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Abstract

This research studied the effect of microwave curing on compressiv3e strength and
durability from sodium sulfate of cement paste from industrial wastes. The calcium carbine
residue (CCR) with wastewater treatment residue (WTR), calcium carbine residue with bituminous
fly ash (BFA) and calcium carbine residue with biscuit (Bis) were prepared for compressive
strength test. Afetr that collect the maximum compressive strength from all samples to study
effect of microwave cuing at 100 200 and 300 watts for 5 10 and 15 mins. The compressive
strength, durability and microstructure using Scanning electron microscope were used to
investigated in this research. The result showed that the optimum content of cement paste from
industrial wastes were 60:40, 60:40 and 70:30 wt.% for CCR:WTR, CCR:BFA and CCR:Bis,
respectively. The microwave curing can activate the reaction of cement pastes. The microwave
curing at 300 watts for 5 mins for CCR:WTR, and CCR:Bis and 200 watts for 15 mins for CCR:BFA
made the highest strength. The durability of cement pastes from industrial wastes showed that
the microwave curing decrease weight losss of all cement pastes. The maximum of weight losss
was found in CCR:WTR. In the microstructure part found calcium silicate hydrated and calcium
aluminate hydrated in all samples. The microwave curing increase the density of calcium silicate

hydrated and calcium aluminate hydrated more than room temperature cuing.
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Uszunnit 1 1 8udiuen Bottom Ash) Svwalug)

Usziamdl 2 Wudnzn3u (Slag Ash) Tinasuazaneifunsniufnnumtanvsensiot

Uszianil 3 udifinazieaiiaeslufuiesouiiinannsunludioanlumasdedlusinouiiaz
duhuudedlil azgnisdesdnduiuudrdesieluddaiu Bondwssnniindaos (Fly ash)
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1) mnuazdenveninasy WhaselaevluudiasimiuaziBemnnninjudisms dnwazimlvasdy
sUnssnauiivuadusihugudnansiausidnnin 1 llaswms udls 150 lulasiuns
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oonled (Alumina, ALO,) wag iWas3Aoanled (Feric oxide, Fe,0,) fauanslunsnsit 2.3 Tnsfidnandiu
1 3 Hsudsmugamgd anmuandeuvasn wasriavestuiiuilldion femel ASTM C 618-08 344
wenuszianveadiaosly 2 vl Ae uazuansn1sulstunMA TR A ADEANLNINTEIU ASTM C 618-08
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- Class F ailU3ana SO+ ALOs+ Fe,05 snnninfasag 70 Tagtiwiin ifnginnisikidiuiiu
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NANSNITILLS (Cement) Tuiud Ao Yanfiludeusvauildunnlunsneadne Wy uneundn
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A a ' a A a & o oA YY) 2 v
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Wi TngAundunsevily 1wy F8neu A1slun (Silicon Carbide) hd oxgiiun (Fused Alumina) Waginys
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HAR S Endviafiawdue (special Ceramic’s) HandnawIENdYdaTAwilidogaigiu
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TAnansdunsifanauiflunsiauszan Faufasefiiamuaunsdaanai
funoudi1

2(3CaSiO )+6HO —> 3Ca0.28i0 , 3H 0+ Ca(OH),
2(2CaSi0 )+4H O —>  3Ca02Si0  3H 0+ Ca(OH),
Sunoudi2

3Ca(OH), +2Si0, —> 3Ca02Si0 3H O  (CSH)

3Ca(OH), +2A1.0, —> 3Ca02A1 O 3H O (CAH)
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3. A5AHUN15998 (Materials and Method)
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4. aAUs18na (Results and Discussion)
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CWTR 7 14 28
CWTR70:30 0.202 0.356 0.410
CWTR60:40 0.270 0.460 0.550
CWTR50:50 0.181 0.370 0.400
CWTR60:40 0.132 0.300 0.310
CWTR30:70 0.125 0.254 0.289
CBFA 7 14 28
CBFA70:30 0.273 0.481 0.554
CBFA60:40 0.365 0.621 0.743
CBFA50:50 0.244 0.500 0.540
CBFA60:40 0.178 0.405 0.419
CBFA30:70 0.169 0.343 0.390

