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The ICCM, having started in 1975, is the largest conference series dedicated to
composite materials. [CCM21 has adopted the motto of ‘Advanced Composites:
Innovation and Development’, bringing together researchers, scientists and
practitioners worldwide to explore the role of innovation in the development of
composites, and the impact on global economy.
The themes for ICCM-21 will contain all the composite materials with relate to
researches and applications, including but not limited to Materials Science,
Structural ~ Design, Experimental Methods, Mechanical Properties,
Multifunctional and Smart Composites, Processing and Manufacturing,
Applications. The scientific program will consist of plenary talks, keynote

lectures, mini-symposia, oral sessions and poster sessions.
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1. Keynote 1: Yiu-Wing Mai, University of Sydney, Australia

2. Keynote 2: Fu-Kuo Chang, Stanford University, USA

3. Keynote 3: Debes Bhattarcharyya, University Auckland, New Zealand

4. Keynote 4: Dongsheng Li, Commercial Aircraft Corporation of China,
China

Keynote 5: Stephen Tsai, Stanford University, USA
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6. Keynote 6: Liqun Zhang, Beijing University of Chemical Technology,
China

7. Keynote 7: Kon-Well Wang, University of Michigan, USA

8. Keynote 8: Soon Hyung Hong, Korea Advanced Institute of Science and
Technology, Korea

9. Keynote 9: Tongyi Zhang, Shanghai University, China

10.Keynote 10: Woo Il Lee, Seoul National University, Korea

11.Keynote 11: Norman Wereley, University of Maryland, USA

12.Keynote 12: Ozden Ochoa, Texas A&M University, USA

13.Keynote 13: Tsu-Wei Chou, University of Delaware, USA

14.Keynote 14: Leif Asp, Luled University of Technology, Sweden

15.Keynote 15: Andy Long, The University of Nottingham, UK

16.Keynote 16: Alan KT Lau, Swinburne University of Technology, Australia

17.Keynote 17: Huiming Cheng, Institute of Metal Research, Chinese
Academy of Sciences, China

18.Keynote 18: Michael Wisnom, University of Bristol, UK

19.Keynote 19: Jian Lu, City University of Hong Kong, China

20.Keynote 20: Byung Sun Kim, Korea Institutes of Material Science, Korea

21.Keynote 21: Brian G. Falzon Queen's University Belfast, UK

22.Keynote 22: Ray Baughman, University of Texas at Dallas, USA

23.Keynote 23: Anthony M. Waas, University of Washington, USA
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24 Keynote 24: Jang Kyo Kim, The Hong Kong University of Science and
Technology, China

25.Keynote 25: Véronique Michaud, Ecole Polytechnique Fédérale de
Lausanne, Switzerland

26.Keynote 26: Zhongmin Xue, Sinoma Science & Technology Co., Ltd,
China

27.Keynote 27: Christopher S. Lynch, University of California, Los Angeles,
USA

28.Keynote 28: Chiara Bisagni, Delft University of Technology, Netherlands;

29.Keynote 29: Milo Shaffer, Imperial College London, UK

30.Keynote 30: Daniel J. Inman, University of Michigan, USA

31.Keynote 31: Zhishen Wu, Southeast University, China Yoshihiro Narita,
Hokkaido University, Japan

32.Keynote 32: Zhengming Huang, Tongji University, China

33.Keynote 33: HeeJune Kim, LG Hausys R&D Center, Korea
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Greenhouse effect is an important topic since it has been responsible
for global warming. Carbon dioxide also plays a part of role in the
greenhouse effect. Therefore, human has the responsibility of reducing
CO2 emissions in their daily operations. Except iron making and power
plants, another major CO2 production industry is the cement industry.
Estimation by EPA of Taiwan, production 1 ton of cement will produce
520.29 kg carbon dioxide. There are 7.8 million tons of CO2 produced
annually. Thus, to synthesize low CO2 emission geopolymeric green
cement is important and can reduce CO2 emission problems in Taiwan.

The purpose of this study is trying to use marble wastes as the raw
material to fabricate geopolymer green cement. Experiment results show
that the setting time of green cement was exceed 4 hours. After curing 28
days, the compressive strength of marble based geopolymer green cement
paste can reach 65 MPa, that is higher than traditional Portland
Cement.This study is based on resource recovery and recycling. Its basic
characteristics are low consumption, low emission and high efficiency

that meet the Taiwan government’ s policy of "Circular Economy", and

this is an international tendency.

