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Abstract
Project Code : RMU5080007

Project Title : Minimizing the interfering effects of heavy metals on hydration
of cementitious binders by modifying chemical composition of
the mixes and mixing method
Investigator . Assoc.Prof.Dr. Suwimol Asavapisit
Environmental Technology Division, School of Energy, Environment and Materials, King
Mongkut's University of Technology Thonburi
E-mail Address : suwimol.asa@kmutt.ac.th

Project Period . 3years

This research studied the effects of modifying chemical composition of the mixes and mixing
method on properties of the solidified wastes such as compressive strength, leachability of
heavy metals, variation in chemical composition of solution and microstructures. OPC,
OPC/BHA, OPC/sRHA, lime/BHA, lime/sRHA with and without 2% of sodium silicate and
sodium carbonate were used as solidification binders to solidify plating sludge and synthetic
zinc hydroxide. Results showed that the delay addition of the plating sludge and synthetic
zinc hydroxide after allowing the binders to hydrate for 1 hour resulted in a higher strength of
the samples due to a reduction of the mix water. For modifying chemical composition of the
mixes with BHA and sRHA could reduce the interfering effects of heavy metals on hydration
reactions of the binders especially zinc. However, both modifying chemical composition of
the mixes and mixing method could reduce leaching of heavy metals insignificantly. The
study of variation of different ionic concentrations in solution during hydration reactions found
that BHA and sRHA increased the silicon concentration of OPC/BHA and OPC/sRHA
whereas the plating sludge and synthetic zinc hydroxide resulted in rapid disappearance of
8042_ from the solution. In addition, sodium silicate and sodium carbonate rapidly increased
the concentration of OH and decreased concentration of zinc in lime/BHA and lime/sRHA
mixes. The microstructures as examined by XRD and SEM/EDX techniques revealed that

zinc was immobilized in cement matrix in the form of calcium zinc hydroxide hydrate and



calcium zinc silicate hydrate. When sodium carbonate was used, zinc could be present in the

form of CaZnCOs..

Keywords :Portland cement; Rice husk ash; Hydrate lime; Heavy metals; Activators
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OPC+10%PS 2.895 9.32E-14 13.49 4.885 7.27E-15 14.96 1.143 1.87E-14 14.92
OPC+30%PS 3.671 1.49E-15 15.29 6.866 1.06E-14 14.73 1.644 1.80E-14 14.63
OPC+50%PS 4.345 2.66E-15 15.17 9.437 2.29E-14 14.49 2.163 4.39E-14 14.43
OPC+10%Zn 0.144 7.008 3.47E-15 15.32 0.407
OPC+10%BHA 0.159 0.129 0.307
OPC+10%BHA+10%PS 2.672 8.62E-14 13.53 4.738 7.41E-15 14.95 0.899 1.38E-14 15.14
OPC+10%BHA+30%PS 3.478 1.99E-15 15.17 6.784 1.48E-14 14.58 1.338 1.98E-14 14.64
OPC+10%BHA+50%PS 4.347 3.61E-15 15.04 9.219 2.97E-14 14.38 1.99 4.68E-14 14.38
OPC+10%BHA+10%Zn 0.154 6.593 3.60E-15 15.3 0.356
OPC+10%sRHA 0.109 0.124 0.298
OPC+10%sRHA+10%PS 2.504 7.14E-14 13.61 4177 5.45E-15 15.08 0.685 9.56E-15 15.46
OPC+10%sRHA+30%PS 3.161 1.31E-15 15.35 5.915 9.30E-15 14.79 1.151 1.36E-14 14.96
OPC+10%sRHA+50%PS 3.983 2.74E-15 15.15 8.35 2.21E-14 14.5 1.927 4.55E-14 14.46
OPC+10%sRHA+10%Zn 0.11 6.266 3.58E-15 15.31 0.29
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Cr (25 yn/a3.4.)* Zn (100 un/@3.4.)* Fe
A28819
Lcu De Li Lcu De Li Lcu De Li

Lime:BHA 0.053 0.155 0.354

Lime:BHA +10%PS 2.567 3.31E-13 | 13.43 7.216 2.61E-14 14.47 5.504 2.41E-13 13.46
Lime:BHA +30%PS 4.783 1.09E-14 | 14.77 11.293 7.10E-14 14.02 10.312 6.63E-13 12.71
Lime:BHA +50%PS 10.176 5.15E-14 | 14.15 14.336 8.16E-14 13.86 18.227 2.21E-12 12.25
Lime:BHA +10%Zn 0.052 10.854 6.20E-15 14.67 0.329

Lime:BHA +NS 0.077 0.122 0.284

Lime:BHA +NS+10%PS 2.246 2.69E-13 | 13.51 6.977 2.63E-14 14.47 4.695 1.87E-13 13.58
Lime:BHA +NS+30%PS 4.614 9.68E-15 | 14.82 11.009 5.91E-14 14.07 9.356 5.30E-13 12.81
Lime:BHA +NS+50%PS 9.465 4.46E-14 | 14.22 13.933 7.69E-14 13.88 16.547 1.93E-12 12.33
Lime:BHA +NS+10%Zn 0.085 10.773 6.47E-15 14.67 0.232

Lime:BHA +NC 0.067 0.129 0.166

Lime:BHA +NC+10%PS 2.189 2.72E-13 | 13.51 6.306 2.26E-14 14.53 1.854 9.09E-14 14.37
Lime:BHA +NC+30%PS 4.536 9.88E-15 | 14.81 10.705 5.91E-14 14.07 4.098 2.02E-13 13.51
Lime:BHA +NC+50%PS 9.382 4.35E-14 | 14.22 13.413 7.10E-14 13.92 7.859 1.32E-12 13.04
Lime:BHA +NC+10%Zn 0.088 10.495 7.35E-15 14.62 0.165

Lime:sRHA 0.066 0.149 0.144

Lime:sRHA +10%PS 2.186 2.99E-13 | 13.47 6.309 2.47E-14 14.49 4.082 1.64E-13 13.7
Lime:sRHA +30%PS 4.283 8.82E-15 | 14.86 9.791 5.01E-14 14.14 7.46 3.51E-13 12.98
Lime:sRHA +50%PS 8.874 4.21E-14 | 14.24 12.62 6.77E-14 13.94 14.341 1.47E-12 12.43
Lime:sRHA +10%Zn 0.066 9.56 5.87E-15 14.71 0.254

