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ABSTRACT

The existing construction waste recycling technologies and standards have been long applied in construction and
delllolition (C&D) waste recycling, but it is essentially focused on the production and use of coarse recycled
aggregates. Very few papers focus on the production ofrecycled sand although some previous results show that
fine aggregates fTaction (below 4.8mm) represents around 40 to 60% (in mass) ofthe Brazilian waste and it is
usually downcycled as road sub-base or disposed in landfills. The quality of the recycled aggregate is strictly
related to the content of porous and low strength phases, as the patches of cement attached to the recycled
aggregate. Despite being the crucial factor for aggregate performance, the removal of adhered cement paste is
not a simple task. Some technologies have already been described in the literature, even though. to the moment
none of these technologies has clearly succeeded in reaching the large market available. This paper presents a
summary of the main properties of the sand produced fiom C&D waste by VSI attrition and abrasion
comminution. The main properties of recycled aggregates are discussed and compared to the previous C&D
waste, respectively: apparent density, water absorption, chelllical composition, porosity, particle shape and
cement paste contento
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INTRODUCTION

The composition of construction and demolition waste (CDW) is dictated by different construction types and
their components but in general it is concrete, asphalt, brick and ceramics (Hong el aI 2008). The problems
related to dumping waste have critically increased with the growing and development of big cities. In the UK,
for example, over 50% of waste in landfills come from construction (Vivian el aI 2008) and USA alone
generates around 200 to 300 Illillion tons of CDW annually (Meyer 2009). The exhaustion of natural sand
deposits close to large urban centres is another portion ofthe CDW problems.

Previous studies showed that about 50% weight of the product generated in the comminution of recycled
aggregates corresponds to the fine fraction (particles below 4.8 mm) (Ulsen el aI, 2009). For too long the fine
ttaction was disregarded or used as road base pavement because of the belief of its low quality properties;
regardless of any limitations that Illay exist, the use of recycled aggregates in concrete shall be essential in the
near future (Cachim 2009). However, recent studies have shown that the fine fTaction properties are not so
different ttOIll the coarse ttaction and it can be improved with the appropriated processing (Muller el aI 2005).
Experimental tests showed the viability of partial replacement of natural sand by crushed bricks in mortar
production (Moriconi el aI 2003; Cachim 2009).

The qual ity of the recycled aggregate is strictly related to the content of porous and low strength phases, as the
patches of cement that remain attached to the recycled aggregate. This phase accounts for the increase in water
absorption, which prolongs the mixing time and affects the strength ofthe recycled aggregates (Cachim 2009), in
particular for replacelllent of virgin aggregates over 15 to 20% of coarse (Cachim 2009) or fine aggregates (Poon
el aI 2007).



Specific surface area directly influences the water demand and consequently increases the cement consumption,
for a set water/cement ratio (Vivian el aI. 2008). Otherwise, keeping the same cement ratio, the free water in
cement paste rises and then there is an increae in the porosity (Cachim 2009). Krus et ai (Krus el aI. 1997)
explained this by considering the fact that water is a strong polar liquid, thus it can slip between the mineral
layers ofthe cement paste, widen up the distances between them. allowing further new pore spaces.

Despite being the crucial factor for aggregate perforrnance, the removal of adhered cement paste is not a simple
task. The literature shows that it can be carried out by successive comminution stages (Nagataki el aI. 2004),
thermal treatments (Ahn 2001; Shima el aI. 2005) or electrical discharge (Kiss el aI. 1980; Linsz el aI. 2004).
However, so far, none ofthese technologies has actually managed to reach the large market available.

Mineral processing has been long applied to CDW recycling, although few authors focus on the production of
recycled sand. The production of sand from crushed stone (artificial sand) has been carried out for over a decade
by vertical shafi impactors (VSI). The equipment consists of a rotor revolving at high speed; the rotor throws the
material centrifugally within the crushing chamber where the cOl11minution occurs by rock-on-rock impact,
attrition and abrasion (Wills 2006), The main advantage ofthe VSI crusher is the production ofcubic particles in
ali fraction sizes which provides more quality to the sand and to the concrete (Tomas el aI. 2000; Bengtsson el aI.
2006).

