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Largest Source of CO2
Produced by Industry

Cement Industry The total volume of cement
i production worldwide
amounted to an estimated 4.1
billion tons in 2022

A

520 Kg CO2 / ton cement

¢

https://www.beumergroup.com/i/cement/ 4'1 bl"lOn tons C02 / year 3

Steel Making

(s A 9 1 tonne of O.P.C. generates

\\ e '] 00.55 t. of CO2 chemistry +0.40 t. of CO2. fuel
RS

5CaCO, + 2Si0, = (3Ca0,Si0,)(2Ca0,Si0,) + 5CO,

QTo simplify: 71 t of Portland cement = 1t of COz2.

& How to solve above problem?

Potential to solve or replace cement
in both structural and non-
structural applications
A new generation of green
low-carbon material

N

Geopolymer Materials
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What is Geopolymer ?
BPBFEHHF

* Geopolymers are kinds of inorganic polymers
e Similar to natural zeolite minerals
* A class of three-dimensionally networked alumino-

silicate materials.

Other Related Name :
— Mineral Polymer
| Geopolymeric Materials
Aluminosilicate Polymer
Inorganic Polymeric Materials

5

The Excellent Properties of
i Geopolymer

Made at Room
Temperature

Refractory & High Mechanical

Fire Resistance ‘ t ’ Properties
Energy Saving & - Durable &
CO2 Reduction Geopolymer Antifreeze

, ‘ Permeability

Fast Setting & l Resistance
Early Strength

Chemical

Resistance
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i Geopolymers - Basic Structure
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Davidovits, J., 1999, Chemistry of Geopolymeric Systems Terminology,
Proceeding of Geopolymer, 99 Second International Conference, France, pp. 9-37.
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81,0, A1L00) + 2810, + 4nH,0 + NaOH or (KOH) — Na' K4+ n(OH),-8i-0-A1-0-8i-(0H}),
(Si-Al materials) |
(OH, (1
{Geopolymer precursor)

n{OH)-8i-0-Al-0-8i(OH), + NaOH or (KOH) — (Na' K {-8i-0-A1-0-8i-0-) + 4nH,0
[ Q)

{OH), o 0 0
~ | !
/ > [Geopolymer backbone)
N
Sﬂ///
— >
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=
7'/ Xu H. and Van Deventer, J.S.J., The geopolymerisation of alumino-silicate minerals, International Journal
) — = Minerals Process, Vol. 59, pp. 247-266, 2000.
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Chemical Reaction of Portland
Cement & Geopolymer

Ca-Mono-silicate K-Oligo-(sialate-siloxa)

catt OIH ()IH OH

C'++00’.Si-""0 OH-sli-o-,clu-o-s:i-OH
G OH | OH i OH

0 :
O—Sré Catt GP pn!yl:nndensatiun
1 0

I Si
Hydration P.C 6

Ca-Di-silicate-hydrate K-Poly(sialate-sil oxo)

Davidovits, J., 1999, Chemistry of geopolymeric systems terminology, Proceeding of Geopolymer”99 Second International Conference,
Editors: Davidovits, J., Davidovits, R. and James, C., France, pp. 9-37 9
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What is the difference between Geopolymer
and Alkali Activated Material (AAM)? (1)

Geopolymer is a subset of

e AAM & inorganic polymers
cements Calcium sulfo-
e— <
- aluminate
] cements G l
5 eopolymer
8
fe] Alkali activated materials
= Call ;Al{
g Inorganic

polymers

AAM

Caf ;A1ll

Van Deventer, J. S.; Provis, J. L.; Duxson P.; Brice, D. G., 2010, Chemical research and climate change
as drivers in the commercial adoption of alkali activated materials. Waste and Biomass Valorization,
1(1), 145-155

Increasing Al content

10
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What is the difference between Geopolymer
and Alkali Activated Material (AAM)? (2)

