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a b s t r a c t

In the present study, the effect of rare-earth element addition on the thermal behavior of
tungsten–tellurite glasses was investigated by running detailed differential thermal analyses. The glasses
were prepared with the compositions of (1 − x)TeO2–xWO3, where x = 0.10, 0.15 and 0.20 in molar ratio
and all three samples were doped with 0.5 and 1.0 mol% of Nd2O3, Er2O3, Tm2O3 and Yb2O3. By applying
different glass preparing methods, the effect of melt-quenching techniques on the thermal behavior of tel-
lurite glasses was also investigated and almost the same thermal behavior was observed for all attempts.
Therefore, the glass samples were obtained by heating high purity powder mixtures to 800 ◦C in a plat-
inum crucible with a closed lid, holding for 30 min and quenching in water bath. In general, the addition
apid-solidification
uenching
hermodynamic properties
hermal analysis

of rare-earth elements to undoped samples affected the thermal behavior of tungsten–tellurite glasses
by shifting the glass transition and exothermic reaction temperatures to higher values and increasing
the thermal stability. Moreover, the introduction of rare-earth dopants significantly decreased the tem-
perature values of the first endothermic peaks corresponding to the eutectic reaction; whereas a slight
decrease was observed in the second endothermic peak temperatures representing the liquidus reaction.
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. Introduction

Tellurite glasses have received considerable attention for their
otential use in fiber optics, laser hosts and non-linear optical mate-
ials. Tellurium oxide, as a pure oxide, does not have glass forming
bility under normal cooling conditions, therefore addition of a net-
ork modifier such as heavy metal oxides (PbO, Bi2O3 and WO3

tc.) increase the glass forming ability. Among heavy metal oxide
ontaining tellurite glasses, tungsten–tellurite glasses exhibit vari-
us excellent properties such as doping in a wide range, modifying
he composition by a third, fourth, and even fifth component which
llows controlling the optical properties, enhancing the chemi-
al stability and devitrification resistance [1–4]. It is known that
he main drawbacks of tellurite glasses are their low glass tran-
ition temperature and relatively low-phonon energy. However,
ince tungsten–tellurite glasses have slightly higher phonon energy
nd higher glass transition temperature compared to other tellu-
ite glasses, they can be used at high optical intensities without
xposure to thermal damage [5].
Glasses doped with rare-earth ions have been investigated
ntensively for fabricating lasers and amplifiers since the last quar-
er of the twentieth century. Tellurite glasses doped with rare-earth
ons have attracted a great deal of interest due to their advanta-
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ts with higher atomic number (Er2O3, Tm2O3 and Yb2O3) resulted in peak
n.
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geous properties over silicate, borate and phosphate glasses such
as a wide transmission range from ultraviolet to mid-infrared, low-
phonon energy, high refractive index, high dielectric constant and
chemical stability [1–3,6–10]. The optical properties of different
rare-earth element ions in tellurite based systems have been exten-
sively studied for several years. Nd3+, Er3+, Tm3+ and Yb3+ are the
most commonly used rare-earth ions in tungsten–tellurite glasses.
Er3+ and Tm3+ doped tellurite glasses find wide applications which
involve Er3+ doped fiber amplifiers (EDFA) for C and L bands and
Tm3+ doped fiber amplifiers (TDFA) for the S band [5,11]. Moreover,
Nd3+ doped tellurite glasses show efficient laser emission closer to
Q-switched operation under pulsed excitation and Yb3+ doped tel-
lurite glasses are advantageous for Q-switched lasers, high power
ultra short pulse amplification and also for sensitizers of energy
transfer [12,13].

There exists a substantial amount of literature on the optical
properties of Nd3+, Er3+, Tm3+ and Yb3+ doped tungsten–tellurite
glasses [14–20]. However, apart from the study realized by El-
Mallawany and Abbas Ahmed [21] which reported the effect of
Nd3+ and Er3+ on the glass transition temperature of tellurite based
quaternary glasses, no studies exist about the effect of rare-earth
elements on the thermal behavior of tellurite glasses in a wide tem-

perature range. Therefore, in the present study, we report, for the
first time to our knowledge, the effect of rare-earth oxides (Nd2O3,
Er2O3, Tm2O3 and Yb2O3) on the thermal behavior of tellurite
glasses by running detailed differential thermal analyses. Since dif-
ferent glass preparing methods are used in the literature to obtain

dx.doi.org/10.1016/j.jallcom.2010.08.120
http://www.sciencedirect.com/science/journal/09258388
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Table 1
Labels of the doped samples and change in glass composition with respect to subtraction of rare-earth oxide addition from different components in the glass system.

