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Background and Aims: It is very important and practical to make machinable blocks with the
ability to maintain the edge and at the same time have sufficient hardness for chewing. One of
the most important groups of materials for making dental crowns and veneers for dentistry by
CAD-CAM is lithium disilicate ceramics such that extensive research is being conducted in the
field of modifying their structure and properties. All-ceramic restorations enhance the beauty of
teeth due to their closeness to the tooth color and transparency. At the same time, these materials
also have high biocompatibility. The main goal of this study was to evaluate the effect of hot-
pressing temperature on the microstructure and mechanical properties of the lithium disilicate
block fabrication.

Materials and Methods: The present laboratory study was conducted on the lithium disilicate
blocks produced by powder metallurgy at Islamic Azad University, Khomeini Shahr Branch. In
this regard, initially, the raw materials (including: Tetraethyl orthosilicate, Lithium nitrate,
Triethyl phosphate, potassium nitrate) were processed by sol-gel method and the resulting frit (the
glassy state of a ceramic) was crushed by a ceramic mortar. Then, the 3 groups of samples (n=3)
were subjected to the hot-pressing at different temperatures of 750 and 900 °C for 60 minutes at a
constant pressure of 200 kPa. Subsequently, the microstructure and elemental phases of lithium
silicate samples were examined using scanning electron microscopy (SEM) and X-ray diffraction
(XRD). Statistical analysis of the results was performed using one-way analysis of variance
(ANOVA). A p-value of less than 0.05 was considered significant.

Results: X-ray diffraction results on the resulting powder before hot pressing showed the
formation of a glass phase with lithium metasilicate and after hot pressing, the formation of a
lithium disilicate phase. The results also showed that in all samples, the lithium disilicate phase
was formed and had some porosity. In addition, with increasing the pressing temperature, the size
of lithium disilicate particles increased. However, with increasing the hot-pressing temperature
from 750 to 900°C, the amount of porosity decreased from about 23% to 20%.

Conclusion: The hot-pressing temperature had a significant effect on the microstructure and
phases present in the produced ferrite sample. It was concluded that by changing the hot-pressing
temperature, the microstructure and consequently the properties of the lithium disilicate blocks
can be modified to achieve improved properties for dentistry applications.

Keywords: Lithium disilicate, Dental crown, Microstructure, Hot-pressing

Cite this article as: Naghdi Varnosfaderani H, Amini K, Khodaei M. Investigation of the effect of temperature of hot-pressing operation on the structural
properties of lithium silicate blocks for dentistry applications. J] Dent Med-TUMS. 2026;39:28. (Persian)

Copyright © 2026 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

@0

@’ This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.

1


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

s gy dllie (VF+0 alyo FA allie X 0y93) (ol yas (Siij pole oSl (S35l dloro

1 Ok oot Soly (5B U olgd 1 E1> g Slibos (glod 03T ouw
S 51835 B3, 1S

A1 K-SRV TN N JN LIPS RIS JPRp XY IO

L)‘)"‘ c).Q(w (_;UAD stcMqu bl)-l oKl s).e(w ‘_;u.oo .,\>‘5 ‘6\..-[5\4 (sl 05; -\
Oyl et e e oMol 3151 oKl o _wed Sly (Sl ties 03,5 lutils =Y
) SIS o lgis] inino olKusl (SIS i (o5 015l olgs s 9,5 il —F

Wlio e baSe

°

Osr sy (B ol Jb e o g ad bais coblB L () Ssle LB Seolps slacSol il 180D g dinoj

:lie £g
&9;:& 3955 3l ool b i 2 (g3l g Slge dwd o Fakee 3l (S Ablioo (93,08 5 ok sl (S 1N 5
pll byl (oled g b le oMol diej )0 (glod s Clidos g Ml o Ol ound pocid (b Sl o CAD-CAM
VE-0/- V1D sedly b e 2 93,8 e s oloj el cudlids 5 s 5y 4 (05 Jd 4 (Sealpw plod slapreys sl 0ud
N0/ 0+ by Sl ag gl E o qeslie slod (Bl (3 (al Bam s 33 VL o)l Cans I dse
VE/ ¥ Ll D Sk potd

Ol porid Sl ol Sl iy )55 (o yy Ban L AYF Jlo 5yl alKilef] dalllae 2oy 3 (W9

adgl dlge dal j3 Lly ol )3 b plovl jad wed doly oDl BT oKy y3 j39s (g5ylie by, 4 odd Mg
i b (e 551 51135 5 1,55 past) ol o (55 15 oy Jol) Sy sl osims .5
29,5 93 e 15 )55 (Sl gl by Juol (Sl 03le Sy (gl o) g8 5 0d 3918 S o
oo Olles cov JSwl oS Yov ol )lid j> agds £ loj 40 9 31,8 il a3 Qe v 5 VO il glaled
5SS SaS &y Sl postd (sladiged (¢ paie slajlh g kLo 1) aobl )3 (igai ¥ og )5 yo) 185 )15 £
o3zl b ool s & gl (bl il 5 0555 03,5 (w2 (XRD) (oSl dwisl il 9 (SEM) gy (39 Sl
15 plogl (ANOVA) ab oSy il ly ;|

L C e 5 Slelsbio poiid olyon & gladed 1SS Aol )35 g5 3 0 Lo 3l U Sl $ U3l b T8l

Ol e (e ool B3] olSsls o o ‘ s

} Ol porid 5 ladigas dan jd a8 by L ol yuizmen S L 1y Gl o 51 S5 g oy 3l dm

it B 05 g i 09,5 @l halS ate > JRsS Hhde (ep ley GRIEI L 5 W JISS (glde (gl g ead JSts
el (ladual (o oSl (L dgdn & doyd YY 39 5l J5elss 5 )5 b e yd Ao e 4 VO clod 5 ED oy (slod (il 31 b &S (IS @

iJghue oy
S ez ¢ el el

9.@(.-; gu.eo »‘9 5&&& (swhige 05;

ol ol 01 0315 (U5 ol b 0,00 31 208 pvalue Hlade (oylel (slo obj)) 53wl @Bl ialS oy ¥
OFe 3 2l 035 M5 o b Lgad 3 35290 Silh 5 Ul 32y 2 2 F S S b oy (sled 18 S Al

