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Heavy metal adsorption
characteristics on metakaolin-
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Langmuir isotherm for the adsorption
of heavy metals onto geopolymer
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Recycled ceramic shell mould as
refectory coating materials for

!'_ investment casting
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Lost wax casting

Pattern mould Wax injection Pattern
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After cast

Shell mould
Step SHL SL-GOHL 41.-G1HL 3L-G2HL 2L-G3HL
Before
lost wax
After lost
wax
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Surface and dimension change after casting

Casting
Diagram of casting SHL SL-GOHL 4L-G1HL
Surface
A 172.5+0.9 mm 172.2+0.1 mm 172.1+0.2 mm 172.2+0.1 mm
Dimension B 38.6+0.4 mm 38.7+0.1 mm 38.8+0.2 mm 38.8+0.1 mm
C 35.9+0.4 mm 35.6+0.1 mm 35.7+0.2 mm 35.7+0.2 mm
Diagram of casting 3L-G2HL 2L-G3HL
Surface
A 172.5+0.9 mm 172.6+0.1 mm
Dimension | B | 38.6+0.4 mm 38.620.1 mm B
C 35.9+0.4 mm 35.9+0.1 mm
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Incinerator Slag Based Foaming

!'_ Geopolymer
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Incinerator Slag Based Foaming
Geopolymer

H,0,/Total . . H,0,/Total . .
(ml%) Foaming Picture (ml%) Foaming Picture
2% 4%

6% 8%
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Fire Resistance Test for Foaming
Geopolymer

Temp.
(©)

—&— No Foaming Reagent

—4&— Additional Foaming Reagent

0 5 10 15 20 25 30

Time (min.)
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!'_ Surface Modification
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i Surface Modification

Mixing Silane and Ethanol with Volume Ratio of 1/40

1 Layer
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4 Layers 5 Layers 6 Layers
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Study on Failure Mode
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Individual Element Method Applied to Mode
Mechanical characteristics
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Mechanical properties and

fallure

odes

. Splitted + Monoclinic Conjugate Ductile
Damage Splitted
Sheared sheared sheared deformed
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n ‘ MY’ !
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F 1.91 SS+CS DD 18
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!'_ Geopolymeric Green Cement
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i Materials

Granulated Blast Furnace Slag (GBFS) (d,=12 pm)

Coal Fly Ash (CFA) (ds,=17.31 pm)
NaOH

Sodium Silicate (9.5 wt.% Na,O. 29 wt.% Si0O,)

Granulated Blast Furnace Slag Coal Fly Ash

20
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Experimental

GBFS CFA Na2SiO3 NaOH
| Wt% Ratio 30: 70| | |
v v
Mixing 3min Mixer Various SiO,/Na,O mole ratio

| Mixing 7min |

Vo Sememe T
by
Casting
®(5cm*x10cm)
v Room Temp. Curing 1 day
Demold
. | +R00m Temp. Curing to 7th day
Mechanical Physical
Properties Properties
test test
I ' |
The Best Mixing Ratio
v VI v
Microstructure Solidification Concrete

Test test Repair test
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Green Cement Physical Properties
Effect of Si0,/Na,O mole ratio on physical properties
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Molar Ratio (SiO /Na O) . . . .
2% (Clll'lllg 28 days) Setting Time (min)
Si0,/Na,O Bulk Density Apparent Porosity Water Absorption
Molar Ratio (g/em?) Specific Gravity (%) (%)
0.96 1.420.0 2.4+0.0 38.3+0 28.4+0
1.28 1.4+0.0 2.4+0.0 40.2+0 29.1+0
1.91 1.440.0 2.4+0.0 42.3+0 30.0+0
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Compressive Strength (MPa)

Green Cement Strength Analysis

ftect of SiO,/Na,O mole ratio on strength

Compressive Strength
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60

Currve fitting area percentage (%)

Green Cement Microstructure Analysis

2%Si NMR Fitting Analysis
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Preparation of Building Repair Material

OPC Sand OPrC Geopolymeric green
Substrate cement repairing agent
Water / Cement Mort CNS 1230
=0.75, 0.85 "I ar
Molding

(a) 10 x 10 X 25 cm
(b)4 x4 x16 cm

Curing in

water
Curing 28 days l

l OPC Substrate ] | GeOpolymerfc green l

A\

L Repair sample ]

Room temperature ; Curing 14, 28, 90, 180 days

v

Flexural Compressive
strength strength 26
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OPC Substrate

