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ABSTRACT

Preparation of aluminosilicate-based geopolymers and

its application to shell powder coating

Kim, Jin Tae
Advisor : Prof. Lee, Jong Kook, Ph.D.
Dept. of Advanced Materials Engineering,

Graduate School of Chosun University.

The weather change has become an international environmental problem
due to global warming resulting from the waste gas of green house gases,
such as COsq. Recently, portland cement has been restricted because COs is
dangerous to health and environment. As demand for concrete as a building
material increases, the production of portland cement and emission of COq
are ever increasing. Thus, it is necessary to reduce the amount of CO: from
cement industries.

Geopolymer 1s a term covering a class of synthetic aluminosilicate
materials with potential use in a number of areas, but dominantly as a

replacement for portland cement. The geopolymer is prepared from the
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compound of aluminosilcate-based materials, high alkaline solution and
sodium silicate, and is activated with temperature curing. The geopolymer
can be a benefit to provide probably the greatest chance for commercial use
of technology due to the material supply derived from coal-fired electricity
generation. The geopolymer can be used as an eco—friendly substance
because it can reduce CO2 emissions in cement industry.

Therefore, in this study, we fabricated a geopolymer concrete using
mnorganic binder from industrial by-product, and the effects of alkali
activator content or water glass amount on the microstructure and
compressive strength of geopolymer were investigated. Two types of alkali
activator, i.e, sodium hydroxide and potassium hydroxide were used.

Alkali activator(sodium hydroxide and potassium hydroxide) and water
glass(sodium silicate solution) were dissolved in distilled water at room
temperature, respectively. This alkaline solution was added to inorganic
binder powders at the ratio of 1 to 2.5 (alkaline solution: inorganic binder
powders) under vigorous stirring for 10 minutes, then the geopolymer was
obtained.

The compressive strength of geopolymers was dependent on the
concentration of alkali activators. It may be caused by that alkali activator
improves curing of concretes and generates capillary force to result in
denser microstructure. It was found that geopolymers using KOH activator
showed the higher value of compressive strength, compared with NaOH
activated geopolymers. Also, geopolymers using fly—ash geopolymer showed
the higher value of compressive strength, compared with meta—kaolin
geopolymers.

High polymerization and high density of geopolymers are very important
to obtain high compressive strength, so we tried to control the amount of
water glass. In this experiment and investigated the effect of water glass

content on microstructure and compressive strength of geopolymer. 12 M
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KOH solution, as alkali activator, was mixed with sodium silicate solution
with different concentration. Compressive strength of the geopolymer
increased because water glass improved the extent of polymerization of the
inorganic binder and resulted in dense microstructure. As increasing amount
of water glass, dissolved inorganic binder particles in geopolymer increased
due to polymerization and dense microstructure. The fly—ash based
geopolymer showed the higher value of compressive strength than that of
meta—kaolin geopolymer.

We obtained the geopolymer having maximum compressive strength of
154 kgf/m?® by using fly—ash powder, 12 M KOH and 40 wt% of water
glass. This result can be useful for applications in various cement industry.

Finally, we fabricated shell-coating bloc using geopolymer to produce
eco—friendly bloc creating attachment and growth of environmental

organisms.
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Fig. 1 Atmospheric CO. conccentration(ppm) and world portland cement
production(million tonnes) for the period 1840-2000. Sources : IPCC

and Cembureau.
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Table 1 Division and use of geopolymer

Category Structure Alkali cation Utilization
Poly(sialate) N K-PS Thermal insulation
Si:Al = 1 so, & 1), Ao Na-PS Fire-resistant
Poly(sialate-siloxo) | 3 - SR
SiAl = 2 o= ?,fO\A‘, L0 Na-PSS Fire-resistant
' 6 & 4 K, Ca-PSS Toxic waste
o K-PSDS | Tooling composite
Poly(;lslzieiils;loxo) 3\;,0.{_& ;i--'& 3,,0 Na-PSDS Refractory
i ¢ ¢ 'K CaPSDS | Fircresistant
Sialate link L e e o
SiAL > 3 f;_:::j':; e Na, K Fire-resistant
o & R
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Fig. 3 Starting substances and creation of geopolymer.
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Table 2 Composition of geopolymers with the content of alkali activator.

