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Table 1 Factors and levels of the test
X1 X2 X3 X4 X5
Code level Cu2t Cu?™ concentration Dish slag quantity pH Temperature Time
/mge.~! /g /C /h
2 50 0.9 10 60 6
1 40 0.7 8 50 )
0 30 0.5 6 40 1
—1 20 0.3 4 30 3
—2 10 0.1 2 20 2
2.2
: a9, , 2 . Cu’’ N .pH, .
. E-mail: peiginma@163. com. Y (%) 36

:2011—09—16

25



2011 24 25~30

L0 y=0. 0169x+0. 1025 36 . 90.828%, Cu?"
0.9 R=0. 9993
g 0.8 30 mg/L, 0.5 g,pH 6, 40°C, 4 h,
£ 0 2.3
£ 05 DPS Cu®’
0.4
;—5 0.3 ’ 3 ° :Y:
= gf 85. 03691+ 11. 82816X, — 6. 82322X, + 0. 22806 X; +
0 1 L 1 . L ! 2.15935X, +0.97592X; —4. 84827X,* —2. 60468X,* —
] 10 20 30 40 50 60 B ) B
W B P Cu™ Concentration/mg * L7 2.30882X;" — 1. 61849X," — 3. 64018X;" + 3. 92936
X, X,+0.37907X, X, — 3. 28217X, X, —0. 47152X, X; —
Lo 0. 41605X, X, + 0. 65643X, X, + 0. 02774X, X, —
Fig. 1 Cu®" standard curve
0.15717X, X, —1.30362X; X; +1.02626X, X5 ,
2
Table 2 Five factor orthogonal return rotatable design combination and results
No. X X X3 X X5 Y/ %
1 1 1 1 1 1 78.032544
2 1 1 1 —1 —1 84. 689349
3 1 1 —1 1 —1 80. 547337
4 1 1 —1 —1 1 79. 807692
5 1 —1 1 1 —1 87. 056213
6 1 —1 1 —1 1 84. 245562
7 1 —1 —1 1 1 85.133136
8 1 —1 —1 —1 —1 88. 683432
9 —1 1 1 1 —1 54. 289941
10 —1 1 1 —1 1 37.721893
11 —1 1 —1 1 1 57.544379
12 —1 1 —1 —1 —1 43. 343195
13 —1 —1 1 1 1 72.928994
14 —1 —1 1 —1 —1 67.307692
15 —1 —1 —1 1 —1 73.52071
16 —1 —1 —1 —1 1 64. 053254
17 —2 0 0 0 0 41. 715976
18 2 0 0 0 0 84.911243
19 0 —2 0 0 0 86. 489152
20 0 2 0 0 0 58. 086785
21 0 0 —2 0 0 70.512821
22 0 0 2 0 0 76. 42998
23 0 0 0 —2 0 73.076923
24 0 0 0 2 0 79. 38856
25 0 0 0 0 —2 57.29783
26 0 0 0 0 2 78.994083
27 0 0 0 0 0 87. 869822
28 0 0 0 0 0 89. 053254
29 0 0 0 0 0 81. 952663
30 0 0 0 0 0 78.205128
31 0 0 0 0 0 83.925049
32 0 0 0 0 0 86.291913
33 0 0 0 0 0 83. 333333
34 0 0 0 0 0 86. 094675
35 0 0 0 0 0 87.475345
36 0 0 0 0 0 90. 828402
3 X X XX , o
X2 X0 X X X X, » X, , s (a=0.10):
. F' =4.24257<F, , (6,9)=5.80, Y=85.03691+11. 82816X, —6. 82322X, +2. 15935X, —

