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Grindability of Ti-10%Zr-X%Cr(X=0,1,3) Alloys for Dental Applications

Jong-Hyun Jung, Jae-Woo Shin
Dept. of Dental Lab. Technology, Gwangju Health University, Gwangju 506-701, South Korea

[Abstract]

Purpose: The grindability of Ti-10%Zr-X%Cr(X=0,1,3) alloys in order to develop Ti alloys for dental
applications with better machinability than unalloyed titanium has been evaluated.

Methods: Experimental Ti-10%Zr-X%Cr(X=0,1,3) 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 one of the four rotational
speeds of the wheel (12000, 18000, 25000 or 30000rpm) by applying a force(100gf). Grindability was evaluated by
measuring the amount of metal volume removed per minute(grinding rate) 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 the results with those of cp-Ti(commercially pure titanium)

Results: It was observed that the grindability of Ti-10%Zr-X%Cr(X=0,1,3) alloys increased with an increase in
the Cr concentration. More, they are higher than cp-Ti, particularly the Ti-10%Zr-3%Cr alloy exhibited the
highest grindability at all rotational speeds except 12000rpm. There was significant difference in the grinding rate
and grinding ratio between Ti-10%Zr-3%Cr alloy and cp-Ti at all rotational speeds(p<0.05).

Conclusion: The Ti-10%Zr-3%Cr alloy exhibited better grindability at high rotational speeds, great potential for
use as a dental machining alloy.

Key words : Grindability, Ti-10%Zr-X%Cr(X=0,1,3) alloys, Grinding rate, Grinding ratio, cp-Ti(commercially
pure titanium)
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Ti ¥ Tigha AAAAZA o] Ssto] dFejat d=
HE But ofye} XNihg gEARE F5 WAL glon
AEFEE AR A4 LA D g
ol ot 24 SAlEo] Wil AL TP} & &
T zpo|= 7] WAPE] A el QltHWatanabe
at al, 2002).

2| ol Al=stal Sl 2|28 CAD/CAMO] 23t 12
AZHAl Tio] QA7 A=) AU B +tEA 7A
o] RAo] 9l o} Zoksl Gk 0 @ oabAlzo] T T
JAkFLO] 4w 7} Ark(Nakajima & Okabe, 1996). ©]

Ti9] "/i/k}g].k] O AAEA gl o o mRrog
24 Qlal(Takeyama & Murata, 1996), Ti®] A2 7
Ast7] 913t it g ghadlshe A-Eo] A EIL Qlx
2t 12 YAl ok Holtk(Kikuchi et al, 2003),

AAEc = e *F%Ob_—’ U= Ti-6BAI-4%V S-S
cp—TiRt =24 7|44 d&o] £ 5?‘% A7t AR
Al AlZ} Vol 2ol =& 7l sl=s 4= v, Lyt
EHZﬂ‘l Tigha M= SIt Ya2A Zre *“Xﬂﬂ%“éol

$-4=5taL(Okazaki et al, 1996) Ti¢t -2 F7]&3#E9 V
BEol &3stof sleha]| 71412 Addo] wlszst Heald
] «l?ﬂ NIEcA g}dﬂo] Aol EZF Cra WAALS

Noofnt g

e rir

A

A B Ao A= Ti-10%7Zr-X%Cr(X=0,1.3)¢=
< Alxsto] AAIE H7ISEAAL, cp-Tig AAMTE

1. AE M=

Ti—Zrega2 HEAE =(Murray, 19879 2Jshd A
E183o|3 1.29] pAHbce)ollA A9 oAhep o2
s, 882C(TIHE 605C6Twt. %Zr)7HA] Zr
o el vk WheE: v @ A vl
e Ti-10%Zr3a-2 ¥2F 5 55 - Hol7} Uo
Ll 2ol A= fﬂ’a’%}o]‘:}

Ti—lO%Zr—X%Cr(X=O,1,3) Ses AL MRS
o] 20g E== 99%Ti, 98%7Zr X 98% Cr< A=stAcTt.
o2 L-ot3 83| Z(VAM-B, Hyungjae vacuum,
Korea)ol| A|2E A8k 10-3 torr7HA] A5-2 543
3 o232 7}AE QT o3 845ttt diamond
wheel cutter® copper hearthol A Y2 Al= QIE
o} Wi cp-Tis 7 2mz Akslo] AFzHo| u}
2} 3704 A2k,

