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ABSTRACT

Microstructure and Corrosion Characteristics of Ti-13Nb-13Zr Alloy
by Aging Treatment

Yi Chang Ho

Director : Prof. Ko Yeong Mu, D.D.S., M.S.D., Ph.D
Dept. of Dental Engineering

Graduate School of Chosun University

This work describes the microstructure evolution and corrosion characteristics
of Ti-13Nb-13Zr alloy. The specimens have been solution treated in the 8
phase and a+ 3 phase field and followed by water quenching(WQ), air
cooling(AC), and furnace cooling(FC). The samples for optical metallography
and scanning electron microscopy were prepared using standard techniques and
etched with Kroll's reagent. X-ray diffraction(XRD) patterns of all specimens
were taken using a Philips 3121 diffractomenter. Corrosion characteistics of its
alloy on the corrosion resistance was studied by anodic polarization test. The B
solution treatment and WQ results in the da'(hexagonal)martensite while the a+
B solution treatment and WQ leads to three-phase microstructures consisting of

a”’, a and B. Only a+ B phase are observed under aged condition irrespective of

the prior solution treatment conditions.
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Table 1. Comparison of physical properties of various alloy”.

)

Property Pure Ti-alloy Zr Al Al alloy Fe 18-8  Hastelloy-C Cu
Ti Ti6A4V 755-T6 STS
AIST 304
Melting point 1668 1540 1650 1852 660 1530 1400~ 1305 1083
() 1427
hep<  heptbee  hep< fee fce bee< fce fee fce
Crystal 883C  <900C  893C 830C
structure
bce bce bce fce
Density (g/cn) 451 4.42 6.52 2.70 2.80 7.86 8.03 8.92 8.93
Atomic 22 - 40 13 - 26 - - 29
number
Young's 106 113 89 69 71 192 199 204 116
modulus
(GPa)
Poisson’s 0.34 0.30~ 0.33 0.33 0.33 0.31 0.29 - 0.34
Ratio
0.33
Electric 3.1 1.1 3.1 64.0 30.0 18.0 2.4 1.3 100
conductivity
(Cu comparison,%)
Thermal 0.041 0018 0040 0487 0294  0.145 0.039 0.031 0.923
conductivity
(cal/en’/S/°C/cm)

Coefficient of
linear expansion
(em/eny CO~100C)

Specific heat 0.12
(cal/g/C)

0.13

0.07

0.21 0.23

0.11

0.12

0.09

8.4x10°° 8.8x107° 5.8x107° 23.0x10° 23.1x10° 12.0x10° 16.5x10° 11.5x10° 16.8x10°°

0.09
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HCP
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Fig. 1. Allotropic transformation of titanium ° .
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Fig. 2. Schematic phase diagram of Ti alloy a-stabilized
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Fig. 8 Hypothetical anodic and cathodic polarization behavior
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for a material exhibiting passive anodic behavior ),
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99.99% pure, USA)= FHIsF L, =424 g Ald¥ vlu AP o= Cp-Tist

Ti-6Al1-4V &3S AL&3F3 ).

A 24d 5 Az

A A S Ti-13Nb-13Zr a2 Axsk7] fste] a9 Ti(99.98 wt), Nb(99.99
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71 $18] A 71 Z(Model KDF-S70. DENKEN, JAPAN)Z o] &3}o] &9
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A 348 & A 3A g (solution treatment) L A & A 8 (aging treatment)

ot

w AAT Alfel die §A3 2 A ZA U2 Table 2, 3o Wbl

Table 2. Heat treatment of the Cp-Ti and Ti-6Al-4V alloys

Cp-Ti Solution Treatment Aging Treatment

550 C/5 h/AC
B, a+B area 890 C/2 h/WQ 600 C/5 h/AC
650 C/5 h/AC

Ti-6Al-4V S/ T A/T

B area 1050 oC/2 h/WQ 550 °C/5 h/AC
600 C/5 h/AC

a+P area 950 C/2 h/WQ 650 C/5 h/AC
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Table 3. Heat treatment details of the Ti-13Nb-13Zr alloys.

