75 308l ()] o (owodige g yali

DOI: 10.22060/ceej.2017.12563.5230

S F S Syl I Sohan K Mg

"l (PPLS gee |y
Oyl bl £y el oSl ¢ wdige (B 0uSily (dme wdigs 09,5

18,5913 e )b
WO Wil Y il
WO wal YA 15,555k

WA Catignd)) ¥ byl
YRS sy 5 VY 1o Wl sl

S 5 5y b (636 Slouls IS Ol 39 9 > Slals Baios cpl 53 5y s 4]y 5 oy gekee 4YLo 20008
Glae (olosd US\)).B Slasuie gl sy slacdal 3 o i gl ol 04 g5 Y] S lacdul g
b dulie )5 il St Sl §) iy csloedol Casl 48l LilS Ol Gl s 5 (6 )t Cenglio 5 )33

S b alpd o i > e ke (S 5 (b Slasuie Gl o pepe Siw Slals I g sl

15 Clols
P St Slols
S SlolslS
clole bk

hs &8 cunl onds wJg lacdwl (o) o pd Ve g Cogepe Glulsd doyd Ae Jolis S 5 b eluls G pan oy i
2oy VOl Gle oy (JEwblEe YO S Caglie (JSwbBe ¥ hed Coglio ¢ JSwbKe VEY ¢)Lid cuoglio

Bl o VY pogases (9 9

Ol adad YV] (65y9liS S dgup NA-YYV] cdlawl g VF
My Cunl 4B8)S 15 oy 3)90 503 a8 plu g [VF 5 VY]
b S cluls des jl dlise alyls jl eains Siw
S g (VAY) gy ol @85 18 () 390 (el Lo
2 Caol 03l )18 i 3yse |y b s Siw Gluls l esiae
5 oo SliS g Lnogll b ol by Sl St e (o3t s,
32l 8 (sl g 0nd g ols5ds 3)50 £ 13 3 e bgle Ol o e
5 CogmoliandS’ 2133 Jold (o)l 565 0 1118 055 (1950 pmelielS
LY0] conl b slod b &yl >

u.:l:uLo L;me)'l I) u.cy..a.m_i:.w J,J93'(Y~~~)Q])M5YL}9
Olow o Flulo add 033 (ooloidn By pd Siledld HlE o) 5)90
PRE PSRN W SIEWRTHPIPPA FIN g JE SRV INRH 379
Vb oo baldee pedd 5 oS 5 calitie (glacuns b oy 0l gy S
e 290 B gl )3 dgnge (slon b dimd o )5 5 e SO
Ollos 4365 b Jolds Jhg)y (pl D9 Couw bgls U dgd oo 030> clpo
09)'1.0 Cowsl o oaliiw! K Olwls )l X 4\31)] U9y 3 o L;)]P
[Y5] ! ul.o.w oA;jL:.w% odlo Oﬁ‘ »

9 (P39 2oy ¥r) ord o Jlals adus (VooA) o) Ken 57 J

1 Wolf
2 Jin
3 Lee

oy

Ao -

Caal 193 ) 0t (g9l 585 Ko 0aiS A5 o)z !
oyl oll pyls Ll 1y Sles Mg oy A a4 Sodp &S
S oads 5518 (585 S 5 ogelee VW51 e YO Jlo )5 Sl
hoslatwl pae plas Calises Yo & [V ] sl o glysainl ol oles
5 Jo> S gyl 5 glmal )3 (pte YT (bl 5 (slacselgiss
5 pmase b slogys | odlitul g cunlie (Bigel pae uslial i
sl 5 5)ame Aoy > Sis gilio Sl agkie iy 4VLs ale
05l alo o 13 (uSilen yolar [Y=F ] 095 e s olals 4 Ko
Sluls & b S doy> 0 St (59l 5 by Al ye 53 5 o>
Sy OlplB,l8 50 S op oo W 4 K05 Yo 290 0
9 ki igsd BB oS 4 (gskn Y s S35 5 3550 5158
Sl Olals & b o gk VIV 5 Sl 390 0 o gulen Y/A
Syl & Wa o by Canbs > Sluls pl 3)lse el > 0ad 0
ol bl dagSiw Clay g ) s a4 ]y e Cu
Sl carge 5 39000 415 2 g il (b S Sl ey 0092
0] 35500 SBLb slac] 5 (55ylsS slass