A A 79 EDS(Energy Dispersive X-ray
Spectrometer) = A¥}= (Table ¥} Zal, B3
cp—Ti2] 2}sHdE-2 (Table 2)9t LT},

Table 1. EDS—determined alloy compositions for the study (wt%)

Alley cede Zr Cr Ti

Experimental ~ Ti—10%Zr 9.23+0.34 Bal,
specimen alloys  Ti-10%zr-1%Cr 9.314+0.42 0.8+0.50 Bal,
Ti=10%Zr—3%Cr 9.37+0.33 2.4+0.47 Bal.

Table 2. Chemical compositions of control (wt%)

Al Vv

Fe C H 0] N Ti

Control -
cp-Ti (Grade 2)

030 010 0.015 025 003 Bal

296 gt Xint 7|2 S K]



2. A2 A

o7 2] ¢4 AF AT Jung & Noh, 201)0l|A]e} -2
o= ARYsklet, 2| 2hg Alew] 2o 7] 77 1.5mn,
2174 13.0mne] 7HEAE &(SiC DURA-Green Stones,
Shofu, Japan) 47175 AlHE] A4} 90° o] x|
AR B3, 512 100g, QAT SHEE 12000, 18000,
25000 ¥ 30000rpm] Z}7F Ald 271 0 = 127 ALk

I AJRO| A Aeo] FA e SAs 4

o] 7oA oy drr FE AAE fug &
(grinding rate)& L, HARF tin] 7R HE Ho) o
A HBO| A B PFAhTFo R L“’E%(gﬁnding ratio& -

;
FB.

f
>
=

Skoict A
& 79 A4 E 7ke] S AIA %91** & °*°}E7l s o
Auj ] BARRA (one-way ANOVA)I AFEHA o=

Scheffe’s test@=0.05)% 3}t

Zt N 525 EDS(EX-250, Horiba, Japan)= AJ& £-43}

AL, 1% 100g, B|H&4E 18000rpmol A 17t AR
Sof A4t chip R AAHS HAFWH(SEM, s—4800,
Hitachi, Japan)2.2 3513}

I Z 3}

1. oAby

Fig. D& Ti~10%Zr—-X%Cr(X=0,1,3) 8=
Aol 815 100gs A-&sto] 181 dAatetal S7et 7+
Aagol| tiel] WEREE] AAFS Foto] Ala d A
AF7] 3R] 3442 (12000, 18000, 25000, 30000rpm)E
2 Yehd Zolt} 12000, 18000 ¥ 25000rpmoll A <]
Ti-10%Zr-X%Cr(X=0,1,3)3=9] 4k 3H&=7t
Z71ho| wet HA o= AR ES&IL olglst 4
FZ cp-TidlA = ey, 28y 23049
30000rpmO A= Ti—10%Zr-1%Creta-S AlQst nE
Aol @88 Fadshs A3 Bl Ti-10%Zr-
1%Cre2] 7% 30000rpmoll Al 25000rpmic} <F7k

2 cp-Ti

228 Ti-10%Zr-X%Cr(X=0,1,3) 72| d44

Aakgo] =A Uehtout o3t ol 5 Koz kL,
Ti—10%Zr—-3%Cr =2 A4}aFo] thE A7 H]g)
12000rpm= At o] ool I&D|HEE HFofA
714 A ekt

(Fig. = 47|79 AL R AR dAE 7F
TAA o8 ASste UEd Zojth, d&:
12000rpmof A 2] AAAFERS Ti-10%Zr—X%Cr(X=0,1,3)
gFe] Aol Ti-10%Zr, Ti-10%Zr-1%Cria 2.2
Z7Ve7F Ti-10%Zr—-3%Critao A= oFF 45k
o} Ti-10%7Zre} Crd4ar} X47}Q Ti—-10%Zr—1%Cr 2
Ti—10%Zr—3%Crata 7toll= G218k 2fo]7} Lyehdt}
(p<0.05). 7F¢ A Uebd Ti-10%Zr-1%Crg=2] A
AFE 7P 22 ep-Ti ¥ Ti-10%Zrdaas 9%t
Zpolg B HAITHP0.05), Ti-10%Zr—3%Cr=3h=
Ofjt Apo]7F LAl ekttt 471 18000rpmeil Al
AAFE2 12000rpmof At D] Cra7=F 571l o
Ti-10%Zr&—=, Ti-10%Zr—1%Cr, Ti—10%Zr—3%Cr
= 02 =7 et BE AR 7hof folgt 2]
Hthp0.05). 14¢1 25000rpm 2 30000rpmo]
A& A4S 18000rpmol A9t <] A 23k

