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In view of the water inrush disaster in karst area, the slurry has the problems of poor dispersion resistance and low retention
rate in the process of grouting and plugging. In this paper, Portland cement is used as the matrix material, and water glass
is added to obtain cement-water glass slurry. Then polyacrylamide, iron powder, xanthan gum and guar gum are used as
admixtures to develop a new type of grouting material suitable for dynamic water plugging of water channels. The response
surface regression model was constructed by Design-Expert software, and the effects of polyacrylamide, iron powder, xanthan
gum and guar gum on the setting time, slurry retention rate and compressive strength of the new cement-water glass slurry
were analyzed. Combined with the desirability function, the optimal ratio of the new cement-water glass slurry was obtained.
The results show that the interaction of each two admixtures has a significant effect on the setting time of the slurry; the
single factor of xanthan gum and iron powder had a significant effect on the slurry retention rate. The single factor has a
significant effect on the compressive strength of the slurry, and the amount of polyacrylamide has the greatest influence.
The model predicts the optimal ratio: polyacrylamide content is 0.6%, xanthan gum content is 0.7%, guar gum content is
0.4%, iron powder content is 29.96%, which can provide a reference for the multi-objective optimization of the mix ratio
of the new cement-water glass slurry.

Keywords : Water inrush, Response surface method, Craving function, Mixing ratio optimization.

Introduction important to the success of pipeline grouting plugging.

At present, there are many research results in the field

Grouting is the most commonly used method in of dynamic water grouting materials. Zhang et al.proposed
the treatment of water inrush disaster in underground a grouting material suitable for karst development
engineering, and grouting material is the key factor to areas, and verified the feasibility of grouting through
control the grouting effect. In the process of grouting and four indicators : fluidity, spreading ability, initial setting
plugging of karst pipelines under high-pressure and large- temperature change, and compressive strength [5]. Liu
flow dynamic water conditions, the complex hydraulic et al.developed a magnesium phosphate cement grouting
environment is faced after the slurry is injected. The material with fly ash and abrasive blast furnace slag
traditional Portland cement material is easy to be washed to meet the requirements of controllable setting time,
and diluted and dispersed, the retention rate of dynamic good fluidity, high early strength and environmental
water is low, and the volume shrinkage rate is large. In protection [6]. Wang et al. [7].developed a new type
the pipeline dynamic water plugging, ' slurry running ' of VCH hydrodynamic material, which can resist the
is serious, which can not meet the needs of large-flow erosion of water flow at a certain flow rate. Under
water inrush plugging. Although chemical or polymer the condition of water flow rate lower than 0.4 m/s,
grouting materials have stable slurry morphology and the material has good anti-dispersion, and under the
high viscosity, the production process is complex, the condition of flow rate higher than 0.4 m/s, the material
cost is high, and there is a potential risk of pollution loss is greatly improved [8-10]. Geopolymer grouting
to groundwater, so the engineering applicability is poor material (GPGM) outperforms cementitious grouting
[1-4]. Therefore, under the condition of dynamic water, materials in multiple aspects. It exhibits superior
the pipeline grouting plugging puts forward higher compressive strength, enhanced durability, and excellent
requirements on the slurry performance. The anti-erosion corrosion resistance. Moreover, it offers rapid early -
performance and gel performance of the slurry are very strength development and quick hardening properties.
Additionally, GPGM is more environmentally friendly

*gorresponding author: and cost - effective, as evidenced by references [11, 12].
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based grouting material, in which slurry A is composed
of superfine sulfoaluminate clinker, and slurry B is
made of superfine anhydrite and superfine quicklime
in proportion. The performance and hydration process
of lime in the addition process of 0 wt.%-30 wt.%
were studied. The flow time, setting time, compressive
strength and expansion/contraction tests of swamp cone
were carried out by microcalorimeter, DTA-TG, SEM-
DES and other technologies. Zhang et al. [14] developed
a new type of grouting material for filling karst caverns
(in response to groundwater flows) before shield tunnel
construction. The material is based on bentonite and
cement, adding curing agent, and has excellent fluidity,
stability and erosion resistance. Through a series of
laboratory experiments, the optimal ratio was determined
as follows: specific gravity of bentonite slurry 1.30-1.35,
cement content 30%, m-aluminate content 1.25%, lignin
content 0.20%.

