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Table 2 Chart of central composite design

Dy o/ pm Dy 3/ pm C.V. Purity
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1—Jacked reactor; 2, 3—Agitator; 4—Thermometer; 5—Sample
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outlet; 6—Particle size analyzer; 7—Thermostatic bath

Fig. 1 Schematic diagram of experimental setup
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Table 3 Experimental results of CCD

Dy, 3/pm C.V.
No. A/(rmin™)  B/(°Ch™) Clg D/min
Actual value Predicted value Actual value Predicted value
1 375 4.5 2.25 10 618.475 767.756 5 0.948 5 0.898 9
2 425 4.5 2.25 10 579.282 676.702 2 1.1103 1.1093
3 375 5.5 2.25 10 568.025 582.4877 0.942 3 0.8258
4 425 5.5 2.25 10 713.348 638.464 7 1.059 2 1.0232
5 375 4.5 2.75 10 959.972 853.639 4 0.991 8 0.979 0
6 425 4.5 2.75 10 905.673 908.5353 0.9573 0.868 8
7 375 5.5 2.75 10 605.062 674.294 3 0.883 3 0.989 2
8 425 5.5 2.75 10 687.985 876.2215 0.8822 0.8659
9 375 4.5 2.25 30 906.467 816.201 4 1.077 4 1.120 4
10 425 4.5 2.25 30 655.996 623.5343 1.1254 1.001 7
11 375 5.5 2.25 30 829.098 863.006 3 0.989 3 1.059 9
12 425 5.5 2.25 30 613.067 817.370 5 0.888 6 0.928 2
13 375 4.5 2.75 30 582.319 693.973 0 1.154 6 1.1727
14 425 4.5 2.75 30 563.748 647.256 2 0.590 0 0.733 3
15 375 5.5 2.75 30 746.151 746.701 7 1.1677 1.1955
16 425 5.5 2.75 30 959.527 847.016 2 0.711 3 0.743 0
17 350 5.0 2.50 20 803.275 779.400 1 1.203 8 1.164 9
18 450 5.0 2.50 20 899.527 788.660 3 0.893 1 0.9229
19 400 4.0 2.50 20 963.582 923.119 6 0.790 5 0.830 4
20 400 6.0 2.50 20 1 031.890 937.610 8 0.816 0 0.767 1
21 400 5.0 2.00 20 808.347 724.8350 1.0259 1.117 1
22 400 5.0 3.00 20 891.593 840.363 5 1.112 3 1.012 1
23 400 5.0 2.50 0 604.445 501.676 0 0.810 2 09221
24 400 5.0 2.50 40 552.888 520.9155 1.141 6 1.020 7
25 400 5.0 2.50 20 971.361 1006.187 0 0.902 5 0.892 8
26 400 5.0 2.50 20 1103.420 1006.187 0 0.763 8 0.892 8
27 400 5.0 2.50 20 1 054.270 1006.187 0 0.8913 0.892 8
28 400 5.0 2.50 20 1 069.460 1006.187 0 09132 0.892 8
29 400 5.0 2.50 20 915.894 1006.187 0 0.950 6 0.892 8
30 400 5.0 2.50 20 922.719 1006.187 0 0.9355 0.892 8

0.026 6, P<0.05), RAUTIAS .25 (P {H 0.094 9, P>0.05),
F WAL A e N5 5 5m Z0, AT LA TSI 2= o Dy 5
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Table 4 Variance analysis of D4 3 regression model

