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Thesis title: Utilization of Waste from Zinc Oxide Industry as Raw Material for
Block Concrete Production

Researcher: Miss Jitwika Somjai; Degree: Master of Public Health (Industrial

Environment Management) ; Thesis advisors: (1) Dr.jakkris Sivadechathep,

Associate Professor (2) Peeti Bhoonchaisri, Associate Professor;

Academic year: 2009

Abstract

The purposes of this research were to : (1) study amount and type of
waste ash from zinc oxide (ZnO) production process; (2) study the optimal
proportion or the waste ash replacing cement as the mixing proportion of concrete
block production; and (3) find the cost of using the waste ash as the mixing
proportion of concrete block production.

This experimental research was conducted by replacing the waste ash for
cement in concrete block production process. The waste ash used in this project was
from the Met Oxide Factory (Thailand) Company., Limited. The sample size of concrete
block used in testing of volume density, pressure resistant and absorption rate of
water was 50x50x50 mm® whereas the sample size used in testing of changing rate of
length was 20x60x10 cm’. The studied variables were amount of the waste ash
replacing cement from 0%, 10%, 20% to 30%. Moreover, 3 levels of concrete
density including 600, 700 and 800 kg/m> were produced.

The results from this research were found that : (1) the waste ash from zinc
oxide production was about 1,000-12,000 kg/day. It had dark grey color like
portland cement type 1 and was solid particles of tiny powder; (2) the optimal
proportion of the waste ash replacing cement as the concrete block with density of
700 and 800 kg/m® was 10%. When comparing with the Industrial Standard of the
Autoclaved Aerated Light Weight Concrete Elements 1505-2541, the produced
concrete blocks were under the Standard; and (3) when comparing the unit cost of
the produced concrete block with other concrete blocks under the Standard in
general market, this concrete block had lower unit cost.

Keywords Zinc oxide industry, Portland cement, Ash, Concrete block,
Mechanical qualification
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v [ v
13197 2.6 A ldvesmsdudnimnudeudmiuaeuniatihminmn

[~/ LY} 9
Msludnimnusou

AU
I f YDINDUNTA (Thermal conductivity
(Material) (Dry density of ‘K’ deg C)W/m - °C
concrete)I(g/m3
Areated Concrete 400-800 0.30-0.20
Expanded Vermiculite and perlite 400-1,120 0.11-0.29
Pumice 720-1,280 0.14-0.36
Foamed slag 960-1,520 0.22-0.48
Expanded clay or shale 960-1,200 0.33-0.46
Clinker 1,040-1,520 0.35-0.58
Dense concrete 2,320 1.20-1.70

snenaswounsaLdReiuma Tu Tadaiolna we. 2537 uSHmjudiuud lne $iia
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FHAYIINDUNIA AU
(kg/m’) (kg/m’) 21 28 71
(kg/m)
AounsaveIaINIA 400-800 14-49
(Areated concrete)
ﬂauﬂ%maﬂmj‘mﬁ'mm Expanded Vermiculite and 64-120 400-1,120 5-35
BALUULINAIU (Partially Perlite
compacted Lightweight Pumice 320-880 720-1,120 14-49
aggregate concrete) Foamed slag 480-960 960-1,520 14-56
Sintered pulverized-fuel ash 640-960 1,120-1,280 28-70
Expanded clay or shale 560-1,040 960-1,520 56-84
Clinker 720-1,040 1,040-1,520 21-70
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13199 2.7 (90)

ANURUWHY  ANAWIMUY 118380
a - YaINIAIIN ‘Ui’Nﬂﬂuﬂd‘iﬂ gﬂll]ﬂﬂd!;}ﬂ
BHUAYDINOUNTA IIATIN
(kg/m’) (kg/m’) 01g 28 T
(kg/m)
aaunialiuiasiuazidon  Natural aggregate 1,360-1,600 1,600-1,920 42-140
(No-fines concrete) Lightweight aggregate 480-1,040 880-1,200 28-70
ﬂauﬂ%manmfmﬂ'mm Pumice 480-880 1,040-1,600 105-210
dmsulaseass Foamed slag 480-960 1,680-2,080 105-420
(Structural Lightweight Sintered pulverized-fuel ash 640-960 1,360-1,760 140-420
aggregate concrete) Expanded clay or shale 560-1,040 1,360-1,840 140-420
ABUNTATITUAD Gravel 1,600 2,340 280

