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a b s t r a c t

Fluidized catalytic cracking slurry oil-in-water emulsion (FCCSE) was prepared by using interfacial
complexes generation method that was simple and versatile. The critical factors influencing the
sample preparation process were optimized, for instance, the optimum value of the mixed
hydrophile-lipophile balance of compound emulsifier was 11.36, the content of compound emul-
sifier was 4 wt%, the emulsification temperature was 75 �C, the agitation speed was 200 rpm, and
the emulsification time was 30e45 min. The performance as a drilling fluid additive was also
investigated with respect to rheological properties, filtration loss and inhibition of FCCSE. Experi-
mental results showed that FCCSE was favorable to inhibiting clay expansion and dispersion and
reducing fluid loss. Furthermore, it had good compatibility with other additives and did not affect
the rheological properties of drilling fluids. FCCSE exhibited better performance than the available
emulsified asphalt. It has a promising application as anti-collapse agent in petroleum and natural
gas drilling.

Copyright © 2016, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Maintaining borehole stability is one important issue
encountered in drilling. Wellbore instability-related problems
have significant impact on drilling schedule and budget, result-
ing in over US$1 billion lost each year [1,2]. When drilled for-
mation is brittle, fractured or poor cementation, one of the
solutions taken to make wellbore stable is adding anti-collapse
additive (also known as shale inhibitors) into water-based dril-
ling fluids, such as asphalt materials [3e8], aluminium com-
pounds [6,9e11], silicate [12e15]. Hereinto, considering the cost
and performance of anti-collapse agent and maintenance of
drilling fluid, asphalt materials are thought to be optimum anti-

collapse agent. Asphalt anti-collapse additive mainly contains
solid asphalt powder, sulfonated asphalt and emulsified asphalt.

Fluidized catalytic cracking slurry (FCCS) is a by-product of
crude oil refining, and its annual output is over 7.5 � 106 tons in
China [16]. FCCS is a complex mixture of hydrocarbons (aro-
matics, saturates, resins and asphaltenes), residual catalyst and
coke fine. Currently, it is mainly burnt out as low-value heavy
fuel oil. Many research has been conducted for raising the utili-
zation value of FCCS, for example, FCCS is as electrorheological
fluid [17], bitumen modifier [18,19], needle coke [20e22], plas-
ticizer [23], carbon fiber [24e26] and carbon black [27,28].
Therefore, in view of the hydrocarbons in FCCS, it can be used as
raw material for preparing an anti-collapse agent. However, the
research on the application of FCCS to prepare anti-collapse
agent for drilling fluids is rarely reported.

The aim of this paper is to prepare FCCS oil-in-water emulsion
(abbreviated as FCCSE) and evaluate its performance in the
water-based drilling fluids. The FCCSE was prepared by interfa-
cial complexes generation method. Different factors influencing
the preparation of FCCSE were studied, i.e. hydrophile-lipophile
balance value, emulsifier dosage, emulsification temperature
and emulsification time. Moreover, the performance of FCCSE
was investigated in terms of emulsion stability, droplet size,
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inhibitive property, rheological properties and filtration loss. For
comparison, three kinds of available emulsified asphalt were
used as control group.

2. Materials and methods

2.1. Materials

The FCCS (Industrial Grade) was obtained from Cangzhou
Petroleum Refinery (Hebei, China). White oil (Industrial Grade)
was a mineral oil of petroleum refining, purchased from Jing-
shan Petrochemical Plant (Hebei, China). Emulsifier A (C.P.)
was a sorbitan fatty acid ester, emulsifier B (C.P.) was a qua-
ternary ammonium salt type, sodium chloride (C.P.), muriate
(C.P.) and stabilizing agent (C.P.) was inorganic salt which were
purchased from Beijing Reagent Co. (Beijing, China). Sodium
bentonite was obtained Xiazijie Bentonite Co. (Xinjiang,
China). Emulsified asphalt FF-III, emulsified asphalt ZZDF and
emulsified asphalt GFT were obtained from Deshunyuan Pe-
troleum Co. (Shandong, China), Dongfang Co. (Henan, China)
and Chengtong Drilling Materials Plant (Beijing, China),
respectively.

