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The present review dealt with the state-of-art on utilization of coal bottom ash in cement-based concrete and mortar. Two types of
bottom ashes generated from pulverized coal combustion and circulating fluidized-bed combustion systems have been considered. The
production process, chemical and physical characteristics of both ashes, and the methodology of utilization in various cement
composites are summarized. The effect of bottom ash on various properties of concrete, such as workability, strength, and durability,
were reviewed from the literature. In addition, the environmental and economic aspects of utilizing bottom ash in concrete are
analyzed to explore the perspectives of bottom ash utilization, and through this, the future of the utilization was considered. The effect
of bottom ash on the performance of concrete and mortar was greatly depended on the condition, pretreatment, and processing of
the ash. Additional processing such as crushing might contribute to stimulating the utilization in this field. In particular, if economic
support is possible in terms of policy, utilization rate is expected to be improved.
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Table 1. Cases of advanced utilization of coal bottom ash in cement composites

Case

Treatment for ash

Effect

PCC bottom ash

As active filler/aggregate
(Pyo and Kim 2017)

Raw or ground/crushed

Densify interface,
Improve the resistances against carbonation/chloride penetration

As internal curing agent(Kim et al., 2014;
Wyrzykowski et al. 2016)

Raw or surface-wearing

Mitigate the autogenous shrinkage,
Enhancing hydration degree

As semi-lightweight aggregate
(Torkittikul et al. 2017)

Raw or surface-wearing

Improve thermal insulating properties

As foam stabilizer in aerated concrete
(Kim et al. 2012a)

Raw and
size-controlled

Prevent floating of air bubble in fresh mixtures: led uniform distribution
of air voids

CFBC bottom ash

As hydraulic binder itself
(Hlavacek et al. 2018)

Raw or ground/crushed

Accelerate setting and hardening duration

As sulfate source for OPC
(Shen et al. 2013)

Ground/crushed

Retarding hydration of C;A,
Lead expansion or shrinkage reduction

As activator for alkali-activated materials
(Xu et al. 2010)

Ground/crushed

pH-neutral matrix,
Lead expansion or shrinkage reduction
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Table 2. Summary of effect of incorporation of coal bottom ash on performance of concrete and mortar