Source Sum of squares Degree of freedom Mean square F P
Model 664 854 14 47 489.5 2.849 42 0.026 6
A4 128.626 1 128.626 7.717 69%10°° 0.9312
B 314.991 1 314.991 1.889 98x1072 0.8925
C 20020.3 1 20020.3 1.20123 0.290 4
D 555.238 1 555.238 3.33148x107? 0.857 6
AB 21618.2 1 21618.2 1.297 11 0.272 6
AC 21301.5 1 21301.5 1.278 11 0.276 0
AD 103252 1 103252 0.619 520 0.443 5
BC 35.090 8 1 35.090 8 2.105 48x107 0.964 0
BD 53 858.2 1 53 858.2 3.23155 0.092 4
CD 43310.3 1 43310.3 2.598 66 0.127 8
A 84 606.4 1 84 606.4 5.076 47 0.039 7
B 9 855.38 1 9 855.38 0.591 332 0.453 8
c 85699.8 1 85699.8 5.142 08 0.038 6
D’ 419 859 1 419 859 25.1919 0.000 2
Residual 249 996 15 16 666.4 — —
Lack of fit 217 894 10 21789.4 3.393 73 0.094 9
Pure error 32102.4 5 6420.48 — —
Cor total 914 850 29 — — —
5 CV.[EIABR 2530
Table 5 Variance analysis of C.V. regression model
Source Sum of squares Degree of freedom Mean square F P
Model 0.460 085 14 3.286 32x10? 3.13329 0.017 8
A4 8.786 13x107* 1 8.786 13x107* 8.376 99 0.0111
B 6.025 99x107° 1 6.025 99x107° 0.574 538 0.460 2
C 1.653 41x10°2 1 1.653 41x102 1.576 41 0.228 5
D 1.460 10x10°7? 1 1.460 10x1072 1.392 11 0.256 4
AB 1.693 68x10™* 1 1.693 68x107* 1.614 81x107 0.900 6
AC 0.102 827 1 0.102 827 9.803 89 0.006 9
AD 0.108 357 1 0.108 360 10.3314 0.005 8
BC 6.936 18x107° 1 6.936 18x107° 0.661 318 0.428 8
BD 1.597 19x10™* 1 1.597 19x10™* 1.522 81x1072 0.903 4
CD 7.761 27x107* 1 7.761 27x107* 7.399 86x1072 0.789 3
A 3.913 80x1072 1 3.913 80x1072 3.73155 0.072 5
B 1.517 46x107 1 1.517 46x1072 1.446 80 0.2477
c 5.058 35x10°* 1 5.058 35x107 4.82279 0.044 2
D’ 1.058 72x1072 1 1.058 72x1072 1.009 41 0.3310
Residual 0.157 326 15 1.048 84x1072 — —
Lack of fit 0.135017 10 1.350 17x107 3.026 11 0.116 7
Pure error 2.230 87x107 5 4.461 75x107 — —
Cor total 0.617 411 29 — — —
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Table 6 Optimization results of the methyl-2-(4-hydroxyphenoxy) propionate crystallization

Item A/(r'min™") B/(°C-h™) Clg D/min Optimized value
Dy 31, max 406.35 5.18 2.59 20.07 1021.1
CV. in 425.00 4.50 2.75 30.00 0.767

MR 5 C/h, dFP AT & 2.5 g, BRI [E] 45 1 A
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Fig. 5 Crystal size distribution of methyl-2-( 4-hydroxyphenoxy)
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Fig. 7 SEM images of the crystallizing and non-crystallizing methyl-2-(4-hydroxyphenoxy) propionate
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Optimization of Crystallization Process of Methyl-2-(4-
Hydroxyphenoxy) Propionate Based on Responsive
Surface Methodology

HUANG Kejiao, HE Lipo, SONG Xingfu, YU Jianguo
(National Engineering Research Center for Integrated Utilization of Salt Lake Resource,

East China University of Science and Technology, Shanghai 200237, China)

Abstract: Methyl-2-(4-hydroxyphenoxy) propionate is an important intermediate for the synthesis of aryloxy-
phenoxy propionate (APP), a high efficiency herbicides. There is a certain gap between the existing products and the
ideal one, such as the particle size and the size distribution. Central composite design (CCD), a kind of responsive
surface methodology, was used to explore the effects of stirring rate, cooling rate, seeding quantity and aging time on
the particle size and the coefficient of variation (C.V.) of methyl-2-(4-hydroxyphenoxy) propionate. On the basis of
regression analysis, regression equations related to responsive values and factors were developed, respectively. For
control of crystal size, the most important parameters were aging time, seeding quantity, stirring rate and cooling rate,
respectively. For control of crystal size distribution, the most important parameters were stirring rate, seeding quantity,
aging time and cooling rate, respectively. The interactions between stirring rate and seeding quantity, stirring rate and
aging time, were important as well. The crystallization process was optimized using the following parameters: Stirring
rate of 400 r/min, cooling rate of 5 °C/h, seeding quantity of 2.5 g, and aging time of 20 min. In the above conditions,
methyl-2-(4-hydroxyphenoxy) propionate were prepared, with a purity of above 98%, an average particle size of
1 054.27 pum in narrow size distribution, and 0.891 3 in C.V. The predicted values well fit the experimental values,
which thereby demonstrates that the established models were accurate and reliable for the analysis and prediction of the
reactive crystallization process.

Key words: methyl-2-(4-hydroxyphenoxy) propionate; response surface methodology; crystallization process
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