
CHAPTER IV
TEST RESULTS AND DISCUSSIONS

4.1 Foundry sand selection
In phase 1 of the study, leachability test results, percent zinc removal of 

foundry sand from the batch experiment, and the particle size distribution curves were 
used as the criteria to select suitable foundry sand for the column experiment.

- From the leachability test results in Table 4.1 it can be concluded that there 
were only a small amount of heavy metals contained in the leachate from each of the 
waste foundry sands. In addition, Barium (Ba), Cadmium (Cd), and Cromium (Cr) 
were found in the leachate of foundry sand from Siam Magotaux Co., Ltd. Both Ba 
and Cr were also found in the leachate of foundry sand from Siam Nava Industry Co., 
Ltd., whereas only Ba was found in leachate of foundry sand from Siam Navaloha 
Foundry Co., Ltd., and Asian Autopart Co., Ltd. Waste foundry sand leachate metal 
contents were however well below the USEPA and PCD industrial effluent standard. 
As a result, waste foundry sands were considered as non-hazardous waste. This 
suggests that using waste foundry sand as a media to treat wastewater will not make 
the water to be more hazardous. From this section Siam Nava Industry foundry sand 
was chosen to do the column experiment.



Table 4.1 The leachability test results of foundry sand

Metal
Siam

Magotaux Co., 
Ltd. (mg/1)

Siam Nava 
Industry Co., 

Ltd.(mg/1)

Siam Navaloha 
Foundry Co., 

Ltd. (mg/1)

Asian Autopart 
Co., Ltd.(mg/1)

USEPA and 
PCD Standard 

(mg/1)
As <0.05 <0.05 <0.05 <0.05 5
Ba 1.451 0.511 0.682 0.494 100
Cd 0.025 <0.005 <0.005 <0.005 1
Cr <1.442 0.004 <0.007 <0.007 5
Pb <0.050 <0.050 <0.050 <0.050 5

Hg <0.040 <0.040 <0.040 <0.040 0.2
Se <0.050 <0.050 <0.050 <0.050 1
Ag <0.007 <0.007 <0.007 <0.007 5

Available from: Thunsiri (2004)
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Table 4.2 Percent of Zn removal of foundry sands

Media
Percent of zinc removal

(°/o)
Siam Magotaux Co., Ltd. 79.04
Siam Nava Industry Co., Ltd. 84.77
Siam Navaloha Foundry Co., Ltd. 76.04
Asian Autopart Co., Ltd. 58.74
Available from: Thunsiri (2004)

According to the batch experimental results in Table 4.2, foundry sand from 
Siam Nava Industry Co., Ltd. had the highest percentage of Zn removal, followed by 
foundry sand from Siam Magotaux Co., Ltd., Siam Navaloha Foundry Co., Ltd., and 
Asian Autopart Co., Ltd. respectively. It can therefore be inferred that foundry sand 
from Siam Nava Industry Co., Ltd. can remove the highest amount of zinc from 
contaminated water and was thus chosen as the suitable medium for the column 
experiment. Beside the capacity or the ability to remove zinc from wastewater, the 
medium that is used for industrial wastewater treatment is expected to have the ability 
to treat a lot of wastewater in a short time. In another words it should have high 
permeability. It Figure 4.1 showed that the foundry sand had high permeability.
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Figure 4.1 Particle size distribution curves for spent foundry sands.
Available from: Thunsiri (2004)
Note: Sand 1-4 stand for foundry sand from Siam Magotaux Co., Ltd., Siam Nava Industry Co., Ltd., Siam Navaloha Foundry Co., 
Ltd., and Asian Autopart Co., Ltd., respectively.
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These foundry sands contained a small clay fraction as it was used as a binder 
in foundry molding processes. The percent of fine particle (fraction passing the US 
no. 200 sieve, 75pm) ranges from 1.35% (foundry sand Asian Autopart Co., Ltd.) to

11.28% (foundry sand from Siam Magotaux Co., Ltd.), and clay fraction ranges from

0% (foundry sand Asian Autopart Co., Ltd.) to 19.14% (foundry sand from Siam

Magotaux Co., Ltd.).
According to the results from preliminary experiment, foundry sand collected 

from Siam Nava Industry Co., Ltd., had high permeability. The leachability test 
carried out also proved that the foundry sand was not hazardous. It can therefore be 
affirmed that foundry sand from Siam Nava Industry Co., Ltd. was the most 
appropriate foundry sand for the “column experiment”.

4.2 Column experiment
Based on the results from phase 1, foundry sand from Siam Nava Industry 

Co., Ltd. was chosen as the medium in the column experiment. In this phase, 
conditions were varied in order to investigate the effects of specified parameters on 
column performance. The results were displayed in a graph to show the tendency of 
data such as tendency of pH and elements concentration in the samples at different 
period.

The comparison graphs showed the zinc breakthrough curve at different 
conditions. The curve was plotted between the porevolume versus the concentration 
of zinc which was shown as a ratio of Ce/Co (the concentration of effluent over 
concentration of influent) to yield the maximum value of 1.
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The objective of the study was to find which parameter can affect the foundry 
sands capacity, and the breakthrough time or the amount of zinc that was removed in 
the same period of time. Five parameters were studied.

4.2.1 Effect of bed height
To observe the difference in column performance at varying bed heights.
Table 4.3 Parameters and their designated values under which varying bed heights 
were monitored.