(Dense concrete)
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ag

(Material)

o A k4
MIHANINBUTIY

(Drying Shrinkage)

aoun3nl¥uiasuazidon (No-fines concrete)
Natural aggregate

Lightweight aggregate

ABUNTANIAST 'mﬁymﬁmm (Lightweight aggregate concrete)
Expanded Vermiculite

Pumice

Foamed slag

Sintered pulverized-fuel ash

Expanded clay

Clinker

ABUNTANDIBINIA (Areated concrete)

Precast

In-situ

0.013
0.025

0.25-0.35
0.04-0.10
0.03-0.07
0.04-0.07
0.04-0.07
0.04-0.08

0.05
0.5
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A13199 2.8 (9D)

Yaq nsnadaiants
(Material) (Drying Shrinkage)
ADUNIATITUA

Dense gravel concrete 0.035
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A13197 4.1 wamInaTeUANUNUIHWF/S1I0S (Dry Density)

v
4

Yomazmsunui Dry Density (g/cms)

Judnndvesiir A 600 A 700 A 800
0 0760  X=0.759 0826  X=0.824 0.895  X=0.889
0755 S.D=0.0026  0.820 S.D=00042 0887  S.D=0.0038

0.762 0.824 0.885

0.758 0.820 0.890

0.758 0.830 0.888
10 0722  X=0.722 0.780  X=0.782 0929  X=0930
0725  S.D=0.0034 0777 S.D=00035 0933  S.D.=0.0020

0.725 0.784 0.931

0.720 0.786 0.928

0.717 0.783 0.929
20 0688  X=0.693 0718  X=0.724 0955  X=0.958
0695  S.D=0.0031 0720 S.D=0.0048 0959  S.D.=0.0031

0.692 0.728 0.963

0.696 0.727 0.956

0.694 0.728 0.959
30 0.677  X=0.680 0702  X=0.705 09991  X=0.989
0682 S.D=0.0036 0708 S.D=0.0021 0988  S.D.=0.0015

0.685 0.706 0.990

0.676 0.705 0.987

0.680 0.705 0.989
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A15197 4.2 WanINAAOUA18909 (Compressive Strength)

%’aaasnmmwﬁ Compressive Strength (Kg/cma)

Judnndvediih A 600 A 700 A 800
0 38.15  X=38.20 4575  X=45.77 49.66  X=49.64
38.18  S.D=0.0339 4580 S.D.=0.0251 49.65  S.D.=0.0291

38.22 45.80 49.66

38.23 45.75 49.59

38.22 45.77 49.64
10 3213 X=32.17 4030  X=40.29 4262 X=42.62
3221  S.D=0.0380 4026 S.D.=0.0244 4265 S$.D.=0.0187

32.20 40.32 42.61

32.13 40.30 42.60

32.18 40.27 42.60
20 28.78  X=28.75 31,71 X=31.74 33.50  X=33.48
2872  S.D=00223 3175 S.D=0.0277 3345 S.D.=0.0212

28.74 31.78 33.48

28.75 31.72 33.50

28.76 31.75 33.47
30 2763  X=27.60 2878  X=28.81 29.62  X=29.65
2760  S.D=0.0255  28.82 S.D=0.0300 29.65 S.D.=0.0187

27.58 28.85 29.65

27.57 28.78 29.66

27.62 28.82 29.67
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anuanINaNsSNAgeUMNAI0n (Compressive Strength)
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] ¥
AMINN 4.3 Nami‘ﬂﬂ’dﬁﬂﬂﬁ@lﬂﬂauﬁW (Water Absorption)