2.2. Preparation of FCCSE by interfacial complexes generation
method

A typical preparation of FCCSE was as follows: first, the oil
phase was prepared by mixing white oil (10 g), emulsifier A
(1.6 g) with 50 g FCCS at 75 �C. Then, the stabilizing agent (1 g)
and emulsifier B (2.4 g) were dissolved in tap water (35 g) at
75 �C to obtain the aqueous phase. After that, the above oil phase
was added to the aqueous phase and the mixed solution was
stirred at 75 �C for 30 min and the final product FCCSE was
obtained.

2.3. Emulsion stability

Emulsion was first transferred into a stoppered, graduated
glass tube. Then the stability behavior of the emulsion was
observed for one week. The stability of emulsions to creaming
[29] was assessed as follows:

R ¼ ðHE=HTÞ � 100% (1)

Where R represents the fraction of emulsion phase, vol%. HE
represents the height of emulsion phase, and HT is the total
height of emulsion system (including the height of emulsion
phase and the height of the separated water).

2.4. Droplet size measurements

Emulsion droplet size and size distributionweremeasured by
LA-950V2 type laser particle size analyzer (Horiba, Japan). The
rate of circulation, agitation speed and ultrasonic power were
2890 L/min, 1735 rpm and 30 W, respectively. Before the mea-
surement, the sample FCCSE was diluted to be 100 times with
distilled water.

2.5. Softening point measurement

The softening point was obtained by measuring evaporation
residue of sample using a LRY-35A type softening point tester
(Wuxi Jianyi Instrument & Machinery CO. LTD., China).

2.6. Preparation of bentonite dispersion

The bentonite dispersion was prepared by adding 5 g sodium
bentonite to 100 mL distilled water and stirred at about
10,000 rpm for 20 min. The bentonite dispersion was aged for
24 h at room temperature in order to pre-hydrate the bentonite
dispersion fully.

2.7. Rheological measurement

The rheological properties were studied by using a ZNN-D6S
type rotating viscometer (Qingdao Haitongda Special In-
struments CO. LTD., China). The bentonite dispersion was stirred
at 10,000 rpm for 5 min, and then the sample was added under
stirring for 5 min. The apparent viscosity, plastic viscosity and
yield point were calculated from 300 to 600 rpm readings using
the following formulas from API recommended practice of
standard procedure for field testing drilling fluids [30]:

Apparent viscosity ðAVÞ ¼ 0:5F600ðmPa$sÞ (2)

Plastic viscosity ðPVÞ ¼ F600� F300ðmPa$sÞ (3)

Yield point ðYPÞ ¼ 0:511ðF300� PVÞðPaÞ (4)

Filtration loss of drilling fluid (abbreviated as FL) was
measured by using ZNS filter press (Qingdao Haitongda Special
Instruments CO. LTD., China) at a pressure of 689.5 kPa (100 psi)
for 30 min.

2.8. Inhibitive property measurement

(1) Swelling capacity test

Calcium bentonite (10 g), dried at 105 �C for 4 h, was pressed
to a cake (5 MPa pressure for 5 min) and fixed in a NP-1 type
shale swelling test apparatus (Wuxi Petroleum Equipment CO.
LTD., China). The swelling height of cake immersed in solution
was recorded at different times.

(2) Cuttings hot-rolling dispersion test

Cuttings dispersion tests were performed by hot rolling 50 g
natural calcium bentonite (6e10 mesh) in 350 mL different so-
lutions for 16 h at designed temperature. After hot rolling, the
remaining calcium bentonite were screened using a 40 mesh
screen and washed with tap water, dried and then weighted to
obtain the recovery in the different solutions.

3. Results and discussion

3.1. Analysis of FCCS components

The composition of FCCS was measured and the result is
shown in Table 1. The content of saturates and aromatics

Table 1
Component of FCCS.