Ti-10%Zr-1%Cr Y Ti—-10%Zr—3%Cr3=2 AA5F
© A vehton] AR gojgk Ho|g Ho|x ekgkort
Cro] HA71EA] &2 Ti-10%72rd= % cp-Tigk= f-2
gk 2ol & H3ITh(p<0.05).

o

oo mok

lzl

I

Gt rich Ny Fe T ST

gt ol o 30 1

Fig. 1. Grinding rates of Ti—10%Zr-X%Cr(X=0,1,3) alloys
and cp—Ti at four different grinding speeds
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Fig. 2. Grinding rates of Ti—10%Zr—X%Cr(X=0,1,3) alloys and cp-Ti at grinding speeds individually(a~d), which were
evaluated by volume of metal removed per minute. Different letters mean significant difference at p{0.05 level

(Fig, 3)& Ti—10%Zr—X%Cr(X=0,1,3) 9 cp-Tioll &}
% 100g2 A8kl AA7|He] 33145512000, 18000,
25000, 30000rpm)& 1H7F AR Fof A4k iy
Sic” el A& Ao 2 A4 aE(grinding ratio)
o] Lrepd Aolrt,

Ti-10%7Zr-X%Cr(X=0,1,3)82] A& sld%
LE7b STkl wet A e e, Ti-10%Zr-1%Cr
ol Artago] thE AlRo| Hle] BE 3L A
7Pd A ebdaL, cp-Tioll vl & 3 H& w4 &
oJ3t 2}o] 2 K ATthp<0.05).
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Fig. 3. Grinding ratio of Ti=10%Zr-X%Cr(X=0,1,3) alloys

and cp—Ti

The volume ratio of metal removed compared to
the wheel material lost(namely grinding ratio),
which was calculated from the wheel diameter
loss
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(Fig. 4= Ti-10%Zr-X%Cr(X=0,1,3)%= % cp-Ti
o] sk 100ge 285kl 34 % 18000rpmeollA] 14+
7b Akst & AFe 34 chipo] SEMIHAROlTE
Ti-10%Zr&=2] chip U&= cp—Ti¢ chipd} H]S=5H
A3 EqFAsH AR Feloly Ti-10%Zr—1%Cr 2
Ti~10%Zr—3%Cr&=2] chip= A& o2 251 A3k
U7go] FEj= bt

(Fig. 5+ Ti-10%Zr—-X%Cr(X=0,1,3)= 4 cp—Ti

2] B¢ Ti-10%Zr-X%Cr(X=0,1,3)g-52] A2HA

4% 18000rpmof| Al 15
AL iH olabule] SEMBHARAOI RE A7)
2719 AN abEo] EetalA BARYT 3184
7} Z7heol wet oha Aol gglet nhake] ol
eEA 0l Walo] 7 ekitth, A4 SYoRL
Ti—10%7Zr, Ti-10%Zr-1%Cr ¥ Ti~-10%Zr-3%Cr 3=

r:i =2
o
= o
[~
(@)
O
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)
oo
_o‘lr‘
E
_koi_

< Al AArEo] el Blat}l cp-Ti G4l
A FA Zeldle Adte FREE Aol Hlth

Fig. 4. Scanning electron micrographs of the metal chips resulting from grinding of the specimen alloys at the
rotational speeds of 18000rpm by applying a force of 100g: (a) cp—Ti; (b) Ti=10%Zr alloy; (¢) Ti—10%Zr—1%Cr

alloy; (d) Ti=10%Zr—3%Cr alloy

Fig. 5. Scanning electron micrographs of the ground surfaces of the specimen alloys at the rotational speeds of
18000rpm by applying a force of 100g: (a) cp—Ti; (b) Ti—10%Zr alloy; (¢) Ti—10%Zr—1%Cr alloy; (d) Ti—10%Zr—3%Cr