Yoazmaunudi Water Absorption (%)
= d é‘l’ 1%
YuBuavedlin A 600 A 700 A 800
0 25.52%  X=25.52% 2022%  X=29.25% 2098%  X=29.96%

25.50%  S.D.=0.0114 29.25%  S.D.=0.0223 30.00%  S.D.=0.0316

25.53% 29.28% 29.94%
25.51% 29.24% 29.92%
25.52% 29.26% 29.96%
10 22.80%  X=22.78% 26.10%  X=26.10% 2620%  X=26.22

22.81%  S.D.=0.0255 26.10%  S.D.=0.0122 26.20%  S.D.=0.0187

22.76% 26.11% 26.23%
22.78% 26.11% 26.24%
22.75% 26.08% 26.23%
20 2035%  X=20.34 22.80%  X=22.78% 23.81%  X=23.80%

20.33%  S.D.=0.0295 22.81%  S.D.=0.0255 23.82%  S.D.=0.0234

20.38% 22.76% 23.77%
20.35% 22.78% 23.82%
20.30% 22.75% 23.78%
30 2023%  X=20.25% 20.85%  X=20.83% 21.98%  X=21.98%

20.22%  S.D.=0.0311 20.82%  S.D.=0.0244 22.00%  S.D.=0.0122
20.27% 20.80% 21.98%
20.26% 20.86% 21.97%
20.27% 20.82% 21.97%
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pnvlianInamsnAgeLNsganduiil (Water Absorption)
- 3
% n1sganau
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WA 4.4 wansnageUMIgANAUIN

3.4 wamanazeumsiasumlasniue

msnaeummslasuasarenduaasluaisiei 23 Lagamiiis
vosdumanly 3 356U MUANMUNLILY A600 kg/m®, A700 kg/m’ Uaz A800 kg/m® WU
Ramsnadafidiedimanoy Tuynseduanumuuiy 5u§3Nammﬂﬂﬁﬁ‘s‘m"laim%’uﬁ
mieey ioeylugangl 25 °C Sadu 40% smuandeiiiatuvesmsmaney lu
szﬁnmmﬁmmiuszé‘fucshmﬁﬁaf

1) 52RUANUAUIUY A600 kg/m’ dounuiindnludSme 10% Hanne
Franae taznAFIRAIgA dodSuaddumufiluSund 30%

2) SERUAINMUIMUY AT00 kg/m’ dounuiiaiglusine 10% Mamsva

N o PO ¢ dq. s ¢
Franas wazvadlnwiiga derlSuatidumunludinmg 30%
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1 v ¥
4) SEAUANMUARUMLY A800 kg/m’ HlaununUdrluilsinm 10% tiamsvia

o g 0 4 a dy 4 ~ J
franas uagnadnsiiga Welsmatdumunluduud 30%

o 4
M5199 4.4 arsnagiwamsnlasuudannuenn (Length Change)

AN forny ANNENIVDINIDL1INATO (cm) NI

4 d' w ' % 4' d‘
HUWUHH NTUAUN AN HANNNNIU HaddIN ANNY1IN nlmmuﬂaa

Yudom  en douura mugy  waeula (%)
dves  UnA  qoamgR  Quwgll 3 (em)
dy b4 [ o
W 105°C 25°C
A 600 0 60cm  59.474 59.500 0.026 0.078  X=0.082

0.085 S.D.=0.0030
0.085
0.080
0.082

10 60 cm 59.481 59.530 0.049 0.061 X=0.062
0.060 - S.D.=0.0018
0.064
0.064
0.061

20 60 cm 59.462 59.488 0.26 0.043 X=0.043
0.042 S.D.=0.0012
0.043
0.045
0.042

30 60 cm 59.461 59.480 0.019 0.033 X=0.032
0.033 S.D.=0.0012
0.032
0.030
0.032




3190 4.4 (AD)

69

AN $oenz
HOMHY  mMsunui
-1
Yudiun
I3
N

N

mmmwméﬁdnmaau (cm)

