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Abstract

Project Code : MRG5480198
Project Title : The use of calcium carbide residue and black rice husk ash in solidification of

zinc-electroplating sludge.
Investigator : Dr. Rungroj Piyaphanuwat
E-mail Address : rungroj.piy@kmutt.ac.th

Project Period : 2 years

Abstract:

This research investigated the properties of solidification of zinc-electroplating sludge using calcium
carbide residue (CCR) and black rice husk ash (BHA) as binders and sodium silicate solution and
sodium carbonate as activator. The compressive strength, setting time leachability using TCLP method
and durability were studied. The first step studied the optimum ratio between CCR and BHA of 70:30
60:40 50:50 40:60 and 30:70 wt.%. The results showed that the highest compressive strength was
found 60:40 of ratio between CCR and BHA. This ratio was activated using sodium silicate solution and
sodium carbonate at the levels of 2 and 4 wt.% as binders solidified 30 and 50 wt.% of zinc-

electroplating sludge.

Addition of sodium silicate solution and sodium carbonate increased the compressive strength and
decreased of CCR and BHA paste. Both activators can rapid developed the early strength (3 days).
The 4 wt.% of sodium silicate solution and sodium carbonate increased the compressive strength from
11.1 to 30.5 and 34.5 kg/cmz. When 30 and 50 wt.% of zinc-electroplating sludge were added, the
compressive strength decreased and setting time increased. At 3 days of solid wastes solidified 50 wt.%
of zinc-electroplating sludge did not remolded but both activators were added, they can remolded since
1 days. Addition 4 wt.% of sodium silicate solution and sodium carbonate in solid wastes containing 50

wt.% of zinc-electroplating sludge have compressive strength of 3.45 and 5.58 kg/cmz.



The leaching results (TCLP method) showed that the concentration of Cr in leachate from solid wastes
containing 50 wt.% of zinc-electroplating sludge over the standard of USEPA (5 mg/L) except solid
wastes with 4 wt.% of sodium carbonate. The durability resulted showed that synthesis acid rain can
erode the solid wastes solidified 50 wt.% of zinc-electroplating sludge and without activators through full
area that was showed in highest weight loss. In addition, solid wastes containing 4 wt.% of sodium
silicate solution and sodium carbonate were eroded from external surface to inside about 5-10 mm. At
erosion zone found increase of SO3; content because of reaction between sulfuric acid from synthesis
acid rain and Ca from CCR and decalcification of CSH in solid wastes to form gypsum. It resulted in

swell and reduction strength of solid wastes structure.

Keywords : Calcium carbide residue / Black rice husk ash / Activator / zinc-electroplating sludge
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Samples Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | Cycle7 | Cycle 8
CPs30 4.35 4.43 4.55 4.68 4.81 4.90 4.95 5.10
CNs2Ps30 3.86 3.93 4.04 4.15 4.27 4.35 4.39 4.53
CNc2Ps30 3.15 3.21 3.30 3.39 3.48 3.55 3.59 3.70
CPs50 9.58 9.75 10.03 10.31 10.59 10.79 10.90 11.24
CNs2Ps50 7.58 7.72 7.93 8.15 8.38 8.53 8.63 8.90
CNc2Ps50 6.88 7.00 7.20 7.40 7.61 7.75 7.83 8.07
CNs4Ps30 3.78 3.85 3.92 4.03 4.14 4.26 4.34 4.46
CNc4Ps30 3.09 3.14 3.20 3.29 3.38 3.48 3.54 3.64
CNs4Ps50 7.43 7.56 7.70 7.91 8.14 8.36 8.51 8.75
CNc4Ps50 6.74 6.86 6.99 7.18 7.39 7.59 7.73 7.95

A9edl 0.2 Amsilravesdangdaniouvesdevdoudeiieny 7 fu

Samples Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | Cycle7 | Cycle 8
CPs30 7.25 7.38 7.59 7.72 7.94 8.08 8.30 8.54
CNs2Ps30 5.48 5.58 5.73 5.84 6.00 6.11 6.28 6.48
CNc2Ps30 4,98 5.07 5.21 5.30 5.45 5.55 5.70 5.89
CPs50 10.15 10.33 10.62 10.81 11.11 11.31 11.63 12.00
CNs2Ps50 7.45 7.58 7.79 7.94 8.16 8.30 8.53 8.81
CNc2Ps50 5.57 5.67 5.83 5.93 6.10 6.21 6.38 6.59
CNs4Ps30 5.43 5.58 5.76 5.86 6.03 6.13 6.25 6.36
CNc4Ps30 4.93 5.07 5.23 5.33 5.48 5.57 5.68 5.78
CNs4Ps50 7.38 7.58 7.83 7.97 8.19 8.34 8.49 8.64
CNc4Ps50 5.52 5.67 5.85 5.96 6.13 6.24 6.35 6.46

