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ABSTRACT: The fluid loss additive is to prevent the cement slurry from filtrating ' 121010 157
Lyl ,

water to the formation under pressure. 2-Acrylamido-2-methylpropanesulfonic acid /T R=0938

(AMPS)-based fluid loss additive mainly works by adsorbing on the surface of 81 . - e
cement particles. The adsorption affects cement hydration. In this paper, the effect Vs »z: \ o
of one kind of AMPS-based fluid loss additive (A-FLA) on the hydration of oil well 2 61 T e, \o
cement was studied. The water loss, setting time, thickening time, and compressive / Adsorption S—,

strength of cement slurry with various amounts of FLA were measured. In addition,

Adsorption Capacity (mg/g)

the hydration heat of the cement slurry, FLA adsorption isotherm on cement 7/ E

particles, and hydration minerals were studied. The results showed that A-FLA had a A A : f»

good water loss control ability. The water loss of the cement slurry decreased slowly ; S0

with the increase of A-FLA dosage when the adsorption capacity exceeded 4.47 mg/ 0 ' ' -

g. The low adsorption capacity of A-FLA (less than 4.47 mg/g) had a significant 0 5000 10000 15000 20000 25000 30000

Equilibrium Concentration (mg/L)

impact on the thickening time. With an adsorption capacity greater than 4.47 mg/g,
the thickening time varied minimally. A-FLA mainly delayed the hydration of C;S at 1 day and reduced the production amorphous
phase.

B INTRODUCTION high temperature resistance of FLA.”’~>* The water-soluble
polymer FLA containing these groups has a maximum applicable
temperature of more than 200 °C.”'~>* The adsorption of the
FLA on the surface of cement particles will affect cement
hydration. However, few studies have focused on the effect of
FLA on cement hydration, which is the key to affecting the
thickening time of the cement slurry.

In this paper, the effect of A-FLA on the hydration of oil well

) . i cement was evaluated, compared with poly(vinyl alcohol) FLA
cake to achieve the purpose of reducing water loss. Cross-linked (P-FLA). The water loss, setting time, thickening time, and

. 12 8 : .
mlcrogei.sh ?ﬁld latexes” are tge main lr(ep res'entatlves. lThe compressive strength of cement slurry containing different
mat.cho .t € ter cake pores an cross-linked mlcroge.l or atex dosages of A-FLA or P-FLA were tested. In addition, the
particles is directly related to their water loss control ability. The

main category of AMPS-based fluid loss additive (A-FLA) is
high-molecular-weight anionic copolymers.”~"" The size of the
A-FLA in solution does not exceed 100 nm, which is smaller than
the pore size of the cement slurry filter cake. Plugging of the
pores by a single macromolecule did not occur. A-FLA is B MATERIALS AND METHODS
adsorbed on the surface of cement particles to reduce the
diameter of the pore throat and reduce the permeability of the Materials. High sulfate-resistant Class G oil well cement was
filter cake.”'*™"* In addition, the A-FLA adsorbed on the surface used in this paper and was obtained from Zibo Zhong Chang
of cement particles can also disperse the cement particles and
increase the compactness of the filter cake." Received: October 9, 2023
The adsorption ability of different anionic groups on cement Revised:  January 22, 2024
particles is SO; < CO; < vic(CO;), < PO;"."" Carboxylic Accepted:  January 25, 2024
Published: February 15, 2024

In oil wells with a depth of several thousand meters, the main
function of the fluid loss additive (FLA) is to prevent the cement
slurry from filtrating water into the formation under pressure
and maintain the good fluidity of the slurry. There are two main
types of FLAs: particulate FLA'™® and 2-acrylamido-2-
methylpropanesulfonic acid (AMPS)-based FLAs.*™’
Particulate FLAs rely on them to plug the pores of the filter

hydration heat of the cement slurry, the adsorption isotherm of
FLA on cement particles, and hydration minerals were
measured. Finally, the effect of adsorption of the FLA on
water loss and thickening time was comprehensively analyzed.

iy 16-18

group-containing monomers and phosphate group-con-
o 19,20

taining monomers are often used as anchor groups. They

have strong adsorption on cement particles and can improve the
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Table 1. Chemical Composition of the Cement (wt %)
$i0,
21.03

ALO,
410

Fe,0;
4.83

TiO,
032

CaO
62.71

“LOLI: loss on ignition.

