creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000372617

20219 24
w9 2

TiAIN, ZrN, % DLC
%ﬂX“UHEiﬂ%ﬂﬁXﬂ

23]
Az} sofo] WAHFE H7)



TiAIN, ZrN, % DLC
2 A7 ool A
A2 o} Tojs] MARTE A7}

Marginal fit of zirconia cores manufactured using
TiAIN, ZrN, and DLC coated milling tool

202139 2€¥€ 254

Collection @ chosun



TiAIN, ZrN, % DLC
T A7) FE 0§t A=
|23Ye} o] HAXFE H}

N

AERLSy & nu A

Collection @ chosun



o

2020d 1249

Collection @ chosun



ABSTRACT

Ry

1.4 &

0. 2438 A 2 944

w

1. A5 &4

2. AlE9 =Y

1) TiAIN =¥
2) ZrN ="

3) DLC =¥

3. A7) 79 =29 8¥W 2 A% &4

) =% W 24

2) EDS 2 XRD A% 4

4 =9 e A 54 A

A
&

e

1) AR A

2) AL Ax Ag

3 22g AY

4) YulnAg A3y

5) TA &4

5 A23Yol Zolo HMAANFTE

i\

%

) 2% Fr8 A%

2) A2z:ol ;o] A%

3) WAHYE 27

4) A A

Collection @ chosun

00 I N 9 OO OO o oo oo o o g o1 g w o w w

=
N O



m 2 3

1) AR NE 23

2) H|AX AE AY A

3 BAY A9 A

4) WrtRAg Ad 2%

3. Azayol o] WANYE 27

V. &2 ¢ 1%

V.24 &

VI 2a%d

Collection @ chosun

13

13
13
16
19
19
20
21
23
24

26

30

31



Table 1. Deposition condition for TiAIN coating 4
Table 2 EDS analysis results of coated milling tools 17
Table 3. The surface roughness values of coated milling toQls sssessseseseesseses 19
Table 4. The vickers hardness values of coated milling tOOLS «sssesesssessrcseesenee 20
Table 5. The adhesion strength values of coated milling tools sseesessreseeseeseese 21
Table 6. The wear loss values of coated milling tools 23

Table 7. The mean marginal gap(um) at buccal, lingual, mesial, and distal points
25

Collection @ chosun



Figure 1. TiAIN coating system 4
Figure 2. Metal die 7
Figure 3. CAD/CAM zirconia design process 9
Figure 4. Zirconia cores manufactured by coated milling tools ssssssssssssescscscsees 9
Figure 5. Static load equipment 11
Figure 6. Segmentation of a silicone replica in the mesiodistal

and buccolingual directions 11
Figure 7. Measurement of marginal gap by digital microscope

at X160 magnification 12
Figure 8. Coated milling tools 14
Figure 9. Coated disks 14
Figure 10. FE-SEM micrographs of coated milling tools 15
Figure 11. EDS analysis of coated milling tools 17
Figure 12. XRD peaks of coated milling tools 18
Figure 13. The surface roughness results of coated milling tools essessseseceseee 19

_iv_

Collection @ chosun



Figure

Figure

Figure

Figure

Figure

14.

15.

16.

17.

18.

The vickers hardness results of coated milling tools cessssssssseeeeses

The adhesion strength results of coated milling tools seesssesseesseces

The scratch test photos of coated milling tools

The wear loss results of coated milling tools

The mean marginal gap of zirconia cores manufactured by

coated milling tools

Collection @ chosun

22

23

25



ABSTRACT

Marginal fit of zirconia cores manufactured using

TiAIN, ZrN, and DLC coated milling tool

Son, Hyo-]Jin

Advisor : Prof. Son, Mee-Kyoung, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

Purpose : The purpose of this study was to compare the surface
characteristics of TiAIN, ZrN, and DLC coated milling tools and to compare

the marginal fit of zirconia cores manufactured by coated milling tools.