P ' & = % = ' 2 A Y
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Samples Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | Cycle7 | Cycle8
CPs30 4.55 4.68 4.81 4.89 5.03 5.12 5.26 5.41
CNs2Ps30 4.01 4.12 4.24 4.31 4.43 4,51 4.64 4.77
CNc2Ps30 3.44 3.54 3.64 3.70 3.80 3.87 3.98 4.09
CPs50 8.15 8.38 8.61 8.77 9.01 9.17 9.43 9.69
CNs2Ps50 7.01 7.21 7.41 7.54 7.75 7.89 8.11 8.34
CNc2Ps50 6.98 7.18 7.38 7.51 7.72 7.86 8.08 8.30
CNs4Ps30 3.45 3.51 3.61 3.67 3.78 3.85 3.91 3.99
CNc4Ps30 2.95 3.00 3.09 3.14 3.23 3.29 3.35 3.41
CNs4Ps50 6.40 6.52 6.70 6.82 7.01 7.13 7.26 7.39
CNc4Ps50 4.22 4.30 4.42 4.49 4.62 4.70 4.79 4.87

a9edl 0.4 Amsilnaveandnaniewveadevadeudeiiony 14 fu

Samples Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | Cycle7 | Cycle8
CPs30 4.32 4.29 4.41 4.48 4.63 4.72 4.85 4.98
CNs2Ps30 3.83 3.80 3.91 3.98 411 4.18 4.32 4.46
CNc2Ps30 3.13 3.10 3.19 3.25 3.35 3.41 3.53 3.64
CPs50 9.51 9.44 9.70 9.88 10.20 10.38 10.72 11.07
CNs2Ps50 7.52 7.47 7.68 7.81 8.07 8.22 8.48 8.76
CNc2Ps50 6.83 6.78 6.97 7.09 7.33 7.46 7.70 7.95
CNs4Ps30 4.00 4.11 4.25 4.33 4.45 4.53 4.61 4.69
CNc4Ps30 3.20 3.29 3.40 3.46 3.56 3.62 3.69 3.75
CNs4Ps50 7.71 7.93 8.19 8.33 8.56 8.72 8.88 9.04
CNc4Ps50 6.93 7.12 7.36 7.49 7.70 7.84 7.98 8.12

asedl .5 Amsilavesdangdaniouvesdevdoudsiiony 14 fu

Samples Cyclel | Cycle2 | Cycle3 | Cycle4 | Cycle5 | Cycle6 | Cycle7 | Cycle 8
CPs30 7.20 7.33 7.53 7.66 7.88 8.02 8.17 8.31
CNs2Ps30 5.44 5.54 5.72 5.79 5.98 6.09 6.20 6.31
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CNc2Ps30 494 5.03 5.19 5.26 5.44 5.53 5.63 5.73
CPs50 10.07 10.26 10.59 10.73 11.08 11.28 11.48 11.69
CNs2Ps50 7.39 7.53 7.77 7.88 8.13 8.28 8.43 8.58
CNc2Ps50 5.53 5.63 5.81 5.89 6.08 6.19 6.30 6.41
CNs4Ps30 5.28 5.37 5.47 5.57 5.67 6.09 6.29 6.40
CNc4Ps30 4.80 4.88 4.97 5.06 5.15 5.53 5.71 5.82
CNs4Ps50 7.18 7.31 7.44 7.57 7.71 8.28 8.55 8.70
CNc4Ps50 5.37 5.46 5.56 5.66 5.76 6.19 6.39 6.50
a9l 0.6 Amslvavedlasdonanieuvesdevasudiiony 14 fu

Samples Cyclel | Cycle2 | Cycle3 | Cycled | Cycle5 | Cycle6 | Cycle7 | Cycle 8
CPs30 4.52 4.60 4.72 4.81 4.90 5.08 5.17 5.32
CNs2Ps30 3.98 4.05 4.16 4.24 4.32 4.48 4.56 4.69
CNc2Ps30 3.41 3.48 3.57 3.64 3.70 3.84 3.91 4.02
CPs50 8.09 8.23 8.46 8.62 8.77 9.10 9.27 9.53
CNs2Ps50 6.96 7.08 7.28 7.41 7.54 7.83 7.97 8.19
CNc2Ps50 6.93 7.05 7.25 7.38 7.51 7.80 7.94 8.16
CNs4Ps30 3.42 3.49 3.60 3.65 3.71 3.82 3.94 3.96
CNc4Ps30 2.93 2.98 3.08 3.12 3.17 3.26 3.37 3.38
CNs4Ps50 6.35 6.47 6.68 6.77 6.89 7.08 7.31 7.34
CNc4Ps50 4.19 4.26 4.40 4.46 4.54 4.67 4.82 4.84