MgO
1.96

SO,
2.14

K,0
042

Na,O
0.24

LOI*
2.25

Special Cement Co., Ltd. The chemical composition of the
cement tested using an X-ray fluorescence spectrometer (ARL-
9900, Thermo Scientific) is shown in Table 1. The mineral
compositions were estimated using quantitative Rietveld
refinement, as shown in Table 2. Even though the tricalcium

Table 2. Mineral Composition of Cement (wt %)

(R
534

C,S
23.9

CiA
41

C,AF
13.6

gypsum
5.0

aluminate (C;A) content is higher than 3%, all cement mineral
compositions are within API specifications™* while taking into
account measurement uncertainties. A-FLA was obtained from
China Oilfield Services Limited (COSL). It is a transparent
liquid, and the solid content is 26.7%. The viscosity-average
molecular weight of A-FLA is 815396, provided by the COSL.
Distilled water was used throughout the slurry preparation
process. The P-FLA and dispersant SAF were obtained from
Weihui Chemical Co., Ltd., and they were a solid powder. The
viscosity-average molecular weight of P-FLA is 1102364,
provided by the company. SAF is a sulfonated aldehyde-ketone
condensation polymer dispersant.

Preparation of Cement Slurry. The water to cement ratio
was 0.44 according to API SPEC 10A: 2019,** and the slurries
were prepared according to API RP 10B: 2013.” The liquid A-
FLA was premixed with water, and the solid P-FLA and
dispersant SAF were premixed with cement. The water was
poured into a blender container. At 4000 = 250 rpm, the cement
or cement/dry additive blend was added to the containerin 15s.
Place the cover on the mixing container and continue mixing at
12,000 =+ 250 rpm for 35 s.

Properties of Cement Slurry. Thickening time and setting
time: the thickening properties of the cement slurry were
evaluated by an atmospheric consistometer. The consistency,
which is expressed in Bearden units of consistency (Bc),” was
measured over time. The thickening time was determined when
the consistency of the cement slurry reached 70 Bc. The setting
time of cement slur?r was tested in accordance with the standard
ISO 9597-6:2008.”

Water loss: the prepared cement slurry was poured into an
atmospheric consistometer for stirring and preheating. The
preheated cement slurry was poured into a fluid-loss cell to test

the water loss of cement slurry, according to API RP 10B:
20137

Compressive strength: compressive strength of hardened
cement slurry was conducted based on APIRP 10B: 2013.>° The
hardened slurry was demolded at 1 day and cured in water to the
specified age.

Hydration Heat of Cement Slurry. To analyze the
influence of the FLA on the hydration of oil well cement, an
isothermal calorimeter (TAM AIR, TA) was used to measure
the hydration heat. The experimental temperature was set at 50
°C, which was the maximum permissible temperature of the
instrument. 5.76 g of the prepared cement slurry was accurately
weighed into an ampule for measuring the cement hydration
heat. The heat flow and accumulated heat were measured within
4S5 h. The data after 2700 s was used for analysis because the
cement slurry needs time to equilibrate to 50 °C.

Adsorption Isotherm. The prepared cement slurry was
poured into the atmospheric consistometer for stirring and
preheating, with a target temperature of 80 °C and a heating
time of 20 min. After the target temperature was reached, the
slurry was stirred for another 20 min. Then the slurry was poured
into a centrifuge tube and centrifuged at 10,000 rpm for 5 min.
The supernatant was used to measure the total organic carbon
(TOC) concentration of A-FLA or P-FLA using a TOC analyzer
(vario TOC, ELEMENTAR). The adsorption amount of FLA
on the cement particle surface was taken to be the difference
between the amount initially added and the amount present in
the liquid phase measured by TOC.