$i0,

0% 100 %

1. Durability
2. Ecological friendliness

R;0-10-20%

3. Energy saving

° R,0=5- 10 %
N 4. Wider range of raw
° R20=2-80% materials

i 5. Universal properties
R,0=1-5% I ) i ‘
gﬁmﬁ . OPC  ACPC SAC FAC ce

100% Ca0-8§i0; - H;0 i

100 % 0%

€20 0% 100% ALO,8 0% R.0 = Al:O, - SI0; - H.O 100%

R0 - K,0, NayO, LiO

Krivenko P., 2002, Alialine cement: From research to application, Proceedings of the Int. Conf. Geopolymer 28th—

29th October 2002 11
e d
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Curing &
Mixing Casting Condensation

Recipe
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Applications of Geopolymer

= Building Materials
m Fire Resistance Materials
m Concrete Reinforcement

= Heat Insulation

s Ceramics

s Chemical Industry
= Tunneling

= Decoration Materials
= Arts

= Waste Reutilization

Applications of Geopolymer

m Waste Treatment & Recycling

Solidification/Stabilization Hazardous Waste

Adsorption Heavy Metals
Radioactive Materials Treatment

Recycling various types of waste

/I
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J4% 2013 — The world's first Geopolymer
Green Cement Building

COMPOSITE FIBRE TECHNOLOGIES

(University of Queensland, Australia )

Since 1912

Wt 2014 -- Brisbane West Wellcamp

Airport, Australia
$ (Use of 30,000 m3? Geopolymer Green Concrete)

o % 28 Sept. 2014~
E “\ ' r-P g
S i
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India
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Geopolymer Concrete

Permeable Concrete pavers
joint material

Open-graded
bedding course

Open-graded
base feservoir

Geotextile
(if required)

Underdrain
(a5 required)

Uncompacted
subgrade soil

Open-graded
subbase reservoir
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Geopolymer Technology

Ceramics

23

Potassium-based (KGP) Ceramlc Materlal

Preparation

Kaolin Metakaolin \ Geopolymer slurry

Water glass Ceramics

—_ =

metakaolin | |
K'(aq)
alkalisilicate)  op:(y dissolution
q)
solution - H0 hydrolysis
rearrangement
aluminate &silicate
@ - ~—.monomers -

condensation

H0 -l )cur g long time
polymer (

éeopbi{mer

[AI(OH2)s]*" + 4HO—[Al(OH4)] +4H;0"
[AI(OH2)4]*™ + SH,0—[AIO(OH)3], +5H;0"
[AI(OH»)s]*" + 4H,0—[Al(OH)s(OH,)] +4H;0™
[AI(OH,)s]** + SH,0—[Al(OH)s], +5H;0™
[AI(OH,)s]*” + 4H,0—[Al(OH)4(OH,),] +4H;0°"
[AI(OH,)s]** + SH,0—[AI(OH)s(OH,)],+ SH;0"
[Si(OH,)4]* + SH,0—[SiO(OH);] +5H;0™
[Si(OH2)4]* + 6H,0—[SiO2(OH),], +6H;0”

[AL(OH)4] +[Si02(OH),]* = [(OH);Al-Si02(OH) | +H,0
[AI(OH)4] +[(OH)3Al-Si0,(OH)]* = [AL(OH)Si04]*+H,0
[AL(OH)4]™+[SiO(OH)3]™—[(OH);Al-SiO(OH),]*+H,0

[(OH);A1-0-SiO(OH),]*+[SiO(OH);] — [Al(OH),S1,04(OH)s > +H,0

[AI(OH),S1,04(0H);] +[SiO(OH)3]™— [Al(OH)Si304(OH)s]* +H,0
[AI(OH)Si306(OH)s] " +[SiO(OH)s] — [Al04Si404(OH)s] ™ +H,0
[(OH)3A1-0-SiO(OH),]* +[Si02(0H)2]* — [Al(OH):S1:04(OH)3] " +H0
[Al(OH)151:0;(0H)x]‘"+[$10(0H)3]'* [AI(OH)Sles(OH)S]S-*’H:O
[AI(OH)Si306(OH)s]* +[SiO(OH)s] — [Al04S1404(OH);]* +H,0
[AI(OH),51,04(0H)s]*+[Si02(OH),]* — [Al(OH)Si307(0H)4]* +H,0
[AI(OH)Si306(OH)s]* +[Si02(OH),]* —[Al048i405(OH)s] +H,0