Cbis 7 14 28

CBis75:25 0.300 0.529 0.609

CBis70:30 0.401 0.683 0.817

CBis60:40 0.269 0.549 0.594 | 0272727

CBis50:50 0.196 0.446 0.460 | 0.436364

CBis60:40 0.186 0.377 0.429 | 0.474545

CBis30:70 0.111 0.298 0.387 | 0526171




Microwave Time Wide Length Area Load Compressive Strength
CWTR Sample . )
(watts) (min) (cm) (cm) (m?) (N) (MPa)

CWTRM105 1 100 5 5.05 51 0.002525 1240 0.491
2 5 51| 0.00255 1254 0.492

3 5.02 5.08 | 0.00255 1234 0.484

4 5.03 5.05 | 0.00254 1245 0.490

5 5.02 5.06 | 0.00254 1234 0.486

Aveg 0.489

CWTRM110 1 100 10 5.08 5.11 | 0.002596 1329 0.512
2 5.03 5.1 0.002565 1300 0.507

3 5.11 5.08 | 0.002596 1316 0.507

4 5.12 5.11 | 0.002616 1314 0.502

5 5.02 5.35 | 0.002686 1301 0.484

Avg 0.502

CWTRM115 1 100 10 5.03 5.12 | 0.002575 1340 0.520
2 5.13 5.08 | 0.002606 1354 0.520

3 5.11 5.07 | 0.002591 1384 0.534

il 5.08 5.05 | 0.002565 1355 0.528

5 5.05 5.11 | 0.002581 1334 0.517

Avg 0.524




Microwave Time Wide Length Area Load Compressive Strength
CWTR Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CWTRM205 1 200 5 4.99 5.02 | 0.002505 1340 0.535
2 5.02 51| 0.00256 1324 0.517

3 5.01 5.02 | 0.002515 1334 0.530

il 5.02 5.11 | 0.002565 1345 0.524

5 5.02 5.05 | 0.002535 1334 0.526

Avg 0.527

CWTRM210 1 200 10 5.13 5.08 | 0.002606 1459 0.560
2 5.11 5.07 | 0.002591 1420 0.548

3 5.03 5.1 0.002565 1406 0.548

4 5.11 5.08 | 0.002596 1484 0.572

5 5.12 5.11 | 0.002616 1421 0.543

Aveg 0.554

CWTRM215 1 200 10 5.03 5.1 0.002565 1460 0.569
2 5.11 5.09 | 0.002601 1454 0.559

3 5.02 5.15 ] 0.002585 1434 0.555

4 5.11 5.07 | 0.002591 1445 0.558

5 5.08 5.05 | 0.002565 1434 0.559

Avg 0.560




Microwave Time Wide Length Area Load Compressive Strength
CWTR Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CWTRM305 1 300 5 4.95 5.02 | 0.002485 1440 0.580
2 5.02 51| 0.00256 1424 0.556

3 5.12 5.1 0.002611 1431 0.548

il 4.99 5.02 | 0.002505 1441 0.575

5 5.02 51| 0.00256 1433 0.560

Avg 0.564

CWTRM310 1 300 10 5.07 5.1 0.002586 1449 0.560
2 5.02 5.08 | 0.00255 1432 0.562

3 4.99 5.13 | 0.00256 1411 0.551

4 5.02 51| 0.00256 1423 0.556

5 5.12 5.156 | 0.00264 1445 0.547

Aveg 0.555

CWTRM315 1 300 10 4.99 511 | 0.00255 1329 0.521
2 5.02 51| 0.00256 1319 0.515

3 5.02 5.08 | 0.00255 1334 0.523

il 5.03 5.05| 0.00254 1355 0.533

5 5.08 5.05 | 0.002565 1334 0.520

Avg 0.523




Microwave Time Wide Length Area Load Compressive Strength
CBFA Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CBFAM105 1 100 5 5.11 5.08 | 0.002596 1440 0.555
2 4.99 5.13 | 0.00256 1454 0.568