Heat Treatment Conditions

Solution Treatment Aging treatment

780 C/2 h/WQ
780 C/2 h/FC
780 C/2 h/AC

B phase region
550 C/5 h/AC

780 C/2 h/WQ 600 C/5 h/AC
650 CT/5 h/AC

680 C/2 h/WQ
680 C/2 h/FC

0+ B phase 680 C/2 h/AC

region 550 C/5 h/AC
680 C/2 h/WQ 600 C/5 h/AC
650 C/5 h/AC
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M 270
Software E '_ - A 1’
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Magnetic stirrer 4 L Working Electrode
Hot plate

Fig. 9. Schematic diagram of corrosion apparatus.
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(a)

(b)

(c)

Fig. 10. Microstructural of the heat treatment conditions for
Cp-Ti.
(a) 550 C/5 h/AC after solution treatment
at 890 C/2 h/WQ
(b) 600 C/5 h/AC after solution treatment
at 890 C/2 h/WQ
(c) 650 C/5 h/AC after solution treatment
at 890 C/2 h/WQ
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Fig. 11. Microstructural of the heat treatment conditions for
Ti-6A1-4V alloy.
(a) 950 C/2 h/FC (b) 1050 C/2 h/FC

- 27 -



T3 Fig. 129 ()9 (b)oll A A3 Cp-Ti, Ti-6A1-4Ve] ol g EDSe AA
WA A ZH7he] date] BExEo dE AL sttt XRDE ol g3t AF
$& wA% A= Fig. 1304 RoJF=o] a-Ti, B-Tidol EAF o] EXH o
A Ao AT durd o ® Ti-6AI-4AVEFS a9t BA Y TAT%, e,
AR 5 ATz Astd wel V) AH Qo] wizeA Waen® nagzyge
A o] wet JENFEHAEAY F54 22, aga o] F A E¢x

21Q1 o] Fx & (biomoda) .2 T, TF5A 42 AFFE, AAlE A

o
o
e F8 ARRE AFY 270, AEAA 0¥ FA Fol or, A4S ¥

ofof wel WAA BFIIE Y FFEFFAE T3 A A Fig. 14914 A
A Cp-Ti9 A% Ecor : ~410 mV, Icor @ 2405 x 10° pA/cr, Ti-6A1-4V el A H ol
A& Fig. 159141 A2 Ecor © -530 mV, Ieor @ 4950 x 10° pA/err 0] =& Cp-Ti
of Ao A FAAgo] tha FashAl WERETH oy g A 54 Aol Cp-Ti
7F Ti-6Al1-4V &w9 A¢Ht WAA S st 7144 84dE& 3EA Yeva
Ti-6A1-4V =9 A4e 744 A2 va 58ty 28z AAde dEofxzl
e A7AEY B dAsHA "ok webA Ti @59 AAAR 53 W2
A Fostr] fliAe FAAGAA v dAE AA(A 2 AFdAd 3T
AAA Ti a9 FAHAAAN FAHE At A4 4x5 W A7 AR

A E Fa

rot
ko

oz AT Aow Ao



I
“ull Scole 927 cts Cursor: 0,000 keV ke

Full Scole 580 cts Cursor: 0,000 keV ke

Fig. 12. EDS peaks showing the (a) Ti, (b) Ti-6Al-4V
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Fig. 13. XRD patterns of the heat treatment conditions for
(a) Cp-Ti and (b) Ti-6A1-4V alloy.
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Fig. 14. Potentiodynamic polarization curves of Cp-Ti after
potentiodynamic test in 0.9 % NaCl solution at 36.5 *
1 TC.
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2000 4 —i— Ti-GAlY
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-1000 «
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Ecorr: =530 mV, Lom: 4.950 x 107°

Fig. 15. Potentiodynamic polarization curves of Ti-6Al-4V
alloy after potentiodynamic test in 0.9 % NaCl
solution at 36.5 + 1 TC.
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Fig. 16. Microstructures of the heat treatment conditions for
Ti-13Nb-13Zr alloy.
(a) WQ, after solution treatment at 780 C for 2 hr
(b) AC after solution treatment at 780 C for 2 hr
(c) FC after solution treatment at 780 C for 2 hr
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Fig. 17. XRD patterns of the heat treatment conditions for
Ti-13Nb-13Zr alloy.