b

(20,15) =2. 33,
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3
Table 3 A regressive relation analysis of variance table
F P
Source of variation Square sum Freedom Mean square Ratio Significant level
X1 3 357.726 1 3 357.726 105. 67887 * 0.0001
X2 1117, 354 1 1117.354 35.1668%* * 0. 0001
X3 1.2482 1 1. 2482 0.0393 0. 8455
Xy 111. 9073 1 111. 9073 3.52214 0. 0801
X5 22.8581 1 22.8581 0.7194 0.4097
X2 752.1831 1 752.1831 23.6737% * 0. 0002
X2 217.0995 1 217.0995 6. 8328 0.0195
X3? 170. 5811 1 170. 5811 5.3688* 0.035
X2 83. 824 1 83. 824 2.6382 0.1251
X52 424, 0299 1 424. 0299 13. 34567 * 0.0024
X1X2 247.0384 1 247.0384 7.7751%* 0.0138
X1Xs 2.2991 1 2.2991 0.0724 0.7916
X1Xy 172.3627 1 172.3627 5.4248* 0.0342
X1X5 3.5574 1 3.5574 0.112 0.7426
X2 X3 2.7696 1 2.7696 0.0872 0.7719
X2 Xy 6. 8945 1 6. 8945 0.217 0. 648
X2 X5 0.0123 1 0.0123 0. 0004 0.9846
X3 Xy 0.3953 1 0.3953 0.0124 0.9127
X5X5 27.191 1 27.191 0. 8558 0. 3696
X1 X5 16. 8513 1 16. 8513 0. 5304 0.4777
6 738.183 20 336.9091 F2=10.60364 0. 0001
476.5943 15 31.773
352.1045 6 58.6841 Fy=4.24257 0.0108
124. 4899 9 13.8322
7 214.777 35
2. 3 4 b b
~ 24
DPS Y. 5 Cu s 40 mg/L
(2,0.0,—2.0), 50 92.017%; , 0.2 g
mg/L. 0.5 g.pH 6. 4h 89.411%; ,60°C
Yo =98.11%., 89. 3560 pH .pH 6
2.4 ( ) 4h ,  85.037%.,
4
Table 4 Effect analysis of single factor
Level X1 X2 X3 X Xs
—2 41.988 88. 265 75.802 80.718 70.476
—1.5 56. 386 89.411 79.842 81.798 76. 847
—1 68. 36 89. 255 82.728 82. 878 81.397
—0.5 77.911 87.797 84.46 83.957 84.127
0 85. 037 85. 037 85. 037 85. 037 85. 037
0.5 89.739 80.974 84.46 86.117 84.127
1 92.017 75.609 82.728 87.196 81.397
1.5 91.871 68. 942 79. 842 88.276 76. 847
2 89.3 60.972 75.802 89. 356 70.476
2.5 ( ) 98.1101%; 10 mg/L. 20C
5 ; 40 mg/L, 0.4g 24.5401%, 8 ; 40 mg/L, 4h
92.8126% ; 10 mg/L. 0.9g . 92.0168%; 10 mg/L. 2 h
2.2049%, 40 mg/L.  6h 27.4268%, 9 ;
pH6 92. 0168 % ; 10 mg/L. 0.2 g.pH 6 89. 4112%
pH2 pH10 32. 7522% . 7 0.9gpH?2 pHI10 . 51. 7365%.
, 50 mg/L, 20°C 10 , 0.3 g, 60°C
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93.5742% ; 0.9 g, 20C ,pH 6. 4h 85.0369% ;pH 10
56. 653% , . 0.2 g, 4 h pH 2. 2h 6h 61.2409%.,
s 89.4112 %5 0.9 g, 2 h 14 s 60°C . 4h
6h . 46. 411%, 12 . 89. 3556 %0 20°C., 6h 2h .
pH6.  60C 89.3556%; pH 2. 66.1575% .
20°C 71. 4829% . 13
5
Table 5 The influence of concentration and joins the quantity on the adsorbs rate %
Level
X1 Xo —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 76.814 81. 884 85. 66 88.132 89. 301 89. 167 87.731 84.999 80. 954
1.5 83.312 87.408 90. 195 91. 684 91. 875 90. 758 88. 337 84.612 79.595
1 87.3858 90. 4971 92. 306 92.8126 92.0168 89.9187 86.5183 81. 8155 75.8104
0.5 89. 0373 91.1662 91.9928 91.517 89. 7389 86. 6585 82. 2757 76.5906 69. 6031
0 88. 2646 89.4112 89. 2555 87.7974 85. 0369 80.9741 75.609 68.9415 60.9717
—0.5 85. 0679 85.2321 84. 094 81. 6536 77.9108 72.8656 66.5182 58. 8684 49.9162
—1 79. 4469 78.6288 76.5084 73.0856 68. 3605 62.333 55.0032 46.3711 36. 4366
—1.5 71.4019 69. 6014 66. 4987 62.0935 56. 3861 49. 3763 41. 0641 31. 4496 20.5328
