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strengthening mechanism of
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hybrid glass fiber-carbon fiber
cement slurry system

Yihang Zhang*, Jiaxin Wen and Xuejiao Yin

Chongging Industry Polytechnic College, Chongging, China

In recent years, with the rapid development of biomass combustion power
generation and heat generation as the main application industry, the amount of
byproduct biological ash is also increasing year by year. How to effectively
utilize the biological ash in a more green, environmental friendly and economic
way has become a research hotspot. In view of the problem that the mechanical
properties of the cement stone decreased when the conventional latex was
used as the toughening agent, based on the introduction of high dispersive
composite modified fiber to enhance the toughness of the cement stone, this
paper analyzed the physical and chemical properties and application status of
the biological ash, and further explored the influence and role of the biological
ash as the cement stone admixture on the high-temperature mechanical
properties of the composite fiber cement stone Mechanism. The results
show that when the dosage of biological ash is in the range of 0-10% (wt%),
it has little effect on the basic slurry properties of cement stone, and has a
certain preventive effect on the gas channeling of cement stone. In the analysis
of comprehensive mechanical properties, the activated biological ash can
enhance the compactness of cement matrix under high temperature by
reducing the Ca/Si ratio through the secondary pozzolanic effect, stimulate
the formation of a large number of hydration products, and strengthen the later
strength growth rate of cement. The high temperature resistance of cement
paste can be effectively improved by hybrid high dispersion composite fiber.
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Introduction

Biomass energy is a kind of renewable and clean energy with abundant resources, which
accounts for nearly 2/3 of all renewable energy in the world, and it is almost sulfur-free. It
can achieve zero emission of CO, in the total amount of combustion utilization, which
provides an effective way to solve the current energy crisis and environmental problems
(Antar et al., 2021; Siwal et al., 2021; Wareing et al., 2021; Ning et al,, 2021). At present,
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many countries have increased the research and development of
biomass energy. The so-called biomass refers to all the substances
in the organic matter, except the fossil fuel, which can be
regenerated from animals and plants (Popp et al,, 2021; Kartik
et al,, 2021). Biomass can obtain many kinds of energy products
such as gas, liquid and solid through thermochemical conversion
technology. After thermochemical conversion and utilization, the
residual inorganic material is biomass ash, which is produced in
many countries every year (Ashokkumar et al., 2022). Vassilev
etal. (2013) estimated that 476 million tons of ash are produced by
direct combustion of biomass every year, which is similar to the
amount of coal ash (780 million tons). At present, the main
treatment method for biological ash is landfill, which not only
has high cost, but also causes a large amount of waste of resources
and serious pollution to the environment. Therefore, how to use
bio ash in a more green, economical and simple way still needs a lot
of research. At present, the sources of biomass fuel for producing
biological ash are roughly divided into four categories: agricultural
biomass, i.e. the residues after the receipt and processing of crops,
such as straw, rice husk and wheat straw (Petrella et al., 2022).
forest biomass, i.e. the residues of forest products, such as wood
cuttings, sawdust, bark and conifers, wood blocks, etc (Noé et al.,
2021), energy crops, such as short-term rotation crops, fast-
growing forests, etc (Nathan and Goretty, 2018; Ameray et al,
2021).

