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Abstract

In Korea, reutilization of construction waste is gaining attention as construction waste generated increases continuously. Cur-
rently, the concrete waste is simply crushed and used as a low value application such as paving, back filling, etc. To meet the
demand of aggregate for construction and the resource efficiently, production of high quality recycled aggregate is necessary.
Therefore, in this study, a better process for production of high quality recycled aggregate was developed using combination of
heat pretreatment and autogenous milling. Test results showed that the recycled aggregate has a density of 2.5 glem® and a water
absorption ratio of 3.0%, which meet the specification of the first class of KS F 2573. Currently, a pilot scale autogenous mill
is being constructed and tests will be further conducted to develop a commerce-scale process.
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1. Introduction generated. But it increased up to 54 million tons in

2004, and is projected to increase to over 300 million

In Korea, reutilization of construction waste is tons in 2020, since the life time of buildings is 30
gaining attention since production of construction years?.

waste is expected to increase continuously. In 1996, Among construction waste, the proportion of

about 10 million tons of construction waste was concrete waste was about 60% in Korea®. Therefore,

the recycling of waste concrete is regarded as the most
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recycled aggregate producing plants and it was
reported that almost 100% of waste concrete were
reclaimed for reutilization. However, the products
from these plants are of low quality and most of them
are downcycled for use as paving material, back-
filling material, concrete bricks, etc. It cannot be
reused for replacement of natural aggregates because
cement paste is not separated perfectly from aggregates.
These kind of recycled aggregates tend to be weaker,
more porous and have a higher value of water absorption.
When these aggregates are used in concrete making,
there are problems of higher total water demand, low
compressive strength and durability>®.

If high quality recycled aggregate can be produced
from an advanced processing circuit, it has some
merits of not only minimization of construction waste
but also resolution of shortage of natural aggregate.
Besides, environmental destruction from excavation
of natural aggregate is prevented. Therefore, in this
study, tests were conducted to develop an advanced
processing circuit for production of high quality
recycled aggregates, which involves heat-pretreatment
and autogenous milling.

2. Material and Method

2.1. Material

Concrete waste used in this study was the product of
a primary jaw crusher (200 ton/h) installed at a waste
concrete processing plant. Currently, construction and
demolition waste are not collected separately in Korea,
so the concrete waste collected to the concrete waste
processing plant is not homogeneous, because it was
containing a complex mixture of concrete blocks,
asphalt wastes, wood wastes etc. Therefore tests were
conducted after removal of impurities. To analyze the
size distribution of concrete waste, the samples were
dried and sieved into various size fractions of 2 series
from the maximum size of 106 mm.

2.2. Pretreatment

The samples were preheated by heating to improve
the liberation of aggregate and cement mortar before
breakage process. When concrete waste is heated, an
inverse reaction of hydration of concrete making was
occurred, which may weaken the bonding strength
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between the cement paste and aggregates. So the
possibility of preferential breakage along the boundaries
between aggregate and cement paste increase. It is
known that the aggregates may get deteriorated if
heated at a temperature above 500°C?. Therefore in
this study, the samples were heated in an oven for 1
hour at 400°C. The test results were compared with
results without heat treatment to evaluate the effect of
heat treatment.

2.3. Autogenous mill

An autogenous mill was used in this study for the
crushing process. Autogenous milling uses a
cylindrical-shape mill chamber like a ball mill, and the
breakage process occurs by rotating the mill chamber.
The major difference between autogenous mill and ball
mill is the grinding media. In ball mills, the charge
comprises a large volume of steel balls. In autogenous
mills, the grinding medium comprises lumps of the ore
being ground. Differences also exist between ball and
autogenous mills in terms of the breakage mechanism
which predominates in each. Feed enters the mill and
is subjected to breakage from collision with other
particles and/or the mill shell. It is generally regarded
that two mechanisms operate within autogenous mills:
abrasion/attrition, and impact. Abrasion and attrition
result from the scraping of one surface on another against
a rigid face of particle against particle, leaving the parent
particles largely intact. A rotating drum throws large
rocks in a cataracting motion which causes impact
breakage of larger rocks and compressive grinding of
finer particles. The impact energy that the particle
receives is relatively low compared to compressive
forces exerted by crusher. Therefore, the specific energy
that particles receive may not be sufficient enough to
propagate cracks through aggregates in concrete
blocks, but along the boundaries between the cement
paste and aggregates, especially when the bonding
strength between them is weakened by heating. There-
fore high quality recycled aggregate can be produced
from concrete waste crushed using the autogenous mill
due to the enhancement of liberation between aggregate
and cement mortar by abrasion and preferential breakage
along the boundaries between the cement mortar and