In recent years, there have been many studies on
grouting plugging materials, and some achievements
have been made, but there are still many problems.
Traditional inorganic plugging materials generally have
poor plugging effect, while organic plugging materials
have the advantages of anti-dispersion, controllable setting
time and superior water retention performance, but there
are also environmental risks. In this regard, the research
team proposed a new type of cement-water glass slurry.
This technology is based on the magnetization principle of
magnetic materials, that is, magnetic materials are added
to the quick-setting materials, that is, the microstructure
of the magnetic materials will change under the action of
external magnetic field force. Become more orderly, and
then magnetized, the magnetized magnetic material will
also produce a magnetic field, which is transmitted to
the magnetized magnetic material through the magnetic
field magnetic force. The magnet can firmly adsorb the
magnetic grouting material, so that the grouting material
can resist the erosion of high flow rate of dynamic water.
Therefore, this new type of cement-water glass slurry
is of great significance for plugging water inrush from
karst pipelines.

In order to study the influence of each basic material
on the plugging effect of the new cement-water glass
slurry, firstly, the influence of different water glass
concentrations on the setting time of cement slurry and
the compressive strength of stone body was determined
by water dilution method, so as to determine the optimal
water glass content. In addition, polyacrylamide, iron
powder, xanthan gum and guar gum have a great
influence on the performance of the new cement-
water glass slurry, but there are few studies on the
optimization design of the mixture ratio of magnetic
quick-setting grouting materials. Generally, the optimal
ratio is determined by orthogonal test, but the cross-effect
between multiple factors will make the orthogonal test
work a lot, and the specific influence of the factors can

not be determined within a certain range [15-16]. The
response surface method is a method that can establish
a mathematical model between multiple factors and one
or more response values with only a small amount of
experimental data. It can be used to evaluate the influence
of multi-factor interaction on the response value, so as to
determine the optimal response value [17-18]. Therefore,
the response surface method with the advantages of less
test times, low cost and high precision has been applied
to the optimization of the mix ratio of grouting materials
in the field of tunnel engineering [19].

Experimental Materials, Procedures
and Programs

Experimental material

For the selection of modified reagents, since poly-
acrylamide can well protect the orthosilicate in the
water glass solution and enhance the promotion of the
hydration process of the water glass cement paste, it can
improve the dynamic water anti-dispersion of the slurry
[20]. Xanthan gum and guar gum have high viscosity
characteristics and active groups, which can improve the
anti-dispersion performance of slurry by complexation
with cations in cement [21]. Therefore, polyacrylamide,
xanthan gum and guar gum were selected as modification
reagents.

The new cement-water glass slurry is composed of
A and B two liquids. Liquid A is a cement composite
slurry composed of cement mixed with iron powder,
and liquid B is a solution composed of water glass,
polyacrylamide, xanthan gum and guar gum. In this
study, ordinary Portland cement (OPC.42.5) produced
by Hubei Huaxin Cement Co., Ltd.was selected as the
main grouting material, and the chemical composition
is shown in Table 1.

The accelerator used in the test is liquid water glass,
purchased from Beijing Pharmaceutical Chemical
Reagents Co., Ltd., with a modulus of 3.3, a baume
degree of 40, a sodium oxide content of 8.3%, a silicon
oxide content of 26.2%, and a density of 1.35 g/cm’.

The magnetic powder used in the test is produced by
Hebei Casting and Research Alloy Materials Co., Ltd.,
which is micron spherical ferric oxide (iron) powder with
a content of 99 (%) ferric oxide.

The water-soluble plant gums used in the experiment
were food additives xanthan gum and guar gum, which
were purchased from Shandong Fufeng Fermentation
Co., Ltd., and their chemical structures are shown in
Fig. 1 [21].