Material and Methods : TiAIN, ZrN, and DLC coated tools were analyzed by
field-emission scanning electron microscopy, X-ray diffractometer, surface
roughness tester, vickers hardness tester, adhesion strength tester, and wear
resistance tester to evaluate the surface characteristics and cutting performance.
Measured values was analyzed through the use of Kruskal-Wallis H test and
Bonfferoni post-hoc analysis. To evaluate the marginal gap according to the
change in cutting efficiency after a certain use of the milling tool, each of 10
zirconia cores were manufactured using coated milling tools. The marginal
gap were determined and measured using silicone replica technique. For
accurate measurement, digital microscope and Image ] program were used.
ANOVA, Kruskal-Wallis H test and Scheffe, Bonfferoni post-hoc analysis

were performed for the statistics analysis.
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Results : The size of the coating particles was large in the order of TiAIN
> 7ZrN > DLC, and the density of the coating particles was high in the order
TiAIN > ZrN > DLC. The surface roughness and hardness values of coated
tools were also high in the order of TiAIN > ZrN > DLC. ZrN coating
showed the best for the adhesion strength, and DLC coating showed the best
for the wear resistance. The mean marginal fit of zirconia cores were 25.32
mm in ZrN, 27.90 mm in DLC, and 37.70 gm in TiAIN. The marginal gap of
three types coated tools were lower than that of non-coated tool(56.90 um).
There was significant statistically difference between coated and non-coated

tools(p<.01).

Conclusions : Zirconia cores of all groups showed the clinical acceptable
marginal gap of within 120 um. It is expected that the coating of the milling
tool make increase the tool life and there will be an effect of increasing the

marginal fit when used for a long time.

Keywords : Zirconia, Marginal fit, TiAIN-, ZrN-, DLC-coatings
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1. A5 FH]

Aol A e Al oA AR E = CAD/CAM & d2H7]94(2DBED, JJ tools,
Korea)& 37bA] Moz s”3L7] fate] dxaa d@r o= AHedE dAr A4
1 mm, 2 mmE bzt 16704 Evlskdch. w2, 29 e dxu vty 59 7
A 5485 w7tstr] fste], 978k el 43 Co-Cr-W &5 v==a Ay
(A7 2 cm, ¥ 3 mm)S ¥ 1470 Azt

Uy A2V (@G 1lmm, 02mm)e}t e v AlAS ZH7F 4704 TiAIN, ZrN, DLC

288 APt

1) TiAIN (Titanium aluminum nitride) Z ¥
&= AF ola =W (CVAD : cathodic vacuum arc deposition) 34 S o] 83}
N BHehg Az th(Fig. 1. AW Y9 A 718 4L o AE, oe-¢4F=2 72
Zb 5EF 250 AAHE AASAT o2 e Ti TiAl EHAlE A& nlE A
, AE 250 mn AR XA 2-fold = 3] HS AA YT
EAFEE 99 x 10° Torrelx, ¥4 AFEE NyE 500 sceml 2 2
x 102 Torr®Z 3t 71¥ &E& 500CE 1A3HS 7H9ekgda, Wa=xd &
712 Ak 650V, Ti 60A ZHeA Ti w40]2S o]&3te 7|3 HAHS AAstA
D2y FgrE 9sto] TINGS ZEstz 1 o] 34 B4 TIAIN 22k A% A
o Ti el#Alz} TiAl ebAlel Z+7F 60A, 70A2] AF S S17bstl o
BVE agste]l 29S AAstATh 2R AHe FAE =
o =492, TiN 05 m, TiAIN 16 mzZ F 2.1
D(TIAINS. = ' ¥ AJHLS TIAINSZ % 7]skt)).
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Table 1. Deposition condition for TiAIN coating.