BEF B

EREF B 24
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Leucite Ceramics directly derived from
Geopolymer Precursors

2°C/min from RT to 600°C and Jq | e
5°C/min from600°C to 1000°C. R

. . 5 g ¢ o < 1000°C
® Leweite ceramics £ os0C
R s E " dai A 200 C

§ I o, L A ann A, 300°C

750°C

1 -.-Jhu._ > RT-700°C
. N T n !

10 20 30 40 50 60 70
2 theta, degree

\chat treatmaent heat treatment I
- 8(]0"'('_ T Leucile, tetragonal, 38-1423]

120 min

90 min

60 min

Relative intensity

30 min

Flexural Young’s Fracture Vickers 10 20 30 40 50 60 70
) strength modulus toughness hardness 2 theta. d
Specimen (MPa) (GPa) (MPa - m?) (GPa) eta, degree
KGP 123212 103+12 0240.04 0.68+0.04 PG He, DC J%a, et al, Ceramics International, 37 (201.1) 59163'
- - PG He, DC Jia, et al, Journal of the European Ceramic Socigty,
I Leucite ceramic 70.0£6.8 65.0+6.3 1.34+0.16 7.39+0.24 | 5%

33 (2013) 689-698.

Geopolymers m=) converted into a
variety of Ceramic Materials

e Zeolite/Pollucite Hydrothermal Treatment

Leucite of high CTE RYUZB:ELE
Geopolymer— REIVSTERUGINVHSINOY | Portial Substitution for Cs

Celsian Ceramics Ba/Sr Ion Exchange

L SiC & AIN C Thermal Reduction

[1] PG He, DC Jia, et al, Ceramics International, 36 (2010) 2395-2400.

[2] PG He, DC Jia, et al, Ceramics International, 37 (2011) 59-63.

[3] PG He, DC Jia, et al, Journal of Materials Science, 48 (2013) 1812-1818.

[4] PG He, DC Jia, et al, Journal of the European Ceramic Society, 33 (2013) 689-698.

[5] JK Yuan, PG He, et al, Journal of the American Ceramic Society, 99 (2016) 3784-3791.

[6] PG He, S Fu, et al, Journal of the European Ceramic Society, 37 (2017) 4179-4185.

[7] JK Yuan, PG He, et al, Journal of the American Ceramic Society, 100 (2017) 4412-4424.

[8] JK Yuan, PG He, et al, Ceramics International, 44 (2018) 10047-10054.

[9] S Fu, PG He, et al, Journal of the European Ceramic Society, 39 (2019) 563-573.

[10] DC Jia, YH Li, PG He, et al, Ceramics International, accepted 26
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Domestic Development of
Geopolymer Green Cement
and Concrete
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Geopolymer Green Concrete
Strength Analysis

55 N

GCRW1.28 IN

[ J14day
28day
56day
90day
180day
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TAIPE! Ready-Mixed Geopolymer Concrete &

TECH
*“**  Construction in Dongshan Ilan Experimental
Community, Taiwan

6™ October, 2017

in Dongshan Ilan
Taiwan

SEULEARALE o October, 2017

‘\\[\\\\\\\\

'f\’\‘ﬂ‘;‘mw"

Slump : 270 mm -
Slump Flow : 550%570 mm E*

7d: 13 MPa
28d : 22 MPa
180 d : 28 MPa

30

2023/7/28
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2EALELRELE 110 October, 2017

31

ZRELERRLEE  May, 2018
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Ready-Mixed Geopolymer Mortar &
Construction in Taipei Tech, Taiwan
5th October, 2019

