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Abstract

Project Code: 164316

Proposal Code: 2558A11702008

Project Title: Effect of irradiation on structural properties of recycled window glasses

Investigator: Asst.Prof.Dr.Cherdsak Bootjomchai

Email Address: cherdsak per@hotmail.co.th
cherdsak2303@gmail.com

Project Period: 1 Year (1 October 2014 to 30 September 2015)

Abstract:

Window glasses were recycling as (90)RWG - (10)Na,O - xR,,0,, where RWG and RO,
are recycled window glasses and oxide of dopants, respectively and x = 0.001, 0.01, 0.1 and
1 mol%. Density of the glass samples were defined by using Archimedes’s principle.
Structural properties of the glass samples were carried out by using ultrasonic technique.
The density and ultrasonic velocities were used to calculate elastic moduli before and after
gamma irradiation at 1 kGy. The experimental elastic moduli were compared with theoretical
values by using bond compression model. The results found that the structures of the glass
samples were damaged by irradiation, occurring NBOs in the structure. Moreover, there was a
good agreement between the theoretically calculated and experimental elastic moduli for

the glass samples.

Keywords: Glasses; irradiation; structural properties; elastic properties; ultrasonic velocities.
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MnsTsuRvdafimumeny Wluefesseiuld dumsndauiilasuyediu wuu
FausiaiedBud deueSandnsneiia 1500 U

ui mnedsweuvariiduiafiAnanmaifusiasedinnivewsuvalaglinnudn
weluaeiduasiununiiveweuvanfivtuedrannaufamaudsiieufivsanadn ui
flag 2 Usziam Ag

1. whidlusssuni
1) saudidsu Inuideangalil Ussneumedanisesas 66 - 67%
2) gan1 dnwuluneiansie Useneumedaniussunaiosas 98%
3) frondlast (udinenndh ) wuudaguuith aumazua

2. uffiasrsdusenssuiunansinemans
e 1 AeivilFuftianuvdadantfunndistuie Uiunndaneulaeenles
uiifinaunmiaasld noumvsonsiedanidsildrulsznouves Faneulasenled (S0, 1n
WU ngandminsgees  ufmendiduniiisiaunann nunsa-wa  Saldingunsal
Inermanivieda ufmuli Wuwsildvhnsginidou-du whsssue Duuiildegitly
salaiuns lunsudauda Sdesnmsliialudeuiasdnniuoonlsdvodanzadly Tunsude
uitunedesihdunausine wegniediluedomandiednsdruiinesany  deaniufvily
vaeswalumvasy ailgumnliadlainnnit 1,500 esrwaldea lunisvasudunausianale
fnsdnavuifiunninainnsldnunauadlugeiietelidunaudinaivasumaniieiuly
Al 1 wandlassadnismesniilaefinm @) Hulasiasiaves Crystalline Silicate (b) 1Ju
Tassaesumiiduedygiu uas © Wulasaveaiidusdygulasmaidilafeuadly
Tulasea$rs Tugpavinssumsnanui Sndudeaduansdus el @ifmunzaniunis
T 1wy
1) dnAniuyuuaaziden awilinmliusgde
2) andululs@dng asvibiuimueuioulig
3) fdungia wiliudlauasdauumnunniy



LY

A15197 1 dudsznevidfguazandidifny wu duussdnsnsveieimiludu (a) aumvgiosu
(T,)

M (T,) vesunIumazaiin
druvsznauiiddy Eadudosas) suln
wiaud | sio, | Na,0 CaO B,O; a (°Ch) T.(°0)
W7 P
67.9 14.7 55 1.4 9.2 x 10 550
595301
wimul | 80.6 4.4 - 13 33%10° 815
W7 P
. 100 - - - 0.54 x 10 1,625
AIBAY

Sodium Silicate Glass

2 - Sili —Sodium
Crystalline silica (sand) Quratz Glass 0-oxygen @ -Silicon . :

@ (b) ©

5UN 1 lassasrvaumludnuaegsinag iy

91030 uazmsad 1 aguiuldduifidnuaglasaefiunneiistu fezdmwaliaus
v9Uszn1sldsulude wenainnisiivasdus addululaseadudn Seddeauisasiali
Tassatrsvesuinudouldldlag eynalinewilodudilvluazaisudrenindunsisondu
Bldnnsau P1RdINalin electronic defects wag/#3e displacement of atoms wag/#3e
braking of oxygen bonds wianiidwaliiAnnisunmellvesiusyseninsoendiauivlessy
u2n (Non bridging oxygens: NBO) ﬁﬂgﬂ‘ﬁ' 2



@ si Qo ‘Bi
JUN 2 fregadasiaiiwmiuasululegnatemesed

FaN5:UAsULUALATIES19AINENLS AU IR bR AINUS LN UUBINSLALTUNS DANAIB4
wuszlulassasie Avgvihldsiaiuisansiunisldsunlaslaseasisewiale Fansaaiien
11150yl ms1unIsiUasulUaseed uiuiusy leegamilenfe n1siamnusinauLAs s
n3lafin Wesaneduldssedusinanalunisiedaud anlusinanailuveawds Ausindu
desdanileinvstuegdiunisduvesiiusylulasade dmiusylulassasnediunn msduiasduls
a A o < a v v ~ = ) = A )

A Adudssnziuneleame Tugui 3 Wunmnsiaenusiaaudsduian

Normal probe Angle probe

backward

forward ultrasonic wave ultrasonic wave
backward ultrasonic wave
forward

Sample Sample ultrasonic wave

(a) (b)

a [y < = = < « P~
JUN 3 NMTINAIULTIAAULAEININE () LAZAIULTINAULEEINIUYIN (D)



L9YRANLEIAA UL AYI9aN T LT NITIRNILEIILAEAINVITILAIATIUITAATUIUNIAN
AavantRnudaneulanaunsaealul [11]

L=pv2 (GP3 (1)
G=pv: (GP9 (2)
4
K=L- (EJG (GP9 (3)
o= =26 @
2(L - G)
E=21+0)G (GP3g (5)
e p AoAnuvuuL (kg/m’)
v, feruiirdudessansiledneuen (m/s)
v, Aermnuiirdudessansileinanuving (m/s)
L Aelugaan1ugnd (Longitudinal modulus)
G felugdanuY3IN (Shear modulus)
K folugaaieuins (Bulk modulus)
c fednsduhges (Poisson’s ratio)
E Aadslugda (Young’s modulus)

nsinAnuruILUuYesRIegsLivildlaglduaniugrureseisafiialagldowdnoy
Jureunaindrfiuianaunis [11]

« dl 1 3
o p  ADAINNUIUY (g/cm’)
A 1 IS 1w 2
p. AEAMUNUILULYIWELAET (1BUSAIY) TAriniu 0.66 g/cm
W, Aaumitinveiiagaiindslusinie (g)

W, Aaumtinvesiiegnsmndsluvesial (g)

warn1sAUIMIUSUIRsIaelua (molar volume) U9 ag19uAIa1u1TaA UMl AIENNNT [11]

M
V — glass (7)

p glass



a P a o | I 3
WD V  AsUsuestasluavedniagnawni (cm)
M AaXIALUENAYBILNT (g)

glass

1 ¥ U 1 3
Pgass  ADAUTUNLULYRILNIAIDE1S (¢/cm)

AAULTITEaUlLlAT (micro-hardness: H) @uisaunlalae [11]

_ (1-20)
H= Bt o) (GP9 (8)

Agauugiivauneu1y (Debye temperature: 0,) wlalag [11]

h, 3zN,, 4
0 =(—)(—2)2 K
. (ka)(47TVa) v, (K 9)

AANAITNIVDILNAIA

'
| a

Taeil A

5 ARANAIIvBIlUALIUY
A
A

h
k
N, Aotaveilangilag
V, feviunsleslua

=« < A o v v a S
\' ﬂ@ﬂ'ﬂ']mLi'ﬂ?’\la‘ULaﬂ\‘i@aﬁiqi"ﬁUﬂLﬁaﬂ ""UQV'{L(;{I@EJ

11 2\"
Vi = —(—3+—3J (m/s) (10)

2.2 ‘Vlmﬂﬁ bond compression model
adgvo o a P = v v A & aa s
nufUlddmivesuiglassadne Gondulassasiendu 3 davatgesdusenau (three
dimensional polycomponent) aasaanleavanid @unsaniuuaa bond compression bulk
modulus leannaunis [21]

gl r  Aemugniuseszislessuuinlazlosouay
n, Aednnuiuszlulassiesendaheuiuins deunsemlelag [21]



n, =%Z(xnf)i (12)

N (% !

