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A study of influence and applicability of modified fly ash obtainedittation method
on properties of recycled aggregate concrete

ABSTRACT
I n general, this paper starts with the devel opme
i ndustrial standards by redubosg htame coadc baonrd dinytse
propertieswioh doh€teetat proportions and differen

experi ment s, compared with nor mal concrete and &
bet ween some of t haersiengprtohpee rmd aessur eBnye nctosmpof compr
shrinkage, static modulus of elasticity and dynan
predicted values of drying shrinkage ofathiiogph str e
of fly ash in concrete after decar bomiszfdnteison usi
above results show that the application of MFAS

feasi bl e.

CHAPTERRESIEARCH BACKGROURPOASKED OF TH&c 8F&®HYon t he
production of fly ash and the hazards, briefly de
di scusses the development status of the flotatior
CHAPTERREVI OUS LI TERATHERIEN IRECVEl sEtW bed ucurrent status
on fly ash concrete at home and abroad. The devel
reflected through the development of fly ash fl ot
ash.

CHAPTERESSREH METH®DDNnly describes the experiment al
includes the devel opment process of the flotatior
introducing the devel opment method of the new eqglt
CHAPTEREYELOPMENT AFI GMNLODEVI CE FOR REMOVI NG UN
CARBON I N FLY ASH FOR USE I N HARDENE®n CEMENT | {Th DU
We devel oped a prototype device for removing unbu
met hod and examinedot hehe pmHeritmeangtexlolnyd.i ti ons
CHAPTEERFFRBECT OF | NCORPORATI NG FLY ASH AND RECYCLEI
ON PROPERTIES AND CUMULATI VE PORBD nOLuWME QM aGONCR

I ncorporating RFA or | ow amount ofbuUtA talkei nto con
compressive strength of concrete incorporating ar
concrete without FA as the age of concrete increa

CHAPTEAR S6TUDY ON PROPERTI ES, STATI C AND DYNAMI C EL
RECCLED CONCRETE UNDER THE | NFL UE NCdeEn cOFu dveOodD I tFH a&tD
The relationship between the compressive strengtt
by an equation derived based on the formula of ec¢
CHAPTERTRENGTH AND DRYI NG SHFITNREAGEH HOFCONNICRHE T E

WI TH RECYCLED AGGREGATES USI NG FLY ASH WITH THE F
DECARBONI ZAdh ©OINlbhdBeyd comparing the predicted for mul
the predicted formuetaaofuAClvabuthefctbsestexperth
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A study of influence and applicability of modified fly ash obtained by flotation method
on properties of recycled aggregate concrete
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1 Bhckground
1.1.1 Production and harm of fly ash
FI'y ash is a type of mineral subé&tanaoefditracad clbas

power plants by spraying pulverized coal wi th
combustion. Dust col-temperatuhenf okl gas that hrt gt
It is a solid washe phatess pfoducedng coal, and

of changes that occur in the minerals that are foc

Picture 1.1 Fly ash [ 1]
The value of fly ash is gradually beimg bedchgni z

at home and abroad. I n particular, the comprehen
recent years. This can be attributed to the fact
Asia has a very hdamhr ptee fcarpida@alc.onBhuenpmdj ori ty o
as their primary fuel source. The growth of the |
ventures between the coal and el ectrirciistey iinndiuhset r
amount of fly ash emissions. Exploitation brings
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entage (%)

erc

Perc

= World Austrilia @— Japan

e hina e (2T TANY France

—e— UK = India ——US

e e (China's share on total ® e e e e (China's share on coal-fire
Fig 1.1 Pr ofpioread omowdr cpeadier ati on to total power
As a result of the situatieenatnmiat ne oithtes kotumti
gradually coming to recognize the value of fly as
in recent years in the wuse of fly ash in its comp
samet b at home and in other countries where peopl
high rate when compared to population in Asia. C¢
of power plants, which caexpendioamdofali heveowerth e
encouraged joint ventures between the coal and e
increase in the amount of fly ash emissions. Thi
ventures beaweaemdtlkd ectricity industries. The e

emergenceaewlf pbrodn & ms
Table 1.1 Generation and utilization of-Bgh in different countries.[3]

Country Fly-ash production (million  Fly-ashutilization (%)
tons per year)

India 112 38
China 100 45
USA 75 65
Germany 4 0 85
UK 15 50
Australia 10 85
Canada 6 75
France 3 85
Denmark 2 100
Italy 2 100
Netherlands 2 100

At t he moment, popul ati on, resource depletion, a
every nation must contend with. The environment
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|l arge, and there is alrrerasdguracd ot DHe sdomp me bern gl
fly ash, which accounts for the | argest discharge
with regards to the economy, the environment, an
opeiroanta | prioritter rbudt radtsengiac liosmggue f or t he sake ¢

Qil Field
Waste  Agriculture Services |jisc.
Stabilization ~ 0-1% 25% 239
Mining  9.4%
Applications
9.0%

Blasting Grit
.05%
0.05% Concrete
Soil 50.8%
Modification SN
1.3% 13.3%
Road Base Blended
0.8% ; Cement

9.8%

Flowable Fill
0.6%

Fig 1.2 Coal fly ash use in 2012 in the

FIl'y ash #d k& minhesalri al waste residue that poss
obtained by injecting pulverized coal into the fu
a cfoiarled power plammpeoapuoedutbudi ghs, and it [
coll ector. When pulveinzethecbdbalrnpaeti ¢chestampebat

1300 degrees Celsius, and the byproducts take the
in the flow of air by the action of turbulence,
many different gas components that are present i

pressed to these droplets from all directions as
gas. As a result, thaeiirmsmnrtfarcssi carant ®efacr wid hs g he
of cooling of small droplets is quick, and they
droplets is sl ow, and crystals can form inside o
whi cehn tfhor ms hol |l ow spheres of var ywalgl evda| H o ltlhd v k
spheres have the potential to shatter into fragme
fly ash formation is a heteatod®md&o s dmiixt wroanptolsa
uneven particles.