Specimen - - C(.)mpolsition
Starting materials(70wt%) Alkali activator (25wt%) Water glass (bwt%)
FGK Fly-ash KOH (3,6,9,12 M) Water glass
FGN Fly-ash NaOH (3,69,12 M) Water glass
MGK Meta-kaolin KOH (3,69,12 M) Water glass
MGN Meta-kaolin NaOH (3,6,9,12 M) Water glass

_17_



’_ D'Water I + ’ Na,SiO, I—i— ’ 2 Alkali activatorl

h
Mixing

h 4

+D Inorganic binder

D 4

h 4

) Mounting

Geopolymers

h

4 Curing

DInorganic binder : water
(Na,SiO;+Alkali activator) =
2:5:1

D Alkali activator=NaOH, KOH
(3~12M)

¥ Mounted on geopolymer
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Fig. 4 Flow chart for the preparation of geopolymer with alkali activator.

_18_



529 SZHolefA] ¢ HETIEH EEE XRDE HE4 & & SEM
TXE #Este] Fig. 5 2 69 YERHSIT. ZefolofA] 2o 1A
, 1 um o]ste] mHAkel oF 15 um =7
bimodal Hej2 ZA8AL, S5 Feo JAet Btz FHe e
SAUAE BZEH AT (Fig. 5(a)). XRD #4 A3}, Sao]ojr] e
E(28102-3AL03)8F Aol Aoz olFolx o, ofzhe] uA Aol
20=20740"9] R glol A & %}-ﬂ Ak (Fig. 50)).

HEZLE Y F2 A 52 1 pmeldte] v gAR A Qo
AT RS E}i Bt A8ttt (Fig. 6(a). XRD w4 A3 wE7h&

A% vlol7lsh A BYNOE o] FoiA g9, ofzkel MR A go] B

L

lo

ot

A

o,
N

)

K

Do ¢y &390 KOHE vx Wz 71 & &
oz AWES vATFZEE Fig. 79 JeElidh &
= H|7F S7Hgel weEl S A dee] dAVE 2A FAaska, dA
22l HW Z7F o5 AEd FeE etk ¢ wRvF b w3 3
Me] KOHE #4438 A4S H71e FGK-3 AHe 4%, &3] 2 F3d&o] A
2 dojupa| ol & duoA BAY Ave F3A YA 2R S
o, o5 Yk Abolo| = Rl FIho] Wol wolglo] Aol Wojx= A
oz Uegtl (Fig. 7(a). 6 Me] KOHE &z @432 73 AR
S3lnkgol ofste] AlA Uol At FEA QAU th Alepxlon, of&
g AlYe] 23 Sito] 259 FgukSo] TIEl] wATRE oS AWUsd g
BE vERUSITh ol#dt dde ohE @A vEV FtEsE U
FreeAA e AS 4 = dEd (Fig. 7(b),(0),(d), 12 M2] KOHE &
QAR H7HEE FGK-12 A9 A, &3] 2 SRkl 2A dojuh w4
TZ7F A sk P kel Aet 43S e A (Fig. 7(d).

Felo)ofA] FRYE NaOH ¢z &4stAE Agate] Axgh A&
g A EIES] v ATZEE Fig. 8 WSl KOHE ¢4 &A= A

gt
ox
ot
2
lo

_19_



st Aoz AAF vEIEAE NaOHS % 8|7 718 wet wvh X2
b v A F2E YERST A"EEZE 7 =2 12 MY NaOHE #H7}3sh

FGN-12 #| 9.Z%E]H 2

|

4¢ KOHEZ AH&3F Alde] v)ato] xd o] tha "ol

A, o2 ddste] F3A Geel FeholohAl At U4 AL, A

o) EHe vha AR Y

A& UEST (Fig. 8(d)).