3 5.02 5.08 | 0.00255 1434 0.562

4 5.11 5.11 | 0.002611 1440 0.551

5 4.99 5.14 | 0.002565 1444 0.563

Avg 0.560

CBFAM110 1 100 10 5.08 5.15 | 0.002616 1499 0.573
2 5.11 5.08 | 0.002596 1499 0.577

3 4.99 5.13 | 0.00256 1516 0.592

4 5.12 5.01 | 0.002565 1514 0.590

5 5.02 5.37 | 0.002696 1501 0.557

Aveg 0.578

CBFAM115 1 100 10 5.11 5.08 | 0.002596 1540 0.593
2 4.99 5.13 | 0.00256 1554 0.607

3 5.11 5.05 | 0.002581 1584 0.614

il 5.08 5.05 | 0.002565 1555 0.606

5 5.05 5.15 | 0.002601 1534 0.590

Avg 0.602




Microwave Time Wide Length Area Load Compressive Strength
CBFA Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CBFAM205 1 200 5 5.05 499 | 0.00252 1640 0.651
2 4.99 5.13 | 0.00256 1654 0.646

3 5.02 5.13 | 0.002575 1634 0.634

il 5.03 5.05| 0.00254 1600 0.630

5 5.02 5.06 | 0.00254 1612 0.635

Avg 0.639

CBFAM210 1 200 10 5.08 5.11 | 0.002596 1678 0.646
2 5.03 5.12 | 0.002575 1700 0.660

3 5.11 5.08 | 0.002596 1715 0.661

4 4.99 5.13 | 0.00256 1714 0.670

5 5.02 5.15 | 0.002585 1701 0.658

Aveg 0.659

CBFAM215 1 200 10 5.11 5.06 | 0.002586 1840 0.712
2 4.99 5.13 | 0.00256 1854 0.724

3 5.11 5.07 | 0.002591 1884 0.727

il 5.08 5.13 | 0.002606 1855 0.712

5 5.05 5.11 | 0.002581 1812 0.702

Avg 0.715

2



Microwave Time Wide Length Area Load Compressive Strength
CBFA Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CBFAM305 1 300 5 5.05 509 | 0.257045 1820 0.007
2 5.11 5.15 | 0.002632 1811 0.688

3 5.02 5.08 | 0.00255 1823 0.715

il 5.03 5.05| 0.00254 1814 0.714

5 5.02 5.06 | 0.00254 1822 0.717

Avg 0.568

CBFAM310 1 300 10 5.08 5.11 | 0.002596 1829 0.705
2 5.03 5.15| 0.00259 1800 0.695

3 5.11 5.08 | 0.002596 1816 0.700

4 5.12 5.11 | 0.002616 1802 0.689

5 5.02 5.3 0.002661 1081 0.406

Aveg 0.639

CBFAM315 1 300 10 5.03 5.12 | 0.002575 1717 0.667
2 5.13 5.08 | 0.002606 1700 0.652

3 5.11 5.07 | 0.002591 1722 0.665

il 5.24 5.05 | 0.002646 1735 0.656

5 5.05 5.11 | 0.002581 1702 0.660

Avg 0.660




Microwave Time Wide Length Area Load Compressive Strength
Cbis Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CbisM105 1 100 5 5.11 5.08 | 0.002596 1430 0.551
2 4.99 5.13 | 0.00256 1424 0.556

3 5.02 5.08 | 0.00255 1411 0.553

4 5.11 5.11 | 0.002611 1423 0.545

5 4.99 5.14 | 0.002565 1432 0.558

Avg 0.553

CbisM110 1 100 10 5.08 5.15 | 0.002616 1543 0.590
2 5.11 5.08 | 0.002596 1511 0.582

3 4.99 5.13 | 0.00256 1534 0.599

4 5.12 5.01 | 0.002565 1544 0.602

5 5.02 5.37 | 0.002696 1556 0.577

Aveg 0.590

CBbisM115 1 100 10 5.11 5.08 | 0.002596 1600 0.616
2 4.99 5.13 | 0.00256 1605 0.627