Lime:sRHA +NS 0.088 0.144 0.265

Lime:sRHA +NS+10%PS 2.036 2.60E-13 | 13.53 6.262 2.47E-14 14.49 3.705 1.39E-13 13.79
Lime:sRHA +NS+30%PS 4.119 7.87E-15 | 14.91 9.459 4.49E-14 14.19 6.739 2.77E-13 13.09
Lime:sRHA +NS+50%PS 8.331 3.69E-14 14.3 11.94 5.91E-14 13.99 13.353 1.26E-12 12.49
Lime:sRHA +NS+10%Zn 0.088 9.263 5.56E-15 14.74 0.183

Lime:sRHA +NC 0.074 0.144 0.111

Lime:sRHA +NC+10%PS 1.979 2.26E-13 | 13.59 5.307 1.63E-14 14.67 3.436 1.07E-13 13.85
Lime:sRHA +NC+30%PS 4.072 8.68E-15 | 14.87 8.338 3.93E-14 14.24 6.244 2.76E-13 13.1
Lime:sRHA +NC+50%PS 8.232 3.79E-14 | 14.28 10.937 5.35E-14 14.04 12.154 1.11E-12 12.55
Lime:sRHA +NC+10%Zn 0.091 8.331 4.27E-15 14.85 0.113
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Cr (25 yn/a3.4.)* Zn (100 ¥n/a13.8.)* Fe
A0
Lcu De Li Lcu De Li Lcu De Li
DOPC 0.176 0.131 0.243
DOPC+10%PS 2.808 9.44E-14 13.61 4.638 5.32E-15 | 15.09 0.675 6.40E-15 15.55
DOPC+30%PS 3.393 1.87E-15 15.2 6.494 1.43E-14 | 14.62 1.224 1.72E-14 14.82
DOPC+50%PS 4.004 3.06E-15 15.11 10.052 1.09E-13 | 14.33 1.629 3.41E-14 14.63
DOPC+10%2Zn 0.146 6.709 3.06E-15 | 15.38 0.212
DOPC+10%BHA 0.177 0.11 0.25
DOPC+10%BHA+10%PS 2.687 8.18E-14 13.55 4.324 5.80E-15 | 15.05 0.74 9.91E-15 15.41
DOPC+10%BHA+30%PS 3.361 1.54E-15 15.28 6.112 1.04E-14 | 14.74 1.196 1.42E-14 14.81
DOPC+10%BHA+50%PS 3.941 2.87E-15 15.13 8.385 2.38E-14 | 14.47 2.793 7.07E-14 14.3
DOPC+10%BHA+10%Zn 0.107 5.799 2.55E-15 | 15.49 0.282
DOPC+10%sRHA 0.107 0.096 0.101
DOPC+10%sRHA+10%PS 2173 5.23E-14 13.75 3.863 4.48E-15 | 15.16 0.42 3.87E-15 15.87
DOPC+10%sRHA+30%PS 2.929 1.06E-15 15.44 5.489 7.60E-15 | 14.88 0.759 7.99E-15 15.5
DOPC+10%sRHA+50%PS 3.856 2.59E-15 15.18 7.73 1.89E-14 | 14.57 1.273 1.82E-14 14.96
DOPC+10%sRHA+10%2Zn 0.137 5.738 2.56E-15 | 15.45 0.751
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ADNINEN
Cr (25 UN/A3.4.)* Zn (100 NN/A7.4.)* Fe
A20819
Lcu De Li Lcu De Li Lcu De Li

DLime:BHA 0.055 0.157 0.3

DLime:BHA +10%PS 2.27 2.58E-13 | 13.53 6.721 2.29E-14 | 14.53 4364 | 1.54E-13 | 13.65
DLime:BHA +30%PS 4632 | 9.36E-15 | 14.83 | 11.189 590E-14 | 14.07 8.749 | 4.67E-13 | 12.88
DLime:BHA +50%PS 0486 | 4.24E-14 | 14.24 | 14.011 7.34E-14 13.9 15576 | 1.87E-12 | 12.41
DLime:BHA +10%2Zn 0.084 10.743 6.43E-15 | 14.67 0.227

DLime:BHA +NS 0.124 0.141 0.197

DLime:BHA +NS+10%PS 1.994 | 252E-13 | 1355 6.805 2.90E-14 | 14.42 4202 | 1.69E-13 | 13.67
DLime:BHA +NS+30%PS 4374 | 8.93E-15 | 14.85 | 10.829 5.99E-14 | 14.07 8.678 | 4.85E-13 | 12.87
DLime:BHA +NS+50%PS 9.082 | 3.71E-14 | 1429 | 13.964 701E-14 | 13.92 | 15452 | 1.58E-12 | 12.43
DLime:BHA +NS+10%Zn 0.404 10.191 5.27E-15 | 14.74 0.184

DLime:BHA +NC 0.085 0.122 0.232

DLime:BHA +NC+10%PS 2.089 | 2.31E-13 | 13.58 6.186 2.02E-14 | 14.58 1453 | 529E-14 | 146
DLime:BHA +NC+30%PS 4327 | 7.82E-15 | 14.91 | 10.439 4.93E-14 | 14.14 3494 | 1.07E-13 | 13.71
DLime:BHA +NC+50%PS 9.166 | 3.83E-14 | 14.28 | 12.849 6.25E-14 | 13.99 6.97 9.82E-13 | 13.19
DLime:BHA +NC+10%Zn 0.052 10.333 6.46E-15 | 14.68 0.118

DLime:sRHA 0.096 0.159 0.115

DLime:sRHA +10%PS 2492 | 361E-13 | 13.38 6.029 2.13E-14 | 14.56 4597 | 1.26E-13 | 13.62
DLime:sRHA +30%PS 4.752 1.07E-14 | 14.78 9.686 4.80E-14 | 14.16 8.84 | 4.82E-13 | 12.84
DLime:sRHA +50%PS 9.557 | 4.93E-14 | 14.17 12.24 6.42E-14 | 13.96 | 15438 | 1.72E-12 | 12.36
DLime:sRHA +10%2Zn 0.073 9.373 6.12E-15 | 14.69 0.321

DLime:sRHA +NS 0.092 0.107 0.125

DLime:sRHA +NS+10%PS 1.811 2.03E-13 | 13.65 5.558 1.87E-14 | 14.61 3.338 | 1.05E-13 | 13.88
DLime:sRHA +NS+30%PS 3918 | 7.37E-15 | 14.94 8.728 3.92E-14 | 14.24 5992 | 2.24E-13 | 13.18
DLime:sRHA +NS+50%PS 8.214 | 3.44E-14 | 1433 | 10.965 4.89E-14 | 14.08 | 12.316 | 1.03E-12 | 12.58
DLime:sRHA +NS+10%Zn 0.071 9.077 5.34E-15 | 14.75 0.124