AodnarulneluaveI99RUsENaUDBN RGN |

e X
F AeA1nsiiusiafeussnisin (average stretching force constant)

[

FIAAIILTURABVDINISEA A1U1TaAILIALeRIT [22]

F= 2,00 (13)

- my),

o n, fAe31uI coordination vatlosauuln
F  Aednsvivestssdnvesoantyn

UBNANULIITIEUTONIANRAIIUVDIEMaY (1) voslasaasalu 3 4R lnwende
lumanadl [23]

026

| = 0.010 (14)
K

exp

A ufveA1dnsdutmes midlagodelunaves bond compression lagadl [21]
Oca = 0'28(ﬁc)_025 (15)

lae?l N, ABALRABAMUNUILUULYEY cross-link  104lAT9918KA Feaunsaninualalaeg
[21]

=3 (), (N), (16)

n, Ag1uIU cross-link Aslesauuin (MlsanerduuiussaslosauuInauasd)
N, Aaduiulessuuinseesnlunvaiw
n  Aeduulessuuinnamadegniui (n=> (N,);)

woNANULIIAINITANNUAAIMIING BV lUAaaITIUTUIAT (theoretical  bulk
modulus) Faasnsamunlealeg [22]

K cal = 1.062x 10 2P F| 40022 -



dlownanunsafmuaanamguiveddugdadeUsunesliud wifasaunsafmuaaInig
noufvedlundasiinue el [21]

1-2
Gcal = 15K cal|: Gcal:| (18)
1+o,
L., =K, +133G,, (19)
Ecal = 2(1+ GcaI )Gcal (20)

2.3 MSNUNIUITIUNTIN/EN5EUMA (information) TAgadas

otefildnmuiuluduremauiiisatesUudresdiuldimsliussleninnuiaiug
sty deluiitazvendnmumuangludmenuidefiiedesildinsiufundnuts
yensinUTnased msfnwimaasundadlassaiiseuiiannnisgnaiesed waznnsdnw
navesasidonelaseas1sveniviing1eq Talansruneidunuimilunis@nerviianudila
siolt TneiFnand a.a. 2007 Kortov [5] Wlinmsdnw uazUszendlitanidasd@nigiioaas
desnarudeuiieludiiniunsed fwmanidedlfiiuiitagiauiaseddudadiamg
fosmslumsiannlaunsataldlusduing Welusindddmivyanasioly

Gevan L duffunnune wu Aifleuvgeslsyt (LP) waaideungeslsi (Cary)
wAaLGendali (Cas) Alfteauisy (LiBO,) 3omens (quart?) Fegnldlunumadunisuwnd
\n3esinsddiuyana Tusued uaynsiausinussdludaunadon aulud a.a. 2010 Olko [24]
IgfinsAnundefinaztoidevesiagFosmaciiduiiinuiniasd wimuifaniideuasainnis
nszdufonas (OSL) ffefnnnirfaniizesnasannsnszdusenuieu (TL) esaniaa
wiugh uazldinendn aliidnasdunisiauinusdmeomaiale Aduudusdeniiiaglueiu
Yednowau JeliFuiiinitoaulafesAnwnameiuiedrolaseadng

Laopaiboon  agAmy (2011) [12] lansiaaeuaudiiniugavgureauwia BaO-PbO-
borosilicate  fignousnessdunuanlaglfinaiadanirledn wuiraudiniudanguiinnis
Wasuudasdleufigneumessduansiifiuianisasulassaiieveuin deunlud 2012 i
3984 Bootjomchai wavansy [11] AlaAnwlaseassweauia recycled borosilicate-BaO-Bi,0s
Meladninaveinisorusidunuun Inefinwiaindansleln wag FTIR wudilaseasiqunediu
yosuignianefiuisesausznevdaduiinaulesgieds silkinddeifiuvinnisfnusioly [13)
TneAnwilassadrsveanilnedsuasiusznavvsniiietgiadu Bi,Os-PbO-borosilicate Tag
fadnwineladninavesnisorviidununuiy wuilassadinsnevausdudnvugiiin
mamdenivhlnAslassahauuulnitudeminniseusid uenaniddsiinidesnvareviuii
TanfinsAnwinaveaniseuivdnelasaineegidos uarluliargn 2013 fiuidoves Kaur waz
Ay [25] IAANWINATDINITIUSIALANLNADENUANILEIVILAT BaO-Na,0-B,05-Si0, WU
nsorvsdunuumiliuautesimdanudsuulanieninisdununvililassaianiaiie
mMswasuutas



Farouk uazAn [26] (2013) londeineatunarainIseIuTadunuueautinisganau
WaNUBIUAT ALOsTeO,Li,B,0; NIgniANsIg MgF, wuiinisenusedunuandinaliinlaseasng
WUU NBOs (Non-bridging oxygens) d@dnaliflinn15anasusito9iauaunauUesiiafesa

Ananuagiuinsiiauddyiunsanvinavesnisetusdiusgraunnuazdu
a CY V) 1% A A o aa L4 1 a v = 35 a 1 [ a 1
naulalulagtudunalaantvinisiiuimewnsauide Faauainaduiiesunsdiu
Wiy S@nwiiinnasiiuinddinuiineiiunsfinuyinan1esdnelaseaddnuinuneg

2.4 Uszlewiifinnndnazlddu wu nsmennsluaisans ananstns 989 wasviuleaud

dnan1sIvelulduselevd

1. fvnudndnfionngaudmiunsaeuuarnistugy mnmstievezuiangzan
wihaafiinduanldlndliAnUselovd

2. e unavesdidsolasiadrseiiiduaseiiy
IgaRulwsaTuIUINR agneties 1 Beq
- Radiation effects on structural properties of recycled window glasses:
Comparison with different doping, laga1AINUNagARLNlLINTa1S: Radiation

effects and Defects in Solids

- Elastic and structural properties of recycled window glasses doped rare
earth oxides: Comparative studies between experimental and theoretical,
IneA1nIU9ANLNTLIN98T: Journal of Molecular Structure

4. afeenudundaasimndnenmuesinideluginialivindieuuiunyii
NARUNANYY USeualn wazUSeqes 91uU 1 Wag 2 AUAILEIAU ﬁﬁ@mmwﬁgq
Tuddvnsuasnside Susdunsiindaninuaiunse fufdsey uasureas
Auslunswisturessemaiuuuyddeld

2.5 ununsanenaamalulagvsanan1sidegnguidmang
tuaeufildRfsiiiunans sastiauenanulunsssgaisniseneg eluuas
ssdssne wagdhevenasdanusliindnuilagifinendnug Snvedaduauiiugiuddnlu
msaginerfanlulszendlinulugiusiieg

3. 33nsduliunnsie wazaniuivinnmmesesifiudaya
3.1 H38UAYIUNA2

WAI5TUU (90RWG-(10)Na,0-()R O, ile R0, Aesenlgrvessafiu @y CeO, 5o
Fe,0; 1Judu) RWG ﬁaLLf’f’gﬂizaﬂﬁﬁwmﬁgﬂﬁmﬁi%lﬁa (Recycled window glass) uag
X =0.001, 0.01, 0.1 kaz 1 mol% gﬂLm%wﬁu@{’mLwﬂﬁﬂmswaamazma Tnefiasaiiufaz s
1%’3’?mmu’%qw%ﬂmzﬁumu%%’a (analytical reagent grade) @Al RWG te3eulalagnis
deAwnszanutsaiALasenaastindy uazesdlau auddu antuunaulanuia
aziden Fearsaiinasnanta RWG  lushsidiufimunzay sowniesdsdidnnsedndiisining
auiden 0.0001 ¢ ntwhaunauiidudodertuudaldasiutmasuui (crucible) a1ntu
dudupmasuiiguvnd 12500 auldiufdlararsdudedoatu udumindiaduwdfiug
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wnsluld (graphite  mould) wiadagnsiildazgninluidunreudnniiuil udreudunian 2
Falus igaungll 400-550° Mntiulaselidudiasfionmgiviesealusssuma fedrauiaila
gniludauaztalilassunu wazarununivinhu mensesdaiignaiisulaenguide GTEC
AAIYIENS AUEINYIAIERS NININYIFERUATIVENT AUNUIVBIRAIFIRE 1N TAMIELIRS
Wesmdes

o & o ' = Y Y A A N W = = wa

Matlnsguaunsfinanaziinslduinenisuainasniiuimamuaudssuiiguaudn
A Algl

3.2 MseuTedunuun

nMso1uisdunuinvesniafedsagldiaiesars$d (THERTRON 780C) lagduriuia
SFunuIfe Co-60 MenIUSNased 1.16 Gy/min anedefiuil 30 x 30 cm’ lagdl
svozsinesEninamiogefufuindnfadviiiu 60 cm fegrauiazgnanedidfmenaniiiies
woflazrliuilasusadludSinaiidesnis fe 1 kGy wse 1 kSv (Aamn tissue weight factor
u 1 fevhinenie) deruaedifuinafinnwedmivnisinnsanianluldnunie Wssvmu
ylulinslasusedian 1 msvy wiedufuRnumssedlaihiu 20 msvy) dauanslusud 4 Tag
mehnmeaedutunounisaieiaiiasinfgudunds Sminquasss (MOU fuuminetds
guas1wsll) viseantumaluladdinde i

|Exposurenachind THERATRON780C)

Source

Y v

— \ ,/360m

-~—30cm —

5UN 4 N1591U5EUNULVBILNIFIDENS

3.3 Apneilaseaineiignisganausadaunsise
winsegregnualiiuntaziBenuazkaniu KBr ludnsidiu 1:100 mg 9ntiuazinly
) A U aa Y a . o ao w A VAl -1
Tamsganduaddususameiases Perkin-Elmer lngianimdwainsueniavaduegi 4 cm
Y | = -1
waginlugaavaiy 400-4000 cm
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3.4 M3TaANuRUIKLULazUSUIAslalua
AUTUILLUYBILAIAIBE199n TRlAge 1 AEnaNN13Y89815ANRAE (Archimedes’s
principle) Favosmarflarlddmsunmsiamumuuduilie n-hexane fusiaunsamainay
mnuiilelagldaunsd (6) sniusifgiuamuiuasiaslualnsordeaunsi (7)

3.5 nsiaanuiinaudessaniladin
ns¥annusirdudesdanilednvesniisegreilalasldiades ultrasonic  flaw
detector %o SONATEST $u Sitescan 230 Inelvainiiliiannad 4 MHz Tagtsnaginananga
raudosdaniladnianiugns (V,) haza1uv19 (V) a]'1ﬂﬁ?ul,iwﬁ%m@mam@iwmm%miu
LLauﬂ’W]’NG] fifstestuauinidasiadmesiifmedaldlagefoaunisi (1-5) waz (8-10)
mﬂuumLﬂssfumEJUﬂ'wﬂmﬂuquwgwmu’amlmmﬂimLmamaq Bond compression

3.6 dn1uiinnimaaes uaziudeya
- qusﬁmﬂu‘la@LLasmwm%mmmLLﬁa (Glass technology excellent center: GTEC)
APIVTEN AEIneAans NnnIne1deguaTIvsIil
- AudNSI Jminguasvsii
- aotumaluladiiAfg suieyI



3.7 STELLIAMINGTIVY BASLEUNITANIUIIUAABALATINISIVY

M1319% 2 uanalasamIdedazldialumsdniiu 1 U leaSudutumslufounainy 2557 dasieu fueney 2558

Time and Contents "T'J‘?ll 1

Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | Jun.

Jul.

Aus.