—2 60.9327 58. 1499 54,0648 48.6773 41. 9875 33.9954 24.7009 14,1041 2.2049
6 pH
Table 6 The influence of concentration and the pH on the adsorbs rate %
Level - 5
X1 X —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 80. 0649 84.1053 86.9913 88.7229 89. 3001 88.7229 86.9913 84.1053 80. 0649
1.5 82.6353 86. 6757 89.5617 91.2933 91. 8705 91.2933 89.5617 86. 6757 82.6353
1 82. 7815 86. 8219 89. 708 91. 4396 92.0168 91. 4396 89. 708 86.8219 82. 7815
0.5 80. 5036 84.5441 87.4301 89.1617 89. 7389 89.1617 87.4301 84. 5441 80. 5036
0 75.8016 79. 8421 82.7281 84.4597 85. 0369 84. 4597 82. 7281 79. 8421 75.8016
—0.5 68.6755 72.7159 75.6019 77.3336 77.9108 77.3336 75.6019 72.7159 68.6755
—1 59.1252 63. 1656 66.0517 67.7833 68. 3605 67.7833 66.0517 63.1656 59.1252
—1.5 47,1508 51.1912 54.0773 55. 8089 56. 3861 55. 8089 54.0773 51.1912 47.1508
—2 32.7522 36.7927 39. 6787 41. 4103 41.9875 41. 4103 39. 6787 36. 7927 32.7522
7
Table 7 The influence of concentration and temperature on the adsorbs rate %
Level
XX, —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 98.1101 95.9076 93.7051 91.5026 89. 3001 87.0976 84. 8951 82.6927 80.4902
1.5 97.3984 96. 0164 94. 6344 93.2525 91. 8705 90. 4886 89. 1066 87.7247 86. 3427
1 94,2624 93.701 93.1396 92.5782 92.0168 91. 4554 90. 894 90. 3326 89.7712
0.5 88.7024 88.9615 89. 2207 89.4798 89. 7389 89. 9981 90. 2572 90.5163 90. 7755
0 80. 7182 81.7979 82.8776 83.9572 85. 0369 86. 1166 87.1963 88. 2759 89. 3556
—0.5 70.3099 72.2101 74.1103 76.0105 77.9108 79.811 81.7112 83.6114 85.5116
—1 57.4774 60. 1982 62.919 65.6397 68. 3605 71.0813 73.802 76.5228 79. 2435
—1.5 42. 2208 45,7622 49. 3035 52. 8448 56. 3861 59.9274 63. 4687 67.01 70.5513
—2 24,5401 28.902 33.2638 37.6257 41. 9875 46. 3494 50.7112 55.0731 59. 4349
8
Table 8 The influence of concentration and the time on the adsorbs rate %
Level
XX —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 74.7394 81.1097 85. 66 88.3901 89. 3001 88.3901 85. 66 81.1097 74.7394
1.5 77.3098 83.6801 88.2304 90. 9605 91. 8705 90. 9605 88. 2304 83. 6801 77.3098
1 77.4561 83. 8264 88. 3766 91.1068 92.0168 91. 1068 88. 3766 83. 8264 77.4561
0.5 75.1782 81. 5485 86. 0987 88. 8289 89. 7389 88. 8289 86. 0987 81. 5485 75.1782
0 70.4762 76. 8465 81. 3967 84.1269 85. 0369 84.1269 81.3967 76. 8465 70.4762
—0.5 63.35 69. 7204 74.2706 77.0007 77.9108 77.0007 74.2706 69. 7204 63.35
—1 53.7998 60,1701 64. 7203 67.4504 68. 3605 67. 4504 64,7203 60.1701 53.7998
—1.5 41.8253 48. 1957 52.7459 55.476 56. 3861 55.476 52.7459 48.1957 41. 8253
—2 27.4268 33.7971 38.3473 41. 0775 41. 9875 41.0775 38.3473 33.7971 27.4268
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9 pH
Table 9 The influence of joins the quantity with pH on the adsorbs rate %
Level
X0 X —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 51.7365 55.7769 58.6629 60. 3945 60.9717 60. 3945 58.6629 55.7769 51.7365
1.5 59. 7063 63. 7467 66. 6327 68. 3643 68.9415 68. 3643 66. 6327 63. 7467 59.7063
