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Preparation of High-Performance Building Gypsum Based on
Response Surface Methodology
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Abstract; In order to optimize the performance of modified high-performance building gypsum, a
0.20% vegetable protein retarder was used to delay the setting time of the building gypsum. The
response surface methodology was employed to design a series of experiments involving the combined use
of three admixtures: polyether modified silicone defoamer, redispersible latex powder, and
hydroxypropyl methylcellulose. The experimental response indicators were analyzed, and the Design-
Expert 12 software was used to set optimization conditions for these response indicators. Based on the
Optimization function, optimal parameters for the dosage of each admixture were generated, and the
feasibility of the optimization results was verified. The results indicated that the optimal admixture
dosages for the high-performance building gypsum were 1. 051% polyether modified silicone defoamer,
0. 827% redispersible latex powder, and 0. 141% hydroxypropyl methylcellulose. When comparing the
modified high-performance building gypsum with the unmodified version, significant improvements were
observed in six performance metrics; absolute dry flexural strength, absolute dry compressive strength,
tensile bond strength, water retention rate, softening coefficient, and porosity.

Key words: high-performance building gypsum; building gypsum admixture; response surface
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Tab. 1 Mass fractions of chemical compositions in phosphogypsum (unit: %)
S0, CaO Sio, P,0, Fe,0, Al 0, F K,0 BaO
50. 748 39.764 6. 408 0. 780 0. 650 0. 629 0.342 0.179 0. 140
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Fig. 1 Effects of three admixtures on main properties of building gypsum
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Tab. 2 Test factors and their levels

. 7K
(SRR v o 0 .
PMSD /% A 0.75 1. 00 1.25
RDP BH/% B 0.50 0.75 1. 00
HPMC $#&/% C 0.10 0.15 0.20

2 GRSt

| FH Design-Expert 12 B AF 1 #Y Quadratic PR
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i [ET AR 2 p<0. 01 4% R J7 ( Adjusted R-
Squared, Adj R*) >0.9 Fl75 55 2 54 ( Coefficient of
Variation, CV) <10% , 4> &R0 I 48 F5 A9 — U3 12
p<0. 05, 1A [ 48 b5 1Y 58 B3 2 /A — T 2 p<
0. 05, M 745 B3 B I AU A2 p>0. 05,
Y, =3.89 +0.114 + 0.2B - 0.2C - 0. 084B -
0. 14AC + 0.05BC - 0.584% — 0.52B%> - 0.22C?
(1)
Y,=6.75+0.194 + 0.44B - 0.37C - 0. 114B -

0.184C + 0. 1BC — 1. 184* - 0.95B* — 0. 55C*
(2)
Y, =0.61 +0.044 + 0.15B - 0.09C + 0.014B +
0.01AC + 0.03BC - 0.014%* — 0. 1B*> — 0. 06C
(3)

Y, =91.1+0.064 — 0.43B + 0.81C + 0.084B —
0.34AC - 0.58BC + 0.484%> - 0. 1B*> - 0.58C”
(4)
Y, =17.33 - 1.054 + 0.68B + 0.85C — 0. 73AB -
0.38AC + 0. 13BC + 2.174% — 0.53B*> + 0.37C*
(5)
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Tab. 3 Test results
o PMSD RDP HPMC 4% THidT % THiE AL fRoKFE BALREC fLBE

BEA% BEB% BEC% WEEY/MPa WEY,/MPa WE Y,/MPa  Y,/% Y, Y/ %
1 1.25 0.75 0.10 3.45 5.71 0.51 90. 5 0.65 18.0
2 0.75 0.50 0.15 2.43 3.90 0.33 91.6 0.58 18.5
3 0.75 0.75 0.20 3.00 4.68 0.55 92.1 0.56 22.5
4 0.75 0.75 0.10 3.00 4.99 0.43 89.9 0.65 19.5
5 1.25 1.00 0.15 3.00 5.11 0. 67 91.5 0. 67 18.0
6 1.00 0.75 0.15 3.84 6.70 0.61 90.9 0.72 17.3
7 1.25 0.75 0.20 2.90 4.70 0. 66 91.5 0. 60 19.5
8 0.75 1.00 0.15 2.91 4.94 0.58 91.1 0. 67 21.4
9 1.00 1.00 0.20 3.20 5. 40 0.75 90. 0 0.67 18.5
10 1.00 1.00 0.10 3.60 6.04 0.48 89.5 0.67 17.1
11 1.00 0.75 0.15 3.90 6.72 0.63 91.5 0.71 17.5
12 1.00 0.75 0.15 3.93 6. 83 0.58 90.9 0.72 17.2
13 1. 00 0.50 0.20 2.60 4.26 0.35 92.5 0. 60 17.0
14 1.00 0.50 0.10 3.21 5.28 0. 20 89.7 0. 64 16. 1
15 1.25 0.50 0.15 2.84 4.53 0. 40 91.7 0.58 18.0