Sep.

S UUAIDYIIAD

-ddiegrawnaluangSedLnuun

Sarnuisindudsssanileinrianeunasndnesed

. Anwaudfrnugavgurasmiiineulasnd e Sed

. ANYTASIAS1AIAIEMNATA FTIR Y9nauUwasviaIaessd

. AnwndSsuiisunanlaainnisnaasskaziantsawalagldngul

. ANUW LAZLHILNTHAIIU

O NN | PR~ WIN |-

. Wyusenuatuanysal

12



13

3.8 aunsain15de uazansiadl
3.8.1 aunsal

WIRaOULAL d319lnY @us?mﬂIuIa§LLasmmﬁmmmLLf’h (Glass  technology
excellent center: GTEC) N3N Anugdnenenans unnine1deguasivsiil
WIBUKAD d@519lnY QusﬁmduiaﬁuasmmL%EJ’rmzyJLLf’h (Glass  technology
excellent center: GTEC) n1A3EANd AnigIneenans unine1deguasvsiil
ATNDISINAEINSUUALABIAINTZANVTIANY

\3nsteBidnnseiind

WAL

wiANALAS LG

\3RIfAuAn

w3adauia adalae @uémiu‘la§LLazmmﬁ8’meLﬁa (Glass  technology
excellent center: GTEC) N3N AnugAneenans i ine1deguasivsiil
\w3eadansledn (Ultrasonic flaw detector)

30N sa

Lﬂ%lm FTIR spectroscopy

3.8.2 @156

YYLUNINTLINNLIF
loineueanlyn
Inndleueanlan
wianaanlun
laveanaanlan
MNULRBN IR
F3vupenlen
lenflsueanlan
Aalnsigeueanlyn
wosileusanlan
wunfil@eueanlan
gvsiilenoanten
Faduuoenlen
Farvonlen
Tasuleueanlan
paUilaseanlan
ifaoonlyn
wusn1daeenlan
WOULBNLTU
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°o < 1'% 1 awv o 1 Yo
3.9 Na’éﬂLiﬁ]LLazﬂ’JqﬁJﬂiﬁJﬂ’]‘UaQﬂ’]‘i’Jﬁ]EJVIﬂWﬂ'J’ﬁ]ZIﬂi‘U

Audnsa:

1. loasuadreinwemsidsuntin@nw1Usyeinsdnuin 2 Ay daznantdndne
USeyeynanuau 1 au

2. WusAtetuiuguiivsinlinaunavesddiddelasadrsesTanusennuin
LazndIninsunanissdnelasiaswesiiiiduaszituaraiunsalule
UszlemllunisiansanduianinUsunasdlusiudaly

3. yuwavesansdeiiduadiululasiaimveui wasnsdmasielassadiafiunnig
fuetnsls wazdsmatensanessditelasassnaiuedidls fanuideduiiugiu
ma"15%LﬁuﬂizimuﬂlumwiaEJam'nﬁf{fsJLLazmﬁé’Nﬁwawm'mmiaf] IS

4. #nufluansans/proceeding elunazsinadsung gnaten 1 Beq fefildnandls
Tutneeiu

5. annsmhlgnisnanludagramnssuluouian Wwunswannszanniisned

111500539 AUS IS d@daundsls wsanistuAluniinnsiunsed 1Wudu

AUANAIYEIUITE:

1.

A a o ° aw Yo e o ) a = a A
WetiuAngnwlunsinuidelitnAnwvisszauusygins wazUTyain N5
1A59n15 WA uduwdslunidsnisuingaau

3 = = v ) ~ P v a )
WunisAnwmseuanunsauiunsivsemaignuuazasalsaluidindes
9E111991NTInInguUasIve il esUseann 800 Alawwns Jaazdwanaysenalny
13111199 59A1199 UMABIVDITUNITYIN N UNPUS T ARS8 WU U
asdlenaiulinfnwinsiulasansiianuiiugiusasnsvinideineiuianuay
A A ¢ = & a a O o v Yo o e A A
TAdes Faduanvnuiawaay annedeas1saulnuindned wewda AEC Tunng
YNUNYINURILARES

a v QAI ¥ [~4 % ) 9 a v d' v <3 (v 0o v
HawITenlnaslugiudeyadniunsideienaunduuinnssuluddudnly

NANISNARDILAZIATICHNANITNAAD S
4.1 anunuudunazdsunslaglua
WAIRI8E9QNLABAI8 MnO, Dy,0s War Nd,0; @ninAumuILuu (density) wag

Usumslaglua (molar volume) Aimnuitudunneg fu Asandlusun 5 - 7 a1uddu wa
ANSANYINUI NI DANUSUUE15:3 (0.001 Mol% 919 1 Mol%) ANTANUNUILULVDILNIAIDE
Al oa X a A o XA a & v % ] ° v
FAnRNTUAIUUSUIU9a15: 0 ethilaaunainnisnansiianlllulaseasradunayinlvung
LLanavaIwiIfiIg1e (Myus) IANALTUINIAAIUNUILULYBIUAILTY WaNIINTNISLINTY
YOIAURUILUUYDILAIA9E199713LAALLDINIINATLALT UV ATIAS19NBAUY (compact
structure) FULHBINIINNNSHANUSE ST leRRUYRIas ot ulATIaS191an [13]



2.585 23.40
2.580 0335
__ 2575
2 23.30
Q
& 2570
>
g 23.25
G 2565
a
5 560 23.20
2,565 23.15
0.001 0.01 0.1 1

mol% of dopants

15

(;_low - ;W) swn|oA JejoN

JUT 5 Anuvwiy (density) uazd3umsiaglua (molar volume) vadumiignidens MnO,

2.700 23.40
—~ 2.660
T 23.00
©
& 2640
= 22.80
2 2620
(]
a 22.60
2.600
2.560 22.20

0.001 0.01 0.1 1
mol% of dopants

(;_low - ;W) BWN|OA Je|oN

JUN 6 AL (density) uagUSunsiaglua (molar volume) ¥89uia7ignideney Dy,0;



16

2.680 23.90
Nd,O,

2.660 K 23.80
s P Z
4 4 O
_ 212370 &
@ 2.640 . . -
£ I 3
o 0 . + 23.60 £
=) e 0 3
X 2.620 A o ‘ @
= e =)
2 g + 2350 3
O 2.600 - .' . 3
PP + 2340
..m-TT - . d

2580 - """ :
; .- . + 23.30
S oo s oo o e e o e - ®---
2.560 -+ T T 23.20
0.001 0.01 0.1 1

mol% of dopants

JUN 7 Anuvniy (density) wazd3unnsiaglua (molar volume) Yaeunafignidanie Nd,Os

Unnslagluaesunelifeuiinnsiignaseuasedlasuilmhomaveuiiiiogng deay
Juivimiilovsuvesiauiulss (modifiers) Mdudlululassade (111 93U 5 - 7 wud
Usumslneluavesuiniiegeiithiude MnO, was Nd,Os dfanadiofiulsunamesasiie
1N 1umqmwﬁ’wﬁmﬂ%mmﬂmaluaﬁumLLﬁﬁé’f'gasmﬁgﬂLauéha Dy,0;, feranadiowiiu
USunauvesanside dsannsassunglalaenisiuiouiivuirillossuvesarsidofiiudluiusad
losauvadlassadneman Aesaillossuvedlasadrmdnie si S5ailesouiniu 0.40 A uas
Seiflovauvasansiiadusad Mn™ way Nd™ Wi 0.67 A way 1.12 A mugndu asnuindadl
Toooureasidotiufidruinnindrilosouvedlasiadramdnidedanou (V) senles dmdund
fFreehaiiiiniside Dy,0, uansseenluisndwhuueniiansanldaed Tno3adlesouves Dy
Wiy 0.912 A Fdlngninvedassaimdnvesuiidegrsiiiliudanou (v) senles widews
fa1andeszuuLffial Na,0 WussrUszneuseudrsznuinsailosoures Na* Svuelndifes
fusaiilosouwes Dy 1N Jedutigruladinlesauwes Dy” ﬁgﬂLauaﬂiﬂiuiﬂiqa%ﬁﬂ,é’t,%’ﬂﬂLau
Wutesislulassasiehlviusunsiaeluainianas [27]

psAUszneUMAATl mnuvuLuLazUSimslaeTuavesuiifiegis fignifnsae MnO,
Dy,05 Way Nd,0, uandlslupisnsdi 3
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4.2 anusadedaniledn wazlugdaanudaneuy

5920 3650
Beforeirradiation Beforeirradiation

5900 After irradiatian 3600 After irradiatian
" 5880 ~ 3550
£ 0
> S
£ 5860 — 3500
g 2
(]
% 5840 § 3450
3 g
2 5820 & 3400
(o))
5
— 5800 3350

5780 3300

0.001 0.01 0.1 1 0.001 0.01 0.1 1
mol% of dopants mol% of dopants

@ (b)
U 8 (a) Anusandwdesniuen (longitudinal velocity) vasuiifmegnsiignifindie MnO, neuatalasndsnnefiessdunuun (before and after iradiation)
(b) A5 IAGWEEwNYI4 (shear velocity) vaduiamegefignifuse MnO, Aoy wasnainneiieSsdunuun (before and after irradiation)
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@ (b)

JUN 9 (a) Anusardudsaniues (longitudinal velocity) vedwisiaageiignifiusae Dy,0, neuatsuasnasiefiessdunuu (before and after iradiation)

Y

(b) muFInawdew Y9 (shear velocity) vasuiameg1eiignifiusieg Dy,0, new uarnaaiesiessdunuun (before and after iradiation)
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5600 3460
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Chemical composition Density ~ Molar volume

Glass samples 5 3 "
RWG  Na,O  MnO,  Dy,0s Nd,05 (g-cm™) (cm’-mol™)

