation. Astro—
nomical Journal 140(5): 1168-1193

Ward W R Canup R M. 2013. The evection resonance and the angular
momentum of the Earth-Moon system. In : 44thLunar and Planetary
Science Conference. The Woodlands Texas 17192 3029

Wiechert U Halliday A N Lee D C Snyder G A Taylor L A Rumble
D. 2001. Oxygen isotopes and the Moon-Horming giant impact. Sci—
ence 294(5541): 345-348

Wisdom J Tian Z L. 2015. Early evolution of the Earth-Moon system with
a fast-spinning Earth. Tcarus 256: 138-146

YonezawaT Genda H Koumoto K. 2003. Cationic Silver Nanoparticles
Dispersed in Water Prepared from Insoluble Salts. Chemistry
Letters 32(2): 194-195

Young E D Kohl I E Warren P H Rubie D C Jacobson S A Mor—
bidelli A. 2016. Oxygen isotopic evidence for vigorous mixing during
the MoonHforming giant impact. Science 351(6272) : 493-496

Zhang J] Dauphas N Davis A M Leyal Fedkin A. 2012. The proto—

Earth as a significant source of lunar material. Nature Geoscience 5

(4): 251-255
. 2010. 39(1):
1-10
. 2014.
21(6): 1-6
. 2012.
31(5) : 516-521
( DX D EkER)

R e e e e ) A e ) A e e A N = U=

( 666 )

Zhao H Long J Masliyah ] H Xu Z. 2006. Effect of divalent cations
and surfactants on silica-bitumen interactions. Industrial and Engi—
neering Chemistry Research 45: 7482-7490

. 2001. N
. 2009.
. 2014.
. 2014.

. 2015.

. 34(2) : 386-389

. 2006.
13(1): 1-14
. 2007.
1-157
. 2005.
(12) : 39-42

. 2008. / N

. 2010.
. 2011.
30(1): 113-118
. 2011.
18(3) : 94-97
. 2009.
(04) : 57-60
. 2008.
(12): 51-54
. 2012.
(03): 121-123
. 2005. 22(4):
375-377
. 2008.
( ) (6): 105-108
+212
( T FRFEAR, AR =Flb: )