Email: amini@gmail.com, . . . . . . T
( m‘khoddaef@gjutam) shr e Lol 4 g 0390 Pl |y Sl poid Sob olyd coxi )3 9 Sl foy > o slod i L
Bl Cuod (Sl gl )8

ED g ollo 31y (S5 26 b posy 0519 slS



https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

hlSen g Slpolawgyg (08 ppme

e g3l (gl S patd Sob 3o olgd  E oy Slilas glod 3B )y

poce) Olduwd ez Moy FO-V- L;).m Sl dlgo oyl
56 oo S dopd ) g oilesBly ddind ez S duo o VY
(V) s ()l Sllos 5 g

Stookey lawg a5 (g0l OlSihawd poid piugw B
o S5 ;1 IPS Empress® 2 (il drwgi VAR Jlo > (V)
Si02-Li20-K20- ol (S y5 jl & Canl 0 e i N>
shly g (F) cwl ond desyd ZnO-AlO3-Laz03-P2Os
A g yiagySee BIY Lawgio Jlad g &> Jsbo L 0aeaS sl Jliw S
sl log Sio

sbiod 4 Yeod Jw o IPS Empress® 2 giww
Seol pow ddlis bl 33 b ylious ol b s a5 press IPS e.max®
Si02-Li20-K20-P20s- it 3| o dlgoyd 5 lSiliwnd posid
s> IPS emax® press .sbad asle Al03-ZrO»-ZnO
b g yiagySan Y Lo 5 Lawgio 4l Jobo b oxnS sla Sl S
F) sl yiog Suo oA+ 15

il dls po duw ol IPS e.max® CAD yuoy5 o IS jobo 4
oYl g aibl) SeS 4 ()58 daSsly o ()5 aisk sl
(VF) 29800 il (gpulidlins S Gy & o5 2l ) >

Uoow pad Ol Sl il
IR il Slles cod poitd Ol @ s e oSl
Sbe 5y s 4 e Sl Slles () (V0) Xy e
b 1y a5 am3m Gial331 ) ol 5w o 35800 25 J5
4 Sl gl cdle dp cplply (V) a8 o (Sisle LB L
B o epgsind SASlewlio Sols i caill) SaS 4 ()55,8 s,
B asyn £ odgis 1 JSite) cunl (6 Susle LB g 3jla oYL
S5l HLad ) o (pasd Ol awlio (glaysl Jo)d ¥ g (gl
P8 4 (5,8 (5, 50le) Sk Sllos jlam Sjilais 0,5 0 )l 3
405 » ol Gl Sllas S (b 1 gl (s ol
FE g3l (VL (e &) portd Ol (Seel o plod il
A o s (S ()80l

04 plosl Sl pastd oguas 1> (glod s Cladss eSh
i Sl e 15l (V) oKen o Serbena ko lgis 4 ol
Seolpaw 5 i OIS leawd posid (SlKo olss 1 1) (Nucleation)

EVRT

P8l Jlo oo J G (Sl 2 Gl Glagse s
ool plod Slan i (V) 325 oo 51,8 03lisl 390 (b3l
Sl 1y eloslll g ol aoudlad o s b 5, LS5 L
Lpd o i 293 51 3 1y e (8 5k Canj oS b jo im0
%)

CAlo/ally SoS @ (b (6508 AAFe 912D sladad
Lalgn 5 (gjlogyss mbio , bias (CADICAM) &b, oS 4
Iy 6y9ld cpl 0 )5 oS 29 oy Duret .85 41,8 odlatul 350
b hos (bl sl 0 VAAY Sl 3 T 5 5,8 @1 1AVY Lo 55
(D) bl Cawd (g5l ol 5 eolazul

€3S Lolul 5 olgiis |y (FDP) ol s clasigy
Sy =8 Y (3 plas =) 13,5 (gt 4o ol £33 o 4 il
plod slaprayd cg) kb 52y gljle polal o () Sal oo plos Y
lptass Y @lid p e Baes =) & e |y (Seolpo
SrosiS i b (Jlw S e St T csladed Jlin S
(V) 255 508 s i 5y - 5

Ol 1) (Seolp pled Slaese s bl (laSisS ol
5 Sl oon TV B G5 WSk, Y gle — g o515 ) 4
(A) 2,8 gas 4wy (CAD-CAM) ailyly S8 L (g, S0l —F

(%) Grossman lawgs ( Sub35h00 Sl s s Hbo putanss
as,e Dicor (g)log pb b VAAY Jlo 50 g a4l VAVY Jlo o
JSllSe 10+ o Canglio b am 518 (Kol s diins Ky 45" 5
Sl 5 )9l (Sl o2 3103 00 5l i Jolid (nal 592
Salyos i gl D51 sog,See ¥ B ) ojlil &y S8 isle Sl
K0-MgF-MgO-Si0;  aiuws phaw | bl (o
Sl = i Sy i 4 15503 0l 3 3,55 o i o
01 o5 poo iS5 ) oolizal by aKile]l cilu (gl o )8 4y,
A5 i 8 ile LB Ssl S 4 Tany 45 3y uyies

odlo 3,5 o l,8 oolawl dyg0 634inS job 4y &S dlge 31 S
Il jo a8 (R +) cawl (LD) poid lSidinnd Kool o — il
Olye LA Jlo , (Ivoclar Vivadent) codgg M g] bawgs