Regarding the use of VSI, some operational advantages deserve to me mentioned: control of the product size
distribution by rotor rotation (Bengtsson el aI. 2006), low cost of labour, it does not crush the fines and it
consumes 6% less energy than the conic crusher to the same feed rate (Lindqvist 2008). The rotation (rotor speed)
is the parameter that most influences the particles shape, size distribution and porosity of aggregates (Bengtsson
el aI. 2006).

The selectively removal of the cement paste attached to recycled aggregates by a vertical impact crusher and the
potential improvement in the quality of the recycled sand produced are investigated. The main properties of
recycled aggregates are discussed and compared to the previous C&D waste.

EXPERIMENTAL
Sampling

The investigation was carried out on C&D waste from "Urbem Tecnologia Ambiental" a private recycling plant,
located in the city of Sao Bernardo do Campo, Sao Paulo metropolitan area, Brazil. The composition of the
waste is basically low-strength concrete (around 80%) and masonry.
The operational flowsheet ofthe plant is summarized in Figure la. It consists of a vibrating grizzly to remove the
fraction below 4.8 mm before crushing (C&D sand fraction); comminution by impact crusher, magnetic
separation to remove the remaining steel bars and, finally, a two-deck screen to perform the dry sieving and
grading the products into three size fractions: <6.3mm, 6.3 to 39 mm and 39 to 150 mm. The organic materiais,
such as paper, wood, plastic and others are removed from the mineral fraction by hand sorting, either before or
afier crush ing.

The sampling procedure was replicated twice a week for 60 days randomly selected. The samples were collected
at the four product stock piles, in the same proportion as they are produced (2:5:2:3 as shown in the flowsheet).
An average sample of the head sample (feed) was composed by mixing ali aliquots (Urbem CDW). The total
mass collected was about 4.000 kg.

The laboratory procedure is shown in Figure Ib and described below.
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Figure I Flowsheet ofUrbem recycling plant and sampled products (a); laboratory procedure (b)

Crushing

The total sample was comminuted in a laboratory jaw crusher in closed circuit to obtain a product below 19 mm
(3/4"). This product was homogenized by horizontal elongated piles (Petersen et aI. 2005) and a secondary
sampling was performed for the attainment ofthree representative and equal aliquots.
Each aliquot below 19 mm was crushed by a vertical shaft impact crusher (VSI) in closed circuit at a constant
feed rate in three different rotor speed conditions (55, 65 and 75 m/s) to produce crushed sand trom C&D waste.
The tests were conducted on model Barmac 3000 at the pilot plant of Metso Brazil - Sorocaba, state of Sao Paulo.

Products clwf(lcterization

The characterization procedure was conducted on the head sample « 19mm), traction below 3 mm of the head
sample (CDW-sand) and on the VSI products.

The main paral1leters characterized were particle size distribution, particle shape, chel1lical composition, cel1lent
paste content, distribution in density classes from heavy liquid separation, water absorption, specific surface area
and porosity. The aim of the products characterization is to compare the main properties of the recycled sand
with the previous C&D waste.

The particle size distribution was determined by wet sieving to achieve more precise results. The objective was
to appraise the VSI conditions and the amount of fines generated below 0.15 and 0.074 mm and also compare to
lhe original sand traction trom CDW.

The particles shape were evaluated by dynamic image analysis on QICPIC real time particle analyzer to appraise
the influence of the attrition and abrasion crushing on particles sphericity as well as to compare the effect of the
rotor speed.

The chemical composition was determined by quantitative X-ray fluorescence in fused beads and the loss on
ignition was assayed at 1,050°C_

The distribution in density classes was performed by heavy liquid separation. The procedure consists in placing a
sample in an organic liquid with a high density the light particles float and the heavy particles sink, therefore
separate particles with different porosity and oven-dry density, which influences the mechanical properties ofthe
aggregates (Angulo et aI. 2009b).



The measurement of the water absorption for fine aggregates is usually performed according to ASTM C 129.
However, the standard method has long been criticized since the remains of cement paste affect the results of
experiments which were designed for ordinary natural aggregate (Vivian el aI. 2008). Hence, the water
absorption was measured according to the methodology proposed by (Daminelli 2007). This methodology
consists in saturating the pores with water using a vacuum system and then drying the sample using a microwave;
the loss of weight has to be Illeasured constantly. The graph of the drying rate versus time and the drying rate
versus moisture allows the deterlllination of the parallleters to calculate the water absorption. such as dry mass,
saturated surfaee dry mass and mas under water.