Stress

ive strength sample

Water OPC Sand
OPC 0.85 1 2.75
Substrat
L 0as 1 2.75
Dip angles (B)
Compressive Smooth surface
P 40 50 60 !
strength
Crack Width Stress
sample
20 mm
Stress Rough surface
Flexural Crack Width .
strength
3 mm
sample

27
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Failure Mode

v' Material Failure (MF)
v' Interface Failure (IF)

+

Compressi
ve
strength

sample

Flexural
strength

sample
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Compressive Strength (MPa)
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Repalr Effectiveness (Compressive strength)
Water / OPC = 0.75 (210 kgf/cm?)

mho) YN
S GV
SN

Si0,/Na,O molar ratio = 0.96. 1.28. The repair rate > 100%

High alkaline: Material Failure (MF)
Low alkaline: Interface Failure (IF)

(%) 9ea areday

Repair angle (B)
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Repalr effectiveness (Flexural strength)

Si0,/Na,0 molar ratio = 0.96 -~ 1.28 - 1.91.
Water / OPC = 0.75 -~ 0.85.0

140

—a—0.75
—o—0.85 120

~-100

(o4, e areday

0.9 | 112 | l.IS | 118 ' 2.1
Molar Ratio (SiO,/Na O)

v" The best repair rate is 107 %

v' Adhesion > Strain

High alkaline: Material Failure (MF)
Low alkaline: Interface Failure (IF)
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Carbon Fiber—Reinforced Polymer

!'_ (CFRP) Confined Concrete
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Uniaxial Compressive Strength
Measurement of CFRP Confined Concrete

One-Layer CFRP

Two-Layer CFRP

Original Concrete . Type of Surface Overlapping Confinement Confinement
Strength Binder Carbon Treatment Length Notes
(MPa) Fiber (mm) Strength | Increased | Strength | Increased
(MPa) % (MPa) %
100 29.5 148 42 210
A No 150 27.8 139 43.6 218
200 29.6 148 45.0 225
100 34.0 170 46.9 235
B No 150 34.6 173 46.5 233
200 36.4 182 49.2 246 _
20.0 geopolymer 100 317 159 - This Study
A uv 150 31.2 156 -
200 32.1 161 -
100 34.3 172 -
A H,SO, 150 33.9 170 -
200 34.2 171 -
23.0 Epoxy No 56.2 245 80.4 350 Lin, 1999

32




e @25 RBHKRE

Since 1912 National Taipei University of Technology

CFRP confined concrete samples before
and after high temperature test

Apparatus for testing the
destructive temperature

33
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Destructive temperature of CFRP confined

concrete under various loading

Original CFRP CFRP Loading . .
Concrete Confinement Confined Limit Loading Destructive
Strength Binder Strength Pressure | Temperature | References
(MPa) °O)
(MPa) Layer (MP3) (%)
35 13.5 303
36 14.0 293
13.5 Epoxy 38.9 Sung, 2005
1 46 18.0 163
54 21.0 119
20.0 Geopolymer 34.0 85 28.9 516 This Study

34
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Solidification/ Stabilization of

Incinerator Fly Ash by
!’_ Geopolymer Technology
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Experimental for Immobilization Cl- & Heavy Metals

CRES MSWI FA Alkali solution
30 wt% | 70 wt% | | Mixing 10 min
Powder MSWI FA Slurry
| S/L=0.9 |
l Mixing 7 min
Slurry
v
Molding . .
D5 xlw cm Room temperature ; Curing 3 days
Demold Room temperature ; Curing 7, 14, and 28
| days
v }
Mechanica TCLP &
1 properties M-TCLP

36
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TCLP Leaching Tests

7days 14 days 28 days
Elements MEZVI Si0,/Na,0 $i0,/Na,0 $i0,/Na,0 St::ﬂird

096 | 1.28 | 191 | 096 | 1.28 | 1.91 | 0.96 | 1.28 | 1.91

Ba 3.6 02 { 07 | 04 | 0.2 | 1.0 [ 0.5 | NND | N.D | N.D 100

Zn 213 ND |[1.18 | ND | ND | N.D [ N.D | NND | N.D | N.D -

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

37
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Compressive Strength Tests

When SiO,/Na,O molar ratio = 1.28,
the best compressive strength is 14 MPa
20

—=— M-0.96
—o— M-1.28
—a— M-1.91

— p—
N (=)
1 1

o
1

)

Compressive Strength (MPa)

Curing Time (day)

S/L=0.9
(GGBS: MSWI FA =30: 70)
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Experimental Procedures

Water NaOH,,,, Na,SiO;,
Incinerator fly ash Alkali solution
L/S=1
Mixing14 mins
Pastes

