
CHAPTER ra

METHODOLOGY

3.1 Chemical and materials

1. Synthetic fly  ash com p osition
2. Ethanol
3. D istilled  W ater
4. M ix in g  o f  L iO H  and LiCl solution
5. M ultichannel Pum p
6 . T w in  Tim er

3.2 Preparation of Material

S in ce  fly  ash m ineralogy is h om ogen eou s in nature, it is  d ifficu lt to separate 
the real fly  ash into d ifferent phases. Fly ash u sed  in th is research w as prepared w ith a 
sp ec if ic  ratio o f  Ca0 /N a 2 0 +K 2 0 . A s m ention  in  theory, f ly  ash is com p o sed  o f  both  
the g la ssy  phase and crystalline phase. O nly the g la ssy  phase in fly  ash  w as studied  
here s in ce  it can contribute constituents for p ozzo lan ic  action.

T he g lass used  in this experim ent is  a  m ixture o f  S iÛ 2 , F e2 Û 3 , AI2O 3 , N 2 O, 
CaO , M gO , and K 2 O. T he ratio o f  S i0 2 /A l2O 3 /F e 2 O 3 w as d eterm in ed  by taking the  
average o f  various f ly  ash sources as show n in T able 3.1 and T able 3 .2 . The ox id es  
w ere m ix ed  in  d ifferent com p osition s w ith  a fix ed  ratio o f  S i0 2 /A l2 0 3 /F e 2 0 3  at 5:2.5:1. 
T he ratio o f  C a0 /N a 2 0 +K 2 0  w ere varied at 1:3, 1:1, and 3:1 for c la ss  F and at 1:3, 
1:1, 3 :1 , 1:10, and 10:1 for c la ss  c  with the equal part o f  N a 2 0  and K 2 0 .  T he m ixture  
co m p o sitio n s  o f  synthetic fly  ash w ere p lotted  in  the ternary diagram  as sh ow n  in 
Figure 3.1 and their m ixture com p osition s are sh ow n  in T able 3 .3 . T h e m ixed  ox id es  
w ere m elted  in a platinum  crucib le at 1450 ๐c  (Jiricka and H elebrant, 1998). T he soak  
tim e w a s 2 hours in order to  ensure the com p letion  o f  the h o m o g en eo u s m elting. Then  
they w ere q u enched  im m ediately  to  create the g la ssy  form  o f  the f ly  ash.



Table 3 -1 : F ly  ash  com p osition  from  various sources (C lass F)
(C om m ittee  o f  C iv il E ngineering Departm ent, 20 00 ) CaO  < 1 0  %
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Fly ash Chemical composition (%)
S i0 2 AI2O3 Fe20 3 MgO CaO Na20 k 2o

FA-4 58 .5 19.9 5.6 1.7 6 .7 1.5 1.3
FA-5 60.1 27 .8 3.8 1.0 0 .7 0.3 2 . 8

FA-7 5 6 .0 25 .7 8.3 1.1 1.7 0.3 2 . 8

FA- 8 4 9 .0 2 1 . 8 17.9 1.0 2 .4 0.4 2 .7
FA-13 4 5 .0 19.6 23 .9 0.9 1.7 0 .4 2.3
FA-14 4 7 .7 29.5 9.7 0.7 1.9 0.3 1.9
FA-15 5 2 .7 28 .6 5.8 1.0 1.3 0.3 2 .4
FA-16 50 .6 27 .6 8 . 2 1 . 0 1 . 6 0 .4 2.5
FA-17 4 9 .8 2 1 . 6 7.0 1.7 7.5 2 . 8 0 .7
FA-18 4 3 .6 26 .0 16.6 0.9 2 . 2 0.3 1.9

Average 51 .3 24.81 1 0 . 6 8 1.1 2 .7 7 ' 0 .7 2 .13

Table 3-2: F ly ash com p osition  from  various sources (C lass C ) 
(C om m ittee  o f  C iv il E ngineering Departm ent, 20 00 ) CaO  > 1 0  %