M5afl 0.7 Amsilvaveamdnainfouvesdevideudsiiony 28 fu

Samples Cyclel | Cycle2 | Cycle3 | Cycle4 | Cycle5 | Cycle6 | Cycle7 | Cycle 8
CPs30 3.82 3.96 4.07 4.20 4.35 4.43 4.58 471
CNs2Ps30 3.39 3.51 3.62 3.74 3.87 3.94 4.08 4.19
CNc2Ps30 2.77 2.87 2.96 3.05 3.16 3.22 3.33 3.42
CPs50 8.42 8.71 9.00 9.29 9.61 9.79 10.13 10.41
CNs2Ps50 6.66 6.89 7.12 7.35 7.61 7.74 8.01 8.24
CNc2Ps50 6.05 6.26 6.46 6.67 6.90 7.03 7.27 7.48
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CNs4Ps30 | 3.55 | 3.67 | 3.79 | 391 | 404 | 417 | 429 | 440
CNc4Ps30 | 2.81 | 291 | 3.00 | 310 | 320 | 330 | 340 | 3.49
CNs4Ps50 | 676 | 7.00 | 722 | 746 | 770 | 7.95 | 817 | 840
CNc4Ps50 | 6.14 | 635 | 656 | 677 | 699 | 722 | 742 | 7.63
a9eil 0.8 Amslvavesdangdaniouvesdevdoudefiony 28 fu
Samples Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | Cycle7 | Cycle8
CPs30 644 | 656 | 668 | 680 | 692 | 705 | 717 | 730
CNs2Ps30 | 4.87 | 496 | 5.05 514 | 523 | 533 | 542 | 552
CNc2Ps30 | 4.43 | 451 | 459 | 467 | 475 | 484 | 493 | 5.02
CPs50 902 | 918 | 935 | 952 | 969 | 986 | 10.04 | 10.22
CNs2Ps50 | 662 | 674 | 6.86 | 699 | 711 | 724 | 737 | 7.50
CNc2Ps50 | 4.95 | 5.04 | 5.13 522 | 532 | 541 | 551 | 561
CNs4Ps30 | 4.46 | 454 | 463 | 471 | 479 | 488 | 497 | 511
CNc4Ps30 | 406 | 413 | 420 | 428 | 436 | 443 | 451 | 464
CNs4Ps50 | 6.07 | 618 | 629 | 640 | 6.52 663 | 675 | 694
CNc4Ps50 | 454 | 462 | 470 | 479 | 487 | 496 | 505 | 5.9
M51afl 0.9 Amsilvavedlasilenaniouveadovasudsiiony 28 fu
Samples Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | Cycle7 | Cycle8
CPs30 404 | 416 | 429 | 437 | 445 | 453 | 466 | 481
CNs2Ps30 | 356 | 3.68 | 3.80 | 3.87 | 394 | 401 | 414 | 4.8
CNc2Ps30 | 3.06 | 3.6 | 326 | 332 | 338 | 344 | 355 | 3.67
CPs50 724 | 748 | 772 | 786 | 801 | 815 | 841 | 869
CNs2Ps50 | 623 | 643 | 664 | 676 | 689 | 7.01 | 724 | 7.47
CNc2Ps50 | 620 | 641 | 662 | 673 | 686 | 698 | 721 | 7.44
CNs4Ps30 | 3.07 | 312 | 318 | 324 | 334 | 340 | 346 | 3.52
CNc4Ps30 | 262 | 267 | 272 | 277 | 286 | 291 | 296 | 3.01
CNs4Ps50 | 569 | 579 | 590 | 6.00 | 620 | 631 | 642 | 6.54
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4.09
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a ! a 3 o ! q' . 1% ] < o aa
M13199 9.1 Amsasyiddmin wavAnUigulUas Diameter vesnounaeuaveudeiiinsuas
nnegnauanlssUUssandainsdludsinaiesas 50 laguwin

Volume
Diameter | Diameter High Volume Water
Sample Solution Weight1 | Weight 2
(cm) (cm) (cm) (cm) (ml)
(ml)
d nou d ¥iag h AU noU(g) | ad(g)
C1-1 2.710 2.710 2.500 14.426 288.518 | 277.021 31.500 31.100
C1-2 2917 3.270 2.8300 18.720 374391 | 359.472 40.100 39.520
C1-3 2.933 3.193 2.600 17.574 351473 | 337.467 35.850 35.310
Cl-4 2.923 3.133 2.700 18.125 362.507 | 348.061 38.900 34.540
C1-5 2.900 3.203 2.600 17.180 343.609 | 329916 36.700 31.420
C1-6 2.650 3.200 2.600 14.346 286.919 | 275.486 31.400 25.320
C1-7 2.807 3.800 2.600 16.096 321.924 | 309.095 37.590 26.430
C1-8 2.900 3.783 2.700 17.841 356.824 | 342.605 38.280 22.240
C2-1 2.933 2.957 2.700 18.250 364.991 | 350.446 39.200 38.560
C2-2 2.900 3.033 2.700 17.841 356.824 | 342.605 38.200 37.660
C2-3 2717 3.123 2.700 15.661 313211 | 300.730 37.550 36.700
C2-4 2.750 3.167 2.800 16.638 332.750 | 319.490 38.800 34.550
C2-5 2.907 3.338 2.600 17.263 345269 | 331.510 36.800 30.600
C2-6 2.907 3.333 2.800 18.591 371.829 | 357.011 38.800 29.150
C2-7 2.817 3.633 2.700 16.835 336.691 | 323.274 38.800 26.960
C2-8 2.983 3.827 2.700 18.877 377.542 | 362.497 37.150 23.480