With the acceleration of industrialization and the shortage of
energy and resources, the effective use of biomass renewable
resources is strongly advocated by the state. In the field of oil
well cementing, due to the need to use a large number of Portland
cement for downhole formation sealing operations, and the
production of Portland cement accounts for 8% of greenhouse
gas emissions, which greatly aggravates the environmental
pollution. At present, the management and utilization of solid
waste has been studied as a method to minimize environmental
impact (Bildirici, 2019). Therefore, more and more researches on
the replacement of Portland cement with industrial waste have
emerged. Her et al. (2021) selected oyster shell powder and fan
shell powder to replace limestone in cement clinker. Through
comparison with conventional Portland cement, it was found that
these two kinds of added shell powder cement formed C;S, C,S,
C;A and C4,AF compounds, and the main hydration products were
C-S-H gel and calcium hydroxide, which was the same as Portland
cement. Niu and Kim (2022) pretreated the surface of corn straw
with siliceous solution to prevent the hydrolysis of cellulose sugar
and reduce the water absorption capacity of corn straw. It is found
that corn straw can effectively reduce the consumption of cement
materials and improve the thermal insulation and energy saving
effect of buildings. Amin et al. (2021) explored the effect of the
synergistic use of nano cotton stalk ash (NCSA) and palm leaf ash
(PLA) on the properties of Portland cement, and found that the
mechanical properties of cement slurry added with 5% NCSA and
20% PLA were the best at 90 days Jaitanong and Chaipunti. (2015)
studied the structure and properties of Portland cement (PC),
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natural latex and rice husk ash (RHA) composites. It was found
that at the same water cement ratio of 0.5, the compressive strength
of PC-RHA with 20% rice husk ash (the most appropriate amount)
increased by 36.4 and 38.3% respectively in 3ays and 14days,
compared with the same PC, but the compressive strength of the
cement stone decreased to a certain extent after adding latex.
Mahmuda et al. (2020) studied the influence of different amount of
straw ash on the performance of cement stone. It was found that
the average compressive strength of cement stone samples mixed
with 10, 20 and 30% straw ash was 15.82, 20.17 and 27.32 kN
respectively under 7days curing, while the compressive strength of
the pure slurry was only 13.53 kN. It is believed that this is due to
the formation of amorphous silica from straw ash and Portland
cement, which improves the compressive strength. Shar et al.
(2020) used wheat straw ash as a cement substitute in concrete to
test the compressive strength. It was found that with the increase of
the amount of wheat straw ash, the compressive strength of cement
stone increased continuously, reaching the maximum at about
10%. A large number of previous experimental research results
have shown that bio-ash materials have a strong feasibility as a
substitute for cement in conventional Portland cement, and can
show a certain performance improvement effect, but such studies
are mostly carried out under the conditions of low temperature
and normal pressure, and there are relatively few researches under
the conditions of high temperature and pressure, and most of them
are carried out based on civil engineering experimental standards,
and the reference surface is relatively narrow. In order to improve
its universality and expand its engineering application scope. This
paper is based on the systematic evaluation plan in the petroleum
field and the current domestic bio-ash waste-rice straw ash. In
order to cope with the primary defects of insufficient toughness
and excessive brittleness of cement stone, it is also to solve the poor
tolerance of high temperature natural latex mixed with cement
stone (Al-Khafaji et al., 2021; Buritatum et al., 2021), the modified
temperature-resistant latex has high pollution and high-
temperature strength attenuation, and carried out experimental
research on high-temperature and high-pressure activated straw
ash hybrid high-strength crack-resistant glass fiber/carbon fiber
composite materials. Through the evaluation standard of oil well
cement stone, the systematic experimental evaluation and
microscopic image analysis of cement stone are carried out.
The purpose is to study the mechanical properties of rice straw
ash fiber
toughened materials at high temperature, and to provide some

cement stone mixed with two-component

reference and guidance for the follow-up work.

Experimental
Materials

Jiahua G-grade oil well cement, density 3.12-3.15 g/cm’,
the chemical composition is shown in Table 1, purchased in
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TABLE 1 Chemical composition of G-grade oil well cement.

Component SiO, MgO K,O

20.8 13
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Content (%)

*% is weight/weight.

100

Size/um DI0 D25 DS0O D75 D90
849 1871 3826 60.85 80.79
351 622 1096 16.67 2133

[~ 300Meshsilicapowder 14.76 25.99 4344 6613 89.89

Plant ash

Microsilica

foc}
i=}

(=23
(=]
T

o~
(=]
T

—l— Plant ash
—@— Microsilica

Cumulative distribution (%)

Do
(=]

sh silic:

Particle size (um)

FIGURE 1
Particle size analysis of high-temperature reinforced raw
materials of cement stone.