Component Content, wt%

Saturates 27.4
Aromatics 58.5
Asphaltenes 1.1
Resins 13.0
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accounts for more than 85 wt%, while the content of asphaltenes
and resins is 14.1 wt%.

3.2. Effect of preparation conditions on stability of FCCSE

3.2.1. Effect of hydrophile-lipophile balance value on stability of
FCCSE

In this paper, white oil was employed as dissolvent to
decrease the viscosity of FCCS because FCCS is very viscous
liquid. Moreover, the mixture of emulsifier A and emulsifier B
were utilized as compound emulsifier to emulsify FCCS and
white oil. The mixing ratios of emulsifier A and emulsifier B were
adjusted to satisfy the proper hydrophile-lipophile balance
(abbreviated as HLB) values for optimum emulsification condi-
tions. The mixed HLB values can be calculated by the following
equation:

Cmix ¼ CA �WA%þ CB �WB% (5)

Where CA, CB and Cmix are the HLB values of emulsifier A,
emulsifier B, and the compound emulsifier, and WA % and WB %
are the mass percentages of emulsifier A and emulsifier B in the
mixed surfactants, respectively. All the HLB values used were
obtained at 25 �C.

Fig. 1 shows the emulsion stability of FCCSE with 50 wt% FCCS
as a function of mixed HLB value. When the mixed HLB value
changed from 8.90 to 12.93, the fraction of emulsion phase (R)
gradually increased and reached a plateau, then it sharply
decreased when the mixed HLB value was larger than 11.95.
Therefore, the mixed HLB values between 11.06 and 11.95 are
found to be suitable for stable emulsions of FCCSE with 50 wt%
FCCS.

3.2.2. Effect of compound emulsifier concentrations on stability
of FCCSE

The effect of compound emulsifier concentrations on the
stability and droplet size of FCCSE was studied (Fig. 2). It can be
seen that as the concentration of compound emulsifier
increased from 3 wt% to 6 wt%, the fraction of emulsion phase
was improved and kept steady. Emulsion stability is also often
estimated by the average size of the FCCSE droplets, so the size
of FCCSE droplet was measured (Fig. 3). Fig. 3 shows that with

the increase of the compound emulsifier concentration, the
droplet size distribution became narrow, and the average
diameter decreased from 25.27 mm to 21.75 mm as the com-
pound emulsifier content increased from 4 wt% to 6 wt%.
However, the decreasing amplitude of average diameter was
not significant. This was because the amount of surfactant (i.e.
compound emulsifier) determined the total interfacial area and
the average size of the emulsion droplets [31]. However, when
the concentration of compound emulsifier was further
increased, it had less effect on the emulsion stability and
emulsion droplets of FCCSE.

Although FCCSE with 4e6 wt% compound emulsifiers are all
quite stable, considering the cost of preparation, the optimal
concentration of compound emulsifier should be chosen as 4wt%.

3.2.3. Effect of emulsification temperature on stability of FCCSE
The emulsification temperature was varied from 45 �C to

85 �C to evaluate the stability of FCCSE, and the results are shown
in Figs. 4 and 5. Fig. 4 shows that the fraction of emulsion phase is
100 vol%, and doesn't change with the increase of emulsification
temperature. It indicates that FCCS can be easily emulsified with
mixed HLB value of 11.36 and 4 wt% compound emulsifiers. In
addition, Fig. 5 describes the particle size distribution and
average diameter of FCCSE with different emulsification tem-
perature. When the emulsification temperature was enhanced
from 45 �C to 75 �C, the particle size distribution of FCCSE
concentrated and average diameter decreased remarkably from
40.86 mm to 25.27 mm. However, when the emulsification tem-
perature changed to 85 �C, the particle size distribution of FCCSE
broadened and average diameter was 30.72 mm. This might be
interpreted by the decrease of the oil phase viscosity and cohe-
sion forces between FCCS molecules with increasing tempera-
ture [32]. However, when the emulsification temperature rose to
85 �C, water molecules moved faster, which led to the poor effect
of emulsifying FCCS and the increase of droplet size.

Thus, the optimum emulsification temperature should be
chosen as 75 �C.