There are roughly four stages involved in the pr
The first stage is when the air blows the pul vel
comlsti on process. This causes the volatile compc
bet ween the mineral and the fixed carbon, which r
The second stage is the compheaenedmbushionpofo
particles, which, along with an increase in tempe
porous <carbon particles to become dehydrated, di
which willuuttimatbéyfoemati on of porous gl ass.
The third stage: as the combustion process cont.i
due to the action of surface tension. As a resul:
the gteasespncand the particle size decreases, res
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with a high density and small particle size. Make
or expand at a stable speedAtt ot hfeorsmtamee holnmeow cnoor
gasi fication occur in the molten particles with |
gas is discharged outward at different speeds.
The molten sphere is expell edstadgengofwitthhe tphreo cfd s
it is rapidly cooled in the air, it solidifies in
the dust collection equipment for centralized di
atom. Thehemysalk phase diagram of silicate indic
results in the formation of crystalline substance
Steam ]
Stack

Tubes

Electrostatic Precipitators

Furnace

=

Coal Mill  Pulverized Fly Ash
Coal Furnace [ \

Bottom Ash

Picture 1.2 Schefmarteidc ellaeycoturti coafl ag ecnoearlat i ng

As a form @fulfveeali,zegr cworad i s currently utilized
power plants. When pulverized coal is introduced
fine particle fire mass in ordergtyoimakentlae nmos
di fferent types of raw coal have varying amounts
typically @ddcpemtcenffornfld he totadr giuméd tyu otf ¢ dlel
from the smokkgsermawi th dust collection faciliti
accounts iB6rpaboent70f the total mass of ash and
which are discharged into the aet nootshpehre rfeo rtnh roofu gehs
slag produced by a pulverized coal bgridiered sd kantow
that accumul ates at the bottom of the boiler The
which falktemiofothkebboter, and some form | arge b
from the bottom of the boiler, which is called bo
percent of the total ash. Thedeetfefrintiineensc yt hoef atnhoeu ndi
fine particles that are able to escape. FI'y ash
through an artificial process and does not occur
one coulodinefasr a "renewabl e mineral powdery resol
United States Department of the I nterior from 197
the country.

The production of a | aregeo cacnuopuantti oonf offl ya d sahr gree ¢
order to construct an ash storage yard, and the

and maintenance accounts for a significant portio
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eryewherol luting the air and the environment. As
ui pment must be invested in order to spray and
The potenti al dangers posed by fly ash can be
zar ds, and groundwater dangers. The extremely
come airborne in the presence of wind and contr
air pollution in thke metdaodadsuwhracundgi tariramdfiyl |
l' 1l ed | andfilling, and the | ocadtyiionngs aofe alsa nsdufcihl
unt ai ns.

More damage is done by runoff or by uan@rrgroun
ditive will cause soil alkalization and compact
the fact that fly ash is an alkaline substance

FIy ash takes up a significant portiocreamnfs,t he |
d causes significant damage to the ecol ogical g

has become one of the most significant factors

untry. 't i s yi napsehr aitni vae ctoompurtei hleinzsei vfel manner, a
rt of the strategy for sustainable devel opment
1.2 Classification and Decarbonization of Fly A2
e formation of fly ash drss,i ndrd di etntcee dc thayr ac twe rdies |
pes of fly ash can vary greatly. |t i's necessa
asons, including those having to do with the
vironment .

Jipanese Stand@ard Classification

Table 1.2 Chemical Composition and Physi

Il tem Grade Grade [IGrade
Density, mi n - - -
Speci fic sur 3000 3000 3300
I nitial sett
. 60 60 60
mi n
Fimaltting ti 10 10 10
Putt mehocfine fine fine
Stability Le Chateld]
10 10 10
ma X , mm
. 3d 12.5 10. 0 7.5
Compressive
. 7d 22.5 17.5 15. 0
mi n, N/ mm]
28d 42 .5 42.5 40.0
Mg O, max, 5.0 6.0 6.0
. S0O3, max, 3.5 4.0 4.5
Chemical req i
Loss on i¢
5.0 5.0 5.0
ma X , %
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American Standard Classificati on

Table1.3Chemi cal Composition and Physical Pr
Item
Fineness
Amount retained when wet screened on adfNo0.325) sieve, max% 20
Air content of slag mortar, max% 12
Sulfide sulfur(S), max, % 2.5
Slag activity index, min, %
7-Day Index .
Grade 80 é é
Grade 100 75 70
Grade 120 95 90
28-Day Index
Grade 80 75 70
Grade 100 95 90
Grade 120 115 110
I n Chinastsamdadrdnalkly Ash for Odment hand|l omche
used as an admi xture for concrete and mortar i s &
are determined based on the flhhy @shdesfi Cémasss | ad
a sieve residue of Il ess than 12 percent and a | os
a |l oss on ignition of more than 12 percent.
Class 11 fly ash has a sieve 2®spdruece motf, 4a&md siqt
l oss on ignition that is |l ess than 8 percent. CI ¢
than 45 percent, and it has a |l oss on ignition t6F

According to the pdsadieblod ttdeclfdgsiafsyh,f liyy dsh &
which i s al so-akdnfavwsn iansg hausnhi,d iotry aged ash. This catf
of fly ash backfilling. When talking abeutof" modi
transporting freshly discharged fly ash to its fi
water.