Variable

Condition

Ultrasonic cleaning
Basic vacuum degree
Process vacuum degree
Substrate temperature
Arc target current

Substrate voltage

Alcohol, Acetone each bmin
99 x 10 Torr
N, 500sccm, 1.0 x 1072 Torr

Ti :
TiN :

500 C
60A, TiAl : 70A
75V, TiAIN : 75V

/_ Substrate
holding jig

Arc source
Ti target

2 fold Axis

\ turn table

~

J

Arc source
TiAl target

Fig. 1. TiAIN coating system.
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2) ZrN (Zirconium nitride) =€
A

TAE AT Fogzul of-A o] EHo|HYORE ofa HFo BA AV|=
100A%F 80 mm@, Ar % A7 AE AMEStY] Ar 7F2~E 7 scem, E4& 7F2AE 100
sccemlZ ZEHHEY IFEE 3 x 10° torr®2 AT ZE AR 1A= FAF
ok 2 pym7F HEE AFSAUTHZINe R I8 AJHE ZINe 2 Z 73k},

3) DLC (Diamond-like carbon) =&

Al EWHS 200 mA, 2 kV E27o A 2A13F Bt oA g & PVDHOoRE FWS
Attt Cr M3 848 flstd =98 E 308 ¢ FA% L, Cra CriNe=
747y 1084 =Z'I 5 ompxg oz 300 mV, 1.5 kV 27 A 3417 F¢F DLC =¥
gt & 3UAR ZHS A THDLCE W ¥ AlHS DLCE 7|8,

3. AA7 T 32W wY R AR BA

=
298 A/ TE {oT BAY F UARAS A 5] 2o AHS
3 xWe] olEHEE AASL F=HE AHS KCNI (NH),S,058 111= EFeto]
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o
FAdoz o F FAL WA #An H(S-4800, Hitachi, Japan)& o] &3te] w234
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4 =Yo] WE AAH B4 W BA

ARE A7 AFT] ARE Sl ixad 37HA FRE Z9E "xa A9
o] Ab&HATE NAFAL tip size 5 um, speed 0.5 mm/s, 2 length 4.00 mm= A4
stal, WA A7 ZAH7](M.SE-1700, Kosaka Laboratory Ltd, Japan)& ©]-&3}o] 53]
Ak AAghe F ) xFHAE 178

2) HIAZ B= AIE

FRHE A7 Rl AR AES 9 dxd ) VA SRR AEdE Ha=a
AlHo] ALgE AT AlFZALE load 0.3 kg, load time 10 sec® A3, vFA~ H
=7](DM-20, AFFRI, Italy)E ol-&3ato] 1034 SAsAdtt. 2a4ge Hy 504
= w7]stalh

IR E AA]Fe dWaE S 8 7HA FRE ZRE faA AlHo] ARy
= 0.1~50N, scratch length 10 mm, % scratch speedi= 0.10
mm/s®E AR, 23292 AF7](RST?, Anton Paar, Austria)Z ©]-&3}o] 534

=459 Angte Witd BEAAR wlshsvh

FHE AA7Ie dntRAd Alds 98 7HA FRE A"E t2=9 ball on
disk PF= A9 7] (Triboss PD-102, R&D, Korea)S AF-&3te] =433t} Ball on disk
HRAIH S A wRAIFH O 2 ARk 7] AEjel A =] om, KS L ISO 20808+
AFg3te] load 10N, distance 2000m, % speed= 100 mm/sZ A A st £Anpr
(mm*)S S4stAch v A9 & 53] Ay, A9 Hvy A

2 #7]8H3ih
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5 A 4

AR AP, MAZAE AF, DY NG % ke AF Astakel AR fel
& H7rsl7]l $18 Window& SPSS &7 Z =13 (SPSS v22.0, IBM, USA)E ©] &
stel, 7t Aekel AETE 107) VIRl A% Al A o] FHUSe] Hit Aols

2w A5 E Kruskal-Wallise] H 84 = BonfferoniE Al &3k

X
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T
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of\
o

D =5 2% A%

3 AHHAL 12 mm, EAFAE 6° = 2 EE 2431, vpAe] Z3
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Fig. 2. Metal die.
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2) A2 Yo} o] Az}

FUE I8 F£ Xolrny S 3xY Fad A M (S600, Zirkonzahn, Italy)®E 703}
AtAIE AR Y] olm A E 5Tt ol F&e] B WALE Fol7] flete] vk e

