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ABSTRACT

Applicability of crystallization kinetics on Lhermal analysis was investigated for PhO-Ti0;-B.0y-Bal glass
systems, topether with theoretical hackground of kinelics and electron microscopic observalions on nu-
cleation and crystallization. Kissinger equation can be used on DTA under the assumption that the nuclens
density is fixed during DTA runs. Crystalhzation mechamsm affected on the activation energy ., obtained
from powder samples, which 1s used for domination of surface crystallization. Avramm parameter n that was
obtamed from Ozawa equation represented closely the crystallizalion mechamsms observed by an electron
mcroscope. The modified Kissinger eguation takes into account crystalhization mechamsm, Lhereby pro-
ducing the true activation energy of crystallization.
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Table 2. (lass Composition

Composition/mol% Nucleation
Sample
No. | PbO | B0, | TiO, | Bao | TCmP, Tune,
PETE1 15 | 41.25 | 25 | 2275 | 560 5
TBTBZ | 30 | 275 30 | 125 460 | 0-10

PBTB3 | 38 |20 37 5 460 5
PBT 60 | 30 10 0 350 5

G1315.2023)

Dimensionality, m

Crysiallization mechanism

One Twao Three
Crystallization rate=const. 1 2 3
Crystallization rate decreaes with tY? 1/2 1 3/2
Dominated crystalhzation Growth dumension m If N=const.
Surface - 1 h=m
Nucleation zand
crystallization One ! .
Bulk Two 2 If N<const.
n=m+1
Three 3

& o3k A]
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Fig. 1. DTA curves of PBTB2 glass samples with vari-
ation of nucleation conditions (nucleated tem-
perature; 460°C, DTA heating rate; 20°C min™).
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Fig. 2. DTA curves of PBTBI with heating rate.

nucleated at 460°C for [h 25 *Cmin’”’
i
2
[ ,rl,‘ i
15,0 by
i
z f‘f’!“ W
= mﬂﬂh‘q‘] Bodoy
= . “}-‘/I.F \
= W R
- - = ERNRA o
_ o jjf W E\
| RN
B 7 )/ " v
ERLLI 450 500 550 600 650 700

Temperature / ‘C

Fig. 3. DTA curves of PBTB2 with heating rate.
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Fig. 4. DTA curves of PBTB3 with heating rate.
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Fig. 5. DTA curves of PBT with heating rate.

JﬂZﬂqﬂﬂ%ﬂT%ﬁdnaiéﬂ”ﬁl
q. 01'9}' %D] 27“— Z‘i%’i}' _43_7}_ j ]D:i %lg%
ke e bl Bz ge wlae] Zo| hulk A ZEd]

i@ Mze) uvh o oy WA vehta gled,
ol b AFAECI(A (10)), 3o Fe ARYF
o A%e] ASnE FREF} SAHAA 24

{b)

Fig. 6. Etched surface of PBTB1 heat-treated at {a) Fig. 7. Etched surfaces of PBTB2 heat-treated at (a)
560°C for 10 min and (b) 660°C for 10 min. A50°C for 2.5h and () 540°C for Sh.
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Fig. 8. {(a) hackscattered SEM image of the cross 240
seclies and (b) polished and etched surface of

PBTB2 heat-treated at 700°C for 5h.
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Table 3. Kinetic Parameters Obtained by Kissinger, Ozawa, and Modified Kissinger Plots

nE, - Modified
Sample Nucleating Ozawa plot E Kissinger plot | gigqinser plot
No. time, h 2
n m By » kJ mol™t Em , kJ mol™?
PBTB1 5 2.65 2.65 395 342
h.72 5.24 252 288
PBETBE2 2.5 4.52 450 274 287
10 313 318 280 285
PBTB3 5 3.75 371 272 286
PBT 5 1.84 1.84 180 271

AAE B2 Y3k S 2547 A A5
A5 AgAde] FRE] o] FolHE NeE AAEI e
(Z n=m=2) no] 4524 304 2A A} OTA &
A4 gD e ¥alz}t dare) AvkE "L AAbeka
21t} o= Kissinger ploto® 1% 24l a}el|1 2] 7] 3
A FoyA|gle] 25T E 1047 BE £ o] B
o]z = A daF e, B2k Avrami paramet-
er n°] DTA 2344 galwe] Was oS wigstA &
Fala dvkw AlsEch

Fig. 1291+ PBT, PBTBL Z&3 PBTB3% Uzawa
plot2 Yehfglct PRTB18 A4 ngk 2.65£0.122
A n=m=3 (F En=0 2|3 AgE45)Y A2 4
AEL) o] B} A2 ghs Al e AL Fig. 62] SEM #
oA B5o] 251494 Aol 719187] wldEele) AR
€t PBTB3% PBT2] A-¢ Fig. 12914 E& what 2
o logl-In(1-)1gke] ¥ s EEso] e,
o] Fig. 49 DTA J7dollA 8 4 9i=e| HAs 9=
9| 27| REdN sedre] St ulet oS FEo
el 27 gdnad 7198k 2#]3 Fig. 59
PBTS DTA F4& 0= Fel7] Erd &) 71918t A
Ahg AAEEe ex7r dAser] YEeR AR
). <15 delelz4e T ok T 37510599
(PBTB3)2} 1.84 £0.40(PBT) %ot

Table 39% Kissinger plot @ =25E 73 PhTIiO; 4
Az 24 o HiRY Ozawa plotLZRE -8 Av-
rami parameter n, 222 4 (12) 2 73 Kissinger
Ao zie P8 m Eyg e R o] oA B
dtgl 7o) PRTB29 PRTR3S 4% 44 Kissinger]
oz3e a s uAle Ay 44 FoA 7t
i FAIgle] 285~288 k] - mol'2M 4 A=) skm gtk
ol 43 Kissingerd o] 4753 w7V ES whdsin
o7 W& A58 Ml #Age) DTA 2538 =
Aozhy Z gy 2493 ouix g 44% 5 deSs
Ho$m Uk

PbTi0.2] Azl thate] 273 kineticsE €AIA
o] dgg By Oga 2L HES IS & Yo

1. GAIRE 40 9@ Vepte 233 H3s AR
el gl we] valshd W 2522 oFshy, d =]
Z2 Avrami parameter nell ¥H] =g}

2 A 5e B4 A F2o] wet Kissngers & o]
23] TR A slelA] gle] Wt whepA DTA &
Al AE W FUEs WEE] gheths AAsA T
DTA E4 dlo|gd)| Kissingers]-2 2188 4= glch

3. A EFF e 2018 YaEe] et A43%
ol ga] 5 A9 S THAHEE 587 4
el EZag s AREgAdE Kissingerd & 284
4 glon, mehs Kissingers 2] 262 flalqe dhe
Al Aol gk 7 g A Fol A Elofof g,

4, ZAE ARE 2Ad oF Yukg o, B
A1 28] %% Ph/Tiel B917} E71%< o2t PhTi0; 2
Aahol O)g A8 AR gle] shadte ks g
et

5. Ozawa?= o] &35l T8 Avramu parameter n
AxEn| 4 g 23 A48 AAUET v aE
VA gE e, 573 Kissingerd2 A48 A&
2 dbgdlm 9l AlBs] el RSk el 2
Al X E +8 4 Atk

a
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