Mn1 90 10 0.001 - - 2.558 23.190

Mn2 90 10 0.010 - - 2.557 23.247

Mn3 90 10 0.100 - - 2.560 23.264

Mn4 90 10 1.000 - - 2.581 23.377

Dyl 90 10 - 0.001 - 2572 23.307

Dy2 90 10 - 0.010 - 2.585 23.186

Dy3 90 10 - 0.100 - 2.602 23.036

Dyd 90 10 - 1.000 - 2.682 22.349

Nd1 90 10 - - 0.001 2572 23313

Nd2 90 10 - - 0.010 2.570 23.340

Nd3 90 10 - - 0.100 2.575 23.416

Nd4 90 10 - - 1.000 2.656 23.837

mﬂgﬂﬁ 8 - 10 uansnIIiIRAuAsSanslednaue (ongitudinal velocity: v,)
LAZAINYINN (shear velocity: V) iBuwazvidIgnatemesadunuul (before and  after
irradiation) ﬁm%’mﬁaﬁaaéwﬁgm%ﬁm MnO, Dy,0; way Nd,0; a1ud1su Ineun@inanusa
rduldsssanilodnezndudadiuivuinnsiusylulaswmdnveuidied s nandedily
Tassasvesumsegislidnnuiuszoginn Aasinnsduldd Ssazdsualinduidsafiunisléd
slfaruindudssdidufindu lunmsafudmdlasadsveauiiegwianisgniang
fusz auriliiin NBOs Fululassadne azdsmaliauindudeaiumdldlin il
dudssesdanilednilianas angUaziiuinfegauiiilegnaresmesidunuandiuiua
$94 1 kGy mmmﬂauLamaam'ﬂ,%uﬂumammmmwﬂmamammmmﬂaummmummau
puvne nciulunsdlanuidirduidswnurnsesuietaiignidudie Dy,0; inmidudu
19981930 0.001 001 waz 0.1 mol% iy dwiulunsdiiiinnsanasesedudssdants
Toinvosufegmdgnatede fadunin osusldlasdieduiomaniadunuanyiliiie
msaaeiuse vievhliAn NBOs Tululassadsoad Fuandifiuegnainglusuil 11

dmsulunsdifinruninduidsdagadundnatefofadununuddy §ifedud
§1u SedunuunazyiliAnnslesslusturessiglulassarmdniilibidnnseuiindenu
qﬂ%uiﬂé’qazﬁu%u’uwé’mml,auﬁ'] WAL AL ASNAINULAT NG IUANNTULEITEAUNTIULGY Lol
gnlossuwas Dy’ dnduliviliAnmsaistussiutusendiou duandvifiuegieielugud 12
dawalinuniindudesdanilednlunsdfinaniduiuiu widoduasdedwaumnil
Tnssasrmdnifnanuaieauniu Suihlidndmvesiussfignihans fuiussfdiutu Suuld
flazidunuiusziignihatannnit dewaliianuidudu 1 mol% ves Dy,0, mnuFIAAuIdsS
sanilyiinrdingnanenleadunuuniiaanasainiouaty



CB e—p» € CB

NBO

Photon

VB h* VB h*

. Si . modifier oxide O o

(R;0)

5U# 11 M3iin NBO ilauAamiagagnatemeSedunain

E.| — ®
4 4
v Eoyexc
_® @F; -
e Eo Electroncentre
Electrortraps  E_ | y~/ "
gy gy i Y- - -TL light

Holecentre
Holetraps

EV

WANUTDMAULT foUIEANNAUAIILTIgNleoBUYRIBYABY dysprosium (Dy)
W89 Ep andulivililAnnisasrsnuseAueendiauiniy



22

90.0 34.0

89.5 Beforeirradiation Beforeirradiatian

After irradiation 33.0 After irradiation

E_& 89.0
O 885 T 320
() O
=} =
S 88.0 2
8 S 310
E 875 K
£ £
S 870 $ 300
2 <
S n
g’ 86.5
- 29.0

86.0

85.5 28.0

0.001 0.01 0.1 1 0.001 0.01 0.1 1
mol% of dopants mol% of dopants

@ (b)
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(b) lugdan 1119319 (shear modulus: G) YBIUNIAIBETIGALALME MnO, Now UasnamienigTadunuun (before and after irradiation)
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24

88.5 34.0
88.0 Beforeirradiatian Beforeirradiatian
After irradiation 335 After irradiatin
< 875
5 © 33.0
b 87.0 ?5
> =
3 865 g 325
>

2 e)
E 860 € 320
'g 85.5 8
=} . R
g » 315
S 850
- 31.0

84.5

84.0 30.5

0.001 0.01 0.1 1 0.001 0.01 0.1 1
mol% of dopants mol% of dopants
@ (b)

3UN 15 (a) Tugdan1ued (longitudinal modulus: L) v8auiamiegeiigniiunie Nd,0, neuanguasndiaigmessdunuun (before and after irradiation)
(b) laidan11v319 (shear modulus: G) Y8IMAIIBETINLANME Nd,05 Ao uaznaIangnlesadunuu (before and after iradiation)



51.0 81.0
Beforeirradiatian .
50.0 —— 80.0
0

49.0 o
’%ﬁ“ %9; 78.0
7 480 2 770

s g
'g 47.0 £ 76.0

=} n
£ 2 750
= 460 3
@ > 740
450 73.0
44.0 72.0

0.001 0.01 0.1 1 0.001

mol% of dopants

@

Beforeirradiatian
After irradiatin

0.01 0.1 1
mol% of dopants

(b)

3UN 16 (a) luadan1ues (bulk modulus: K) ¥aeumfiiegaignifiame MnO, feuaieuaznasaigniesadunuu (before and after iradiation)
(b) lugaiann319313 (Young’s modulus: E) 30euA3i0g1e7gnidinsag MnO, feu uazvdinemesadunuu (before and after imadiation)

25



48.0

Beforeirradiatian
After irradiatian

47.0

46.0

45.0

440

43.0

Bulkl modulus(GP3

42.0
41.0

40.0

0.001 0.01 0.1
mol% of dopants

@

85.0

Young's modulus (GPg
~ [e} [e0} [e0} [ee] [ee]
© o = N W »
o o o o o o

~
o
o

77.0

0.001

Beforeirradiation
After irradiatian

0.01 0.1 1

mol% of dopants

(b)

JUN 17 (a) Wgdan1uend (bulk modulus: K) veawiisiiegangniiugie Dy,0; neuangiasnawmignieSsdunusn (before and after irradiation)
(b) lugdan1uv319 (Young’s modulus: E) ¥0eiumsiaagaignifiumie Dy,0; el uagnaiangsie3adunuu (before and after iradiation)

26



44.5 80.0
24.0 Beforeirradiatian 79.5 Beforeirradiatian
. After irradiation 79.0 After irradiation
435 <
- % 78.5
% 43.0 ;; 78.0
@ S 775
2 425 3
S g 770
Q 2
€ 420 W 765
@ 415 S 760
75.5
41.0 75.0
40.5 74.5
0.001 0.01 0.1 1 0.001 0.01 0.1
mol% of dopants mol% of dopants
@ (b)

3UN 18 (a) luadan1ues (bulk modulus: K) ¥aeuiIfiagafignidunie Nd,O; feuaiguasndmiemessdunusn (before and after irradiation)

(b) lugdan1uv319 (Young’s modulus: E) ¥aeumifiiegafignifisme Nd,0; new wagndiaiemeSsdunuin (before and after iradiation)

27



28

A15199 4 LAaaAUEAVEUYDILNINIBE NN URAL NAIGNAYAILTIFUNULN

Glass L (GPa) G (GPa) K (GPa) E (GPa)

samples Before  After  Before  After Before  After Before  After
Mn1 86.46 86.36  29.37 29.30 47.30 47.30 73.01 72.85
Mn2 86.75 86.54  30.04 29.34  46.70 4742  74.21 72.96
Mn3 87.25 87.08 30.44 29.17  46.66 48.20  75.02 72.81
Mn4 89.59 88.65 33.24 29.09 4526 49.87  80.11 73.05
Dyl 88.27 87.42  32.39 3437  45.09 41.59  78.39 80.84
Dy2 89.02 87.66 3294 3451 4511 41.64  79.47 81.13
Dy3 89.95 87.25 33.31 34.61 4554 41.11  80.34 81.07
Dy4d 93.03 89.10 34.61 32.56 46.88 45.68  83.33 78.93
Nd1 87.65 86.56  33.18 32.73 4341 42,93  79.33 78.28
Nd2 86.87 85.83  32.75 32.17  43.20 4294  78.44 17.22
Nd3 86.34 85.43  32.58 31.08 4291 44,00  77.99 75.46
Nd4 85.09 84.39 3291 3246  41.21 41.12  77.98 77.09

Y Y LY 1 LY

PN & 1 Y o oa I~ A °
‘UWﬂEU‘V] 13 — 18 CLNRUIMNAVDINTITDIUNIYIIALLNUUUNFDYWNUUYANAYAU ']Ill@aa

v Y
aa

Anugavgu lnemlduailugdaniudanguasuanisanumumunatssiinseyiliinniside
sUveeTan detudsduniusinenssiuaundusawesiusslulaseasng uilvalugdavesian
duiusiuaianusirdudssdanilelin laefiA L G K uaz E v0umfiieg 1andmnessduans
TAuennuldsundategiunudn Ineiafidnaziiuiesuisanuudunswesiagdnlden
lundavesds (Young’s modulus) &eaziiiulainAlugdaesds dulidranailouiafedign
Y v A & v oA v v o 9 Y o9 va o av oy
21898 TadunuI duuansifedunuunladluiangiusslulasasiviliiin NBOs daiild
asunglilunavesrnuiinduidesdanileiin Belunindunavedlugdavesdivesuinfiegna
a v v A Y g A o~ & A
WAL Dy,0; inafidenndaiunaresnuiInaudes e
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5. @3UNAN1IVIAARY uaztalauauue