(1 − x)TeO2–xWO3 Rare-earth dopant content (mol%) Label Subtraction from TeO2 Subtraction from WO3 Subtraction from
both TeO2 and WO3

TeO2 (%) WO3 (%) TeO2 (%) WO3 (%) TeO2 (%) WO3 (%)

x = 0.10
(TW10)

0.5 TW10–RE0.5 89.5 10 90 9.5 89.55 9.95
1.0 TW10–RE1.0 89 10 90 9 89.1 9.9

x = 0.15
(TW15)

0.5 TW15–RE0.5 84.5 15 85 14.5 84.575 14,925
1.0 TW15–RE1.0 84 15 85 14 84.15 14.85
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The DTA curves of undoped and 0.5–1.0 mol% rare-earth oxide
(Nd2O3, Er2O3, Tm2O3 and Yb2O3) doped TW10, TW15 and TW20
glasses are shown in Fig. 2, Fig. 3 and Fig. 4, respectively. In general,
the DTA curves showed a glass transition, several exothermic peaks
x = 0.20
(TW20)

0.5 TW20–RE0.5
1.0 TW20–RE1.0

E (Nd2O3, Er2O3, Tm2O3, Yb2O3).

ellurite glasses with better optical properties, in the present study
he effect of different melt-quenching techniques on the thermal
ehavior of tellurite glasses was also investigated.

. Experimental procedure

From the glass forming region of TeO2–WO3 system, three compositions were
elected for the present investigation on the basis of the knowledge obtained from
ur earlier studies on tungsten–tellurite binary system due to their high glass form-
ng ability and chemical stability [2,4,7,8,22–25]. Therefore, different glass samples

ere prepared with the compositions of (1 − x)TeO2–xWO3, where x = 0.10, 0.15 and
.20 in molar ratio, and the samples were named as TW10, TW15 and TW20, respec-
ively. According to these compositions, all three samples were doped with 0.5 and
.0 mol% of Nd2O3, Er2O3, Tm2O3 and Yb2O3 to investigate the effect of rare-earth
opants on the thermal behavior of tungsten–tellurite glasses. Table 1 presents the

abels of the doped samples and the compositional change in tungsten–tellurite
lasses with respect to subtraction of rare-earth oxide addition from different com-
onents.

There exist different approaches for rare-earth doping in tungsten–tellurite
lasses such as, subtraction of rare-earth dopant addition from the glass former
TeO2), from the network modifier (WO3) or both from the glass former and network

odifier. Although, the changes in the glass composition are very small as a result
f different subtraction approaches, the stoichiometry of the glasses change by sub-
racting rare-earth dopant addition only from one component in the glass system.
herefore, in the present study rare-earth doping was realized by subtracting rare-
arth oxide addition from both TeO2 and WO3 in order to keep the stoichiometry of
he glasses constant.

To investigate the effect of rare-earth dopants on the thermal behavior, the glass
amples were prepared by applying a conventional melt-quenching technique using
eagent-grade powders of TeO2 (99.99% purity, Alfa Aesar Company), WO3 (99.8%
urity, Alfa Aesar Company), Nd2O3 (99.9% purity, Alfa Aesar Company), Er2O3

99.9% purity, Sigma–Aldrich Company), Tm2O3 (99.99% purity, Sigma–Aldrich Com-
any) and Yb2O3 (99.9% purity, Alfa Aesar Company). The powder batches of 2 g size
ere thoroughly mixed in an agate mortar and melted in a platinum crucible with
closed lid at 800 ◦C for 30 min to provide complete homogeneity of the melts and

hen the molten samples were removed from the furnace and quenched in water
ath.