Jiahua Special Cement Co., Ltd.; 300mesh silicon powder,
density 2.6 g/cm?-2.7 g/cm?, particle size report as shown in
Figure 1, purchased in Henan Huarong Silicon Powder
Material Co., Ltd.; High-strength A-grade alkali-free high-
dispersion glass fibers (Figure 2, Right), purchased in Taowu
Fiberglass Factory; 3 mm carbon fiber (Figure 2, Left),
Shanghai Lishuo Material
Technology Co., Ltd.; Nano-liquid silicon, defoamer X66L,
fluid loss agent CGS80L, dispersant CF43L are all from
Jingzhou Jiahua Technology Co., Ltd.; Biological ash

purchased in Composite

FIGURE 2

Nazo

0.5

10.3389/fenrg.2022.994220

Fe,0; CaO Al O3 Others

52 61.5 3.6 6.4

(Figure 2, Middle), the chemical composition is shown in
Table 2, purchased and placed in Hongke Insulation Material
Hebei Na,SO,,
industrial grade, purchased in Jinan Hongde Chemical Co.,
Ltd; NaOH,
Tongxing Wanxin Environmental Protection Technology
Co., Ltd.

Factory, Dacheng County, Province;

analytically pure, purchased in Henan

Sample processing and formulation

The composition of the experimental formula designed by
the Institute is shown in Table 3, and the fixed water cement
ratio is 0.44. The activator used is the combination of sodium
sulfate and NaOH. As an alkali activator, the dosage of sodium
sulfate is 0.01-0.03% of the weight of cement ash, and the
modulus ratio of Na,SO,: NaOH is 1:3. In the formula
combination, ccs-0 is the basic reference sample without
fiber and biological ash, while CCS-1, CCS-2, CCS-3 and
CCS-4 are composite fiber hybrid biological ash test
samples with 0, 3, 5 and 10% biological ash respectively.

Testing methods
1) Rheological property test

According to the oil industry standard SY/T5546-92 "Test
Method for Application Performance of Oil Well Cement” and
API specification “Standard and Test Specification for Oil Well
Cement Material”, the shear stress at different rotational speeds is

measured, and its average value is measured many times.

Experimental bio-ash and fiber materials (Left: carbon fiber; middle: bio-ash; right: alkali-free high-dispersion fiber).
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TABLE 2 Chemical composition of biological ash.

Component §i0, MgO TiO, CaO
Content (%) 56.7 3.8 0.1 8.2
*% is weight/weight.
TABLE 3 Composition of experimental formula.
No. JHG- Si0, Nano CG80L CF44L
G liquid
silicon
CCS- 587.3 200 28.6 20 5
0
CCS- 587.3 200 28.6 20 5
1
CCS- 587.3 200 28.6 20 5
2
CCS- 587.3 200 28.6 20 5
3
CCS- 587.3 200 28.6 20 5
4

2) Water loss test

Within 1 minute after the preparation of the cement slurry,
the cement slurry is poured into the slurry cup of the
(Qingdao
Mechanical and Electrical Equipment Co., Ltd.). The cement

Atmospheric  pressure  thick meter Senxin
slurry is heated to 93 “C within 20 min. After mixing, the cement
slurry was poured into the ZH10766 High Temperature and High
Pressure Water Loss Instrument (Beijing Zhonghui Tiancheng
Technology Co., Ltd.) to test the water loss of the cement slurry at

93 °C, 6.9 MPa for 30 min.
3) Thickening time test

Using TG-8040DA pressure thickening meter (Shenyang
Tiger Petroleum Instrument Manufacturing Co., Ltd.) to test
the time when the consistency of cement slurry reaches
100 Bc (Bearden units of Consistency—Consistency unit of
cement slurry) at 180 °C x 80 MPa, that is, the time of cement
slurry thickening. The starting point is the point where the
consistency value suddenly changes, the ending point is the
consistency value of 100 Bc, and the interval time is the

conversion time.
4) Mechanical properties testing
Compressive strength and elastic modulus of cement paste

are tested by HY-20080 computer-controlled electronic universal
material tester (Shanghai Hengyi Precision Instrument Co., Ltd.)
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Fe, 03 Al,O3 K,O Na,O Others
2.3 1.2 185 0.7 8.4
Glass C-Fib Straw Na,S0, NaOH
fib ash
1.18 1.18
1.18 118 17.6 0.18 0.54
118 118 235 0.24 0.72
1.18 1.18 58.7 0.59 1.77

with sample size of 50.8 x 50.8 x 50.8 mm; The flexural strength
test fixture of universal testing machine is used. The sample size is
40 x 40 x 160 mm. All samples after preparation are placed in a
high-temperature pressurized curing kettle for curing at 180 °C
and 21 MPa.

