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Properties and Structure of BaO— P,O5—B,0; Glasses
FTEV (O I
Hiromichi Takebe®

Abstract: Effect of B,O; addition on the thermal stability and properties of barium borophosphate glasses was
studied in a series of (50—x/2)BaO—(50—x/2)P,0s—xB,0;, x = 0-12 mol%. No crystallization behavior was
observed at > 3 mol% B,0O; for bulk form and at 7.5 mol% B,0; for powdered form. Glass transition and
iso-viscosity temperatures increase and thermal expansion coefficient and density decrease with increasing B,O;
concentration. The water durability evaluated by immersion test into hot water degrades due to the addition of
B,0;. Raman spectroscopy reveals that the barium borophosphate glasses consist of metaphosphate Q? units with
ring-type metaborate, diborate, and PO,—BQO, groups. X-ray photoelectron spectroscopy suggests that the
existence of P-O-B bonds at the surface of the grinded powders suppress the surface crystallization during

softening process at high temperatures.
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U VBRET T AL, R A BT T A L bl U TR - IRIRER R A L, iR (250
mol%) [ ZBRIAZ 50 Lic ECH T AR ARETH D Z L2 f 8L 35, VVBIET 7 ADHRT
BaO-P,0s 52 7 AL Bt AKMEN SRS IR ZF LT, BR - st 7 7 A4 " b—H3—,
BBV =T 7 A NEFH LT 7 ANRNT AL 20T V=7 Uy T T ADBERHMETH 5,
BaO-P,0s —JLHRH 7 A TIX, H7 7 A N RBEE R AT T 2 728 O @il TORILIEBRIZIB N T,
RHED SIRERENE Z 5 Z L NRIFIGRETH > 1P Los LA b, R T 2Ol s % B,O;
EWNT 52 L CHFILEES DM,

A TlE, BaO-P,0s (BP) # 7 ADifififhda b KIE T B,0s OUSINENE I LT BaO-P,05-B,05
(BPB) W 7 A DKtk & 7T AHEIE & DFRRIZ OV THEITT 2,
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2. £ B A# &

2. 1 A RAHHOAR

BRI 3(50-x/2)BaO—(50—x/2)P,05s—xB,05, x = 0-12 mol% T & %, JFUEHZ 1 Ba(PO5), L 99.99%,
FURAL TR & B,O; GRLEE 99.9%, iRJIE LR & iz, FE ORI B 2 P& L7 1%,
WEPEFLER & LB TIRA Lz, Ny FEIT 1020 g TH D, IBRAMEITT U WY RIZA, 500°C T2
RERIHES D 2 & CIEBHF ORIy 2K L 72 #, 1250°C T 1 BRI T e (T o 72, IRl 72
%, TOMALIZS T 774 MLE— LV R LIHL, BI&fiE H T AEBIRE T 1 K7 =—1%
TV, ZOBERE T I1°Cmin” THEIT D Z L TH T AREZER L, LUTFORMI AV,

U VBRI T A DREIIIRTT S OH O EE ST 5 2 Linb b, FRIV TR (IR440, 5
EERUERTR) 2V, LFORUHENT 7 ZAFICE £ 5 OH ®a4 H i L7zl

aon=300 x log(Ty/Tp)/d (1)

ZZTC, TR 2 um TOBIBE, Tpik OH OWILH~3.6 um (2800 cm™) TOFEMEE, 413 kD
EE[mm]Th b,
2. 2 FEETAE