Different glass preparing methods were applied in the literature to acquire
ellurite glasses with better optical properties, therefore the effect of different
lass preparing techniques on the thermal behavior was investigated and for this
urpose 1.0 mol% Tm2O3 doped TW20 sample was prepared via three different melt-
uenching techniques. As the first glass preparing method, the powder batches were
elted in a platinum crucible with a closed lid at 800 ◦C for 30 min, removed from

he furnace and quenched in water bath which was also used for the investigation
f the effect of rare-earth dopants on the thermal behavior. As the second glass
reparing method, the powder batches were melted at the same temperature for
0 min and quenched in water bath and then crushed and powdered to achieve
omogenization. Afterwards, the powdered sample was re-melted and quenched

n water bath. Lastly, as the third glass preparing method, the same melting proce-
ure was applied and the glass melts were casted into a pre-heated stainless steel
old.

The thermal characterization experiments were realized by using differential
hermal analysis (DTA) technique. DTA scans of the samples were carried out in a
erkinElmerTM Diamond TG/DTA to determine the glass transition onset (Tg), crys-
allization onset and peak (Tc/Tp), melting onset and peak (Tmo/Tmp) temperatures.
he temperature difference between the Tg and the first exothermic peak onset

Tc1), �T = Tc1 − Tg, indicating the thermal stability against crystallization was calcu-
ated. The glass transition onset temperatures (Tg) were determined as the inflection
oint of the endothermic change of the calorimetric signal. Onset temperatures were
pecified as the beginning of the reaction where the crystallization or melting first
tarts and peak temperatures represent the maximum value of the exotherm or
ndotherm. The DTA scans were recorded by using 25 mg powdered samples. All
.5 20 80 19.5 79.6 19.9
20 80 19 79.2 19.8

thermal analyses were realized in a platinum crucible with a heating rate of 10 K/min
from room temperature to 750 ◦C in a flowing (100 ml/min) argon gas.

3. Results and discussion

3.1. Effect of glass preparing methods on the thermal behavior

The DTA curves of 1.0 mol% Tm2O3 doped TW20 samples pre-
pared via three different methods are given in Fig. 1.

As can be seen from Fig. 1, almost the same thermal behav-
ior was observed for all three samples prepared via different
melt-quenching techniques. However, the prepared glasses with
different methods showed different colors representing a change
in their optical properties. Therefore, it can be concluded that
although different glass preparing techniques affect the optical
properties, they do not have a significant effect on the thermal
behavior. Since the thermal behavior of the glasses are not affected
due to different glass preparing methods, in the experimental
studies all the samples were prepared by applying the first glass
preparing method (melting and quenching in water bath).

3.2. Effect of rare-earth dopants on the thermal behavior
Fig. 1. Effect of different glass preparing methods on the thermal behavior of
1.0 mol% Tm2O3 doped TW20 sample, (a) melted and quenched in water bath,
(b) melted and quenched in water bath, to achieve homogenization crushed and
powdered, re-melted and quenched in water bath, (c) melted and casted into a
pre-heated stainless steel mold.
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Fig. 2. DTA curves of undoped and 0.5–1.0 mol% (a) Nd2O3, (b) Er2O3, (c) Tm2O3 and (d) Yb2O3 doped TW10 glass

Table 2
Values of glass transition onset, Tg, crystallization onset and peak, Tc/Tp, melting onset and peak, Tmo/Tmp temperatures of the undoped and rare-earth oxide doped TW10,
TW15 and TW20 glasses.

Label Tg (◦C) Tc1/Tp1 (◦C) Tc2/Tp2 (◦C) Tc3/Tp3 (◦C) Tc4/Tp4 (◦C) Tmo1/Tmp1-(a) (◦C) Tmo1/Tmp1-(b) (◦C) Tmo2/Tmp2 (◦C)