According to experimental results, the marble-based geopolymer green
cement can be developed as a low CO2 emission green cement. By
comparing with Portland cement paste, production 1 ton of marble-based
geopolymer green cement paste, it can be saved around 53.8% carbon
dioxide emission. Production 1 ton of green cement paste will cost about
1350 NTD (~42 USD) that cheaper than traditional Portland cement paste.
It is proved that the green cement has very good potential for further

engineering development in the future.
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MARBLE BASED GREEN CEMENT BY USING GEOPOLYMER
TECHNOLOGY

WH Lee' TW. Cheng’, Y.C. Ding’ and T.T. Wang
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ABSTRACT

Greenhouse effect 15 an important topic since it has been responsible for global warming. Carbon
dicxide also plays a part of role in the greenhouse effect. Therefore, luman has the responsibility of
reducing C0; emissions in their daily operations. Except ron making and power plants, another major
CO; production industry 1s the cement industry. Estimation by EPA of Taiwan, production 1 ton of
cement will produce 520.29 kg carbon dioxide. There are 7.8 mullion tons of CO: produced anmually.
Thus, to synthesize low CO, emission geopolymeric green cement is important and can reduce CO,
emission problems in Tamwan.

The purpose of this study is trying to use marble wastes as the raw material to fabricate geopolymer
green cement. Experiment results show that the setting time of green cement was exceed 4 hours.
After curing 28 days, the compressive strength of marble based geopolymer green cement paste can
reach 65 MPa, that is lugher than traditional Portland Cement This study is based on resource recovery
and recycling. Its basic characteristics are low consumption, low enussion and high efficiency that
meet the Tatwan government’s policy of "Circular Economy”, and this is an international tendency.
According to expenimental results, the marble-based 'E'Npﬂl‘.-‘mﬂ' green cement can be developed as a
low CO, emission green cement. By comparmg with Portland cement paste, production 1 ton of
nmrble-based geopolymer green cement paste, 1t can be saved around 53 8% carbon dioxide emission.
Production 1 ton of green cement paste will cost about 1350 NTD (~42 USDY) that cheaper than
traditional Portland cement paste. It 1s proved that the green cement has very good potential for further
engineering development n the fivture.

1 INTRODUCTION

The greenhouse effect is an important topic smce it has been responsible for global warming.
Carbon dicxide also plays a part of role m the greenhouse effect. Therefore, human has the
responsibility of reducing CO; emissions in their daily operations. According to International Energy
Agency IEA/OECD statistics in 2015, energy related carbon dioxide emissions was over 248.7 million
tomnes in Taiwan and ranked No. 22 in the world's [1]. It is well known that the production of OPC
emits large quantity of carbon dioxide [2]. Cement manufacturing is one of the highest carbon dioxide
emission industries. According to EPA of Taiwan statistics in 2015, production 1 tons of cement will
produce 320.2%gz CO not including mining development stage). There are 15 mullion tommes of
cement will preduced every year in Taiwan, it means 7.8 million tonnes of CO, produced anmually in
Tamwan by cement industries. Thus, to synthesize low CO, emission geopolymeric green cement 1s
mmportant and can reduce OOz emission problems m Taiwan. [3]
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Geopolymer, sinular to natural zeolite munerals, 15 a class of three-dimensionally networked
alumine-silicate materials [2]. and 15 an norganic non-metallic material newly develeped in recent
years. Due to its superior mechanical and physical properties, such as non-combustible, heat-resistant,
fire/acid resistant, easy to make it and formed at low temperatures, geopolymer have been gradually
attracting world attention as potentially revolutionary green materials. Previous studies have presented
when using geopelymeric technology to make geopolymer could reduce over 70 % carbon dioxide
emission [3].

In thiz study, marble and blast fiumace slag (BFS) were used as raw materials to fabricate marble-
based geopolymeric green cement under the activation of alkaline solutions of various molar ratios at
ambient condition The characteristics of marble-based geopolymeric green cement in workability
(viscosity, setting time), compressive strength, specimen shrinkage and i, Al NMR analysis were
presented in this stud;

2 EXPERIMENTAL

The marble samples used i this study were collected from a marble mine in eastern Taiwan. The
blast fumace slag (BFS) samples were produced from China Steel in southemn Taiwan. The chemical
mmpusnmn of marble and BFS were analyzed by X-ray fluorescence (XFF). as histed m Table 1. The
nmjor mmpusltmn in marble and blast furnace slag was “caleinm oxide, however, the blast furnace slag
also contains 27.7 % of 510 Alkali sclution was prepared by mixing NaOH, sodium silicate and
sodmm alununate, the 5103 MNa:0 molar ratio was confrolled at 1.28 and 1.5, the S102/ALO: molar
ratio was controlled at 20, 50 and 100 . The experimental procedure and test parameters were shown in
Figure 1 and Table 2.