Slump : 260 mm
Slump Flow '@ 480%460 mm

Setting Time :
Initial : 4.2 h
Final :23h

Compressive Strength
3d :9.5MPa
7d : 35.6 MPa
28d : 39.9 MPa

34
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Discussion proportion
before mixture

Operation in Control Room

On-site pumping to 9th floor
35

Workability after 45 minutes

260 mm

36
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Construction Photos
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The Problem for Recycling of Basic Oxygen
Furnace (BOF) Slags

Expansion in OPC system

CNS 15311
Method of test for potential expansion of

aggregates from hydration reactions
Limitation, less than 0.5%

BOF-based Portland Cement Mortar
After Long-term weathering

39

BOF-Based Portland Cement Mortar

After Autoclave

37_Be£m:e_Antoclave
Treatment Treatment

Original BOF
slag Aggregate
(< 4 mesh)

(Portland Cement
System)

BOF slag

Aggregate
Treated by
Oxalic Acid

(< 4 mesh)
(Portland Cement
System)




New Concept to Prevent the BOF
slags Expansion

free silicon BOF Slag

Geopolymer
Matrix

free silicon

" | XRD results
after autoclave
test

Ca0 + Si02 = CaSiO3
MgO + SiO2 = MgSiO3

B B
2 Theties) 41

AEH  Solidification/ Stabilization of Basic Oxygen

Since 1912

Furnace (BOF) Slags
Autoclave Test : 215 °C, 2MPa, 3h

Strict szst method

- C-B-7days BG-7days
< 4 mesh BOF slag in OPC i< 4 mesh BOF slag in Geopolymer Cement
Volume Expansion Rate: Fail Volume Expansion Rate: 0.35%

Before Autoclave Test After Autoclave Test

Before Autoclave Test After Autoclave Test

4

2023/7/28
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Snee 1912 Effect of SiO,/Na,O Molar Ratio on
Compressive Strength

34 Before Autoclave Test 1 ey After Autoclave Test

1 B S aay

Compressive Strength(MPa)

179 [2717 day
157 [ S6 day

Volume expansion (%)

43

First Ready-Mixed Plant Test
Stablization BOF slags using Geopolymer Technology

I MPLab

44

2023/7/28
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Compressive Strength

First Test

& Autoclave Tests

ML
Test Item Sham Compressive Strength (MPa) Al
Slump Flovf p CNS 1258
Date ™ | om) 1 3d 7d 28d After 1 o4 | 234
Autoclave
GP 203 33.9 37.2 39.7 it
070723~ .9 4 7.5 41. 454
1070723-1 55 26 38 215 20 108 33 179 3 434 1.6 5 point Good
GP 13.8 24.9 31.6 39.7 s
1070723-2 64 27 51 141 139 26.0 254 111 314 A 399 31.7 point Good
s
] ) tday
] 7] 3day
223 7day
iy . 25day
£ = [ After autoclave
£ s
£ ]
£
f, 25 ]
a- 20
5 154
104
s]
o — T
10707231 10707232
45
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Filling 1 M? Test Body

Slump : 270 mm
Slump Flow : 510490 mm
Compressive Strength
1day : 20.0 MPa
3day : 32.1 MPa
7day : 36.1 MPa
28day - 40.8 MPa

Making New Jersey's Guardrail

MPLab

48
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Second Ready-Mixed Plant Test
Stablization BOF slags using Geopolymer Technology

27 September, 2018 MPLab

49

Second Test
nCompressive Strength & Autoclave Tests
B § MPL ol
28d
Date (cm)  (cm) After Autoclave
test
GP1 2335 36%*37 19.4 31.2 345
1070927-2 | SR k. ¥0) - 7.2 193 18.5
1070927-3 eigk] 21 31%*32 293 439 202

50
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Making 1 M? Test Body & New Jersey's
Guardrail

51
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AZERFALE

National Taipei University of Technology

Other Research Works

nce (W/m2/nm)

Spectral Irradia
o

Solar Radiation Spectrum

Visble | Infared —>-

o - .
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

52
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Recycled ceramic shell mould as
refectory coating materials for
investment casting 9