5 Sl e Jold) g pSiw cluls skl a1 sl Jloy
2l g PRl g g s Giliseo (glad )87 (gl (2> labad
] sgias S g (W 5 W] Seel o a5 {A-] Slos b

barani.k@lu.ac.ir :olslSe )bosge osium 5”



g, g olge -¥
Slals lolis g ags -\ -Y

S o SIS ) 3aio ol plowil (sl 02litial 390 Sl
U e it ¥ oojlods (ixio Sad )3 Bly Cujepe g ol S
e 9 S gl 3 Ll ol (ggleer Cluls iload (5ylae
25 pBall by 5 (S5 oSS S by iy clols
ald lyd i by odgaze ¥ a4y o 5 Jawate ¢33, S0 b Llods
s (o duo N+ +ND) 53y by 3 g (o deo IV + V) lawgis
oliwd Koy a8 1y Gl jdgy diges (gsdild my597 Y SU .l 0
395 o ol Ldimd o Ui |y canl s plosl T g5 canails U
13 el (y9ySwe Vo §] a8 Sl ggl Wiged oo doyd Fr 5l i oS
05 S o 9 S oy XRF (gl 10011 Jpio
Si0,: ALO,: Ca0. &l 5 ol s col)F St Slaglis .l
2 5330 S S5 oyt il Fe,0, 5 KO Na,O
Ll Ca0 00 S Slls

2ol .l 0as plosl XRD JUT bawgs ladiges aulis (SIS w0
5 CasSamo 5 ol (35,155 oS Slulds 1 Amd e lis XRD 3l
St 8L oaimd LSt sl SIS piogen S8 (5050 Sluls

£rFT

[ Y

*

TRATE Y

.

-
[T TLAS LA PR TN

Gl 091 (g dils @598 1) S
Fig. 1. Size distribution of sludge
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Table 1. Chemical composition of waste stone

LOI SO SO, NaO KO TO, MgO CaO FeO, ALO, S0, 5
\¥AL - - Y/AA Y-y CIvY VY AAN YIAA WY FYIYS sdlS
\ch/\w AR «/+9Q _ — - ‘/\CY Of'//\? - ‘/Yf < /20 ‘5~’)‘°)‘°

eJJ.}L_....:.- eals
(&)
k;--l’JO v-'JL'd_Lé J, . ae . s
RERREN J ’ . I e T
S 3l 5> O e oy
Rl L

o s Ko el L oY JSS

Fig. 2. Manufacturing procedure of artificial stone slabs
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Table 2. Plan of experiments for making artificial stone from marble waste
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Table 3. Plan of experiments for making artificial stone from granite waste
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Fig. 5. Water absorption of slabs made from
marble waste
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Fig. 6. Water absorption of slabs made from
granite waste
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Fig. 7. Density of slabs made from marble waste
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S w2 21y 559 5l cal Oyle Siws g als ogasc 039

sl ogase Gis o)l ) d929e sy g &g, b &» Mols
e BB ) a2y 5 Cnl S o L (g J (08 Vool S
il ogase (yjg SHS]AbL oo yile 05,0 9 45jg) S99 L5 131

fOA



¥50 U YOV docio AYAY Jlo & ojlaid D+ 093 (oS pol (ylyes (awdizs 4 puis

abilony ol (oo Connj Jane Jo 4 (piomod 395 0 039381 155)|
2,5 dalgs (SaS

Boe Joils bk g )b OMSie 4 dn g b imio @waw > g
5 Canj oo «0)lg dmeccimino il Sl lojle Bk 5l a5Y sl

Agod (e g O ylailw! byl b b ol ls lado o9 mion 9l sodwl (Solo 9 (SO 8 Slastioo duy lio :F Jgus
b s w
Table 4. Comparison of physical and mechanical properties of slabs made from waste with
standard condition and natural stones

b pgate iy ol Gdx hed Caglie (g L Cuwglie

(g/em’) (%) (MPa) (MPa) S g9

Y/oF /¥ AIY ¥ INSO 5694 =il 5 (slys o)l o o ibins

Y/ov CIAY YANA VAV 2o )ty T Slold aops e Leld epiae S
O Jsox 7 glesD) cns)

Y/ Y % oY ISIRT 5696 o yo 50 (sl ol (oo o il

YIYA Ve Y\/FY VEY/Y 2o3 Vg e Sl ao 3 AT Lo e giae S
( Joox 7 alesD) cn)

Y/50 WY 1) OYIY ST o 0,255 (i poye S

Y/af \ \4 A- Ul sz s oo S

Y/ \ YA - 5y il S i

[5] H. Smaili, Reuse and Application of Powder Sludge of
Stone for manufactureing artificial stone (MS thesis in
persian), Lorestan University (1393).

[6] H. M. A. Mahzuz, A. A. M. Ahmed, and M. A. Yusuf, Use
of stone powder in concrete and mortar as an alternative
of sand, African J. Environ. Sci. Technol., 5(5) (2011)
381-388.

[7] H. Binici, T. Shah, O. Aksogan, and H. Kaplan, Durability
of concrete made with granite and marble as recycle
aggregates, J. Mater. Process. Technol., 208(1) (2008)
299-308.

[8] H. Hebhoub, H. Aoun, M. Belachia, H. Houari, and E.
Ghorbel, Use of waste marble aggregates in concrete,
Constr. Build. Mater., 25(3) (2011) 1167-1171.