AT AEERGILE T, & A SRAEBRAGIRE T, 13RO AT EE#E (DTA) (TG-8120, U A7 8) ZHHwv, ¥
fili L7z, BREHEARIZH 12 mm OBLE721% 100-150 um RO K TH Y, REHEITZ 20mg TH S, DTA
FREHI FHREE 10°C min™ T 800°C F TMEA L 7o, — 2O L, D72 < &b 3 RIDBIEETT > 72,
FErm IR 2 AT 572012, 10 x 10 x 2 mm OFACR AT 7 ZAF06E L DTA 3k RO M AR T 7
ZFREHZ O W TEVLEE 24T 72, FHREEIX 10 °C min & L, FIEDIRE £ THIE L%, |RET
MANURE S L OF AR Lo, RESARIE X BRIEHTEEE (RINT2000, YV 727 #) CTRE LT,
BIZsRAAE0E 16-20 mm OHIREENZ VY, B ITISE (TMA) (TMAS8310, U 78 (2T
30°-450°C THRE LT,

BEIIALTR (Favy) 2RI, TS AT AETRD -, BEOHE-RAIL+0.01 gem™
Th s,

7T ADEHALKREIZI T DREENNEL TMA 2 WV, 2% b L—3 2 LEEIT 10°-10" Pa-s O#PHIZ T
Kvtz, AEHIERK 5 mm, 34 mmESDT 4 AZRHF T A TH Y, FEZSEEIE EFT05,
BIRE TONZRAUTTRD T2,

n=Wt/A (2)

22T, WikmE[g], tiENifey (ER05 mm) 2365 —EHRS (ZZ2TIE 100 um) #E~EA
T2DITH DD M[s], A IFEEEEETH Y, K LR ORRSBEM OFREERE NBS711 2 VT
Kb,

AT ZRE DM ARMEZ TS 5 72012, MCC-1 #HRBRIELI T T X DA K ~OR 258 2 5~
Too WA XX 10x10x 1mm TH Y, 6 DOmEITT N TEHEIZ/ LT TnD, 5E2 70 °)C DEUK
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oz 72 B (3 AR RIE L7tk, ARBIEEORDEITRTRD I,
[Weight loss]=AW/S (3)

Z Z CTAW RIS TOEREZ k], SIEREIORmFE[mmMY)TH 5, MWE TSV T 3 [T
W, SERE AR LT,
2.3 1EERE

PR X L — D — S (VK-8550, S—=x> 2#) F7-13 FE-SEM (S-4500, HITACHI #) %
W, BB LT, T AREITEA T < ot o diE (NSR-2100, JASCO#Y) Z vy, T~ 40tk
THRHT LTz, 77 AMKROKREIZB T HLFREIREATHE T 2 72912, EEHED Ols HERL O~ %
X —% X BICEASIAIWTEEE (XPS) (AXIS165, Kratos BL) Z vy, #F4lh L7, B Yelside
77 ad AK M (hv=1486.49 ¢V) TdH 5, XPS AT NMUEIH DS T v h—TTT 4 T 4 v T &LT
W, WIESBEE T o 7o, KR TOREIRREZ F15 7212, XPS JIE A AEHT DTA 3EH KO
B L RO FHIETT VTR L T L%, BB am/E& D Auz 2—F 1 7 L XPS
WE DTz DEZET ¥ S~ LTz, Ols DFEE TR/ X —1E Au D *Frp WL OFEA T 1L ¥ — (84
eV) ZHEHEL L TR,

3. & R

3.1 BEOH=

WO H 7 2ES IR TIXEAEATH Y, SHOBEMIEERD Hit/en -7, ~2600 cm™ © OH
WU Z 331 DRI AR  oon 13 2.9-4.2 em™ OFEPHIZH Y, Cop=30 x 107 ISR H L7 OH & &I
84-127 x 10 mass% Cd 5, OH DFEAFEIT B,0; DUSNE & IXMEHUETH 0, HHIED SV EEET — 4
ZRFHT-OIZITREN 72V E O L s v,
3.2 MitasmietE

Fig. 1 |Z(a)73 V7 5 XL AR D BP 8 XL O'BPB # 7 A2\ T, DTA #ifit% /<9, Fig. 1(a)&L ¥
SV BB CIE B0y DIRIIEDH KL EbIZ, T, & T, OWTNHRAICHEKLTEY, 3 mol%

B,0,.” mol % B,0, ./ mol %
3 8
L - -
o S
g 51”'—_"“—\——’—
400 500 600 700 800 400 500 600 700 800
Temperature (°C) Temperature (°C)

Fig. 1. DTA curves of (a) chunk and (b) powdered BP and BPB glasses with various B,0;

concentrations.