Mineral Compositions. X-ray diffraction (XRD) was used
to examine the mineral composition of the hardened cement
slurry. Anhydrous ethanol was used to stop the hydration of
cement slurry after being cured for 1, 2, and 7 days. The mass
ratio of the sample to anhydrous ethanol was about 1:20. All
samples to be tested for XRD were then dried in a vacuum drying
oven for 4 h at 60 °C and crushed to powder using an agate
mortar before testing. NIST standard reference material SRM-
676a, corundum (a-Al,O;, PDF no. 01-082-1399), was used as
the internal standard with a dosage of 20 wt % for estimating the
mineral compositions using quantitative Rietveld refinement.
The XRD test was carried out with a SmartLab diffractometer
(D/MAX-RB, Rigaku Corporation) with Cu K, radiation at a
scanning rate of 5°/min from 10 to 80°, 26.
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Figure 1. Water loss of cement slurry containing (a) A-FLA, (b) P-FLA, and (c) P-FLA and 0.3% SAF.
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Figure 2. Setting time of cement slurry containing (a) A-FLA, (b) P-FLA, and (c) P-FLA and 0.3% SAF.
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Figure 3. Thickening curves of cement slurry containing (a) A-FLA at 50 °C, (b) A-FLA at 80 °C, (c) P-FLA at 50 °C, (d) P-FLA at 80 °C, (e) P-FLA

and 0.3% SAF at 50 °C, and (f) P-FLA and 0.3% SAF at 80 °C.

B RESULTS

Effect of the A-FLA on the Water Loss of Cement
Slurry. Figure 1 shows the water loss of oil well cement slurry
containing A-FLA at 30, 50, and 80 °C, compared with that
containing P-FLA and SAF. As shown in Figure 1a, at the three
temperatures, the water loss of A-FLA cement slurry decreases
rapidly with the increase of A-FLA dosage within 2% and
decreases slowly when the dosage exceeds 2%. In addition,
temperature does not affect water loss significantly.

As a comparison, the effect of P-FLA on the water loss of
cement slurry is evaluated. As shown in Figure 1b, 1.0% P-FLA
cannot control the water loss and the cement slurry “blows dry”
(all the free water in the cement slurry was filtrated) in 30 min.
1.2% P-FLA greatly reduces the water loss of cement slurry;
however, it is still higher than 100 mL. A larger dosage of P-FLA
reduces the fluidity of cement slurry, and it is not conducted
when the P-FLA dosage exceeds 1.2%.

Generally, P-FLA should be used together with dispersant.
These two additives have a synergistic effect on reducing the
water loss of the cement slurry. As shown in Figure 1¢, 0.3% SAF
dispersant helps reduce the water loss of cement slurry
containing 1.2% P-FLA, which is about 40 mL at the three
temperatures. More P-FLA reduces the water loss at 30 °C but
has little effect on the water loss at the other two temperatures.

Setting Time of Cement Slurry Containing Fluid Loss
Additive. The setting time visually shows the effect of the FLA
on cement hydration. The setting time of cement slurry
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containing A-FLA or P-FLA at 50 and 80 °C is shown in Figure
2. The initial and final setting times of cement slurry containing
A-FLA increases with the dosage of A-FLA at 50 and 80 °C, as
shown in Figure 2a. The final setting time of cement slurry
containing 4.0% A-FLA is about 3 times that of neat cement
slurry (NCS) at 80 °C. Therefore, A-FLA has a retarding effect
and delays the cement hydration.