Parameters Values
Bed height 14.5, 18, 21.5, and 25 cm
Flow rate 6 ml/min
Initial concentration 60 mg/1
pH 5
Column operation mode Up-flow

The effluent history showed the typical ‘ร’ shape of a packed bed system 
(Figure 4.2, 4.3, 4.4 and 4.5). The zinc concentration in the effluent was at first under 
the detectable limit of the inductively couple plasma (0.2 pg/1). At a porevolume of 
120, 110, 80 and 40 and bed height 25, 21.5, 18 and 14.5 cm respectively, the 
concentration sharply rose until it was equal to the influent concentration thereafter, 
the column became exhausted and the concentration of zinc became stable. In 
contrast, Ca concentration was initially stable at concentration of 36.43, 45, 41, 41 
mg/1 and bed height of 14.5, 18, 21.5 and 25 cm respectively). The concentration



58

however, started to decrease at about the same time when zinc concentration began to 
increase; that is at 30, 70, 110 and 110 min and bed height of 14.5, 18, 21.5 and 25 
cm respectively). The concentration became stable at the same time as the zinc. The 
results thus implied that a relationship perhaps exist between Zn and Ca. The 
breakthrough time, at a bed height of 14.5 cm, showed that this height was almost the 
minimum height of column at flow rate 6 ml/min, pH 5, initial concentration 60 mg/1, 
and up-flow mode. A shorter bed height may cause breakthrough immediately at start 
of the experiment.

Figure 4.2 Elements concentration in the samples under the following conditions: 
bed 25 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow
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Figure 4.3 Elements concentration in the samples under the following conditions: bed 
21.5 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow
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Figure 4.4 Elements concentration in the samples under the following conditions: bed
18 cm, flow 6  ml/min, cone. 60 mg/1, pH 5, up-flow
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Figure 4.5 Elements concentration in the samples under the following conditions: 
bed 14.5 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow

Figure 4.6-4.9 showed the results of pH and substances concentration in 
samples at different bed heights and different porevolumes. The vertical axis showed 
the pH value of the samples and the horizontal axis showed the porevolume values.

With regards to the tendency of the pH value (Figure 4.6, 4.7, 4.8 and 4.9); the 
first dot at porevolume zero indicated the initial pH value of the solution of influent 
reservoir to be close to pH 5. After the solution was passed through the column 
system, the pH values increased to around pH 7, thereafter decreased to pH 6 where it
stabilized.
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Porevolume
♦  bed 25 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow

Figure 4.6 pH in the samples under the following conditions: bed 25 cm, flow 6 
ml/min, cone. 60 mg/1, pH 5, up-flow

Porevolume
♦  bed 21.5 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow

Figure 4.7 pH in the samples under the following conditions: bed 21.5 cm, flow 6

ml/min, cone. 60 mg/1, pH 5, up-flow
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Porevolume
♦  bed 18 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow

Figure 4.8 pH in the samples under the following conditions: bed 18 cm, flow 6 
ml/min, cone. 60 mg/1, pH 5, up-flow

Porevolume
♦  bed 14.5 cm, flow 6 ml/min, cone. 60 mg/1, pH 5, up-flow

Figure 4.9 pH in the samples under the following conditions: bed 14.5 cm, flow 6
ml/min, cone. 60 mg/1, pH 5, up-flow
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4.2.2 Effect of flow rate
To ob serve the d ifferen ce  in  the colu m n  perform ance at varying  flo w  rates.

Table 4.4 Param eters and their designated  va lu es under w h ich  varying flo w  rate w ere  

m onitored.

Parameters Values
B ed  h eight 25  cm

F lo w  rate 6, 11 and 15 m l/m in

Initial concentration 60  mg/1

pH 5

C olum n operation  m od e U p -flo w

T he efflu en t h istory sh ow ed  the typical ‘ร ’ shape o f  a packed bed system  

(Figure 4 .1 0 , 4 .1 1 , and 4 .1 2 ). T he z in c  concentration in  the efflu en t w as at first under  

the d etectab le  lim it o f  the in d u ctive ly  cou p le  p lasm a (0 .2  pg/1). A t a p orevolu m e o f  

120, 60 , and 50  and flow  rate o f  6 , 11, and 15 m l/m in  resp ectiv e ly  the concentration  

rose sharply until it b ecam e equal to the in fluent concentration . Thereafter, the  

colu m n  b eca m e exhausted  and the concentration o f  z in c b ecam e stable. In contrast, 

the Ca concentration  w as in itia lly  at h igh  lev e ls  o f  4 0 , 38 , and 37  mg/1 o f  f lo w  rate 6 , 

11, and 15 m l/m in , resp ectively . Thereafter the concentration  started to decrease at 

the sam e tim e, the z in c concentration  started to r ise (1 1 0 , 50 , 4 0  m in  o f  f lo w  rate 6 , 

11, and 15 m l/m in , resp ective ly ), and th ey  both b ecam e stable at the sam e tim e.
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Figure 4.10 E lem en ts concentration  in  the sam p les under the fo llo w in g  conditions: 
bed 25  cm , f lo w  6 m l/m in , con e. 60  mg/1, pH 5, u p -flow
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Figure 4.11 Elements concentration in the samples under the following conditions:
bed 25 cm, flow 11 ml/min, cone. 60 mg/1, pH 5, up-flow
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Figure 4.12 E lem en ts concentration  in  the sam p les under the fo llo w in g  conditions: 
bed 25 cm , f lo w  15 m l/m in , cone. 60  mg/1, pH 5, u p -flow

4.2.3 Effect of initial concentration
T o ob serve the d ifferen ce in  colum n perform ance at varying  in itial influent 

concentrations.

Table 4.5 Param eters and their va lu es used  to m onitor the e ffec t o f  in itial concentration.