Since the strength of fly ash after compaction

used for backdriddmergt ;ori modridereitnd ful fill these
meet particular strength requirements.
Because it is generally believed that aged as

requirement for its gtwuwueegdgthoramacikt iiési ggneAgkd)
for a significant amount of time before being put

aged ash make wup its equilibrium moisture content

This classificatthar digsnsiphbapedtgnof hdl gelafsh, bu
di sagree with it. These researchers believe that
selhdrdening properties, and therefore, this ¢l as
apppopriate to divide fly ash into dry ash, wet as
content of fly ash. Dry ash, wet ash, and ol d ast

The term "dry ash" refers to newbyldngehat gad &
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mont hs and has a moisture content that is no hig
storage does not have a significant impact on the
ash.

Wet ash is Bmbesrfmml yhashdebat has had a specific
the discharge process. This type of fly ash al so
than 3 percent after it has been treated.

Chen ash is anebhhéhabhamasf beehl gtared outside
particular kind of fly ash is expelled dry, it al
fact that it absorbs rainwater orngngtmoesdture tF

The equi pment t hat is used is the primary det
Electrostatic dust collection is typically wutili i z

El ectrostatic precipaintatadr pra&ce psttpenrer i hot me
collect fine fly ash particles. These finer dens
electrostatic precipitators are superior to meche

The coll ecmedl étyrashatfiro precipitators can be
electric fields according to the difference in t
the -ltehviegld el ectric field i s oxfcetlheenfti nreisnterpadr taidemi
cement concrete.

The carbon particles that are present in fly as
which is the primary reason for the negative i mp
ut itliiozna of fly ash. The carbon particles | ower t
density, the carbon particles float to the surf ac
in an uneven distribution of the concrete and cer

At heoretical foundation for the separation of f
contain a higher concentration of carbon particle
from the finer ones.r yT hfee w icnaer bpoarr tpgarlddisc tl geosrt tean am ta
and concrete admi xtures. The carbon particles ar.
are contained in the sorted coarse particles hav
pan cles are capable of being separated through ad
a higher added value because they can be used for
carbon black. Wait.

FIy ash is nowusbnasdempdrtanbea component of
aggregate, water, and admi xture. Fly ash has emer
the residual carboantnafhyngsagent §, adbktolcdy fan drdt |
resistance of the concrete. FI'y ash is considerec

This adsorption characteristic is a key factor
in concrete and the amount of ashl oWwahgnebkbdseet bhat
determine the amount of r esdmrturadi rciamdg oang darhtait (i) a

capacity of the fly ash is increased when the car
capacity ofs timereaslkedn when the specific surface

adsorption capacity of the carbon is increased wh
which in turn increases the taivaan | aadac iptoy.e Isnu rgfeanc
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with a carbon content that is higher than 5 to 6
meet the standard for Class | ash in my country
accordingriteonctense ocefx ppeeopl e i n other countries. Co
i's very important in order to increase the util i z
Due to certain technical di fficawdadli etshatn iexcomnoe
power plant boilers that burn anthracite or infer
This |l eads to an increase in the carbon content ¢
20%. Every ytemamrs onfi |doalnsarod | ost as a result of
results in the wasteful |l oss of wvalwuable coal r e s
I n addition, the | arge quantd tan oifnacrag e itrh atth
of fly ash that is discharged. Further mor e, and
nburned carbon in fly ash wil!/l make it difficul
onducive to tthree emrvad treomtmeant @afnd has a negative i
sh resources.

It is necessary to decarbonize fly ash in order

T~ 0 —To0o o s —~—~ o
~+ OO0 n KKK T IS T T o5

owering the amount of carfbornathatn imetdondt ciame d yif

=)

SO = 0 0 T

Q ® ©Q T DO D QO T nw < O

—

conjunction with the decarbonization method.

he difference in the hydrophilic properties of
flotation method, whichnsepaohtestbhei swadtded
ch as diesel oil, for example), the hydrophobi
orbed on the air bubbles that are generated by
e liquid to form a mineralized foam | ayer, whi
rophilic are not used in the tailings process
nt, to the mortarensiondef tberwduee. tTli suiré$ a
stability of the air bubbl es.
ly ash is used in the electric separation met
n carbon particles, whicht had |ionnfsl u ewnocteb aogfe paa r hai
ctric field. This is the fundament al i dea behi
t does not conduct electricity, whereas car bon
a cioromhkharlectric field, when the fly ash acgq
ich have excellent electrical conductivity, re
i nder . This is because thel cdgbonfiempblset sue
inder by the combined effects of gravity and t
then deposited into the conductor preduct gr «
ductingofwly ds§bsi pased on the surface, and as

n
a

t charge because of the action of the electric
is first brought to tHd ndeak afndt hehequriftade