3.2.4. Effect of agitation speed on stability of FCCSE
Figs. 6 and 7 show the variations of stability of FCCSE with

different agitation speed. FCCSE had good emulsion stability, and

Fig. 1. Emulsion stability as a function of mixed HLB value for FCCSE with 50 wt%
FCCS, 10 wt% white oil, 4 wt% compound emulsifier, 1 wt% stabilizing agent and
35 wt% water, prepared at emulsification temperature of 75 �C, agitation speed of
200 rpm, and emulsification time of 30 min.

Fig. 2. Emulsion stability as a function of compound emulsifier concentrations for
FCCSE with 50 wt% FCCS, 10 wt% white oil, 1 wt% stabilizing agent and mixed HLB
value of 11.36, prepared at emulsification temperature of 75 �C, agitation speed of
200 rpm, and emulsification time of 30 min.
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Fig. 3. Effect of compound emulsifier concentrations on droplet size of FCCSE: (a) particle size distribution; (b) average diameter.

Fig. 4. Emulsion stability as a function of emulsification temperature for FCCSE
with 50 wt% FCCS, 10 wt% white oil, 4 wt% compound emulsifier, 1 wt% stabilizing
agent, 35 wt% water and mixed HLB value of 11.36 prepared at agitation speed of
200 rpm and emulsification time of 30 min.

Fig. 5. Effect of emulsification temperature on droplet size of FCCSE: (a) particle size distribution; (b) average diameter.

Fig. 6. Emulsion stability as a function of agitation speed for FCCSE with 50 wt%
FCCS, 10 wt% white oil, 4 wt% compound emulsifier, 1 wt% stabilizing agent, 35 wt%
water and mixed HLB value of 11.36 prepared at emulsification temperature of
75 �C and emulsification time of 30 min.
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the fraction of emulsion phase remained constant with the
increasing agitation speed in Fig. 6. It shows that agitation speed
has negligible impact on stability of FCCSE. Fig. 7 demonstrates
that the particle size distribution of FCCSE became narrow and
the average diameter of FCCSE fell from 25.27 mm to 21.79 mm in
the speed range of 200 rpme800 rpm, then the average diameter
increased to 27.72 mm at 1000 rpm. This was due to the fact that
the increasing of shearing force makes FCCS be more fine oil
droplet. However, when the agitation speed further improved,
the collision probability between smaller particles increased, and
resulted in the increase of emulsion particle size.

Overall, taking into account the small variation of average
diameter of FCCSE, the optimum agitation speed should be
chosen as 200 rpm.

3.2.5. Effect of emulsification time on stability of FCCSE
Five different emulsification times from 15 min to 75 min

were evaluated to study the effect of emulsification time on
stability of FCCSE, and the results are shown in Figs. 8 and 9. Fig. 8
depicts the emulsion stability of FCCSE with different emulsifi-
cation time. The fraction of emulsion phase was 100 vol% and
kept steady as the emulsification time extended. It shows that
emulsification time has almost no effect on the stability of FCCSE

Fig. 7. Effect of agitation speed on droplet size of FCCSE: (a) particle size distribution; (b) average diameter.

Fig. 8. Emulsion stability as a function of emulsification time for FCCSE with 50 wt%
FCCS, 10 wt% white oil, 4 wt% compound emulsifier, 1 wt% stabilizing agent, 35 wt%
water and mixed HLB value of 11.36 prepared at emulsification temperature of
75 �C and agitation speed of 200 rpm.

Fig. 9. Effect of emulsification time on droplet size of FCCSE: (a) particle size distribution; (b) average diameter.

Z. Xiong et al. / Petroleum 2 (2016) 361e368 365



at the present preparation conditions. From Fig. 9 (a), the particle
size distribution of FCCSE became narrow during 45 min but
became wide in 60 min, and the variation of average diameter
was similar to that of particle size distribution shown in Fig. 9 (b).
More specifically, when the emulsification time was 45 min, the
average diameter reached the minimum of 21.53 mm. It could be
contributed to the fact that FCCS is enough emulsified to be fine
droplet with the extension of emulsification time. However,
when the emulsification time exceeded 45 min, the collision
probability between smaller emulsion particles increased, and
led to the increase of emulsion particle size.