Fiber dispersion treatment

The design of the experimental formula is based on the two-
component toughened fiber. The fluidity of the cement slurry will
be affected due to the incorporation of the fiber, because the dry
chopped fiber is easy to have a large friction force between the
fibers, so by controlling the fiber addition (Ralph et al., 2019;
Hasan et al,, 2021), the total addition is ensured to be less than
0.3%, and the hybrid fiber material is also modified to a certain
This fiber
modification.

extent. includes surface pretreatment and

1) Fiber surface pretreatment

The surface of the fiber will remain some oil agent used in the
production, which will affect the wetting effect of the dispersant
on the fiber surface. Therefore, the surface of the fiber needs to be
pretreated to remove the impurities on the fiber surface. Here,
35% acetone solution is used as the fiber solvent, and magnetic
stirring is carried out at room temperature for 12 h. The fiber
after filtration is separated and washed with distilled water After
heating and refluxing for about 2h, take it out for drying.
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2) Fiber dispersion treatment

Put a proper amount of pretreated composite short cut
fiber in a 1,000 ml beaker, add 500 ml of purified water, mix
continuously at 800 r/min, at the same time, add a certain dose
of (1.2 g/500 ml) hydroxyethyl cellulose (HEC) until all HEC
are dissolved, and then further increase the speed to 10001/
min, continue to mix for 30 min, keep the composite fiber in
the solution state for standby, in the preparation time of
cement slurry, the root According to the amount of solvent
in the composite fiber dispersion, the water demand of cement
slurry is reduced in equal proportion to ensure the accuracy of

the experiment.

Analytical methods

Before the analysis experiment, select the cement stone
fragments after the compression test, select the middle part to
soak in anhydrous ethanol to prevent the sample from further
hydration, then dry the sample at 60 °C, grind it into powder and
XRD, SEM-EDS
thermosgravimetry analysis. The main purpose of micro test is

reserve a small sample for and
to explore the exciting effect of activator and the change of
internal structure of biological ash cement under high

temperature.
1) Scanning electron microscope

Hitachi S-4800 field
microscope (SEM) is used in this paper. The acceleration

emission scanning electron
voltage of electron beam is 15kV. The test sample used is
broken cement flake under the compressive strength test. By
observing the sample at different magnification and
combining with EDS scanning, the distribution form and
phase composition of various components in the fracture

surface of cement paste can be determined.
2) Thermogravimetric Analysis (TG) analysis

TGA/SDTA 851e is used in this test, the heating rate is 10°/
min, the temperature rise range is 0-800°C, and the atmosphere
used in the test is nitrogen.

3) Diffraction of x-rays (XRD) test

Different types of cement stone powder samples were tested
by D8 AVANCE diffractometer in Germany. The cement stone
samples were grinded into 320 mesh size powder, about 40 pm
the measurement mode was continuous scanning, the scanning
speed was 57/min, the scanning range was 5-70°, the
diffractometer used was Cu target, the wavelength was
1.54056 A.
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FIGURE 3
Effect of biological ash on fluidity and water loss of cement
slurry.

4) Mercury intrusion porosimetry (MIP) test

The pore structure of hardened cement sample was analyzed
by pore structure analyzer. The pressure range was 0.5-60000 Psi,
and the pore size range was 0.0035-200 pm. Before preparing the
sample, select the cement sample block which is damaged by
mechanical test and close to the center of the sample under the
curing age of 21 days of hydration, break it into small pieces with
volume less than 1 cm’, then immediately put it into anhydrous
ethanol to stop the hydration, and place the sample in a 65°C
vacuum drying oven to dry to constant weight.