nomonductor product trough by the discharge brush
eparated

S

10
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ﬂy ash Reagent

\L r Column

separator part l
E— iy Wm—
(4]
A Froths
Peristaltic
Pump

Mineralization part

Capture

one of pipe flow l e

Cyclone

Micro-bubble
separator part

generator

Pump

) Circulating

Tailings ) pump

Fig 1.3 Schemadgtiat iobuththtee afylcd toamtiicon col umn ( FCS

As
Know
is h
thro
ot he
Thr
t he
| oss
det e
FIl o
di ff
comp
coal
mi xt
risi
t he
t he
acco
occu
out

atresulfesearch into the physicochemical pr ope
that the majority of the unburned carbon in
ydrophobic and | ipophc¢tiweitwndThits piosfs@rsmatsi ¢

ugh the study of the aforementioned propert:i
r fly ash particles.
ough the use of froth flotation,bytutésl peaessgh

di fferences in the surface's physical and c¢hi
on ignition of the raw materi al fly ash, whi
rmined by ftlhet &axipem i metnhigd tvmiel | be used to de
tation is a method for separating coal and
erences in the surface properties mbtakt he ma
osition. The first step in the flotation pro
slurry with a predetermined amount of flota
ure into the fl oltas$ imouwn marmthd ntehe Tdier chabblpas t

ng to the surface of the ore slurry to form
foam scraper to produce carbon concgenttor at e;
air bubbles remain in the water, and this 1is
mplishes the goal of sorting by separating tl
rs at the two dndutihkraese oibngdes| fipadceeissé so,f asmod iidt
under the interact-pbasefisbéirfilacesqguid, and ¢

11
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Air

An agitator rotates and
disperses air into the mixture

Mixture feed
O Hydrophobic material
J Hydrophillic material

Collected

froth \

Hydrophobic
material is carried
to the surface by
bubbles of air and
forms a froth, which
is then collected

Hydrophobic Hydrophillic

material material

Fig 1.4 The process of froth flotati
Because of this, t he f | otpahtyisamwoghemésali and Wego
process, and the disparity in the degree to which
is a significant factor in the outcome of this
wettabi laittaypidnd yfltdhat are comparable to those of
carbon particles is between 60 and 70 degrees, wkt
about 10 degrees. Because gthker phetrcalbsnhpaet sono
froth flotation process are the ones that are abl
top of the mortar, while the other particles are
The surface tthaetei sounhhblaitobabbles is |l eft in
of the flotation agent, the wettability between
carbon particles can be separated from other part
The surface properties of unburned charcoal i n
of high temperature combustion and sudden water
unburned charcoal in fly athcespcompatianbbseof ounha
in fly ash have become more complex. |t has under
hydrophilicity of its surface. However, its flota

recoventy afmburned carbon through flotation some\
maxi mi ze the recovery rate when using foam fl otat

it is necessary to select exaweél amd $stoecmagi oanrte
and chemical properties of the flotation fly ash
strengthenings can be accomplished by selecting e

a means oft hdeetvearrmionuisngf | ot ati on processes and cher
process.

1.1.3 Research significance of fly ash concrete
FIl'y ash has been the subject of both scientific

12
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previousn clenltdu,r yt hd research conducted by Anon or
volcanic ash was presented in a paper that was pu
States. R. E. Davis was a pioyeagh iinn tdenarestearicr
a result, this research ushered in a new era for
FI'y ash was arclay eupedjierc tlsarbge k -vtohl eunme acnoda giutl awtais
because technol sgyhaandopeyrlte'adviachead t o the poi
such an endeavor. I't has seen widespread applica
some time, it was eventually used in theoeeagi nee.]
ti me, gradually realized that a significant quant
proven useful over the course of time as well. |
can improve somehef cbherptepennides hat turning fl
some of the raw materials used to make concrete.
di ssemination of concrete technologies with a di"
conservation projects in Europe, Asi a, and other
concrete in their construction.
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ople gained a better understanding of the chal
m the 19bhd®dslI®hOGougdnd came to recognize it as
s period of time. The majority of researchers
fly ash is involved in the cpbpagotabnhoprpcess
years, fly ash coefcfrectei wea,adamd |ac ebdeecminees mo
ncrete increased their investigation into ar
ughout eachntst atglee otff he@ewvye |l @fpmesi ng fly ash i
ever articulated in a way that was <cl ear. H
ence for the thinking and develtopkempt acfe |l at
1960s and 1900s, members of the gener al pub
demi cs, started to gradually accept this novel
crete technologhet canshascbeen osethi ghway pav
tative, in addition to a reduction in water
ive to concrete has been significatnhdy sped
The percentage of fly ash that is added t
is a significant amount of fly ash concret
tial of fly ash

let's tappepl achbob&natanhbdebenefits of fly ash,
As a cement substitute materi al to reduce t
ash, pozzol amg o¢or eaccati ev i @ fyf, e catncda nma nctriyopii cas | paues
partially or excessively replace cement. In o
regate effect are used as a cement substitute
gul ation. Whegukampaoedr i ehof the same streng
ssions can-1Bbe peedeane¢d whenl®he cement replacem
case even when the strength of thendoncrete
l'ization of this aspect is restricted due to t
ash, the output, and the process of transport
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I ncrease the early strength asemwetlt ¢ msett htehé

n strength; when used as a concrete admixtul
sh particles, and a hydration reactiron takes

strength aof stelpearcaan corne tnee.t hTohde waais used to obf
of 45 nm in order to improve the working pe
arly increase in strength of flty vatshhrecognamat
ot her methods.