The setting time test of green cement was followed CNS 786 and analysis by Vicat Needle.
Compressive strength test of green cement was followed CNS 1232, Specimen shninkage test was
followed CN5 1258, According to CNS 3036, the specimen shrinkage should less than 0.8%.

Marble EFS Wollastomte
3 mins
Alkal solution
20 muns

S

L J

Specimen shrinkage test: Compressive strength test:
25x25%28 5 cm Mould | $10x 20 cm
3 days

| Demould |
s : :
Specimen shrinkage | | Compressive Strength | [ NMR analysis

Figure 1: Overall experiment procedures

T Composition ~ SiO: CaD  AbOs Fex0; LOIL Other

wit. %o T—
Marble 1.0 60.9 1.3 = 356 1.2
Blast firnace slag 277 379 112 04 - 28

Table 1: Marble & Blast furnace slag Chemical Composition
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Experiment Snﬁiﬁ%ﬁ . Alkah Sclution Liquid / Solid

B Marble: BES  NaOH  5i0.Na,0 Si0/ALD; Wt % ratio
MS01 128 30

MS02 i3 S

MS03 1.28 100

MS04 80:20 T -

MS05 128 50

S 1.5 100 055
MS07 128 30

MS08 13 0

M509 . 128 100

MS10 60:40 T Lo

MS11 128 50

MS12 i3 i

Table 2: Experiment Parameters

3 RESULTS AND DISCUSSION
3.1 Workability of green cement (viscosity, setting time)

The effects of different parameters on workability of green cement are shown on Table 3. The
viscosity of green cement paste can be decreased by increases the amount of sodium aluminate in
alkzali sohation. The initial and final setting time increases as the amount of sodinm aluminate in alkali
solution increases. Because green cement was formed by geopolymerization, and the structure of
geopolymerization usually was Si-0-AL it means more Al involved in reaction, the structure of green
cement will more complete. As the results shown, when geopolymerization more complete, more
geopolymer gel will release, thus the viscosity of green cement paste will decrease and the sething time
of green cement will increased.

However, when increased the amount of sodum ahmunate in alkali solution will making alkali
solution unstable, thus the Si0W/ALO; =20 was the limitation of the adding amount of sodium
ahaminate.

According to the experiment results and the properties of portland cement, while using different
parameters to form green cement, the viscosity of paste can be less than 5000 mPa - s, the imtial
setting can longer than 45 min, and the finial setting time can less than 360 min.

3.2 Compressive strength test

The effects of different parameters on compressive strength of green cement are shown on Figure 2
and Figure 3. As the results shown, the compressive strength of green cement was affected by the
mixing ratio of marble and BFS. The compressive strength of green cement increases as the amount of
BFS mcrease. Becanse BES has higher reactivity than marble, and it leads the geopolymerization more
complete.

However, micre cracks on geopolymer specimen were observed if the amount of BES is over 40 %,
and thus, the amount of BFS can’t be increased over than 40%. According to the experiment results,
the compressive strength of green cement can be reached over 40MPa. Compare with portland cement,
the compressive strength of green cement was higher than Portland cement.

16
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ot | Soid Matmals g e Set::j;]ign} fime
i Marble: BFS  NaOH  Si0/Na;0  SiOyALD,  @P2S) “Frel Final
MS01 128 70 300 15 25
MS02 15 50 3000 95 170
MS03 _ 138 100 2250 565
MS04 80:20 6M 15 20 2500 135 180
MS05 138 50 4150 75 110
MS06 15 100 2400 85 140
MS07 128 20 4100 100 145
MS08 15 50 5700 0 60
MS09 _ 128 100 2500 5 60
MS10 60:40 6M 15 20 4200 0 80
MS11 138 50 4150 60 85
MS12 15 100 2300 0 55

Table 3: Workability of green cement { viscosity and setting tim)

! Kyl =128 B, Mg IS Iy
ﬁug:'m-ﬁ:d Marhle : Slag=6 - 4 (b)