(WY) s (Byme (SB35l 059> 4 IPS Empress® 2


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

gl Ao

(VF+0 alyo FA allie X 0y93) (ol yas (Siij pole oSl (S35l dloro

ohds Hd b 3y )l (S jisle ) dles I alise sla el )l
5 Sl Joto ( iied (SKoyin o e plSotinl fyuasd )3 ogo
olo  obowds oSy wle Lalisee Jelge 3 agl gy8 oles
U8 1y 55k oy o 5yl Slles claai]yd g 559330 lge o ailgs
Ry p E3 o bod Pl gy 225 adlhae (pl (Lol Ban

ey & ed Mg Olilawd pod (oSl adid Lo

Sl 0445 WX PR (5))9”’"‘o

12 0P9)

oMol 3] ozl > 2lRiiolef] g0 a4y (0y55 adlllae oyl
ol 0 45 (olge cad 0ns Pl VEF o 3 o imed g
Wlawd ol gy alis paolty 51 A)le Wloads oslatwl yimgl
V gt o colell e 8yl lSiow gl S 15 g s potd
ol oas &)l 0 odlatwl dlge  solos

e 9 00 S I3 Jo () 4 Ol poaid b Lt
W45 duolis pa b adiged (olsd g odid §1d Ly calises slaled
P95y Sl oslitel b g)lislo 3y ja5 5l ond g5 sladiges
1) )18 (cwy 2 3)90 Sl dndl il S g (g (S9yS)
5 o1b @) Jgiz 5 loges &y50 4 lntaleg] 1 odel Cond @ @l
Sloss o

oozl (e3Y g JS5 (clalgzsl B 5 ialeil ol sl ol
B piomen 5 w3l 4zl | YU clagled j3 Loy copbls & L5

Sl 5550 5 o558 o]l (S 45 ol oo 55 J g sl

lasyl glals o 93 )l Sllee S 5l odlatul b jols (60,8 awyys
Ay gl pgd dls yo 9 3,8 il a3 YOO glod o 5 dilex (gl y
i Sl oy e .cd )5 sl oS ol an > 0F o i S
g poiio b Sl S wo Calise slo S (3,9l Cowd @ (glp
boas a8 Ll > aady 00 ¢ <ol by oloj ae &S Jb o
Conglio o J)l > Slles 5 ] Cand 4 LSS jad b b Jliw S
Sladis ‘5[274399.3 b awsle 4> ol ‘_JLMJ; Mol dlmddyxi (o>
356 OA) hlKen g Wen 59 63,5 1y ial33) doys V0 Lalls
5 yt3ls ) (GIP-G4P(P205)) jawd suSTlsy Jgo duops V-F
adlbae 1) lSihund poctd slaind oSl (SHlSe ot
23,8 oalisl Els ,Lid SuSS ) 355 sladiges ags gly ay] )8
Siods8yge 1 oS & (P20s) youwd 2SIy (glgioe cdalllas oyl )
slaied Seol o SlLnd pgatd (SSISe olgs does )3 g oyl
STy ylaie il 53]l 0315 )13 13l cow 51, 56 S s &Sl
YY) ohed Caoglio ialS b Jao AF 4 ) I (P2Os) ,aud
e gy ol ey SIS pastd Hlade o (JKWLKNAD & JSwbKe
6 oS Jb s asl il GAP 4 GIP (cladises 5l LisPOy j6
Cnnsd )ub (V) o, Ken g Khodaei 3¢ 0313 &, o (sl 4 (Si02)
3> LS 35 ulis 9 33y oy ) EIS (o B9y b OlSleulie
Se5ks 9 Sle ol 1 et b LiO: & SI0s s &S
A (B yme diago e VIV Cuns &S (glioS &y )b Juols aS'sh
@ Ol postd sl (SOl g (S Chogas

S d portd Sobt ol 2 E1d o glod U (w2 Sl POl SiRgG 53 03Lawl 390 D90 Y Jgusa

9o 0> stlonsd Jgo S U
- CAS Num
FY/0NY 1 “s
/+YY/g/mol HNO; 7697-37-2 S i !
208.33 g/mol”! Si(OC,Hs)s 8“33;21‘8 Ayl ol 5
68.946 g/mol LiNO, ll\fzeg; posta) ol
Merck P
182.15 g/mol (C2H5)3PO4 841121 Slawd J»‘ 3y
101103 g/mol KNO; el pmlty i



https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

oS 5 (Jlpluwgiyg (g8 peane

e S8l el portd Soby )iSls ol 1 £ oy Slides (glod 36

A dsbre 2,5 VEAYE Ll (A) dayly (wlel 50 (HNOs)
S YVAYY L jly (A) daly 1 esliiwl b (LiINOs) pauid <lyis
(KNO3) ol ©lyis g p,5 YIVA Jolee (TEP) clowd slis )
)5 dwlxo 0,8 F/FF Joleo

oy damol £ VEAY b Ol s Yoo cnsss dlsjo )
a8l Jaloro 4y GlSluwgsyl sl 155 £,5 WO/ s .05 bglo
O il odlael b adds Y U0 Gdo 4y ool bl 5 03
TY/AY olsl j3 i 03] o 4By 10 jed Voo Copw b Lpunabolize
483 10 o & e g a5 03933 shore & pocd i p)S
13,5 4Ll Joloeo & cilawd Llio )5 o8 VIVA (ol 5l (o 05 0350
oy Sl 2)8 F/oF dmy dls o 53 105 03 j0b 42,30 VO Gds & g
3 g b 0350 503 4853 1D gy oo o 5 a8LS] Jsore 4
colyol G glos o el VW Gie 4 Jolwe (ole ol sl
Ve glod o celo Y Gl 4 ool Coyd G D 03D
olgp 2 29 Jolo SS90 58S )15 gl g0 91,5 ol
Oylys 0y68 43 31,5 Sl dnyd FO glod o Celw ¥ e 4 g
b oodal Cowd 4y g 30,5 s SlSilow poud j3g0 0 b s o3l
33,5 o3lol (e sla yiolojl (el b s Ol s ygla 51 odliusl

Sl poid g0 g5 a0l b ons Ipl cdd 4 Jolye ol
55 03bel (g (6lb o) (gl Iodiged g o (g5l Al

o1 o3l (LS Y S 3 oy 3l S8 b el Clusl 3
sy lyls ond 0lgi jde Cunl sdalie JBB 4 johiles .l
sdalie b alBL 455 o 18l 5 usb o Ky datas g Cawd S

