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1. Bond Work Index (BWI)
2. Hardgrove Grindability Index (HGI)
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1. Vickers Hardness (VH)
2. Biomass


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.3.0
https://system.khu.ac.ir/jeg/article-1-2695-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22286837.1398.13.4.3.0 ]

VWA Ol £ 6lacd cood oo o ¢ potign il &y 25 A

:‘f‘/A.AS(Q‘}‘;MWJ)BJ\A)‘)WJJ‘JAN‘J\JL})S JJ\MLMLQ‘JJ w‘
././\' aS ngjag ‘ﬁ)fggfjb BL) b Sl Q\): e)'\.,b'\ Berals) ‘a.ajS B D}‘v\.;‘ Ql )‘
e (63555 L8 Ll eolgiy Aslee bl i 5l 4 s pd e esls ‘_)L;.;FL

T o s 0 (V) daly W S S 5 sl il ks

W =10W Kplfﬁj (Flﬂ ™

oS parle S0l Ll 8 Ll sl e edel KL LIS ol Wi 0)) dslee 5o
NS SN SIS RO O RO SShal 5 SaKn il s KslS cuglis
W5 o «algin Fosllll (Shs 058 52 6l S8 (5 sl Dlyuks
INT0s,SeVer J P s 5 Jseame

okl lie O350 csay gl b labe 5 gl HlS L s lasleal sla fulesl
L S o3Il ST Gl )50 Oy aend b 63101 poans el slaKslS L S
J‘wu»U>§¢¢w‘g~¢m@)>u@')&@@ﬁ)so‘ S5 s ke
LU bl 5l sV UKE 5o sty il gle S8 il 2 s
IV Tl o @l L Sla3T 6 g by e o 5 ol janay sl S

Lyed p S kS V0 (Gl IS o B PR GO v IEOUPS B SO UE PR K O - PR
3 5SS sl b o SKa K b sl e o Y0 51 5855 D3 slal S Gy
ST elgds Lo slaw olbnl b oShal bl sl sps e 5,5 (LR ) YT
53 503k e 4 35 e e (S ia Ll 53 3l (a3 5 s
Sils IS w53 aS el Bl e aslsl Jlss pmedas SLwl 353 U5 Ao s Yoo
35 el b oy ol 53 ol e Sl Ll s 8 3 el A (S 5 el
IS K G ) 395 0 ol Ao ys YOO 93,5 55,L ls = JSs Ve by
SIS Gl S8 bl Culg 55 5 sd e G w3 Gl 2T 4 bg e
2330 o Al LL alsles S u.alijﬁl.cﬂ


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.3.0
https://system.khu.ac.ir/jeg/article-1-2695-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22286837.1398.13.4.3.0 ]

AN ol e s S SIS S (sl el S sslinal b Ll IS gl s

S P L sl 5 (5 g0 N S

S S (Kb oL gla s

bl 4 S SO (S gl ol sl b e gl sl a3
E O Slalin 5 ol eslinad [VY] w458 Slal (sla 2lesT slaesls 51 il S
ol 48,8 Dy g0 Gy o B e L Je 5 S e e e Sladus pesS
Speee S dsh e SU sl 53 e wxrl e Sl B 4 pdtie Dl 5 5500 )
ol K 6l S8 i 5 reslie la Shs & Ol5 e LS SOl ol
=3

K 0, 700 S5 (5L Zuo plio

LS blis ol atls Olsoa bies (eSS ()l Canslie 2eSl
Syt S0l sl Sladgad a K 5 2 ST anslie (5, Sl (gl gl oo Al
Ll andls pdy IS5 ek GLid ol Ll e adi el 12,8 o 13 LS o (5 e
S o Ceslie sdiSE Sy gty S 35l pe ST 3 S eSS b
gimuf&xuu_@tmujuﬁwwmpwwummvw;
5 ASTM D7012 - 14el U las ol> Guiss 53 ol a2 S 5w 5 bkl .ol K
=) ISRM D 3148-72

2 LISPEY
b s ol 51 50ml 55 (855 4 35 S 4 (Il S ezl e


https://fa.wikipedia.org/wiki/%D8%AA%D9%86%D8%B4
https://fa.wikipedia.org/wiki/%DA%A9%D8%B1%D9%86%D8%B4
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%AD%DA%A9%D8%A7%D9%85_%D8%AA%D8%B3%D9%84%DB%8C%D9%85
https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.3.0
https://system.khu.ac.ir/jeg/article-1-2695-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22286837.1398.13.4.3.0 ]