AN
81

Und

HAIINAIY
2/
douuria
QN

105°C

o/
Ha99n
AV

oy
QUHAH

25°C

p
AN
nlasundas

(cm)

9NN
waelag

(o)

A 700 0

60 cm

59.455

59.496

0.41

0.070
0.068
0.071
0.066
0.070

X=0.068
$.D.=0.0025

10

60 cm

59.451

59.484

0.33

0.054
0.055
0.058
0.053
0.055

X=0.055
S.D.=0.0018

20

60 cm

59.484

59.510

0.26

0.045
0.045
0.040
0.044
0.041

X=0.043
S.D.=0.0023

30

60 cm

59.476

59.495

0.019

0.030
0.033
0.033
0.031
0.033

X=0.032
$.D.=0.0014
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AU {onae ANNENIVOIAI0E1INATDY (cm) 9nTINS
momiy M@ anw wiondn v mmeni | afdeudas
Yudan  em dounks  eougn  waeuda (%)
Aves U@  qumgh  qamgl  a(em)
W 105°C 25°C
A 800 0 60em  59.459 59.500 0.041 0.065  X=0.068
0.068 $.D.=0.002
0.071 5
0.066
0.070
10 60em  59.463 59.500 0.037 0.059  X=0.056
0.056 $.D.=0.002
0.057 2
0.053
0.055
20 60cm  59.464 59.498 0.034 0042  X=0.043
0.045 $.D.=0.002
0.043 i
0.040
0.045
30 60ecm  59.467 59.489 0.022 0037  X=0.037
0.036 $.D.=0.001
0.038 0
0.038

0.036




71

aaa guwam sifaeuni/aan13iend (Length Change)
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a é H a Y
wamsIANzHnuadsaAdiauaza I DsAUINATIY

i a a1 1 a =
ﬂ]ﬁ]ﬁﬁ 1 Nﬁﬂ'ﬁ’Jlﬂi']3‘Hﬂ'lﬂ'ﬂllﬁu']uuul‘lﬁﬂﬂﬂﬂi A600

Statistics
$ounzo {210 $e00220 $ounz30

N Valid 5 5 5 5

Missing 1 1 1 I
Mean 7586 7218 6930 6800
Median 7580 7220 6940 .6800
Mode .76 73 .69(a) 68(a)
Std. Deviation 00261 00342 00316 00367
Minimum .76 72 .69 68
Maximum .76 73 .70 .69
a Multiple modes exist. The smallest value is shown
M3190 2 wamsAn AU TS A700

Statistics
$ouaz0 Jovaz10 $ounz20 $ovaz30

N Valid 5 5 5 5

Missing 1 i 1 1
Mean 8240 7820 7242 7052
Median 8240 7830 7270 7050
Mode 82 78(a) 73 71
Std. Deviation 00424 .00354 00482 .00217
Minimum .82 .78 72 .70
Maximum .83 .79 13 1

a Multiple modes exist. The smallest value is shown
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4 = d v 1 a a
VHTN‘?I 3 Naﬂ'lﬁ’)tﬂ§1$ﬁﬂ']ﬂ'J']iJﬂ‘lﬂlluul"]Nijilﬂﬁi A800

Statistics
$ounz0 $ounz10 $ounz20 $ouaz30
N Valid 5 5 5 5
Missing 0 0 0 0
Mean .8890 9300 9584 9890
Median 8880 9290 .9590 9890
Mode .89(a) .93 .96 .99(a)
Std. Deviation .00381 .00200 .00313 00158
Minimum .89 .93 .96 99
Maximum .90 93 .96 99
a Multiple modes exist. The smallest value is shown
M31d 4 WaMSANSIEHAIRIASA A600
Statistics
$ouaz0 $ouaz10 founz20 $ouaz30
N Valid 5 5 5 5
Missing 1 I i 1
Mean 38.2000 32.1700 28.7500 27.6000
Median 38.2200 32.1800 28.7500 27.6000
Mode 38.22 32.13 28.72(a) 27.57(a)
Std. Deviation 03391 .03808 02236 02550
Minimum 38.15 32.13 28.72 27.57
Maximum 38.23 32.21 28.78 27.63
a Multiple modes exist. The smallest value is shown
M3 5 HamIRTIEHAaISA A700
Statistics
$ovaz0 fowaz10 $ovaz20 $o00230
N Valid 5 5 5 5
Missing 0 0 0 0
Mean 45.7740 40.2900 31.7420 28.7020
Median 45.7700 40.3000 31.7500 28.7800
Mode 45.75(a) 40.30 31.75 28.78
Std. Deviation 02510 02449 02775 23774
Minimum 45.75 40.26 31.71 28.28
Maximum 45.80 40.32 31.78 28.85