TW10 321 363/– –/405 476/485 –/512 619/624 –/691
TW10–Nd0.5 324 374/396 –/421 482/484 498/506 602/617 –/688
TW10–Er0.5 327 376/396 –/424 482/484 498/507 592/603 –/617 –/690
TW10–Tm0.5 327 371/394 –/423 480/485 498/510 593/603 –/616 –/696
TW10–Yb0.5 327 375/394 –/418 482/489 –/513 594/– –/617 –/688
TW10–Nd1.0 332 378/396 –/434 497/502 –/544 601/608 –/685
TW10–Er1.0 330 378/398 –/435 493/497 525/540 593/607 –/687
TW10–Tm1.0 331 379/401 428/435 492/496 524/538 595/603 –/685
TW10–Yb1.0 331 380/398 –/434 –/517 –/541 596/604 –/686
TW15 335 414/433 –/471 –/481 –/502 619/625 –/662
TW15–Nd0.5 339 418/439 –/483 –/508 604/621 –/660
TW15–Er0.5 338 428/447 –/483 –/502 590/603 –/620 –/661
TW15–Tm0.5 337 426/443 –/481 –/500 590/– –/619 –/659
TW15–Yb0.5 337 420/441 –/484 –/502 598/– –/620 –/664
TW15–Nd1.0 342 421/445 –/497 –/523 597/610 –/656
TW15–Er1.0 343 435/454 –/496 –/523 592/606 –/615 –/658
TW15–Tm1.0 341 431/449 –/496 –/520 593/604 –/611 –/658
TW15–Yb1.0 344 428/452 –/498 –/523 595/604 –/611 –/657
TW20 344 439/– –/481 –/508 620/626
TW20–Nd0.5 351 445/– –/490 –/523 602/622
TW20–Er0.5 349 –/471 –/492 –/520 592/604 –/622
TW20–Tm0.5 349 446/471 –/493 –/523 591/– –/622
TW20–Yb0.5 347 446/– –/488 –/523 593/– –/622
TW20–Nd1.0 354 442/476 –/494 –/534 604/618
TW20–Er1.0 350 455/482 –/506 –/534 590/605 –/617
TW20–Tm1.0 354 455/– –/501 –/535 595/607 –/618
TW20–Yb1.0 354 446/– –/498 –/533 597/607 –/618

– ;Undetermined values.
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Fig. 3. DTA curves of undoped and 0.5–1.0 mol% (a) N

elated to the crystallization and transformation of different crys-
alline phases and endothermic peaks corresponding to the melting
f the existing phases. The details of thermal analyses are listed in
able 2.

A shallow broad endothermic change of the calorimetric sig-
al corresponding to the glass transition temperature (Tg) was
bserved for all DTA scans indicating the glassy nature of the
amples. For undoped TW10, TW15 and TW20 samples, the glass
ransition onset temperatures were specified at 321, 335 and
44 ◦C, respectively; whereas for rare-earth oxide doped samples
he glass transition onset temperatures were detected at higher
emperatures.

The crystallization onset and peak temperatures were also
etermined at higher values for rare-earth oxide doped samples
han the undoped samples (see Table 2). Introducing rare-earth
lements into undoped tellurite glasses and increasing their con-
ent from 0.5 to 1.0 mol% shifted the crystallization onset and peak
emperatures to higher values. There exists no information in the
iterature about the effect of rare-earth dopants on the crystalliza-
ion temperatures. However, since a similar behavior was observed
or glass transition and crystallization reactions, it can be con-
luded that introducing rare-earth elements into tellurite glasses
nd increasing their content resulted in an increase in both glass
ransition and crystallization temperatures, which was probably
ue to the increase in number of bonds per unit volume as also

eported by El-Mallawany and Abbas Ahmed [21] for glass transi-
ion temperature.

As can be seen from Figs. 2 and 3, two endothermic peaks
ere detected for TW10 and TW15 samples; whereas TW20 sam-
(b) Er2O3, (c) Tm2O3 and (d) Yb2O3 doped TW15 glass

ple showed only one endothermic peak (see Fig. 4). The first
endothermic onset temperatures were determined at 619 ± 1 ◦C
for all undoped samples corresponding to the binary eutectic reac-
tion: liquid → �-TeO2 + WO3 of the TeO2–WO3 system which was
reported in the literature by several researchers [3,4,23–26]. The
second endothermic peaks observed in TW10 and TW15 sam-
ples were attributed to the liquidus reaction of the binary system
[23–25]. However, since the TW20 sample is very close to the eutec-
tic composition determined by Blanchandin et al. [4] as 22 ± 1 mol%
WO3, only one endothermic peak was observed in the DTA
scans.

