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Abstract

The lead phosphate (LBbO—(1- x)P,0Os glasses, divided into three compositional regians, 0.3-0.5 (region I)x = 0.55-0.6 (region
I), andx = 0.66—0.75 (region Ill) were prepared by single-step melt-quenching process with the melt-temperature increasing from 550 to
750°C. The DSC studies on the glasses in the compositional region, which are hygroscopic, revealed two endotherm peaks. The first and
weak endotherm around 130 has been attributed to a thermal event in which dehydration of glasses takes place. The second and stronger
endotherm has been attributed to the glass transifignphenomenon. The onset of the glass transition temperature was found to increase
from about 212C for the glass sample with = 0.3 to about 345C for the glass withx = 0.6 in the compositional region Il where both
crystalline and glass phase co-exist. The observed splitting in the endotherms of glasses in the region Il co-relates well with the mixed phase.
The gradual and linear increase in the averggealue is consistent with the increase in the melt-temperatures of the glasses and correlates
well with increase in the mol% of the modifier PbO in the glasses.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction tails of measurement dfy as a function of the composition
(X) employing DSC technique and hence the information

A glassy solid does not posses as unique structuralon the structural changes in the LP vitreous system.
property as that of a crystal for its complete identifica-

tion. However, thermal (Differential Scanning Calorimetry,
DSC) characterization provides valuable, indirect informa- 2. Experimental
tion [1,2] about the structural changes that take place in a
glass system with composition. The lead phosphate (LP), The LP glasses{PbO—(1— x)P.Os, were prepared by
xPbO-(1— x)P,0s, glasses are attractive from the point of a single-step melt-quenching process with AR grade PbO,
view of optical applications as they provide ultraviolet trans- ADP(NHzH2PQOy) as the starting chemicdl$]. Thex value
parency[3]. However, the LP glasses are not known to be was varied from 0.3 to 0.75 which is observed compositional
chemically stable and their glass forming region is limited limit for obtaining the quenched LP sample. The range of
to x = 0.55 only according to the recent optical stud. X has been divided into three compositional regions with
In order that these LP glasses are employed for any usefulthe samples of = 0.3, 0.35, 0.4, 0.45, and 0.5 designated
optical application, their thermal characterization is essen- as 1LP, 2LP, 3LP, 4LP, and 5LP glasses falling under the
tial since the glass transition phenomenon and hence theregion I, x = 0.55 and 0.6 designated as 6LP and 7LP
occurrence of amorphous phase can be studied from DSCfalling under region Il and: = 0.66 and 0.75 samples des-
measurements. When the glass transition of a glass-systenignated as 8LP and 9LP falling under the compositional re-
is situated as a function of the composition, the change in gion Ill. The glasses 1LP-6LP were transparent while the
glass transition temperaturdy) values indicates definite  glasses 7LP—9LP were opaque and were found to contain
changes in the glass network. This paper presents the deboth crystalline and amorphous phases as revealed by our
X-ray diffraction and IR study4].

* Correponding author. Present address: Pragati Mahavidyalaya Degree The DSC thermerams for all th_e glasses were recorded

College, Hanuman Tekdi, Hyderabad 500 095, India. on DuPont 9900 DSC instrument in the temperature range
E-mail address: dayananc?k2@rediffmail.com (C. Dayanand). 50-400°C with a heating rate of 10C/min.
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Fig. 1. Differential Scanning Calorimetry (DSC) thermograms of different sampled?bO—-(1— x)P,Os (LP) vitreous system arranged sequentially
from top in the order of increasing PbO (mol%) content. (A) Compositional region I; 1LP glass with= 0.3, 2LP glass withx = 0.35, 3LP glass
with x = 0.4, 4LP glass withx = 0.45, 5LP glass withx = 0.5; (B) Compositional region II; 6LP glass with = 0.55, 7LP glass withx = 0.6; (C)

C. Dayanand, M. Salagram/ Ceramics International 30 (2004) 1731-1735

-25 (a) 0:3PbO-07P2085
-27
-25
T -3OJ: (b) 035 Pb0~0:65P,0
-25
=
E
z -30f
o T
- ~2°% (¢) 0-4Pb0-0-6P,04
G
[
T
-30r (@
1 0-45Pb0-0-55 Pp0g
-25
-30
(e) 0-5Pb0-0-5P, 05
-40 | 1 | 1 | 1
50 100 150 200 250 300 350 400
(A) Temperature (°C) —
-20
-25

(B)

Heat flow (mMW) —»
o
o)

-25

(f) 0-55Pb0-0:45 P05

N\

(g) 060 PbO-0-40 P50s

N\~

50

1
100

! 1 1 1 |
150 200 250 300 350 400

Temperature (°C) —»

compositional region Ill, 8LP glass with = 0.66, 9LP glass withx = 0.75.
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3. Results and discussion

The DSC thermograms of LP samples in the composi-
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Fig. 1. Continued).