For cement slurry containing P-FLA, as shown in Figure 2b, P-
FLA has little effect on the setting time of cement slurry when
the P-FLA dosage is less than 1.0%, which shortens the setting
time of cement slurry containing 1.2% P-FLA. The combination
of P-FLA and SAF on the setting time of cement slurry is also
evaluated, and the result is shown in Figure 2¢. The dosage of
SAF is fixed at 0.3%. P-FLA also shows little effect on the setting
time of cement slurry in the case of a fixed SAF dosage. The
setting time of cement slurry containing both P-FLA and SAF is
longer than that containing P-FLA alone, demonstrating that
SAF has a retarding effect.

Thickening Time of Cement Slurry Containing Fluid
Loss Additive. Thickening time is a key measure of cement
slurry pumpability. The thickening curves of cement slurry
containing A-FLA or P-FLA at 50 and 80 °C are shown in Figure
3. As shown in Figure 3a, the thickening time of the cement
slurry increases with the dosage of A-FLA at S0 °C. The
thickening time of the NCS is 352 min, while the thickening time
of the cement slurry containing 4.0% A-FLA is 497 min. When
the dosage of A-FLA exceeds 2.0%, cement slurry containing A-
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Figure 4. Compressive strength of hardened cement slurry containing (a) A-FLA at 50 °C, (b) A-FLA at 80 °C, (c) P-FLA at 50 °C, (d) P-FLA at 80
°C, (e) P-FLA and 0.3% SAF at 50 °C, and (f) P-FLA and 0.3% SAF at 80 °C.
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Figure S. Heat flow and accumulated heat of cement slurry containing FLA at 50 °C, (a,b) A-FLA; (c,d) P-FLA; and (e,f) P-FLA and 0.3% SAF.

FLA exhibits excellent right-angle thickening properties
compared with the NCS. Figure 3b shows the thickening time
of cement slurry containing A-FLA at 80 °C. The thickening
time of cement slurry containing A-FLA is longer than that of
NCS and also exhibits excellent right-angle thickening property.
The thickening time of NCS is only 81 min, while the thickening
time of cement slurry containing 4.0% A-FLA is 203 min.
However, the thickening time increases a little when the dosage
of A-FLA increases from 2.0% to 4.0%. It demonstrates that the
effect of A-FLA on the thickening time of cement slurry becomes
limited after exceeding a certain amount at 80 °C.

P-FLA shortens the thickening time of the cement slurry at 50
°C, as shown in Figure 3¢, and increases the initial consistency.
The thickening time of cement slurry containing 1.2% P-FLA is
only 75 min and the starting consistency increases to 14 Bc. This
is possibly due to the fact that P-FLA thickens the cement slurry
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at 50 °C. P-FLA’s thickening effect becomes weak at 80 °C, and
the thickening time of cement slurry varies little with P-FLA
dosage, as shown in Figure 3d. The starting consistency is still
affected by the P-FLA’s thickening effect. The starting
consistency of the cement slurry containing 1.2% P-FLA is
also 14 Bc. However, it decreases after heating to the target
temperature. The combination of P-FLA and SAF on the
thickening time of cement slurry is also evaluated, and the result
is shown in Figure 3e,f. It also demonstrates the retarding effect
of SAF on cement hydration. The thickening time of cement
slurry containing 0.3% SAF is 426 min at 50 °C and 222 min at
80 °C, which is longer than that of the NCS. The P-FLA’s
thickening effect is not very significant. The thickening time of
the cement slurry containing both P-FLA and SAF is shorter
than that containing only SAF but varies little with the P-FLA
dosage at 80 °C. The right-angle thickening property of the
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Table 3. Summary of the Hydration Heat Results of Cement Slurries