Table 1. Chemical composition of ordinary silicates.
Type SlOz F6203 A1203 CaO MgO Kzo
OPC 2234 276 6.03 5698  1.86 0.73
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(a) Chemical structure diagram of xanthan gum (b) Chemical structure diagram of guar gum

Fig. 1. Graph of chemical structures.

Experimental procedure

According to the experimental ratio formulated by the
experimental scheme, the raw materials were weighed
and poured into the stirring pot to quickly stir to form
a uniform grouting material. (1) A part is used to test
the fluidity and gelation time of grouting material; (2)
The other part is poured into a square rubber mold with
a side length of 20 mm. After the grouting material is
hardened and molded,the samples were placed in a
curing box with a temperature of (20 £ 1) °C and a
humidity of >90%, and the curing time was set to 28
days for compressive strength test. (3) The last part
of the grouting material is poured into the magnet in
the flowing water pipeline to test the dynamic water
retention rate of the grouting material. The preparation
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flow chart of modified magnetic cement-water glass
grouting material is shown in Fig. 2.

Experimental programme

RSM is a statistical method used to study multi-index
problems in mathematical statistics. The three-level four-
factor experimental design was used to optimize the
mixing ratio according to the response values X and
Y. The design included three levels (high, medium and
low), and a total of 29 runs were repeated to optimize
the level of the selected variables. Based on the previous
single factor experiment of our team, a reasonable
data range was provided for the influencing factors
of orthogonal experiment. Four influencing factors
were determined by orthogonal experiment, including :

Water rotaining plate
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Casting molding  strength test

Fig. 2. Flow chart of preparation and performance test of modified magnetic cement-water glass grouting material.
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Table 2. Response surface experimental design and experimental results.

Level Results

Group
X X, X5 X4 Yi/s Yo/% Y;/Mpa

1 0.6 0.5 0.3 20 48 78.5 132
2 1 0.5 0.3 20 43 84.2 12.8
3 0.6 0.7 0.3 20 45 86.4 11.9
4 1 0.7 0.3 20 55 82.2 10.3
5 0.8 0.6 0.2 10 49 81.5 12.4
6 0.8 0.6 0.4 10 45 78.7 11.6
7 0.8 0.6 0.2 30 41 91.3 15.5
8 0.8 0.6 0.4 30 58 85.2 12.3
9 0.6 0.6 0.3 10 40 76.9 11.6
10 1 0.6 0.3 10 57 80.4 11.4
11 0.6 0.6 0.3 30 50 89.8 12.8
12 1 0.6 0.3 30 41 83.6 13.1
13 0.8 0.5 0.2 20 48 85.4 15.6
14 0.8 0.7 0.2 20 45 85.4 12.5
15 0.8 0.5 0.4 20 44 78.2 12.2
16 0.8 0.7 0.4 20 57 89.1 12.1
17 0.6 0.6 0.2 20 46 81.2 14.5
18 1 0.6 0.2 20 40 86.5 13.5
19 0.6 0.6 0.4 20 43 84.7 12.9
20 1 0.6 0.4 20 61 81.6 10.6
21 0.8 0.5 0.3 10 46 76.7 12.3
22 0.8 0.7 0.3 10 50 80.2 9.8
23 0.8 0.5 0.3 30 45 85.6 13.4
24 0.8 0.7 0.3 30 53 88.56 11.6
25 0.8 0.6 0.3 20 40 87.45 11
26 0.8 0.6 0.3 20 39 87.68 11.1
27 0.8 0.6 0.3 20 40 88.12 10.9
28 0.8 0.6 0.3 20 41 88.3 11
29 0.8 0.6 0.3 20 40 87.78 11

polyacrylic acid amine content (X;), iron powder content
(X,), xanthan gum content (X3), guar gum content (Xs).
For statistical calculation. The experimental design and
test results of the composite material are shown in Table
2, and the corresponding experiments are carried out.
The determination coefficient (R»), analysis of variance
(ANOVA), contour and response surface were used to
analyze the test results.