a Multiple modes exist. The smallest value is shown
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39A A800
Statistics
$ovazo fovaz10 $o8az20 $ouaz30
N Valid 5 5 5 5
Missing 1 1 1 1
Mean 49.6400 42,6200 33.4800 29.6500
Median 49.6500 42.6200 33.4800 29.6500
Mode 49.66 42.62 33.50 29.65
Std. Deviation .02915 .01871 02121 01871
Minimum 49.59 42.60 33.45 29.62
Maximum 49.66 42.65 33.50 29.67
a Multiple modes exist. The smallest value is shown
ﬂ]‘i]ﬂ‘?’l 7 Naﬂ1ialﬂi1$ﬁ'ﬁ1ﬂ1iﬂﬂﬂau1{’l A600
Statistics
$a0nz0 $owaz10 $ounz20 $ounz30
N Valid 5 5 5 5
Missing 0 0 0 0
Mean 25.5160 22.7800 20.3420 20.2380
Median 25.5200 22.7800 20.3500 20.2300
Mode 25.52 22.75(a) 20.35 20.27
Std. Deviation .01140 02550 .02950 03114
Minimum 25.50 22,75 20.30 20.20
Maximum 25.53 22.81 20.38 20.27
Percentiles 25 25.5050 22.7550 20.3150 20.2100
50 25.5200 22,7800 20.3500 20.2300
75 25.5250 22.8050 20.3650 20.2700

a Multiple modes exist. The smallest value is shown
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v v
maah 8 wamsiAsanaganiiui A700

Statistics
fouazo {avaz10 $ovn220 $ounz30

N Valid 5 5 5 5

Missing 0 0 0 0
Mean 29.2500 26.1000 22.7800 20.8300
Median 29.2500 26.1000 22.7800 20.8200
Mode 29.22(a) 26.10(a) 22.75(a) 20.82
Std. Deviation .02236 .01225 .02550 .02449
Minimum 29.22 26.08 22.75 20.80
Maximum 29.28 26.11 22.81 20.86
a Multiple modes exist. The smallest value is shown

ﬂ]‘iNﬁ 9 Nﬁﬂ]i%tﬂiT%ﬁ’ﬁWﬂﬁ@.ﬂﬂauﬁ’T A800
Statistics
$ounz0 $ounz10 o220 $ovaz30

N Valid 5 5 5 5

Missing 0 0 0 0
Mean 29.9600 26.2200 23.8000 21.9800
Median 29.9600 26.2300 23.8100 21.9800
Mode 29.92(a) 26.20(a) 23.82 21.97(a)
Std. Deviation .03162 01871 .02345 01225
Minimum 29.92 26.20 23.77 21.97
Maximum 30.00 26.24 23.82 22.00

a Multiple modes exist. The smallest value is shown
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15197 10 wanmsiasizanslasuuilasnnuen A600

Statistics
{ounz0 Jovaz10 Jouaz20 $osaz30

N Valid 5 5 5 5

Missing 0 0 0 0
Mean 0430 0820 0430 0320
Median 0430 0820 0430 0320
Mode .05 .09 .04(a) .03(a)
Std. Deviation .00212 .00308 .00122 00122
Minimum .04 .08 .04 .03
Maximum .05 .09 .05 .03
a Multiple modes exist. The smallest value is shown
M3eR 11 samsiaszimmsnlaouudasanuea A700