Al e i b

845 Sl g9 -F SR

Sl polisS dgus oS Canl (ol ojll BT cpl s 5 Al o
SV JS5) ol odis apns Y 51 5Lid

Baiges g5 Caa B 51 ol —) S5

Jimdw gy 4 O porid 1392 4rd -
Cal 0ad 5 Sl postd 9 4S gy Ceewd (il
Al (V) o)lSen 5 Khodaei dlis 5l koo (slive peizan
2355 oo pLsl 25 (A) abaly ol 2 3l 390 Slga jlade dpslons

ms=MsxNs (A) akl,

Gy 03lo jlade NS p)S sy 03lo p > mS calaly oyl 45 &S
el Jgo 32 )5 o podle (Jga p 2 Ms 5 Jge
le}n dlﬁm . ;,L"L:’ U9 R L)’i‘ 2 odléswl dy90 A t.aS)J

b )
65.0 Si0; - 27.5 LixO - 2.0 P,Os - 2.0 K20 -2.0 ALOs - 1.5 ZrO,

il pj 2y @ 9o pilie S)le L
K0 o yd Y/’ P05 o )d Y/’ Li:O o yd W/a Si0-2 o yd 0

710> o yd \/& 5A1203 Mo )d Y/’

l:)al)) ui )lJ.a.n 1545 dwlore ) Cogo & )L) dy90 .)l}a )g..)ls.n

oyt Al Jlade 03)5 dculoe p)5 WOIFY L plyy (A)


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

(g3 Ao

(VF+0 alyo FA allie X 0y93) (ol yas (Siij pole oSl (S35l dloro

e 9 58 0303 Mo by (S planl) (BLgaiS” gy 4 ladigas
5 3,5 )1, edalie 3)50 (SE) (S 9580 Loy lST Lawgs
SEM j oel Cawd s yiglad il bawgs clyas b g <l o5l
el cawd 4 Imaged 8l oy bhwg

Sga3 ol 501 ygesl ¥

LS il ol S8 4 badigal ()l 18 (o)
b ladges .cd S pbsl (DSC) aingy Lols syt JS 5 (TG)
Loy ;0 4ady p doyd Ve Fp Loy oS Sl an gy Vere gl
oSy grizmen 5 gl 0jg Sl 9 605 03 LS eyl
B35 gyt o> G L oS 5 1Sl
bl Jibs

(S.D) jlxo Gloul £ 1 Sho Cygo 4 (04 slaodls plos
51 ool b ol cowd 4 gl (o)l oo g 4550 L0d )5S
A plodl Prism (V.9) 138 g5 L (ANOVA) 48 ,bS, il g
lmodls ples )3 48 ol oas o3ls L5 *p<+/+B b (gylel (g)l> dme

A5 a3 a0y b e (gylel a5l p<e /0 Hlada b

S35 ot g Loy
o il diged ()l (S 5IUT oyt -

ED Lo 3 U8 wiges (> ose)l @l -

(cstag) (ol (6 yio JI5) DSC lages Jilos (A

Verr BYe (lod ]y iged (o) (LOWS (6o JIY ylog5
s o b 1y ol 8 ol 4y

DSC /(mW/mg)
T exo

02
0.0
0.2
041 .
06
08
1.0

-12

100 200 300 400 00 700 800 900

500 6
Temperature /°C

sssssssss

(sringy OS5 yos JIS (51> (y9031 ylagei - ylaged

baws Mgi (sddiges £15 (i Wl -

Byas 5 ol g E pon by by sate 4
a2 o VB Gglisto (glod 53 )3 (digas 4w 09)5 12 5095 93 1)
ATy 0 El oy Il ohS Yer ol jlid g o5 oo
ek g (gl b ad ploul adds Fr e 4y diged b (gl €I oy
DSC Syl 5dUl claodly b 33,5 ppouds adiges Hlislo 3
YOY/D g o) ol dsyd FYFF laled (0 Shoyigul oy
pos) B LSS b oy 4 &5 w8 oaalie SIS b dap
biye (Li2Si20s) OlSduwed pod 9 (Li2Si03) lSlowbio
o Ol 5yl 3T zobs el g Ed Loy slaled 5 A

B 9y 00 ad Sl postd sl o T3 5
b g 285 51,8 ol )Lid ot B asgacme g A5 ) oy
2 a8 0y68 slod ¢ )l el 5 Loy 0aiiS S Sl ealatul
Gyl (158l e 5yee glod U o,y &y cudly Hl,8 LJB Gl bl
Wer b alod oo L o slapl Sl o, )l syl Lais
S dadiges (glod 38> Liul Caa g b edlatwl 3,5 Blw 4y
Gdo &y ¢ oy Sl B b 00l 8 0y8 (190 K g5 iS50
S om b dabl JSwl gLS Yer colb jlid g Lo cpl jd adds £+
@ b ad )l 0)s8 (190 B asgeme Sl Clles plal
el sl el sy Lo (glod &y 0uB ]38 C g0 4y g )
posd GaSiel i cilo aie > alis cldlae lul
Sloss Lbesl Gl g

oo Mgl (diged (b duasuiv —

o Jbias 8 sty 9 jJUT 9050 =)

ol SaS & aladiges 555k 5 (6518 Dlasuie o g () y
sl (XRD, ASENWARE AW-XDM 300) oS3 axl sl
S5 S 9o b g e ST L Ul i pite 288
4 Ve B Ve 0 20 agly o3gdme 53 Sl 9 039 pg Sl V/OF
Cowl 015 P\.}dl

ladigos o oy (s o9o5! Y

sy G958 oSy See S8 & ladiges Lo foy oy
lal.cé,8 plul (SEM, TESCAN MIRA3, Czech Republic)


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

hlSen g Slolawgyg 08 ppme

e gl (gl S patd Sob 3o olgs  ES oy Slilas glod 3B )y

4 bgrye o5 ol Ko piguT STy oSy oaimd b Ky o
(VV) o), Sen 5 Huang oS jshailan 0L o (TM) o3lo b abaii

50,8 oyl58 1) slasl dgas e 35

(ilyS 41> 34UT) TGA HIng0d Jaloi —
olis by Liolidl oo 50 1y dges 59 @lyuss TGA lages
calizeo glinl 4525 5 Gyl (6ol (o) 4 SleMbl ] oo
@ o35 TGA U1 3 )l cladligy )51 .08 o S8 digos
St cnl o sl 092 mlgs JSiie Lol et il 008
2945 oo odlatnl cdind o i TDG sles b a8 TGA Hlyges 3o |

Amd e ol |, TDG 3 TGA )l (y90) ol ¥ jlage3

TG /% DTG /(%/min)

100 200 300 400 500 600 700 800 900
Temperature /°C

1S (Gl a3l Jlages =Y ylagei

Wged (yjg 50 oy FIVY ials —)