Scanning electron microseopy (SEM; Quanta 600 FEG) coupled to energy disperse speetrometer (EDS; Bruker
Quantax) were used to characterize the phases association through backscattered images and X-ray digital
mapping ofthe major elements (Si, AI, Fe, Na, K, Cal.

RESUL TS ANO DlSCUSSIONS

Elfect on partic/e size distribution

The particle size distributions ofthe characterized prodllcts are 5hoWll in Figure 2.
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Figure 2 Parti ele size distribution of eaeh product

The CDW head sample represents the aggregates after the seeond erushing stage on a reeyeling aggregate plant.
This produet has around 50% weight below 4.8 mm ( and fraetion), ofwhieh 6% is below 0.15 mm. The CDW-
sand (fraetion below 3 mlll from the head sample) indieates that 15% weight is below 0,15 mm.
The eomminution of the CDW head sample on vertical shaft impactor (VSI) in three different rotor speeds
produced sand with similar grading, with a subtle decrease in fine fraetion percentage for the lowest speed.
Furthermore, the tertiary erushing did not noticeably increase the amount of fines, 50 it ean be eoncluded that the
sand produced by tertiary erushing at VSI has quite a similar size distribution to that ofthe CDW-5and fraction.

Shape (lIla~l'sis

The results of shape analysis of VSI products and CDW-sand fraction are summarized by the frequency of
particles with cel1ain EQPC (diameter of a circle of equal perimeter) for eaeh class of sphericity. Comparative
reslllts are shoWll in Figure 3.
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Figure 3 Sphericity classes of recycled sand !Tom CDW

The effects ofrotor speed on recycled sand are very subtle, since the sphericity ofparticles for the three crushing
conditions is very similar. On the other hand, the sphericity of CDW-sand is rather different !Tom the VSI
crushed sand. In conclusion, the rock-on-rock crushing improved the morphology of recycled sand, when
compared to the morphology of sand fraction !Tom C&D waste. However, the rolar speed did not have great
influence on particles shape.

Chemical composition oflhe main oxides

The composition of fractions above 0.15 mm ofthe recycled aggregates is represented mainly by silica (65-75%),
calcium oxide (7-11%), alumina (6-10%) and iron oxide (around 2.5%). Loss on ignition is around 6 to 9%, in
average. Minor compounds are Na20 (0.5-2%), K20 (1.5-3%) and MgO (1-2%). The sum of Si02, AI20),
Fe203, CaO and LOI grades surpass 90%.

The sum of silica, alumina and iron oxide grades can be correlated (o the content of silicates from natural rock
phases, sand and ceramics while the sum ofthe grades of calcium oxide and loss on ignition is directly related to
the binder content (Angulo el aI. 2009).

The comparative analysis of the content and distribution of CaO+LOI for fractions above 0.15 mm for each
product is shown in Figure 4. Distribution means the proportion of some compound in such a fraction or product
in relation to the total content in the whole sample.

In this sense, almost 90% ofthe total content ofCaO+LOl is presented at a fraction above 0.15 mm for the CDW
head sample, while the sand !Taction for the same product represents 87% of the total CaO+LOI. For VSI
crushed sand the amount ofthe same phase is reduc~d to values from 67.6% to 62.5%, for the same fractions.

These results are consistent with the previous one and show that the cement paste concentrates at the fine
fractions. Moreover, the distribution curve decreases more abruptly than the mass distribution. indicating
enrichment of cement paste for fine !Tactions. The crushing rotor speed did not have a crucial influence on
chemical composition; the results for the three speed rotor test were quite similar.
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The relative behaviour of cement paste (Angulo el aI 2009) is indicated by ratio between the sum of the major
oxides Si02+AI20J+Fe203 and the sum ofCaO+LOI, which means the higher the ratio, the lower the content of
cement paste (Figure 6a - CDW head sample and Figure 6b - sand).
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Figure 5 Correlations between the main oxides ofCDW and recycled sand

According to these results, the coar se rraction of CDW (above 4.8mm) has higher content of cement paste than
the fine rractions (Figure 6a). For rractions below 3 mm it is noticed a tendency on decreasing the cement paste
content, mainly on rractions between 0.60 and 0.15 mm (Figure 6b), for both CDW-sand and VSI-sand.