Fly ash Chemical composition (%)
S i0 2 ai2o 3 Fe20 3 MgO CaO Na20 k 2o

FA-1 36 .3 17.7 6.7 4.6 25 .5 1 . 6 0 . 6

FA-2 (a) 3 8 .8 13.4 12.5 1.5 15.5 0.5 1.9
FA-9(a) 50 .5 17.7 6 . 6 3.4 1 1 . 6 3.5 1 . 2

FA-lO(a) 3 5 .9 17.1 5.6 5.1 28 .2 1 . 8 0.5
FA-11(a) 5 1 .4 16.9 5.8 3.5 16.9 0 . 6 0 . 8

Average 4 2 .5 8 16.56 7 .44 3.62 19 .54 1 . 6 1
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S i0 2+Al20 3+Fe20 3

CaO N a20 + K 20

Figure 3 .1 : Ternary diagram o f  synthetic fly  ash

Table 3-3: M ixture com p osition  o f  fly  ash (%  b y w eig h t)
Sample SiOî AI2O 3 Fe20 3 MgO CaO Na20 k 20

FI 4 1 .9 23 .6 8.5 1.7 6 . 0 9.2 9.1
F2 4 1 .9 23 .6 8.5 1.7 1 2 . 2 6 . 0 6 . 1

F3 4 1 .9 23 .6 8.5 1.7 18.3 3 .0 3.0
Cl 28 .5 15.0 5.9 1.7 12.3 18.4 18.2
C2 28 .5 15.0 5.9 1.7 24 .5 12.3 1 2 . 1

C3 28 .5 15.0 5.9 1.7 3 6 .7 6 . 1 6 . 1

C4 31.5 17.7 6.4 1.7 38 .9 1.9 1.9
C5 31.5 17.7 6.4 1.7 3.9 19.4 19.3

A fter  co o lin g , a few  p ieces o f  syn thetic  g la ss  w ere set a sid e for further 
experim ents. A nother portion w as broken up m an u ally  in to  sm all fragm ents and w as  
then crushed  in  the d isc m ill, w hich  w as m ade o f  tungsten  carbine, to  obtain the 
pow dered  form . T o obtain fly  ash w ith  a c lo se  particle s ize  range, the fly  ash was 
siev ed  w ith  s iev e  num ber 20 0 -32 5  m esh , w h ich  y ie ld ed  the required size  o f  45-75
m icron.
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3.3 Characterization of synthetic glass

A fter the synthetic p rocesses, a determ ination o f  syn th etic  fly  ash ’s 
characteristics shou ld  be done to confirm  whether they are tota lly  in the g la ssy  phase  
as w e ll as to  assure that the factors that affect leach ing w ere controlled . T he seven  
m ethods used  for in vestigatin g the physical and chem ical characteristic o f  fly  ash  are 
d iscu ssed  b elow .

3.3.1 Appearance of synthetic fly ash

T h e appearance o f  tw o  types o f  synthetic fly  ash, c la ss  c  and cla ss F, w ere 
com pared  after m elting. C olor d ifferences, h om ogen eity , and the m eltin g  b eh avior in 
general w ere observed.

3.3.2 X-Ray Diffractometer (XRD)

X -ray d iffractom eter (X R D ) is used to identify the proportions o f  the d ifferent 
m inerals present, as w ell as the degree o f  crystalline o f  the m inerals' present. Each  
m ineral type is d efin ed  by the characteristic crystal o f  each  structure, w ith  a unique X - 

ray d iffraction  pattern, a llo w in g  for the rapid identification  o f  the m inerals present 
w ith in  the material. T he fly  ash  w as ground to a fine pow der ( le ss  than 45  m icrons). 
A n an g le  from  10 to  70  degrees w ith a scan speed  o f  5° per m in  w as used. The 
softw are used  w as D Q U A N T . In this research, the X R D  w as u sed  to  determ ine the 
presence o f  the crystalline and am orphous phases in synthetic fly  ash.