As a cement substitute material to inhibit t

only ten percent of the hydrati en grhea dtaiysn o
rya mntoi edlflect occurs at the beginning of the &
e seen to be suppressed by replacing cement

l'y ash i s fwaelqgwme tc oyg quskeadt iiong |eamr geer der t o red
emperature cracks.

Because of the properties of fly ash fines
ificantly i mproved.

The incorporati on pooft efnltyi ads ht oi nitnoc rceocanscer etthee |
eterioration. I n a | ater stage, it owi || act

tion, and part eafgogrteguaitle fpillalyi ntch;e lrootéhd, coff tnh e
ease the integrity of the interior of the coc
ntitious material to undergo hydration react.i
capillary chanetés andskhotckntheepassage of o
l'y ash to concrete can improve its ability to
easing its durability. This eftfyectocrmnasibet atc
tration of external substances.

maj ority of the aforementioned research rel
ntitious material to replace cement ; however,
pendent material component that can be reseal
been analyzed, and the findings show that tF
conditions are the saannde,t hiencrlautdiion go ft hien gtryepdei e
ulation methods and results of fly ash stren
h they were tested, and as a result, they arce
4 Effentpobdbpétyi ashof recycled concrete

hani cal properties: At this time, there are
he topic of the mechanical properties of rec)
oncluseénndr awne Bhe outcomes of the tests, C
nding on aspects such as the manner in whict
cled aggregates were obtained, wanad tthe rpeplcen
in aggregates.

earchers Kurda [ 8] et al . investigated the e
anical qualities of recycled concrete made Wwi
se aggreg atoe .t hfec cfoirnddii ngs, the percentage of

ash contributes positively to the compressive

14
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ases with an increase inntglke i comtoegntveafy fllay
gth reaches its maxi mum when the percentage
trength begins to decrease. The primary pur
|l ed concmatel ywhesbhl s in increased compress
was able to realize. Because of this <c¢hemi
cts and aggregates can be strengthened, t he
s rcecawne nieedp and the performance of recycl ed
er, the amount of cementitious materials t he
ity of fly ash that is used as a substitute
rength of recycled concrete starts to decr
cement exceeds 10 percent, which is an indic
e modification of meckaeriacahepspp®rtitesal .An
verdict: the compressive strength of recycl e

nt higher than that of recycled concrete wit
Bt @0Owiptercent fly ash is significantly highe

ut fly ash, recycled concrete with 10 and 3
nally inferior to that of recycled concrete
se the "pozzolanic effect?” of fly ash can
ced by the cement hydration reaction, the r

with fly ash is signifrie¢d@&ntITheslamwdmortshBn et
l'y ash excess substitution method-dawy order
gth of recycl ed c ednacyr estter ewigtthho uotf frleyc yacsl he da ncd

sh. The resultdemofAstrated that the compressi
|l ed concrete experience a slight decrease wh
[ 9] et al. conducted r esrempeaerht iteos i ;mfversddywalte

ffected by the replacement rate of recycled
According to the findings of the study, the
eplatcemefit fly ash is | ower than 35 percent
cement rate of fly ash has a bearing on the
i mpact from the changresof Ifnl yadadsh iiomt a oc arha
to have some bearing, to a certain extent,
ue performance.

amount of dry shrinkage that concrete exper.i
re incorporated into the mix was investigat

i ficant amount of substitution has a good i

itory effect of gomdeolthdty ashgiadebili otiky
ate that the shrinkage of concrete can be |
rming a bending fatigue test on recycled co
se® ©d tamoordinary cement concrete test as we

fly ash. It has been discovered that the fa
with fly ash is not singrei foifc arnetg uyl adi fcfeemeenn
there is |l ess stress, there is not much of

15
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combined with fly ash is completely resistant to
The incorporationd odorfdryetaes hwiilnlt,o irnecaddieti on t
concrete's mechanical properties, have the potent
concrete, increase the concrete's compactness, a
permeati on. The researchers Guo [ 10] et al . ut il
investigate the impact that fly ash content has
penetration. Accordineg itoon tpheen eftirmadii nogns ,r etshestamlice
gradually i mproves along with an increase in the
there is only a small amount of fly ash present,
penetration of chloride ions.

The chloride ion natural diffusion test was use:¢
on the 1l evel of resistance offered by recycled
demonstrated ttihan dfhefliynwcaogtpoirmt o a materi al can
to the invasion of chloride ions; however, there
into the materi al before its ef fveadtuievdmdd s Isaegnems

bet ween 10 and 30 percent.
The resistance of recycled concrete to sulfate

which also has beneficial effects. They [ 11] bel
sulef @tor rosi on was at its best when the repl acemer
|l oss rate after corrosion resistance was not obv]
amount was 15 percent. Thei tsitacrucltaay er oifn thec y alt e
i mportant factor that plays a role in the sulfa
appropriate amount of fly ash is added to recycl
Ca(OH)2strystat e, i mprove thagmregastr dantterd acf
zone, i mprove the internal compactness of the
infiltration of sulfate. Al ofi arhexsfe fbleymeds h.s KAl
adding fly ash to recyeclhdd rd odrscurbentdet acngprr oipneprrt o vees , i
not i mprove the recycled concrete's ability to wi

The frost resistanceavebtigayeldetdtychancifdalé wasl coc
how recycled aggregate replacement rate and fly
revealed that the frost resistance of recycled coc
used as a substitute for cement increased. I n or
ability of recycled concrete to resist carbonatic
as recycled coarse aggwaesg aatles,o0 amidx endi nienr.a | Afatdemi xtth
resistance of the recycled concrete was analyzed.