47



B,0; DB T, T, B INeWZ bbb, F7- Fig 1(b) & 0 B RRENCIE B0y OIRMNE DN
KREEDBIETE T,ONTRHEALTNDHDD, 3mol% B,0; ThHiAEEEEENRD LN TEY,
7.5 mol% B,0; T Ty MFELZRNZ ERH BN D, T D DOfERIE B,Os DIRANZ K- TBPB # 7 AD
MG AR bt m B35 Z L 2B LTV D

Fig. 2 1% 50Ba0-50P,0;5 DAl t"— 7 {FE (690°C) T 10

SrEGLEE U 7o v 7 5B OSAMBL A 7R LT D, B,Os SRR B,0,-doped

0 mol% 3.0 mol%
k) TIEFRE R LIC L Y AE L T D DIZx L, 3mol% ‘__ | | !A:T'
B,0; OFEEHD) TITHALIZ L ERMERIIEE LTV D ;I

DD, ELERELTELT, BEahOFHTHDLZ LR
D, XBREPFTORET X 0 BULEE 7= BP 4 7 2 OfESFEIL
NY 7B A R Y R Ba(POs), Tdh o7, Fig. 2. Appearance of (a) BP and
Fig. 3(a)F L b)ITENZEH 730°C T 10 SfE#EVLeEt L= (b) BPB glasses heat-treated at 690°C
47.5Ba0-47.5P,05-5B,0; 71 7 AR BEmk A+ L0 750°C <10 for 10 min.
4y RABVILEE L 7~ 46.25Ba0-46.25P,05-7.5B,05 1 T Xy R BERK A D L —H —BEMEE G2 Th 5, 730°C 13
DTA D5 T 47.5Ba0-47.5P,05-5B,0; H 7 A K OfEd b B — 7 \BEIZxHE L TWnd  (Fig 1(b), W
FTHOFE L BULERS% 1 X8L LT Y, 47.5Ba0-47.5P,05-5B,0; #' 7 ATIL, KD hL—2 (BF)
E RSN A EITIZI W T, B0R 722 i OAT HH 23 iR S 7z (Fig. 3(a)) . —J7 46.25Ba0-46.25P,05-7.5B,0;
T ATIE, AEPERENC X
B H T AR £ OB BT . (b)
RHEFFLTNB HOD, 4 i | o

10 mm

10pm
i DT HUT R & 7 -
hotz,
PO X 5 iz, DTA & #4 AR : I
- ' it 1 100 pm 100 pm
LR U 7= B o AN BB & it Ty b a— —

ORI G O BLZE N D, Fig. 3. Laser micrographs of (a) 47.5Ba0—47.5P,05—5B,0; glass treated at
B,O; DIRINC LY BPB 4 730°C for 10 min and (b) 46.25Ba0—46.25P,05—7.5B,0; glass treated at 750°C
7 A DO FE d b EA M o for 10 min.

Ltk 325 2 &<

7 ZARRE T ORI DS AT HE ? 145 3.66
ThdI L, ik %Mﬂ\‘ ” Tasal e o - "
FEl LT, AabEl OIS P ey 2ol TN
° 130t o e e

At O LY £ D % 1251 {.\ %3.60 L ®e
B,O; OB LETH 5 if 120 . 8 3.58 ™1
Z LAV L7z, ; o 356 —— 10
3.9 ik B20; concentration (mol%) B,O, concentration (mol%)

Fig. 4()FB L O(b)ic < Fig. 4. Variations of (a) thermal expansion coefficient and (b)density with B,Os