VWA Ol £ 6lacd cood oo o ¢ potign il &y 25 TAY

SVl Jse 5 039 Gsloo Sgm 056 I cpl 3 pd e aniS Ko g)LE5 Conslin
ol yay ol sl (8 5 A5 Ced b el eVl ke Bl 50 el 0l
VOUSKE s DIYT sl a8 513 SanV ial o K oS - 55 K pooajly i
PENC IS PR VIF S SRR SV PNE NP -t SYCIV PR ¥ P e S RS D
el o oals OLE (S ST Wped & by SRS Jlasel ke
ISRM ;ASTM D7012 - 14e1 U slas ,ol> Gdso 53 ol 4 S S s kel

.ol 72 D 3148-
E AL
1
2 - E=dalte i
L £a
i Adllctile>Al'.'|'l e
Adll(‘.l'(!
A
trittle Faiurs pint
Strain
e=alil,

Jade 3,550 5 5 Ko o) gm0 ST (65Lid Cunslin o)l gl ol 31 (Salad Y S
PSS e g (s )
by slagialesl 5 s
g e el e e sl | elis)s 5 SOl s b b3l G e sl
e DET el e (ba S 5 (la SIS 5 e sl o Sesla Ol ey
S5s3Il e i pl 3 Fadily pesls S Olgew Jisndss
G b Slllan 550 53 s = kae f 5 5 S0 IS B e slape
Sl el ol eslinal Ko Cilises (glad ol e oS sheas JSS1, 0050 51 50
¢85 4w 2 dSh s sy i Soson or s Slexle Dsoa oo IS1 558
e Sks e S S B U o dlasl | 0 S5l (650 S A JS1) el
ol el S el 1S e Jlesd 1SS Vor (50 oS C U ST, 5 S e Jlasl

LU adad S ISy et 53 el G w50 OF (OIS & bg e LaolSas


https://fa.wikipedia.org/wiki/%D9%82%D8%A7%D9%86%D9%88%D9%86_%D9%87%D9%88%DA%A9
https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.3.0
https://system.khu.ac.ir/jeg/article-1-2695-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22286837.1398.13.4.3.0 ]

TAY ool e s 4 Ko (Sl (Kb sba bl S aslina b il IS il (e

Tl Ga5 e 550 bl (558 = s O S 6 el e 51 S8
B i U il 38 S O uly oS bl bs e ol 35 e 03l JLiS S
oline Slaain 5 sk 5l e slge e o ol sa51 nl 03 3 sd e 0dsl
aloes (gl ol ALl daks gl oy s hle 3L A E3l sk e eslind
a3k 4 IS e Oz 2l (HRC)C U ST, iliie v 2 S anla s
o i G oS pl8n el (55,5 0 ealital i 5 5L S 5 e )l (S
ol cnl 53 Saadly 5 SVl 55 655 53 0 g0 03,85 S U503 4 5 b
5 el el Sy K2 i a5 S Caslie (e Ll e 3250
350 dasl 5 L) IS 550 S5 (69) S o ST el Go b Sl ST e
Dol ssi o ol izl

S F5 4 ASTM E 18-07 5 ikl slas 5 ol iash 3550 o
YCMX) - CMxXV s CM sl 3 plaaigad ol odd Jlesl o3Y 358 (5,8 oo
e 3 e a3 VN el ol e ol (50 O a3l plowil  litos
<=J§j1:s Vo dolee adsl Jlasl 3580 (55,0 .l ol (5,030 i VUl 3 4 ged
S g S K sl p SIS O/0 Uolae 45U (55 e 25 o0 4B S K o
el e S sl 2si e el SIS ConS s 5 Cappesl S IS8
sl o gd 31 G o 0 o SLS VAV/E Sl 55 5,158 5 Sl S lwtls (oS
VY] 558 0

b sl bl 5 ol

ML;-MCEMJ'\ Slge pslde Ol 03955 5y Cewd Sl s Oy 0 1) o
S b3S i e 93 Ol d SIS led K (SO la S s
(s S8 S Sl (S SOl 5 ba K g S 5l sl S sl
ool) @il e SVl g ol oS S bl daails S 5 o5l
o il (LK Jle e b ] I8 G & (il e b (e slis

ol 035 b pomm S pon Vsane 5 005 00 Ol il FA a0k 13l


http://www.wikipg.com/show_context.aspx?id=9959&lang=fa
http://www.wikipg.com/show_context.aspx?id=9856&lang=fa
https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.3.0
https://system.khu.ac.ir/jeg/article-1-2695-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22286837.1398.13.4.3.0 ]