Results and Discussions

Response surface regression equation

The Design-expert software was used to perform
multiple regression fitting analysis on the measured
values of the test. The quadratic polynomial response
surface regression equations of setting time (Y,), slurry
retention rate (Y,), compressive strength (Y;) and

independent variable factors X;, X,, X;, and X, were
established:

Y,=497.29-255.42X,-799.17X,-805.0X:-1.15X,
+187.50X,X,+300.0X,X3-3.25X, X, +400.0X,X;
+1.0X:X+5.25X:X+80.21X +445 83X,
+420.83X:2+0.04X,2 (1)

Y2=-139.59+244.17X,+313.69X,+0.13X5+2.73X,4
-123.75X,X,-105.0X,X5-1.21X,X4+272.50X, X
-0.135X,X4-0.825X3X,-71.10X,>-228.63X,°
-124.38X5>-0.03X,’ Q)

Y:=62.94-12.71X,-79.42X,-118.25X3-0.09X,
-15.0X,Xo-16.25X, X:+0.06 X, X,+75.0X:X;
+0.183,X4-0.60X: X +14.48X,4+46.67X,?
+146.67X:+0.017X? 3)
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Regression model analysis of variance

The variance and reliability analysis of the established
regression model were carried out to evaluate the
accuracy of the response surface regression model. The
results are shown in Tables 3~6. The P value represents
the probability that the initial hypothesis is true, P<0.05,
indicating that the model is significant and the response
value prediction reliability is high ; on the contrary, it
means that the model is less significant and the regression
model is not available.

Correlation coefficient R,, adjustment coefficient
R.%, prediction coefficient R,*, coefficient of variation
and signal-to-noise ratio were used to comprehensively
evaluate the credibility of the model. R, represents the
difference between the response value and the true value,
and the value is 0~1. The larger the value, the smaller the
difference between the two values. If the signal-to-noise
ratio is greater than 4, the smaller the difference and
coefficient of variation between R,” and R’ the higher
the fitting degree of the regression equation, the higher
the reliability and accuracy of the test.

The analysis of Table 3-5 shows that the regression
models of Y, Y. and Y;have high significance and
reliability, and the regression models of Y, Y, and
Y; have high significance and reliability. The P value
of AB, AC, BC, AD and CD in Y, is 0.05, which
shows that the interaction between the four factors of
polyacrylamide content, xanthan gum content, guar
gum content and iron powder content has a significant
effect on the setting time of the slurry. In addition to

Shuai Liu and Gang Li

the interaction between xanthan gum and iron powder
content, the effect of the interaction is small, and the
effect of single factor iron powder content on the setting
time of the slurry is also small. In the modified slurry
system, iron powder plays a role similar to aggregate,
mainly plays a role of filling and supporting, rather than
dominates the chemical reaction process, so it has little
effect on the setting time of slurry. The viscosity of the
modified slurry increases under the action of magnetic
field because the magnetic field causes the iron particles
in the slurry to be attracted by the magnetic force to form
a chain or cluster structure, which increases the internal
friction. At the same time, the magnetic moment of the
particles is consistent with the magnetic field constraint
orientation, which enhances the interaction between the
particles and hinders the fluid flow together.

The P value of AB, AC, AD and BC in Y, was 0.05,
which indicated that the single factor of xanthan gum
and iron powder had a significant effect on the slurry
retention rate. The interaction between xanthan gum,
guar gum and iron powder had little effect on the slurry
retention rate.

Regression model residual analysis

By using the ANOVA function of the Design — expert
software, the studentized residuals of the regression
model can be derived. Studentized residuals play a very
important role in the diagnosis of regression models [21].
It refers to the value obtained by dividing the residual
by the standard deviation, which can intuitively judge

Table 3. Analysis of variance of condensation time regression model.