Therefore, the optimum emulsification time should be chosen
as 30e45 min.

3.3. Inhibitive properties of FCCSE

The swelling and dispersion of shale cause wellbore insta-
bility. Hence the effects of FCCSE in terms of inhibiting clay
swelling and clay dispersion were studied.

3.3.1. Inhibiting clay swelling
Clay cake was immersed into FCCSE aqueous solutions with

various concentrations, and the results are shown in Fig. 10.

Hereinto, FCCSE was obtained under the optimum formula and
condition.

According to Fig. 10, the swelling height of clay cake
immersed into various concentrations of FCCSE grows as time
increases. In addition, when the test time remains constant, the
swelling height drops as the concentration of FCCSE increases
from 0 wt% to 2 wt%. However, when the concentration of FCCSE
is higher than 2 wt%, the swelling height at the same time
actually increases. For example, the swelling height of clay cake
reaches 7.37 mm in distilled water in 6 h, the swelling height of
clay cake reaches 2.88 mm in 2 wt% FCCSE solution in 6 h,
whereas the swelling height in 2.5 wt% FCCSE solution and 3 wt%
FCCSE solution are 3.27 mm and 3.20 mm at the same time,
respectively. It could be interpreted that the droplet of FCCSE
adsorbed and formed oil film onto the bentonite particle surface
with hydrophilic groups of surfactant, which suppressed perva-
sion of water into clay cake. However, when the proportion of
FCCSE further increased, the concentration of surfactant
increased accordingly, which led to an enhancement in in-
teractions between droplets of FCCSE and weakening of
adsorption effect onto bentonite particle surface.

Consequently, those results indicated that FCCSE had certain
capacity of inhibiting clay hydration.

3.3.2. Inhibiting clay dispersion
For cuttings hot-rolling dispersion test, higher recovery and

lower dispersion indicated better shale inhibition. According to
Fig. 11, FCCSE exhibited better property of inhibiting clay
dispersion at different hot-rolling temperature. For example,
after hot-rolling for 16 h at 60 �C, the cutting recovery of 2 w/v%
FCCSE solution, 4 w/v% FCCSE solution and 5 w/v% muriate so-
lution are 6.1%, 15.3% and 10.6%, respectively. Furthermore, the
cutting recovery in same FCCSE solution increases as the hot-
rolling temperature increases from 60 �C to 100 �C. It could be
interpreted that the adsorption rate of FCCSE onto calcium
bentonite particle surface was boosted by temperature, and then
hydrophilicity of calcium bentonite particle weakened, which
made the dispersion rate of calcium bentonite particle slow
down. On the other hand, the adsorption of FCCSE onto calcium
bentonite particle made the mass of calcium bentonite increase
after hot-rolling.

3.4. Performance of bentonite dispersion containing FCCSE

In order to investigate the influences of FCCSE on rheological
properties of water-based drilling fluids, the FCCSE was intro-
duced into bentonite dispersion, and the results are shown in
Table 2. Hereinto, FCCSE was obtained under the optimum for-
mula and condition.

According to Table 2, as the proportion of FCCSE increases, AV
and PV of bentonite dispersion increases slowly at room tem-
perature, but grows rapidly after aging at 60 �C for 16 h. This is
due to the interactions between bentonite particles and FCCSE.
As FCCSE is adsorbed onto bentonite particle by electrostatic
interactions and hydrogen bonds, the internal friction of
bentonite dispersion increases gradually, so PV and AV of
bentonite dispersion increase. After aging at 60 �C for 16 h, the
adsorption of bentonite particles is promoted by temperature,
which causes the further increasing of internal friction between
bentonite particles. In addition, we can also see that the filtration
loss of bentonite dispersion with FCCSE decreases with the
increasing concentrations of FCCSE. It could be explained that
FCCSE which had small particle size could adsorb onto bentonite
particle surface, and the electrostatic repulsive force between
bentonite particles was decreased, which caused forming ofFig. 11. Cuttings recovery of various aqueous solutions at different temperature.