Ay olwds Voo Bdrr Hlod 039050 yd 39 0des LinlS
Slge ds 550 odimd Hlis &S ¢ Sig doyd Y 2gdn ) cCuwl odli8] 5]
b 0jy el oal ol Wigad 1 29290 it o T slinl b 18
235 b Vel Layo o3be oo 5 (el 55 5 (656 s
Cal loj o Sk postd (slajls JSits b basipe (632

(35 (5l a3 B0+ B+ +) Somly slaled 3 (g Ol ¥

4 Wlgs o Lod 6dgame pl )3 (Jig Moy VDl 59 LialS
dlyo cpl Al bgrpe S )18 claj8 b jols Of g, Bl

ol G2 G sty g )8 sl il ST el

Ol posid digai ()l Olpss odind (L5 DSC jloges
YU & gy Sy YU o 4 "exo" Lild Cap 4 ds g b il
45 oSy 5 (L)S (il AT) o951 sl B orims oLt
S g s (1o ) Kot sloss] 5 ool ol
ol 05 3 58 Ty b e S Sy

(-0.3445 mW/mg) 31,5 ol 4 3 WE/V Sy -)

il glire 4 sl Koo gl Hoxr S srimd Ll Sy oy
b ol s wugby Gls 4 Ml o puis ol iges bwg Lo)S
g g0 3l o3le Jidl 5l Led oyl 45 a8 il Las e adgl )6 ol jlS

(0.2267 mW/mg) :al)5  lw a3 YOV/Y Sy =Y

@ Ylinl & ol Ko ysg i8] STy Sy oaimdLis Sy )
3o AT L a8l baspe (o) lo i b abond LTy S
Sl 53 adgl ol s onimd i Wlgh o Syl ol ol s Lo )S
8L adgl g I gtowd 4o g 03le (50

(-1.46 mW/mg) 31,5 slw 4 > DAY/Y Sy Y

b il yu S oaimd )l ol el 4 S35l Sy oy
A8 el bo)S ool e diges ) 50 oS cal oliewd 4350
a2 a5 Wil badye bauly b S LSS £908 4 Sl (e Lo
Db b byS

(-0.5601 mW/mg) 31,5 olw 4 » £YF/5 Sy ¥

OlSelia poctd job JSi5 oaimdlis S Sgil S
31 LizSi0s (gl idlins )8 3118 o> opl ,5 .ol (Li2SiOs)
s3940 33 Ygaso 1 cpl Sis ) boyS Ol & L o il o
Huang o5 jslailen .d03 0 &) 3,8 Slwasp Veor UFer Slod
23,8 ili8 1) slael sgas e 5 (YY) o)) g

(-0.5962 mW/mg) 31,5 ko 4 > VOV Sy -0

s pyid S5 arimdhs Spnipsil S o
S5 5l YL glabes 5 Yooms anljs ol wcul (LizSi205)
2 @B Sl oyl 5l g yde slo)S 4y 5 a0 Fy Sl lio
3 Il sk 5L o 35550 LisSHOs LS5 & o o> o]
(YY) o)Ken g Huang &S jglailon .5,ls LizSiOs & cond (Jglaio
W3,8" 58 1y slael sgas ot 50

(-0.840 mW/mg) :al)5 ol >y WA Sy —F


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

g5y Al

(VF+0 aldye YA dlie X 0)93) oyl ya5 (S pole slRuiily  Sbjoliis dlxe

0w L diges (Jliw )5 Clhasin pmai § owy o —
ED oy 3l U8 g Jlans ) Slasiidio (s g (g0 =)

OUS ¥ 5lag03 )3 (o ys 5l 8 diged 4 gy yo Sl 55 il (551
Cuwl 0l 0313

ol o edaline BB oSy Ll b o Y Jods o ¥ s sillas
5B Xpert )38l p 5 bawg a2 o (bl glasSl 9y 2 Sl 555!
(YY) LixSi0s pliasd Jgord b clSalumsd mri) ok pluli
2 Lad 09,5 9 Sisag iyl (Jiuw S b gyl 56 cpl polusl ol 2
ool 00 d)l;\ffcl} ;ﬁu uLon “9) 2

700

a11) 5 Li,Si,0,

600 +

500

< (y10)
7(200)

(L¥2)

Intensity (Counts

N w B
o o o
o o o
1 1 1

0+ T T T T T T
10 20 30 40 50 60 70 80

26 (degree)

E12 o 3l b diged a9 bgypo Syl oy (il (91 =K Hlaged

s b o odalie pawl > a5 WS len ¥ el
Jlos sl sl (gl s 516 g Sk posid diged (53 39250
1aS i o BI)S ol

20 axp Yo U Y. odgione o JSb gl 4 sy e
ol gl ais Glom b Byoal b gyl 516 gg oty it

6B Ol oS wob wlys o XRD ol oSy @
435 oanlie TGA ¢ DSC (slaodly jo a8 aiily

FY N0 (sblgj 50 g o odnlive jlses oyl 3 puicmen @
o 3950 0mlie (g5 5 Al eyld oSy FA S) OF Y X5
(Ref. Code) a2 yo o5 L Sl postd S8 4 byypo Sy )
93}l dged (pl &S Dgui o odalidie dzeS )DL o VYA ARS8

il 005 iS5 Al postd  Jlta S 6 5 (sl

oS il asp Aee B Fee glaled o 59 Lials Y

B g il 4 b (S Moy £ gde g LRl
b yo «lSbosd posid 9 OlSillio poid dlox 5l cuin slajl
S pd 4 yoxie Lod 039a5xe oyl 3 olowd g (J,ly> slaanl 3.l
L s bl LS 5 55 5 5yl

S e 5l Sl wnlp cpsiz esimy ol lgei DSC
93,8 Bl d d FFFIF 390 (LizSi05) clilawkio pasid (sl
33 ol asyd VOY/D d9d p> (LizSi205) clSduund post) JuSiis
W o by Ol sy i Seepsll oSy pl Ll
VI R PRV e