4B HIEOHAI 2&

Content and condition of ash

Performance of concrete and cement composites®

Ref. B Composite Mechanical
Contents Characteristics Treatment type Fresh properties —— Durability
PCC bottom ash
Kurama and Kaya B~25 . o
2008) WOWOPC SG: 2.39 Ground Normal mortar - CS | ~30% -
Gonzalez
-Fonteboa et al. B-40 - Ground Normal Flow | ~25% | CS | ~30% | Cap. WA T ~20%
(2018) wt.%/OPC concrete
Tafesse and Kim Filler~30 SG: 1.8, 2.2 N "
2016) VoL%OPC | WA: 5.1%, 5.1% Crushed Normal mortar | Flow T ~200% | CS | ~40% -
Bai et al. o SG: 1.5~1.6 o o
2005) FA~100 Vol% | oo o, Raw Normal mortar | Slump 7 ~200mm | CS | ~40% | Shmk | ~40%
Topgu and Bilir o SG: 1.3 ., | CS I ~50% Shrk | ~60%
(2010) FA~100 Vol.% WA: 12.1% Raw Normal mortar | Slump | ~10% E | ~10% Te | -200%
Kim . ) CS T ~20% | Cap. WA |~ 30%
(2015a) FA~30 Vol.% SG: 2.47 Crushed Normal mortar No change E | 0% Shmk | ~0%
I. : 1.9
Jar(lzgoi:;)a FA~50 Vol.% \i/i % Raw Normal mortar - cs | ~20% Ra T ~10%
Yuksel and Geng o SG: 1.4 Normal ., | CS b ~30% 0
2007) FA~50 Vol.% WA: 6.1% Raw concrete Slump | ~30% FS | -30% Cap. WA 1T ~30%
Kou and Poon o SG: 2.2 Normal o 0
2009) FA~100 Vol.% WA: 200 Raw concrete | StumP T 120mm | CS | ~40% Shrnk | ~5%
Yiksel et al. . SG: 14 Normal CS | ~20% .
(2011) FA=30 Vol.% WA: 6.1% Raw concrete ) E | ~30% Ree | 0%
Singh and o SG: 14 Normal | Bleeding | ~40% . )
Siddique (2014) |TATI00 VoLl G 51 60 Raw concrete | Stump | ~50% | & b 0% | Cap. WA T ~100%
Sidilirclliz ?;(()115) FA=100 Vol.% wi(-}:;.zo/ Raw iﬁrcrﬁfe . cs | o% -
. B 0
Rafieizonooz N SG: 1.9 Normal o o o
et al. (2016) FA~100 Vol | o7 Raw concrete | Stamp I ~70% | CS | ~30% | Shmk | ~50%
H 1 C > —_ 0,
Sggg;e FA-30 Vol.% SG: 1.9 Raw Selfcﬁcmr:g“’g Slump | ~10% | CS | ~30% CapRC\;V Ai TIO?OO"/
. ~. 0
Kim and Lee |FA~100 Vol.% SG: 1.8~1.9 High-strength o cs | 0% o
(2011) CA~100 Vol% |  WA: 5-8% Raw conerete | T1OW ¥ 30% | L ~50% Ra | ~10%
Le(zoelto)al' FA~100 Vol.% wS,S: ()169;22’ y Raw Foamed mortar | Flow | ~50% | CS | ~50% -
. .0~0. 0
Kim and Lee o SG: 1.8~1.9 . High-strength . o o
2016) FA~50 Vol.% WA: 5.8% Size controlled concroto Flow | ~10% | CS | ~20% | Shmk | ~50%
O“pggi Se)t a1 EA<100 Vol.% \;/S: ;;‘V Raw Foamed mortar . cs | ~30% -
. .. 0
ngog;)al' FA~50 Vol.% SG: 2.0 Raw CLSM | Flow | ~30% | CS | ~10% -
CFBC bottom ash
Wang and Song B~30 . o
2016) WLIWOPC - Raw Paste Flow | ~30% | CS 1 ~10% -
Lee et al. (2020a) B~20 o
and wt.%/OPC SG: 2.7 Raw Normal mortar No change lgi II)‘V Sh;r::k f NBS%OE/OA)
Lee et al. (2020b) and slag ’ ’
SIEAMRSIREE| =27 2020 92 337
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Content and condition of ash . Performance of concrete and cement composites®
Ref. Composite Mechanical
i Contents Characteristics Treatment” type Fresh properties e @c Durability
properties
259 i
Jang et al. FA-100wt.% SG: 27 Raw CLSM Flow' ) 2'5Aa ) Self degradzfltlon by
(2018) Rapid setting expansion
cs 1
-20~+30%
Kim et al. B~20 Alkali-activated | Setting time T
127 ffe hrnk | ~509
(2019a) wt.%/slag SG Raw slag mortar ~30% @ ect'e d by S ! %
curing
temperature)

Note) FA: replaced to natural fine aggregate; CA: replaced to natural coarse aggregate; B: use as cementitious binder; SG: specific gravity at saturated

surface-dry condition; WA: water absorption; CS/FS:

: compressive/flexural strengthes at 28 d; E: elastic modulus at 28 d; Shrnk: shrinkage; Cap.

WA: capillary water absorption; Tc: crack initiation time by shrinkage; Rpi: resistance against fire, i.e., strength reduction after fire; Re: chloride
penetration resistance; CLSM: controlled-low strength materials (=flowable cement fill)

a Decrease/increase in performances at maximum contents of bottom ash compared to the control mixture with same w/b and without bottom ash
b Ground: finely ground to the size similar to OPC; Crushed: coarsely crushed to the size in the range from 0.1 to 1.0mm
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