[9] F. J. Aukour, Incorporation of marble sludge in industrial
building eco-blocks or cement bricks formulation, Jordan
J. Civ. Eng., 3(1) (2009) 58-65.

[10] M. Rajgor and J. Pitroda, Stone Sludge: Economical
Solution for Manufacturing of Bricks, Int. J. Innov.
Technol. Explor. Eng., 2 (2013) 16-20.

Fo4

S5 g ppods
S s sl el St 8 3 o) olSels 5] o IS Mg

Glyp Op catS bowd wdige €8 ,5 bl p 3 ¥ ojled  xio
et JoS' G ol plosl sl 5l 3590 LISl (251 ol b 5 S8

&l
[1]M. Gussoni, Annual Report and Prospects for the
International Stone Trade (Stone sector 2016) by

Internazionale Marmi e Macchine (IMM), Italy (2016).

[2] K. Barani, Stone industry in Lorestan province, problems
and solutions (in persian), The International Congress of
Investment Opportunities, Province of Lorestan (2015).

[3] P. Yaghobi, Economic analysis of stone industry, with an
emphasis on building and decorative stones (in persian),
barresybazargani, 71(April) (1394) 69-81.

[4] K. Barani and H. Esmaili, Production of artificial stone
slabs using waste granite and marble stone sludge
samples, J. Min. Environ., 7(1) (2016) 135-141.



[19] M. Karasahin and S. Terzi, Evaluation of marble waste
dust in the mixture of asphaltic concrete, Constr. Build.
Mater., 21(3) (2007) 616-620.

[20] P. C. Hou, Reuse of waste glass powder for substitution
of fine aggregate in the recycling asphalt concrete, Natl.
Yunlin Univ. Sci. Technol. Dep. Constr. master’s Cl.
(2003).

[21] H. Akbulut and C. Giirer, Use of aggregates produced
from marble quarry waste in asphalt pavements, Build.
Environ., 42(5) (2007) 1921-1930.

[22]1. Zorluer and M. Usta, Stabilization of soils by
waste natural stone dust, fourth national natural stone
symposium (2003).

[23] S.-C. Pan, C.-C. Lin, and D.-H. Tseng, Reusing sewage
sludge ash as adsorbent for copper removal from
wastewater, Resour. Conserv. Recycl., 39(1) (2003) 79—
90.

[24] X. Chen, S. Jeyaseelan, and N. Graham, Physical and
chemical properties study of the activated carbon made
from sewage sludge, Waste Manag., 22(7) (2002) 755—
760.

[25] W. Laufer, Process for the production of artificial stone
from natural-rock waste, Google Patents (1914).

[26] W. Jin, Artificial stone employing waste glass, Patent
WO 2000044686 A1 (2000).

[27] V. M. Sglavo, T. E. Dalla, and G. Holler, Artificial stone
production process, Patent EP 2455352 A1 (2012).

[11] N. Bilgin, H. A. Yeprem, S. Arslan, A. Bilgin, E. Giinay,
and M. Marsoglu, Use of waste marble powder in brick
industry, Constr. Build. Mater., 29 (2012) 449—457.

[12] F. Saboya, G. C. Xavier, and J. Alexandre, The use of
the powder marble by-product to enhance the properties
of brick ceramic, Constr. Build. Mater., 21(10) (2007)
1950-1960.

[13] W. Acchar, F. A. Vieira, and D. Hotza, Effect of marble
and granite sludge in clay materials, Mater. Sci. Eng. A,
419(1) (2006) 306-309.

[14] C. R. Cheeseman and G. S. Virdi, Properties and
microstructure of lightweight aggregate produced from
sintered sewage sludge ash, Resour. Conserv. Recycl.,
45(1) (2005) 18-30.

[15]P. J. Wainwright and D. J. F. Cresswell, Synthetic

aggregates from combustion ashes using an innovative
rotary kiln, Waste Manag., 21(3) (2001) 241-246.

[16] M.-Y. Lee, C.-H. Ko, F.-C. Chang, S.-L. Lo, J.-D. Lin,
M.-Y. Shan, and J.-C. Lee, Artificial stone slab production
using waste glass, stone fragments and vacuum vibratory
compaction, Cem. Concr. Compos., 30(7) (2008) 583—
587.

[17] F.-C. Chang, M.-Y. Lee, S.-L. Lo, and J.-D. Lin, Artificial
aggregate made from waste stone sludge and waste silt, J.
Environ. Manage., 91(11) (2010) 2289-2294.

[18] K. Barani and H. Esmaili, Production of artificial

stone slabs using waste granite and marble stone sludge
samples, J. Min. Environ., 7(1) (2016) 135-141.

Please cite this article using:

Z. Sepahvand, K. Barani, Production of Artificial Stone from Dimension Stone Waste, Amirkabir J. Civil Eng., 50(3)

(2018) 453-460.
DOI: 10.22060/ceej.2017.12563.5230

5o