The comparison between the ratio SiOAAI201+Fe20,) is presented in Figure 6. This correlation indicates the
content of quartz cOlllpared to the alulllinum silicates (mainly feldspars) rrolll natural aggregates (essentially
granites).
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The results from Figure 6 indicate a natural increase of quartz in sand rractions. The increase in alumina and iron
grades in VSI-sand in comparison to the CDW-sand demonstrates that crushed sand incorporates the aluminum
silicates in the comminution processo

In conclusion. the content of cement paste diminishes in rraction below 1.2 mm and above 0.15 mm (Figure 5).
The increase of cement paste content is also noticeable for fractions below 0.15 mm and even more evident
below 0.074 mm, indicating that the cement paste tends to concentrate on the finest fraction sizes. The crushing
step also leads to an increase in feldspars content for VSI-sand

Densi~v separation

The comparative weight percentage of the sink products rrom the mineral separation in density 2.60 glcmJ for
size rraction above 0.15 mm is shown in Figure 7a while the comparative grades and distribution of CaO+LOI
for these products are exposed in Figure 7b.
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The results of the heavy liquid separation clearly demonstrate that the head sample presents low content of sink
rraction, which means that particles are more porous, and they are not thus properly liberated form the cement
paste. The high grades of CaO+LOI corroborate this statement (Figure 7b). Comparatively, the CDW-sand
rraction «3 mm) originally present in the CDW head sample presents a higher amount ofhigh density rraction
and lower grade ofCaO+LOI, also indicating a lower content ofcement paste for each sieve rraction.



The results of sand !Tom tertiary crushing compared to CDW show that liberation of cement paste is improved
by VSI comminution. Besides, the increase in the rotor speed of the impact crusher !Tom 55 to 65 m/s reduces
the content of porous phase and thus rises the distribution ofthe materiais in the sink product (density separation
of 2.60 g/cm\ However, increasing the speed !Tom 65 to 75 m/s did not improve the quality of the product in
terms of envelop density, not even for the distribution of CaO+LOI.

Moreover, the density distribution in high density products increases for the fine !Tactions, as shown in Figure 8.
Again, this confirms the fact that the liberation of cement paste improves for the fine !Tactions with a decrease in
the porous phase fraction.
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Water absorption and porosi(v

The comparative porosity and water absorption values for each studied sand are shown in Figure 9.

The water absorption obtained from the vacuum system are higher as compared to the standards method
(Damineli 2007), since the water is forced to penetrate in smaller or less accessible pores, hence these values are
not comparable to the water absorption values assayed by international standards. Apart !Tom tha!. the
comparative results are very comprehensible.
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The sand produced by YSI crushing clearly demonstrates the decrease in water absorption values (Figure 9b),
therefore indicates the decrease of the porous phases. The crushed sand form vertical shaft impactor presented a
reduction in water absorption varying lTom 75% to 58%, for different comminution conditions, as compared to
the original sand present in the reference C&D waste. Besides, the porosity from CDW-sand fraction is almost
the double ofthe porosity ofYSI-sand.

In conclusion, the crushing step contributes to the production of low-porosity recycled sand.

Scanning electron microscopy

Comparative photomicrographies from SEM-EDS of fraction between 1.2 and 0.60 mm are presented in Figure
10. In the BSE image, the lighter phase is represented by ceramic fragments and feldspars, intermediate grey by
quartz and the darker grey by cement paste. In the X-ray composed mapping, quartz is represented by the colour
blue, cement paste by magenta and feldspars are orange.
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Figure 10 Images from SEM (a) backscattered images, (b) composition mapping. (c) cement paste mapping

In CDW-sand, cement paste occurs both by bonding small grains of quartz (sand) or adhered to particles surface.
The sand produced from crushed C&D waste has high content of particles lTom the fragmentation of natural
aggregates (almost lTee rrom binder); the decreaes in cement paste attached to the aggregates surface is also
remarkable.

The aggregates with small grains of quartz (sand) observed in the CDW-sand remain are present in YSI-sand,
indicating that liberation/rragmentation is not properly achieved for this size rraction.

CONCLUSIONS

It is important to emphasize that the sand lTaction originally present in crushed C&D waste represents around 50%
of the total waste (Ulsen el aI Recycle 2009); this fraction is not preferably produced; it is generated as a result
of the breakage of C&D materiais during demolition, handling, transportation and production of coarse recycled
aggregates. In addition, the focus on the production of recycled sand as a main product is not usual, but the
results shown herein contirm lhat this approach might be interesting to diversifY the recycled products and thus
to expand the recycling market.