Z i (a)BIZ IR EI LTV concentration in BPB glasses.
(b)BE D B0 & A &I HE
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IEERLTND, BOs BAEDHKRE & B, BWRRHREBEOWTIL LIS o TND,
FIZWTHOPMEICIBN TS, 6 mol% ByOs 1431 & Hal 2 HEAE DAL R R AEME 2 7R3 AR D & 3L
LMD Y, Z OB ORFIE TH T ARENRZL L TVWD Z L ZRR LTV D,

Fig. 5@ L

) Temperature (°C) Temperature (°C)
b)IFF KL — 575 550 525 500 475 625 600 575 550 525 500
voa ETRD T 1200 X (mol%) @) 1200 (o) (b)

@110 -0 EHL‘:
N > > © « 3 .
BP 35 X0 BPB % & 100} .s Ecm.o- .8
T ADKEDT L £ g0l < 90l .1
o o
BV VA-D AN 2 80 8.0l
Yo T 7.0F ) ) ) 7.0t N N '
Do, FHELER 115 120 125 130 135 110 115 120 125 130
IR (SRR 1000/T (K™ 1000/T (K™)

) % Hol L7 _
o B0y AT Fig. 5. Log viscosity versus reciprocal temperature for BP and BPB glasses with
& B ICAERE IR
[IRL TS,

Table 1 (X BP ¥
L O BPB 77 A
BT 2RERBROMRTH D, KT
X1 BY7- 0 oEERDELZRH L, ¥ Table 1 Average dissolution rate of BP and BPB glasses. The
Bl E L L TERRL TS, samples were immersed into distilled water at 70°C for 72 h.
Table 1 7°5H B,0s & HEDOHE K E & HIZ The pH after immersion test is also shown in this table.

various B,0; concentrations. (a) 0-5 mol% B,0; and (b) 6-12 mol% B,0;. The plots
show average values with error bars. The plots without error bars mean that the error
ranges are smaller than the sizes of the plot symbols. The lines are linear least square

fits to experimental data.

EHEELITH IR L TR Y, B0 DRI B,O, (mol%) 0 3 74 10
BPB # 7 ADMAKMEE LI ES Z &N

Y . Average 46 19 53 16
FoyIR 5, Flg 6 tt(% Hj%i%ﬁﬁé@ BP B OX ?ﬁsgszﬁl?g;ﬁ; X 10-10 X 109 x 109 x 10-8

BPB % 7 A D SEM BEE Th 5, B,0;
MEAIND BP H T A TIIHFEX X0 0.5
um LA RO/ S 72580 F
MRBDH B D DITH L
(Fig. 6(a)), B,O; Z¥shN
L7- BPB %7 ATl
100 nm FZEDOERR T/ ki
FTOFEERRDBND
(Fig. 6(b)), = DOk
DIFFERIT B0, B H &
DERELBIZHWX D
BRIz H v, k104
Bl B,Os gy & Bk &
DEJSCER T 25 6D
LHIErED,

pH (after) 63-64 60-69 53-58 4.6-52

Measured 3 — 5 times for each composition.

Fig. 6. SEM micragraphs of surfaces of BP and BPB glasses immersed into
distilled water at 70°C for 72 h. (a) 0 mol% B,O; and (b) 10 mol% B,0s.
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3.3 HSR#EE

Fig. 71X BP # 7 AL L OBPB 7 AD T~ HEL A
7 MVTHD, VBN T ADEARN: PO, M KD
FREATIE Q' (13 PO, PUTA 1 {4 0 D2EERESE D) T
#END, BP H T ATIL 1000-1400 cm™ |2 P-O FEAIC &
% IEAUERE TR DX I L OFERRIEMFEIREI 23380 b
%, 620-820 cm™ 21X P-O-P (T & % ZEAEELSE O Bt &
OIER AR E AP E L TV AN BP H 7 22k 5
1180 cm™ OEELHHIIA XV VD QP 2= v MIIFE S
N5, BPB AT ATIE 600-650 cm™ & 1050-1150 cm™ (2 H%
EATMEEL, BOs BHREOMAR L L HIZEh b DM
R LTS, 600650 cm™ OEELAHANLY v 7% A T D R
Z R L — FMIFE SR, 1050-1150 cm™ OBEAHFILS A
AL — K7 —7 (DBG) PH1M Bz & 41 72[PO,] U
s (PO~BO, 7 /v—7) PO JRE SN Z End, =
NoDEA A BPB 7 ATIHEKEND Z &R L
TW5,