Statistics
{0030 $ouaz10 {0220 $ouaz30

N valid 5 5 5 5

Missing 1 1 1 t
Mean .0680 0550 0430 0320
Median 0680 0550 .0440 .0330
Mode 07(a) .06 .05 .03
Std. Deviation 00255 00187 00235 00141
Minimum .07 .05 .04 .03
Maximum .07 .06 .05 .03

a Multiple modes exist. The smallest value is shown
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H N o d'
MI19N 12 wanmsdaneramsnasunlasnnuerl A800

Statistics
$ovazo founz10 $oun220 ¥ouaz30

N Valid 5 5 5 5

Missing 1 1 1 |
Mean .0680 .0620 0560 .0370
Median .0680 0610 .0560 .0370
Mode .07(a) .06(a) .05(a) .04(a)
Std. Deviation .00255 .00187 .00224 .00100
Minimum 07 .06 .05 04
Maximum .07 .06 .06 .04

a Multiple modes exist. The smallest value is shown




MANUIN Y

wa d o 4" Y A 3
Namimﬂaammaumuazmmlsznanmammewmmmmumﬂ

AsTUIUNISHANTIRoon lad



88

HanIy AT |
msiinsininaeslisnoumaniludiessdemaiia Xray fuoreseence Y31a
seftlrznpumaniiinuluded i a1 lumaedean

M i uﬂmﬂ%‘mmaaﬁﬁﬁznauwwmﬁluﬁmziu

20.72 e \

Mg <001 _ <0.01

Al <0.01 20; <0.01

Si 0.03 $i0; 0.07

S <0.01 s <0.01

cl <0.01 <0.01

Ca 8.30 11.61

Zn 7095 Zn0 88.31
Total 100.00 Total 10000 |

N * i 1 < ] / & N : % &

Notes: ﬂ'smmwalma:ma’ns'm‘m-ﬁ'nﬁ'u'lﬁmuwmﬂ%‘mmm%mw}ﬁwuﬁ'mmﬂuﬁ XRF
»

Hanua il 100%

Wneveemginndoalerunsninlddigafo 001 wik wonmnazuds Muenmilovimiu
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& ke - s S 4 ket . ;
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QUANTACHROME CORPORATION
Ultrapycnometer 1000 Version 2.12

Analysis Report

Sample & User Parameters Analysis Parameters
Sample ID: ASH Cell Size: Small
Weight: 1.0766 qrams V added - Small: 13.2065 cc
Analysis Temperature: 22.9 degC V cell: 14.1192 cc

Target Pressure: 17.0 psi
Date: 07-21-09 Equilibrium Time: Ruto
Time: 13:23:36 Flow Purge: 1:00 min,
User ID: NARIN Maximum Runs: 5

Number of Runs Averaged: 5

Results

Deviation Requested: 0.010 % Deviation Achieved: +/- 0.0823 §
Average Volume: 0.2149 cc Std, Dev. : 0.0004 cc
Average Density: 5.0106 g/cc Std. Dev, : 0.0098 g/cc

Coefficient of Variation: 0.1959 %

Tabular Data

RUN VOLUME (cc)  DENSITY (g/cc)

1 0.2145 5,084
2 0,2146 5,0158
3 0,2150 5.0082
4 0,2145 5.0183
5 0.2156 4,9925
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2.6 amumnsasnsuninnain vanul ﬁﬂuuuwawaunwmatmﬁ"linauuq
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AMHAULTIDG aumnwiudaines
FuRnmm fhdudamrniadoms wila 1wl
Anasy ge Alanfudagnunarieduns
2 2.5 2.0 0.4 0.31 04 0.40
0.5 0.41 o4 0.50
0.8 0.51 84 0.60
4 5.0 4.0 0.7 0.61 3 0.70
0.8 0.71 04 0.80
[ 7.5 6.0 0.7 0.61 04 0.70
0.8 0.71 4 0.80
0.8 0.71 43 0.80
8 10.0 8.0 0.9 0.81 04 0.90
1.0 0.91 ] 1.00
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