Y, =0.72 + 0.014 + 0.04B - 0.02C + 0.01AC +

0.01BC - 0.064%> = 0.03B% - 0.04C’

2.1
el

(6)
AB.C =FhoMmFIZEX BT HEER

T ANGTHITREN T 200, hRBAY

FERISZIAR LN B>C>A,

XFEER 2(a) (d) FI(e) () AT, B SR HY
TEHCBE, 7T UL B M A T C Xk 4 T B i o 5 1 5
Mo it 2% 5 ) B B 81 (b) (e) ATHT, A AL € X4 T
PUATom L Y 5 e B 2, S8 HOI AC X4 T BT

p (BTN 28 T B 4 5 B A o] U A AR 5t A I 3
FERIAY Adj R*=0.954 9,CV=3.10% ,— K A B
FC X2 T-Hdr i B2 i 2 A2 LI AC AT IR
Tl A* B C* WA THUATR Y s 3 IR
AR, AR TRE, R F AR, X4 PR

FERZ ) 3, 30 R PMSD 43 B HPMC 5|
NG E AR B ety N, E T4 e AR
AB AR L TP T e N A AT
505 25 W A A4 1 22 5 HL A3 B 25 R Oy 22 43
Mrm FEA RS HE IR ARIEF L,

x4 BTHINRENTESN

Tab. 4 Variance analysis of absolute dry flexural strength

g3 S5 EhEcy: S ¥ F p p (EfES
TR 2.980 0 9 0.3312 33.95 0. 000 6 R E
A 0. 090 3 1 0.090 3 9.26 0.028 7 e
B 0.332 1 1 0.332 1 34.05 0.002 1 R RE
C 0.304 2 1 0.304 2 31.18 0.002 5 EERE
AB 0.025 6 1 0.0256 2.62 0. 166 2 NTE
AC 0.075 6 1 0.075 6 7.75 0.038 7 B
BC 0.0110 1 0.011 0 1.13 0.336 4 NTES
A 1.240 0 1 1.240 0 127.33 <0. 000 1 R
B? 0.979 3 1 0.979 3 100. 39 0. 000 2 FERE
c 0.182 8 1 0.1828 18.74 0.007 5 R
Gk 0.048 8 5 0.009 8 — — —
AU 0.044 6 3 0.0149 7.08 0.126 3 ENTES
AR 0.004 2 2 0.002 1 — — —
BiRE 3.030 0 14 — — — —

R*=0.983 9;Adj R*=0.954 9; Fiilll R J5 ( Predicted R-Squared,Pre R*)=0.761 4;CV=3.10%
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Fig. 2 Response surface and contour plane of absolute dry flexural strength
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Tab. 5 Variance analysis of absolute dry compressive strength

Ty 22K 5 A H i ¥iiE F P p fE#AER
TR 11.620 0 9 1.290 0 177.97 <0.000 1 T
A 0.294 5 1 0.294 5 40. 59 0.001 4 B
B 1.540 0 1 1.540 0 212. 47 <0. 000 1 (S dnE
C 1.120 0 1 1.120 0 153.70 <0.000 1 R
AB 0.051 1 1 0.051 1 7.04 0.045 3 e
AC 0.1222 1 0.1222 16. 83 0.009 3 EERE
BC 0.035 7 1 0.0357 4.92 0.077 3 NTE S
A? 5.120 0 1 5.1200 705. 55 <0. 000 1 =
B 3.3300 1 3.330 0 459. 02 <0. 000 1 EERE
c? 1.130 0 1 1.130 0 155.63 <0. 000 1 =R
B2 0.036 3 5 0.007 3 — — —
A 0.026 8 3 0. 008 9 1.89 0.363 8 NTE S
a2 0.009 4 2 0.004 7 — — —
BR2E 11.660 0 14 — — — —

R*=0.996 9;Adj R*=0.991 3;Pre R*=0.

961 3;CV=1.60%
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Fig. 3 Response surface and contour plane of absolute dry compressive strength
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Tab. 6 Variance analysis of tensile bond strength

g2 3 7 A ¥ E F p p (EfES
AR 0.307 2 9 0.034 1 23.090 0 0.001 5 R
A 0.015 3 1 0.015 3 10.360 0 0.023 5 E
B 0.180 0 1 0.180 0 121.760 0 0. 000 1 B RE
C 0.059 5 1 0.059 5 40. 260 0 0.001 4 EERE
AB 0. 000 1 1 0. 000 1 0.067 6 0. 805 2 PNTE S
AC 0. 000 2 1 0. 000 2 0.1522 0.7125 FNTES
BC 0.003 6 1 0.003 6 2.440 0 0.179 4 NTE S
A? 0. 000 3 1 0.000 3 0.229 4 0.6522 NTE S
B 0.038 5 1 0.038 5 26.030 0 0.003 8 B RE
o 0.013 1 1 0.013 1 8.870 0 0.030 9 e
5k 0.007 4 5 0.001 5 — — —
ERe 0. 006 1 3 0.002 0 3.2200 0.245 7 FNTES
aliR2E 0.001 3 2 0. 000 6 — — —
BRZE 0.314 6 14 — — _ _