Fig. 8 (X BPB 7/ 7 A RKEH D Ols XPS A7 ML Th
%, Fig. 92777 Ols XPS A7 kLD BEDRE Bhs
b P-O-P (ZfEfeHR), P-O CGFEMERFHE) LU P-O-B
EEEELLO LMD, Fig 10 3B BEL7-%
— 7 OFAXEED B3RO T- P-O-B fiA OFEEILETH D,
I KEFTHfd 22 & TR L BPB 47 2K
OFEMEICIE, = 6 mol% B,0; OFEK T, P-O-P B
P-O fEADAHPFEL, =6 mol% B,0; TIXZ b DfES
Iz T P-O-B fiA L, B0, &HEE & HICTDHFES
BWHERT D2 L3005, IRETILBPB 7 2 DR &
HETE L OBHRIC O W THRET 5,

3.0 mol%B,0, 7.5 mol%B,0,

P-O- P-O-

Spop/Siota (a-U.)

P-O-P

P-0-B

O1s Binding Energy (eV) O1s Binding Energy (eV)

Scattering intensity (a. u.)

s~ ]
N

500 700 900 1100 1300

Raman shift (cm™)

Fig. 7. Raman spectra of BP and BPB

glasses.

0.35
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0.15
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0

Relative intensity (a.u.)

10\

7.5\
6 ——

540 535 530 525
O1s Binding Energy (eV)

Fig. 8. Ols XPS spectra of BPB glasses.

0

2 4 6 8 10

B,0, concentration (mol%)

540 535 530 525 540 535 530 525 Fig. 10. Variation of P-O-B bonds fraction with B,O;

concentration at the surface of powdered BPB glasses.

Fig. 9. Ols spectra of two types of BPB

The fraction was determined by the deconvolution of

glasses for spectral deconvolution.

XPS Ols spectra.
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4. &

3FTHLE L7 &K 912, BOs DEFINC X W BaO-P,05-B,0; (BPB)H 7 A D g% 9~ 5 BV 22 E Mk
12 L% (Fig 1(a), (b)), £72 BOs DA BOH KL & 612, BUFEERE (Fig 4(a)) &% (Fig. 4(b))
TN EL 72D, R P L—v g VETRD T 10-10" Pas 12T D46 RE  (Fig. 5(a), (b)) 1&m<
ROMBEMICH D, T D DRHED B0y A BIKFMEIIAN 7 AMEDZ L L BdEf 1T 5 2 LN TE 2,

Fig. 11 137~ HOFERN GHEE L= BPB 7 ZA OERAIXTH 5, BP 7 A% PO, A
MELRICH R ST EIEAZ R L TR, TOZEEMITBaA AU BFEL TV D, mﬂ@iﬂt B CIX
Q* SHRMEE DT I R FES IS HET b D L B2 BN DHM, B0, ZIRILEEAICIE, A4 R L— 17
L—"7 (DBG) %74 UBIEIEA A4 ORI L D QP BUREE ORGSR Z 5 b0 L HEE S
Do DA T AREEDEACIZE, BPB A7 A TGS ko m b, 7T AR OB R,
RO TR b D,