Voo O olod 029z 53 odes (59 LialS :TGA
ol ol Lniye 22 slals LS5 5 i e LS il
2l Glojen odle iliie (slajl A g 435 b Sy Sl
o €65 w5 g e XRD 565 s TGA « DSC glaosls ol
ol (oo (6518 Ol s jlod Calises (slaled o SIS pouid diges
Ol pocd oS ol dasyd FYEF dgas glod Ll
S8 ol ol S ol 4y YOV/D glod 3 g oad JuSis (Li2SiOs)
-Gl 0ad Jpas (Li2Si20s) @lSiliw 63 pouid &

oS slacSy 5 TGA sloosly > g (2alS |y Sl o)
olsle bl 5l diges 45 S o 20l g 3)5 lgsten 55 XRD
sl o35 (5ygl 536 Sy a3

JB lo; o2 TGA g DSC j)ly> 5JUT 93 43505 & yl3g05 )

Flow /(ml/min)

TG 1% DSC /(mW/mg) Temp. I°C
g

100 o2 |2s0 [1000

9% 00
%0 02 200 [ 800
85 -0.4

150 600
80 06
75 08 [100 |ag0
70 1.0
65 42 [® f200
60 T 14 o

20 30 40 60 70 80 90

DSC g TGA J,l> (4901 413905 ¥ Jlag0s


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

oS 5 (Jlpluwgiyg (g8 peane

e S8l el porid Soby )iSLo ol 1 E1 o liles (lo y5b

E13 o 3l I jdg diged Sl o (Wl (S5 oY Jgae

om S Sl )5 L8 L e bon Jgo 8 Score Scale Factor
F-Y++=Y-YA Lithium Disilicate Si8 020 Li8 Y RN

35 sl an jd YO+ (slod 3 buwd 15 (g y diged 4 bgspo (Sl 95 31 0l (59N Judodd Y Jgu

0SS Sl 5 Ll 2 boad Jgo 8 Score Scale Factor
A AR Lithium Silicate Li, Si; Os 23 <av¥
«y—.YF—.a¥. Cristobalite low Si O, AR <I¥YA
SV—e Ve ¥y Lithium Silicate Li> Si O3 NG <IYEA
ALY Tridymite Si Oy v¥ AR

Jood b Olilew mutd Jlua S j1 (YY) Cec2 olad og)S
iy S ksl b 01-070-0330 gz 0 35 b LiSiOs _sbosd
b Cuon i (Jliu S 56 (A) Cme2T (lad 09)S 5 Sineg i)l
JCPDS No. 01-083-1339 s, 35 L SiOs olasd Jgod
By (V) Clel (plad 095 5 Suieligige Jhuwo)s jdlo L
@r S L S0 gled Jsepd b culbgin S Jiw S
09,5 5 JUgS,5 Jws,S kil L JCPDS No. 01-076-0940
ol 3 Sy yn 4 bgipe she clounl (YF) P 41 21 2l
el 005 (6)135 oL Sy lan (595 32 Gy 55X
slod )3 0ad Eb oy iged (Jliww )" Slaseiio (s g (wyp Y
o)8 ol as > A

Slod 3 Eb Loy jlam dges 4 by Sl 65 3l 55l

Gl o 03y LS £ loged 3 013 il ds Qe

280 . a§ o Si,Li, 04
260 - = o SiO, (Tridymite)
240 - ¢ SiO, (Cristobalite)

20 (degree)

o E13 iy diged 4y bgspo (Sl 95 3 (il 591 -5 10900
35 (Slw as Qe v glod

$lod )3 0 Els (o diged (Jlin ) Slasedio (yad 9 (yp =Y
o3 ol a4 Voo
Slod ) oyl de diged 4 bgrpe (Sl g5 3l )
Sl laged pd cal o 03> HLis & Hloges p3 5l)S ol ds o VA
IS post) dged pl )3 29390 (glajl AS 35 o ol liie 00D

el oy 5 g clbiginn S oS

o50:] Dg o Li,Si,0f
260 = o SiO, (Tridymite)
240 4 ¢ SiO, (Cristobalite)
220 i i
= Li,Si,O
® 200 4 e

20 (degree)

D 13 (g 3y Aiged & bgype Syl 95 5 (il 1 (59N -0 Hlaged
3,8 Slw as > YO slod 43

53 oaalie hB gy GLkill 5 ¥ oo 90 jbgei Gullas

G55 de Y38l g aaye (il logSl g9y » Uil oS
6 o Giliea i S 56 oy sl Wiges ol 4 L yaseia
Li2Si20s (ol Jgo 8 b Sk waitd (Jlin 8316 131 a5 )e
5 Sasonyiyg Jiw,S H3lo b 01-072-0102 aspe 55 L


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

shngi dlie

(VF+0 alyo FA allie X 0y93) (ol yas (Siij pole oSl (S35l dloro

3y5 (il an 3 Qe v glod 4D 00l £1d g diged 4y by o wSGl o j1 (il g9 (59N Jdosi —F Jgus

o0 S Sl 5 SLa L 2o Jgo 8 Score Scale Factor
A AR | Lithium Silicate Li, Si; Os 2 «/AY
<y—eYE—.ayy Cristobalite high Si 0, ¥A <INAY
A AR Tridymite Si O, v¥ <IYAY

SEM HV: 15.0 BV 1
Det: SE 2pm
View field: 14.4 pm

MIRAZ TESCAN

RAZI FOUMDATION

gt Veees aloiS )i b gejl I Jols SEM (gl 59 Suo —F JSUS
315 ol a3 YO+ glod yd (w3 Ay Jgl diged (1)
3155 s s 3 e e (5lad 55 ot 51 s g0 1)

» odalie BB ooy Ll b g ¥ Joio 9 & oges sillas

055 de Il bawgs @2 pe il ol g9y 3 il s
0 Cal ilizee s S 5 dun (Sl digad oyl 4 A5 s
LixSi205 (pbawds Jo 9 b OlSibonsd maid (Jlins 8756 35 45)le
S kslo L JCPDS No. 01-072-01020 gsye 55 L
b Comp i (bS58 (V) Cee2 (lad 09,5 5 Sng il
, JCPDS No. 01-083-1339 sz ye 35 b Si05 ulass Jgord
(S 56 5 (V) Crer (olab 0g)S 5 Sl gige (Jliw 37 )l
wlhosd  Jsep L cllgin s
09,5 3 JUgSy5 i S j5Lo | JCPDS No. 01-076-0933

o S L Sio2

ol 0 ()l35 5L Sy ylod (595 0 ol y o]