1 66.3737 70.4142 73.3002 75.0318 75.609 75.0318 73.3002 70.4142 66. 3737
0.5 71.7388 75.7793 78.6653 80. 3969 80. 9741 80. 3969 78.6653 75.7793 71.7388
0 75.8016 79. 8421 82.7281 84.4597 85. 0369 84.4597 82. 7281 79. 8421 75.8016
—0.5 78.5621 82.6025 85. 4885 87.2202 87.7974 87.2202 85. 4885 82.6025 78.5621
—1 80. 0202 84. 0606 86. 9466 88. 6783 89. 2555 88.6783 86. 9466 84. 0606 80. 0202
—1.5 80. 1759 84.2164 87.1024 88. 834 89.4112 88. 834 87.1024 84.2164 80. 1759
—2 79.0294 83. 0698 85.9558 87. 6874 88. 2646 87.6874 85. 9558 83. 0698 79.0294
10
Table 10 The influence of joins the quantity and the temperature to adsorbs rate %
Level
XX —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 56.653 57.7327 58.8124 59. 8921 60.9717 62.0514 63.1311 64. 2108 65. 2904
1.5 64. 6228 65.7025 66. 7822 67.8619 68. 9415 70.0212 71.1009 72.1806 73.2603
1 71.2903 72.37 73.4497 74.5293 75.609 76. 6887 77.7684 78.848 79.9277
0.5 76. 6554 77.7351 78.8148 79. 8945 80. 9741 82. 0538 83.1335 84.2132 85.2928
0 80. 7182 81.7979 82. 8776 83.9572 85. 0369 86.1166 87.1963 88. 2759 89. 3556
—0.5 83.4787 84.5583 85.638 86.7177 87.7974 88.877 89. 9567 91.0364 92.1161
—1 84.9368 86. 0164 87.0961 88.1758 89. 2555 90. 3351 91.4148 92. 4945 93.5742
—1.5 85. 0925 86.1722 87.2519 88. 3315 89.4112 90. 4909 91.5706 92. 6502 93.7299
—2 83.9459 85. 0256 86.1053 87.185 88. 2646 89. 3443 90. 424 91.5037 92.5833
11
Table 11 The influence of joins the quantity and the time on the adsorbs rate %
Level
X0 Xe —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 46. 411 52.7813 57.3316 60.0617 60.9717 60. 0617 57.3316 52.7813 46.411
1.5 54. 3808 60. 7511 65.3014 68. 0315 68.9415 68.0315 65.3014 60. 7511 54. 3808
1 61.0483 67.4186 71.9688 74.699 75.609 74.699 71.9688 67.4186 61.0483
0.5 66.4134 72.7837 77.3339 80. 0641 80.9741 80. 0641 77.3339 72.7837 66.4134
0 70.4762 76. 8465 81. 3967 84.1269 85. 0369 84.1269 81.3967 76. 8465 70.4762
—0.5 73.2366 79. 6069 84.1572 86. 8873 87.7974 86. 8873 84.1572 79. 6069 73.2366
—1 74.6947 81. 065 85.6153 88. 3454 89. 2555 88. 3454 85.6153 81. 065 74.6947
—1.5 74. 8505 81. 2208 85.771 88.5012 89.4112 88.5012 85.771 81. 2208 74.8505
—2 73.7039 80. 0742 84. 6245 87. 3546 88. 2646 87.3546 84. 6245 80.0742 73.7039
12 pH
Table 12 The influence of pH and the temperature on the adsorbs rate %
Level
X5 X —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 71.4829 72.5626 73.6423 74.7219 75.8016 76.8813 77.961 79.0407 80.1203
1.5 75.5234 76.603 77.6827 78. 7624 79.8421 80.9217 82.0014 83. 0811 84. 1608
1 78. 4094 79.4891 80. 5687 81. 6484 82.7281 83.8078 84. 8874 85.9671 87. 0468
0.5 80. 141 81.2207 82. 3004 83.38 84.4597 85.5394 86.6191 87. 6987 88. 7784
0 80. 7182 81.7979 82.8776 83.9572 85. 0369 86.1166 87.1963 88.2759 89. 3556
—0.5 80. 141 81.2207 82.3004 83.38 84.4597 85.5394 86.6191 87.6987 88. 7784
—1 78. 4094 79.4891 80. 5687 81. 6484 82.7281 83.8078 84. 8874 85.9671 87. 0468
—1.5 75.5234 76.603 77.6827 78.7624 79.8421 80.9217 82.0014 83.0811 84. 1608