Parameters Values
B ed  h eight 21 .5  cm

F lo w  rate 6 m l/m in

Initial concentration 30 , 60  mg/1

pH 5

C olum n operation  m ode U p -flo w
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The efflu en t h istory sh ow ed  the typ ical ‘ร ’ shape o f  a packed bed system  

(Figure 4 .1 3 , and 4 .1 4 ). The z in c concentration in  the efflu en t w as at first under the 

d etectab le lim it o f  the in d u ctive ly  couple p lasm a (0 .2  pg/1). T he concentration  then  

rose sharply until it becam e equal to the in fluent concentration. T he co lu m n  thereafter 

becam e exhausted , and thus stable. In contrast, the C a concentration  w as in itia lly  

stable at concentration  o f  2 1 , and 40  mg/1 w ith  in itial concentration  at 30  and 60  mg/1, 

resp ective ly . T he concentration  then started d ecreasing as the z in c  concentration  

started rising  at p orevolu m e o f  2 5 .7  and 18.85 w ith  in itial concentration  at 30  and 60  

mg/1, resp ective ly . T h ey  both becam e stable at the sam e tim e.

From  Figure 4 .13  and 4 .1 4  it can be seen  that in itial concentration  had an 

effect on  the breakthrough tim e o f  the colum n. The in itial concentration  o f  60  mg/1 

had a shorter breakthrough tim e than 30  mg/1.

P o r e v o l u m e

♦  Zn ■  Ca

Figure 4.13 Elements concentration in the samples under the following conditions:
bed 21.5 cm, flow 6  ml/min, cone. 60 mg/1, pH 5, up-flow
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P o r e v o l u m e
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Figure 4.14 E lem en ts concentration  in the sam p les under the fo llo w in g  conditions: 
bed 21 .5  cm , f lo w  6 m l/m in , con e. 30  mg/1, pH  5 , u p -flow

W ith regards to  the tend en cy  o f  the pH  va lu e (F igure 4 .1 5  and 4 .16); the first 

dot at p orevolu m e zero indicated  the initial pH valu e o f  the so lu tion  o f  influent 

reservoir w as c lo sed  to pH  5. A fter the so lu tion  w as passed  through the colum n  

system , the va lu e o f  the pH  increased  as m uch as pH  7 thereafter d ecreased  to pH 6 

w here it stab ilized .
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Figure 4.15 pH  in the sam p les at the fo llo w in g  conditions: bed 21 .5  cm , f lo w  6 
m l/m in , con e. 30  mg/1, pH  5, u p -flo w

P o r e v o l u m e

♦  bed 21 .5  cm , f lo w  6 m l/m in, con e. 60  mg/1, pH  5, u p -flow

Figure 4.16 pH in the samples under the following conditions: bed 21.5 cm, flow 6

ml/min, cone. 60 mg/1, pH 5, up-flow
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4.2.4 Effect of initial pH
To ob serve the d ifferen ce  in  colu m n  perform ance at changed in itial pH  o f  the influent  

solution .

Table 4 .6  Param eters and their va lu es used  to m onitor the e ffec t o f  in itia l pH .

Parameters Values
B ed  height 21 .5  cm

F lo w  rate 6 m l/m in

Initial concentration 60  mg/1

pH 3 and 5

colum n operation m od e U p -flo w

The efflu en t h istory sh ow ed  the typical ‘ร ’ shape o f  a packed  bed system  

(F igure 4 .1 7  and 4 .1 8 ) . T he z in c concentration in the efflu en t w as in itia lly  under the 

detectable lim it o f  the in d u ctiv e ly  cou p le  p lasm a (0 .2  pg/1). A t p orevolu m e o f  110  

and 70  and pH  5 and 3 resp ective ly  the concentration then rose sharply until it 

b ecam e equal to the in fluent concentration and thus the co lu m n  b ecam e exhausted  

and thereafter stable. In contrast, the Ca concentration w a s in itia lly  stable at 

concentration  o f  63 and 41 mg/1 at pH  3 and 5, resp ectively . T he concentration  then  

started decreasing . A t the sam e tim e the z in c concentration  started r isin g  (11 and 

18.85 pore v o lu m e o f  pH  3 and 5, resp ectively ) and both Zn and Ca b ecam e stable at

the sam e tim e.
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Figure 4.17 E lem en ts concentration  in the sam p les at the fo llo w in g  conditions: bed  
2 1 5  cm , f lo w  6 m l/m in , con e. 65 .5  mg/1, pH 3, u p -flow
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Figure 4.18 E lem en ts concentration  in  the sam p les under the fo llo w in g  conditions: 
bed 21 .5  cm , f lo w  6 m l/m in , con e. 60  mg/1, pH  5, u p -flo w

F igure 4 .1 9  and 4 .2 0  sh ow ed  the result o f  pH and su b stan ces concentration  in  

the sam p les at d ifferent bed h eigh ts and d ifferent p orevo lu m es. T he vertical ax is  

sh ow ed  the pH  v a lu es and the horizontal ax is sh ow ed  the p orev o lu m e va lu es.
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P o r e v o l u m e

♦  bed 21.5 cm, flow  6 ml/min, conc.60 mg/1, pH 3, up-flow

F ig u re  4 .1 9  pH in the sam ples at the fo llo w in g  conditions: bed  2 1 .5  cm , f lo w  6 
m l/m in , con e. 65 .5  mg/1, pH  3, u p -flow

P o r e v o l u m e

♦  bed 21.5 cm, flow  6 ml/min, cone. 60 mg/1, pH 5, up-flow

Figure 4.20 pH in the samples under the following conditions: bed 21.5 cm, flow 6

ml/min, cone. 60 mg/1, pH 5, up-flow
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W ith regards to the ten d en cy  o f  the pH  va lu e (F igure 4 .1 5  and 4 .16 ); the first 

dot at p orevolu m e zero indicated the in itial pH  o f  the so lu tion  o f  in fluent reservoir 

w as c lo sed  to pH  5. A fter the solution  w as passed  through the colu m n  system , the 

valu e o f  the pH  increased  about 7 , thereafter d ecreased  to pH  6 w h ere it stab ilized .

