
CHAPTER III

RESEARCH METHODOLOGY

3.1 Materials and Chemicals

M aterials and ch em ica ls used  in this study include bagasse, b agasse fly  ash, 
Portland cem ent, river sand, crushed stone, water, and synthetic w astew ater.

3.1.1 Bagasse

B a g a sse  w as co llec ted  from  a loca l sugar factory in Saraburi province and w as  
preserved in  su itable containers (such  as clean, dry, have a lid) to prevent extraneous 
contam ination. A s b agasse  is a very h eterogen eous material containing various 
fibrous fractions o f  d ifferent properties, a large and uniform  sam ple lot o f  b agasse w as  
carefully se lected  and p laced  in an oven  and dried at 110cc. The various sam p les o f  
b agasse u sed  in this study w ere  drawn from  this dried sam ple for all experim ents to 
m aintain the un iform ity and h om ogen eity  o f  the starting material.

T he sam ples o f  b agasse taken for this study w ere subjected to  treatm ent under 
acidic con d ition  to elim inate all so lub le  sugars w ith in  bagasse (Janusa, et ah, 2001). 
Sugars in concentrations as lo w  as 0 .03  to  0 .15  w eigh t percent in cem ent w ill retard 
the setting tim e and strength o f  cem ent (Janusa, et al., 2001). The b agasse w a s  boiled  
w ith  0.1 M  HC1 for approxim ately 45 m inutes, w ith  the residue w ash ed  free o f  sugars 
and h yd ro lysis products. T his procedure w as repeated 3-4 tim es until the filtrate w as  
virtually co lor less. T he residual product w as oven  dried at 110°c overnight. Ground it 
to 20 0  p.m fin en ess, this s ize  w as the m ost available o f  ground b agasse w h ich  show n  
from  pretest. T h ese m aterials w ere stored separately in  a vacuum  desiccator until use. 
The b efore and after treated b agasse w ere sh ow n  in F igure 3.1 (a) and (b), 
respectively .
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3.1.2 Bagasse Fly Ash

B a g a sse  fly  ash w as co llected  at sam e p lace as b agasse  and w as preserved in 
su itable containers to  prevent extraneous contam ination. It w a s oven  dried at 110°c 
overn ight and sieved  to  the desired particle s ize  o f  150 |im  b efore use, this size  w as  
the m ost availab le o f  b agasse  fly  ash w h ich  sh ow n  from  pretest. T he bagasse fly  ash 
(F igure 3 .2 )  w as stored in a vacuum  d esiccator for further use. G upta and A li (200 0)  
studied the effect o f  particle s ize  o f  b agasse fly  ash for adsorb copper and zinc, they 
reported that particles w ith  sm aller s ize  m ay h ave h igher adsorption capacity than 
th ose w ith  b igger size, w h ile  it w as very d ifficu lt to  prepare and m ay be require som e  
sp ecia l attention and labor during experim ent. T herefore, the se lected  size (150 (am) 
should have su ffic ien t adsorption capacity, easin ess o f  preparation, d oes not require 
any sp ecia l attention and labor during experim ent.

3.1.3 Portland Cement

Ordinary (T yp e I) Portland cem ent according to  A S T M  C l 50-95 , Elephant 
brand (F igure 3 .3 ) w as used throughout the study. T his is  the m ost com m on cem ent 
used  in general con crete construction w h en  there is no exp osure to sulphates in the 
soil or in  groundw ater.

3.1.4 River sand and Crushed Stone

R iver sand (F igure 3 .3 ) sieved  pass through an A S T M  standard sieve N o .4 
(4 .7 5 -m m  op en in g s) w a s used as a fine aggregate for all m ix es. It w as conform s to 
requirem ents for graded sand as sp ecified  by A S T M  C 7 7 8 -9 2 . The crushed stone 
(F igure 3 .3 )  w as used  as a coarse aggregate in this study.