3 5.11 5.05 | 0.002581 1611 0.624

il 5.08 5.05 | 0.002565 1599 0.623

5 5.05 5.15 | 0.002601 1567 0.603

Avg 0.619




Microwave Time Wide Length Area Load Compressive Strength
Cbis Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CbisM205 1 200 5 5.11 5.08 | 0.002596 1612 0.621
2 4.99 5.13 | 0.00256 1655 0.647

3 5.02 5.08 | 0.00255 1664 0.653

il 5.11 5.11 | 0.002611 1623 0.622

5 4.99 5.14 | 0.002565 1635 0.637

Avg 0.636

CbisM210 1 200 10 5.08 5.15 | 0.002616 1688 0.645
2 5.11 5.08 | 0.002596 1678 0.646

3 4.99 5.13 | 0.00256 1690 0.660

4 5.12 5.01 | 0.002565 1683 0.656

5 5.02 5.37 | 0.002696 1680 0.623

Aveg 0.646

CBbisM215 1 200 10 5.11 5.08 | 0.002596 1740 0.670
2 4.99 5.13 | 0.00256 1704 0.666

3 5.11 5.05 | 0.002581 1734 0.672

il 5.08 5.05 | 0.002565 1725 0.672

5 5.05 5.15 | 0.002601 1734 0.667

Avg 0.669

BN



Microwave Time Wide Length Area Load Compressive Strength
Cbis Sample
(watts) (min) (cm) (cm) (m? (N) (MPa)

CbisM305 1 300 5 5.11 5.08 | 0.002596 1840 0.709
2 4.99 5.13 | 0.00256 1854 0.724

3 5.02 5.08 | 0.00255 1864 0.731

il 5.11 5.11 | 0.002611 1874 0.718

5 4.99 5.14 | 0.002565 1893 0.738

Avg 0.724

CbisM310 1 300 10 5.08 5.15 | 0.002616 1809 0.691
2 5.11 5.08 | 0.002596 1819 0.701

3 4.99 5.13 | 0.00256 1826 0.713

4 5.12 5.01 | 0.002565 1810 0.706

5 5.02 5.37 | 0.002696 1798 0.667

Aveg 0.696

CBbisM315 1 300 10 5.11 5.08 | 0.002596 1690 0.651
2 4.99 5.13 | 0.00256 1689 0.660

3 5.11 5.05 | 0.002581 1678 0.650

il 5.08 5.05 | 0.002565 1688 0.658

5 5.05 5.15 | 0.002601 1689 0.649

Avg 0.654




0.25 0.5 1 2
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
WCWTR (1) 125.3 124.9 0.320 | 124.66 | 122.56 1.713 | 122.45 118.5 3.333 | 124.45| 118.76 4.791
WCWTR (2) 1254 124.7 0.561 | 124.44 | 12253 1.559 | 123.56 119.4 3484 | 12323 | 117.56 4.823
WCWTR (3) 119.6 118.9 0.589 119.6 | 117.87 1.468 | 123.68 | 119.89 3.161 | 12244 | 116.76 4.865
Avg 0.490 1.580 3.326 4.826
4 7 14 28
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
WCWTR (1) 122.26 | 11391 7.330 | 12586 | 11213 | 12245 | 12232 | 105.85| 15560 | 124.45| 105.76 | 17.672
WCWTR (2) 121.35 | 112.73 7.647 | 126.11| 11144 | 13.164 | 123.52 106.4 | 16.090 | 126.11 | 107.56 | 17.246
WCWTR (3) 120.95 | 113.13 6.912 121.5 | 109.57 | 10.888 | 122.12 | 105.89 | 15.327 | 121.53 | 103.76 | 17.126
Avg 7.296 12.099 15.659 17.348
56 91
Before | After %WL Before | After %WL
WCWTR (1) 121.35 99.78 | 21.618 | 119.81 91.2 | 31.371
WCWTR (2) 123.61 98.54 | 25.441 | 119.61 92.53 | 29.266
WCWTR (3) 127.52 98.89 | 28.951 | 120.43 93.34 | 29.023
Avg 25.337 29.887