::4' ] a3 o ! q' . v ! < a aa
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nnagnauanlssUUssnndinsdlussinasosay 50 lagumdn Nnsnaansazanelufeudd

wnelulSunusesay 4 gt

Volume
Diameter | Diameter | Hight Volume Water Weight Weight
Sample Solution
(cm) (cm) (cm) (cm) (ml) 1 2
(ml)

dnou d ¥iaq h nou (g) | 1ad(p)

Al-1 2917 3.077 2.700 18.047 360.938 346.554 33.980 31.810
Al1-2 2.907 3.200 2.800 18.587 371.743 356.929 35.490 32.920
Al-4 2917 3.253 2.700 18.047 360.938 346.554 36.120 32.290
Al-5 3.000 3.193 2.600 18.386 367.714 353.061 34.230 28.470
Al-6 2.950 3.113 2.700 18.462 369.235 354.521 36.080 26.260
Al1-7 2.973 3.117 2.800 19.450 388.991 373.490 36.150 23.950
Al1-8 2.973 3.287 2.500 17.366 347.314 333.473 32.960 20.900
Al1-9 2.983 3.277 2.700 18.881 377.626 362.578 34.500 20.540
A2-1 3.000 3.107 2.600 18.386 367.714 353.061 33.350 31.330
A2-2 2.957 3.193 2.600 17.858 357.168 342.935 34.680 31.300
A2-3 2.993 3.197 2.700 19.008 380.162 365.012 35.000 31.020
A2-4 3.000 3.207 2.700 19.093 381.857 366.640 35.680 39.420
A2-5 2.983 3.207 2.700 18.881 377.626 362.578 35.860 26.390
A2-6 2.983 3.100 2.600 18.182 363.640 349.149 32.970 22.160
A2-7 2917 3.217 2.700 18.047 360.938 346.554 34.090 22.850
A2-8 2.987 32 2.700 18.924 378.470 363.388 34.640 20.960




::4' ] a3 o ! q' . v ! < a aa
#15799 2.3 Annsagyidedamviln uagAUisuuUas Diameter vadfpuvdoudaudeniinsue
nnagnauanlssUUssnndinedlutsunaiesas 50 laguwiln nlnskauasasanglefe
AsvaslulSinusesar 4 lagumin

Volume
Diameter | Diameter | Hight Volume Water Weight
Sample Solution Weight 1
(cm) (cm) (cm) (cm) (ml) 2
(ml)

dnou d viaq h nou (g) | 1as ()

B1-1 2.983 3.100 2.700 18.881 377.626 362.578 34.840 30.580
B1-2 3.000 3.200 2.800 19.800 396.000 380.219 36.390 30.690
B1-3 2.973 3.177 2.700 18.755 375.099 360.151 34.630 27.010
B1-4 2.983 3.267 2.600 18.182 363.640 349.149 33.850 24.340
B1-5 2.987 3.133 2.700 18.924 378.470 363.388 35.560 21.910
B1-6 2.967 3.110 2.700 18.671 373.419 358.538 34.450 18.810
B1-8 2.987 3.343 2.700 18.924 378.470 363.388 35.660 13.850

B1-9 3.000 3.233 2.700 19.093 381.857 366.640 35.580 7.380
B2-1 3.000 3.100 2.700 19.093 381.857 366.640 34.930 30.660
B2-2 2.970 3.120 2.700 18.713 374.258 359.344 37.220 31.520
B2-3 2.983 3.200 2.600 18.182 363.640 349.149 34.790 27.200
B2-4 2.983 3.107 2.600 18.182 363.640 349.149 34.820 24.010
B2-6 2.973 3.100 2.500 17.366 347.314 333473 33.320 19.770
B2-7 2.983 3.133 2.700 18.881 377.626 362.578 35.200 16.890
B2-8 2.993 3.340 2.800 19.712 394.242 378.531 36.260 12.820
B2-10 2.907 3.183 2.700 17.923 358.467 344.182 35.540 13.810
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