5.1 d@3unan1snaasg

A15ANEINaTBISIERRaNTRNIalATIAS19UBILN I UTEUY (ORWG - (10)Na,O -
(XRyOp 108IAMNTUILUY LazUSHIRSLAgluaYadLAMIDE1e NUIIAMUUUILLULAE USRS
Tnelua vowffegrduiurinvesansidesteildeddny audirdudoanilasdnveui
fhetnagninifefinudnunzveslassainaweanimdsgnatesessdunumiiuinia 1 kGy wui
Tnssadrauiasegnagnitliiia NBOs Fululassadiannnatedededunumn anumuiutuLay
audindudsssaniladingminndunamalugdanudangured (L G K uag E) wui
Alugdaniudanguuasuiaiiogadings duuansiudifegsiiniouldiannuudungs
wangwinmsilldenluannginudeusannsgildd wavesiiddeautinnubanguraania
Mg 1amdRngmesdunuun nuduniflegslunliuvesenlugdaanaindignatendeded
unun eiliosnanmaia NBOs Sululassadisvesuds mafilddatuayunaiildainnisin
audIndudsssanilainduesnad nansmaaswesantRnrmdangu ligniwuisudioy
funamanguiildainnisdnalaglinguives bond compression model wuiiATilel
donnaosiulusgad
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5.2 YaLdUBMUL

o U aAaa P Y ay v = a v D v
INHANTANYINAVRISIENTMlATIES 1NN EAAINNITS L ABNSLANULNANG NUINSIE
flinaegelitudAgysoaudivialasaasng Amunisdneumiiedgdluuseendldaunieniusad
Fafimnusndundesfiansanludruiiognsunn wenaniluailsainnisneassdiauuiaulalu

A ) = | P = & =~ ° v v ' A
Pilugdavesanudangurednmiaias sedunadlunisiluldaundemusieaniisniinian
nszyinla weviadviaudfiantfdnrateusen1snadsiasunisane 1w audRniaas daduy

v

auUAndABnUsEnInis WeusenaunisiiansannisinTanuidedraliadlulduselevd &9

Y a v

Tanumiidelmusoudnivantiniuwawnnniniandus Wesndanulusdatiuies

LONEI5919D9

(1] S. Singh, A. Kumar, D. Singh, K.S. Thind, G.S. Mudahar, Barium-borate-flyash
glasses: as radiation shielding materials, Nucl. Instr. and Methods B 266 (2008)
140-146.

2] C. Bootjomchai, J. Laopaiboon, C. Yenchai, R. Laopaiboon, Gamma-ray shielding
and structural properties of barium-bismuth-borosilicate glasses, Radiat. Phys.
Chem. 81 (2012) 785-790.

(3] M. Kurudirek, Y. Ozdemir, O. Simsek, R. Durak, Comparison of some lead and non-
lead based glass systems, standard shielding concretes and commercial window
glasses in terms of shielding parameters in the energy region of 1 keV-100 GeV: a
comparative study, J. Nucl. Mater. 407 (2010) 110-115.

(4] F.A. Balogun, F.O. Ogundare, M.K. Fasasi, TL response of sodalime glass at high
doses, Nucl. Instr. and Methods A 505 (2003) 407-410.

(5] V. Kortov, Materials for thermoluminescent dosimetry: Current status and future
trends, Radiat. Meas. 42 (2007) 576-581.

(6] M. Gu, X.J. Jin, S. M. Huang, X.L. Liu, B. Liu, C. Ni, The effects of GeO, adulterant
on the luminescence properties of Th-doped silicate glasses, Opt. Mater. 32
(2010) 1022-1027.

(7] E. Malchukova, B. Boizot, D. Ghaled, G. Petite, Optical properties of pristine and Y-
irradiated Sm doped borosilicate glasses, Nucl. Instr. and Methods A 537 (2005)
411-414.

(8] M. Arora, S. Baccaro, G. Sharma, D. Singh, K.S. Thind, D.P. Singh, Radiation effects
on PbO-Al,05-B,0s-SiO, glasses by FTIR spectroscopy, Nucl. Instr. and Methods B
267 (2009) 817-820.

9] M.V. Prymak, Yu.M. Axhniuk, A.M. Solomon, V.M. Krasilinets, V.V. Lopushansky, I.V.
Bodnar, AV. Gomonnai, D.RT. Zahn, Effect of X-ray irradiation on the optical
absorption of CdSe;,Te, nanocrystals embedded in borosilicate glass, Radiat.
Phys. Chem. 81 (2012) 766-770.

[10]  X. Deschanels, S. Peuget, J.N. Cachia, T. Charpentier, Plutonium solubility and self-
irradiation effects in borosilicate glass, Prog. Nucl. Energy. 49 (2007) 623-634.



[18]

32

C. Bootjomchai, J. Laopaiboon, S. Nontachat, U. Tipparach, R. Laopaiboon,
Structural investigation of borosilicate recycled-barium-bismuth glasses under the
influence of gamma-irradiation through ultrasonic and FTIR studies, Nucl. Eng. Des.
248 (2012) 28-34.

R. Laopaiboon, C. Bootjomchai, M. Chanphet, J. Laopaiboon, Elastic properties
investigation of gamma-radiated barium lead borosilicate glass using ultrasonic
technique, Annal. Nucl. Energy 38 (2011) 2333-2337.

C. Bootjomchai, J. Laopaiboon, R. Laopaiboon, Structural investigations of bismuth
lead borosilicate glasses under the influence of gamma irradiation through
ultrasonic studies, Radiat. Effects & Defects in Solids 167 (2012) 247-255.

B. Engin, C. Aydas, H. Demirtas, Study of the thermoluminescence dosimetric
properties of widow glass, Radiat. Effects & Defects in Solids 165 (2010) 54-64.

M. Ignatovych, M. Fasoli, A. Kelemen, Thermoluminescence study of Cu, Ag and
Mn doped lithium tetraborate single crystals and glasses, Radiat. Phys. Chem. 81
(2012) 1528-1532.

M.M. Elkholy, Thermoluminescence of B,Os-Li,O glass system doped with MgO, J.
Lumin. 130 (2010) 1880-1892.

M.H. Kharita, S. Yousef, S. Bakr, The use of commercial glass as a potential gamma
accidental dosimeter through the absorption spectra, Nucl. Instr. and Methods B
278 (2012) 50-57.

M. Marrale, A. Longo, A. Bartolotta, S. Basile, M.C. D’Oca, E. Tomarchio, G.A.P.
Cirrone, F. Di Rosa, F. Romano, G. Cuttone, M. Brai, Thermoluminescence
response of sodalime glass irradiated with proton and neutron beams, Nucl. Instr.
and methods B 292 (2012) 55-58.

Y.S.M. Alajerami, S. Hashim, A.T. Ramli, M.A. Saleh, T. Kadni, Thermoluminescence
characteristic of the Li,COs-K,KO5-H;BO3 glass system co-doped with CuO and
MgO, J. Lumin. 143 (2013) 1-4.

B.J.R. Swamy, B. Sanyal, Y. Gandhi, R.M. Kadam, V.N. Rajan, P.R. Rao, N. Veeraiah,
Thermoluminescence study of MnO doped borophosphate glass samples for
radiation dosimetry, J. Non-Cryst. Solids 368 (2013) 40-44.

R. El-Mallawany, Tellurite Glasses Handbook, Physical Properties and Data, CRC
Press (2002) 540.

A. Abd El-Moneim, Quantitative analysis of elastic moduli and structure of B,Os-
SiO, and Na,0-B,05-SiO, slasses, Physica B 325 (2003) 319-332.

R. El-Mallawany, Structural interpretations on tellurite glasses, Mater. Chem. Phys.
63 (2000) 109-115.

P. Olko, Advantages and disadvantages of luminescence dosimetry, Radiat. Meas.
45 (2010) 506-511.

R. Kaur, S. Singh, O.P. Pandey, Gamma-ray irradiation effects on the optical
properties of BaO-Na20-B203-Si02 glasses, J. Molecul. Struct. 1048 (2013) 78-82.



[26]

33

M. Farouk, S.A. Fayek, M. lbrahem, M. El Okr, Effect of Y-irradiation on optical
absorption of AlL,Os-TeO,-Li,B,O; glasses doped with MgF,, Ann. Nucl. Energy 56
(2013) 39-43.

R. Laopaiboon, C. Bootjomchai, Thermoluminescence studies on alkali-silicate
glass doped with dysprosium oxide for use in radiation dosimetry measurement,
Journal of Luminescence 158 (2015) 275-280.



ANAKNUIN A
(HAITUANUN)



Radiation Physics and Chemistry 110 (2015) 96-104

Radiation Physics and Chemistry

journal homepage: www.elsevier.com/locate/radphyschem |

Contents lists available at ScienceDirect N oston Fiydic,
Chemistry

Comparative studies between theoretical and experimental of elastic @CwssMark
properties and irradiation effects of soda lime glasses doped with

neodymium oxide

C. Bootjomchai

Glass Technology Excellent Center (GTEC), Department of Physics, Faculty of Science, Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand

HIGHLIGHTS

e Results show good agreement between experimental and theoretical of elastic moduli.
e Network bonding was distorted with the Nd,O3; was added and irradiated.
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ABSTRACT

A comparative studies on the theoretical and experimental values of elastic moduli of
(90 — X)RWG - (10)Na, O- (x)Nd,0; glass system, where RWG is recycled window glass and x is 0.001,
0.01, 0.1 and 1 mol%, was investigated. The radiation effects on structural properties and elastic moduli
were evaluated by measuring the ultrasonic velocities. In addition, the FTIR spectra were measured to
investigate the effects of irradiation on the structure of the glass. Moreover, the theoretical bond com-
pression model was used to confirm the obtained results from the experiments. The results show that
evidently changes in the structure of the glass depend on the concentration of the neodymium oxide and
gamma irradiation. Furthermore, the experimental elastic moduli are in good agreement with the the-
oretical values.