3.1.5 Mixing Water

A ll m ix es  incorporated tap w ater w h ich  supplied  at H azardous w aste  
laboratory, C hulalongkorn  U n iversity  at norm al room  tem perature.
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3 .1 .6  S y n th e tic  W a ste w a te r

Synthetic  w astew ater sam ples containing Pb(II) and Cr(VI) w ere prepared 
from  lead nitrate (P b (N 0 3 )2) and potassium  dichrom ate (K 2Cr20 7), respectively. The 
synthetic w astew ater sam ples w ere prepared by d isso lv in g  know n quantity o f  
analytical-grade chem ical in double d istilled  w ater and used  as a stock  solution. 
B uffer, sod ium  acetate, w as used  for contain pH  so lu tion  on  through experim ent.

(a) (b)

F ig u re  3 .1  B a ga sse  (a) B efore  A cid  Treatm ent and (b) A fter A cid  Treatment.

F ig u re  3 .2  B a g a sse  F ly  A sh  (a) B efo re  S iev in g  and (b) A fter S ieving.
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F ig u re  3 .3  (a) Ordinary (T ype I) Portland C em ent, (b) R iver Sand and (c) Crushed  
Stone.

3 .2  E x p e r im e n ta l P ro cess  D iag ram

F ig u r e  3 .4  S ch em atic D iagram  o f  the R esearch
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3.2.1 Step 1: Physical and Chemical Characteristic Study 

Table 3.1 P h ysica l Characterization o f  B agasse  and B a g a sse  F ly  A sh

Physical characteristics Analytical method
1. B ulk  sp ec if ic  gravity
2. P orosity  /  P ore vo lu m e / Pore size
3. Particle s ize

A S T M C  128-93
Brunauer E m m et and T aylor analyzer 
Particle s ize  analysis

4. S p ec ific  surface area
5. M orp h ology

Brunauer E m m et and T aylor analyzer 
Scanning E lectron  M icroscop y

Table 3 .2  C hem ical Characterization o f  B a ga sse  and B a g a sse  F ly  A sh

Chemical characteristics Analytical method
1. Bulk ch em ica l com p osition
2. M in eralogy  com p osition
3. L oss on  ign ition
4. pH
5. A bsorption  capacity
6. Functional group

X -ray flu orescen ce sp ectroscop y (X R F) 
X -ray diffractom etry (X R D )
A S T M  C 3 11-02
บ .ร . E P A  ร พ - 846 M ethod 9045C  
O ven-dried
Fourier Transform ation-Infar Red  
Spectrom etry
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3.2.2 Step 2: Pb(n) and Cr(VI) Removal Study

F i g u r e  3 .5  S ch em atic D iagram  o f  Step 2: P b ( I I )  and Cr(VI) R em oval Study

T able 3 .3  R em ova l E xperim ents

Factor Independent variable Controlled variable
Pb(II) Cr(VI)

C ontact tim e 3 ,6 ,  9, 12, 1 5 ,3 0 , 45 , 
60 , 90 , 120, 150, 180, 
2 4 0 , 3 0 0  and 3 6 0  m in

- Cone. - 1 0  m g/L  
- p H  =  4
- D o se  =  10 g/L

- C one. = 1 0  m g/L  
- p H  =  2
- D o se  =  20  g/L

Initial C one. 5, 10, 20 , 30 , 40  and 80 - T im e =  optimum - T im e =  optimum
and pH m g/L

pH  1, 2, 3, 4, 5 and 6
- D o se  =  10 g/L - D o se  =  20  g/L

D o sa g e 0 .5 , 1, 5, 15 ,and 20  g/L - T im e =  optimum
- Cone. =  optimum
- pH  =  optimum

- T im e =  optimum
- C one. =  optimum
- pH  =  optimum
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3.2.3 Step 3: Solidification/Stabilization Study

Figure 3 .6  Sch em atic  D iagram  o f  Step 3: S o lid ification /S tab iliza tion  Study