DLime:sRHA +NC 0.073 0.111 0.077

DLime:sRHA +NC+10%PS 1.805 | 1.87E-13 | 13.67 4575 1.22E-14 148 3.07 8.69E-14 | 13.95
DLime:sRHA +NC+30%PS 3.913 | 6.87E-15 | 14.97 7.668 2.86E-14 | 14.38 5952 | 2.09E-13 | 13.21
DLime:sRHA +NC+50%PS 7.798 | 3.25E-14 | 14.35 9.991 423E-14 | 1414 | 11212 | 8.98E-13 | 12.64
DLime:sRHA +NC+10%2Zn 0.051 7.736 3.89E-15 | 14.89 0.073
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. WIS WIS L WIS WIS
Friee Wauin@) | (Uindys Friee (Waudnd) | (J3udse
BEAGE) BEAGE)

OPC 0.31 0.31 OPC+10%sRHA 0.37 0.37
OPC+10%PS 0.31 0.29 OPC+10%sRHA+10%PS 0.36 0.34
OPC+30%PS 0.28 0.25 OPC+10%sRHA+30%PS 0.32 0.29
OPC+50%PS 0.26 0.23 OPC+10%sRHA+50%PS 0.29 0.26
OPC+10%2Zn 0.31 0.29 OPC+10%sRHA+10%Zn 0.37 0.34
OPC+10%BHA 0.33 0.33 OPC+20%sRHA 0.44 0.44
OPC+10%BHA+10%PS 0.33 0.31 OPC+20%sRHA+10%PS 0.43 0.41
OPC+10%BHA+30%PS 0.32 0.29 OPC+20%sRHA+30%PS 0.39 0.36
OPC+10%BHA+50%PS 0.27 0.24 OPC+20%sRHA+50%PS 0.36 0.33
OPC+10%BHA+10%Zn 0.33 0.31 OPC+20%sRHA+10%Zn 0.44 0.41
OPC+20%BHA 0.35 0.35 OPC+30%sRHA 0.52 0.52
OPC+20%BHA+10%PS 0.35 0.33 OPC+30%sRHA+10%PS 0.52 0.5
OPC+20%BHA+30%PS 0.33 0.3 OPC+30%sRHA+30%PS 0.46 0.43
OPC+20%BHA+50%PS 0.30 0.27 OPC+30%sRHA+50%PS 0.41 0.39
OPC+20%BHA+10%Zn 0.35 0.33 OPC+30%sRHA+10%Zn 0.52 0.5
OPC+30%BHA 0.37 0.37

OPC+30%BHA+10%PS 0.36 0.34

OPC+30%BHA+30%PS 0.35 0.33

OPC+30%BHA+50%PS 0.33 0.31

OPC+30%BHA+10%Zn 0.36 0.33
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Lime:BHA 0.66 0.66 Lime:sRHA 0.87 0.87
Lime:BHA +10%PS 0.66 0.63 Lime:sRHA +10%PS 0.85 0.82
Lime:BHA +30%PS 0.65 0.61 Lime:sRHA +30%PS 0.77 0.73
Lime:BHA +50%PS 0.56 0.52 Lime:sRHA +50%PS 0.67 0.63
Lime:BHA +10%Zn 0.66 0.63 Lime:sRHA +10%Zn 0.85 0.82
Lime:BHA +NS 0.73 0.73 Lime:sRHA +NS 0.91 0.91
Lime:BHA 0.71 0.87
+NS+10%PS 0.73 Lime:sRHA +NS+10%PS 0.89
Lime:BHA 0.65 0.77
+NS+30%PS 0.69 Lime:sRHA +NS+30%PS 0.81
Lime:BHA 0.56 0.68
+NS+50%PS 0.60 Lime:sRHA +NS+50%PS 0.71
Lime:BHA 0.71 0.87
+NS+10%2Zn 0.73 Lime:sRHA +NS+10%Zn 0.89
Lime:BHA +NC 0.63 0.63 Lime:sRHA +NC 0.84 0.84
Lime:BHA 0.61 0.82
+NC+10%PS 0.63 Lime:sRHA +NC+10%PS 0.84
Lime:BHA 0.58 0.71
+NC+30%PS 0.62 Lime:sRHA +NC+30%PS 0.74
Lime:BHA 0.54 0.61
+NC+50%PS 0.56 Lime:sRHA +NC+50%PS 0.64
Lime:BHA 0.61 0.82
+NC+10%Zn 0.63 Lime:sRHA +NC+10%Zn 0.84
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MSITUNIIE (NN/Ta7)

18] (1) 1 3 7 14 28 56 91

OPC 162 204 254 308 368 373 419
DOPC 188 256 300 339 | 417 438 439
OPC+10%BHA 157 218 244 305 366 384 393
DOPC+10%BHA 165 243 284 327 383 | 402 410
OPC+20%BHA 165 270 301 351 387 405 422
DOPC+20%BHA 187 289 333 386 406 | 423 | 434
OPC+30%BHA 166 220 236 314 362 384 406
DOPC+30%BHA 200 249 279 334 382 410 | 422
OPC+10%RHA 182 272 369 395 429 444 452
DOPC+10%RHA 197 294 386 429 | 443 458 468
OPC+20%RHA 174 231 287 308 365 419 428
DOPC+20%RHA 182 247 305 364 396 425 435
OPC+30%RHA 89 156 267 298 331 361 382
DOPC+30%RHA 105 171 274 320 359 368 375

Wueng D = delayed mixing



108

A o o @ @ o o ' & Ada = o Aad
13N W. 5 ﬂqswwu’]ﬂqad‘ﬁ_]Llﬁ\‘ia@"ﬂﬂdﬂﬂu‘ﬁﬂaLLTGY]NLLavallllﬂf]iﬁ_hUﬂE\TJﬁﬂqiwaN