Introducing rare-earth elements (Nd2O3, Er2O3, Tm2O3 and
Yb2O3) into the undoped glasses resulted in a change in the melting
behavior (see Figs. 2–4). In general, addition of 0.5 mol% content of
rare-earth oxides significantly decreased the temperature values
of the first endothermic peaks corresponding to the eutectic reac-
tion however caused a slight decrease on the second endothermic
peak temperatures related to the liquidus reaction. Increasing the
rare-earth dopant content to 1.0 mol% shifted the eutectic reac-
tion temperatures to much lower values; however a slight shift
to lower temperature values was observed for liquidus reaction.
In the literature, Zhang and Poulain [27] reported that there is a
2/3 ratio between the glass transition and liquidus temperatures
and since the addition of rare-earth fluorides with higher melting
point increase the glass transition temperature of the fluorogallate

glasses, the liquidus temperature also increase with the rare-earth
addition. However, in the present study it can be clearly seen that
the addition of rare-earth elements decrease the melting temper-
ature of the glass samples.
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the addition of rare-earth elements into undoped tellurite glasses
and increasing their content, the glass transition temperatures
increased from 321 to 332 ◦C for TW10, 335 to 344 ◦C for TW15 and
344 to 354 ◦C for TW20 glasses. Therefore, it can be concluded that
Fig. 4. DTA curves of undoped and 0.5–1.0 mol% (a) Nd

Addition of Er2O3, Tm2O3 and Yb2O3 caused the splitting of the
rst endothermic peak corresponding to the eutectic reaction into
wo peaks which was not observed in Nd2O3 addition. This was
robably due to the higher atomic number of the Er2O3, Tm2O3
nd Yb2O3 compared to Nd2O3, since the ionic radius of the rare-
arth oxides decreases with the increasing atomic number due to
he rare-earth contraction and the glass network becomes more
ompact which leads to an increase of the density [28].

In the literature, a similar behavior of peak splitting was
bserved by Öveçoğlu et al. [3] for the first endothermic peak
orresponding to the eutectic reaction in 1.0 mol% Tm2O3 contain-
ng TW15 glass. However, they reported that identical DTA curves

ere obtained for undoped and 1.0 mol% Tm2O3 doped samples.
oreover, in their study the endothermic peak detected at lower

emperatures was thought to be due to the melting reaction of a
etastable phase. However, in the present study it can be clearly

een that the addition of rare-earth dopants with higher atomic
umber (Er2O3, Tm2O3, Yb2O3) resulted in peak splitting of the
rst endothermic reaction and shifted the peak temperatures to

ower values. This can be explained as the addition of the rare-
arth dopant acts as a third component in the glass system and
esults a change in the binary equilibria of the system to a ternary
quilibria.
.3. Effect of rare-earth dopants on the glass transition
emperature and thermal stability

The effect of rare-earth dopants (Nd2O3, Er2O3, Tm2O3 and
b2O3 mol%) on glass transition temperature is shown in Fig. 5.
b) Er2O3, (c) Tm2O3 and (d) Yb2O3 doped TW20 glass.

For all the samples, the addition of 0.5 mol% content of rare-earth
elements increased the glass transition temperatures. By increas-
ing the rare-earth element content from 0.5 to 1.0 mol% the glass
transition temperatures were shifted to much higher values. With
Fig. 5. Effect of rare-earth dopants (Nd2O3, Er2O3, Tm2O3, Yb2O3 mol%) on glass
transition temperature of TW10, TW15 and TW20 glasses.
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[8] P. Charton, L. Gengembre, P. Armand, Journal of Solid State Chemistry 168
ig. 6. Effect of rare-earth dopants (Nd2O3, Er2O3, Tm2O3, Yb2O3 mol%) on thermal
tability of TW10, TW15 and TW20 glasses.

ntroducing rare-earth elements into tungsten–tellurite glasses and
ncreasing their content resulted in an increase in glass transition
emperatures.

A similar increase in the glass transition temperature
as observed in different glass systems with the addition

f rare-earth elements [21,27–29]. El-Mallawany and Abbas
hmed [21] reported that the glass transition tempera-

ure significantly increases in quaternary glasses of the form
0TeO2–5TiO2–(15 − x)WO3–xAnOm (AnOm is Nd2O3 and Er2O3)
ith the increasing Nd2O3 and Er2O3 content from 0.01 to 7 mol%.
oreover, it was reported that the increase in glass transition

emperature is due to the partial substitution of WO3 by rare-earth
lements of greater number of cations per mol and average cross-
inking density. El-Mallawany and Abbas Ahmed [21] also declared
hat the number of bonds per unit volume increases with the
ncreasing rare-earth element content which leads to an increase
n glass transition temperature. Similarly, in the present study
he partial substitution of TeO2 and WO3 by different rare-earth
lements (Nd2O3, Er2O3, Tm2O3, Yb2O3) showed an increasing
ffect on glass transition temperature, which is in agreement with
he literature.