4.2.5 Effect of column operation modes
The ob jective  o f  this part w as to investigate  the d ifferen ce in  co lu m n  perform ance  

b etw een  tw o  m od es o f  colu m n  operation.

Table 4.7 Param eters and their va lu es used  to m onitor the e ffec t o f  colu m n  operation  

m od es experim ent.

Parameters Values
B ed  height 21 .5  cm

F low  rate 6 m l/m in

Initial concentration 60  mg/1

pH 5

C olum n operation m od e U p -flo w  and d o w n -flo w

T he efflu en t h istory sh ow ed  the typ ical ‘ร , shape o f  a packed bed system  

(Figure 4.21 and 4 .2 2 ). T he z in c concentration in  the efflu en t w as in itia lly  under the 

detectab le lim it o f  the in d u ctive ly  cou p le  p lasm a (0 .2  pg/1). A t p orevolu m e o f  110 

and 60  and m od e u p -flo w  and d ow n -flow  resp ective ly  the concentration  then rose 

sharply until it b ecam e equal to the in fluent concentration  and thus the colum n  

b ecam e exhausted  and thereafter stable. In contrast, the C a concentration  w as in itia lly
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stable at concentration  o f  41 and 38 mg/1 at u p -flo w  and d o w n -flo w  m odes, 

resp ectively . T he Ca concentration  then started decreasing. A t the sam e tim e, the zinc  

concentration  started r isin g  (2 0 .5 6  and 12 pore vo lu m e o f  u p -f lo w  and d ow n -flow , 

resp ective ly ), and both  Ca and Zn concentration  b ecam e stable at the sam e tim e.
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P o r e v o l u m e

♦  Zn ■  Ca

F ig u re  4 .21  E lem en ts concentration  in the sam p les under the fo llo w in g  conditions: 
bed 21 .5  cm , f lo w  6 m l/m in , con e. 60  mg/1, pH  5, u p -flow

P o r e v o l u m e

♦  Zn ■  Ca

F ig u re  4 .2 2  E lem en ts concentration  in the sam p les at the fo llo w in g  conditions: bed
21 .5  cm , f lo w  6 m l/m in , con e. 60  mg/1, pH  5, d o m i-f lo w
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Figure 4.23 and 4.24 showed the result of pH and substances concentration in
the samples at different bed heights and different porevolumes. The vertical axis
showed the pH value and the horizontal axis showed the porevolume values.

P o r e v o l u m e

♦  bed 21.5 cm, flow  6 ml/min, cone. 60 mg/1, pH 5, down-flow

F ig u re  4 .2 3  pH  in the sam p les at the fo llo w in g  conditions: bed  21 .5  cm , f lo w  6 
m l/m in , con e. 6 0 .0 m g /l, pH  5, d ow n -flow

P o r e v o l u m e

♦  bed 21.5 cm, flow  6 ml/min, cone. 60 mg/1, pH 5, up-flow

F ig u re  4 .2 4  pH  in the sam p les under the fo llo w in g  con d ition s: bed  2 1 .5  cm , f lo w  6 
m l/m in , cone! 60  mg/1, pH  5, u p -flo w
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W ith regard to the tend en cy  o f  the pH  value; the first dot at pore vo lu m e zero  

sh ow ed  the in itia l pH  va lu e  o f  the solution  o f  the in fluent reservoir, to b e  near pH 5. 

Then after the so lu tion  w a s p assed  through the colum n system , the va lu e  o f  the pH  

increased to b e  h igher at pH  7 - 8 and then it started d eclin in g  and b ecam e stable at 

around pH  6.

4.2.6 Blank test
T he ob jective  o f  th is part w a s to investigate  the e lem en ts present in  a sam p le colum n  

o f  Zn at zero mg/1 solution .

Table 4 .8  Param eters and their va lu es used  to m onitor blank test

Parameters Values
B ed height 21 .5  cm

F lo w  rate 6 m l/m in

Initial concentration 0 mg/1

pH 5

C olum n operation  m od e U p -flo w

In th is experim ent, d e io n ize  w ater at pH  5 w as fed  into the co lu m n  w ithout 

zinc. A nd  the sam p les w ere  co llected  to an a lyze for e lem en ts. From  F igure 4 .25  and

4 .2 6  sh ow ed  that there w a s Ca released  in  the efflu en t so lu tion  in  the range o f  7 -10  

mg/1. In the m ean  tim e, pH  o f  the solution  w a s change after p ass through the colum n  

from  5 to around 7. It can  be seen  that Ca released  w a s m ore system atica lly  related to 

the am ount o f  Zn fed  into the system .
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P o r e v o l u m e

♦  bed 21.5 cm, flow  6 ml/min, pH 5, cone. 0 mg/1, up-flow

F i g u r e  4 . 2 5  pH  in the sam p les under the fo llo w in g  conditions: bed 21 .5  cm , f lo w  6 
m l/m in , con e. 0 mg/1, pH  5, u p -flow
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♦  blank

Figure 4.26 Elements concentration in the samples under the following conditions:
bed 21.5 cm, flow 6 ml/min, cone. 0 mg/1, pH 5, up-flow
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4 . 3  F o u n d r y  s a n d  a n a l y s i s

T w o sam p les o f  foundry sand from  before and after co lu m n  experim ent w ere  

analyzed  b y  tw o  S E M ’s m od els. The result o f  the JSM  5 4 1 0  m od el (F igure 4 .2 7 -4 .2 8 )  

cam e out as a picture o f  foundry sand sh ow in g  the surface o f  foundry sand after the 

experim ent w a s sm ooth er than the one b efore the experim ent, w h ere as the result 

from  JSM  6 4 0 0  (F igure 4 .2 9 -2 .3 0 )  cam e out as a graph o f  count per secon d  (cps) 

versus k ilo  electron  v o lt (K eV ) as fo llow :

F i g u r e  4 .2 7  Foundry sand surfaces before colu m n  experim ent

F i g u r e  4 .2 8  Foundry sand surfaces after colum n experim ent
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F i g u r e  4 .3 0  E lem en ts in  foundry sand after colum n experim ent
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Figure 4 .2 7  sh ow ed  foundry sand surface b y  u sin g  SE M . It can b e seen  that 

the surface o f  foundry sand b efore experim ent w as not sm ooth; there w ere a lo t o f  

pore sp aces w h ich  resu lted  in  higher surface area o f  foundry sand.