[=]
de] gAY TR W AU wE A e AMEY F3Ne Ao

£ @obr7] 913kl XRD

FEAe dekeled, 2 23%E Tigs. 9, 109 44
YERRITE. 2y SEtolofAE EE AR R AeEyre] A% &y
gt e] F % AUEEC dAlgle]l A& dRIEe] Ay 2K v=
A g, ol sENtEer JFAd WAARe d=e] wste] AR

Q43 mullitee] =27t dildez x7] wEg Ae= WY, o] ue}

XRD XA &= &

AFzE FFR Fel 8BS AdsA. FASAY FE Sl

= ZglolofA] WAl uETS

ofcfrlet etke] FAstA Y FIbE AL old wE

S AFEEle] AZT X0 Eg o]

54U w0 #AA Gl m$ uAd vMFERE YE
= 2 AMES WET A A2
et KOH @434 9 5527 S7Fe4E v

_

AJAE AFGsFo] A3 dE
A2 =9 (Fig. 12), 75 NaOH

)
¥ b FAREE 180 A gasdy, ddE 0% nAd 3

A A (Figs. 13, 14), &

k=l
Fukgol g mA AL Srhs e AsAY FREvE sEo wet

Tt A =g el

o]

LFERH AT
HEH S A A L

a7 ®stadvt. Al
=7 YEster, 53

VeI, 9 M o]

oA Holul AAA

.

Aoz WAZANY Tk EFolfAAl A&
6 M olde] &de SA4AE HUpe AAFEH 27
de] GAAE AR A sy A% dEke

E T
27k B AR AL, HAZd Jefe] At EA18

_20_



il

°
pad

55}

AT A
3| 7]_

=

A =

[e]

5} 4]

gl 2

oLyEL

=
=

FHUE FE

(e}

dAe &
7}
7hekaith. KOH

<]

5} 4]
=3
==

2]

A9 F Tt

oLyEL

=

]

R4

3L A

7}3

3|

=

[e]

3} A]

gl 4

1

=

g el -%(Fig. 15),
z

o, ¢

7497} NaOHZ

-

FoFol o A A&

aig

[e]

5} 4]

g 4

1

s

ok

=
=

=

12 M KOH

-

=

%

==
=

g, °F 85 kgf/m>2)

-
1.

gvie) by we g
A ol

o}

AL
;OO

4B A

=3

k13

=
=

e A
- 21 -

-

1.

g, ©]

4oz wertsdA A

*

—_
-

*

# o
.]

A+
Zem Al

Edo] FAZLR FAHN Wil A= oy,
2=

pelut.

O
X =

<]

FaAw o gelsk Ml A Aow tehkow, KOH
4

el

-

1.

<]

il

°
pad

7}

=

[s)

T

gt

o2 HelY

z}o]
ghol of A A A

kgf/m’= WA ERY

7} wojx)

e oA

ok
=X

=
=



(b) <> Mullite
¥ Quartz
v
*
7
=
& v
=
- < < »
ofl o9 o v 5.5
0 10 20 30 10 <0 60
26

Fig. 5 Microstructure and phases of starting fly—ash powder.
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Fig. 6 Microstructure and phases of starting meta—kaolin powder.
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Fig. 7 Microstructure of fly—ash based FGK geopolymer cement;
(a) 3M, (h) 6 M, {(¢) 9 M, and (d) 12 M KOH activator.
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Fig. 8 Microstructure of fly—ash based FGN geopolymer cement;
(a3 M, (b) 6 M, (¢) 9 M, and (d) 12 M NaOH activator.
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Fig. 9 XRD patterns of fly—ash based FGK geopolymer cement;
(a) 3M, (h) 6 M, {(¢) 9 M, and (d) 12 M KOH activator.
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Fig. 10 XRD patterns of fly-ash based FGN geopolymer cement;
(a3 M, (b)) 6 M, (¢) 9 M, and (d) 12 M NaOH activator.
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Fig. 11 Microstructure of meta—kaolin based MGK geopolymer cement;
(a3 M, (h) 6 M, (¢) 9 M, and (d) 12 M KOH activator.
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Fig. 12 Microstructure of meta—kaolin based MGN geopolymer cement;
(a3 M, (b)) 6 M, (¢) 9 M, and (d) 12 M NaOH activator.
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Fig. 13 XRD patterns of meta—kaolin based MGK geopolymer cement;
(a3 M, (h) 6 M, (¢) 9 M, and (d) 12 M KOH activator.
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Table 3 Composition of geopolymers with the amount of water glass.