Geopolymer Cement
for Concrete Repair

Bending Strength Compressive Strength

KEW | 085 m0.75 ARk m0.85 [ ]
9T.8%

104%

2023/7/28
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Thermal Insulation Coating

Metakaolin Based Geopolymer +
Functional Powders

Visible light 390-700nm Ave Reflectivity 94%
Near infrared light 700-2000nm Ave Reflectivity 85%

Full spectrum 390-2000nm Ave Reflectivity 87%
Solar Radiation Spectrum

100 — - ] FEH — T T
90 : = g UV:VlslbIe: Infrared —»
w5 o
B e e e R s
Ht e aad 2
60 :
L Y
& N =
K, HpE e g
N (i E i EE e g
20 ©
&
10 b
g
o [ & 4
250 500 750 1000 1250 1500 1750 2000 2250 2500 500 750 1000 1250 1500 1750 2000 2250 2500

# Fnm Wavelength (nm) 55

A W EERTLRE

2 National Taipei University of Technology

Geopolymer Antirust Coating

Metakaolin Based Geopolymer +
Functional Powders

Salt Spray Test : 3000 hours
Coating Thickness : 500 um

LES BB e
(5% W/V fAt4n 155 1 8)

56
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Since 1912 National Taipei University of Technology

Heavy metal adsorption characteristics on
metakaolin-based geopolymer

50 100 150

C, (mglL)

pH<2

orption «

c/q, (L)

®)

57
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Solidification/ Stabilization of Incinerator
Fly Ash by Geopolymer Technology

TCLP Leaching Tests -
N
7Tdays 14 days 28 days
Elements | Yo [ 5i0,/Na,0 Si0,/Na,0 Si0/Na,0 | Standard
FA value
0.96 | 1.28 | 1.91 | 0.96 | 1.28 | 1.91 | 0.96 | 1.28 | 1.91
Ba 36 |02]07]04]02]10[05|ND|[ND|[ND| 100
Zn 213 |ND|1LI8|ND|ND|ND|ND|ND|ND|ND -
Pb 60.2 N.D 5
cd N.D N.D 1
Cr N.D N.D 5
Cu <0.1 N.D 15
N.D : non detected. Unit : mg/L

58
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* Heat Resistance Materials

Using Perlite, Expanded Vermiculite,
Foam Glass to make Light weight
Fire/Heat Resistance Materials

* Fire Resistance Temperature >1100°C
> s * Thermal Conductivity < 0.6 W/mK 59
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* Cold-Bonded Light Weight Aggregate

60

2023/7/28
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wsoz  Cold-Bonded
‘ High Pressure Brick

A W EERTLRE

2 National Taipei University of Technology

Fabrication Artificial Aggregate

Crushing .

Sludge Fly Ash

RDF Fly Ash

2023/7/28
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Solidification of Radioactive
Granular Ion-Exchange Resins

I mm b
o2 Sdasf compressive strength

284 Iom
26 [12m
) [ Cement
F»] {—-1_
22 {—{— 3|
g 3
£ 164
£
7 14
% 10] any, Switzerkand
g_ Fa Cement15R
g hing 7A1Pa[F)
3 91 taly 5 MPi I 30
4] A [Kokea 3 a | 28
2] infanl Japsh 147 MPR 2
0l M . + >
SR -
z 2
22
£ 18
o
5 164
£ 14]
2 ]
g 10
&
3]
£
[}
4]
24 -
0 L]
eeeee {15k 15R 25R 2R 45R
Dry60%)  Orv6s%) ) @atew)  om2ow B3

Div11.3% y
Specimen No.

Summary

= Geopolymer = New Low-Carbon
Building Materials

= Geopolymer Technology can be used in
different fields.

= There are many application areas still
worth developing.

= Geopolymer Technology needs everybody
to carry it forward.

64
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Thank you for your attention
| . .
Email: twcheng@mail. ntut.edu.tw

E
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