maagw%'muﬁmaum”wLmauﬁmazmﬂmﬂauIsoquﬁszé’ueiwa 9

MSITUNIIE (NN/Ta7)
18] () 1 3 7 14 28 56 91
OPC+10%Ps - - - 9.6 15.5 18.5 20.7
DOPC+10%Ps 1.3 10.5 12.3 17.2 21.7 25 31.2
OPC+10%BHA+10%Ps | 2.4 6.1 7.8 9.9 15.4 18.8 20.7
DOPC+10%BHA+10%Ps 3 75 11.8 15.3 19 35 53
OPC+20%BHA+10%Ps | 2.8 7 13.2 14.6 18.8 22.2 25.5
DOPC+20%BHA+10%Ps 5 10 16.4 | 2264 | 30.8 49 63
OPC+30%BHA+10%Ps | 1.64 5.64 6.84 114 14.6 21.6 22.8
DOPC+30%BHA+10%Ps 3 8 12 17 25 27.5 32.2
OPC+30%Ps - - - 7 10.8 13 17.1
DOPC+30%Ps 15 5.1 7.6 10 14.1 16.4 19.4
OPC+10%BHA+30%Ps | 2.3 47 7.4 9.2 113 | 1262 | 162
DOPC+10%BHA+30%Ps 22 6 8.1 10.6 11.6 16.2 25.5
OPC+20%BHA+30%Ps | 2.5 4.1 7.5 11.3 17.6 | 203 22
DOPC+20%BHA+30%Ps 4 7 10 13.2 22 27 33.8
OPC+30%BHA+30%Ps - 3 4.8 6.2 8.1 11.2 13.7
DOPC+30%BHA+30%Ps 0.7 5 6.9 10.3 13 17.2 27.8
OPC+50%Ps - - - 5.1 8.9 10. 5 11.7
DOPC+50%Ps 1.7 3.4 45 5.7 12.5 13.8 14.4
OPC+10%BHA+50%Ps - 3.56 5.75 652 | 10.39 | 1156 | 15.19
DOPC+10%BHA+50%Ps 2 5 7 10 13 16.76 | 19.37
OPC+20%BHA+50%Ps 0 4 6 7.4 11.1 14.2 17.1
DOPC+20%BHA+50%Ps 2 6 9 12 15 19 23
OPC+30%BHA+50%Ps - 25 3.6 6 7.7 9.1 12.7
DOPC+30%BHA+50%Ps 1 4 6 7.8 10 14 17.7

WUELAQ Ps = plating sludge
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0 o o o 2
NAITVLIIAA (NN/TU )

18] (1) 1 3 7 14 28 56 91
OPC+10%Ps - - - 9.6 15.5 185 | 207
DOPC+10%Ps 1.3 10.5 12.3 17.2 21.7 25 31.2
OPC+10%RHA+10%Ps | 4.2 11.4 70.6 189 215 229 230
DOPC+10%RHA+10%Ps | 29.4 55 235 258 295 346 367
OPC+20%RHA+10%Ps 4 14 57.4 179 205 220 221
DOPC+20%RHA+10%Ps 8.2 50.2 225 245 284 322 329
OPC+30%RHA+10%Ps - 4.2 70.4 151 193 208 240

DOPC+30%RHA+10%Ps 3.9 18.6 229 236 278 307 335

OPC+30%Ps - - - 7 10.8 13 17.1
DOPC+30%Ps 1.5 5.1 7.6 10 14.1 16.4 19.4
OPC+10%RHA+30%Ps 3.1 4.8 11.2 17.3 25.3 37.4 41.3
DOPC+10%RHA+30%Ps 7 12 17 23.7 31 46 52
OPC+20%RHA+30%Ps 23 5 10.5 15.7 21 30.2 36.5
DOPC+20%RHA+30%Ps 3.5 6.7 12 19 27 39 42.4
OPC+30%RHA+30%Ps - 4.2 6.9 10.3 18 19.7 247
DOPC+30%RHA+30%Ps 2.5 6 8.7 13.3 21 26 32.5
OPC+50%Ps - - - 5.1 8.9 10. 5 1.7
DOPC+50%Ps 1.7 3.4 4.5 5.7 12.5 13.8 14.4
OPC+10%RHA+50%Ps 3.2 4.9 8.4 111 15.5 171 28
DOPC+10%RHA+50%Ps 4 7 10 12.3 19 22.7 35
OPC+20%RHA+50%Ps 3.3 4.7 7.1 9.8 13.4 14.5 247
DOPC+20%RHA+50%Ps 5 8 10 13.4 17 21 32
OPC+30%RHA+50%Ps - 3.6 6.2 7.5 12.4 17.4 19.2

DOPC+30%RHA+50%Ps 2.8 7 9 14 19 20.4 23.2
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NAITULIIBG (NN/TY )

18] (1) 1 3 7 14 28 56 91
OPC+Zn 10.2 16.7 183 259 312 326 327
DOPC+Zn 26 261 292 391 410 416 416
OPC+10%BHA+ Zn 6.5 11 15.4 22.1 50 133 147
DOPC+10%BHA+ Zn 17 28 35 50 75 154 173
OPC+20%BHA+ Zn 5.9 11.7 16.6 19.0 27.0 30.2 30.6
DOPC+20%BHA+ Zn 11.3 15.6 23.2 28.6 345 37.0 38.7
OPC+30%BHA+ Zn | 2.3 115 13.7 16.8 24.3 28.6 31.1
DOPC+30%BHA+ Zn 7.8 12.9 18.0 235 31.4 34.1 36.2
OPC+10%RHA+ Zn | 10.8 32.4 49.2 81 149 162 167
DOPC+10%RHA+ Zn 12.5 416 83 102 162 175 188
OPC+20%RHA+ Zn | 9.1 12.1 17.2 23.3 28.3 35.9 43
DOPC+20%RHA+ Zn 15 27 37 42 50 56 63
OPC+30%RHA+ Zn | 6.8 10.2 16.3 21.2 27.2 29.8 30