For F igure 4 .2 8  sh ow ed  the foundry sand surface at the sam e m agn ify  level 

* 2 0 0 0  as the first o n e  for d ifferent sand. It can b e  seen  that the surface o f  foundry  

sand after the experim ent w a s conduct appeared to b e  sm ooth er than the p reviou s one.

F igure 4 .2 9 -4 .3 0 , sh ow ed  the result obtained  b y  u sin g  SE M . T he results 

sh ow ed  that z in c w a s found in sand after the experim ent, but not in  the sand before  

the experim ent. F igure 4 .2 9 -4 .3 0 , it can be seen  that the d ifferen ces in  these tw o  

graphs w as the am ount o f  substances in foundry sand (K , c , and Zn). T he am ount o f  

these substances w a s h igher in  fresh foundry sand b efore  the experim ent than after 

the experim ent. T here is  som e zin c in foundry sand after experim ent but not before  

the experim ent. It can h ow ever  be im plied  that som e form  o f  Zn w a s present in the

sam ple.
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T a b le  4 .9  C o m p ositio n s o f  foundry sand b efore and after co lu m n  experim ent 

b y u sin g  X R F

S u b sta n c e s C o n c e n tr a tio n

w t° /o

M gO 0 .0 8 9

A120 3 1.96

S i 0 2 89.51

k 20 2 .7 2

CaO 1.36

T i 0 2 0.2

M nO 0 .0 4

F e20 3 2.4

C u20 0 .0

ZnO 0.0

R b20 0 .02

SrO 0 .0 2

Z r 0 2 0 .0 9

S u b sta n c e s C o n cen tra tio n

w t %

M gO 0 .1 0

A120 3 2 .05

S i 0 2 91 .36

k 20 2 .52

CaO 1.15

T i 0 2 0 .19

M nO 0 .0 4

F e20 3 2 .3 0

C u20 0.01

ZnO 0.15

R b20 0 .2 0

SrO 0.02

Z r 0 2 0 .09

(a) b efore co lu m n  experim ent (b) after co lu m n  experim ent.

A ccord in g  to the results above (T able 4 .9 )  sh ow ed  that there w a s no z in c on  

foundry sand b efore an experim ent but after the experim ent z in c  w a s attached w ith  

foundry sand.
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4.4 Data analysis
T he resu lts o f  the co lu m n  experim ent for each  con d ition  w a s com pared to 

evaluate the perform ance o f  each  con d ition  and the param eters tested . T he raw data 

obtained from  the stu d y w as thereafter applied in  a real application.

4.3.1 Effect of bed height
Table 4.10 Param eters and their va lu es used  to m onitor the e ffec t o f  bed  height

Parameters Values
B ed  h eight 14.5, 1 8 ,2 1 .5  and 25 cm

F lo w  rate 6 m l/m in

Initial concentration 60  mg/1

pH 5

C olum n operation m od e U p -flo w

Effect of bed height

๐ช
บ

1
0.8
0.6
0 .4
0 .2

0

- t  ปี
~ + D-  4  ปี

« ฟ £ ^ ' “ “
% " ®

- - < * 1 Æ f L  
0  10 2 0 30  4 0

P orevolum e
50 60 70

♦  bed 25  cm . D bed 21 .5  cm  A bed 18 cm  -  bed  14.5 cm

Figure 4.31 C om parison  o f  Zn breakthrough curves at d ifferent bed  h eight
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T he com p arison  o f  z in c breakthrough curve at d ifferent b ed  h eigh ts (Figure 

4 .3 1 )  sh ow ed  that at f lo w  rate 6 m l/m in , in itial concentration  6 0  m g/1, in itial pH 5, 

u p -flow  m od e, the d ifferent o f  bed  height did not affect to breakthrough curves. This 

m ight b e  b ecau se  o f  the resid en ce tim e o f  the so lu tion  in  co lu m n  w a s m ore than the 

reaction tim e o f  the rem oval m echanism  took. T his m ay  im p ly  that the breakthrough  

curve o f  the lon ger  b ed  h eight, m ore than 25 cm , m ight not e ffect. T he breakthrough  

curve is  exp ected  to b e  the sam e as the experim ent. T he percent o f  z in c  rem oval 

increases as the h eigh t o f  the foundry sand colum n increases. A  bed  h eight o f  14.5 

cm , took  the shortest am ount o f  tim e to reach the breakthrough point. T h is w as  

fo llo w ed  b y  a b ed  h eight o f  18, 21 .5  and 25 cm  resp ective ly . It can b e  im p lied  that the 

reason for the d ifferen ces in  the breakthrough tim es w as due to am ount o f  m ass in 

colum n. T he resu lts thus indicated that shorter bed  h eight had shorter breakthrough  

tim e.

W ith regards to the rem oval cap acity  o f  sand in  each  o f  the con d ition s, the 

foundry sand o f  bed  14.5 and 18 cm  w as not used  to its full cap acity  w h en  com pared  

w ith  the lon ger on es. T h is can im p ly  that a short circuit m igh t occu r in  the colum n o f  

bed h eight 14.5 and 18 cm , su gg estin g  that som e o f  the foundry sand in  the colum n o f  

these b ed s w a s n ot u sed  as a result o f  it not com in g  in  contact w ith  the solution . The  

rem oval cap acity  o f  the co lu m n  w as therefore, low er than its fu ll capacity.