is shown inFig. 2 It is seen from this figure thaly almost
linearly increases with the PbO conter} 6r composition.
In Fig. 1A, in addition to the strong endotherms at temper-

tional region | are shown by the traces (a), (b), (c), (d), and atures above 21, weak endotherms at about 1:3®°C
(e) corresponding to 1LP, 2LP, 3LP, 4LP, and 5LP glasses, are observed continuously titl= 0.5 (5LP glass). The area
respectively, inFig. 1A. The two DSC traces recorded for
6LP and 7LP glasses belonging to compositional region Il Since all LP glasses in the compositional region are hygro-
are shown inFig. 1B as traces (f) and (g), respectively, in scopic with the hygroscopicity decreasing with increasing
Fig. 1C the traces (h) and (i) belong to 8LP and 9LP glasses, PbO §) content, the weak endotherms are attributed to the
respectively, in the compositional region IIl.

The observed ranges o values for different LP samples
are presented ifable 1 The variation ofTy (onset) tem-
perature values with the compositiax) 6f LP glass system

Table 1

Variation of glass transition temperaturg) with composition X) in LP

vitreous system

Composition X Glass Range of Onset value of
region sample Ty (°C) Ty (°C) second
endotherm
| 0.3 1LP 212-265 212
0.35 2LP 250-265 250
0.4 3LP 285-320 285
0.45 4LP 300-333 300
0.5 5LP 345-373 345
Il 0.55 6LP 350-382 350
0.6 7LP 365-382 365
1] 0.66 8LP — -
0.75 9LP - —

under these weak endotherms shows a gradual decrease.

process of dehydration of the LP glasses.

The decreasing area under these peaks obviously repre-
sents the decreasing quantity of heat energy required to ex-
pel the water (HO) from this glassy solid. In this context,
it is significant to note that these weak endotherms are to-
tally absent for 6LP, 7LP, 8LP, and 9LP glasses as seen from
the DSC traces (f), (9), (h), and (i) ipig. 1B and C This
means that thermal event corresponding to dehydration does
not occur at all these low2®s glasses indicating that hy-
groscopicity is limited to the compositional region I.

The onset value of temperatury) of second endotherm
in Fig. 1A and B attributed to the glass transition phe-
nomenon increases linearly as seen fileign 2andTable 1
In a glass system, increaseTg indicates increase in bond
strength and cross lin4] which in turn increase the sta-
bility and chemical durability of the glasses. Therefore, the
increase offg from about 212 2°C for 1LP glass to about
3454+ 2°C for 5LP glass in the compositional region | sug-
gests that the LP glass network is strengthened and stable
LP glass is formed by increase in PbO content.
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Fig. 2. Variation ofTq with the composition) of LP glasses.

In Fig. 1B, for 6LP glass withw = 0.55, theTy is about under theTg trace is attributed to decrease in the proportion
3504 2°C which is high. The XRD results indicate that for of glass phase.
this composition in LP glasses, devitrification begins. For  Inthese LP glasses of compositional region Ill, no thermal
x = 0.575 (DSC trace not shown) glass, the transparency event could be recordedrig. 10 below 400°C indicating
is still retained. But forx = 0.6 (7LP) glass, wherdy is that it could occur above 40C. For these glasses (>
highest (~365°C) covering smallest area (DSC trace (g) in 0.6), Tq is expected to be higher and could not be recorded
Fig. 1B), the endotherm shows weak but clear splitting at because of instrumental limitations.
382+ 2°C. This is a clear indication of phase separation,
i.e. coexistence of crystalline and amorphous phase.

The compositional dependence Tf represented by the 4. Conclusions
linear variation inFig. 2limited tox = 0.6 (7LP glass) indi-
cates the continuance of glass phase even after setting in of The compositional dependence & of LP glasses re-
the devitrification of in LP system around= 0.525. While vealed by DSC technique could be attributed to variations
the opaqueness of the LP samples with 0.575 could be in bond strength, cross-link density and closeness of pack-
due to various factors including the network fragmentation, ing in the glasses. This is promoted by gradual decrease in
disruption in phosphate chains, increase in non-bridging hygroscopicity of the LP glasses. However, for LP glasses
oxygens (NBOs) and possibly higher degree of polymeriza- with x > 0.55 is attributed to the glass phase present along-
tion tendency[5] observed in pyro-phosphate & 0.66, with the crystalline phase.
8LP) and ortho-phosphate & 0.75, 9LP) quenched sys-
tems, the most important observed fact thgtexists even
upto x = 0.6 suggests that homogeneous and transparenty er ences
glass formation is extendable upio= 0.6. Although it
could not be achieved in the pr_esent work, such transparent 1] N.H. Ray, J. Non-Cryst. Solids 15 (1974) 423,
LP glasses prepared by a special process have been reporteéZ] S.R. Elliott, Physics of Amorphous Materials, 2nd ed., Longman
[6]. In Fig. 1B, the observed gradual decrease in the area  Scientific & Technical, John Wiley & Sons, New York, 1990.
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