DOPC+30%RHA+ Zn 8.0 14.9 224 31.5 38 43 55
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MAISLUIIsa (nn/ma’)
18] (1) 1 3 7 14 28 56 91
Lime+BHA 0 10.6 30.4 43.6 56.7 64.9 71.1
DLime+BHA 2.4 13.9 32.8 51.8 59.1 76.5 87.4
Lime+BHA+10%Ps 0 0 15 45 7.5 25.4 42.7
DLime+BHA+10%Ps 1.9 4.1 8.9 13.6 16.2 35.3 47.5
Lime+BHA+30%Ps 0 0 1.3 2.6 5.8 7.7 16.8
DLime+BHA+30%Ps 1.7 3.8 5.7 7.6 124 28 37
Lime+BHA+50%Ps 0 0 1.3 2.2 5 5.8 11.2
DLime+BHA+50%Ps 1.2 2.9 4.2 6 10.9 13 20
Lime+BHA+Ns 3 10 28.2 36.6 447 49.7 53.3
DLime+BHA+Ns 4 124 29.8 36.5 48 53 58
Lime+BHA+Ns+10%Ps 1.3 1.7 6.3 15.2 33.7 42.3 47.2
DLime+BHA+Ns+10%Ps 3 5. 8.2 171 371 47.6 55
Lime+BHA+Ns+30%Ps 0 0 1.2 3.1 54 8.7 10.7
DLime+BHA+Ns+30%Ps 2.3 4.5 6.9 11.3 16.3 26.3 47.2
Lime+BHA+Ns+50%Ps 0 0 0.7 1.1 3.7 6.5 9
DLime+BHA+Ns+50%Ps 2 3.4 6 8.3 12.8 194 30.3
Lime+BHA+Nc 7.9 16.2 36.3 475 61 66.9 75.6
DLime+BHA+Nc 10.1 20.2 411 58.8 711 82.3 85.7
Lime+BHA+Nc+10%Ps 14 4.2 21.2 32 45.6 68.2 73.1
DLime+BHA+Nc+10%Ps 2.8 4.1 13.7 37 65.2 68.4 72.6
Lime+BHA+Nc+30%Ps 0 0.9 3.1 15.6 35.1 46.6 63.2
DLime+BHA+Nc+30%Ps 25 4.1 8.4 14 47.3 53.9 66.2
Lime+BHA+Nc+50%Ps 0 1.3 2.8 10.4 14.3 27.4 30.9
DLime+BHA+Nc+50%Ps 2.0 3.6 6.5 9.1 20.9 30.1 37.9
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18] (1) 1 3 7 14 28 56 91
Lime+RHA 5.3 16.9 | 30.1 | 499 71 80 85.0
DLime+RHA 129 | 237 | 380 | 574 78 884 | 90.2
Lime+RHA+10%Ps 0 0 2.8 7 66.3 72 80
DLime+RHA+10%Ps 2.1 5.7 101 | 205 51 674 | 789
Lime+RHA+30%Ps 0 0 1.6 3.7 7.9 11 20
DLime+RHA+30%Ps 1.7 4 6 10.1 159 | 325 | 396
Lime+RHA+50%Ps 0 0. 13 26 4.6 6.3 14
DLime+RHA+50%Ps 1.4 2.9 5.6 6.8 13.9 | 153 | 22.1
Lime+RHA+Ns 184 | 315 42 50 623 | 69.7 | 80.3
DLime+RHA+Ns 268 | 456 | 587 | 705 | 73.9 80 90.6

Lime+RHA+Ns+10%Ps 2.8 6.5 28.8 40.1 53.1 63.5 69.1

DLime+RHA+Ns+10%Ps 3.5 15.5 47.9 62.4 70.2 78.5 96.6

Lime+RHA+Ns+30%Ps 0 0 2.1 5.3 16.6 25.8 271
DLime+RHA+Ns+30%Ps 2.1 6.3 8.1 13.6 20.6 27.4 33.5
Lime+RHA+Ns+50%Ps 0 0 1.2 2.5 13.9 22.7 254

DLime+RHA+Ns+50%Ps 1.8 3.6 6.7 8.6 16.8 18.9 22

Lime+RHA+Nc 18.8 36.2 39.42 | 49.00 65.1 73.6 88.4
DLime+RHA+Nc 49.7 59.2 67.11 | 78.37 | 128.7 | 1346 | 1345
Lime+RHA+Nc+10%Ps 3.3 7.9 35.86 | 44.76 56.6 68.2 83.1
DLime+RHA+Nc+10%Ps 5 12.6 55.00 | 72.01 89.6 93.7 97.5
Lime+RHA+Nc+30%Ps 0 3.2 5.19 14.78 54 65.3 73.0

DLime+RHA+Nc+30%Ps 24 5.5 10.34 | 27.45 64.9 77.6 81.9

Lime+RHA+Nc+50%Ps 0 2.2 4.47 14.03 21.5 29.2 31.9

DLime+RHA+Nc+50%Ps 22 3.9 6.50 18.95 25.7 37.9 42.2
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e . Cr (25 un/e13.4.)* Zn(100 4N/§13.8.)* Fe
DY
Lcu De Li Lcu De Li Lcu De Li
OPC 0.174 0.129 0.417
OPC+10%PS 2.895 9.32E-14 | 1349 | 4.885 | 7.27E-15 | 14.96 | 1.143 | 1.87E-14 | 14.92
OPC+30%PS 3.671 149E-15 | 1529 | 6.866 1.06E-14 | 14.73 | 1.644 | 1.80E-14 | 14.63
OPC+50%PS 4.345 266E-15 | 1517 | 9437 | 2.29E-14 | 14.49 | 2163 | 4.39E-14 | 14.43
OPC+10%Zn 0.144 7.008 | 347E-15 | 1532 | 0.407
OPC+10%BHA 0.159 0.129 0.307
OPC+10%BHA+10%PS 2672 8.62E-14 | 1353 | 4738 | 7.41E-15 | 1495 | 0899 | 1.38E-14 | 15.14
OPC+10%BHA+30%PS 3.478 1.99E-15 | 1517 | 6.784 148E-14 | 1458 | 1.338 | 1.98E-14 | 14.64
OPC+10%BHA+50%PS 4.347 361E-15 | 15.04 | 9219 | 297E-14 | 14.38 | 1.99 468E-14 | 14.38
OPC+10%BHA+10%Zn 0.154 6.593 | 3.60E-15 | 153 | 0.356
OPC+20%BHA 0.129 0.115 0.222
OPC+20%BHA+10%PS 2.459 766E-14 | 1358 | 4553 | 7.15E-15 | 14.96 | 0764 | 1.10E-14 | 1545
OPC+20%BHA+30%PS 3.391 1.86E-15 152 | 6.117 123E-14 | 14.67 | 1.186 | 1.71E-14 | 14.77
OPC+20%BHA+50%PS 4.08 3.38E-15 | 15.06 | 8423 | 2.63E-14 | 14.43 | 1.813 | 4.23E-14 | 1445
OPC+20%BHA+10%Zn 0.145 6.393 | 3.76E-15 | 1528 | 0.401
OPC+30%BHA 0.141 0.1 0.588
OPC+30%BHA+10%PS 2767 121E-13 | 13.38 | 5.137 115E-14 | 14.76 | 1.011 1.11E-14 | 14.97
OPC+30%BHA+30%PS 3.599 1.88E-15 | 1519 | 6.835 1.38E-14 | 14.62 | 1.448 | 1.90E-14 | 14.63
OPC+30%BHA+50%PS 4.238 362E-15 | 1503 | 9438 | 3.30E-14 | 1433 | 2304 | 4.84E-14 14.2
OPC+30%BHA+10%Zn 0.11 7108 | 4.87E-15 | 1517 | 0.507
OPC+10%SsRHA 0.109 0.124 0.298
OPC+10%sRHA+10%PS 2.504 714E-14 | 1361 | 4177 | 545E-15 | 1508 | 0.685 | 9.56E-15 | 15.46
OPC+10%sRHA+30%PS 3.161 131E-15 | 1535 | 5.915 | 9.30E-15 | 14.79 | 1.151 1.36E-14 | 14.96
OPC+10%sRHA+50%PS 3.983 274E-15 | 1515 | 835 221E-14 | 145 | 1927 | 455E-14 | 14.46
OPC+10%sRHA+10%Zn 0.11 6.266 | 3.58E-15 | 15.31 | 0.29
OPC+20%SsRHA 0.085 0.144 0.299
OPC+20%sRHA+10%PS 2.369 7.07E-14 | 1361 | 4334 | 6.47E-15 15 1565 | 3.81E-14 | 14.88
OPC+20%sRHA+30%PS 3.107 1.39E-15 | 1532 | 6.31 1.17E-14 | 14.69 | 2.258 | 4.79E-14 | 14.26
OPC+20%sRHA+50%PS 3.506 283E-15 | 1523 | 8732 | 276E-14 | 1442 | 2546 | 6.87E-14 | 14.11
OPC+20%sRHA+10%Zn 0.103 6.655 | 4.49E-15 | 1521 | 0.786
OPC+30%SsRHA 0.144 0.115 1.564
OPC+30%sRHA+10%PS 2518 9.04E-14 135 487 9.29E-15 | 1485 | 2.058 | 6.11E-14 | 14.49
OPC+30%sRHA+30%PS 3.502 197E-15 | 1517 | 7.135 1.67E-14 | 1454 | 2.775 | 7.76E-14 | 14.01
OPC+30%sRHA+50%PS 4.201 3.62E-15 | 1504 | 10.156 | 3.86E-14 | 14.26 | 3.431 | 9.34E-14 | 13.83
OPC+30%sRHA+10%2Zn 0.999 7.374 | 6.34E-15 | 15.06 | 1.985