0.25 0.5 1 2
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
CWTR (1) 125.3 120.9 3.639 124.66 118.56 5.145 122.45 1125 8.844 124.45 108.76 14.426
CWTR (2) 125.4 120.7 3.894 124.44 118.53 4.986 123.56 1124 9.929 123.23 109.56 12.477
CWTR (3) 119.6 1159 3.192 119.6 113.87 5.032 123.68 113.89 8.596 122.44 108.76 12.578
Avg 3.575 5.054 9.123 13.161
4 7 14 28
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
CWTR (1) 122.26 106.91 14.358 125.86 106.13 18.590 122.32 99.87 22.479 124.45 95.21 30.711
CWTR (2) 121.35 106.73 13.698 126.11 107.44 17.377 123.52 99.89 23.656 126.11 95.65 31.845
CWTR (3) 120.95 107.13 12.900 124.5 106.57 16.825 122.12 99.34 22.931 128.53 97.87 31.327
Avg 13.652 17.597 23.022 31.295
56 91
Before | After %WL Before | After %WL
CWTR (1) 123.35 92.2 33.785 121.81 89.2 36.558
CWTR (2) 122.61 91.2 34.441 120.61 89.53 34.715
CWTR (3) 126.52 95.3 32.760 123.43 91.34 35.132
Avg 33.662 35.468




0.25 0.5 1 2
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
CBFA (1) 125.12 124.86 0.208 121.36 120.06 1.083 126.11 123.5 2.113 124.45 117.16 6.222
CBFA (2) 124.12 123.71 0.331 125.24 123.93 1.057 121.5 118.4 2.618 122.32 115.06 6.310
CBFA (3) 129.11 128.62 0.381 120.11 118.97 0.958 123.68 120.89 2.308 123.52 116.16 6.336
Avg 0.307 1.033 2.346 6.289
4 7 14 28
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
CBFA (1) 126.11 11491 9.747 125.86 110.13 14.283 122.32 106.05 15.342 124.45 106.06 17.339
CBFA (2) 122.32 111.73 9.478 122.32 108.44 12.800 123.52 107.4 15.009 126.11 107.56 17.246
CBFA (3) 123.52 112.13 10.158 123.52 110.07 12.219 122.12 106.89 14.248 121.5 103.36 17.550
Avg 9.794 13.101 14.866 17.379
56 91
Before | After %WL Before | After %WL
CBFA (1) 121.35 99.08 22.477 124.12 95.23 30.337
CBFA (2) 120.95 99.54 21.509 122.45 95.93 27.645
CBFA (3) 123.56 100.89 22.470 123.56 95.11 29.913
Avg 22.152 29.298




0.25 0.5 1 2
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
Cbis (1) 125.32 124.86 0.368 122.45 120.96 1.232 122.78 120.5 1.892 123.59 119.24 3.648
Chis (2) 124.23 12391 0.258 125.22 122.93 1.863 121.51 118.4 2.627 121.45 117.87 3.037
Cbis (2) 130.11 130.02 0.069 120.36 119.07 1.083 124.68 121.59 2.541 123.51 118.33 4.378
Avg 0.232 1.393 2.353 3.688
4 7 14 28
Before | After %WL Before | After %WL Before | After %WL Before | After %WL
Cbis (1) 123.52 115.01 7.399 125.86 114.13 10.278 122.89 108.89 12.857 123.45 107.21 15.148
Chis (2) 122.12 114.9 6.284 122.32 112.04 9.175 123.11 109.88 12.040 127.11 109.96 15.597
Cbis (2) 123.52 114.74 7.652 123.52 112.07 10.217 121.12 107.89 12.262 122.5 106.07 15.490
Avg 7.112 9.890 12.387 15.411
56 91
Before | After %WL Before | After %WL
Cbis (1) 121.35 101.08 20.053 125.12 102.23 22.391
Chis (2) 122.45 101.54 20.593 123.45 100.53 22.799
Cbis (2) 123.11 101.89 20.826 125.56 102.11 22.965
Avg 20.491 22.718