Wdiged ;U 32 (w2 =

bl 5 o)kl (555ls8)00 501 5 gy e 903l il
ol (ploonds OS5

eSS | oy 390 ladiges lidlug)Sn () Cae
ol 4 bgye S8l S5, g o odlitul SEM o) (59l
pobai ¥ SS )0 pitren sl ol 00l LB Y S (o ladiged
o> L 50 Image T pguad (ijloy )38l oy lawgr o b3l y
Loy g ok 03> LS 5e,8 bli & ygo 4 Slyis ] 45 a8l o
sl 0y (68 035] gebans IS 4y g 3bolin

lod 55 0l Ly diged 4y basye 81,59,S0 13 ¥ S Billao
Sy 55 Silrige b s 0lS Ble e VO
IS 4 s Sl oyl doyd a8 Sl o odaliie JlB (US55 5u)
Ll 0 (65 05ll ZYY/OY dgd odle xaw


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

e g (Slyolawg g (A8 Cpme

e gl (gl S patd Sob 3o olgs  ES oy Slilas glod 3B )y

30
[ 1
254 s
all
‘-‘20_ f \\
& /
4 4 \
10 N
st 7
=~
\\

0
005 010 015 020 025 030 035 040 045 050 055
Pore size (um)

30 s
254 v e
gZU-i
z
[ =4
2 15 \
£ \
104

02 04 0.6 0.8 1.0
Pore size (um)

03 31 s diges () O i 0311 @595 o5 Fanas =Y yl3905
Slod 3 oy 3l aag digad () I F (Bl a2 3 YD+ (glod 5
35 lw an 3 Qe

5 edalie b6 Glyas ojlul 88l jeoe lapl S giwnn opl 5
odgdxe o 13 &S ol i dlasi (3408 y95te g SEM Ul,S g So
Ll 0 (658 031851 1581 o 5 Lawgs 05l

oo S5 3 Al) Y ldg05 53 i 03l L pl S gtd Sillas
Slyas duopd A o (6505 0310l oyan Voo oy IV glod 40 0
5oy WY L 5 Wlodg yieg,Sue /Y B /Y o (odlel gyl
Gl Gasuiie yeoren Sl 03gdome (pl 5l zy (oolal Ol s
Slodgy yiog e /Y B /YD adgae ;5 il yan slaw s by oS

(@) Y Jlhged 3 oad ol lii pl S5t Gilas (rizren
0l (635 o3lul oyan Voo o e glod jd add Ly diged

s g Llodgy yiagySun +/F U /Y oy ool (lyl> Olyis o p> AN

AN

S35l oy bawg pigaai 318y 3 Juols SEM sl Sy Suo —F S
o5 (Gl 42 )3 YO+ (5lod 53 oy jl axs Jgl iges (1)
3,8 Sl dad Qe e glod yd oy 5l g diged 3()

[SeSS Slyas 0,8l dapd Aer (glod )3 0l oy diged 5O

g Shibls S5 (59,5 (S3dsbag0 5 0250l a3l Gl
Sl ©)go 4 g 0l 43S 35 @l Sl (S SLbl aises cul
50 dged opl > Clyas oo o pd ditud odalde JB glaily; e
8313] 2357 Loyt s ool 0y LY IYY &y g ily 233l Toaoea
g SEM gl jlojis Vev oy 3)90 sladiges 3 s
&5 Pl g 5 00d (555 ojlul Image J yga (3155 51381 5

ol o 03l LS Y laged 3 bl o5l


https://jdm.tums.ac.ir/article-1-6422-en.html

gy dllie (VF+0 alyo FA allie X 0y93) (ol yas (Siij pole oSl (S35l dloro
o3t Dyg0 SR Aiged ;3 pud 8315 (LS (5ol yF g I ol (bl gl —0 Joua
Kiged J5 dlasi obe bae Bl 65 ojll0yie (nSegS Lo (58 0jluil 0k (5 ojlloge (58 )5
oS ol (e 955) (e 9,50) (i 9550) 005 (i 9550) bauwgio o311 (550 955%0) 2
D 04
s Ve YSA MR E? AYS¥ .Jova
e+ C sled
D 04w
» R Voo -[¥AY AR A\t A V¥
Vo -C slod

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

XRD L b3l 5T ol e85 )8 s 3590 )b gl sl
5 calio (g3l Lld 1 osd gl oy slodiges a5 smd o LS
riee plo bug ond Job ami b alie Gy 5 gllas
Ky it gllas a8 013 dgng e pd Jlyas Lol sl (R)4)
Cal 045 (B35 5168 jlows (655 450 Sl by 3 Clyis jlade oS
w0 les oo 1 Luy gled Ll L aly lis sudss pl Lol ((VY)
by ials ]y clyes

S ol g Wl fy (228 (ouyn 4 pSb Glagh
Mg cilisn lales )3 Eld (g L & Sl posid (oSl
3y 0Pl dee (s (pl Lol Gua .l ikl wilends
ool 0393 €1 oy Sllas (glod 38> S b oole (pl (o)l
oSl gy il )l Ul 5l el cavdas slaodls wlul 5
ladiges > (ilisee (58 Ol (pag) (9978 oSy )Sen g
slodls ;5 3)b bl ol (oled  paiine 5l 45 LS sanlin
5 oS ol axyn FYF/F ol b Sopigl Sy DSC
S S b ey 4 4 A saaline o5 ol 4 VOY/D
b yo (Li2S120s) ©lhuisd postd 9 (LiaSi0s) wlSebuslio post)
Joxd s adgl )39 b odmlite puSul $p (Sl (698 )3 i
G ED o0 9 0 ST (] A e 0 SlSlislie pgitd 518
5 o ()b &Sl ond SlSlnd postd B @ bl b
oSl il sl Sy ol 5 18bo 535 el B
ol (S 30100 glad )8 (gly (o) SCuisle B

References:

1- Kelly JR, Benetti P. Ceramic materials in dentistry:
historical evolution and current practice. Aust Dent J.
2011;56:Suppl 1:84-96.

2- McLean JW. Evolution of dental ceramics in the twentieth
century. J Prosthet Dent. 2001;85:61-6.