Discussion

Evaluation of fluidity and filtration of
cement slurry

The fluidity test of cement slurry is one of the most important
links in the design of cementing slurry. The fluidity directly
determines the difficulty of pumping cement slurry to the well. If
the fluidity of cement slurry is too bad, the pumping efficiency
will be reduced, the pumping power consumption will be greatly
increased, and the construction cost will be increased to a certain
extent. The fluid loss of slurry is the key parameter to reflect the
water retention performance of cement slurry, so as to ensure
that the density of cement slurry will not be reduced due to water
loss in the sealing operation under the formation, resulting in
that the cement can-not balance the formation pressure.
Therefore, the experiment test first conducted an experimental
evaluation on the fluidity of cement slurry, and the evaluation
results are shown in Figure 3. It can be seen from the figure that
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FIGURE 4

Effect of biological ash on thickening time and transition time
of cement slurry.

the incorporation of hybrid fiber has little effect on the convective
denaturation, which is attributed to the lower fiber addition and
better modification effect. With the increase of shear rate, the
shear force of cement slurry increases gradually, which means
that the fluidity of the slurry of composite fiber hybrid biological
ash cement slurry system decreases with the increase of the
content of biological ash. In addition, with the increase of the
content of biological ash, the filtration of cement slurry decreases
gradually, which can play a certain role in reducing water loss.
This is because the fine grinding biological ash itself has a low
particle fineness, so it can fill up the small pores in the mud cake
in the test of the leakage of the cement slurry. In addition, because
the biological ash has a certain water absorption capacity, to a
certain extent, it reduces the water cement ratio of the cement
slurry, so it will have a certain impact on the fluidity of the
cement slurry, but because the fine is used in this experiment The
smaller the particle size is, the smaller the ability of absorbing
water is. As a result, the larger the unabsorbed water is in the
cement slurry mixed with the composite fiber, so the fluidity is
not affected.

Setting (thickening) time

The test of cement paste thickening time can truly reflect the
state change of cement paste when it starts to thicken to the
consistency when it reaches the setting under certain temperature
and pressure conditions after the completion of mixing, so as to
achieve a better sealing of cement paste at the specified
temperature, pressure and time. The thickening time of
cement slurry samples CCS -0, CCS-1, CCS-2, CCS-3 and
CCS-4 under different biological ash dosage was tested in the
laboratory. The experimental conditions were 180°C, 80 MPa.

As shown in Figure 4, When the amount of biological ash is
low (<3%), it has little effect on the thickening time of cement
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FIGURE 5
Effect of biological ash on compressive strength of
composite fiber cement stone.

slurry, but it will shorten the thickening transition time, among
which, CCS-1 will reduce the thickening transition time by about
25% compared with CCS-0; when the amount of biological ash
continues to increase to more than 3%, the thickening time will
be significantly reduced, among which CCS-2, CCS-3 and CCS-4
will reduce the thickening time by nearly 16.4, 34.2 and 47.3%
compared with ccs-0, respectively Compared with CCS-0, the
transition time was reduced by 8, 41.7 and 75.2% respectively. On
the one hand, the increase of biological ash content reduces the
overall water cement ratio of cement slurry system to a certain
extent, which affects the hydration process of cement slurry. On
the other hand, it is because the dissolution of Si and Al in the
slurry is affected, the polymerization degree is accelerated, and
the thickening time and the thickening transition state time are
reduced.

Compressive strength

Mechanical property test is an important factor to evaluate
the quality of cement stone. Through the use of universal
mechanical testing machine, the compressive strength tests of
cement stone samples CCS-0, CCS-1, CCS-2, CCS-3 and CCS-4
are carried out, and the test results are shown in Figure 5.
Through comparative analysis, it can be found that the
compressive strength of cement paste increases slowly with
the increase of the amount of biological ash within 10%. The
compressive strength of CCS-1 samples at 1, 7 and 28d was 2.1,
2.8 and 3.5% higher than that of CCS-0 respectively. CCS-2
increased by 4.3, 4.7 and 5.6% respectively. CCS-3 increased by
6.1, 6.5 and 7.6% respectively. CCS-4 increased by 11.3, 10.2 and
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FIGURE 6

Effect of bio-ash on the flexural strength of composite fiber
cement stone.