v v Q/ a Af
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o Cr (25 an/@3.8.)* | Zn(100 un/a3.3.)* Fe
CRLIAR
Lcu De Li Lcu De Li Lcu De Li

DOPC 0.176 0.131 0.243

DOPC+10%PS 2.808 9.44E-14 13.61 4.638 5.32E-15 15.09 0.675 6.40E-15 15.55
DOPC+30%PS 3.393 1.87E-15 15.2 6.494 1.43E-14 14.62 1.224 1.72E-14 14.82
DOPC+50%PS 4.004 3.06E-15 15.11 10.052 1.09E-13 14.33 1.629 3.41E-14 14.63
DOPC+10%Zn 0.146 6.709 3.06E-15 15.38 0.212

DOPC+10%BHA 0.177 0.1 0.25
DOPC+10%BHA+10%PS 2.687 8.18E-14 13.55 4.324 5.80E-15 15.05 0.74 9.91E-15 15.41
DOPC+10%BHA+30%PS 3.361 1.54E-15 15.28 6.112 1.04E-14 14.74 1.196 1.42E-14 14.81
DOPC+10%BHA+50%PS 3.941 2.87E-15 15.13 8.385 2.38E-14 14.47 2.793 7.07E-14 14.3
DOPC+10%BHA+10%Zn 0.107 5.799 2.55E-15 15.49 0.282

DOPC+20%BHA 0.134 0.13 0.193
DOPC+20%BHA+10%PS 2.287 7.06E-14 13.62 4117 6.16E-15 15.02 0.679 9.22E-15 15.47
DOPC+20%BHA+30%PS 3.04 1.15E-15 15.41 5.807 8.55E-15 14.83 1.052 1.08E-14 15.01
DOPC+20%BHA+50%PS 3.633 2.69E-15 15.16 8.16 2.47E-14 14.45 1.624 3.58E-14 14.58
DOPC+20%BHA+10%Zn 0.088 5.596 2.70E-15 15.43 0.191

DOPC+30%BHA 0.136 0.085 0.474
DOPC+30%BHA+10%PS 2.687 1.12E-13 13.4 4.668 9.68E-15 14.83 0.882 9.94E-15 15.11
DOPC+30%BHA+30%PS 3.488 1.96E-15 15.18 6.302 1.30E-14 14.65 1.285 1.61E-14 14.7
DOPC+30%BHA+50%PS 4.068 3.01E-15 15.11 8.823 2.59E-14 14.44 1.702 3.56E-14 14.59
DOPC+30%BHA+10%Zn 0.119 6.648 4.05E-15 15.25 0.431

DOPC+10%sRHA 0.107 0.096 0.101
DOPC+10%sRHA+10%PS 2173 5.23E-14 13.75 3.863 4 48E-15 15.16 0.42 3.87E-15 15.87
DOPC+10%sRHA+30%PS 2.929 1.06E-15 15.44 5.489 7.60E-15 14.88 0.759 7.99E-15 15.5
DOPC+10%sRHA+50%PS 3.856 | 2.59E-15 15.18 7.73 1.89E-14 14.57 1.273 1.82E-14 14.96
DOPC+10%sRHA+10%Zn 0.137 5.738 2.56E-15 15.45 0.751

DOPC+20%sRHA 0.144 0.122 0.218
DOPC+20%sRHA+10%PS 2.12 9.75E-14 13.47 3.846 8.80E-15 14.87 1.323 4.01E-14 14.98
DOPC+20%sRHA+30%PS 2.765 1.10E-15 15.42 5.737 9.69E-15 14.77 1.825 3.66E-14 14.44
DOPC+20%sRHA+50%PS 3.465 | 2.26E-15 15.24 8.161 2.31E-14 14.49 2.107 4.25E-14 14.3
DOPC+20%sRHA+10%Zn 0.094 6.454 3.98E-15 15.26 0.558

DOPC+30%sRHA 0.089 0.089 0.61
DOPC+30%sRHA+10%PS 2.455 8.14E-14 13.56 4.714 8.19E-15 14.9 1.623 4.13E-14 14.75
DOPC+30%sRHA+30%PS 3.154 1.60E-15 15.26 7.259 1.73E-14 14.52 2.476 7.01E-14 14.11
DOPC+30%sRHA+50%PS 4.083 3.37E-15 15.06 9.24 3.17E-14 14.35 3.068 7.72E-14 13.94
DOPC+30%sRHA+10%Zn 0.142 7.212 5.94E-15 15.09 0.888

v v Q/ a QE‘
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e . Cr (25 un/e13.4.)* Zn(100 IN/913.8.)* Fe
AN
Lcu De Li Lcu De Li Lcu De Li