Data source Quadratic Degree of Mean square F-value P-value Significant
sum freedom or not

Y1 1072.84 14 76.63 27.99 < 0.0001 Yes
A 52.08 1 52.08 19.02 0.0007 Yes
B 80.08 1 80.08 29.25 < 0.0001 Yes
C 126.75 1 126.75 46.29 < 0.0001 Yes
D 0.0833 1 0.0833 0.0304 0.8640 NO
AB 56.25 1 56.25 20.54 0.0005 Yes
AC 144.00 1 144.00 52.59 < 0.0001 Yes
AD 169.00 1 169.00 61.72 < 0.0001 Yes
BC 64.00 1 64.00 23.37 0.0003 Yes
BD 4.00 1 4.00 1.46 0.2468 NO
CD 110.25 1 110.25 40.27 < 0.0001 Yes
A? 66.77 1 66.77 24.38 0.0002 Yes
B? 128.93 1 128.93 47.09 < 0.0001 Yes
c? 114.88 1 114.88 41.95 < 0.0001 Yes
D? 101.63 1 101.63 37.12 < 0.0001 Yes
Residual error 3833 14 2.74 — — —
Misfit 36.33 10 3.63 7.27 0.0355 NO
Pure error 2.00 4 0.5000 — — —
Total anomaly 1111.17 28 — — — —
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Table 4. Analysis of variance of slurry retention rate regression model.
Data source Quadratic Degree of Mean square F-value P-value Significant
sum freedom or not
Y1 458.41 14 32.74 27.99 < 0.0001 Yes
A 0.0833 1 0.0833 0.0712 0.7934 NO
B 45.09 1 45.09 38.54 < 0.0001 Yes
C 15.87 1 15.87 13.57 0.0025 Yes
D 205.51 1 205.51 175.66 < 0.0001 Yes
AB 24.50 1 24.50 20.94 0.0004 Yes
AC 17.64 1 17.64 15.08 0.0017 Yes
AD 23.52 1 23.52 20.11 0.0005 Yes
BC 29.70 1 29.70 25.39 0.0002 Yes
BD 0.0729 1 0.0729 0.0623 0.8065 NO
CD 2.72 1 2.72 2.33 0.1494 NO
A? 52.46 1 52.46 44.84 < 0.0001 Yes
B? 3391 1 3391 28.98 < 0.0001 Yes
c? 10.04 1 10.04 8.58 0.0110 Yes
D? 41.73 1 41.73 35.67 < 0.0001 Yes
Residual error 16.38 14 1.17 — — —
Misfit 1591 10 1.59 13.60 0.0113 NO
Pure error 0.4679 4 0.1170 — — —
Total anomaly 474.79 28 — — — —
Table 5. Analysis of variance of compressive strength regression model.
Data source Quadratic Degree of Mean square F-value P-value Significant
sum freedom or not
Y1 52.67 14 3.76 2291 < 0.0001 Yes
A 2.25 1 225 13.72 0.0024 Yes
B 10.64 1 10.64 64.79 < 0.0001 Yes
C 12.61 1 12.61 76.77 < 0.0001 Yes
D 7.68 1 7.68 46.76 < 0.0001 Yes
AB 0.3600 1 0.3600 2.19 0.1609 No
AC 0.4225 1 0.4225 2.57 0.1310 No
AD 0.0625 1 0.0625 0.3806 0.5472 No
BC 2.25 1 2.25 13.70 0.0024 Yes
BD 0.1225 1 0.1225 0.7459 0.4023 No
CD 1.44 1 1.44 8.77 0.0103 No
A? 2.18 1 2.18 13.25 0.0027 Yes
B? 1.41 1 1.41 8.60 0.0109 No
c? 13.95 1 13.95 84.96 < 0.0001 Yes
D? 1.49 1 1.49 9.07 0.0093 Yes
Residual error 2.30 14 0.1642 — — —
Misfit 228 10 0.2279 45.58 0.0011 Yes
Pure error 0.0200 4 0.0050 — — —
Total anomaly 54.97 28 — — — —
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Table 6. Model reliability test.