notation induction period acceleration period accumulated heat (J/g)
duration (h)  minimum heat flow (mW/g)  begin (h) end (h)  maximum heat flow (mW/g) 24 h 45h
NCS 0.61 0.90 1.33 4.23 10.52 242.49 281.15
1.0% A-FLA 1.33 0.57 2.56 5.57 9.73 231.13 266.23
2.0% A-FLA 2.28 0.52 3.65 6.65 9.24 225.32 263.20
3.0% A-FLA 2.50 0.48 3.96 7.34 8.78 225.27 264.28
4.0% A-FLA 2.70 0.46 4.24 7.89 7.88 219.82 259.07
0.8% P-FLA 0.79 0.62 1.54 4.07 9.56 239.40 281.05
1.0% P-FLA 0.81 0.50 1.53 4.15 9.50 238.73 278.87
1.2% P-FLA 1.14 0.62 1.76 4.38 9.07 234.07 274.90
1.4% P-FLA 1.03 0.68 1.78 4.46 8.57 228.99 268.64
0.3% SAF 1.33 0.32 3.06 6.39 9.67 23795 273.30
0.8% P-FLA + 0.3% SAF 1.43 0.30 3.13 6.44 9.13 230.08 271.27
1.0% P-FLA + 0.3% SAF 1.67 0.26 3.52 7.09 8.65 224.24 267.57
1.2% P-FLA + 0.3% SAF 1.25 0.28 3.05 6.96 8.75 225.73 269.80
1.4% P-FLA + 0.3% SAF 141 0.32 3.06 6.88 8.71 224.34 265.40

cement slurry containing P-FLA and SAF is not as good as that
containing A-FLA.

Compressive Strength of Hardened Cement Slurry
Containing Fluid Loss Additive. Figure 4 presents the
compressive strength of a hardened cement slurry containing a
FLA. At a temperature of 50 °C, the compressive strength of
hardened NCS increases with curing age. It starts at 21.52 MPa
at 1 day and steadily rises to 38.51 MPa at 28 days. A-FLA,
however, reduces the compressive strength of cement at the
same curing age and exhibits a substantial decrease in
compressive strength at a 4% A-FLA dosage, as illustrated in
Figure 4a. P-FLA also reduces the compressive strength of
cement at 50 °C, but the P-FLA dosage does not significantly
impact the compressive strength, as seen in Figure 4c. The
addition of SAF further decreases the compressive strength of
the P-FLA cement, as indicated in Figure 4e. Notably, when
0.3% SAF is added, the compressive strength of cement
decreases with an increase in P-FLA dosage.

At 80 °C, the compressive strength increases with curing age
within the first 7 days but decreases at 14 and 28 days. A high
dosage of A-FLA considerably reduces the compressive strength
of cement at the same curing age, particularly at 3 and 4% A-
FLA, as demonstrated in Figure 4b. The impact of P-FLA on the
compressive strength of cement at 80 °C is similar to that at 50
°C. P-FLA reduces the compressive strength of cement, but the
P-FLA dosage does not significantly affect the compressive
strength, as shown in Figure 4d. The introduction of SAF further
diminishes the compressive strength of the P-FLA cement, as
depicted in Figure 4f. When 0.3% SAF is added, the compressive
strength of cement declines with an increase in P-FLA dosage.

Hydration Heat of Cement Slurry Containing Fluid
Loss Additive. Heat is generated during the process of cement
hydration. The study involved measuring the hydration heat of
cement slurries, and the results can be observed in Figure 5 and
summarized in Table 3. In Figure Sa,b and Table 3, it is evident
that an increase in A-FLA dosage leads to a prolonged induction
period, a delayed onset of the acceleration period, and a
reduction in the maximum heat released during the acceleration
period. The 24 h accumulated heat decreases as the A-FLA
dosage increases from 1.0 to 4.0%, while the 45 h accumulated
heat remains relatively stable. These results align with the setting
time and thickening time of cement slurry containing A-FLA.

In Figure 5¢,d and Table 3, it is observed that P-FLA has
minimal impact on the heat flow and accumulated heat of the
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cement slurry. When compared to A-FLA cement slurry, the
induction period of P-FLA cement slurry extends slightly,
indicating that P-FLA has little influence on the hydration of oil
well cement. However, when 0.3% SAF is added to the P-FLA
cement slurry, the induction period further extends, the onset of
the acceleration period is delayed, and the maximum heat during
the acceleration period decreases, as demonstrated in Figure Se,f
and Table 3. This clearly illustrates that SAF retards the cement
hydration process.

