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1. Introduction

In Thin-lift Drying flocculated MFT experiences cyclic drying and
rewetting due to
(1) evaporation and precipitation
(2) placement of new lifts on the desiccated layers

Objective
The purpose of this research was to
(1) Understand the shrinkage and swelling properties of flocculated MFT
during drying and rewetting cycles
(2) Evaluate the effects of flocculation (polymer dosage, mixing
conditions) on the shrinkage properties
(3) Deliver input for numerical modeling of Thin-lift drying of flocculated
MFT
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Theory :  Shrinkage curve

Typical shrinkage curve for an initially
slurried soil

Shrinkage curve for an initial unsaturated soil
(Fredlund et al. 2002)

Typical shrinkage curve for initially slurried soil consists of three stages:
(1) normal shrinkage, (2) residual shrinkage and (3) zero shrinkage.
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Theory :  Swelling curve

Typical shrinking and swelling curves for a soil
(modified from Fredlund and Rahardjo 1993)

• The drying-rewetting process is
not reversible. Hysteresis occurs in
a shrinkage and swelling cycle.

• Void ratios in the swelling curve
are larger than acc. to the
shrinkage curve.

Meeting point
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• MFT
MFT sludge was obtained from Albian Sands Muskeg River Mine
(Solids content 35%, fines content = 89%, clay content = 60%. SFR = 0.12,
Specific gravity of solids = 2.3).

• Polymer
Flocculant used is a high molecular weight polymer prepared as a solution at
a concentration of 0.1% (1g dry flocculant dissolved in 1L water).

• Soil suspension for flocculation
MFT sludge was diluted to 21% solids content by adding tailing water.

Experimental
Materials



6Challenge the future

Flocculation of MFT

• Mixing conditions

Paddle impeller, 200 rpm, 3min

• Dewatering results
(500ml settling column test)

Initial settling rate:
Water release after 24 hours: 248 ml

Mixing system used for flocculation of
MFT in this research

• Polymer dosage

1g (flocculant)/ kg (dry solids)

Optimum flocculation conditions

Polymer solution was mixed in beaker with MFT suspension using a rotating
paddle

• After 24 hours the supernatant was
removed, the sediment was
consolidated to further remove water
and then sampled.

Sampling
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Laboratory experiments

1. Balloon test (Tariq and Durnford, 1993)
- A general method, it can be used for either very soft soil (sludge) or stiff clay.

2. Dimension measurement
- An easy and quick method; it cannot be used for very high water content soil

Determination of SSCC requires continuous measurement of weight and bulk volume of
the soil specimen. The weight of soil was measured with balance. The bulk volume was
measured using following methods (for different water content ranges)

Shrinkage tests

3.  Wax-coating/water displacement
- the sample must have some strength to maintain its shape during operating;

the measurement is accurate .
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1. Oedometer swelling process
Determine the rate and magnitude of vertical swelling

2.   Vacuum saturation
Confined sample was saturated in a sealed container with vacuum pressure, the

volume of sample was measured during swelling, see figure

Three different procedures were applied to investigate the swelling behavior

Swelling tests

3.  Volumetric measurement
The clay sample was soaked with water and the volume of  soil during wetting

were measured.

Vacuum saturation device

Laboratory experiments
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Results – shrinkage curve
Shrinkage curve for Flocculated MFT

The experimental data can be  fitted using
Fredlund (2002) equation:

= 	 + 1 	

For flocculated MFT (with optimum dosage)
the fitting parameters are:

ash = 0.705, bsh = 0.303, c = 6.693, R2 = 0.99

• shrinkage limit, SL ≈ 31%

• Air entry value at the water content of
about 45% and void ratio about 1.1

• plastic limit, PL ≈ 45%

Three shrinkage stages
(1) normal shrinkage   (e > 1.1)
(2) residue shrinkage   (0.7<e<1.1)
(3) zero shrinkage       (e = 0.7)

(1)(2)(3)

• Minimum void ratio = 0.7

Obtained from the curve:

Fitting with Fredlund model
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Results – swelling curves (1)

Three stages can be identified
(1)Primary swelling (0-1day)
(2)Secondary swelling (1-10days)
(3)Zero swell (10-25days)

(3)(2)(1)

Volumetric free swell curve

No confinement was applied on this
sample; >> cracking occurred

At the end of free swell test
Sample height increased by 13%
Volume increased by 28.5%
Final saturation degree: 90.7%

Specimen been soaked for 20 days
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Swelling curves were determined for three desiccated
samples:

Specimen 1 was allowed to free swell by soaking with
water
Specimen 2 was partially confined in lateral direction
and soaked with water
Specimen 3 was fully confined in lateral direction and
partially fined in axial direction, and was  saturated with
help of vacuum in a sealed container

Rewetting curves for different specimens

Observations
For specimen 1 and 2, after a certain point the void
ratio increases linearly with the water content parallel
to 100% saturation line. The sample disintegrates
completely (if further wetted)
Only specimen 3 showed the trend of approaching the
drying curve.

Results – swelling curves (2)

When there is not sufficient confinement on the specimen, prolonged soaking the soil under
atmospheric condition cause cracking of specimen and will not fully saturate the soil.



12Challenge the future

Results – swelling curves (3)

It seems that the rewetting behavior
of a desiccated specimen depends on
its water content (before rewetting).

If the initial drying does not extend
below the shrinkage limit, the drying
and rewetting process is reversible.
Otherwise, hysteresis occurs in each
drying and rewetting cycle.

Effects of water content

Shrinkage limit
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Results – Shrinkage and swelling cycles (1)

Presentation of three consecutive drying and
rewetting cycles of FMFT

• Hysteresis phenomenon was observed
in each shrinkage-swelling cycle.
Hysteresis effect decreased with
increasing number of cycles.

• There was a linear part in each
rewetting curve and it was parallel to
the 100% saturation line.

Cycle 1

Cycle 2

Cycle 3

• The shrinkage path of each cycle
firstly followed the corresponding
saturation line before deviating from
it.
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Results – Shrinkage and swelling cycles (2)
Example 1

Example 2

An equilibrium stage was reached in the
fourth swelling-shrinkage cycle and the
swell-shrink path was reversible.
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Results – Effects of flocculation (1)
Effects of polymer dosage

• The min. void ratio determined for
MFT, flocculated MFT at 500g/t and
flocculated MFT at 1000g/t was 0.41,
0.53, 0.71

• Compared with original MFT, polymer
treated MFT has a 20% larger
deposition volume
This should be taken into
consideration in design of capacity of
disposal site.

• The shrinkage curves indicated that
the FMFT has larger flocs than the
non-flocculated MFT.
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Results – Effects of flocculation (2)
Effects of mixing conditions

Tests results showed that the
shrinkage curves of FMFT with the
same dosage were also affected
by the mixing conditions.

Mixing intensity and duration
applied during greatly influence
the particle size distribution that
controls the shrinkage behaviour.
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Conclusions
• Particle (flocs) size distribution and stress history are the primary

factors controlling shrinkage behaviour.
• Unlike normal clayey soil, complete re-saturation of a desiccated

FMFT is challenging due to the particular soil structure.
• For a flocculated MFT, the swelling properties depend on the water

content (at the end of drying), the confining pressure and the
wetting method.

• The shrink-swell process of the FMFT is reversible when (1) the
initial drying process does not extend below the shrinkage limit of
the soil (2) the soil is subjected to at least four shrink-swell cycles
to reach an equilibrium stage.