11.5% respectively. Secondly, in terms of intensity development,
CCS-0 develops rapidly in 7d, with a growth rate of 15.7%, but
the intensity growth is greatly reduced after 28d, with a growth
rate of only 4.6% compared with 7d. Taking 10% CCS-4 samples
as an example, the strength growth ratio at 7 and 28d was
14.4 and 21.1%, respectively. The reason is that the hydration
activity of biological ash is weaker than that of cement, and the
hydration speed is slower than that of cement. Therefore, the
overall compressive strength of cement stone decreases with the
increase of dosage, and the early strength is affected. However,
with the increase of curing age, the hydration of this part is
gradually completed, so the strength of cement stone will increase
significantly after 28 days.

Flexural strength

In view of the composite fiber mixed in the cement slurry
formulation system, the effect of biological ash on the flexural
strength of the fiber composite cement slurry system was also
studied in the experiment, and the experimental results are
shown in Figure 6. It can be seen in the figure that the
development trend of flexural strength and compressive
strength of composite fiber hybrid biological ash cement
stone is consistent, showing a stable growth trend with the
growth of curing age. The bending strength of CCS-1 samples
at 1, 7ays and 28d was 12.7, 17.5 and 16.8% higher than that of
CCS-0 respectively. CCS-2 increased by 14, 19.8 and 21.2%
respectively. CCS-3 increased by 15.8, 21.8 and 24.8%
respectively. CCS-4 increased by 19.8, 26.4 and 28.3%
respectively. In the aspect of flexural strength development,

Frontiers in Energy Research

07

10.3389/fenrg.2022.994220

*5i0,
WCa(C0),
ACa, 810, 5 xH,0
VCa(0H),
©Gismondine 0 CCS-1 CCS-2
CCS-27d . -
—_ ° v I A A * oy . 1 o
=: A S, JA
&
z
w
§ |ccs23a
- o
E © A_RO o o, 1 o 1 S
CCS-03d I * .
© ©
1 1
10 20
20 ()
FIGURE 7

Comparison of XRD analysis and test results. *d = day.

the strength of CCS-0 developed rapidly in 7d, with a growth
rate of 7.7%. After 28d, the flexural strength increased slowly,
with a growth rate of only 2.1% in 7d. Taking 10% CCS-4
samples as an example, the strength growth ratio at 7ays and
28d was 13.6 and 3.7%, respectively. The reason is that the
hydration activity of the biological ash is weaker than that of
the cement, and the hydration speed is slower than that of the
cement. Therefore, the overall compressive strength of the
cement stone decreases with the increase of the dosage, and
the early strength is affected. However, with the increase of
the curing age, the hydration of this part is gradually
completed. In addition, due to the presence of activated
silica and activated alumina in the biological ash, it will
also produce a certain geopolymer gel under the condition
of alkaline activator, so the strength of the cement stone after
28days will be more great growth (compared to cement paste
stone).

XRD analysis

In Figure 7, XRD analysis was carried out on the samples
of cement paste and fiber hybrid biological ash, and the same
time, 5% phenolphthalein-alcohol solution was used to titrate
the cement paste profile. Through the comparison, it can be
found that the main products in the samples are SiO,, calcium
(OH), Ca;s8i0s5xH,0, CasSiOs
gismondine. Among them, SiO, mainly comes from the

hydroxide and
addition of silica powder, in order to avoid the high
temperature strength degradation of cement. It can be seen
from the comparison that the characteristic peak of cement
sample with fiber mixed biological ash has changed to some
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TG test curve.

extent compared with that of cement sample with pure slurry.
Among them, there are obvious CH characteristic peaks in
CCS-0, but with the addition of biological ash, the CH
characteristic peaks weaken significantly, which shows that
part of CH is consumed. This is because in addition to the
reaction between the addition of SiO, and CH in the cement
stone, the SiO,, Al,O; and other silicate glasses in the
ash CH
produced in the cement stone to generate hydrated silicon

biological react with the alkaline activator
Calcium carbonate and other gel, reinforced cement matrix
colleagues also dissipated part of CH. The results of
phenolphthalein titration showed that with the increase of
the dosage of biological ash, the basic components in cement
decreased gradually, and the discoloration degree of
phenolphthalein decreased gradually, which was consistent
with the test results of XRD.