Adsorption Isotherm Curves. Figure 6 illustrates the
adsorption isotherm curves of a cement slurry containing A-FLA
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Figure 6. Adsorption isotherm of cement slurry containing A-FLA or P-
FLA at 80 °C.

or P-FLA at 80 °C. The adsorption of A-FLA or P-FLA on the
surface of cement particles follows a linear isotherm pattern.
These two curves were fitted separately, and the results are
presented in Figure 6. Notably, the adsorption isotherm curve of
A-FLA on cement particles displays a steeper slope compared to
that of P-FLA. This suggests that A-FLA exhibits a higher
adsorption capacity on the surface of cement particles, while the
adsorption of P-FLA is minimal.

The adsorption of A-FLA onto the cement particle surfaces
begins at an initial equilibrium concentration. As per the fitted
equation, this initial equilibrium concentration is measured at
1296 mg/L.
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Figure 7. XRD patterns of cement slurries with and without A-FLA cured for 1, 2, and 7 days (a) NCS at 50 °C, (b) NCS at 80 °C, (c) 4% A-FLA

cement slurry at S0 °C, and (d) 4% A-FLA cement slurry at 80 °C.

Table 4. Minerals of Hardened Cement Slurry Cured for at 50 and 80 °C (wt %)

minerals C,S C,AF C,S CH amorphous phase
50°C NCS_1day 15.00 8.88 9.88 17.63 48.61
NCS_2days 12.38 7.38 8.88 18.88 52.48
NCS_7days S.13 6.63 6.50 18.75 62.99
4% A-FLA 1day 18.25 7.88 10.50 18.50 44.87
4% A-FLA_2days 13.75 7.38 8.13 18.25 52.49
4% A-FLA_7days 7.50 6.33 6.38 18.76 61.03
80 °C NCS_1day 7.13 7.00 6.63 19.63 59.61
NCS_2days 6.88 6.75 6.88 2125 58.24
NCS_7days 4.00 5.00 4.75 25.25 61.00
4% A-FLA_lday 8.74 7.13 7.25 18.25 58.63
4% A-FLA 2days 7.18 6.68 7.13 21.50 57.51
4% A-FLA_7days 4.86 5.75 4.74 23.63 61.02

Early Hydration Minerals. Figure 7 depicts the XRD
patterns of cement slurries, both with and without A-FLA, cured
for 1, 2, and 7 days. In the NCS samples at both 50 and 80 °C,
only portlandite (CH, PDF no. 01-076-0570) is observed as a
crystallized product, as shown in Figure 7a,b. Weak unreacted
minerals C;S (PDF 01-085-1378), C,AF (PDF 01-070-1498),
and C,S (PDF no. 01-070-0388) are detected at all three time
points. Importantly, the presence of A-FLA does not alter the
hydration products, as evidenced in Figure 7¢,d. Table 4
provides a summary of the minerals present in hardened cement
slurry cured at 50 and 80 °C, determined through Rietveld
refinement. Notably, the 4% A-FLA cement exhibits a higher
remaining C;S content than NCS at 1 day, both at 50 and 80 °C.
However, this difference diminishes with increasing curing time.
A-FLA has a minimal impact on the C,AF and C,S content.
Furthermore, A-FLA has a minor influence on the formation of
CH, although it does reduce the presence of amorphous phases
at 1 day.