VWA Ol £ 6lacd cood oo o ¢ potign il &y 25 %}

b skea 5 sl s esks e bl Sepl b ol Sl BB e
S sk s s 4 el ol Jolb ol b sl ey Gl o b
Ao b b (e g e e S8 sbaphlel RS
2l ol s s Tl B bl ol 5s ulde S5 slailesT 5 esle Sl
(ARG Gladis 3ol ol ASt SOl g s mlis K Slasis
GLeS 5T s 55 Lol eslizal iole dallas (ol Solize Jle lesT lacS 5
Koy Gsp Koy oS5 NV cd e esls 0las bapilesl cpl 53 Jgene wdin
Sl 0als 13 Sws Sl Jaee S (Sad G G Swd G S
3 ilss glaslom 555 LSS bl mha (g5 o 0303 L3 L les s (5,
SINIL e 555 el ylse ool lad 5 e Jle 4 e 5,18 ¢l
;ﬁa_CSJ}JSU;JL?&\;-):.sﬁfdafba\s\bﬁgﬁilijla};ﬁilituap'r_:,aw\
Fr o a8 S B e IS b cod S b Sk o A Gl Al L

D] 358 00 6 Seslnl ol g5 Sulo

[IV] il laislesl 5o ealinal 5 50 cilidee pwdin slaaS 5 ¥ IS5
il (S o3l hanens ilises gla iolesl ol o Ll wdia glacaS 5 glws

‘)J’g b&’.w) S J:JJ J:.J”LA)T c)l.ij J‘*{,L‘)T NTNU w\ﬁ)T W Ju\wli w_f

Sl pgeds L SilesT el Gl o« Sos g5 o Sl «Shlend bl
il 131 LCPC b3l 5 63¥ 5 o (tlosl « (Sossdsm sl s cosme Sl
SialesT O 5 sl wlis (K 13 gla S Pl s o 1S5 1, b ialosl cnl 5l
e sdmze sl bl pl S0l 51l Cuenl pl= Bl dal 2 3 iole aol s L
ool 3l eblead b e S1zil gl Sl i s oo oS Ssline Slaal
S K IS 5 )l Caslin il pla tlesl OV LI Comelr S


https://dor.isc.ac/dor/20.1001.1.22286837.1398.13.4.3.0
https://system.khu.ac.ir/jeg/article-1-2695-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22286837.1398.13.4.3.0 ]

A0 ol e s S SIS S (sl el S sslinal b Ll IS gl s

5 e 2L 83 53 g e S ol (S ) awle Gasli Olsew
by e S il Ol = Sl esliad Jsa dlowyl Lol o J6 Olas 2L
sl el s Sl G 53 VY] s e 5 ASTM D2-33 51k o
S olgidn SO SOl J s
RS R Y
il SlS g5 s S a S0 cilises L;La:u,':iuj @Lu' Y Jsds o
Jode oo iolo (K 0 5me ST (5l Canslio 1 Lol Lol ga3l ol sl 0l S5
Sl il SSSS @ bg e losed 50 8 ISE 53 355 0 UL L il 5 arezaYl
Bt Bl s L pa el o o 5L LB ) Rl s (SO (S8
Lo o DK 5 53 Jie 81 sk Jl bl ails JB 8 IS
228 g e b e pite SOl ot S il S5 0¥ Ll (6555 ¢ it
Ss50 bl sy el oslinad (glasles 1355 o sslial avlis 5 slaen ST (sla s
HT O il 0sa3l slas AT oy e S5 (g5Li8 Canslin 5bd UCS iyl 3 ) 5l Gy
sl 5 BWIE 5 eas a8 i s ezl Jsie 3l ME 5 7 e 04030 3L

. i .
e K (55 48 8 O g0 Al sl b3l ) g

BWI (kW-h.ton- c .
( ) ME (GPa) HT AT (gr.cm?)  UCS (MPa) S g5
VoA Yo/ /04 V/EAS U Sy
/e YY/Y V¥V V40 OAYs a5
VYV £V/A YA/Ye ARAY VA sl S
VE/vo W/ Y4/04 YNt AL xS
W/ AVAL YV/Ve AN Y/ Sl dls
Ye/te /v A7a\ AN YAV . IONjK e
VU VV/AS o\ o oYY VAY/0 5

1. Abrasion

2. Hardness

3. Modulus of elasticity
4. Bond’s work index
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1. Response Surface Method (RSM)
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