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Mechanical Properties of Ternary Polymer Mortar Based on

Response Surface Method
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Abstract: A quadratic polynomial regression equation was established by response surface method to optimize
the mix proportion of vinyl chloride, ethylene and ethylene ether ternary polymer mortar. The mechanism was
analyzed by combining the macroscopic property and microscopic morphology. The results show that the model
can accurately predict the results within the test range, and the response surface method is accurate and scientific
in the mix proportion optimization of ternary polymer mortar. The order of influence factors on the 28 d compres-
sive strength is water to cement ratio, water reducer content, polymer content. While that on 28 d flexural
strength and bonding strength is polymer content, water to cement ratio and water reducer content. Taking the
maximum bonding strength, the maximum flexural strength and the minimum compressive strength (the maxi-
mum flexural-compressive strength ratio ) as the target optimization values, it is concluded that the optimal mix
proportion of ternary polymer mortar is: polymer content is 12% , water to cement ratio is 0.42 and water reduc-
er content is 1.12%.
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Table 1 Technical parameters of ternary polymer

Solid content

A
bpearance (by mass)/ %

Viscosity/(mPa-s)

Vitrification Minimum film forming

H val
i vatue temperature(MFT)/°C

temperature/°C

Milky white 52+1 80420

7 7-9 7

IKUER PO 42.57K 8, A 77|~ R a4 K e
H IR, R 361.5 m*/kg, b vEHH K &
o 26.8%0 Y IHY R 2 610 kg/m’, HEFRE
1450 kg/m®, &letsh 1.0 %6 R FHZE R SR8k 71 2505
FREL PREAR B LB 77T AR NI AL TA FR AW
1.2 iRKiEt
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A B.CER,m H ARIKF- i {8 53 5 1 1.0 Fr—1
FR AR O 0 IR, R HRA TR 2 K
5P 5K e B Ry 20 1.
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Table 2 Coding and level of independent variables

Level
Code Factor
—1 0 1
A wp/ % 8 10 12
B my/me 0.35 0.40 0.45
C wyr/ % 0.80 1.30 1.80
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Table 3 Test values and predicted values of mechanical properties of ternary polymer mortar specimens
Factor Compressive strength/ Flexural strength/ Bonding strength/
Specimen MPa MPa MPa
wp/ % my/me  wWyr/ % Test Predicted Test Predicted Test Predicted

1 12 0.40 1.80 35.88 36.05 10. 43 10. 77 2.72 2.71
2 10 0.40 1.30 37.86 34.96 12.33 12.75 2.80 2.45
3 12 0.40 0. 80 34.56 34.56 11.26 11. 26 2.68 2.62
4 10 0.40 1.30 37.86 37.53 12.66 12.75 2.77 2.45
5 10 0.45 1.80 35.54 35.74 11.70 11.38 1.86 1.77
6 10 0.35 0. 80 36.14 37.66 10.98 11.30 1.57 1.66
7 8 0.35 1.30 35.21 35.57 10. 35 10. 37 1.62 1.52
8 10 0.40 1.30 37.86 37.53 13.33 12.75 2.19 2.45
9 10 0.40 1.30 37.86 37.53 12.65 12.75 2.18 2.45
10 12 0.35 1.30 34.76 34.96 12.01 11.69 2.59 2.57
11 10 0.35 1.80 36.28 36.91 11.22 11. 20 1.68 1.71
12 8 0.45 1.30 33.96 33.76 10.42 10. 74 1.76 1.78
13 10 0.40 1.30 37.86 37.53 12.77 12.75 2.29 2.45
14 8 0.40 0. 80 35.43 35.26 10. 09 9.75 1.80 1.81
15 8 0.40 1.80 34.86 34.86 9.86 9. 86 1.65 1.71
16 12 0.45 1.30 35.23 34.86 11.88 11.86 2.45 2.55
17 10 0.45 0. 80 34.79 35.16 11.65 11.67 1.87 1.84
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Table 4 Comprehensive analysis results of compressive
strength by various models

P value R’
Model
Sequential  Lack of fit  Adjusted Predicted
Linear 0.7916 0.0784  —0.1394 —0.3716
2F1 0.8929 0.0464  —0.3968 —1.1311
Quadratic 0.001 3 0.7879 0.7627 0.5210
Cubic 0.7879 0.6724

AU P=0.024 1, %, R4 PAH R R IEAH FI R Hl
DA A0 e A . PRI I SR T ik 22 3 A 78k 3 T =
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Y, =12.75+ 0.61A + 0.14B — 0.096C —