B DISCUSSION

A-FLAs are effective due to their ability to adsorb onto the
surface of cement particles. The correlation between the water

9095

loss of the cement slurry and the adsorption capacity of A-FLA

on cement particles at 80 °C is illustrated in Figure 8. Notably, as
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Figure 8. Relationship between the water loss of cement slurry and the
adsorption capacity of A-FLA at 80 °C.
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the adsorption capacity of A-FLA increases from 1.96 to 4.47
mg/g, the water loss of the cement slurry experiences a rapid
reduction. However, when the adsorption capacity of A-FLA
surpasses 4.47 mg/g, the decrease in water loss becomes less
pronounced. This relationship between water loss and
adsorption capacity forms two distinct lines, with 4.47 mg/g
serving as the inflection point. These two lines are separately
fitted, and the results are displayed in Figure 8. Furthermore, the
slope of the fitting lines indicates that the water loss remains
relatively stable after reaching the inflection point.

The adsorption of A-FLA onto the surface of cement particles
has a retarding effect on cement hydration. This is mainly
because the adsorption of FLA on the surface of cement particles
delays the hydration of cement particles.””** The stronger the
adsorption capacity, the stronger the impact on cement
hydration. As depicted in Figure 6, A-FLA exhibits a notably
higher adsorption capacity on cement particles when compared
with P-FLA. This difference is mainly affected by the functional
groups of the two FLAs. The main functional group of A-FLA is
a sulfonic acid group, while the main functional group of P-FLA
is a hydroxyl group. The sulfonic acid group has a stronger
adsorption energy than the hydroxyl group. Therefore, the
adsorption capacity of P-FLA is less. Concurrently, A-FLA
extends both the hydration induction period and the thickening
time of cement slurry. In contrast, P-FLA does not have a
significant impact on either the hydration induction period or
the thickening time (as observed in Figures 2 and 5 and Table 3).

The correlation between the thickening time of the cement
slurry and the adsorption capacity of A-FLA on cement particles
at 80 °C is presented in Figure 9. It is evident that the thickening
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Figure 9. Relationship between the thickening time of cement slurry
and the adsorption capacity of A-FLA at 80 °C.

time of cement slurry increases as the adsorption capacity of A-
FLA rises from 0 to 4.47 mg/g. However, when the adsorption
capacity of A-FLA surpasses 4.47 mg/g, the increase in
thickening time becomes marginal. This behavior is analogous
to its impact on the water loss of cement slurry. The substantial
adsorption capacity of A-FLA on cement particles does not
significantly reduce water loss or significantly extend the
thickening time of cement slurry. This phenomenon can likely
be attributed to the multilayer adsorption of A-FLA onto cement
particles.

The XRD results in Table 4 further reveal that A-FLA
primarily delays the hydration of C;S at 1 day and reduces the
formation of the amorphous phase. This is mainly because the
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adsorption of A-FLA on the surface of cement particles is
significant, which slows the hydration of cement.

B CONCLUSIONS

This study investigates the influence of the A-FLA on the
hydration of oil well cement. The following conclusions are
drawn from the analysis:

o A-FLA effectively manages the water loss of cement slurry
when used in dosages exceeding 2%. The water loss
decreases significantly as the adsorption capacity of A-
FLA increases from 1.96 to 4.47 mg/g. However, once the
adsorption capacity surpasses 4.47 mg/g, the reduction in
water loss becomes marginal.

The setting time of cement slurry containing A-FLA
increases with higher A-FLA dosages at both 50 and 80
°C. In contrast, P-FLA has a minimal impact on the
setting time of cement slurry. A-FLA added cement slurry
exhibits excellent right-angle thickening properties.

At 50 °C, the thickening time of cement slurry increases
with increasing A-FLA dosage. At 80 °C, the thickening
time of cement slurry containing 4.0% A-FLA extends to
203 min, but it experiences only a slight increase when the
A-FLA dosage goes from 2.0 to 4.0%. The thickening time
of cement slurry correlates with the adsorption capacity of
A-FLA, increasing from 0 to 4.47 mg/g. Beyond an
adsorption capacity of 4.47 mg/g, the thickening time
experiences a slight rise, similar to the trend observed in
water loss due to A-FLA.
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