I't is possible to significantly enhance the cartk
They also brought up thet fafttecthaoccechesopt i amafll ynm
percent. The addition of fly ash to recycled con
released during the hydration process. On the one
| owbosh the amount of cement required per unit v
during the hydration process. On the other hand

undergoes has the propertiesrodamoahtasefngi messAse

16
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amount of heat that is released by recycled concr
gets higher.
1.1.5 The elastic modulus of fly ash concrete

The Modulus of Elasticitylual so sBefmpltyel,tosadet¥
of the axial stress to the axial -axtiral nl dad [al 3n:
Concrete's Young's Modulus is one of t he most i
t hr ougehoeuntt itrhbe process of structur al design. This
properties overall. I't is common for building sp
attained in order to guar but éeitinlgat st satstsf act wn 3
def ormations that are not satisfactory. One buil
Two Union Square Building, which can be found in
stipathatedhe concrete's Modulus of Elasticity hact
When analyzing the deflection of a structure, Yo
The concrete structur al members need tloathawd am
l ongitudinal deformations and to guarantee that t

concrete structural members. When concrete strucHt
det er mi-niet W« hpr 6 mer tbasrefe without causing damage
to determine the compressive strength of a struc
samples to the point of failure befoempidrid¢adl ng
relationship between the compressive strength an
formula produces results that are excessively col
significantly hightercarhalnead et o eiqmud rreeads esd. reengtts a

Qs
‘—4‘?)-‘ §

@@ It

Plate Endings of the punch Acrylic protection
(superior) (superior)

ol ||

Plate Endings of the punch LVDTs supports
(inferior) (inferior)

Fig 1.5 Static elastic modulus [ 14]
Estimating the Young's Modulus of structures tha
accomplished with the hel pdeocsft raucwiide v arsitetny ¢ NI
Met hods such as wultrasonic pulse velocity met hods
wave propagation techniqgques are included here. Tt¥k
is frequeretdl t odibecgweat er than that of the stati
arises when attempting -g2tor &ian crud lagdtei Ednds hiCmncarethkee
the behavior of its gel stmucamuec reetasn d[ X hle. whlyi & h
relationship more difficult to understand. By 1o
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st rsetsrsain curve, one can calculate the static mod
|l oadi ng,dst hoef ndeytrheomi ¢ testing apply a very smal/l
experience any further deformations as a consequ:¢
This is considered to be the fundwmsnealtmdstr ealsway
demonstrates itself to.be greater than the statioc

Data acquisition softw lll‘l.‘\

Weight scale -
Computer

Aq;uhilimn

system

Prism specimen

Accelerometer

Weight scale

Cylinder specimen Impact hammer

T
(a) (b)
Fig 1.6 Static elastic modulus [ 15]
As was previously ment i-doensetdr,u ctthiewree aaprper caa cvhaersi etthy
in the process obdeosmpuwdct nge Ede stTihreg ( NDT) met ho
frequently to ascertain Ed are the vibration res
techniqgues. I't has been demonstrated that the ul
values than the vibration resonance methods do, \
also important to keep in mind that the shape of
the dynamic modul us. l gogéeheoalgh phiesmabice ske aims \
produce a higher dynamic modulus than cylinders t
|t turns out t hat the relationship between the
Modul uscomphucated, and its nature shifts dependi
are a number of factors that can affect the corre
used, the size and shape odredhe specimens, and t#h
As was stated earlier, Ed's identity can be &est
dynabmased tests. Pul se wave propagation and vibr
common fordmstofucnowve tesized (NDThet pbabcess ofid
concrete specimens. I n this particular investiga
additidepatroonive testing (NDT) method that is wi
E, inompues ng the compressive strength of concret
speci mens that are up to 35 percent of t-he stren
destructive testing (NDT) angdgoepuvahuadhndnsmephedst

The wutili zatdieosnt raufc ttitveese ersdan ng (NDT) techniques
Modul us, as well as the uniformity of the concret
in addi rimmitng &eueg' s Modulus. Testing that i s n
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pose of this study
t of thdevehwvpestigapronotwpe of an unbur ne

s the flotation method to separate unbur ne
floatation separation appar ast ush atth ante eids t ¢
ted. The second goal is to develop a simpl
ntly separating unburnt carbon that is cor
i shed i f we oaarle issu ctcoe sdsefvuils.e Tahne etahsiyr dmagn u f
ntly producing a cgmahitmi Ktyrashytmaki hg:s
of unburnt carbon content. We investigated
were appropriate for removal. We investig
e of carbon removal and made adjustments t
carbon in the fly ashs srlaaducoged htad awa sa deqg
u Aarbeulrantte dc airshsounes al most never occur, even
re, it is worthwhile to investigate whet he
erials ian rleasruwglet ,qutanet ime celtsaniAcsal and physi
ing 15 or 30 percent fly ash, as well as r
using our appar atTise, cvhearld eenwgael wat & dnpd nednec
devel opment while also protecting the env
e construction of a | arge number of homes,
dustri al and ur ban dteivveel oi pompeanctt. oTnh itsh eh assu ra
ment . I't i s possible to |l essen environment
es i f natural gravel and cement are mixed
as bpenamosngnoficesearch carried out in v
placed by itself; however, there is stildl
cal properties of concrete protduckdtiusnng
ongoing conversation on the subject by <cor
ge of concrete mixtures that include both
eristics of ReAgQ,e sas isotnr awagsh tcfaorrrwiaerdd oluitn ewairt
ne the opti mal interval division for the o
the cumul ative pore volume of the concret
r drying shrinkage of the concrete were ca
i mal di Vvlihei o jefcttivee ioft @grhvial research pr o
nships between t hhee Dtyantainti cYoYwornugn'gs sMovioudlud su,:
of concrete mixes that are typically put
al to make use of-DasvautetyeoTediifhgreachnun