aggregates.
The autogenous mill used in this study has a mill
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chamber with a diameter of 710 mm and a length
of 530 mm and has a 1 lifter with a height of 100
mm inside the mill chamber. The rotation speed is
fixed at 30 rpm and the percentage of mill volume
occupied by the sample is 10%, which is about 48.3
kg. A 5 kg steel ball with a 1 inch diameter was
also entered into the mill chamber to enhance the
liberation of aggregate from concrete blocks.

2.4 Method

Tests were conducted using a single size fraction
(75 mmx53 mm) to investigate the degree of breakage
by the autogenous mill. The size distribution and
physical characteristics, density and adsorption ratio,
were analyzed for the milling products every 10
minutes. Using these results, locked-cycle circuit tests
were conducted. After 10 minutes of milling, the
products were separated at a certain size, which was
determined by the physical characteristics of the
milling products. The particles smaller than the cut size
were removed from the mill and the size fractions
larger than the cut size were returned to the mill. The
same amount of mass was replaced using the feed
material. This process was repeated until a steady state
was reached.

Tests were also conducted using the whole size
fractions of the products from a jaw crusher installed at
a concrete waste processing plant. To evaluate heat
treatment effect, tests were performed with and
without heat pretreatment. Milling time was increased
from 10 minutes to 30 minutes, and the quality of
produced recycled aggregate was analyzed at each
cycle of 30 minute milling. Using the test results, a
continuous circuit test for recovery of recycled
aggregate was conducted.

3. Results

3.1. Single size concrete waste breakage test

Fig. 1 shows the cumulative size distribution of
single size concrete waste breakage test result. It is
shown that the product size distribution moved
towards the finer size range as the milling time
increased. But all the size distributions show a plateau
in the middle section, indicating the mill products were
mainly composed of large particles and fine materials.
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Fig. 1. Cumulative size distribution of single size waste
concrete breakage test.

Table 1. Physical characteristics of coarse recycled aggregate
from single size waste concrete breakage test

Heat treatment (40 min)
Size Interval -
(mm) density Adsorption
(g/em®) ratio (%)

26.5x19.1 245 2.54
19.1x13.4 2.51 1.96
13.4x9.52 2.50 2.16
9.52x6.7 251 2.05
6.7x4.75 251 24

This kind of size distribution is typically found in the
grinding condition where attrition is the predominant
breakage mechanism. It seems that due to gentle
breakage of autogenous milling, the large aggregates
do not break and remain intact, and cement paste is
chipped or scraped off the aggregates, producing fine
materials. This implies that autogenous milling is
indeed appropriate for producing clean aggregates
along with fine cement paste which can be easily
separated by screening.

To evaluate physical characteristics of coarse size
recycled aggregate, the milling products were sieved
into the size fractions of V2 series. The density and
adsorption ratio of each size fraction was estimated
according to the Korea Standard (KS F 2573). Table 1
shows the results. It can be seen that almost all the
larger size fractions satisfy the specifications for the 1%
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grade recycled coarse aggregate (density: over 2.5 g/
cm’®, adsorption ratio: below 3%). Therefore high
quality recycled coarse aggregate can be produced
from a single size concrete waste milling test after 40
minutes of milling time. The milling time is rather
long. But, it can be reduced substantially by using a
larger mill that lifts concrete blocks to a greater height
facilitating impact breakage.