Table 3 .4  S olid ification /S tab iliza tion  Experim ents

Study Independent variable - Controlled variableBagasse Bagasse Fly Ash
P ercen tage o f  
rep lacem ent

0, 5, 10, and 15 % 0, 10, 20, and 30% curing tim e =  7 d

w /c  ratio 0 .4 0 , 0 .50 , 0 .6 0 ,and 0 .70 curing tim e =  7 d
C uring tim e 3 ,7 , 14, and 28 d 3 ,7 ,1 4 ,2 8 ,and 60  d w /c  ratio =  optimum 

% R =  optimum
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3.2.4 Step 4: Construction Materials Study

F ig u re  3 .7  S ch em atic  D iagram  o f  Step 4: Construction M aterials Study
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Table 3 .5  C onstruction  M aterials E xperim ents

Factor Independent variable Controlled variable
A ggregate cem en t : sand : crushed stone =  1 :1 :2 , curing tim e =  7 d
proportions 1:1 .1:1 .9 , 1:1.5:2.5, 1:2:3, and 1:3:5 w /c  ratio =  0.5
P ercentage o f  
replacem ent 
and w /c  ratio

0, 10, 20, and 30%

0 .4 0 , 0 .50 , 0 .60 , and 0 .70

curing tim e =  7 d 
A ggregate  =  optimum

Curing tim e 3, 5, 7, 14, 28, and 60 d w /c  ratio =  optimum 
A ggregate  - optimum

3.3 Experimental Programs

3.3.1 Physical Characteristic Study

3 .2 .1 .1  Particle S ize  A n alysis

A ll b agasse  and bagasse fly  ash sam ples w ere subject to particle size  
analysis by M alvern  Particle S ize A nalyzer m odel M astersizer 2 0 0 0  equipped w ith  
the S ciro cco  2 0 0 0  that m easures particle s izes ranging from  0 .0 2 -2 0 0 0  m icrons.

P article s ize  o f  cem ent and binder has a sign ifican t e ffec t on the 
hydration reaction  rate. Finer particles cause reduction in the setting tim e and increase  
the com p ressiv e  strength d evelop m en t due to it has m ore sp ec ific  surface area to react 
w ith  w ater than coarser particles.

T he size  distribution o f  particles in the w a ste  often  indicated the 
potential for w ater m ovem en t trough the material and the com p ressib ility . A lso , very  
fine-grained  m aterials have b een  show n to produce poorly stab ilized  material. 
P resence o f  large particles m ay require the u se  o f  s ize  reduction equipm ent. The best 
m aterial for form in g a strong interlocking m atrix is w e ll graded, w ith  fe w  particles in
extrem e sizes.
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3 .3 .1 .2  B ulk  S p ec ific  G ravity

B ulk  sp ec ific  gravity depends on  its p h ysica l properties and chem ical 
com p osition s. It is defined  as the ratio o f  w eigh t o f  a g iv en  v o lu m e o f  a sam ple to the 
w eigh t o f  an equal v o lu m e o f  w ater. It is used  to  d esign  the m ixture proportion o f  
concrete. U nit w e ig h t o f  con crete  product is also dependent on  the sp ecific  gravity o f  
its m ixture. S p ec ific  gravity provides an indication o f  the material, vo id s in the 
particles and ex isten ce  o f  n on -com b u sted  materials. S p ec ific  gravity o f  bagasse and 
b agasse fly  ash w as m easured accord ing to the standard m ethod described in A ST M  
C 1 88-95 .

3 .3 .1 .3  S p ec ific  Surface Area

S p ec ific  surface area is used to  represent the fin en ess o f  the sam ple and 
relate to the rater o f  interaction w ith  the surrounding. There are several m ethods to 
determ ine it such as air perm eam etry or gas adsorption. T his study m easured surface 
area o f  b agasse  and b agasse  fly  ash by Surface A rea A nalyzer, Therm o Finnigan, 
Sorptom atic 1990.