Irradiation effects
Ultrasonic measurements
FTIR

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Glasses materials are receiving extensive attention due to their
unique properties such as hardness, transparency at room tem-
perature, high strength and excellent corrosion resistance. Con-
tinued effort for the improvement of new glassy materials and the
study of their properties is highly relevant because of the potential
in various technological fields. Glassy systems have physical iso-
tropy, the absence of grain boundaries, continuously variable
composition and good work ability over their crystalline counter-
parts (Joseph et al., 2002). Moreover, the radiation damage pro-
cesses which emerge in glass are generically the same as those
which occur in crystals. In the simplest provision, there are three
basic processes: (i) radiolysis, (ii) displacement (or knock on) da-
mage, and (iii) electron rearrangement. In all processes, what we
define as damage is the existence of after irradiation local struc-
tures (either atomic or electronic) which differ from the structure

E-mail address: cherdsak_per@hotmail.co.th

http://dx.doi.org/10.1016/j.radphyschem.2015.01.034
0969-806X/© 2015 Elsevier Ltd. All rights reserved.

present before irradiation (Ezz-Eldin et al., 1996). Irradiation af-
fects the structure of the glass matrix, resulting in changes in the
optical, physical and electrical properties. Therefore, the scientific
information of the glass structure before and after irradiation is a
requirement for understanding the structural evolution of nuclear
glasses under long term irradiation during storage of radioactive
wastes or isotopes sources, radiation shielding, radiation detection
by using glass dosimeter, etc. (Neuville et al., 2003). Studies on
irradiated glasses have been previously published on simple glass
systems such as silicate glasses (Devine, 1994) or on multi-
component glasses such as borosilicate glasses (Kaur et al., 2013;
Abdelghany et al., 2014; AbdelAziz et al., 2014).

Glasses containing rare-earth ions have attracted a great deal of
interest due to their important properties. For examples, the glasses
are heat-resistant, present interesting optical and magnetic behavior
(Clare, 1994; Lemercier et al., 1996; Clayden et al., 1999). The properties
of rare-earth glasses include greater glass transition temperatures,
greater hardness and elastic modulus, and greater chemical durability
than many other glasses (Lemercier 1996; Clayden et al, 1999).
Therefore, the rare-earth glasses have been successfully used as laser
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ion hosts, optical lenses, seals, and vivo radiation delivery vehicles (Lin
and Hwang, 1996; Shelby and Kohli, 1990). Among all the rare-earth
ions doped in glasses, the neodymium (III) ion has been distinguished
as on of the most efficient ones for obtaining laser emission, frequency
up-conversion and optical fiber amplification (Jayasimhadir et al.,
2007). Thus, the effects of gamma irradiation on structural properties
of rare-earth glasses have been interested to investigation.

The properties of glass are closely related to the inter-atomic forces
and potentials in the lattice structure. Therefore, changes in the lattice,
due to doping and/or irradiation, can be directly noted. The elastic
properties and other related parameters are of great interest, in order
to study the linear and anomalous variations as a function of com-
position of glass, and have been interpreted in terms of the structure
or transformation of cross-linkages in the glass network (Rajendran
et al., 2001; Sharma et al., 2009). To study the structural properties of
glass, the coordination numbers of the network structure and the
change of oxygen bonds in the network former, induced by the cation
modifiers and/or irradiation, need to be investigated. The information
can be obtained from FTIR spectroscopy. Furthermore, many re-
searchers use ultrasonic techniques for investigation the effects of ir-
radiation on structural properties of glass (Sharma et al., 2009; Zahran,
1998; El-Mallawany et al., 1998; Laopaiboon and Bootjomchai 20143,
2014b). Therefore, the ultrasonic technique is an appropriate tool for
characterizing the microstructure, the deformation process and the
structural properties of materials after successive irradiation. More-
over, the depth scientific results of structural properties by using bond
compression model were reported (Abd El-Moneim, 2001; Marzouk
and Gaafar, 2007). Thus, the theoretical values of elastic moduli were
calculated by using the bond compression model to compare between
the experimental and theoretical modulus (Gaafar and Marzouk,
2007; Abd El-Moneim, 2003).

Therefore, the investigation of the influence of rare-earth oxides
(ROs) contents and gamma irradiation on the structural properties of
silicate glasses have been interested. In this article, the effects of rare-
earth oxides contents and irradiation on structural properties of glass
samples were studied via ultrasonic techniques and FTIR spectroscopy.
The elastic moduli of the glass samples before and after irradiation
with different concentration of neodymium oxide will be discussed.
Information about the structure of the glass samples can be deduced
after calculating the number of network bonds per unit volume, the
average cross-link density, the number of vibrating atoms per unit
volume, the average stretching force constant and the average ring
size. Moreover, the theoretical and experimental of elastic moduli have
been compared.

2. Experimental work
2.1. Glass Preparation

The glass samples were prepared in rectangular shapes from
the (90 — x)RWG - (10)Na, O- (x)Nd,0; glass system (where RWG

Table 1

is recycled window glass and x are 0.001, 0.01, 0.1 and 1 mol%)
using the melt-quenching method. The oxides of Na,O and Nd,03
used in this work were of an analytical regent grade. The RWG was
common window glass sold in Ubon Ratchathani, Thailand. The
chemical composition of RWG was determined in my previous
work (Bootjomchai and Laopaiboon, 2014). Preparation of re-
cycling glass from window glass to be used in this work is to
thoroughly clean and grind until powdery. To prepare the glass
samples, appropriate amounts of Na,0O, Nd>03; and RWG powders
were weighed using an electronic balance with the accuracy of the
order of 0.0001 g. The starting materials were mixed thoroughly in
ceramic crucibles. The mixture was preheated at 573 K for 1 h to
remove H,0 and CO,. The preheated mixture was then melted in
an electric furnace whose temperature was controlled at 1523 K to
ensure homogeneity. The melted glass was then poured into pre-
heated stainless steel molds at about 723 K and then annealing
was carried out for a period of 2 h at 773 K. Bulk glass samples of
about 1.5 x 1.5 x 1.0 cm®> were thus obtained. The glass samples
were polished using different silicon carbide grades. The sample
thicknesses were measured to the micrometer.

2.2. Density and molar volume measurements

The density (p) of each sample was measured by using Archi-
medes' principle with n-hexane as immersion liquid. The experi-
ments were repeated three times for accurate value of the density.
The estimated error in these measurements was approximately
+0.001 g cm3. The molar volume (V,) was calculated for each glass
from the expression; V, = M/p, where M is the molecular weight of
the glass, calculated according to the relation (1) (Abd El-Moneim
et al., 2006).
M=) x;M;

IZ o (1

where x; is the mole fraction of the component oxide i and M is its
molecular weight. The glass packing density can be calculated
from the following Egs. (2)-(3) (Hager, 2012)

V=2 %Y xv
t MZ 171 (2)

where V; is given by,

Vi= 4];NA (Xffv[ + yrg) (3)
where N, is Avogadro's number, and where r; and 1 are the ionic
radii of the cation and anion of the oxide M,0,, respectively. The
errors in molar volume and packing density were acquired from
experiments repeated three times of densities. The estimated error
in these results was +0.021 cm®mol"! and +0.0013 x 107% m?,
respectively and shown in Table 1.

Glass composition, density (p), molar volume (V,) and packing density (V;) of the glass samples before and after gamma irradiation.

Sample no. Composition (mol%) » (gem™3) £0.001 V, (cm® mol™) £0.021 V, x 1078 (m3) £0.0013
RWG Na,O Nd,0s3 Before After Before After Before After
G-0 90 10 0 2.567 2.565 23.351 23.3747 0.4592 0.4588
G-1 89.999 10 0.001 2.572 2.558 23313 23.4391 0.4609 0.4584
G-2 89.990 10 0.01 2.570 2.554 23.340 23.4911 0.4690 0.4660
G-3 89.900 10 0.1 2.575 2.560 23.416 23.5458 0.5530 0.5500
G-4 89 10 1 2.656 2.647 23.837 23.9225 1.3838 1.3789
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2.3. Gamma-ray irradiation

The glass samples were irradiated by an exposure machine
(THREATRON 780C) using a Co-60 gamma-ray source at a dose
rate of 1.16 Gy min~! and field size of 30 x 30 cm?, at a distance of
30 cm from the gamma-ray source, and at room temperature. The
samples were irradiated for sufficiently long enough to achieve to
overall dose of 1 kGy.

2.4. Ultrasonic velocity measurements

An ultrasonic flaw detector, SONATEST Sitescan 230, was used
to measure ultrasonic velocity. The ultrasonic waves were gener-
ated from a ceramic transducer (Probe model: SLG4-10 for long-
itudinal velocity and SA04-45 for shear velocity) with a resonant
frequency of 4 MHz, and acting as transmitter-receiver at the same
time. The ultrasonic wave velocity (v) can be calculated by the
following Eq. (4) (EI-Mallawany et al., 2006):

2d

-1
V= At(cm ™) (4)
where d is the samples thickness (cm) and At is the time interval
(s). The measurements were repeated three times to check the
reproducibility of the data. The errors in velocity measurements
were +7 m s~! for longitudinal velocity (v, ) and +14 m s for shear
velocity (vg).

2.5. FTIR measurements

FTIR spectra of powdered glass samples were recorded at room
temperature using KBr disk technique. The spectra in the wave
number range of 400 — 4000 cm™! with a resolution of 4 cm™! were
obtained using Perkin-Elmer spectrometer.

2.6. Determination of elastic moduli

Elastic moduli include longitudinal (L), shear (G), bulk (K), and
Young's (E) modulus as well as Debye temperature (¢,), softening
temperature (T,), micro-hardness (H) and Poisson's ratio (¢) of
glass samples have been determined from the measured the ul-
trasonic velocities and densities using the standard relations (5)-
(12) (Sidkey and Gaafar, 2004):

Longitudinal modulus
L=pv} (5)

Shear modulus
G=pv (6)

Bulk modulus

4
K=L--G
3
Young's modulus

Table 2

E=(1+06)2G (8)
Poisson's ratio

so L-26
T2L-G) (9)
Micro-hardness
_ (1-20)
~ 6(1 + o) (10)

Debye temperature

o (B3 ”3v
P kg \ 42y, ) ™ (11)

Softening temperature

_ M
2 (12)
where h is Planck’s constant, kg is Boltzmann's constant, Ny is
Avogadro's number, z is the number of atoms in the chemical
formula, C is the constant of proportionality (equals

507.4 m s~ ' K!/?) and v, is the mean ultrasonic velocity defined by
the relationship (13) (Marzouk, 2009).