The. grain size analysis demonstrates it is possible to produce sand from C&DW with similar grading of the
ongmal sand fraction present at the total waste. Besides, the rock-on-rock comminution by vertical shaft impact
crusher (VSI) improved the morphology ofrecycled sand, when compared to the morphology ofsand from C&D
waste.

The content of cement paste is estimated by the sum of CaO grade plus LOI values, according to the literature.
The CDW-sand presents a higher relative amount of cement paste in fractions above 0.15 mm as compared to the
crushed sand, indicating that comminution concentrates the cement paste on fractions below 0.15 mm. Besides,
the crushing step produces sand enriched with aluminium silicates, mainly feldspars form virgin aggregates.
The results of the heavy liquid separation, water absorption and porosity clearly demonstrate the difference
among the samples and the diminished porosity for VSI sand.

The comparison among the different crushing conditions indicates that the rotor speed did not have a crucial
influence on lhe grading of the recycled sand or on the particles shape. On the other hand, the cement paste
content and distribution is influenced by this parameter. Besides, the results of density distribution, water
absorption and porosity showed that the rotor speed intluences the porosity ofparticles.

In conclusion, the comminution by vertical shaft impact crusher allowed producing a VSI-sand with low porosity
and water absorption. This change in sand recycling approach contributes to the upcycling of C&DW sand
fraction.
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PREFACE

Mas~ivc urhanizatiun progralllllll'S are 1I11derway in m:Jl)y parts 01' the world. ul1en il) n.:giuns wherc the availablc
land and reSOllrccs are limitcd rehltive to Ihl' size of lhe populatiol1 ÍL',g, lhe Chinese mainl:.lI1d), Whilc lIrbaniLalion
is an incvilablc curollary 0[' econllmic devck)Plllent and indu~trializalion. it 110nethcle,s !l'ads III many challcngcs,
Such chalknges includc the provision nf el1cclive llrban inij'a"ruclures (e,g. lran,pon syslell1s). adequale hOllsing.
sut11cienl energy and waler supplies. a clean environmenl and a .::aring comll1unity support systcm. These ehallcngcs,
phenomenal in their 0\\11 right. are further ilmplifled by the severe problems already tncing the world. inclueling
climatc changcs anel limitcd cnerg:y alld walcr sllpplil's. Again,1 lhis backgmund. the Firsl International C\m1Crcncc
on Suswinablc Urhanizat iOll (ICSU 20 IO) lVas organiscd by lhe Faculty 01'Conslrllclioll and l.and U~e (FCI.U) 01'
The HOllg h..ong Polytechnic University. to provide all illternatiollal torul11 tor the scientiflc/enginccring commUnil}
to examine these challenges. and to fine! efTective SolUlions 10 cl1sure a sustainable prm:ess ofurbanizalioll as well as
sustail1ublc 11l3nagcl1lcnt ()f lIrbunized arl'as,

The procceelings oJ'the Conference comprise two pariS: li) a printed voluI11e Ihal contaills lhe full papers (or abstracts
if tiJll papers were not submitted) of 4 K..::ynote Lectur..::s and 19 Invitcd L..::ctures as wdl as the abstracts 01' 24-1
papers arising I'rolll fÍ'<:~esubll1issions: (ii) a USI3 drivc lhal Clllltains ali full papers (or abstracts ir rull paper~ Wl'IT
npl subl11itkd). It is IhJpl'd that this hyhrid 1\)fIn<ltwpuld strikc a gond b<llancc bctwcl'n casc ofaccess LlndSill' (lI'
lhe volume. 'fhe papers hael come f'roll1 27 counlrics around lhe world anel cover:J widc range o!' issucs conccrning
urban infrastructure elevelopmcnt. supply anel efficient use of energy, and the achievement of a sustainable urban
('llVirOnlllcnt. Showcasing (livcrsily :Jlld quality, thcse p;Jpers reporl tlh~currenl slal.e-of-the-:Jrl :mel point lo l'ulure
diret:liol1s urresearch in this cxciting arca.