F 72 Fig. 4(a), O L7z K 91T, FrEDOMABURFNEIZIB W TEFROME 725 6 mol% B,0; A5 (2 2
OOEENED B D, O DOFEMOEER L BPB 77 A RIZBWT T, A (Fig. 1(b)) < XPS
\Z &% BPB # 7 A RF I O(LFRESIREEDOZ L (Fig. 10) EBExfIE LTV 5, Blh, =6 mol% B,0;
DFENE TlX BPB 47 AREIZBWT P-O-BEAFEL TEY, P-O-BFA DIFEEDN BPB H 7 A8
ROMFER L BERRH LD EEZ BND,

PO _BO :‘.‘,«.‘" '*,
[POBOL "

[Ring-type
o o 0 o- metaborate]
| [ [ [ S
—0-P-0-P-0-+++:0-P-0-P-0— 7%
| i ‘io ‘0 O\B/ O\B/O
o 0 0" o B ]
& N\ /7
o o 0 of Qe O
ls [H 4
—0-P-0-P-0 --O—T—O—l‘?'g-o—B\ "O-FE-O-?-O—
o} o} o 0% o_. 0
Metaphosphate Q2 units 0"0'

Fig. 11. A schematic structural model of BPB glasses consisting of PO, Q* units with ring-type

metaborate, diborate, and PO,~BO, groups.

P-O-BfE GBI S D BHIL T < v i OfER N OHEET 5 &, PO, U RIZH & L7- DBG £7-
1% SiOy UHEIASELD POBOy 7 V—T12 X5 D ThH D, Fig. 111277 L 91, DBG Tk B FHT 1
HH7=0 1 HD P-O-B #EAENDERINDDIZH L, POBO, 7 V—7TiEBJET 1 HH7-0 4 ED
P-O-BREGMWIRIND Z &b, BED TN P-O-BiEE DERIIIRE S FEHTH 2 L1872 5,B0;
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DENNAED T T AREE DA DN TIL S BIZFEMAR MR 2 LB & T 5, =6 mol% B,0; DFHITIX
F1T DBG 12 L 5 QPHUMEEDBEE N Z 0, N2 KT T ZADMRE S LI SOW T E3ERo 5
NHHOD, HFmEFEERRE L7 ROFRE TlE B0 BRI & R ORE AIRIEIZ 72 5 7= D#Rk{LiEfE ¢
RAERIE T 5, — 5, =6 mol% B,0; Tl DBG (2412 T PO,~BO, % v b U —7 OEFKIZ LY
T AMKREEIZ P-O-BfEEDFEL, MARIREE COmH b m B35,

7R BMHAMEIZ OV T Table 1 IR L2 X 512, B,O; DIRME & HIZEL RAHMICH D, T~ 5
HDOFERIZLIUE, VT XA TDAZRL— K (Fig. 11) BROHNDLZ 0D, HHIZIE B0,
MMRIELTEY, ZORAZRL— FOIE(EN BPB H 7 ADIMAME L BBRAH L LD EEZHND,

5. &% B

(50-x/2)Ba0—(50-x/2)P,05—xB,0s, x = 0-12 mol%D#[k % 49 % BaO-P,0s-B,05 (BPB)/ SV 7 ' 5 A
IZBWT, BO; BAEOHIK L & HICH T AEBIRE R L OVER IR TR L, BUERIREL & 5
AT 5, T=raic kL, BPB A T A dAZ Y VRO QP $EREEEICNAZ T, VoS E AT
AHRL— b, XARL—FBIW PO~BO, 7 /V—7 bR EN TS, D& (3 mol%) @ B,0s
DU L % BPB V7 B T AD[iffSE b O [ LiZ 2 A R — hOHFHEICEL D DO TH D, XPS D
FERIT L, =6 mol% B,0; TD BPB ' 7 Ay KDt db b O ) LT KK EIZ/FET 5 P-O-B
fEA & BEAT T B 5, B,0s OFRINC L W BPB H 7 ADIMAKMIZHET 2BEAICH Y, Z ORI
YIEATABZRL— FOFEEBRBH L b DEEZBND,

1. #

RBFFEIE I RS RS B A B T HE LR ORISR, BB NI L->Tfibh
-, DDICHR L TRMOBE R LET,

7. 531 A X &

[1] H. Takebe, Y. Baba, M. Kuwabara, “Compositional Dependence of Water Durability in Phosphate Glasses”,
Proceedings of XXIst International Congress on Glass, Z10, 2007.