Fig. 10. The clay inhibition of FCCSE.
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compact filter cake and reduction of filtration loss. On the other
hand, there were many fine residual catalyst particles in FCCS
which could also reduce the fluid loss.

In conclusion, FCCSE didn't affect the rheological properties of
bentonite dispersion. Furthermore, it could effectively reduce the
fluid loss of bentonite dispersion.

3.5. Performance of salt resistance for FCCSE

During drilling, drilling fluids are often affected by many
specific factors, such as the invasion of inorganic salt. Hence, the
salt resistance of FCCSE was evaluated, and the results are shown
in Table 3.

As observed inTable 3, as the proportion of FCCSE increases, AV
and PV of salt water slurry increases slowly at room temperature,
but the filtration loss of salt water slurry with FCCSE remarkably
increases. It could be explained that sodium chloride made emul-
sion of FCCSE break, demulsified FCCSE destroyed the network
structure of bentonite particle, and thus led to the increase of
filtration loss. It indicated that FCCSE had poor salt resistance.

3.6. Compatibility of FCCSE with other additives in drilling fluids

In order to investigate the effects of FCCSE on compatibility
with other drilling fluids additives and suitability in water-based
drilling fluids, the FCCSE was introduced into pure polymer so-
lutions including sodium carboxymethyl cellulose high viscosity
(CMC-HV) solution, ammonium salt of partially hydrolyzed
polyacrylonitrile (NH4-HPAN) solution and potassium poly-
acrylate (K-PAM) solution and two kinds of common drilling
fluids systems, and the results are shown in Table 4. Hereinto,
FCCSE was prepared by the optimum formula and technology.

As shown in Table 4, when FCCSE was added into different
solutions, the apparent viscosity, plastic viscosity and yield point
changed a little in solution of CMC-HV, NH4-HPAN and K-PAM.
After the addition of FCCSE, the apparent viscosity, plastic vis-
cosity and yield point also changed a little in two kinds of drilling
fluids, but the filtration loss decreased. Those results indicated
that FCCSE was compatible with these additives and suitable in
two kinds of water-based drilling fluids.

3.7. Comparison of performance between available emulsified
asphalt products and FCCSE

A comparison of performance between emulsified asphalt FF-
III, emulsified asphalt ZZDF, emulsified asphalt GFT and FCCSE
was made and the results are shown in Table 5. According to
Table 5, some features can be found as follows:

(1) Emulsified asphalt GFT, FF-III and ZZDF have higher soft-
ening point than FCCSE.

(2) FCCSE has good effect of reducing fluid loss. The filtration
loss of bentonite dispersionwith FCCSE isminimum,which
is 9.5mL. One explanation for this was that asphalt in FF-III
andZZDF couldnotdeform into and form liquid oil droplets
at room temperature, when FF-III and ZZDF adsorbed onto
bentonite particle surface, the relatively compactmud cake
could not be formed. Therefore, emulsified asphalt FF-III
and ZZDF did not reduce the filtration loss effectively.
Moreover, compared with bentonite dispersion, the AV of
bentonite dispersionwith 2wt%GFT, 2wt% FF-III and 2wt%
FCCSE increases, while AV of bentonite dispersion with
2 wt% ZZDF decreases.

(3) The clay inhibition of FCCSE was slightly better than
available emulsified asphalt FF-III and ZZDF, but weaker
than emulsified asphalt GFT. The swelling reduction rate of
clay cake in 2 wt% FCCSE solution in 6 h is 60.9% (the
swelling reduction rate was ratio of difference value be-
tween swelling height of cake in distilled water in and
swelling height of cake in sample solution in to the
swelling height of cake in distilled water in ), whereas the
swelling reduction rate in 2 wt% GFT solution, 2 wt% FF-III
solution and 2 wt% ZZDF solution in 6 h are 63.2%, 58.6%
and 56.3%, respectively.