TG analysis

Figure 8 shows the thermogravimetric analysis results of
CCS-2 and CCS-0, respectively. The results show that the weight
of CCS-0 sample changes obviously in the temperature range of
400-550°C and 550-700°C. At the same time, according to the
mass loss shown in the thermogravimetric curve, the content of
CH in the cement stone can be calculated. The specific formula is
as follows:

CH content (wt.%) = Weight loss of CH x 74/18 (1)

Where 74, 18 are the molar masses of CH, H,O.

Among them, in the range of 400-550°C, the weight
attenuation ratio of cement paste due to the removal of
structural water by CH is 4.06%, and its CH content is
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FIGURE 9
Pore size distribution of cement paste with biological ash
hybrid composite fiber.

16.69w/%. By comparing the CH content of CCS-2
samples, we can see that with the addition of biological
ash, the content of CH in cement paste decreases. When
the content of biological ash is 7%, the content of CH in
the samples has decreased from 16.69w/% to 14.84w/%, and
with the addition of biological ash, the content of CH in the
samples has decreased from 16.69w/% to 14.84w/%, With the
gradual progress of cement hydration, the SiO, in the
biological ash reacts with the OH and C-S-H gels in the
hydration product to produce a pozzolanic reaction, which
further formed low alkalinity C-S-H gel, and the change of CH
content can reflect the extent of pozzolanic reaction in the
side. However, the decomposition of carbonate (CaCOs3) is
from 550 to 700°C. For the appearance of calcium carbonate,
the main reason is that the calcium hydroxide produced by
cement hydration migrates to the surface with water, and the
calcium hydroxide precipitates after water evaporation, and
then reacts with carbon dioxide in the air to form calcium
carbonate. In general, the addition of biological ash improves
the thermal decomposition of cement paste, which also
verifies that the mechanical properties of cement paste
continue to strengthen with the increase of the amount of
biological ash (<10%) at high temperature.

Porosity characteristics

The pore structure of cement stone is closely related to its
physical and mechanical properties, and therefore it is also an
important performance index to determine the quality of
cement stone. By selecting specific experimental samples
CCS-0 and CCS-2 for mercury the

injection test,
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TABLE 4 Pore size distribution and total porosity of cement stone
samples.

No. Pore size/um Porosity%
<0.02 0.02-0.05 0.05-200 >200

CCS 0 27.1 524 205 0.02 23.9

CCs 2 46.4 35.9 17.7 0.01 20.1

experimental results are shown in Figure 9; Table 4. Where,
the porosity of CCS-2 in the cement sample of bio ash hybrid
composite fiber is significantly lower than that of CCS-0, the
porosity is 20.06%, and the decrease ratio is 15.99%.
According to the pore size distribution diagram, the pore
size of CCS-2 less than 0.02 um is significantly higher than
that of CCS-0. This may be attributed to the plugging of the
cementitious material formed by the alkaline excitation of the
biological ash. At the same time, the main component of the
biological ash is SiO,, which is equivalent to improving the Si/
Ca ratio in the cement slurry system to a certain extent,
effect the
compactness of the cement matrix.

promoting its pozzolanic and improving

: *
o Silica fuse

Glass fiber:

Silica fume

FIGURE 10

10.3389/fenrg.2022.994220

Microscopic analysis

Figures 10, 11 is the SEM and EDS analysis results of CCS-4
sample (composite fiber mixed with 10% bio-ash cement stone
sample) for hydration 3d. The observation shows that the cement
stone hardened body The cross section at 400 um can clearly
observe the glass fiber and carbon fiber interspersed at the cross
section. at the same time, it can also be observed that the
fragmented silicon powder is scattered on the cross section
Figures 10A,B, the cement stone has a relatively high density,
and almost no cracks. Continue to enlarge the magnification to
below 10 um. Observation of the overall morphology shows that
a large amount of hydration products are plugged between the
silica powder and the cement stone matrix. Among them, only a
small amount of square crystal CH appears, which is consistent
with the XRD test analysis results. According to the EDS analysis
results of the hydration products, taking the measurement point
A as an example, the content of Ca, O and Si atoms in the needle-
shaped and granular hydration products is relatively high, and
the contents are 15.53, 73.81 and 8.84%, respectively. The mass
percentages are 29.65, 56.26 and 11.83%, respectively. It is
precisely because of the presence of this hydrated gelatinous
substance that the strength of the cement stone in the later period
has been greatly improved. These gelled substances greatly