3- Conrad HJ, Seong W-J, Pesun 1J. Current ceramic materials

WY

Oezmed Llandly edgize cpl 5l B bl @lyas 5l sy 4
Y LAY edgdzme > Olyas s o ide &S Cul ekl
3 e S o5l ol 4 basye (gyll slaodls xilodgs yiog,Sue
ol 0dd )35 0 Jgd>

oAb (o Hged 4y Ghaie i e (il B Jgi> Gillae
Gged o Gl g (egySee +/YAY E 4/¥-R) VO- clod
(yrog)Suo «/YEAE «[VV) 515 il do 3 Qv glod jd 0bd oy
Ol o3l mse7 oSk & Canl astie Cpicred .Cuwl 02y
e & Coas i o)l cpyidin g (oS alols op i L)
033 3,8 Bl djd YO+ (glod jd 0l Ly yy dges 4y Blxiio (ko
2 35 01b 65 ol Sl (2535 5 P SesS oilal
ol 535 G55 305 o (5ly2 0 g

1 b oo i8] slge (el S yoi Culil ¢ oy (slod )38l L
ki ol b 5B ) 9 Vb (slod j3 Sl yinsgey o 4 Jlozo]
ol wlys ez Hlade (e gled )58l L aS s pa ol
slalos 1 Bk 5l yuin bl ud sy el Lol wib e
aly cpl 14 g 009y i OISLad posd sladils wib)y Kl 5L
b Ll 55 5

Ol 38 b pen Uhey b S e ol @l ()
SN oy cale gl ey paid sSSL
1038 03lisl ()5 450 9 93 (hg) Sl (s ol Nz ya L
3 ES Lo ey Ll )l jls esamy e 9 VL slod a4 oS
and systems with clinical recommendations: A systematic

review. J Prosthet Dent. 2007;98(5):389-404.

4- Angela. Selection Guidelines for All-Ceramic Restorations.

London Dent Institute 2023.
5- Duret F, Blouin JL, Duret B. CAD-CAM in dentistry. ] Am
Dent Assoc. 1988;117(6):715-20.


https://jdm.tums.ac.ir/article-1-6422-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-07-31 ]

hlSen g Slolawgyg 08 ppme

e gl (gl S patd Sob 3o olgs  ES oy Slilas glod 3B )y

6- Saint-Jean SJ. Chapter 12 - Dental Glasses and Glass-
ceramics. In: Shen JZ, Kosmac T, editors. Adv Ceramics Dent.
2014;1:255-77.

7- Griggs JA. Recent Advances in Materials for All-Ceramic
Restorations. Dent Clin North Am. 2007;51(3):713-27.

8- Denry I, Kelly JR. Emerging Ceramic-based Materials for
Dentistry. J Dent Res 2014;93:1235-42.

9- Kelly JR. Dental Ceramics: What is this stuff anyway? J Am
Dent Assoc. 2008;139:S4-7.

10- Alqahtani N. Optical properties Of CAD-CAM lithium
disilicate glass-ceramic in different firing temperatures and
thicknesses. Scholar WorksIndianapolis. 2016.

11- Lien W, Roberts HW, Platt JA, Vandewalle KS, Hill TJ, Chu
T-MG. Microstructural evolution and physical behavior of a
lithium disilicate glass—ceramic. Dent Mater. 2015;31:928-40.
12- Guazzato M, Albakry M, Ringer SP, Swain MV. Strength,
fracture toughness and microstructure of a selection of all-
ceramic materials. Part I. Pressable and alumina glass-infiltrated
ceramics. Dental Materials. 2004;20(5):441-8.

13- Stookey SD. Catalyzed Crystallization of Glass in Theory
and Practice. Ind Eng Chem. 1959;51(7):805-8.

14- Ivoclar Vivadent. Scientific Documentaion IPS e.max CAD,
Liechtenstein2011 n.d.

15- Hynkova MddK. Effect of subtractive machining of lithium
disilicate glass dental ceramic on strength and the possible
improving mechanisms 2023.

16- Nejatidanesh F, Savabi G, Amjadi M, Abbasi M, Savabi O.
Five year clinical outcomes and survival of chairside CAD/CAM
ceramic laminate veneers - a retrospective study. J Prosthodont

WY

Res. 2018;62(4):462-7.

17- Serbena FC, Mathias I, Foerster CE, Zanotto ED.
Crystallization toughening of a model glass-ceramic. Acta
Mater. 2015;86:216-28.

18- Wen G, Zheng X, Song L. Effects of P>Os and sintering
temperature on microstructure and mechanical properties of lithium
disilicate glass-ceramics. Acta Mater. 2007;55(10):3583-91.

19- Khodaei M, Nejatidanesh F, Tayebi L, Savabi O. The effect
of SiO 2 /LiO 2 ratio on the mechanical and biological properties
of lithium metasilicate glass ceramic. Mater Technology.
2022;37(14):1-8.

20- Khodaei M, Nejatidanesh F, Savabi O, Tayebi L. Lithium
metasilicate glass-ceramic fabrication using spark plasma
sintering. Dent Res J (Isfahan). 2023;20:40.

21- Huang S, Cao P, Li Y, Huang Z, Gao W. Nucleation and
Crystallization Kinetics of a Multicomponent Lithium Disilicate
Glass by in Situ and Real-Time Synchrotron X-ray Diffraction.
Crystal Growth & Design. 2013;13(9):4031-8.

22- Zhang H, Sun B, Chen W. Tailoring Li2Si2Os rod-like
particles and their simultaneously strengthening and toughening
effects on lithium disilicate glass-ceramics. J Non-Crystalline
Solids. 2022;594:121794.

23- Dadsetan S, Siad H, Lachemi M, Sahmaran M. Evaluation of
the tridymite formation as a technique for enhancing geopolymer
binders based on glass waste. J Cleaner Production.
2021;278:123983.

24- Zainuri M, Hapsari YD, Silvia L. The influence of SiO2
phase (quartz, amorphous, cristobalite) to hydrophobicity in
glass medium. Jakarta, Indonesia. 2023;1:020015.


https://jdm.tums.ac.ir/article-1-6422-en.html
http://www.tcpdf.org

