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Trends of Recycling Technologies in Utilization of Coal Combustion Byproducts
for Manufacturing Geopolymers through Patent and Literature Analysis
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Abstract

Approximately 8.5 million tons of fly ash and 740,000 tons of briquette ash were produced in 2010. Inefficient recycling of
coal ash has been a heavy economic and environmental burden and economical coal ash utilization technologies are required
to turn coal ash into valuable resources. In this study the patents and literature were analyzed to understand the present situation
of coal ash recycling technologies and to promote utilization of coal ash for producing a non-sintering green cement, geopolymer.
The survey was based on the open patents of USA, European Union, Japan and Korea, and the papers in SCI - indexed journals
published between 1979 and 2013. Technical key words were used for data collection and noise filtering. Trends of recycling
technologies in utilization of coal ash for producing geopolymers were discussed in terms of time periods, countries, companies
and various forms of technologies.
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Table 1. Analysis of the patents and papers

Patent Paper
The name of search database WIPS Scopus
The number of analysis 247 61

The date of search from 1979 to 2013

Table 2. Technical classification of recycling for utilization of
coal combustion byproducts for manufacturing
geopolymers

The name of technology Technical classification

Utilization of coal Manufacturing geopolymers

combustion byproducts for
manufacturing geopolymers

Refinement of coal

combustion byproducts
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Fig. 1. Trend in the number of the patents from 1979 to
2013.

100

A>rrionit

40

) .

LES = I s

EHI7

1ot

Fig. 2. Number of the patents from different countries.
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Table 3. Main applicants of patents

Main applicant Number of patents

Davidovits, Joseph(FR) 13

Ao 8kt (KR) 10

Dowa Mining(JP)

Services Petroliers Schlumberger(FR)

Ceramatec(US)

Dow Global Technologies(US)

The Hera(US)
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5
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Fig. 3. Number of the patents from countries of applicants.
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Table 4. Number of the patents applied from different
countries for specific recycling technologies

Lo Manufacturing Refinement of coal
Nationality .
geopolymers combustion byproducts
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Table 5. Main organizations of papers

. S Number
Main organization
of paper

University of Melbourne(AU) 6
Khon Kaen University(TH) 5
V.L.B Janakiammal College of Engineering 3
and Technology Kovaipudur(IN)
Iran University of Science and 3
Technology(IR)
University Politehnica of Bucharest(RO) 2
University of Seville(ES) 2
University Malaysia PerlisqMY) 2
Tongji University(CN) 2
Technical University in Kosice(SK) 2
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Table 6. List of the core patents & papers
Technical [nationality|Patent (Publication) Patent( Publication)Date/ Applicant/
classification Number/Source title, Volume, Pages Publication Year Organization
[KR] 1263227 2013.05.06 [
[KR] 0759855 2007.09.12 Q8971+
[KR] 1165694 2012.07.09 G714 7] %
e i il
[KR] 1018009 2011.02.21 SafsdsaTe
[KR] 1121983 2012.02.23 N 11910 2]
S A HALA AT
[KR] 0852215 2008.08.07 ARG
Arizona Board of Regents for and on
[US] 2013-0035924 2013.03.07 Behalf of Arizona State University
[US] 2012-0260594 2012.10.18 Banah UK
[KR] 2010-0085112 2010.07.28 Commissariat a
[JP] 2011-500494 2011.01.06 L'energie Atomique
[US] 2010-0222204 2010.09.02 Commissariat
Energie Atomique
[EP] 1507749 2011.08.03 .
Cordi-Geopolymere
[EP] 0891310 1999.01.20
[EP] 2105420 2009.09.30 Council of Scientific
2 9 Z 7 & Industrial Research
[KR] 0846821 2008.07.10 Counsil Scient Ind Res
[EP] 0815064 1999.09.01
[US] 5342595 1994.08.30
[US] 5352427 1994.10.04
[US] 5539140 1996.07.23
[EP] 0500845 1996.07.10 Davidovits, Joseph
[EP] 0518962 1994.12.14
[EP] 0518980 1994.12.14
[EP] 0338060 1991.06.26
[US] 4859367 1989.08.22
[US] 2011-0132230 2011.06.09 .
Dow global Technologies
[KR] 2012-0030464 2012.03.28
[US] 5601643 1997.02.11 Drexel University
Inst Francals Des Sciences et
[US] 8444763 2013.05.21 Technologies des Transports de L
Amenagement et des Reseaux
[KR] 2008-0073785 2008.08.11 James Hardie International Finance
[JP] 2013-502367 2013.01.24 Laboratoire Central des Ponts et
Chaussees
Louisiana Tech University res
[US] 2012-0156381 2012.06.21 Foundation a division of Louisiana
Tech University Foundation
[JP] 2013-001580 2013.01.07 o
Nishimatsu Constr
[JP] 2012-116677 2012.06.21

J. of Korean Inst. Resources Recycling Vol. 23, No. 2, 2014
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Table 6. Continued

Technical [nationality]Patent (Publication) Patent( Publication)Date/ Applicant/
classification Number/Source title, Volume, Pages Publication Year Organization
[JP] 2008-239446 2008.10.09 Railway Technical
Research Institute
[US] 8202362 2012.06.19 .
Red Lion Cement Technology
[US] 7229491 2007.06.12
[US] 7442248 2008.10.28 Research Incubator
[US] 2007-0125272 2007.06.07 Rocla Pty
AL EZEFH [EP] 2093200 2009.08.26 Services Petroliers Schlumberger
[US] 2012-0152153 2012.06.21 The Catholic University
[US] 2012-0024196 2012.02.02 of America
[US] 5244726 1993.09.14
The Hera
[JP] 3018341 2000.01.07
[US] 2012-0094028 2012.04.19 Tnemec
[US] 2013-0019780 2013.01.24 Total E&P Canada
[US] 2012-0167804 2012.07.05 United States Gypsum
[JP] 2008-254939 2008.10.23 Yamaguchi Prefecture
Journal of Thermal Analysis, 37, .
ppl633-1656 1991 Geopolymer Institute
Journal of Hazardous Materials, 168, 2009 Khon Kaen University
pp44-50
Journal of Hazardous Materials, 157,
pp. 587-598 2008
Minerals Engineering, 12, pp. 75-91 1999 University of Melbourne
Minerals Engineering, 10,
pp. 659-669 1997
[US] 4229329 1980.10.21 Bennett; Herbert
[JP] 1996-277151 1996.10.22 Sekisui Chem
o Minerals Engineering L
L=IPNR 9
TARrE 22, ppl073-1078 2009 Burapha University
Cement and Concrete Research, 29, . .
pp1323-1329 1999 Eduardo Torroja Institute (CSIC)
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