The temperature difference between Tg and the first exother-
ic peak onset Tc1, i.e. �T = Tc1 − Tg, indicating a measure for the

hermal stability against crystallization were found to be 42, 79 and
5 ◦C for TW10, TW15 and TW20 samples, respectively (see Fig. 6).
or TW10 sample, the addition of 0.5 mol% content of all rare-earth
lements slightly increased the thermal stability; however increas-
ng the dopant content did not cause a significant change. For TW15
ample, the addition of Er2O3 and Tm2O3 increased the thermal
tability of the glass sample to much higher values than Nd2O3
nd Yb2O3. Increasing the dopant content from 0.5 to 1.0 mol% did
ot change the thermal stability significantly. For TW20 sample,
he addition of 0.5 mol% content of Er2O3 increased the thermal
tability to much higher values than Tm2O3 and Yb2O3, while
d2O3 addition did not show a change on the thermal stability.
y increasing the rare-earth element content from 0.5 to 1.0 mol%

n TW20 glass sample, no significant change was observed in the
hermal stability for Er2O3 and Tm2O3, whereas for Nd2O3 and
b2O3 thermal stability of the glass was significantly decreased.

n general, although addition of rare-earth elements to undoped

amples and increasing their content resulted in an increase in both
lass transition and crystallization temperatures, as the first crys-
allization onset temperatures (Tc1) shifted to much higher values
han the glass transition temperatures (Tg), the �T values showed

[
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an increase. However, the increase in dopant content from 0.5 to
1.0 mol% did not result in a significant change on the thermal sta-
bility of the glasses.

In the literature, generally the thermal stability against crys-
tallization was calculated as the difference between the glass
transition onset and the first exothermic peak onset [1,4,6,7,14].
However, El-Mallawany and Abbas Ahmed [21] calculated the ther-
mal stability of the glass samples by subtracting the glass transition
onset temperature from the first exothermic peak temperature and
reported that the thermal stability range for the glass provides a
good estimate of the tendency of the glass to crystallize and should
usually be larger than 100 ◦C to obtain thick glass samples. In the
present study, the thermal stability of the glasses were greater
than 100 ◦C when the exothermic peak temperature was taken
into account apart from TW10 sample and the thermal stability
of the glasses showed an increase with the addition of rare-earth
dopants which might increase their use for fiber drawing and planar
waveguide fabrication.

4. Conclusions

The effect of rare-earth dopants and different glass preparing
techniques on the thermal behavior of tungsten–tellurite glasses
were investigated by running detailed differential thermal analy-
ses. Therefore, three different glass samples were prepared with the
compositions of (1 − x)TeO2–xWO3, where x = 0.10, 0.15 and 0.20
in molar ratio and the samples were doped with 0.5 and 1.0 mol%
of Nd2O3, Er2O3, Tm2O3 and Yb2O3. Different melt-quenching
techniques used in the experiments showed that different glass
preparing methods does not cause a significant change on the
thermal behavior. However, the addition of rare-earth elements to
undoped samples and increasing their content from 0.5 to 1.0 mol%
changed the thermal behavior of the glasses by shifting the glass
transition and exothermic reaction temperatures to higher values
and increasing the thermal stability. With the introduction of rare-
earth dopants, the temperature values of the first endothermic peak
corresponding to the eutectic reaction significantly decreased and
liquidus reaction temperatures were slightly shifted to lower tem-
perature values. The addition of rare-earth elements with higher
atomic number (Er2O3, Tm2O3 and Yb2O3) caused the splitting of
the first endothermic peak corresponding to the eutectic reaction
of the system.

Acknowledgement

The authors of this study gratefully acknowledge The Scien-
tific & Technological Research Council of Turkey (TUBITAK) for the
financial support under the project numbered 108M077.

References

[1] R.A.H. El-Mallawany, Tellurite Glasses Handbook, CRC Press, Boca Raton, 2002.
[2] N.N. Smirnova, K.V. Kandeev, A.M. Kut’in, M.F. Churbanov, I.A. Grishin, A.V.

Markin, T.A. Bykova, Journal of Inorganic Materials 43 (2007) 1145–1152.
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