3 .3 .1 .4  P orosity  /  Pore V o lu m e /  Pore S ize

P orosity  is the ratio o f  the vo lu m e o f  pores to the total vo lu m e o f  
sam ple. There are several in d ication s that the com p ressive  strength d oes not depend  
so le ly  on porosity . The relation b etw een  strength and porosity  is m arkedly dependent 
on the broad characteristics o f  the m icrostructure such as vo lu m e and sp ecific  binding  
capacities o f  hydration products. A t high porosities, the better bonding properties o f  
ill-crysta llized  m aterial augm ented  the strength, but at lo w  porosities, the greater 
intrinsic strength o f  the dense, crystalline particles w a s m ore important. The strength  
increased w ith  the proportion o f  fine pores. A  vo lu m e o f  hydration products 
contributed m ore to  the strength than the sam e vo lu m e o f  unreacted cem ent, but this 
e ffec t w a s d istinctly  le s s  than that o f  porosity. This study m easured pore specific
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vo lu m e, pore size  and porosity o f  b agasse and b agasse fly  ash by Surface Area  
A nalyzer, Therm o F innigan , Sorptom atic 1990.

3 .3 .1 .5  M orp h ology

Scanning E lectron M icroscopy (SE M ) is a technique for exam in ing the 
surfaces o f  so lid  m aterials. The b agasse and bagasse fly  ash features w ere investigated  
by a JEOL J S M -6 400  scanning electron  m icroscop e (SE M ), as show n in F igure 3.8. 
SE M s can be used  to understand the particle shape, surface texture, or m orphology o f  
the sam ple. M agn ifica tion  o f  an SEM  can be varied form  5x  to l,0 0 0 ,0 0 0 x , alm ost 
3 0 0  tim es h igher than optical instrum ents, y ie ld in g  the resolutions o f  approxim ately 5 
nm. T he sam p les w ere  in itia lly  glued  on  an alum inum  stub and coated  w ith  foal-  
palladium  a lloy  so  that it w as not electrica lly  conductive.

Figure 3.8 Scanning E lectron  M icroscope JEOL JSM -6400
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3.3.2 Chemical Characteristic Study

3 .3 .2 .1  B ulk  C hem ical C om p osition  A n a ly sis  by X R F

A S T M  C 618 lists the required chem ical com p o sition s for coal fly  ash  
used  in concrete. T hese lim itations are based on  o x id es  o f  silica , alum inum , iron, 
calcium , and sulfur. S ilica  and alum ino silica te  are the major com position  in the 
p ozzo lan ic  reaction, w h ile  sulfer and alkali content h ave the adverse effect on the 
durability o f  concrete. X -ray F lu orescen ce Spectrom eter P h ilip s PW  24 00  w as used to 
determ ine the elem ental com p osition  o f  the b agasse and b agasse  fly  ash in this study, 
it is sh ow n  it F igure 3 .9  (a).It w as w avelen gth  d isp ersive typ e (พ ]ว ร ) w ith  Rh target 
X -ray tube excited  source, m axim um  3 k w  p ow er and d etectab le elem ents form  B to 
บ .

T o obtain a good  representative, firstly, a sam ple w as ground in a 
ceram ic mortar to h om ogen eou sly  fin e pow der (s ize  w as b e lo w  45 m icrons) because  
the X -ray on ly  penetrates up to a few  m illim eters form  surface o f  a sam ple. A fter that,
1.5 gram s o f  H 3B O 3 (2.5%  by w eigh t) binder, w as added to  approxim ate 4 .5  grams o f  
ground sam ple. Then, m ix o f  sam ple and binder w a s pressed  into a pellet for 
con ven ien t handling and m easurem ent. The pilled  sam ple w a s  put in a sam ple cup as 
sh ow n  in F igure 3 .9  (b), before running, and loaded on  a feeder tray o f  the XR F  
instrum ent. Each sam ple w ou ld  take 30  m inutes for the instrument to detect 
characteristic X -rays o f  elem ents em itted from  the sam ple in helium  environm ent.