[2] H. In, H. Takebe, K. Morinaga, “Low Photo-Elastic Characteristics of BaO-P,Os Glasses”, Journal of the
Ceramic Society of Japan, 111, 6, pp.426 - 429, 2003.

[3] P. E. Hart, M. G. Mesko, J. E. Shelby, “Crystallization and Phase Diagram in the Sodium Barium
Metaphosphate System”, Journal of Non-Crystalline Solids, 263&264, pp.305 - 311, 2000.

[4] T. Harada, H. In, H. Takebe, K. Morinaga, “Effect of B,0O; Addition on the Thermal Stability of Barium
Phosphate Glasses for Optical Fiber Devices”, Journal of American Ceramic Society, 87, 3, pp.408 - 411, 2004.
[5] H. Namikawa, M. Munakata, “Effects of the Residual Water on the Transformation Temperature and the
Structure of BaO-P,05 Glasses”, Journal of the Ceramic Society of Japan, 73, 2, pp.86 - 94, 1965.

[6] H. Ebendorff-Heidepriem, W. Seeber, D. Ehrt, “Dehydration of Phosphate Glasses”, Journal of
Non-Crystalline Solids, 163, 1, pp.74 - 80, 1993.

52



[7] H. Takebe, W. Nonaka, J. Cha, M. Kuwabara, “Properties of BaO-B,0;-P,0s Glasses for Active Optical
Fibres”, Physics and Chemistry of Glasses: European Journal of Glass Science and Technology B, 48, 3, pp.113 -
116, 2007.

(8] FREFSE, JRpLZEm:, TEAKHE, BAKEER," 77 AN—ALDTDO DT T AD IR ERE", AR
B EE, 62,1, pp.106 - 110, 1998.

[9] H. Takebe, Y. Baba, M. Kuwabara, “Dissolution Behavior of ZnO-P,0s Glasses in Water”, Journal of
Non-Crystalline Solids, 352, 28-29, pp.3088 - 3094, 2006.

[10] T. Harada, H. Takebe, M. Kuwabara, “Effect of B,O; Addition on the Structure of Bulk and Powdered
Barium Phosphate Glasses”, Journal of American Ceramic Society, 89, 1, pp.247 - 250, 2006.

[11] R. K. Brow, “Review: The Structure of Simple Phosphate Glasses”, Journal of Non-crystalline Solids,
263&264, pp.1 - 28, 2000.

[12] B. N. Meera, J. Ramakrishna, “Raman Spectral Studies of Borate Glasses”, Journal of Non-crystalline
Solids, 159, 1-2, pp.1 - 21, 1993.

[13] E. I. Kamitsos, M. A. Karakassides, G. D. Chryssikos, “A Vibrational Study of Lithium Borate Glasses with
High Li,O Content,” Physics and Chemistry of Glasses, 28, 5, 203 - 209, 1987.

[14] E. 1. Kamitsos, M. A. Karakasside, “Structural Studies of Binary and Pseudo Binary Sodium Borate Glasses
of High Sodium Content,” Physics and Chemistry of Glasses, 30, 1, pp.19 - 26, 1989.

[15] A. Adamczyk, M. Handke, “The Isotopic Effect and Spectroscopic Studies of Boron Orthophosphate
(BPO,),” Journal of Molecular Structure, 555, 1-3, pp.159 - 164, 2000.

[16] T. Tsuchiya, T. Moriya, “Anomalous Behavior of Physical and Electrical Properties in Borophosphate
Glasses Containing R,O and V,0s,” Journal of Non-crystalline Solids, 38&39, pp.323 - 328, 1980.

53