_
B
—

S a0 =15 7 dar
E . EE1ea

Marile | Slag=H i | FELoT

Bl da

EERwdn

Sl Nag0 =128
Pilarbly ¢ Slap=H: 1

A ampre % roa gt bV
e EE L EREES

1" e et Sero g M 51
-~ L EYEEESEEFEREEREN

SO, e S0 Sy ALD,
Figure 2: Effect of various alkali solution condition on green cement compressive strength (a) Marble
/ BFS wt.% ratio = 60:40 (b) Marble / BES wt.% ratio = 80:20. Liquid / Selid wt.% ratio = 0.35.

Ny AREL ST R AL ORGS0 R
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] ElRa@EE

¥ 185 L
LTRTER L T TR RRTE ] MRl ol R LR
Marbde {Slag 604/ EI7 &4/ HIT B4/ HI] LEE RN R

Figure 3: Effect of marble/BFS ratio on green cement conmpressive strength.
Ligquid / Solid wt.% ratio = 0.35.
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3.3 Specimen shrinkage test and improvement

Due to the micto cracks was observed on marble based green cement. These micro cracks were
generated from shrinkage as shown on table 4. Thus, in this part of experimental is trying to add some
filler to improve the shrinkage issue. As the results shown on table 4, the shmnkage issue of green
cement can be improved when adding wollastonite into green cement. Because the particle shape of
wollastonite is needle-like. when green cement dehydration, it can grabs different particles to prevent
shmnkage. According to expeniment results, when adding 1wt of wollastonite into green cement, the
specimen shrinkage can be controlled belows to 0.8%.

: Specimen shrinkage (%) in different curing days .

Experiment No. 7 days 14 days 28 days Curing method

MS11 -2.33 -24 -246 Curing in ambient temperature
MS11 - 1wt 051 0.33 -0.63 Curing in ambient temperature
Wollastonite
MS11- 3wt 0.23 0.33 -0.42 Curing in ambient temperature
Wollastonite
M511-  3Swite 0,04 421 -0.23 Curing in ambient temperature
Wollastonite

Table 4: Shrinkage of green cement - Results of before and after improvement

34 NMRE analysis

After 28 days curing, marble-based green cement sample was analyzed using Nuclear Magmetic
Resonance Spectroscopy (NME).

NME. analyze results as shown in Figure 4, it can be found that the Q4 in marble based green
cement, the Q4 area was increased when mmeased the amount of slag. This is because slag have better
reaction, after geopolymeric reaction, slag can disselve large amount of Si for forming Q" In marble-
based green cement system. the main Si sources is BFS or sodium silicate. therefore over 30% Qs* was
measured in the marble based green cement. According to the analyze results, the ~ Al structure in
green cement was major with AITV), it means most Al were bond with ALO-Si

B -
[a] -MLI:I'I.!:I:H,'EI{EEI!J,' -A“"-_lm-\ll}-“ |
a4
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-
£ 0
Z
=
-
20
0 —L
o _] 1M : A w =
M50 M08 M5 M1 e MS0E BN MS11

Fizure 4: NMR analyze result (a) ~°Si (b) Al

3.5 Green cement- CO; emission estimate

According to Taiwan EPA statistics mn 2015, production 1 tons of portland cement will produce
520.29kg CO, ( not inchading mining development stage). The statistics of CO, emussion on marble
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based green cement as shown on table 3. By companng with Portland cement paste, preduction 1 ton
of marble based green cement paste, it can be saved around 53.8% carbon dioxide emission.

Item Sl Gl Portland cement Portland cement paste
green cement paste
. i 0.17162 ton COz 0.52029 tonCOn 0.37200 ton COz
C0; emission estimate ) ]
/ton green cement /ton cement /ton cement paste
C0 emission reduction = 67.0% 53 8%

Table 3: CO: emission estimate of green cement paste (compare with Portland cement paste)

4 CONCLUSIONS

Marble and BFS based green cement was successfully developed i this study. After curing for 28
days, the compressive strength of marble-based green cement can reachs 42-60 MPa. The viscosity of
geopolyme paste can be controlled between 2400 ~ 8230 mPa - 5, and the final setting time can be
controlled between 33~220 min After adding needle-like filler intoe green cement system, the
shnnkage issues can be improved. It is believed that the fabrication of marble-based green cement has
great potential for engineering application.
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