3 .3 .2 .2  M ineralogical C om p osition  A n a ly sis  by X R D

X -ray diffraction exam in es the crystal structure o f  a material. .X-rays 
are scattered and diffracted by a lattice structure o f  crystals, y ie ld in g  patterns 
characteristic to  various crystals based  on  the lattice spacing . In this study, the pow der  
X -ray d iffraction (X R D ) spectrom eter, Bruker D 8  w a s  u sed  to  identify the crystalline  
phases o f  the sam ples, as sh ow n  in F igure 3 .1 0  (a). T he X -ray diffraction  
spectrom eter w ith  Cu target, graphite m onochrom ator, m axim um  3 kw  pow er and
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search m atch program. A  graphite m onochrom ator w as used  to produce diffracted  
lin es according to a sin gle X -ray w avelen gth  w ith  lo w  background. P osition s and 
in ten sities o f  the m easured peaks are related to crystalline structure, w h ile  shapes are 
related to physica l state o f  the materials.

Sam ple w as prepared by ov en  dried and grinding in a ceram ic mortar 
until h om ogen eou s w ith  particle s ize  o f  b e lo w  45 m icron. A fter that, laid it dow n on  
g lass p late as show n in F igure 3 .1 0  (b). Instrument, operating conditions, w ere set at 
40  k v  accelerating vo ltage, 40  m A  current, and 5° to 7 0 °2 9  scanning range.

The crystalline com p onen ts o f  a m ixture in  am ounts o f  1% or m ore can  
be identified  ind iv idually  by characteristic peaks in the X -ray diffraction patterns 
produced. H ow ever, noncrystalline com p onen ts can not detected; the am orphous 
phase (F igure 3.11 (a)) is defined as a hump that is the area under the base line o f  the  
peaks and above the background curve. P ossib le  phases o f  the resulting scan w ere  
identified  u sin g database from  International Centre for D iffraction  D ata (IC D D ), a 
database o f  m ore than 6 0 ,0 0 0  phases. The crystalline phases as show n in Figure 3.11  
(b), the softw are o f  instrum ent produced a list o f  m ost lik e ly  candidate crystalline  
phases according to w ell scanned pattern o f  a g iven  com pound matched their 
reference patterns in  the database.

(a) (b)
Figure 3.9 (a) P h ilips X -ray F lu orescen ce Spectrom eter P W  2400 and (b) Prepared  
Sam ple for A n a lyze
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(a) (b)
F ig u r e  3 .1 0  (a) Bruker X -ray D iffraction  Spectrom eter D  8 and (b) Prepared Sam ple  
for A n a lyze

u l i g s j p m ;
rz . j r .

(a) (b)
F ig u r e  3 .1 1  E xam p le o f  X R D  Spectra (a) N on crysta llin e  P hase and (b) C rystalline 
Phases

3 .3 .2 .3  L oss on  Ignition  (LO I)

L o ss  on  ign ition  (L O I) is norm ally u sed  to  represent the carbon content 
in the sam ple b ecau se  carbon content w ill reduce the air entrainm ent presented in the 
con crete  that e ffec t the w orkability , strength, and durability o f  concrete. Then, higher  
carbon con ten ts can adversely affect the perform ance o f  concrete. LO I is defined by 
A S T M  C 3 11 as the w eig h t fraction, expressed  as p ercen tage, o f  m aterial that is lost
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by h eatin g the oven-dried  sam ple at 750  ±  5 0 ° c .  LOI is a m easurem ent o f  unburned 
carbon rem ain ing in the ash. It can be used  as an im portant indicator o f  the degree o f  
burnout in  m aterial or com bustion  effic ien cy .