sovneilcocpiutlyseand i mpact resonance frequency. |

shed between the Ed values obtained from t

uency analysis #hfoutstee clampga oitg sReds dsrfa mieea d olyrp e w i
oncrete mixes (slag, fl-gassol iod at inmg yc Procrnt ¢ tae
scertain the aforementioned characteristics ¢
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the analysis wibddsedcd enn bae odemparnisncerd of t hese emp
similar analyses that have been carried out by a
compared to the ones obtained from the Static Moc
used to estimate the Young's Modulus using the AC
1.3 Research structure

CHAPTER ONE
RESEARCH BACKGROUND PURPISE
1 Research background
2 Purpose of this study
3.Research structure
4 Innovation of this study

Y

CHAPTER TWO
PREVIOUS LITERATURE REVIEW
It has been analyzed the current
status of research on fly ash,
decarbonization technology and properties
of recycled concrete.

CHAPTER THREE
RESEARCH METHOD
The experiment method of fly
ash flotation and main concrete properties
were shown in this part.

Y

CHAPTER FOUR

Development of flotation device for
removing unburnt carbon in flvasirforuser
hardened cementitious materials

Y [

CHAPTER FIVE CHAPTER SIX CHAPTER SEVEN
Effect of incorporating flv ash and recveled A study on properties, static and dynamic Strength and drving shrinkage of high-
fine aggregate on properties and cumulative elastic modulus of recycled concrete under strength concrete with recvcled ageregates
pore volume of concrete the influence of modified fly ash using fly ash with the flotation of
decarbonization
CHAPTER EIGHT
CONCLUSION

Figurfe Réesearch flow chart of the thes
l.ldnovation of this study

This paper presents the development and applicat
removal of carbon from fly ash. | n pilbabedlef the c
technology is used. Thi sonr esulitcs einncyam fi nfdrye aassen i
the carbon content of tail ash. As a result, the
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able to satisfy the requirements of Japanese indtvu
propest At the same time, the carbon that is prod
which not only helps to save energy but al so make
responsi bl e and efficientvipahoicleistsy. ofn uosridnegr ntood idfe

construction projects, modi fied fly ash was mixec
was substituted for it in the concrete. Experi mer
wer e catragieceadmmparte the effect of ordinary fly ash,
out to study the relationship between porosity, c

to explain the effect of fl vy, atsthe omt ateico cdleas tciom
the dynamic elastic modulus of this concrete were€

standards of a number of different countries in &
appropri at e afsahr rmeocdyicflieedd cfolnjcr et e. At t he same ti
prediction regarding the devel opment of the concr
dynamic elastic moduli as the basisinkniooyoluusi c
search for the connection between the elastic moc
purpose of the experiments was to validate the ut
by the | atest i taetriaotni omma cohfi nteh ei nf Irye cayschl efd octoncr et
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2.1 Research status of Fly ash flotation method
2. Reskearch status of Fly ash

In 2016, the gl obal fly ash was about 1.143 bill
which China was aboutut600zemtl bhomatensf wWBGh ta

utilization was 408 million tons); the United St
utilization rate is 54% (23.76 million t compreh:
ratel dse to 100%; EWi4@dmislolliian wtastal li nc&dl 15), t
( The comprehensive wutilization is 36 million ton
(the comprehensive wust)i-2]lilzation is 106 million tor
Fly Ash
63.8%

Bottom Ash
oilerSlag, 1.2%

FBC Ash, 1.4%

FGD GypsLIm

SDA Product, 1.0%

Fig 2.1 ProduEWZJon of fly ash in
The change of fly ash production and wutilizatior
figure. The growth trendiokfdspbwer wastheaet Duhpst
comprehgndiizveati on of solid waste has not increas
the original Il evel. This is mainly because: On th
energy power generatfonegdygybepeveabdohi beatbtomberabnat
hand, manyadhedh oampreehensive utilization of fly
industrialized and popularized at this stage.
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Fig 2.2 Gener ataip@m df coal ash in
The comprehensive wutilization of fly ash in eact
country, the development of process technology,
raw material s, i ndust ri ad o nsptarruicstounr eo fa ntdh eo t rhaeirn fce
utilization methods of fly ash in-6nmajor countri es
Countries basically focus on the application of
ot her ways &iree paofl fiedteesd alnyd ti ndustries of wvarious
added wutilization, only Japan has a relatively | :

to the fact that Japands own r aw eneant edreivaellso pCeude it
various materials to replace raw material s.