Based on these results, a locked-cycle circuit test
was conducted to mimic continuous milling process
using single size concrete waste. Fig. 2 shows the
schematic diagram of locked-cycle circuit test. After
milling the single size concrete waste for 10 minutes,
the density and adsorption ratio were estimated. By
examining the milling products, it was determined that
high quality recycled aggregates could be produced if
particles smaller than 19.1mm were removed from the
mill as a product and large particles were recirculated
back to the mill for further breakage. The amount of
removed particle was replaced using fresh feed
material (75 mmx53 mm), so that the total amount of
concrete waste maintained the same.

Locked-cycle test result (Table 2) shows that high

Product

Re-broken

Fig. 2. Schematic diagram of locked-cycle circuit test.

Table 2. Physical characteristics of coarse recycled aggregate
from locked-cycle breakage test

0-10 minute
Size Interval
(mm) density Adsorption ratio

(gfem’) (%)
37.4x26.5 207 7.73
26.5x19.1 2.28 4.51
19.1x13.4 242 2.98
13.4x9.52 246 3.01
9.52x6.7 2.34 4.70
6.7x4.75 232 4.70
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quality recycled aggregate could be produced at the
medium size interval, 9.52 mmx19.1 mm. However, in
the case of particles larger than 19.1 mm, the
adsorption ratio increased sharply. The aggregate and
cement mortar were not liberated sufficiently in large
sizes due to insufficient impact breakage. Therefore it
is necessary that they be broken further, so these
particles were returned to the mill. In the case of
particles smaller than 9.52mm, the quality is also not
as good as that of the medium-size particles (9.52 mm
x19.1 mm). However, these particles are mixtures of
fine aggregates and cement paste, which requires
further study on methods of separating the two
components.

3.2. Continuous breakage test

Based on the single size concrete waste breakage
test, another breakage test was conducted using a
primary jaw crusher product for development of an
advanced processing circuit. To evaluate the heat
treatment method, the tests were performed equally
using samples with and without heat pretreatment
samples.

As shown in Fig. 3, the milling process was
progressed as the milling time increased for both
samples. The particle size decreased and cumulative
size distribution moved towards the fine particle region
as milling time increased. It is also shown that the
breakage efficiency of the heat treated sample is
superior to the sample without heat treatment. This is
because heat treatment lowers the internal bonding
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Fig. 3. Cumulative size distribution according to the treat-
ment method and breakage time.
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Table 3. Adsorption ratio of crushed particle according to the treatment method

Adsorption ratio (%)
Size Interval
Heat treatment No treatment
(mm)
10 min 30 min 10 min 30 min
26.5x19.1 392 2.31 7.24 3.73
19.1x134 3.53 2.03 4.94 217
13.4x9.52 395 2.38 5.26 2.62
9.52x6.7 4.84 271 6.31 2.74
6.7x4.75 6.17 3.64 7.94 3.63
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Fig. 4. Cumulative size distribution of continuous breakage
test.

strength of concrete waste, resulting in the increased
breakage efficiency of the heat treated sample.

The adsorption ratios of produced recycled aggregate
for various size fractions of both samples are shown in
Table 3. The adsorption ratios of particle were
improved as milling time increased for both samples.
After 30 minutes of milling, the quality of recycled
aggregate met the specification of the first class of KS
F 2573. Therefore, 30 minute milling is suitable for the
production of high quality recycled aggregate.

Using the above test results, a continuous breakage
test was conducted to develop a recycled aggregate
producing circuit. After 30 minutes of milling, the
-26.5mm fraction satisfying the 1% grade recycled
coarse aggregate standard was removed and the +26.5
mm fraction was returned to the mill for further
breakage. The amount of removed particle was
replaced by the fresh feed material (primary jaw
crusher product). This process was repeated until a

Table 4. Adsorption ratio of crushed particle of continuous
breakage test

Adsorption ratio (%)
Size(nllrrlrt:;,rval Heat treatment No treatment
39 circuit 39 circuit
26.5x19.1 3.62 345
19.1x13.4 242 2.02
13.4x9.52 2.87 2.07
9.52x6.7 2.99 2.26
6.7x4.75 3.67 2.62

steady-state was achieved.