3.3.2.4 pH

The pH is a m easure o f  the hydrogen  ion  activ ity  and indicates the 
acid -to-b ase balance o f  a material. The gu idan ce to  determ ine pH  o f  bagasse and 
b agasse  f ly  ash is expressed  in the บ .ร . E P A  ร พ - ร 46 M ethod 9045C . First, prepare 
aqueous phase sam ple by adding 100 m L o f  d eion ized  (D I) w ater in a 150-m L  beaker, 
and p laced  approxim ately 5 g. o f  sam ple. The aqueous phase sam ple w a s regularly  
stirred at least 5 m inutes and let to gradually stand and settle out for about 15 m inutes 
from  the suspension . The digital pH  m eter C onsort m odel c  830, after com plete  
segregation , w ere em p loyed  to  determ ine the pH  o f  the aqueous phase sam ple.

3 .3 .2 .5  W ater A bsorption Capacity

W ater absorption capacity o f  b agasse  and b agasse f ly  ash sam ples may 
be used  as an indication  o f  h ow  m uch the m aterials w ou ld  take up w ater in the m ixing  
w ith  Portland cem ent. It w as reported as a d ifference in percent o f  the w eigh t o f  the 
m oist sam ple over the dry sam ple. O ven-dried sam p les w ere w eigh ed  in ceram ic or 
plastic cu p s w h ich  w ere then placed in a p lastic  tray w ith  a cover that let m oist air 
f lo w  through, but not w ater droplets. The tray w as put in the curing room  for 24 hours 
sin ce  it is assum ed that the surface o f  the m aterial particles w ou ld  be saturated with  
m oisture. Then, the cups w ere w eigh ed  and recorded the n ew  w eig h t (Rachakornkij,
20 0 0 ).

3 .3 .2 .6  Functional Group

The F T IR  sp ectroscop y analytical techn iqu e can identify the presence  
o f  ab sen ce  o f  functional groups w ith in  a m olecu le . The class or type o f  com pound can  
be deduced , although p ositiv e  identification  o f  the exact com p osition  o f  the unknow n



75

is not a lw ays p ossib le . T he p ossib le  functional groups o f  b agasse  and b agasse fly  ash 
w ere determ ined by Fourier Transform  Infrared Spectrom eter (FT IR ), Perkin Elm er, 
1 7 6 0 -X  at the S cien tific  and T ech n ological R esearch  E quipm ent Center, 
C hulalongkorn  U niversity .

3.3.3 Removal Study

3 .3 .3 .1  R em oval Procedure

R em oval stud ies w ere conducted by the batch tech n iq u e to  obtain the 
data. A  series o f  50 -m L  p lastic  con ical tubes w ere used. T he tubes w ere  shaken at 
room  tem perature (2 7 ± 2 °C ) and the shaking speed w as 125 rpm. T he pH  values o f  
so lu tion s w ere adjusted by addition o f  H N O 3 and N aO H . T he filtrate solution  w as  
analyzed  the h eavy  m etal concentration by A A S. The rem oval experim ents w ere  
carried out as sh ow  in T able 3.3 .

3 .3 .3 .2  A dsorption  Isotherm

A d sorption  isotherm s for Pb(II) and Cr(VT) onto b agasse  and b agasse  
fly  ash: set experim ent at the suitable condition  found in the p revious experim ent. 
T his study used  L angm uir and Freundlich isotherm s to  d escribe the lead and 
chrom ium  adsorption  onto bagasse and bagasse fly  ash.