3.3.3 X-Ray Fluorescence Spectrometer (XRF)

T he ch em ica l com p o sition s o f  prepared m aterials w ere d eterm in ed  s in ce  there  
m ight b e  so m e lo ss o f  substances during th e m elting. Thus, d eterm inations o f  the 
ch em ica l com p o sition s after m eltin g  w ere done. The synthetic f ly  ash  w as an a lyzed  
by an X R F  spectrom eter to m easure the bulk chem ical com p o sition  o f  the m aterials. 
T he syn thetic  fly  ash had b een  ground to the fine pow der, le ss  than 45  m icron. The
0.5 gram s o f  sam ple w as m ix ed  w ith  4 .5  gram s o f  boric acid. T h e m ixtures w ere  
pressed  in alum inum  cups at 150 kN  for 1 m inute before the tests. T he X R F  m od el, 
Bruker A X S / S R S 3 4 0 0  w as u sed  to  determ ine the bulk ch em ica l com p o sition s.



20
3.3.4 Porosimeter

Surface area is an essential factor a ffectin g  the lea ch in g  rate o f  syn thetic  fly  
ash. T hus the surface area o f  the pow dered sam p le w as m easured  usin g a Porosim eter, 
w ith  n itrogen  gas as the absorbate. N itrogen  gas w as adsorbed by a sam ple at the 
b o ilin g  p oint o f  nitrogen to determ ine the surface area. T he an a lysis m odel w as SA  
3 1 0 0  A n alyzer , T he C om pact Coulter™ .

3.3.5 Particle Size Analyzer

Particle s ize  is  other parameter controlling lea ch in g  behavior. A  particle size  
analyzer w as used  to consider the particle s ize  distribution. T he g lass pow der was 
in vestigated  by a w et system  w ith  the RI equal to 1.5. T he an a lysis m od el is the single  
narrow m od e, M astersizer 2 0 0 0  V er.4.

3.3.6 Density

T he d ensity  o f  the g la sses w ill be m easured by fo llo w in g  the A S T M  B 3 1 1-93 
( 2 0 0 2 ), w h ich  is the test m ethod for the d en sity  determ ination o f  pow der m etallurgy  
m aterials. T h is m ethod is based on  A ch im ed es’ principle. It can  b e assessed  by  
fo llo w in g  the fo llo w in g  formula:

Psample — [Mdry / (Mdry-Msuspeทded)] x pwater.................................................  (1)

W here Psample is the g lass density (g /m 3), Mdry is the dry w eigh t o f  the g lass  
sam p le (g ), Msuspended is the suspended w e ig h t o f  the g la ss sam ple w h ich  is subm erged  
in w ater (g ), and Pfluid is  the density o f  the im m ersion  water.

3.3.7 Refractive Index

The refractive in d ex  o f  a g lass is d irectly  related to  its ch em ica l com position . 
T hus it cou ld  be u sed  to  characterize the reactiv ity  o f  a particle. T he sm all p iece  o f  
g lass (~ 5 m m x 5 m m x 2 m m ) w as touched  the RI standard so lu tion  and then w as put on  
the prism  o f  the refractom eter. The refractive in d ex  w as directly  read from  the scale.



3.4 Modified Single Pass Flow Through (SPFT) method

In th is exp erim ent, the s in g le  pass f lo w  through (SP F T ) m ethod  (M cG rail et 
al., 2 0 0 0 )  w a s se lec ted  to  test g lass leachability . The p rocess w as m o d ified  as the fly  
ash particle w a s very  fine. The p rocess is described  as fo llow s.

2 1

3.4.1 Sample Preparation

T he pow dered  sam ple w as w ashed  in d eion ized  water (D IW ) and rinsed in 
ethanol to  rem ove any adhering particles. The sam ple w as dried in  a 9 0  ° c  ov en  for 
an hour and kept in  the desiccators for later laboratory work.

3.4.2 Method

The SPFT tests w ere con d u cted  in a filter holder reactor w ith  a total height o f  
18 cm . T h is reactor is com p o sed  o f  3 p ieces screw ed  together: 2 5 0  m l in  the upper 
cham ber, an 11 .25 cm 2 filter area, and a 2 5 0  ml receiver. A t th e top  o f  the upper 
cham ber, there are 3 ports that a llo w  for vacuum  lines or syringes.