(a) WQ after solution treatment at 780 C for 2 hr
(b) AC after solution treatment at 780 C for 2 hr
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Fig. 18. Microstructures of the heat treatment conditions for
Ti-13Nb-13Zr alloy.
(a) WQ after solution treatment at 680 C for 2 hr
(b) AC after solution treatment at 680 C for 2 hr
(c) FC after solution treatment at 680 C for 2 hr
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Fig. 19. Microstructures of the aged at (a) 550 C (b) 600 TC
and (c) 650 C specimens after solution treated at 780
C (B region).
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Fig. 20. Microstructures of the aged at (a) 550 C (b) 600 C
and (c) 650 C specimens after solution treated at 680
C (a+B region).
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Fig. 21. XRD patterns of the heat treatment conditions for
Ti-13Nb-13Zr alloy.

(a) AC after solution treatment at 680 C for 2 hr,
(b) WQ after solution treatment at 680 C for 2 hr
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Table 4. Variation of hardness with S/T and A/T

Heat treatment conditions

Hardness

S/T A/T 500 g/Hv
780 C/2 h/WQ 391
780 C/2 h/FC 388
780 C/2 h/AC 350
550 C/5 h/AC 384
780 T/2 h/WQ 600 C/5 h/AC 375
650 CT/5 h/AC 367
680 CT/2 h/WQ 346
680 C/2 h/FC 365
680 C/2 h/AC 351
550 C/5 h/AC 398
680 CT/2 h/WQ 600 C/5 h/AC 375
650 C/5 h/AC 371
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Fig. 22. Precipitation behavior of second phase particles in
Ti-13Nb-13Zr alloys with aging time at (a) 550 C, (b) 600 T,
(c) 650 C specimens.
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Fig. 23. Precipitation behavior of second phase particles in
Ti-13Nb-13Zr alloys with aging time at 650 C for 48 hours.
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Fig. 24. EDS peaks showing for the Ti—-13Nb-13Zr alloy.
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Fig. 25. XRD patterns of Ti—-13Nb-13Zr alloys with aging time

at (a) 600 C, (b) 650 C
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Table 5. Corrosion potential(Ecorr), corrosion current density(Icorr) of
non treated and Ti-6Al1-4V alloys after electrochemical
test in 0.9% NaCl solution at 36.5+1C

S/T Annealing Ecorr(mv) Icorr(,UA/sz)

, 550C, 5hr/A.C - 410 1.20 x 107°
Ti-6Al-4V 780C, 2hr - =
W 600°C, 5hr/A.C - 600 1.88 x 107

' 650C, 5hr/A.C - 530 4.61 x 107"

Table 6. Corrosion potential(Ecorr), corrosion current density(Icorr) of
non treated and Ti—13Nb-13Zr(B phase region) alloys after
electrochemical test in 0.9% NaCl solution at 36.5+1C

S/T Annealing Ecorr(mv) Icorr(,UA/sz)

Ti-13Nb-137r 550C, 5hr/A.C - 540 2.62 x 107
. 780TC, 2hr N -6

B phase region WQ 600C, 5hr/A.C - 350 451 x 107
' 650C, 5hr/A.C ~ 730 531 x 10°

Table 7. Corrosion potential(Ecorr), corrosion current density(Icorr) of
non treated and Ti—-13Nb-13Zr(a+ B phase region) alloys
after electrochemical test in 0.9% NaCl solution

at 36.5£1C

. S/T Annealing Ecorr(mv) Icorr(,UA/sz)
Ti-13Nb-13Zr . s
. 550C, bhr/A.C - 410 2.31 X 107
at 6807TC, 2hr - =

. 600C, 5hr/A.C - 530 8.95 X 10
phase region /W.Q - =
650C, 5hr/A.C - 640 3.56 X 107
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Fig. 26. Corrosion potential( Ecorr), corrosion current density(I.or)
of non treated and Ti-6Al1-4V alloy after
electrochemical test in 0.9 % NaCl solution at 36.5 +
1 C.
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Fig. 27. Corrosion potential(E:.+), corrosion current density(I.or)
of non treated and Ti-13Nb-13Zr(B region) alloy after
electrochemical test in 0.9 % NaCl solution at 36.5
+ 1 TC.
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Fig. 28. Corrosion potential(E..r:), corrosion current density(I.or)
of non treated and Ti-13Nb-13Zr(a+B region) alloy

after electrochemical test in 0.9 % NaCl solution at 36.5
+ 1 C.
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