—2 71.4829 72.5626 73.6423 74.7219 75.8016 76.8813 77.961 79.0407 80. 1203
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13 pH
Table 13 The influence of pH and the time on the adsorbs rate %
Level
Xs X —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 61.2409 67.6112 72.1614 74.8916 75.8016 74.8916 72.1614 67.6112 61.2409
1.5 65. 2813 71.6517 76.2019 78.932 79.8421 78.932 76.2019 71.6517 65.2813
1 68.1674 74.5377 79.0879 81.818 82.7281 81.818 79. 0879 74.5377 68. 1674
0.5 69. 899 76.2693 80. 8195 83.5497 84. 4597 83.5497 80. 8195 76.2693 69. 899
0 70.4762 76. 8465 81. 3967 84.1269 85. 0369 84.1269 81.3967 76. 8465 70.4762
—0.5 69. 899 76.2693 80. 8195 83.5497 84.4597 83.5497 80. 8195 76.2693 69. 899
—1 68.1674 74.5377 79. 0879 81.818 82.7281 81.818 79. 0879 74.5377 68. 1674
—1.5 65. 2813 71.6517 76.2019 78.932 79.8421 78.932 76.2019 71.6517 65.2813
—2 61.2409 67.6112 72.1614 74.8916 75.8016 74.8916 72.1614 67.6112 61.2409
14
Table 14 The influence of temperature and the time on the adsorbs rate %
Level
X X —2 —1.5 —1 —0.5 0 0.5 1 1.5 2
2 74.7949 81.1652 85. 7154 88. 4456 89. 3556 88. 4456 85. 7154 81. 1652 74.7949
1.5 73.7152 80. 0855 84.6358 87. 3659 88.2759 87.3659 84.6358 80. 0855 73.7152
1 72.6355 79.0059 83.5561 86. 2862 87.1963 86. 2862 83.5561 79. 0059 72.6355
0.5 71.5559 77.9262 82.4764 85. 2065 86. 1166 85. 2065 82.4764 77.9262 71.5559
0 70.4762 76. 8465 81.3967 84.1269 85. 0369 84.1269 81. 3967 76. 8465 70.4762
—0.5 69. 3965 75.7668 80.3171 83.0472 83.9572 83.0472 80.3171 75.7668 69. 3965
—1 68. 3168 74.6871 79.2374 81.9675 82.8776 81.9675 79.2374 74.6871 68. 3168
—1.5 67.2372 73.6075 78. 1577 80. 8878 81.7979 80. 8878 78. 1577 73.6075 67.2372
—2 66. 1575 72.5278 77.078 79. 8082 80. 7182 79. 8082 77.078 72.5278 66. 1575
3 Yo =98.11%.,
5 ,
Cut , R [1] . . 0l
, pH . ,2001,16(2) :30-31.
Cu?' \CUZ } [2] s . [Jl. .
\Cu2+ ‘Cu” pHo 1?97(6) :41-45.,
[3] .
° 0Jl. ,2010€9) : 1490-1494.
50 mg/L, 0.5 g,pH 6, 20°C, 4h

Study on the Brass Adsorption of Heavy Metal Ions in Cabbage Slag

MA Pei-qgin, CHEN Li
(Department of Life Science, Yuncheng University, Yuncheng,Shanxi 044000)

Abstract: The effects of adsorption of cabbage slag on heavy metal ions of brass were studied with the method of
thequadratic regression orthogonal rotating combination design. The regression model of adsorption rate was
established on copper ion concentration combination, dish slag quantity, pH, temperature, time. The results showed
that the of model to infer showed that cabbage residue on adsorption of Cu*" in the best condition to reach the largest
adsorption rate Y, =98. 11% was at a concentration of 50 mg/L,addition of 0.5 g,pH 6, temperature of 20°C , time

of 4 h. The regression model established by significant test ascended a significant level, model analyses factors

adsorption rate and the relationship between them.

Key words: cabbage slag; Cu®" ;adsorption; quadratic orthogonal rotation;combination design
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