Lime:BHA 0.053 0.155 0.354

Lime:BHA +10%PS 2.567 3.31E-13 | 1343 | 7.216 | 2.61E-14 | 1447 | 5504 | 2.41E-13 | 13.46
Lime:BHA +30%PS 4.783 1.09E-14 | 14.77 | 11.293 | 7.10E-14 | 14.02 | 10.312 | 6.63E-13 | 12.71
Lime:BHA +50%PS 10.176 | 5.15E-14 | 14.15 | 14.336 | 8.16E-14 | 13.86 | 18.227 | 2.21E-12 | 12.25
Lime:BHA +10%2Zn 0.052 10.854 | 6.20E-15 | 14.67 | 0.329

Lime:BHA +NS 0.077 0.122 0.284

Lime:BHA +NS+10%PS 2.246 2.69E-13 | 13.51 6.977 | 263E-14 | 1447 | 4695 | 1.87E-13 | 13.58
Lime:BHA +NS+30%PS 4614 9.68E-15 | 14.82 | 11.009 | 591E-14 | 1407 | 9.356 | 5.30E-13 | 12.81
Lime:BHA +NS+50%PS 9.465 | 4.46E-14 | 14.22 | 13.933 | 7.69E-14 | 13.88 | 16.547 | 1.93E-12 | 12.33
Lime:BHA +NS+10%Zn 0.085 10.773 | 6.47E-15 | 14.67 | 0.232

Lime:BHA +NC 0.067 0.129 0.166

Lime:BHA +NC+10%PS 2.189 2.72E-13 | 13.51 6.306 | 2.26E-14 | 1453 | 1.854 | 9.09E-14 | 14.37
Lime:BHA +NC+30%PS 4.536 9.88E-15 | 14.81 | 10.705 | 5.91E-14 | 14.07 | 4.098 | 2.02E-13 | 13.51
Lime:BHA +NC+50%PS 9.382 435E-14 | 1422 | 13413 | 7.10E-14 | 13.92 | 7.859 | 1.32E-12 | 13.04
Lime:BHA +NC+10%Zn 0.088 10.495 | 7.35E-15 | 1462 | 0.165

Lime:sRHA 0.066 0.149 0.144

Lime:sRHA +10%PS 2.186 299E-13 | 1347 | 6.309 | 247E-14 | 1449 | 4082 | 1.64E-13 | 137
Lime:sRHA +30%PS 4.283 8.82E-15 | 14.86 | 9.791 5.01E-14 | 1414 | 7.46 3.51E-13 | 12.98
Lime:sRHA +50%PS 8.874 421E-14 | 1424 | 1262 | 6.77E-14 | 13.94 | 14341 | 147E-12 | 1243
Lime:sRHA +10%2Zn 0.066 9.56 5.87E-15 | 14.71 | 0.254

Lime:sRHA +NS 0.088 0.144 0.265

Lime:sRHA +NS+10%PS 2.036 260E-13 | 1353 | 6262 | 247E-14 | 1449 | 3705 | 1.39E-13 | 13.79
Lime:sRHA +NS+30%PS 4.119 7.87E-15 | 14.91 9.459 | 4.49E-14 | 1419 | 6.739 | 2.77E-13 | 13.09
Lime:sRHA +NS+50%PS 8.331 3.69E-14 | 14.3 1194 | 591E-14 | 13.99 | 13.353 | 1.26E-12 | 12.49
Lime:sRHA +NS+10%Zn 0.088 9.263 | 5.56E-15 | 14.74 | 0.183

Lime:sRHA +NC 0.074 0.144 0.111

Lime:sRHA +NC+10%PS 1.979 226E-13 | 1359 | 5307 | 163E-14 | 1467 | 3436 | 1.07E-13 | 13.85
Lime:sRHA +NC+30%PS 4,072 8.68E-15 | 14.87 | 8338 | 3.93E-14 | 14.24 | 6.244 | 2.76E-13 | 13.1
Lime:sRHA +NC+50%PS 8.232 3.79E-14 | 1428 | 10937 | 535E-14 | 14.04 | 12154 | 1.11E-12 | 12.55
Lime:sRHA +NC+10%Zn 0.091 8.331 | 4.27E-15 | 1485 | 0.113

v v 5 =) Qf
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ADNINEN
e . Cr (25 un/e13.4.)* Zn(100 4N/e13.8.)* Fe
ehlal
Lcu De Li Lcu De Li Lcu De Li

DLime:BHA 0.055 0.157 0.3

DLime:BHA +10%PS 227 | 258E-13 | 1353 | 6.721 229E-14 | 1453 | 4364 | 1.54E-13 | 13.65
DLime:BHA +30%PS 4632 | 9.36E-15 | 14.83 | 11.189 | 5.90E-14 | 14.07 | 8749 | 467E-13 | 12.88
DLime:BHA +50%PS 9.486 | 4.24E-14 | 14.24 | 14.011 | 7.34E-14 13.9 | 15576 | 1.87E-12 | 12.41
DLime:BHA +10%Zn 0.084 10.743 | 643E-15 | 14.67 | 0.227

DLime:BHA +NS 0.124 0.141 0.197

DLime:BHA +NS+10%PS 1994 | 2.52E-13 | 1355 | 6.805 290E-14 | 1442 | 4202 | 1.69E-13 | 13.67
DLime:BHA +NS+30%PS 4374 | 893E-15 | 14.85 | 10.829 | 5.99E-14 | 14.07 | 8678 | 4.85E-13 | 12.87
DLime:BHA +NS+50%PS 9.082 | 3.71E-14 | 1429 | 13964 | 7.01E-14 | 13.92 | 15452 | 158E-12 | 1243
DLime:BHA +NS+10%Zn 0.404 10.191 | 5.27E-15 | 14.74 | 0.184

DLime:BHA +NC 0.085 0.122 0.232

DLime:BHA +NC+10%PS 2.089 | 2.31E-13 | 13.58 | 6.186 2.02E-14 | 1458 | 1.453 | 5.29E-14 14.6
DLime:BHA +NC+30%PS 4327 | 7.82E-15 | 14.91 | 10439 | 4.93E-14 | 1414 | 3.494 | 1.07E-13 | 13.71
DLime:BHA +NC+50%PS 9.166 | 3.83E-14 | 14.28 | 12.849 | 6.25E-14 | 13.99 6.97 9.82E-13 | 13.19
DLime:BHA +NC+10%Zn 0.052 10.333 | 646E-15 | 14.68 | 0.118