Shuai Liu and Gang Li

Model Standard deviation R? R2

R,

Coefficient of signal-to-noise

variation/% ratio
Y, 1.65 0.9655 0.9310 0.8088 3.55 17.0159
Y, 1.08 0.9655 0.9310 0.8054 1.28 18.4600
Y3 0.4052 0.9582 0.9163 0.7606 3.31 19.2856
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Fig. 3. Regression model residuals.

whether the residual term obeys the normal distribution.
The studentized residuals of the regression model of
setting time, slurry retention rate and compressive
strength are shown in Fig. 3. The analysis shows that

there are no abnormal data points in the regression
model, and the data points are evenly distributed near
the straight line, indicating that the residual is small and

the fitting effect of the model is ideal.

Contour and response surface analysis
This article is limited to space, only the response

value Y, slurry retention rate is analyzed, and the
corresponding surface diagram and contour map of each
response value are shown in Fig. 4. When the contour
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shape of the response surface is elliptical, it indicates
that the interaction between the two factors is significant;
the circle indicates that the interaction is not significant.
The denser the intersection of the contour line and the
coordinate axis, the greater the influence of this factor
on the response value.

The analysis Fig. 4(a) shows that the response surface
curvature is large. When the content of guar gum is 0.4%
and the content of iron powder is 30%, the content of
polyacrylamide is not more than 0.8%, and the slurry
retention rate increases with the increase of xanthan gum
content. When the content of polyacrylamide is more than
0.8%, the slurry retention rate decreases with the increase
of xanthan gum content. The density of the vertical
axis contour line is greater than that of the horizontal
axis, indicating that the amount of polyacrylamide has
a greater impact on the slurry retention rate. When the
polyacrylamide content is in the range of 0.7%-0.8% and
the xanthan gum content is in the range of 0.6% -0.7%,
the slurry retention rate reaches a maximum value of
92.56%. It can be seen from Fig. 4(b) that the interaction

B Xanthan gum (]

.

.

SO RoRs00s

- 0.0’0... -
S5

e

between polyacrylamide content and guar gum content
is significant. The larger the amount of guar gum is, the
smaller the amount of polyacrylamide is, and the greater
the slurry retention rate is. The smaller the amount of
guar gum, the greater the amount of polyacrylamide,
the greater the slurry retention rate. When the content
of xanthan gum is 0.7%, the content of iron powder is
30%, and the content of guar gum is more than 0.3%,
the slurry retention rate decreases with the increase of
polyacrylamide content. When the content of guar gum
is less than 0.3%, the slurry retention rate increases with
the increase of polyacrylamide content. Polyacrylamide
is a kind of linear polymer, which can interact with
other materials to form flocs and settle rapidly in water.
It has the function of anti-dispersion under water and
achieves the purpose of blocking large flow and high
head. Therefore, under the condition of low content of
guar gum, polyacrylamide has better dissolution effect in
water, which can settle quickly without dispersion, and
can block water inrush. However, when the amount of
guar gum is large, too much polyacrylamide will lead

_________________________________________

(e) Interaction between guar gum and iron powder

Fig. 4. Retention response surface diagram and contour diagram.

(f) Interaction between guar gum and iron powder
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to a decrease in the internal structure of the slurry. The
maximum value of slurry retention rate appears in the
range of 0.7%-0.9% polyacrylamide and 0.25%-0.35%
guar gum.

It can be seen from Fig. 4(c) that the interaction
between polyacrylamide and iron powder is not
significant. When the content of xanthan gum is
0.7% and the content of guar gum is 0.4%, the slurry
retention rate has a maximum point in a certain range.
This is because polyacrylamide itself has the function
of adsorption and precipitation, which makes the slurry
settle rapidly in water, and is not easy to be washed away
under high flow rate. However, after adding iron powder,
it is easy to disperse by magnetic field attraction, and the
interaction with polyacrylamide is affected.