1/3
3vive
Ym=|-3" "3
VL + Vg

(13)

The uncertainty in mean ultrasonic velocity was shown in Ta-
ble 2. The uncertainties in elastic moduli, Poisson's ratio, micro-
hardness, Debye temperature and softening temperature were
acquired from experiments repeated three times of the densities
and the ultrasonic velocities. The estimated errors in these results
are shown in Table 3.

3. Theoretical models

A bond compression model is a helpful introduce for structures
containing only on type of bond. For a three dimensional multi-
component oxide glass, the bond compression bulk modulus is
given by Eq. (14) (Bridge and Higazy, 1986)

_mF
Koe="g (14)
where r is the bond length between anion and cation and n,, is the
number of network bonds per unit volume of the glass given by
Eq. (15) (Bridge and Higazy, 1986)

N .
n, = Va ;(an)l (]5)

where x is the mole fraction of the component oxide i. F is the
average of stretching force constant and can be calculated from

Longitudinal (v;), shear (vs) and mean (v;,) velocities of the glass samples before and after gamma irradiation.

Sample no. v, (ms )7 vs (ms™ 14 Vo (ms)£11

Before After % different Before After % different Before After
G-0 5842 5827 0.257 3646 3635 0.302 4017 4005
G-1 5838 5817 0.348 3592 3577 0.427 3964 3947
G-2 5814 5798 0.281 3570 3549 0.565 3940 3919
G-3 5791 5776 0.259 3557 3484 2.062 3926 3852
G-4 5660 5647 0.230 3520 3502 0.516 3880 3861
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Longitudinal (L), shear (G), bulk (K), Young’s (E) modulus, Poisson’s ratio (¢ ), micro-hardness (H), Debye (¢p) and softening (Ts) temperature of the glass samples before and

after gamma irradiation.

Sample no. L (GP) +0.03 G (GPa) +0.01 K (GPa) +0.02 E (GPa) +£0.04 o +0.003 H (GPa) +0.01 Op (K) +2 Ts (K) 5
Before  After Before After Before After Before After Before  After  Before After Before  After Before After
G-0 87.63 8710 3413 33.89 4212 4191 80.62 8009 0181 0181 726 7.20 354 353 612 609
G-1 87.64  86.56 33.18 3273 4339 4293 7933 7828 0195 0196 6.74 6.63 349 347 593 591
G-2 86.87 8583 3275 3217 4321 4294 7843 7722 0198 0200 6.60 6.43 347 344 586 583
G-3 8635 8543  32.58 3108 4292 4400 7800 7546 0197 0214 6.58 5.92 345 338 584 563
G-4 8509 8439 3291 3246  41.21 4112 77.98 7709 0185 0188 692 6.76 339 337 582 578
following Eq. (16) (Abd EI-Moneim, 2003) The other theoretical elastic moduli can be obtained from the
3 (xn,F) bulk modulus and Poisson's ratio for each glass system as Eqgs.
F=2="10 (21)-(23) (Abd El-Moneim, 2003).
2 (xng); (16)

where n; is the coordination number of the cation and F is the
stretching force constant of the oxide. The average atomic ring size
(I) of a structure consisting of a three-dimensional network ac-
cording to the ring deformation model is shown in the form of Eq.
(17) (El-Mallawany, 2000).

_ 026
F
Kexp

The calculation of Poisson's ratio for the multicomponent oxide
glasses according to the bond compression model is given by Eq.
(18) (Bridge and Higazy, 1986)

I= [0.0106
(17)

Ocal = 0'28(ﬁc)_0'25 (18)
where i, is the average cross-link density of the glass network and
is given by Eq. (19) (Bridge and Higazy, 1986)

1
_— (N,
fie . Zi:(nc),( i (19)

where n. is the number of cross-links per cation (number of
bridging bonds per cation minus two) in oxide i. N, is the number
of cations per glass formula unit and = Y (N,); is the total number
of cations per glass formula unit. The theoretical bulk modulus
(K1) can be calculated from Eq. (20) (Abd EI-Moneim, 2003).

K. = 1.062 x 10-29F]~4.0022 o0

2.68

1-2
Gcal = (1'5)Kcal|:A:|

1 + Oca] (2])
Ly =Kea + (1'33)Gcal (22)
Ecai = 2(1 + 003)Geal (23)

The number of vibrating atoms per unit volume (N/V) will be
expressed as follows (24) (EI-Mallawany and Afifi, 2013).

N_N
VvV

x(n + m);
a

(24)

where (n + m) is the sum of the atoms present in the i — th oxide
of the chemical formula.

4. Results and discussion
4.1. Density and molar volume

The glass composition, density, molar volume and packing
density are given in Table 1. The density of the glass samples are
shown in Fig. 1. The results shows that the densities of the glass
samples increase with increasing the concentration of Nd,03 but
decrease after irradiated by gamma radiation. The decreased of the
density of the glass can be attributed to three factors, namely
(Alajerami et al., 2013):

@ Before irradiation

2.66 1 B After irradiation

Density (g-cm
N g 0
n =)
o S )
1 1 1

2.54 T T

0.001

mol% of Nd,0,

Fig. 1. Variation of densities (p) before and after irradiation with y-radiation of the glass samples with the difference of doping (lines are drawn as guides to the eyes).
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Fig. 2. Variation of molar volume (V,) before and after irradiation with y-radiation of the glass samples with the difference of doping (lines are drawn as guides to the eyes).

(i) transformation of the main glass network structure from
triagonal (Q,4) to tetrahedral (Qj),

(ii) decrease in the molecular mass of the glass because of the
glass because of the higher atomic weight of the modifier, and

(iii) decrease of the bridging oxygen (BO) ratio in the glass
composition, due to the adding of modifier and/or irradiation.

From mentioned above, damage by an irradiation species can
create displacement of atoms and/or breaks in the network bonds,
leading to a rise of the number of non-bridging oxygens (NBOs)
and/or transformation of the main glass network structure from
tetrahedral (Q,) to triagonal (Q ;) and resulting in a decrease of the
densities of the glass samples after irradiation (Ezz El-Din et al.,
1992; Prado et al., 2001).

The molar volume is defined as the volume occupied by the
unit mass of the glass, molar volume can be used as a parameter to
identify an open structure (Singh et al., 2003). Fig. 2 shows that the
molar volume increases with increasing Nd,O3 concentrations and
after gamma irradiation. These results are easily explained; they
are due to the modifier ions ionic radius (the Nd>* ionic radius is
1.123 A), which is larger than the network structure interstices
(the ionic radius of Si** is 0.400 A). The modifier ion attraction to
oxygen ions can yield a grater interstices size and molar volume.
Irradiation with gamma rays is assumed to create displacement of
atoms, electronic defects and/or breaks in the network bonds,
which allow the structure to relax and fill the relatively large in-
terstices in the interconnected silicon and/or boron and oxygen
atom network, which produces volume expansion followed by
compaction (Ezz EI-Din et al.,, 1992). To confirm this results the
packing density of the glasses were calculated and shown in Ta-
ble 1. The packing density is the ratio between the minimum
theoretical volume occupied by the ions and the corresponding
effective volume of the glass (Bootjomchai et al., 2014). Therefore,
the increase of packing density with increases concentration of
Nd,O5 due to the volume occupied by the ions increase (the ionic
radius of Nd>* is large). Adding Nd,05 into the glass matrix re-
sulting to produces volume expansion followed by compaction.
Therefore, the molar volume increases with the mol% of Nd,Os.
After irradiation, the packing density was decreases in all samples.
This is due to the increase of the effective volume of the glass
matrix. The damage of radiation can create the opens structure
lead to increase of molar volume of the glass samples. Moreover,
this results good agree with the transformation of the main glass
network structure from tetrahedral (Q,4) to triagonal (Q) after
irradiation.

4.2. Ultrasonic velocity and elastic moduli

The plots before and after irradiation of longitudinal (v;) and
shear (v) velocities in the glass samples with the concentration of
Nd,O0s3 are shown in Figs. 3 and 4, respectively and exact values are
shown in Table 2. In addition, elastic moduli (L, G, K and E),
Poisson's ratio (¢), micro-hardness (H), Debye temperature (6,) and
softening temperature (T;) of the glass samples are shown in Ta-
ble 3. The ultrasonic velocities (v, and ) in the glasses decrease
as the mol% of the dopant increase and after irradiation. The
changes in geometrical configuration, co-ordination number,
cross-link density and dimension of interstitial space of glass de-
termine the ultrasonic velocity and, therefore, ultrasonic velocity
is an appropriate tool in revealing the degree of the structural
change in the glass (Marzouk, 2009). In general, the decrease of
ultrasonic velocity is related to the increase in the number of non-
bridging oxygens (NBOs) and, consequently, the decrease in con-
nectivity of the glass network (Gaafar and Marzouk, 2007).
Therefore, the decrease in ultrasonic velocities is due to the fact
that Nd>* ions are involved in the glass network as modifiers by
breaking up the tetrahedral bond of SiO4 units. Moreover, damage
by an irradiation species can create displacement of atoms and/or
breaks in the network bonds, leading to a rise of the number of
NBOs. Hence, the ultrasonic velocities decrease with mol% of
Nd,O0s3 increases and after gamma-irradiation. Moreover, differ-
ence of ultrasonic velocity before and after irradiation as shown in
Table 2 (%different). The results indicated that highest damage of
irradiation on the structure is occurred in G—3 glass sample. In the
asseveration of these results, the number of bonds per unit volume
(ny,) is calculated by using a theoretical bond compression model is
shown in Table 4. From the results, all samples show the decrease
in the number of bonds per unit volume with increase of the mol%
of dopants. Furthermore, the decrease of bonds per unit volume of
glass samples after irradiation due to the greater the formation of
non-bridging oxygens (NBOs). These results supported our dis-
cussions of the ultrasonic velocities of glass samples.