Table 2
The performances of bentonite dispersion with FCCSE.

Test condition The fraction
of FCCSE/wt%

AV/(mPa$s) PV/(mPa$s) YP/Pa FL/mL

Room
temperature

0 8.5 4 4.6 14
0.5 8.5 4 4.6 13.5
1 8.5 5 3.6 10
1.5 9 5 4.1 9.5
2 10 6 4.1 9.5

Hot rolling
for 16 h
at 60 �C

0 11 5 6.1 13.5
0.5 11 5 6.1 13
1 14 8 6.1 10
1.5 14.5 8 6.6 9
2 15.5 9 6.6 9

Table 3
Performance evaluation of salt resistance for FCCSE.

Sample AV/(mPa$s) PV/(mPa$s) YP/Pa FL/mL

salt water slurry 1.8 0.50 1.3 124
salt water slurryþ1 wt% FCCSE 2.5 1.5 1.0 157
salt water slurryþ2 wt% FCCSE 2.5 1.5 1.0 160

Note: salt water slurry was composed of 350 mL distilled water, 14 g sodium
chloride and 17.5 g sodium bentonite.

Table 4
Compatibility of FCCSE with other additives in drilling fluids.

Sample AV/(mPa$s) PV/(mPa$s) YP/Pa FL/mL

0.5w/v% CMC-HV 17.5 13 4.6 e

0.5w/v% CMC-HVþ1w/v% FCCSE 18 13 5.1 e

1w/v% NH4-HPAN 1.5 1 0.5 e

1w/v% NH4-HPANþ1w/v% FCCSE 1.5 1 0.5 e

0.5w/v% K-PAM 7.5 5 2.6 e

0.5w/v% K-PAMþ1w/v% FCCSE 8 6 2.0 e

1# 17.5 13 4.6 16.5
1#þ1w/v% FCCSE 18 13 5.1 15
2# 41 28 13.3 9
2#þ1w/v% FCCSE 42 29 13.3 7.5

Note:1#: distilled waterþ4w/v% sodium bentoniteþ1w/v% NH4-HPANþ0.5w/v%
K-PAM; 2#: distilled waterþ5w/v% sodium bentoniteþ0.2w/v% CMC-HV þ1w/v
% poly(acrylonitrile-acrylamide-sodium acrylate) hydrolyzate (Na-HPAN)þ0.2w/
v% K-PAM.

Table 5
Comparison of performance between available emulsified asphalt products and
FCCSE.

Sample Softening point (oC) AV (mPa$s) FL (mL) Swelling
reduction rate (%)

GFT 35 9 10 63.2
FF-III 60.2 10.5 11.5 58.6
ZZDF 81.4 4.5 13 56.3
FCCSE Not determineda 10 9.5 60.9
Bentonite

dispersion
e 8 14 e

Note:
a The evaporation residue of FCCSE can't be solid at room temperature or

subzero temperature, so it concluded that the softening point of FCCSE was too
low to be determined by asphalt softening point tester.
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Those results demonstrated that those performances of
FCCSE were basically preferable to that of available emulsified
asphalt products, and it could be as a substitute for available
emulsified asphalt products.

4. Conclusions

(1) In this paper, a novel anti-collapse agent FCCSE with a low
softening point based on FCCS was prepared for the first
time. The critical synthesis conditions were established,
that is, 50 wt% for FCCS, 10 wt% for white oil, 4 wt% for
compound emulsifier, 11.36 for mixed HLB value of com-
pound emulsifier, 1 wt% for stabilizing agent, 35 wt% for
water, 75 �C for emulsification temperature, 200 rpm for
agitation speed, and 30e45 min for emulsification time.

(2) The FCCSE obtained at the optimal preparation conditions
had excellent emulsion stability, water dispersibility, small
emulsion particle size, good effect of reducing fluid loss
and inhibitive properties. In comparison with other
emulsified asphalt, the FCCSE had better performance.

(3) The experimental results show that FCCSE is a potential
anti-collapse agent for resolving the wellbore instability of
upper formation in petroleum and natural gas drilling.
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