From  the resu lts o f  the four con d ition s tested , the total z in c  sorbed (m g), 

percent rem oval, and the rem oval capacity  o f  foundry sand (m g /g ) w a s calculated

(T able 4 .1 1 ).
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Table 4.11 R esu lt o f  e ffec t  o f  bed  h eight experim ent

Bed
height
(cm)

percent
removal

Zn
removal
capacity

(m g /g )

Residence 
time (min)

Volume of 
wastewater 

treated before 
breakthrough 

(ml)

Breakthrough
Porevolume

14.5 16 .92 0 .48 3.9 2 4 0 10.16

18 2 4 .1 4 0 .5 0 4 .9 5 4 0 18.42

21 .5 3 6 .3 9 0 .6 6 5.8 7 2 0 2 0 .5 6

25 3 9 .3 5 0.61 6.9 7 2 0 17.39

T he resu lts o f  e ffec t  o f  bed  h eight experim ent (T able 4 .1 1 )  indicated  that all o f  

bed h eight had about the sam e rem oval capacity, e sp ec ia lly  bed  h eight o f  21 .5  and 25  

cm . W h ile , the percent rem oval increases w ith  the in creasin g o f  the bed  height, the 

perform ance o f  the foundry sand colum n w as attributed to the rem oval o f  z in c in 

sh allow er co lu m ns. S m aller am ounts o f  sand results in  a d ecreased  availab ility  o f  the 

rem oval site  o f  z inc; therefore there w a s  a sm aller percentage o f  z in c  rem oved  in the 

foundry sand co lu m n. T he p assage o f  a sm aller v o lu m e o f  the e fflu en t sam p le w ou ld  

cau se the adsorption sites  to fill up and exhaust the rem oval cap a city  o f  the foundry  

sand. A t the sam e tim e, the z in c  rem oval cap acity  o f  foundry sand and the am ounts o f  

Ca+2 released  at each bed  h eight (1 4 .5 , 18, 2 1 .5 , and 25 cm ) w ere 0 .4 8 , 0 .5 , 0 .6 6 , and 

0.61 m g /g , resp ective ly , and 0 .4 4 , 0 .5 , 0 .4 6 , and 0 .4 6  m g /g , resp ective ly .
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F i g u r e  4 . 3 2  R elationsh ip  b etw een  the changed  o f  bed h eight and percent rem oval 
from  e ffec t o f  bed  h eight experim ent

In regards to the relationship  b etw een  the bed  h eight and percent o f  z in c  

rem oval (F igure 4 .3 2 ) , the resu lts indicated that a h igher bed  h eigh t results in a higher  

percent rem oval. The h igher bed h eight con sists o f  h igher m edium  m ass, w h ich  result 

in  the h igher surface area. The greater the surface area availab le , the higher the 

sorption o f  z in c  sorbed onto the foundry sand. P redicting the am ount o f  z in c rem oval 

can be done b y  u sin g  the data o f  the Zn rem oval capacity  o f  foundry sand.

F i g u r e  4 .3 3  R elationsh ip  b etw een  breakthrough tim e and bed h eight
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Figure 4 .3 3  sh ow ed  the relationship  b etw een  breakthrough tim e and bed  

height. T h e graph ind icated  that the breakthrough tim e increased w ith  an increased in  

bed height. T h is resu lt su ggested  that the m ore foundry sand present in the colum n, 

the longer the tim e the w astew ater can b e treated. T he trend lin e  indicated  that the 

critical bed  h eigh t w a s around 11 cm  lon g. T his length m ay  a lso  represent the length  

o f  m ass transfer zo n e  o f  foundry sand. T he shorter bed  h eig h t w ou ld  have  

breakthrough at the b eginn ing .

4.3.2 Effect of flow rate
Table 4 .1 2  Param eters and their va lu es used  to m onitor the e ffec t o f  f lo w  rate

Parameters Values
B ed height 25 cm

F lo w  rate 6, 11, and 15 m l/m in

Initial concentration 60  mg/1

pH 5

C olum n operation  m od e U p -flo w
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E ffec t o f  f lo w  rate

0 20 40 60 80 100
Porevolume

♦  flow  6 ml/min ๐ flow  11 ml/min * flow  15 ml/min 

F ig u re  4 .3 4  C om parison  o f  z in c  breakthrough curve at d ifferent f lo w  rates

T he com p arison  o f  z in c  breakthrough curve at d ifferent f lo w  rates (Figure  

4 .3 4 )  sh ow ed  that a f lo w  rate o f  6 m l/m in  took  the lo n gest tim e (1 7 .3 9  pore vo lu m e)  

to reach its breakthrough point, fo llo w ed  by f lo w s  11 m l/m in  and 15 m l/m in  (15 .94  

and 14.5 p orevo lu m e, resp ective ly ). The reason for the d ifferen ce in  the breakthrough  

tim es w as the contact tim e b etw een  the w astew ater and foundry sand (RPI, 1996; 

V ijayaragravan, 2 0 0 5 ). A m o n g  all the f lo w  rates, at f lo w  rate 6 m l/m in  aqueous  

so lu tion  w as fed  into the co lu m n  the slow est; h en ce, its contact tim e w as the h ighest. 

The tim e that the so lu tio n  o f  w astew ater had contacted  w ith  the foundry sand in the 

colu m n  w as lon ger at a f lo w  rate o f  6  m l/m in  than at f lo w s  rates o f  11 m l and 15 

m l/m in . T he m ech an ism s occurring in the colu m n  at this f lo w  rate w a s b elieved  to be  

m ore com p leted  than the others w h ich  can be observed  b y  the percent o f  zinc  

rem oval. T hus, the m ost com p leted  m ech an ism  w h ich  occurred in  the colum n  

resulted in  it h av in g  the h igh est percent rem oval.
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From the results of the three conditions above, total zinc sorbed (mg), percent 
removal, and the removal capacity of sand (mg/g) was calculated and are shown in 
Table 4.13.