400 ym
Nova NanoSEM

Microstructure of bio-ash hybrid carbon fiber/glass fiber composite cement stone.
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EDS element analysis of bio-ash mixed carbon fiber/glass fiber composite cement stone.

enhance the internal structure of the cement stone by
crosslinking with other components in the silica powder
cement stone matrix force.

Conclusion

To solve the problem that the conventional latex as a
toughener added to cement stone is not resistant to high
temperature, resulting in a significant decrease in the high-
temperature mechanical properties of the cement stone, the
high-temperature modification and toughening of the oil well
cement stone is achieved by using glass fiber/carbon fiber

Frontiers in Energy Research
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composite blending. At the same time, the introduction of the
most common bio-ash waste in China and the use of alkaline
activator, through the comprehensive performance research of
bio-ash hybrid glass/carbon fiber composite cement stone, and a
series of characterization evaluations that can be implemented:

(1) Inthe basic performance test, it can be found that at less than
10% dosage, different amounts of bio-ash have little effect on
the rheology of cement slurry mixed with modified
composite fiber, which can ensure that the cement slurry
has a good Pumping effect. In addition, with the increase in
the amount of bio-ash, the water loss of cement slurry
decreases, which effectively avoids weight loss and gas

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.994220

Zhang et al.

channeling accidents caused by excessive water loss when the
cement slurry returns in the wellbore. In addition, in the
thickening test, with the increase of the amount of biological
ash, the thickening time and the transition time will be
shortened to a certain extent, which is extremely
beneficial to the prevention of gas channeling.
(2) After testing the compressive strength and flexural
strength of cement stone separately, it can be seen that
the bio-ash hybrid composite fiber has a certain
improvement effect on the mechanical properties of the
cement stone. On the basis of ensuring the rheology of the
cement slurry foundation, the amount of fiber is fixed It
was found that with the increase of the amount of bio-ash,
the compressive strength of cement stone gradually
increased. The compressive strength of cement stone at
7 and 28d under the condition of 10% bio-ash and 0.4%
composite fiber was 14.4% and 21.1 respectively. %, the
test sample mixed with biological ash has a higher
strength growth rate in the later period. In the bending
strength test, it can be found that the incorporation of
fibers plays a major role in improving the bending
strength, and biological ash plays an auxiliary role in
strengthening.
(3) In the discussion of the mechanism of bio-ash hybrid
composite fiber reinforced cement stone, on the basis of
ensuring good rheology, the composite fiber penetrates the
cement stone matrix cross section inside the cement stone,
dissipating part of the cement stone fracture Stress, which
strengthens the bending resistance of the cement stone. For
the high temperature cement stone test, the biological ash
waste that plays a major role dissipates the internal
component CH of the cement stone through the
secondary pozzolanic effect, and cooperates with the
cement matrix The generated large amount of hydrated
calcium silicate gel material reduces the heat loss of the
main components of the cement stone and strengthens the
high-temperature mechanical properties of the cement
stone.
(4) The implementation of this work plays a vital role in
mitigating environmental pollution and reducing costs
and increasing efficiency. On the one hand, it avoids the
use of latex and other high-temperature polluting cement
stone toughening raw materials, and effectively uses
domestic Large amounts of bio-ash (rice straw ash)
waste. On the other hand, the waste bio-ash raw
materials used in this work are inexpensive, have a
wide range of raw material sources, and are extremely
difficult to obtain.
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Limitations

In this research work, the scheme design of bio ash composite
fiber cement is carried out for high temperature environment
(180°C), and more experimental studies will be carried out at
temperature (40°C, 80°C, 120°C) in the future, so as to more
comprehensively grasp the application scope and performance
change relationship of bio ash composite fiber cement.
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