3 .3 .3 .2  E quipm ent

A  P erkin-E lm er m odel 800 A tom ic A bsorption  Spectrophotom eter  
(A A S ), as sh ow n  in F igure 3 .1 2 , w as used for lead and ch rom ium  analysis. A ll o f  the  
m easurem ents w ere m ade under optim ization  o f  w avelen gth , bandw idth, air/C 2H 2 

flam e, d etection  lim it 0 .05  m g/L . pH  meter m easurem ents w ere  obtained u sin g  a 
digital pH  m eter C onsort m odel c  830  (Figure 3 .13 ). A n  DCA H S 501 shaker, as 
sh ow n  in F igure 3 .1 4 , w a s used  for all adsorption experim ents.
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3.3.4 Solidification/Stabilization Study

3 .3 .4 .1  Procedure and Equipm ent

T he type I Portland cem ent w as used  as the m ain binder in the 
experim ent and w as m ixed  w ith  water and aggregates by m ixer (H obart) as show n in 
Figure 3 .1 5 . A ccord in g  to A ST M  c  192, aggregate and approxim ately 70%  o f  total 
m ix in g  w ater w ere  added to the w etted m ixer. Then start the mixer; cem en t w as added 
sim u ltan eou sly  w ith  b agasse or bagasse fly  ash b ecau se it w a s considered  as insoluble  
m aterial adm ixture that had an am ount exceed in g  10% by w e ig h t o f  cem ent. The 
rem ain ing m ix in g  w ater w as gradually added to  ensure the uniform  blending. 
H ow ever  the total m ix in g  tim e w as dept low er than 10 m inutes. A fter m ix in g, it w as  
used  to con so lid a te  the concrete into the 5x5x5 cm 3 cu b ic  m ould (F igure 3 .1 6 ) and 
w as taken to  an a lyse com p ressive  strength at appropriate tim e by 3 0 -to n s com p ressive  
strength test m achine (F igure 3 .1 7 ) according to the A S T M  standard. A fter 24  hours, 
all o f  the sp ecim en s w ere dem oulded and cured in the m oisture room  until the tim e o f  
testing.

3 .3 .4 .2  C om pressive Strength Test

C om p ressive  strength is the m ost im portant com m on ly  concerned  
property o f  hardened concrete, because other properties such  as bonding or durability 
are related to  the com p ressive  strength. For ร /ร  product, strength-test va lues indicated  
h ow  w e ll a m aterial w ill hold up under m echanical stresses caused  by overburden and 
earth-m oving equipm ent. Strength-test data also are o ften  used  to  provide a baseline  
com parison  b etw een  unstabilized  and stabilized w astes. U n stab ilized  w a ste  materials 
gen erally  do no exhibit g o o d  shear strength; h ow ever, i f  the w aste  is stab ilized  into a 
con crete-lik e  form , the strength characteristic can be exp ected  to increase  
sign ifican tly . Strength test, unconfm ed com p ressive strength, in th is study fo llow ed  
A S T M  c  109-95 .
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3 .3 .4 .3  L each in g  T est

L each ate extraction procedure described in the N o tifica tio n  o f  M inistry  
o f  Industry N o .6, B .E . 2 5 4 0  (1 9 9 7 )  w as used  to determ ine tox ic ity  o f  L eachate. This 
test d oes not determ ine total elem ental contents o f  the sp ecim en s, but it ind icates the  
leach in g  potentia l o f  e igh t elem ents; nam ely, A rsenic (A s), barium  (B a), C adm ium  
(C d), C hrom ium  (C r), Lead (Pb), M ercury (H g), Selem ium  (S e), and S ilver (A g). The  
m axim um  p erm issib le  concentrations in L eachate from  tox ic  w a stes have b een  set at 
100 tim es the drinking Water standard. The Leachate standard for lead and chrom ium  
is 5 .0  m g/L  both  (Peralta et al. 1992).