backfill Mineral
3% |\ __—|extraction

\

1%

N environmental fcement
pv road protection | 10%
- o

X% 7%

concrete cement
16% 44%
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26%
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backfill
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34%
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Fig 2.3 Main utilization ways of fly ash
Japan's main wutilization method is cement, acc
utilization hfJdpan'ashcompit dlbemysi ve utilization o
due to the | arge shortage of wvarious raw materi a
accumul ation of fly ash in | andfairlilosu,s sswlti e wasmh
high, and it is basically wused to supplement bui
materials, fertilizers, and foundation i mprovers
I'n the fiedddefd hitghivatuen, Jdmpfaac awgpd refs i obmtyi a
additives [9], sludge cumakign@agenmdssf{rnY][1lnatepo
fillers, etc. [12]. The U. S. Environment al Prot e
into two aslpaetcad : b emecfaipcsiual use (mainly buildin
beneficial use (structural filling and embankme:

met hods for the uti Hiizetdi o wefr dlaindc swtd sotng Hiene dduosay
"Met hodol ogy for evaluating encapsul ated benefici

combustion residual beneficial wuse evaluation: FI
is used to better agsuhi dien tthhee sdepltl.w odEaftiiegre sonfd ilfr8ll v f
two factors in solid waste policy and wutilizatio
Due to the |l ow solid waste production §,n mdree EU a
than 95% of fly ash is used in the field of builc
1) The Japanese government and banks will give s
and |l ow interest rate (1le 9f%)y taos it hper ogceensesrian g iengdwis
economically improve theprodpciemgnisnivtes utChiirzatar
have no preferential policies in this regard [ 16]
2) Devel oped countries havel iciygna dji catnme nftl exn &
formulation, which can be adjusted in time accor
better promote the comprehensive utilization and
3) In the promotion off fcloynpaeheabrvaduttit hezptairad
institutions is relatively high, such as the Ame
El ectric Power Research Institute. I n China, the
reseastihtutes of enterprises in various industrie
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comprehensive wutilization of solid waste [17].

4) I n China, especially in the western regi on,
comprehensiveat @t iolfi zsaotliiodn wast e, which can signi
comprehensive utilization rate of solid waste, re
solid waste in my country and the high degree of
2.1. 2bDedaati on technology of fly ash

Unburned carbon extraction techniques from coal
dry) for recovering unburned carbon from coal fly
possibilitimreg doal bfelnefdsh attda | ower the LOI wvalue
electrostatic separation, froth flotation, and oi
for separating unburned carbon fromethwnigsks The
separating unburned carbon from fly ash.

I n view of the Iimitations of dry decarbonizatic
properties between unburned carbon and ash partioc
techni aah &d&pprohe removal of unburned carbon fror
done in this regard.

() El-®epamati on decarbonization technol ogy

The basic prsepaphetioh deeatbonization is to rec

t hdei fference of the charged properties between th
in the fly ash The current triboelectric separat
they have a consistent ewmooarkiilmegd pad nfca lpll eews :whfiicrhs tc
c
o

fly ash particle groups is usually carried out by
electrificati n of the particles

The process is mainly realized thrcaught tpHeatceasl loi
bet ween particles, so that unburned carbon partic
charges; finally, the charged fly ash particles a

transported to t heanmbeerctwiotsht attwoc dsiefpfaerraetnito np oclha r
with different charge signs are adsorbed to diffe
realize the separation. American Separahion Techn
triboelectric separation decarbonization device v
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Fig. 2. Seplaegattr @n
I'ts core components are two electrode plates arrtr
pol ymer mat er i alc.arWhoenn ptahret iucnlbeusr naendd t he gray mat

charges through the parall el electrode plates, tF
cleaning action of the plate, particotehs eaidish. di f f
Using this equipment to treat raw ash with a | oss
southern Italy, three products can be obtained: I

3.12%; medium mineral wiefdl1d8f48. %2%t heogbebd o0fTr
5.92%, and the |l oss on ignition is 48.90%.

R. Ciccu et al. [ 63] used the procesgrafi neldassi f
products to treat unburnedthtasbomoicmsfsl ysashosEha
particle size distribution characteristics of unt

highade fly ash product is |l ow, which can meet tF
(2P otati on atnidon etcacthnuoliagy

O. Sahbaz et al. [ 19] wused Jameson flotation col
of a power plant in Turkey for the purpose of car
process parameters, the BguopméEnbomcaboathile%e @ahete

carbon product with ash content of 44% is extract
recovery rate is 67.5%.
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Fig 2.4 A schematics of the | aboratory sca

U. Demir etralditjDiohledadoantercurrent flotation
fl otation carbon extraction of raw ash products v
test conditions, refined carbon with pa odalcar,i ftihece
carbon recovery rate reached 53. 8%.
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Fig. 2.5 Schematic diagram of flotation
E. Emre Altun et al. [ 21] conducted an experi mer
using a new type of dowmhmet peampfelcdti vtei @d eaqluu mmef
which is character i zteydp eb yb utbhbel eu sgee noefr asttiaotni.c dnei vxiecr
Under the optimized test conditions, the equi pme
carbon in the figypiasbon afndthlkeel lowssaoboin ash is
original ash to |l ess than 1%, realizing the effic
M. Niewiadomski [22] et al. wused an air jet cycl

carbon fplbanpofvey ash in Gdansk, Poland. The rese

-

a
p

roduct with ash content of 35% can be extracted
sing this equipment, and the recovery rate of <coc
The abearechreess on fly ash flotation decarbonizati
esource devel opment or application of new equi pn
iterature to study the char actnercihsatriaccs eafi sftliy sas
sh flotation decarbonization process are also tF
aper.

In the mineral processing and coal preparation industries, froth flotation is now the most extensively

utilized separation technology [23]. In a lab setting, a typical Denver flotation cell was employed to
remove unburned carbon from fly ash [24].
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