It can be seen from Fig. 4(d) that when the iron
magnetic powder is 30 % and the xanthan gum content
is >0.6%, the slurry retention rate decreases with the
increase of polyacrylamide content. When the xanthan
gum content is <0.6%, the slurry retention rate increases
with the increase of polyacrylamide content. Therefore,
the interaction between xanthan gum and guar gum
was significant. The maximum value of slurry retention
rate occurs when the amount of xanthan gum is 0.5%
-0.7% and the amount of guar gum is 0.25% -0.35%.
Xanthan gum has the characteristics of low concentration
and high viscosity, which plays a thickening role; guar
gum has good water solubility, interacts with it, and
has high viscosity characteristics. When the amount of
xanthan gum is large, the water-soluble vegetable gum
composed of guar gum can complex with the cations in
the cement, thereby improving its dynamic water anti-
dispersion performance, that is, the slurry retention rate
is improved ; when the amount of xanthan gum is small,
the complexation will also be affected, resulting in a
significant reduction in the retention rate of the slurry.

It can be seen from Fig. 4(e) that when the amount
of guar gum is 0.4% and the amount of xanthan gum
is in the range of 0.5%-0.7%, the change trend of slurry
retention rate with the amount of iron is the same. It
can be seen that the interaction between xanthan gum
and iron powder is not significant. When the dosage of
xanthan gum is 0.6% and the dosage of iron is 20%, the
slurry retention rate reaches the maximum point.

It can be seen from Fig. 4(f) that when the amount
of xanthan gum is 0.7% and the amount of guar gum
is in the range of 0.25%-0.35%, the change trend of
slurry retention rate with iron content is the same. It
can be seen that the interaction between guar gum and
iron powder is not significant. The slurry retention rate
reaches the maximum point when the amount of guar

Table 8. Response surface optimal design.
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Table 7. New cement-water glass slurry ratio optimization
parameter design.

Value range

Quasi-optimized

parameters Target value

Minimum Maximum

value value

A% 0.6 1.0 0.6~1.0

B/% 0.5 0.7 0.5~0.7

Cl% 0.2 0.4 0.2~0.4

D/% 10 30 10~30

Yl/s 39 61 Maximum value

Y2/% 76.7 913 Maximum value
Y3/Mpa 9.8 15.6 Maximum value

gum is 0.3% and the amount of iron is 20%.

Multi-objective hybrid optimization and verification

Combined with the response surface regression model
and the numerical optimization function in Design-Expert
software, the multi-objective optimization of the new
cement-water glass slurry ratio was carried out, and the
maximum response values at different factor levels were
found. The optimization design target and optimization
parameter range of the new cement-water glass slurry
ratio in Table 7 are input into the Design-Expert software
to obtain the optimal mix ratio and maximum setting
time, slurry retention rate and compressive strength,
which is the optimal design result of the response surface
design, as shown in Table 8. Compared with the quick-
setting material CIS [21] slurry and ordinary cement-
water glass slurry commonly used in engineering, the
optimized new cement-water glass modified slurry has
shorter setting time, higher strength and slurry retention
rate [22, 23].

Conclusion

(1) In ordinary cement-water glass slurry, polyacryl-
amide, ironpowder, xanthan gum and guar gum were
added to construct the response surface regression model
of slurry setting time, retention rate and compressive
strength. The variance analysis and test showed that the
model was effective and reliable with high reliability.

(2) For the setting time, slurry retention rate and
compressive strength of the new cement-water glass
slurry, the interaction between the four factors has a
significant effect on the setting time of the slurry. The
single factor of xanthan gum and iron powder had
a significant effect on the slurry retention rate. The

Polyacrylamide Xanthan Guar Iron Setting Retention Compressive Desire function
% gum/% gum/% powder/% time/s rate/% strength/Mpa value
0.6 0.7 0.4 29.96 66.61 92.56 14.07 0.90
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interaction of xanthan gum, guar gum and iron powder
had little effect on the slurry retention rate. The influence
of single factor on the compressive strength of the slurry
is much more significant than the interaction of the two
factors on the compressive strength of the slurry.

(3) The optimal mixture ratio predicted by the response
surface model is 0.6% polyacrylamide, 0.7% xanthan
gum, 0.4% guar gum and 29.96% iron powder.
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