In this test, first, reduce particle s ize  o f  the w a ste  to  sm aller than 9.5  
mm. The extraction  flu id  m ade w ith  80%  o f  sulfuric acid and 20%  o f  nitric acid in 
d eion ized  w ater to  a pH  o f  5 .0  w h ich  is selected  to m im ic con d ition s in a synthetic  
precipitation. T he crushed m aterial is m ixed  w ith  extraction fluid in a liqu id-to-so lid  
w eigh t ratio o f  20 :1 , w h ich  based  upon the alkalinity o f  the w aste. The extraction  
v esse l is rotated at 30  rpm for 18 hours by agitator as show n in F igure 3 .18 . The final 
step is L each ate separation by filtered through a 0 .6  to 0 .8  pm  g lass fiber filter, 
sam ple preparation, and analysis w ith  A A S .
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Figure 3 .1 2  P erkin-E lm er m odel 800  A tom ic A bsorption Spectrom eter

Figure 3.13 pH  m eter C onsort m odel c  830

Figure 3.14 DCA H S 501 Shaker.
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Figure 3.15 H obart C oncrete M ixer

Figure 3 .1 6  C ubic M ould , 5x5x5 cm 3

Figure 3.17 30-ton s C om p ressive Strength T est M achine
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3.3.5 Construction Material Study

3 .3 .5 .1  Procedure and Equipm ent

The m ix in g  procedure, curing o f  specim ens and leach in g  test w ere  
sam e the details in 3 .3 .4 .1  and 3 .3 .4 .3 , as m entions above. In part o f  equation test, the 
m ould  w a s h o llo w  b lock  m ould and interlocking paving b lock  m ould as sh ow n  in 
Figure 3 .1 9  and Figure 3 .20 , respectively. In addition, the com p ressive  strength  
m easure by 50 0 -to n s com p ressive  strength test m achine (Figure 3 .2 1 )

3 .2 .5 .2  D ev elo p m en t o f  Equation

The Sigm aPlot®  2 0 0 0  version  6.1 , m esh p lot graph 3D  w as used  for 
d evelop  regression  equation. F igure 3 .2 2  show ed  exam ple o f  type o f  3 D  graphs; plan, 
gaussian , paraboloid , and lorentzain. Create a 3D  m esh graph sh o w  as fo llow s:

1. O pen the graph w izard by c lick in g  the toolbar Graph W izard button, 
by ch o o sin g  theG raph m enu crate graph com m and. The Graph W izard appears.

2. S e lect the type o f  graph that want to m ake from  the scroll b ox  in the 
d ia log  box. U se  the scroll bars to v iew  the entire list. S elect the desired graph, and 
then c lick  the N ex t  button.

3. S p ec ify  h ow  data is form atted by ch oosin g  the appropriate data 
form at from  the D ata Form at list. Select either X Y Z  triplet data, m any z  colum ns, or 
sin gle  X  and Y  co lu m n s w ith  m any z  colum n, then click  N ext.

4. S p ec ify  w h ich  w ork sheet colum ns correspond to the data for plot.
5. C lick  F in ish  to  create the plot and c lo se  the Graph W izard.

3 .2 .5 .3  T est o f  Equation

T he recom m ended  equations w ere tested for u se  by build  construction  
m aterials nam ely; in terlock ing  concrete paving b locks and h o llo w  non-load-bearing  
concrete. T he equations have three parameter; w /c  ratio, percent replacem ent and 
com p ressiv e  strength. T est o f  equations by set percent rep lacem ent and com p ressive
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strength and then find out w /c  ratio from equation. A fter curing tim e at 3, 5, and 7 
days, m easuring com p ressive  strength w hich  m ean actual strength. M ean w h ile  
com p ressiv e  strength va lu e w h ich  set in first tim e m ean as predicted strength.

F ig u r e  3 .1 8  Rotary A gitator

F ig u r e  3 .1 9  H o llo w  N on -L oad -B earin g C oncrete B lock  M ould

Figure 3 .2 0  Interlocking C oncrete P aving B lock  M ould
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Figure 3 .21  50 0 -to n s C om p ressive Strength T est M achine

Figure 3 .2 2  T yp e o f  3D  Graphs (a) P lan, (b) G aussian, (c ) Paraboloid, and (d) 
L orentzain
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