alloy
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S §-83t] oh5 H dAE=TE
T UEF QM AR 717 E o] 881
A4Hd (grindability) 8 7F= Ho 5(2009)°] A|24gt
o Zo] AA7Itel o3t A& 9| 13 RuAAE &
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7|9] =& Vet
(Fig. DollA ¥ Ti-10%Zr-X%Cr(X=0,1,3)% =2
A4 (grinding rate)2 25000rpmo|5te] 3] ML Lo
e A7 FREETE SRl whek 3] = ve
Fou 234 3d4E 30000rpmolAE Ti-
10%Zr-1%Crata- Al2st BE gaollAl 2t Has)
ke Beltt, drlro] 34 o vld|alA] F7Fst
AL AEETL AP AR A YAl AL
T olsA Y TR UEhr] tiEe s AYZrER| N
A7) Y] &AL A AalgFo] @318 % iﬁ‘}t
A% HO 5(2008)0] R3t Ti-ZrAIgHao] 4H
A1} 9 Kikuchi $5(2003)¢] 2113t Ti—-CuA =9
ALY AFATel o] i1 KA AT
npzkge] ot AA7|-te] Astadt fEd s =1L,
olof| tiafA= & o A7k Fasirtar Az
Ti-10%Zr-X%Cr(X=0,1,3)o14 Cr¥x 7}
TS Adkgol =A vehd A (Fig. 6) Zo
o] Z7} gjEo g AztE ) Kikuchi $5(2003)&
A% 9 Fwrt Z71eHH dAado] wolxIckarl ¥argh up
BA]— o]—;ﬂg]- S % CI"O] Tloﬂ =] 7]_Qg-]i
ko] bee AT A2 AE oA Ha A4 Y
Aot AR AW TiCrdEES F4dste] 712171 43t
A&7t S 7V FokHo et al, 2009).
F3F 2 A 8539 Ti-10%Zr-X%Cr(X=0,1,3)8 0]
Ql cp—Tioll HlalA] AAtko] A vehd Awe 7
o2 AZPE, Zro] Tio] H7HeH H&
argof ot a-g7ska o] douA H=d dads
7F 28 SHYUR; 7919 AR AR | ©HAH AE
Qlo] ¥gste] x9]19] -5o] WaElo] F&0] 73t 5HA
w3 ojuf gAUR ol o3t Bl HUEES B
HlLof| ] g3HA] EhJung, 2000), ©]&je] dAleF 7}
faolog eRA(Ho et al, 2008)2F 1w AF+ZAT}
R RTAC R =
(Fig. 3yollA B Ti-10%Zr-1%Craol A dAtas
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Fig. 6. Microhardness of cp Ti and Ti—10%Zr—X%Cr
(X=0,1,3) alloys

o] F23lth(Kikuchi et al, 2006). Ti-10%Zr—
X%Cr(X=0,1,3)9] AAta&o] Bla2l cp-Tiol Hlsf &2
=53 Oﬂ*i = UEbs

s HAPF g Hom Je A 1 =9 A4}

%h 147 0] Amapo] i HolA] 2 o} ho.
2 A7k,
2. 34} chip & 341HHO| X HR40| B(SEM) HE

23155 18000rpmoll A HFeF chipe SEMEE &
o cp-Ti¢} Ti—-10%Zr, Ti-10%Zr—-1%Cr, Ti-10%Zr—
3%Crea Afelolls A71o olAM zpel7k ATt Ti-
10%Zr, Ti—10%Zr—1%Cr 2 Ti-10%Zr—3%Cr=-ol| 4l
B9l cp—Tiol HIs AAdol & Al Uehd A A
2o ZAeA= kAT chipe] Fej7t FUstal A
717F A= o AAbdol w7| wieloz AZbE vhdof
Cp—Tib AXTE 1;} Ok@l— z‘sﬂﬂ}g} 3_7]7]. = le}.E_ Eo:lﬂ
g, A% o o] FAol B F3lskA HYebdthal Hal
& v} QIctHo et al, 2008). Ti-10%Zr2} Ti—-10%Zr—
1%Cr, Ti-10%Zr—-3%Crita Atololl= & 2to]7h Ureht
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