Curing at room temperature
for 7 days

@5 cm x 10 em Cylinder Mold

Compressive Physical TCLP Specimens
strength characterisation observation
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T

ffect of Compressive Strength on L/S

Compressive Strength (MPa)

- B 1./S=1.43
21 B 1/S=1
8 -
7
6 -

M096 M128 M191
Si0,/Na,O

40
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TCLP L/S=1.43

9]
1 M

LN
1 A

5
on 3 - -
E
= 5] i
1- i
0 -
M096 M128 M191
Pb /n Cd Cr Cu Ba
Limitation 5 25 1 5 15 100
Raw Fly Ash 48.5 10.5 N.D N.D 2.7 3.7
M096 1./S1.43 7D 1.1 N.D N.D N.D N.D 0.3
M128 L./S1.43 7D 0.9 N.D N.D N.D N.D 0.2
M191 L/S1.43 7D 1.2 N.D N.D N.D N.D 0.8
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Fire Resistance & Light Weight

g Heat Resistance Materials
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Using Perlite, Expanded Vermiculite,

Foam Glass to make Light weight

Fire/Heat Resistance Materials

*

* Fire Resistance Temperature >1100°C

 Thermal Conductivity < 0.6 W/ mK .

43
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Cold-Bonded Light Weight Aggregate

!'_ using Geopolymer Technology

Ceramsite

44
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‘ Cold-Bonded Light Weight Aggregate

* Using dimension stone cutting waste as raw material, mixed
with alkali solution.

* Using granulating machine to make 6-8 mm aggregate.

* Cold-Bonded light weight aggregate can be formed after
drying.

* Single particle compressive strength can be reached 4-12 MPa

45
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Experiment Process

Mullllfe Metalltaolln Kaolin Corupdum Wollgstonite KOH K;S10,
1 I I
_____________________ | |

J Q% 5% ~ 10 %) Si0,/K,0=0 ~ 0.51l~ 1.01 - 1.51

S min Mixin i i
( )[ : g ] S/L-4 Alkali S(I)lutlon

v
. Powder mixing | (8 min)

v
(540 kgf/cm? ~3min) |  Briquetting 60 mm x 60 mm
v

Demoulding

v
(100°C ~1hr) | Drying

v
(500°C ~2hr) |  Sintering |

{
v v v l

=

[ Physical property] [Flexural strength] { Warping ] [Llnear Shrinkage ]]
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Flexural Strength

12

p—
(=]
1

Flexural strength (MPa)
(=]
1

{ Sintering temperature:500 °C (24 Kaolin
SiO_ /K 0=1.01 R Corundum
I T ' Wollastonite

T
el

2% 5% 10 %
Add the amount (Wt%)
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Production low temperature sintering
building brick from drilling wastes using

!'- geopolymeric technology
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Physical/Mechanical Properties

h 90 :
% £ 75 :
£ g |
5 5 60 .
£ 2 30
& 2 i
= £ 15 !
+ 0 - - - - S 0 - . : 5

100 200 300 500 100 200 300 500
Sintering temperature(C) Sintering temperature('C)
Bending Strength Compressive Strength
SiO, / Na,O Sintering Density Porosity Water ?:tseorptlon shrinkage
Mole ratio Temperature °C g/cm? % o %
(1]
100 - - - 0
200 - - - 0.1
2 300 2.2 224 10.5 0.2
400 23 15.0 6.6 0.3
500 23 13.9 6.0 0.3

of
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Humidity Control Painting using

!'_ geopolymeric technology
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Humidity Control Properties

R.H. (%)

—®— Original Humidity

——S-2

BL-5

Time (min) 53
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| Pre-casting geopolymer concrete pipe
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| Mineral Processing Laboratroy

Contact Information

Ta-Wui Cheng ( David )

Tel : +886-2-27712171 # 2730

Fax: +886-2-27317185

Email : twcheng@ntut.edu.tw
http://www.cc.ntut.edu.tw/~twcheng/index. htm

& i @ Contact Information

™ Wei-Hao Lee (J acky )
Tel : +886-2-27712171 # 2708
A Fax: +886-2-27787579
Email : glowing955146(@hotmail.com
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Denver flotation Mlc.rotrz}c .
. Particle size Cyclosizer Jaw crusher Roll crusher
machine

- Analyser

Wet magnetic Dry magnetic Rare earth
Hydrocyclone 8 Shaking table y mag magnetic
separator separator

separator

Furnace Furnace Electrostatic
(1200°C) (1550°C) concentrator

N B — §
N A




‘/AIPEI ni* ”ﬂ-ﬂ*g

versity of Technology

Thank You for Your Attention
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