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Abstract

Based on cross linking reaction of organic boric cross-linker and hydroxypropyl guar gum, central
composite experimental design is used to construct a mathematic model of guar gel viscosity with the
key factors. Six key factors, including the organic boron activation energy (Ea), temperature (T), pH
value, organic boric cross-linker, concentration, hydroxypropyl guanidine gum concentration, and time
(t), were chosen for the study. The model could thereafter contribute to the development of organic
boric cross-linker, construction of fracturing system, prediction and evaluation of the fracturing fluid; it
also has important practical significance for the optimization of fracturing execution conditions.
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Figure 1. Inorganic boric cross-linked hydroxypropyl guar gum with adjacent cis-form structure
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Figure 2. Reaction mechanism of organic boric cross-linked hydroxypropyl
guar gum
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Table 1. Determination and nondimensionalization of model parameters

F 1 RESHHNEBMTERNLALE

B LTy 5 LA BHIEA HALE B
X1 FRTR EEIIR [P % rmeo) 0.45% 0.15%
Xo HHLH Clos] mmol/L Clos] 8.0 mmol/L 3.0 mmol/L
Xs W T K T 373K 40K
X4 pH pH - pH.In10 10 2
Xs TEALRE Ea kJ/mol Ea 90 kJ/mol 40 kd/mol
Xs (N k] t min SQRT(t) 6.0 min*? 4.0 min*?

Table 2. Central composite experimental design of the six factors
2. NERERFLEN LR

Run X1 X2 X3 Xa Xs Xs
O[HPG) Clog] T pH Ea SQRT(t)

1 -1 -1 1 1 -1 -1
2 0 1.565085 0 0 0 0
3 0 0 0 0 0 0
4 1 -1 1 1 -1 1
5 0 0 0 0 1.565085 0
6 1 -1 1 -1 1 1
7 1 1 1 -1 -1 1
8 -1 -1 -1 1 -1 1
9 1 1 -1 1 1 -1
10 1 1 -1 1 -1 -1

Table 3. Variance analysis and examination of the model
7= 3. WA A ES MR

Sum of Squares df Mean Square F Value p-value Prob > F
2478306 27 91789.13 19.27907 < 0.0001 Significant
Std. Dev. 69.00055 R-Squared 0.899747
Mean 200.1163 Adj R-Squared 0.853077
CV.% 34.48023 Pred R-Squared 0.711366
PRESS 795028.8 Adeq Precision 17.42154
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Figure 3. Response surface of organic boric cross-linked hydroxypropyl guar gum
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Table 4. Design and optimization of fracturing fluid system

4. ERRERZITRA L

W[HPG] CioB] pH Ea Viscosity B
1 0.39 6.98 10.04 116 220 Selected
2 0.46 9.32 8.22 116 220
3 0.42 6.82 9.44 116 220
4 0.41 7.86 9.41 116 220
5 0.55 5.58 8.78 116 220
6 0.44 8.71 9.21 116 220
7 0.50 5.60 9.82 116 220
8 0.39 6.69 10.12 116 220
9 0.39 6.75 10.34 116 220
10 0.44 8.84 9.34 116 220
11 0.45 7.23 8.81 116 220
12 0.39 6.81 10.03 116 220
13 0.44 6.89 9.03 116 220
14 0.43 731 9.06 116 220
15 0.40 6.57 10.27 116 220
16 0.42 6.61 957 116 220
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Figure 4. Experimental verification of fracturing fluid formula
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