lhe success ofthe Conlerence tolel the stmy 01'deelication by and suppor! from man)' individuais and organiz:Jtions. On
behalf ofthe Organizing COIl1Il1iltcC.I wOlllellike to thank ali allthors for their careful preparation 01' Ihc mantlscripts.
and ali Keynote anel Inviteel Speakers for sharing their work. experience anel insigllt at the C:onferencc. Ali papcrs
slIbmitted to lhe Conlerenee were reviewed by members oflhe Inlernational Scientitic Committee anel lhe Organising
('oll1l1litlce as well as ot.her experts arounel lhe world, The twn COlllrnittces also gencralcd widcspread interes! in and
support re)r lhe Confi:::rellce both within and outsicle Hong I'-ong. We are grateflll to ali oftilcl11 for til..::irimportant
contributions to the Conference. Thanks are also due to our Confercncc Advisors for mobilizing local support tor
the (.'on krenee.

In addition to sharing the papel' review task, members 01' lhe Organising Commitlee have :lIso been most generoLls
with their time in the organization work. As Ch::lÍnnan ofthe Organising Committee, I am inckbted to ali ofthelll anel
particularly lhe Sub-C'ol11lllittce Ch:.lirs. lhe IVlini-symposiul11 Chairs <1ndthe thrce Co-secretaries who ali toileel
through a protracted proces~ unly to ensurc lhe success nfthc ConlCrcncc,

I would like to express l11yspecial thanks to tvvo former [)eans ofthe Faculty. Professor 1\1ikc Anson anel Professor
.uvl. Ko, who have becn active prolllol..::rs or sustainablc urbanization rcsearch anel have provided advice anel
assislance dllring the org:lI1izatioll 01' the Conference. In parliculilr. Professor .I.i\l. Ko pl<:rycdthe pivotal role in
sccllring financial sponsorships frorn lhe local inelllstry for the Conference.

'fhe Conferencc has received financial support 1'rol1111 organizations; lheir gencrosity is acknowledgeel with hcartfelt
gralitude. In parti~ular. the Environment and Conservalion FlInd provided financial support for our ovcrscas h:ej'notc
and Invited Speakers. 1\..C. Wong Edllcation FClundation fundeei our Keynote and Inviled Speakers from the Chinese
mainland. whilc Roael King Jnfrastrllcture Limiled alld SlIn HlIllg Kai Properties \Vere the 1wODiamond Sponsors
o!'thc Conlercnce. Iluok forward It) thcir Cl)l1linued sllppurt for flllure cvenh orthe r·aculty.

Wc have hael the pleasure of vvorking with 18 organizalions as llon-fll1ancial sponsors of lhe Conférencc. lhey
pruvidcd IllLlltilàripu, challncls ror publicisin); lhe CtH11'crC'nceand lór ITIllbilizing intcrnalional intnest in il. I
thanl-; alio!' llli.~Jll1;)1' their SUppOrl and hope Ihat lhe rapport eSl:.tblished lhrough thi~ collabur:.llion \VilI bear ne\V
li'uits in lutlln; ycar"

Our thanks go to lhe Conference Seeretariat, comprising l'vls Carril' Chiln. rvls Liz Lau and Ms \'0 Yo Tsui. for
their tirl'icss effÓr1 throughout lhe organisalion (lI' the Conference Thanks are aIso duc to ali colleagues in the
FCLU offiee. led hy Ms Carmen Ll'c. wlw havc ol'l'crcd hl'ip in innull1l'fable ways durin); lhe organisalion 01'
thl' Conl'crl'ncc,



Professor Tinwlhy Tong. Presidem 01' l>olyl' opened lhe ('Ol1f'ercllce Oll 1S Occemher ~O 1(l while tlle Honourablc
;\115 ['"I:lIjoric Yang . .lp, Ch3irl:idy ofthc Poly U Counci I, W3S lhe dinner spcaker 011 16 Dccclllbcr 20 I li, I a111 gralcfuI
lo holh pl'lhcll1 und lhe widcr cOl1llllunity 01' lhe Univer-;ity lór lhe suprorl ulld l'lll.:ouragclllcnl wc rel'civcd ill lhe
coursc tIl' organising this Cunl~~rem'c,

J,G, Teng.
I)cal1. Facully o l'Col1slrllcl iII11 and Land Use
The Hong KOllg Polytechnic Ullivcrsity. Ilong KOllg. Chi113