Table 4.13 Total zinc sorbed (mg), percent removal, and the removal capacity of sand 
(mg/g) calculated from results of effect of flow rate experiment.

F lo w

r a te s

R e s id e n c e  

t im e  (m in )

p e r c e n t

r e m o v a l

B r e a k th r o u g h

P o r e v o lu m e

Z in c

r e m o v a l

c a p a c i t y

(mg/g)
6 6.9 39.35 17.39 0.61
11 3.8 16.85 15.94 0.45
15 2.8 13.01 14.5 0.48

From Table 4.13 and Figure 4.35, it can be observed that an increase in flow 
rate resulted in a decrease of percent removal. It can be inferred that between fast 
flow ( 11 and 15 ml/min) and slow flow (6 ml/min), slow flow had better zinc removal 
efficiency. When comparing the results of breakthrough time and flow rate it showed 
that slow flow had the longest time and the highest zinc removal capacity.

The data of the percentage of zinc removed was plotted against the value of 
the flow rate to find the relationship between these two parameters. The results 
revealed that a higher flow rate resulted in a lower percent removal. The percent
removal and flow rate was thus related.
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«>Oร
I

6 11 15
F lo w  r a te  ( m l /m in )

F ig u r e  4 .3 5  Relationship between flow rate and percent removal from effect of flow 
rate experiment

4 .3 .3  E f f e c t  o f  in i t ia l  c o n c e n t r a t io n

T a b le  4 .1 4  Parameters and their values used to monitor the effect of initial 
concentration

P a r a m e t e r s V a lu e s

Bed height 21.5 cm
Flow rate 6 ml/min
Initial concentration 30, 60 mg/1
pH 5
Column operation mode Up-flow
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E f f e c t  o f  in it ia l  c o n c e n t r a t io n

♦ Concentration 60 m g/L"C oncentration 30 m g/L

F ig u r e  4.36 Comparison of zinc breakthrough curve at different initial concentrations

The comparison of zinc breakthrough curve at different initial concentrations 
(Figure 4.36) showed that an initial concentration of 30 mg/1 had a longer 
breakthrough as was expected. This was due to the fact that a higher concentration 
will occupy the surface area of the foundry sand faster. As a result of similar capacity 
of sand, the amount of zinc that can be sorbed by foundry sand is equal. Thus an 
initial concentration of 60 mg/1 will provide a higher amount of Zn when compared to 
30 mg/1 at the same period of time. The foundry sand will therefore reach its full 
capacity faster than the initial concentration of 30 mg/1 that provides smaller amounts 
of zinc at a time. Moreover, the removal capacity of both conditions described in 
Table 4.15 indicated that the initial concentration might not significantly affect the 
removal capacity of foundry sand. Only the breakthrough and exhaustion times were 
affected. This implies that different concentrations affect only the exhaustion time 
which was caused by the speed of zinc fed into the column.
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T a b le  4 .1 5  Results of effect of initial concentration experiment

I n i t ia l

C o n c e n t r a t io n

(m g /1 )

Z n

r e m o v a l

c a p a c it y

( m g /g )

B r e a k th r o u g h

P o r e v o lu m e

E x h a u s t io n

P o r e v o lu m e

30 0.58 30.84 102.0

60 0.66 20.56 102.8

4 .3 .4  E f f e c t  o f  in i t ia l  p H

T a b le  4.16 Parameters and their values used to monitor the effect of initial pH
P a r a m e t e r s V a lu e s

Bed height 21.5 cm
Flow rate 6 ml/min
Initial concentration 60 mg/1
pH 3 and 5
Column operation mode Up-flow
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E f f e c t  o f  in it ia l  p H

♦  pH 3 "pH 5

F ig u r e  4 .3 7  Comparison of zinc breakthrough curve at different initial pH
The effect of pH on the removal of zinc (Figure 4.37) was observed in the 

increasing trend at pH 3 in comparison to the trend at pH 5. The removal was 0.29 
mg/g or 35.23 mg at pH value 3 and 0.66 mg/g or 78.87 mg at pH 5. These results 
were in contrast with the findings of Zeng (2002), which showed that the pH did not 
have a major effect on the removal of Cu+2 from solution by algal biosorbent. 
However, Jose (1998) noted that the metal uptake increased as the pH was increased 
(from pH 3 to 5). It was concluded that the variation in the removal efficiency due to 
the solution pH was attributed to the exchange of zinc ions at a higher pH. As the pH 
increased, there was an increasing trend in the concentration of anion on the foundry 
sand surface from PZC 2.9 which led to the greater attachment of zinc ions from the 
solution. However, there were some researches stated that low pH or acidic 
conditions usually create competition between protons (H+) and heavy metals (M2+) at 
the binding site of mediums (Volesky, 1990; Sungkhum, 2003 and Apiratikul et al.,
2004).
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At high pH values, the metal spéciation in solution became an important factor 
in metal uptake. The reduction in metal uptake, as the pH was increased beyond its 
optimum values (pH 5 to 7), had been attributed to reduced solubility and the 
precipitation of metals (Josed, 1998).