0.05AB — 0.15AC — 0.048BC —

1.28A% — 0.3B*> — 1.06C”* (2)
Y,=2.45+ 0.45A + 0.060B— 1.25 X 10 ‘C —

0.070AB + 0.048AC — 0.03BC +

0.063A% — 0.4B* — 0.3C* (3)
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Table 5 Analysis results of variance of simulation equation

Mean square F value P value
Source DF
Y, Y, Y, Y, Y. Y, Y, Y, Y
Model 9 3.390 1.810 0. 310 6.710 10. 760 5.010 0.0100  0.0025 0.0226
A 1 0.120 2.950 1.630 0.230 17.510 26.170 0.6440 0.0041 0.0014
B 1 1. 810 0. 150 0.029 3.590 0. 880 0.460 0.0998 0.3792 0.5182
C 1 0. 590 0.074 1.250%10°° 1.180 0.440 2.008x107"  0.3140 0.5285 0.9891
AB 1 0.740 0.010 0.020 1.470 0. 059 0.310 0.2654 0.8146 0.5922
AC 1 0.890 0.090 9.025x10° 1.770 0.530 0.140 0.2252 0.4887 0.7147
BC 1 0.160  9.025X10 °  3.600x10 ° 0.320 0.054 0.058 0.5865 0.8236  0.8168
A* 1 13. 860 6. 900 0.017 27.460 40. 930 0.270 0.0012 0.0004 0.6190
: 1 6. 680 0.390 0. 690 13.230 2.290 11. 050 0.0083 0.1740 0.0127
c* 1 3.170 4.710 0. 370 6.270 27.940 5.960 0.0408 0.0011 0.0447
Residual 7 0. 500 0.170 0.062
Lack of fit 3 0.250 0.220 0.015 0. 360 1.630 0. 150 0.7879  0.3170  0.9226
Pure error 4 0.700 0.130 0.098 10. 760 5.010

F 6 AT (F R 0 45 R R R R E A
) 42 30 8 AT AR OF 56 IE [l 051 Oy AR 400 AR 5 TR
AR S R A (C.V OB/ (5B HE (adeq precision) KT
4, 3R WY 6 AT A B RIORG ) B2 8% 5 std. dev. b HE Tl
2% s press 4 TUM 5k 22 -5 Fi . 3R 6 W] R0, TONAE

SENAE 22 18] B A 56 R 8 R4 51 R 0.896 2.,0.932 6.,
0.865 7, RASIEMHS3 20 0.762 7.0.845 9.0.692 9,48 5
RBOor M R 1.97%.3.57%  1.45% , 15 W H 4 51
7.527.9.524.6.199, F B (1) ~(3) [ 75 72 ] {5 B Al
R = L BEAS T e X S PR DL 40U, TR MR

F6 HETAEEREITER
Table 6 Model reliability test analysis results

Model Std. dev./MPa  Mean/MPa R* Adjusted R Predicted R* Press C.V./% Adeq precision
Y, 0.71 36.01 0.896 2 0.7627 0.5210 16. 30 1.97 7.527
Y, 0.41 11.51 0.9326 0.8459 0.3594 11.21 3.57 9.524
Y, 0.25 2.15 0.8657 0.6929 0.590 6 1.33 1.45 6.199
23 MRz EAEEIERSHT B8 R K (1026 ) I, 470 1 5 8 o B s 7K 5] 45 4

P 1 Sk 1 R 3 58 AR FH X g 2 P 52 ) 114 i) iy
fil T AT R 2R T RS 34N R R Ak T AR OK O (RS
3 0). B 1(a) e 17 7KK L AE T K 0.40) B, R
AW BRI OK B R B 38 E AR ROk
J 5 B B 52 B A L B T (a) BT I 248K ) B
PREETE K (1.3% ) B, Bi i B2 Bl 23R A 4 45 =
T S B A 4 s e, RIS R R W, HL Y
REMBEANI0Y B PUERE R K M REY

NN R 7/ N =W REB E2 5 )
1.3% B}, 470 e 5 B fee A . TR B, i P 1(b) F(e) BT %0
AB \BC W [H 2 28 T AF 1 % 6 5 3 4 5% i A A
B 50 852 B AB X HE R ER PEN
0.265 4, K T 0.05, i W] 3R & W #& & MK Kty 28
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Table 7 Comparison of predicted values and test values after parameter optimization

Compressive strength

Flexural strength Bond strength

wp/ % my/me W/ %

Predicted/MPa Test/MPa D/% Predicted/MPa Test/MPa D/%

Predicted/MPa Test/MPa D/%

12.01 12.15 1.20 2.83 2.72 4.04

12 0.42 1.12 35.49 34.25 3.62
Y. — vy 0
D=—— X 100% (4)
b Y O S ; Y S B
3 HESH
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Fig.2  3.28 d microstructure of ternary polymer mortar
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