T he p ow dered  fly  ash  w as put at the upper part o f  the reactor w ith  a leachant 
vo lu m e o f  10 cc/gram  o f  sam p le m ass. N itrogen  gas w as a llo w ed  to  f lo w  con tin u ou sly  
through the reactor to  prevent C O 2 interference in  the system . A lso , the buffer  
leach in g  so lu tio n  w a s put into the upper cham ber w ith  a very sm all f lo w  rate at 2 0  

m l/day. In th is experim ent, a m ultichannel pum p and tw in  tim er w ere u sed  to  ach ieve  
th is f lo w  rate. T he m ultichannel pum p w as adjusted to  0 .5  m l/m in . T he tw in  tim er  
w as con n ected  to  th is pum p to control the pum p operation. It w as set to  sw itch  on  the 
pum p for about 2 0  secon d s and to sw itch  it o f f  for about 12 m inutes. T h is con d ition  
w as repeated  a lon g  w ith  the experim ent.

T he pH  u sed  w as 11.5, 12, and 12.5, as th ese  va lu es are w ith in  the typ ical 
range for con crete  pore water. Furthermore, above a pH  o f  11, s ilica  solub ility  
increases and the C a(O H )+ sp ec ies  b egin  to dom inate Ca2+. B oth  o f  th ese  e ffec ts  could

ห อ ส ม ด ก ล า  ̂ ส ำน ัก ^น ว ํท ย ท ร ้พ ย าก ร  
'  ร)ฬาลงกรณ ม ห าวิทย1^ข
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be sign ifican t factors in fly ash leach ing rates. The alkaline so lu tion  w as prepared 
from  LiCl and LiOH. The efflu en t from  the leachability  test w as p assed  through the 
filter area and w as co llected  by the receiver at the bottom . The pH  o f  the solutions 
w as ch eck ed  to ensure that it is m aintained constant throughout the experim ent. The 
sch em atic  diagram  o f  the SPFT experim ent set up is show n in the fo llo w in g  figure.

N i ou t

Figure 3 .2 : S chem atic diagram o f  the SPFT experim ent set up

B lank  so lu tion s w ere analyzed for th e background concentration. The first 
co llec tio n  o f  each  experim ent w as at the b egin n in g  and the h o ld in g  tim e for each  
sam p lin g  w as 24  hours. G eneral inform ation on  the m aterials u sed  and the conditions 
for each  experim ent are show n in Table 3.4
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Table 3.4: G eneral inform ation on the m aterials used and the con d ition s for each  
experim ent

Materials used and condition Setting parameters
P ow d er fly  ash 1 g
H old ing  tim e for each  sam pling 1 day
H old in g  tim e for each  experim ent 28  day
A lk alin e so lu tion  f lo w 2 0  m l/day
N itrogen  gas f lo w 1 0 0  m l/day

A fter sam pling, the reactor w as rinsed w ith  20  ml o f  d e io n ized  w ater to  
rem ove the com p onen ts that m ight be attached inside the reactor or on  the g lass-  
pow der surface. S in ce  the sam ple solution  w as a strong b ase and had a high a lk aline  
content, the rinsed w ater w as then used for the dilution o f  the sam ple.

T he in d u ctive ly  cou p led  plasm a (IC P) m ethod w as u sed  to an a lyze  the  
leachate. T he ICP m od el used  w as the V IS T A -M X P / C C D  S im u ltan eou s IC P-O E S  
and the softw are u sed  w as the ICP Expert. F o llow in g  the sam p le co llec tio n , the output 
so lu tio n s w ere a c id ified  im m ediately w ith concentrated nitric acid  to  a pH <2 (u su a lly
1.5 m l con e. H N O 3/L  sam p le) to preservation the aqueous m etal sam p lin g  fo llo w  the  
standard m ethod s for the exam ination o f  water and w astew ater, 1995. A fter  
acid ifica tion , they w ere refrigerated at 4  °c and subsequently  an a lyzed  b y  the ICP. 
O nly the s ilica  o x id e  released  w as o f  concern because it can represent as the leach in g  
rate sin ce  the rate-lim iting reaction o f  g lass is the h yd ro lysis o f  s ilo x a n e  bonds  
(A braitis et a l., 2 0 0 0 ). H ow ever, the other released  o x id es  w ere  m easured  for m ore  
accurate result interpretations. The f lo w  chart o f  this experim ent is  sh ow n  as fo llow s:
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Figure 3 .3 : Experim ental f lo w  chart
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