R*=0.976 5;Adj R*=0.934 2;Pre R*=0.679 4;,CV=17.46%
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Fig. 4 Response surface and contour plane of tensile bond strength
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Tab. 7 Variance analysis of water retention rate

T3 22 R 05 H i ¥iiE F J p fE#AER
TR 10.720 0 9 1.190 0 7.710 0 0.018 4 E
A 0.031 2 1 0.0312 0.202 3 0.6717 ENTES
B 1.450 0 1 1.450 0 9.350 0 0.028 2 B
C 5.280 0 1 5.280 0 34.180 0 0.002 1 B
AB 0.0225 1 0.0225 0.145 6 0.718 4 ENTES
AC 0.360 0 1 0.360 0 2.3300 0.187 4 N TE S
BC 1.320 0 1 1.320 0 8.560 0 0.032 8 e
A? 0.833 1 1 0.833 1 5.390 0 0.067 9 ENTES
B? 0.036 9 1 0.036 9 0.239 0 0.645 6 ENTES
c? 1.220 0 1 1.2200 7.900 0 0.037 5 B3
B2 0.772'5 5 0.154 5 — — —
A 0.5325 3 0.177 5 1. 480 0 0.427 7 ENTES
a2 0.240 0 2 0.1200 — — —
BaRZE 11.490 0 14 — — — —

R*=0.932 8;Adj R*=0. 811 7;Pre R*=0.211 4;CV=0.432%
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Fig. 5 Response surface and contour plane of water retention rate
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Tab. 8 Variance analysis of porosity

Ty 22K 5 A H i ¥iiE F P p fE#AER
TR 40.410 0 9 4.490 0 31.330 0 0. 000 7 T
A 8.820 0 1 8.820 0 61.530 0 0.000 5 B
B 3.640 0 1 3.640 0 25.430 0 0.004 0 (S dnE
C 5.780 0 1 5.780 0 40.330 0 0.001 4 B
AB 2.100 0 1 2.100 0 14. 670 0 0.012 2 e
AC 0.562 5 1 0.562 5 3.920 0 0.104 4 NGRS
BC 0.062 5 1 0.062 5 0.436 0 0.538 2 NTE
A? 17.400 0 1 17. 400 0 121.400 0 0.000 1 =
B’ 1.030 0 1 1.030 0 7.210 0 0.043 5 iTE
c 0.507 8 1 0.507 8 3.540 0 0.118 5 ENTES
B2 0.716 7 5 0.143 3 — — —
ERY 0.670 0 3 0.2233 9.570 0 0.096 1 e
a2 0.046 7 2 0.023 3 — — —
BaRZE 41.130 0 14 — — — —

R*=0.982 6;Adj R*=0.951 2;Pre R*=0.736 8;CV=2.06%
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Tab. 9 Variance analysis of softening coefficient

E=S3 il B H R ¥ E F p p (EES
il 3.660x1072 9 0.410x1072 9. 580 0.011 4 BF
A 0.020x1072 1 0.020x107 0.548 0.492 6 NTE
B 1.000x1072 1 1.000x1072 23.550 0.004 7 =
c 0. 440x1072 1 0. 440x1072 10. 440 0.023 2 BF
AB 2.789%x107° 1 2.789x107° 0.000" 0.998 1 NeE
AC 0. 040x1072 1 0. 040x1072 0.917 0.3822 NTE
BC 0.030x1072 1 0.030x1072 0. 695 0.442 3 NTE
A? 1.410x1072 1 1.410x1072 33.280 0.002 2 I
B 0.330x1072 1 0.330x107 7.710 0.039 0 BF
c 0. 660x1072 1 0. 660x1072 15. 630 0.010 8 BF
T2 0.210x107? 5 0.040x107 — — —
AU 0.200x107? 3 0.070x1072 11. 610 0.080 3 NTE
alitR2E 0.010x1072 2 0.010x1072 — — —
BiRZE 3. 880x1072 14 — — — —

R*=0.945 2;Adj R*=0. 846 5;Pre R*=0.163 8;CV=3.19%
bR BBESEBRIE N 0. 000 006 561,
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Tab. 10 Simulation results and experimental results of optimized parameters

e i i1/ MPa Wie Gk A SRR
PIE 4B AThT AThUE O BiEZ A% R /% /(Wem' oK)
eVl — — 3.93 6.83 0. 63 0.73 90.9 17.2 —
R | 78 241 3.97 6.90 0. 65 0.72 9.2  16.9 0.597
RECPEH 80 250 4.20 7.90 0.29 0.54 87.1 31.0 0. 407
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