After 3 times of the processing circuit, cumulative
size distributions of the crushed product were almost
the same (Fig. 4). Therefore it is regarded that steady-
state was achieved. The quality of crushed product
after 3 times of processing circuit from the continuous
test met the specifications of the first class of KS F
2573 (Table 4), indicating that high quality recycled
coarse aggregate could be produced from this circuit.
Therefore, the circuit developed in this study using an
autogenous mill, heat treatment, and size classification
was valid and was found to be efficient for producing
high quality recycled coarse aggregates.

However the quality difference between heat
treatment and no treatment was very small. It is most
likely that the scale of the lab autogenous mill in
comparison to the commercial one was too small to
reveal the heat treatment effect sufficiently. Therefore
the effect of heat treatment will be verified by further
breakage tests using a pilot scale autogenous mill.
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4. Conclusions

An advanced continuous circuit for producing high

quality recycled aggregates was developed in this
study using a heat pretreatment method and
autogenous milling. Using a primary jaw crusher
product, heat treatment was conducted and crushed
using an autogenous mill. After a 30 minute breakage
process, the products smaller than 26.5mm met
specifications of the first class of KS F 2573 and larger
particles were returned to the mill for further breakage
process. This continuous circuit composed of a
primary jaw crusher, heat treatment method, secondary
autogenous milling, and size classification can produce
high quality recycled aggregate and will be further
investigated to develop a commerce-scale process
circuit.

1

Reference

. Hun Do Lee, 2006 : Project for the recycling technology

development of construction waste, Proc. of Korea-Japan
International Symposium for construction waste recycling
policy and technology, pp. 61-78, Housing and Urban
Researching Institute, 2 June 2006, Seoul Korea.

2. 2005, Environmental Statistics Yearbook, ppl-33, Ministry

of Environment Republic of Korea

3. Amnon Katz, 2003 : Properties of concrete made with

recycled aggregate from partially hydrated old concrete,
Cement and Concrete Research, 33, pp.703-711.

4. Ilker Bekir Topcu and Selim Sengel, 2004 : Properties of

concretes produced with concrete aggregate, Cement and
Concrete Research, 34, pp.1307-1312.

5. Andrzej Ajdukiewicz and Alina Kliszczewicz, 2002 :

Influence of recycled aggregates on mechanical properties
of HS/HPC, Cement and Concrete Composites, 24, pp.269-
279.

6.1. B. Topcu, 1997: Physical and Mechanical properties of

concretes produced with waste concrete, Cement and
Concrete Research, 27(12), pp.1817-1823.

7.C. S. Poon. et al. 2004 : Influence of moisture states of

natural and recycled aggregates on the slump and
compressive strength of concrete, Cement and Concrete
Research, 34, pp.31-36.

8. A. Gokee. et al. 2003 : Freezing and thawing resistance of

air-entrained concrete incorporating recycled coarse
aggregate: the role of air content in demolished concrete,
Cement and Concrete Research, 34, pp.799-806.

9.Ji Whan Ahn, Hyung Seok Kim, Gi Chun Han, 2001 :

Recovery of aggregate from waste concrete by heating and
grinding, Geosystem engineering, 4(4), pp.123-129.

& ¥ #

+2003d A-gTHstE AFBRA2H
TR F}

- @A ALTHSE XA 2oL
BAATEATY

F E® ¥
2001 SRR BT £4

<2007d AT ATBFAZATUY 42184
U CERE

- @A) ML ARG F Y
« % 38X A 108 35 B2

® Z ]

- BA PIAPANBTH ARG LADTE:
A7
- S A0 45 2=

J. of Korean Inst. Resources Recycling Vol. 16, No. 5, 2007




