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Grindability of Cast Ti-X%Zr(X=10,20,40) Alloys
for Dental Applications

Jong-Hyun Jung, Hyeong-Rok Noh
Dept. of Dental Lab. Technology, Kwangju Health College, Gwangju 506-701, South Korea

[Abstract]

Purpose: The grindability of binary Ti-X%Zr(X=10,20,40) alloys in order to develop a Ti alloy with better
machinability than unalloyed titanium has been evaluated.

Methods: Experimental Ti-Zr alloys were made in an argon-arc melting furnace. Slabs of experimental alloys were
ground using a SiC abrasive wheel on an electric handpiece at circumferential speeds(12000,18000,25000 or
30000rpm) by applying a force(200gr). Grinding rate was evaluated by measuring the amount of metal volume
removed after grinding for 1 minute and the volume ratio of metal removed compared to the wheel material lost,
which was calculated from the diameter loss (grinding ratio). Experimental datas were compared to those for cp
Ti(commercially pure titanium) and Ti-6%Al1-4%YV alloy were used controls.

Results: It was observed that the grindability of Ti-Zr alloys increased with an increase in the Zr concentration.
More, they are higher than cp Ti, particularly the Ti-20%Zr alloy exhibited the highest grindability at all
circumferential speeds. There was significant difference in the grinding rate and grinding ratio between Ti-20%Zr
alloy and cp Ti at any speed(p<0.05).

Conclusion: By alloying with Zr, the Ti exhibited better grindability at all circumferential speeds. the Ti-20%Zr

alloy has a great potential for use as a dental machining alloy.

©Key words : grindability, Ti-Zr alloys, grinding rate, grinding ratio, commercially pure titanium(cp Ti), Ti-
B%AI-4%V alloy
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cp Ti(commercially pure titanium) % Tigha-2 YA
M, WA 9 w7 ert S4eskal 7k o] A E st
HES HXI A S5ARR F5 Wolgtont
(Wang et al, 1996), A& &7 2A = <= Tiol %
L7t TEA got =2 Ti Tl tigh A=) XY
31 QJtHTakada et al, 2001; Takahashi et al, 2002).
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(Nakajima et al, 1996). Ti¢| #14Hdo] W& A2 1L &

A, A A W we SRR E- QAL 59] =
o

L AN R oZ dHA tHTakeyama et al, 1962).
Tio] AAME 7AdsH ] SRt W & shi= Easlshe
ZolaL, 2|1 Tigha2] Aol Bt A-so] XY=
AcH(Kikuchi et al, 2006).

A2 At A4 g 2rRkgolut 2 54
o] UehLtA] oFar AA| 27t/ o] f-==stolof gtrt, ABA1E
o2 Jdg| AMHI &= Ti-6%AI-4%VEE-S cp TiE
of E9]4 71A1A Addo] Sttt A7 AREAL Al V
0|29l 8&7 A =& 4+ UrHOkazaki et al,
1996).

Zr& Tioh T2 F71&39] NBHo| &dh= dar 3t
k2] Ag7o] A= ul9- vkl Tiofl SFUARE H7tE]
W AEAEAE olFo] TiY &63(1670T)s A
1540C7HA] A3FAIZ 4= ltHMurray, 1987).

whaba] B oto A Tikch dabdo] WAH Tigh
= st Qlsl, Tiol 7144 44 Adass 71d
S 4 Q1 A AT WA Aol 94 Zrda
(Okazaki et al, 1996)& &7Fet Ti-ZrA ol ¥== Al
Zofo] AAIE BRsHAAL, A de] AREAL Qe
cp Ti ¥ Ti-6%Al-4%Veta9] AAHdute BlaiA st
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Fig. 1. The equilibrium phase diagram for the Ti—Zr
system
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AFA B Ti-X%Zr(X=10,20,40)¢5< A5t
99%Tiet 98%7r& ATstol 200ge] === skt Zf
AlRg of2L-ota 832 (Argon—arc melting
furnace, VAM-B, @AZFAE, g=h)o] AF¢star 107
torr7HA] Ag& FAIRE § of= 3t 7EAE F=q)5ke] of =
4315+t WA copper hearthol|A WzlE CIXLEES
diamond abrasive wheel cutter® 7| 2mm7} HE=
Aorato] AlHE A& skt AlHE 27 20mm, F7|5mn
o] 27431 blocke] mountingdte] AAMAIE 0] 0|85
Rk, 2P Bl A= AHE Al cp Ti ¥ Ti-
6%AI-4%VES 200g2 2 ARsto] AgA =] A=
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Table 1. Chemical compositions of experimental specimen alloys analyzed by
energy dispersive X—ray spectrometer (wt%)

Zr Ti

experimental Ti-10%2r 10.97 Bal,
specimen alloys Ti~20%Zr 2252 Bal.
Ti~40%Zr 4299 Bal.