T a b le  4 .1 7  Results of effect of initial pH experiment

I n it ia l

p H

Z n

r e m o v a l

c a p a c it y

( m g /g )

C a

R e le a s e d

( m g /g )

B r e a k t h r o u g h

P o r e v o lu m e

3 0.29 0.50 11.00
5 0.66 0.46 20.56

Table 4.17 indicated that the zinc removal capacity (0.29 mg/g) and 
breakthrough porevolume of an initial pH of 3 were less than those of an initial pH of
5. This showed that foundry sand had higher removal efficiency at pH 5 solution than 
pH 3.
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4 .3 .5  E f f e c t  o f  c o lu m n  o p e r a t io n  m o d e s

T a b le  4 .1 8  Parameters and their values used to monitor the effect of column 
operation modes

P a r a m e t e r s V a lu e s

Bed height 21.5 cm
Flow rate 6 ml/min
Initial concentration 60 mg/1
pH 5
Column operation mode Up-flow and down-flow

M ode o f operation

Porevolum e

♦  D ow n-flow  ■  U p-flow

F ig u r e  4 .3 8  Comparison of zinc breakthrough curve at different column operation 
modes
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It can be observed in Figure 4.38, that the curves of the up-flow and down
flow mode of operations were different especially with regards to breakthrough time. 
In addition, the data in table 4.19 suggest that the percentage of zinc removal and zinc 
removal capacity of these two conditions were different at this flow rate. The 
breakthrough time of down-flow was earlier than up-flow mode and the breakthrough 
time of up-flow was almost twice that of down-flow mode. Thus, the amount of zinc 
removed before breakthrough should be considered. Table 4.19 also showed that the 
amount of zinc removed before breakthrough by down-flow was only 61.2 percent of 
up-flow mode. This suggests that a short circuit might occur in down-flow mode and 
hence, the selection of column operation mode between up-flow and down-flow 
should be considered based on the cost of each kind of operation. Up-flow mode 
might have a higher cost of electricity while down-flow mode might have a higher 
cost of medium, transportation and labor because it had to change medium more 
often. In such cases, the lower cost is recommended for removal process.

T a b le  4 .1 9  Results of mode of operation experiment

M o d e  o f  

o p e r a t io n

p e r c e n t

r e m o v a l

Z n

r e m o v a l

c a p a c it y

( m g /g )

V o lu m e  o f  

w a s t e w a t e r  t r e a t e d  

b e fo r e

b r e a k t h r o u g h  (m l)

B r e a k t h r o u g h

P o r e v o lu m e

Up-flow 36.39 0.66 720 20.56
Down-flow 26.96 0.51 378 12.00
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4 .3 .6  T h e  m e c h a n is m s  in  c o lu m n

In order to find the mechanisms that occurred in column experiment, the 
following three methods were performed to prove that each mechanism had the 
potential to occur. First the data from the column experiment was analyzed to find the 
relationship of the amount of substance in the samples that could indicate what 
mechanism might be occurring based on the theoretical knowledge explained in 
Chapter 2.

The results indicated that the amounts of Zn+2 and Ca+2 in the sample changed 
inversely. This suggests that ion exchange had potentially occurred in the column 
along with other sorption mechanism. As it can be seen from results of the blank, 
feeding of Zn was somehow related to the amount of Ca released in a systematic way. 
Table 4.20 indicated that the ratio of Zn:Ca was almost proportional ranging from 1:1 
to 1:2.

T a b le  4 .2 0  Amount of zinc sorbed on foundry sand and calcium released into 
solution

C o n d i t io n s
Z in c

( m m o le /g )

C a lc iu m

( m m o le /g )

Bed 14.5 cm. flow 6 ml/min 0.007 0.010
Bed 18 cm. flow 6 ml/min 0.008 0.010
Bed 21.5 cm. flow 6 ml/min 0.010 0.010
Bed 25 cm. flow 6 ml/min 0.010 0.010
Bed 25 cm flow 11 ml/min 0.007 0.013
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The theoretical knowledge of the ion exchange mechanism, states that the in- 
out exchange of ions has to be balanced or equal. This is in contrast to the data 
obtained in this experiment, which indicated that the amount of Zn+2 sorbed was more 
than that of Ca+2. When considering the net negative charge above PZC, the higher 
the pH of the solution, the more the negative charges available on the surface which 
zinc can adsorb on. It can therefore, be concluded that adsorption might occur along 
with the ion exchange.

The physical properties of foundry sand shown in Table 4.21 showed that 
foundry sand from Siam Nava Industry Co., Ltd. had 20.84 % clay content. Since this 
clay was Calcium-Bentonite, it allowed for the exchange of Ca+2 with Zn+2. This was 
similar to the results of Lee and Benson, (2002).

T a b le  4 .2 1  Physical properties of the spent foundry sands
C la y T o t a l  I r o n

S a m p le c o n t e n t C o n t e n t P e r c e n t  T O C

(%) (%)
Siam Magotaux Co., Ltd. 1 9 .1 4 4 .3 7 2 .0 3

Siam Nava Industry Co., Ltd. 1 0 .8 4 0 .4 8 1 .8 2

Siam Navaloha Foundry Co., Ltd. 1 .4 4 4 .4 6 1.17
Asian Autopart Co., Ltd. 0 . 0 0 0 . 0 0 0 .4 7

Available from: Thunsiri (2004)
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The change in pH that occurred in the sample in different times can be 
attributed to buffering reactions. For the foundry sands, buffering was probably 
caused by the carbonate minerals, exchangeable base cations, and decomposition of 
aluminosilicate minerals (Lee, T. and Benson, c., 2002). For the Peerless iron, the pH 
change can be attributed primarily to corrosion of the iron (Lee and Benson, 2002).

4 .5  E n v ir o n m e n t a l  m a n a g e m e n t

From the experimental results indicated that foundry sand has ability to 
remove zinc from contaminated water. As the best condition of bed height 25 cm, 
flow rate 6 ml/min, initial pH 5, initial concentration 60 mg/1, up-flow mode, the 
foundry sand from Siam Nava industry has a capacity of 0.66 mg/g. This foundry 
sand can be applied as a low cost sorption media to remove zinc, a toxic substance 
from the production process within factory, at the tertiary part of wastewater
treatment process.
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