Composition (wt%)

Specimen
Materials Alkali activator Water glass
FG-1 Fly-ash (83 wt%) KOH (12 M) Water glass (17 wt%)
FG-2 Fly-ash (79 wt%) KOH (12 M) Water glass (21 wt%)
FG-3 Fly-ash (71 wt%) KOH (12 M) Water glass (29 wt%)
FG-4 Fly-ash (65 wt%) KOH (12 M) Water glass (35 wt%)
FG-5 Fly-ash (60 wt%) KOH (12 M) Water glass (40 wt%)
MG-1 Meta-kaolin (83 wt%) KOH (12 M) Water glass (17 wt%)
MG-2 Meta-kaolin (79 wt%) KOH (12 M) Water glass (21 wt%)
MG-3 Meta-kaolin (71 wt%) KOH (12 M) Water glass (29 wt%)
MG-4 Meta-kaolin (65 wt%) KOH (12 M) Water glass (35 wt%)
MG-5 Meta-kaolin (60 wt%) KOH (12 M) Water glass (40 wt%)
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Fig. 17 Flow chart for the preparation of geopolymer with the amount of

water glass.
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Fig. 18 FE-SEM micrographs of fly-ash based geopolymers with the
amount of water glass; (a) FG-1, (b) FG-2, (c) FG-3, (d) FG—4
and (e) FG-5.

_42_



Fig. 19 FE-SEM micrographs of meta—kaolin based geopolymers with the
amount of water glass; (a) MG-1, (b) MG-2, (c) MG-3, (d) MG—4
and (¢) MG-5.
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Fig. 20 XRD patterns of fly—ash based geopolymers with the amount of
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Fig. 23 Flow chart for the preparation of shell powder-coated concrete.
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Fig. 24 Microstructure of shell powder; (a) S-shell, (h) M-shell
(c) L-shell.
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Fig. 25 XRD patterns of shell powders; (a) S-shell, (b) M-shell and
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Fig. 27 Various shell powder-coated meta—-kaolin based concrete;

(a) Non-coating (b) S-shell, (c) M-shell and (d) L-shell.
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Fig. 28 Cross—sectional microstructure of shell powder-coated fly—ash
based concrete; (a) non-coating (b) S-shell, (c) M-shell and
(d) L-shell.
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Fig. 29 Cross-sectional microstructure of shell powder-coated meta—kaolin
based concrete; (a) non-coating (b) S-shell, (c) M-shell and
(d) L-shell.
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Table 4 Composition of lead-free conductive silver paste with particle size.

Microparticles Nanoparticles Glass—frit  Vehicle

Sample (Wto6) (Wt9%) (Wt9%6) (Wt%)
SP-0.8 50 20 3 21
SP-15 50 20 3 21
SP-5.0 50 20 3 2!
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AgNO; solution
(0 1 mol)

+ Surfactant

(0.01-0.02 mol CH,Na,0,.2H,0)

+ Reduction agent
(0.3 mol N,H,)

.

Mixing

.

Washing
(distilled water, ethanol)
~
Drying
(60°C)

N

Silver powder

Fig. 1 Flow chart for the preparation of silver powder.
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Silver powder [,  Lead-free frit |, Vehicle
(1.60, 0.80, 0.20, 0.05 pm) (B1,05-based) (organic binder)

. 4
Mixing
.

Dispersing
(3-roll mill, paste mixer)

.

Screen printing
(Mask ST #400)

.
Drying
(120°C, 20 min)
. 4

Sintering
(300-500°C, 15 min)

Fig. 2 Flow chart for the preparation of silver paste.
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Fig. 3 XRD patterns of silver powder with particle size.
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Fig. 4 FE-SEM micrographs of (a) nano particles, (b) SP-0.8 particles,
(c) SP-1.5 particles and (d) SP-5.0 particles.
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1

Fig. 5 FE-SEM micrographs of silver thick films of the SP-0.8 sintered at;
(a) 300C, (b) 3507C, (c) 4007C, (d) 450C and (e) 500C for 15 min.
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Fig. 6 FE-SEM micrographs of silver thick films of the SP-1.5 sintered at;
(a) 300C, (b) 3507C, (c) 4007C, (d) 450C and (e) 500C for 15 min.
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Fig. 7 FE-SEM micrographs of silver thick films of the SP-5.0 sintered at;
(a) 300C, (b) 3507C, (c) 4007C, (d) 450C and (e) 500C for 15 min.
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