The elastic moduli (L, G, K and E) as shown in Table 3 decrease
with the increase of Nd,O3 concentrations and after irradiation. All
of the elastic moduli are related to the average strength of the
bond. The average strength of the bond depends on the value of
cation-anion forces. For a given A-O-A bond angle, the A-A se-
paration would be directly proportional to the stretching force
constant (F) of the glass network (Higazy and Bridge, 1985). As the
A-O-A bond force constants decrease, the energy required to
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Fig. 3. Variation of longitudinal velocity (v; ) before and after irradiation with y-radiation of the glass samples with the difference of doping.

produce a given degree of bond angle or length distortion and/or
bond distortion decreases which leads to the decrease in the
average strength of the bond. To confirm these results, the
stretching force constants (F) are calculated by using a theoretical
bond compression model, the exact values were collected in Ta-
ble 4. The stretching force constants decrease with the increase of
the mol% of the dopant. These results indicate that the glass doped
with Nd,O03 leads to the decrease in the average strength of the
bond (elastic moduli were decreased). While the elastic moduli
decrease after gamma irradiation can be speculate that the bond
distortion occurred by irradiation.

Variation of Poisson's ratio and micro-hardness of the glass
samples as a function of the dopants are listed in Table 3. Point to
influence of Nd,O3 on Poisson's ratio can be seen that the Poisson's
ratio nearly constant with concentration of Nd,Os; from
0.001 mol% to 0.1 mol% (G-1 to G- 3) and then decreases with
increasing of mol% dopants from 0.1 mol%» to 1.0 mol%
(G-3 to G- 4). The variation of Poisson's ratio related to cross-
link density. Poisson's ratio decrease as the cross-link density in-
creases. At low concentration of dopants, effect of modifier is in-
significant as a result the nearly constant of Poisson's ratio.
However, when the concentration of modifier reach to 0.1 mol% or
higher resulting to the decrease of Poisson's ratio due to the

3620

increase of cross-link density in the glass network. After irradia-
tion, the Poisson's ratio is higher than the before irradiation
especially at 0.1 mol% (G-3 glass sample) indicate that the highest
effects of irradiation occurred in G-3 glass sample. These results
support our discussion of the ultrasonic velocities. In addition, the
average numbers of cross-link density (7i.) was calculated by using
the theoretical bond compression model for confirm the effects of
Nd,03 on Poisson's ratio and are shown in Table 4. The average
numbers of cross-link density (7.) extremely increase when the
mol% of the dopant increase from 0.1 to 1.0 mol%. These results
strongly support the results of Poisson's ratio. Moreover, the the-
oretical of Poisson's ratio (a.,) was calculated to compare the re-
sults (Table 4). It is observed that a theoretical of Poisson's ratio is
in a good agreement with the experimental values. The micro-
hardness is defined as the resistance of a material to permanent
indentation or penetration (Abd EI-Moneim et al., 2006). It can be
seen that (Table 3) the micro-hardness decrease with increase
concentration of dopant reach to 0.1 mol% and then it is return to
increase at 1.0 mol% of dopant. The micro-hardness decrease of all
samples after irradiated with gamma ray. These results show that
the rigidity and/or compactness of the sample depend on the
concentration and irradiation. The results good agreement with
the results of molar volume as was described.

3600
3580
3560
3540

3520 A

Shear velocity (m-s™")

3500 @ Beforeirradiation

B After irradiation
3480 A

3460 T ——

0.001

0.01

mol% of Nd,O,

Fig. 4. Variation of shear velocity (vs) before and after irradiation with y-radiation of the glass samples with the difference of doping.



102

Table 4
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Average cross-link density (i), calculation of Poisson' ratio (s, ), number of vibrating atoms per unit volume (N/V), average stretching force constant (F), average ring
diameter (7) of the glass samples. Theoretical bond compression bulk modulus (Kj,), number of bonds per unit volume (n,) and Kp,¢/Kep, ratio of the glass samples before and

after gamma irradiation.

Sample no. fic Ocal % X ]OZI(Cm_3) F (N/m) 7 (nm) Kpc (GPa) ny X 102 (cm’3) Kbc/Kexp
Before After Before After

G-0 3.6364 0.2028 7.7341 377.96 0.5424 170.99 170.81 14.9526 14.9375 4.0595

G-1 3.6365 0.2028 7.7467 377.95 0.5382 171.26 170.34 14.9770 14.8966 3.9471

G-2 3.6375 0.2027 7.7390 377.89 0.5388 171.08 169.98 14.9611 14.8651 3.9593

G-3 3.6479 0.2026 7.7256 377.29 0.5396 170.70 169.76 14.9268 14.8443 3.9772

G-4 3.7500 0.2012 7.7026 371.42 0.5431 169.33 168.72 14.7990 14.7464 41088

Debye temperature (¢p) and softening temperature (T;) before
and after irradiation of the glass samples are listed in Table 3.
Debye temperature is an important parameter of a solid, describes
the properties arising from atomic vibration and is directly pro-
portional to the mean ultrasonic velocity (v,). The variations of the
mean ultrasonic velocity are shown in Table 2. Debye temperature
represents the temperature at which all the high-frequency “lat-
tice” vibrational modes are excited (Gaafar et al., 2009). Softening
temperature is another important parameter defined as the tem-
perature point at which viscous flow changes to plastic flow
(Marzouk and Gaafar, 2007; Gaafar and Marzouk, 2007). It can be
observed that the decrease of the Debye temperature, softening
temperature and mean ultrasonic velocity with adding Nd,O3 and
after irradiation are mainly contributed from the increase in for-
mation of NBOs as a direct effect of the insertion of Nd,Os; and
effect of irradiation. For clarity of obtained results, the dependence
of Debye temperature could be discussed on the basis of the
number of vibrating atoms per unit volume (El-Mallawany and
Afifi, 2013). Therefore, the number of vibrating atoms per unit
volume (N/V) was calculated and shown in Table 4. The number of
vibrating atoms per unit volume was found to decrease with the
increasing mol% of the Nd,0s.

The values of average ring diameter (/), theoretical bond com-
pression bulk modulus (Kj,) and K, /Key;, ratio are shown in Table 4.
From Table 4, it is rather clear that the values of the theoretical
bond compression bulk modulus (Kj,.) decrease when the content
of Nd,Os increases and decrease after irradiation. This indicates
that adding Nd,Os to the pure composition of the glass plays a

major role in the average coordination of the network structure
(Burkhard, 1997) or the average stretching force constant which
was found as a similar trend with the theoretical bond compres-
sion bulk modulus (Kj,). In general, the ratio of K/Key, is a mea-
sure of the extent to which bond bending is governed by the
configuration of the network bonds. The variation of K/Key, ratio
increase with increase of concentration of dopant. This indicates
that the network bonds are expanding of extent. This ratio is as-
sumed to be directly proportional to the average ring diameter.
The average ring diameter is shown in Table 4. It is very clear that
the average ring diameter increase with increase of the con-
centration of Nd,0s3.

Comparison of experimental estimated elastic moduli
(K, G, L and E) with those obtained theoretically by using bond
compression model are shown in Fig. 5. From Fig. 5, the calculated
elastic moduli are in the range of the experimental values. It is
observed that a theoretical bond compression model is in a good
agreement with the experimental values of elastic moduli.

4.3. FTIR measurements

FTIR spectral curves in 400 — 4000 cm™! region of the glass
samples before and after irradiation are illustrated in Fig. 6(a) and
(b), respectively. The water groups are indicated by frequency
bands over 2000 cm~'. The main absorption band and corre-
sponding vibration modes of FTIR spectrum of glass samples are
shown in Table 5. The frequency bands from the glasses network
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Fig. 5. Variation of theoretical modulus vs experimental modulus of the glass samples with the difference of doping.
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Fig. 6. FTIR spectra of the glass samples before (a) and after (b) gamma irradiation.

vibrations appear in the range 400 — 1500 cm™~' (Wang et al., 2014;
ElBatal et al., 2014). The FTIR absorption spectra for the glass
samples examined herein have four main frequency bands.
Fig. 6(a) shows apparently decrease of Si — O Si anti-asymmetric
stretching of BOs within tetrahedral (995 — 1050 cm™!) peak
when the mol% of Nd,Os increases. Furthermore, the Si — O— Si
bending vibrations (470 — 485 cm™!) peak and the Si — O- Si and

Table 5
Main absorption band and corresponding vibration modes of FTIR spectrum of

glass samples in 400 — 2000 cm™! region.

Wave number Assignment References

(em™)

470 — 485 Si — O- Si Bending vibrations [Wang et al., 2014;

Zahran, 1998]

650 — 780 Si — O— Si and 0-Si—0 symmetrical [Wang et al., 2014;
stretching of BOs between Zahran, 1998]
tetrahedra

910 - 930 Si — O- Si stretching of NBOs [Zahran, 1998]

995 - 1050 Si — O- Si anti-asymmetric [Wang et al., 2014;
stretching of BOs within tetrahedra Zahran, 1998]

1370 Carbonate group [Zahran, 1998]

1640 Molecular water vibrations [Wang et al., 2014]

0-Si—-0 symmetrical stretching of BOs between tetrahedral
(650 — 780 cm™!) peak shows decrease of absorption with mol% of
Nd,O5 increases. The results from FTIR spectroscopy support our
discussion on the transformation of SiO,4 tetrahedral units from Qg4
to Qs with consequent rising in NBO when mol% of Nd,Os3 in-
creases. Fig. 6(b) shows decrease of FTIR absorption bands at
470 — 485, 650 — 780 and 995 — 1050 cm™! all samples after irra-
diation. These results reveal that the formation of NBOs occurred
when the glass sample were irradiated with gamma ray. The re-
sults of the FTIR spectra are evidence of the discussion the change
in structure of the glass network was added Nd,Os; and after
irradiated.

5. Conclusions

The present study gives the understanding of the structural
properties of soda lime glasses doped with Nd,03; and effect of
gamma irradiation by measuring ultrasonic velocities. Influence of
Nd,0s3 and irradiation makes the distorted network structure. The
values of the theoretical bond compression model were calculated
for asseveration of the obtained results. The agreement between
the theoretically calculated and experimental elastic moduli is
excellent for the studied samples.
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