DLime:sRHA 0.096 0.159 0.115

DLime:sRHA +10%PS 2492 | 361E-13 | 13.38 | 6.029 213E-14 | 1456 | 4.597 | 1.26E-13 | 13.62
DLime:sRHA +30%PS 4752 | 1.07E-14 | 14.78 | 9.686 480E-14 | 14.16 8.84 482E-13 | 12.84
DLime:sRHA +50%PS 9.557 | 4.93E-14 | 1417 | 12.24 6.42E-14 | 13.96 | 15438 | 1.72E-12 | 12.36
DLime:sRHA +10%Zn 0.073 9.373 6.12E-15 | 14.69 | 0.321

DLime:sRHA +NS 0.092 0.107 0.125

DLime:sRHA +NS+10%PS 1811 | 2.03E-13 | 13.65 | 5.558 187E-14 | 1461 | 3.338 | 1.05E-13 | 13.88
DLime:sRHA +NS+30%PS 3.918 | 7.37E-15 | 1494 | 8728 3.92E-14 | 1424 | 5992 | 224E-13 | 13.18
DLime:sRHA +NS+50%PS 8.214 | 3.44E-14 | 14.33 | 10.965 | 4.89E-14 | 14.08 | 12316 | 1.03E-12 | 12.58
DLime:sRHA +NS+10%2Zn 0.071 9.077 5.34E-15 | 14.75 | 0.124

DLime:sRHA +NC 0.073 0.111 0.077

DLime:sRHA +NC+10%PS 1.805 | 1.87E-13 | 13.67 | 4.575 1.22E-14 14.8 3.07 8.69E-14 | 13.95
DLime:sRHA +NC+30%PS 3913 | 6.87E-15 | 1497 | 7.668 286E-14 | 1438 | 5952 | 2.09E-13 | 13.21
DLime:sRHA +NC+50%PS 7.798 | 3.25E-14 | 1435 | 9.991 423E-14 | 1414 | 11.212 | 8.98E-13 | 12.64
DLime:sRHA +NC+10%Zn 0.051 7.736 3.89E-15 | 14.89 | 0.073
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ﬂlq t (t critical=1 -812)

AATEI
Fe Zn Cr
OPC+10%BHA waz OPC+10%sRHA
- 10 wt.% Plating sludge 1.719 1.126 0.403
- 30 wt.% Plating sludge 1.502 1.744 0.761
- 50 wt.% Plating sludge 0.506 1.744 0.873
- 10 wt.% Synthesis zinc ) 0.656 )
hydroxide
OPC+20%BHA Waz OPC+20%sRHA | 1299 0439 | 0216
- 10 wt.% Plating sludge 1.733 0.275 0.681
_ 1.185 0.785 1.375
- 30 wt.% Plating sludge
- 1.080 -
- 50 wt.% Plating sludge
- 10 wt.% Synthesis zinc
1.192 0.536 0.597
hydroxide
1.511 1.405 0.233
OPC+30%BHA iaz OPC+30%sRHA
1.283 0.566 0.089
- 0, i
10 wt.% Plating sludge ] 1473 i
- 30 wt.% Plating sludge
- 50 wt.% Plating sludge
- 10 wt.% Synthesis zinc
hydroxide
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Y ' ﬂl’] t (t criticalzfI -812)
2AINRIN
Fe Zn Cr
DOPC+10%BHA L&z
DOPC+10%sRHA 0.795 0.925 1.233
- 10 wt.% Plating sludge 1.085 1.250 1.037
- 30 wt.% Plating sludge 1.788 1.314 0.204
- 50 wt.% Plating sludge B 0.122 B
- 10 wt.% Synthesis zinc hydroxide
DOPC+20%BHA L& 0.215 0.544 0.401
DOPC+20%SsRHA 1.337 0.14 0.660
- 10 wt.% Plating sludge 1.725 1.744 0.403
. - 1.778 -
- 30 wt.% Plating sludge
- 50 wt.% Plating sludge
0.750 1.714 0.557
- 10 wt.% Synthesis zinc hydroxide
1.604 1.770 0.801
DOPC+30%BHA Liaz
1.632 1.772 1.644
DOPC+30%sRHA
- 1.718 -
- 10 wt.% Plating sludge
- 30 wt.% Plating sludge
- 50 wt.% Plating sludge
- 10 wt.% Synthesis zinc hydroxide
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ﬂl’] t (t critical=1 -812)

AT
Fe Zn Cr
Lime:BHA a8z Lime:sRHA
- 10 wt.% Plating sludge 1.067 0.937 0.517
- 30 wt.% Plating sludge 1.389 1.552 0.678
- 50 wt.% Plating sludge 1.415 1.773 1.630
- 10 wt.% Synthesis zinc ) 1.337 )
hydroxide
Lime:BHA+NS W&z Lime:sRHA+NS 1.018 0669 | 0.323
- 10 wt.% Plating sludge 1663 1491 0.762
_ 2.074 1.584 1.745
- 30 wt.% Plating sludge
- 2.428 -
- 50 wt.% Plating sludge
- 10 wt.% Synthesis zinc
1.639 1.016 0.504
hydroxide
1.620 1.695 1.113
Lime:BHA+NC L8z Lime:sRHA+NC
1.963 1.735 1.752
- 0, i
10 wt.% Plating sludge ] 1776 i
- 30 wt.% Plating sludge
- 50 wt.% Plating sludge
- 10 wt.% Synthesis zinc
hydroxide
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@h t (t critical=’I -812)

10 wt.% Synthesis zinc hydroxide

AATEI
Fe Zn Cr
DLime:BHA 18z DLime:sRHA
- 10 wt.% Plating sludge 0.780 0.807 1.572
- 30 wt.% Plating sludge 1.766 1.666 1.583
- 50 wt.% Plating sludge 1.750 1.750 1.741
o L . - 1.597 -
- 10 wt.% Synthesis zinc hydroxide
DLime:BHA+NS L8z DLime:sRHA+NS
- 10 wt.% Plating sludge 0.911 1775 0.225
_ 1.777 1.757 0.561
- 30 wt.% Plating sludge
1.830 1.717 1.068
- 50 wt.% Plating sludge
- 1.772 -
- 10 wt.% Synthesis zinc hydroxide
DLime:BHA+NC .8z DLime:sRHA+NC
1.414 1.445 1.729
- o H
10 wt.% Plating sludge 1.760 1588 1698
- 0, i
30 wt.% Plating sludge 1777 1739 1753
- 50 wt.% Plating sludge _ 1.880 _
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