Table 2. Chemical compositions of controls (wt%)

Al

Vv Fe C H (0] N Ti

controls cp Ti (Grade 2)

030 010 0.015 025 0.03 Bal

Ti—6%AI-4%V 7.10

3.62 Bal.
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Ohkubo 5(2000)2] Al&7]4- 2] 5 Al¥HE &
&oto] (Fig. 23 o] At 7|2 A2 H=
Algsteict, A2 A= 2ol= HAA7]ER T 1.5m,
217 13.0m¢! 7 HE &(SiC DURA-Green Stones,
Shofu, Japan)s 7|9l SA7|EeE AlsHE] A4l
90" &} 1A EA Il =5 skoich sk 200gf, A7
3FH4E 12000,18000,25000 € 30000rpme] AlEx
oz 177 AxFsto] Ao AP S 0] 7oA vk
S5}, 2+ AR o] A Aoyt dieeiE AXE
(grinding rate)< oL, A4S tiy] 7l HE Ho
Axt HZO| 22 AhHo R AAE E(grinding ratio)
= ToRTh AAAES AldEAER 33 AlRYEtgle
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Fig. 2. Apparatus for grindability test
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Zt Al % & EDS(Energy Dispersive X-ray
Spectrometer, EX-250, Horiba, Japan)Z & £4J3}
AL, 35 200gf, £ 30000rpmEZAoA 187F A
AEeE Fofl= A4t chip ¥ FAFHE SEM(Scanning
electron micrographs, s—4800, Hitachi, Japan)22
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Fig. 3. Grinding rates of cp Ti, Ti=Zr alloys and Ti—6%Al—
4%V alloys at four different grinding speeds
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Fig. 4. Grinding rates of cp Ti, Ti-Zr alloys and Ti—6%Al-4%V alloys at grinding speed individually. Different letters

mean significant difference at p<0.05 level
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(Fig. 5y+= Ti—Zrde 9 cp Ti, Ti-6%A1-4%VEHE2
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Q3| M sk AES Bth Ti-20%Zr=
2 U2 AR5 Hjg) Be AL EA A 7MY =AU
o FAXCRE {ot AtolE HaL(p<0.05),
%1141 30000rpme A|Jgh 1 £]9] 12000rpm,
18000rpm ¥ 25000rpm 7d-%-¢l= Ti-6%Al-4%VE=
Hrhe daago] Eoton, £3] 2421 12000rpm %
18000rpm?] 74-9-oll= A L2 = {23k Afol& K4l
THp<0.05).
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Fig. 5. Grinding ratio of cp Ti, Ti=Zr alloys and Ti—6%Al—
4%V alloys

2. 932t chip S QIAIHO| SEM A

(Fig. 6)2 Ti~Zrd= 9 cp Ti, Ti-6%A-4%VE==
Az F 3HEE 18000rpm, 3 200gfollA &
215 Tofl Y3t F< chip? SEMTFEAHO|L) chip
o] 2715 AL A= GUAT, Ti-10%Zrd=2
chip Y2H= cp Ti®l chip?} H|S:8HA] 231 Eaf2]sh
Az FelolaL, Ti-20%zZrda % Ti-40%ZrE= 9]

=2
yHEg

T2 Ti-X%Zr(X=10, 20, 40)822] A4ty

e oA

Fig. 6. Scanning electron micrographs of the metal chips
resulting from grinding of the test metals at the
rotational speeds of 18000rpm by applying a force
of 200gf: (a) cp Ti; (b) Ti=10%Zr alloy; (¢) Ti—20%Zr
alloy; (d) Ti—40%Zr alloy; (e) Ti-6%AI~4%V alloy

Fig. 7. Scanning electron micrographs of the ground
surfaces of the test metals at the rotational speeds
of 18000rpm by applying a force of 250gf: (a) cp
Ti; (b) Ti=10%Zr alloy; (c) Ti=20%Zr alloy; (d) Ti—
40%Zr alloy; (e) Ti-6%AI-4%V alloy
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2g3t] 243512 9Ith(Ho et al, 2008; Ohkubo,
2000; SHA1A, 2009). & AF-o| A% Kicuchi 5(2003)
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A0%ZreaolAe JAEE7} 2715t wet oFr A
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3= 3RS Ho S(2008)0] Ti-ZrAgHEe] A4ty AT

oA B FF Ti-30%7Zr X Ti-40%7Zr Tao] ZO%ZrU]
ulo] 2yl ] oAl r ) ZrlehE 938 olAlek
< ﬁiﬁ}dﬁh Aukel fApslt), AL 314
O A& 9l a1y WROA Ti-40%Zrea2] d4dol &
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Fig. 8. Microhardness of cp Ti and cp Ti, Ti=Zr alloys
and Ti—6%Al-4%V alloys
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