7} o|xt3} ElElwS SR8k 23X #9](Scan spray, Labotech, Korea)& T <5t}o]of HH
25T 20w F4 trolo] dElE CAD/CAM A ZE 9 o] (Modelier, Zirkonzahn,
E 57 10 g, AZAIAE 2 mm, #FFA 0.15 mm, PR =0]
02 mm= AAste] taplstar, STL Yz A4s & A4adS CAD/CAM 2 H7]
o AFetAThFig. 3). A7|17F t+& F T/ A7 (G Imm, @2mm)7F Al AFE-
Q‘}iﬂ, x=a3 TiAIN, ZrN 2 DLCZ Z"¥E 42742 54
EoF EE(Luxan Smile, DM Factory, Korea)S & 3&lo] A}-&3
Yol 5015 10708 AE" sk, AxzAre] xAlol we} 2434 S 13 HFig. 4).
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Fig. 3. CAD/CAM zirconia design process:

(a) save image, (b) margin line, (c) 10im of virtual cement spacer at 2mm

—_——

_

above the margin, and (d) crown.

Fig. 4. Zirconia cores manufactured by coated milling tools:

(a) Control, (b) TiAIN, (¢) ZrN, and (d) DLC.
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K
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g
2

3t K23l TS XU o] HIAA AsE7]o] YIXAIZ] T 50N stFo =
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25E ZAEHA AASL, 55 AdA A F2E 9k silicone filme PG 3t A7)
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APAZRE F% tol§ AAT F, F- 43 2 AN JFYOE 42T Ho

stk 24 e
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Oll
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Fig. 5. Static load equipment.

Fig. 6. Segmentation of a silicone replica in the mesiodistal and buccolingual

directions.
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Bl Al 74 9 —’F?ﬂ;ﬂ‘ﬂ A ® Aeofstdlvt. Ao ddt

glshr] fste WA SpAE Alds & yxE dAx dAu A (SZ5D40-B5, Sunny,

WA= A= Holmes Fl6]o] W3xg A e 7]F3 Eo] A
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4T oft
o

oo
2 |
Ll

1=
g gue
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Aot AthH(Fig. 7). 179 S4A7F AR E 45-9& 53]o AAA S5 & Fdgs

Marginal adaptation

Reqular body
silicone

Light body
silicone

Fig. 7. Measurement of marginal gap by digital microscope

at X160 magnification.

4) BA 4

x=73 TIAIN, ZrN, 2 DLCE "% AAab 7)o <l

AR Azzel @l

o] WM =0l FAHeR FoF Aol7h A=A £48r] fls) Window8 SPSS &

A Z2ZI(SPSS v22.0, IBM, USA)S o] &3t A4 A=

=3

& AN AT

e A Yuf 2] EAFHEA (one-way ANOVA)¥ AFEAZ o2 Scheffed &S AFE3H9)

=

2]
H
o, AR e Kruskal-Wallise] HeF A3 % © 2 Bonfferonis Al &390 v,

foleze 5% BIEATH o =.05).
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, e w50 A2l FAYs 9y, TIAINS
, DLCE Heom 78 wa A7z zto]7t Ews}

Al
olFoMee ¢ T UAUFig. 8). =& H27]T9 7|AA

545 Hrisky] 98 AZE TIAIN, ZrN, 2 DLC YadoAe 38 FFol et
0

SEM& ol gdte] A4/l e mAza e #Ae A, gREE A ol

o
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o
w o
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_\ﬂ

A H(Fig.

A7 BEREHA =Y BE

A 2% glol AwatA AL AL ¥ 5+ AAHFig. 102). ERL 7Y BAe

AR A moln, S AN TR A@ AAH el o@

10a-1). TIAIN =¥ A2t7|te] gHol = oo 3H ¢

E8] A2 F# "W (physical vapor deposition, PVD)o. 2 =

Ho A 2 E ol Fekxulo o9& Ayt dropletQ.i TIiAIN F=Eo] 7

Z H98S < & Ath(Fig. 10b). Anrd ow FE B WErl =31
L&

, e ARl A 2" 2d 2 va 73] dEHE JEds)
—Z

AAZE &7do] ez AL EATE &+ AT (Fig.

¥HoM= ZrN Z8 9A7F TIAIN =¥ 4zl Hl8) =77} 2

i dd FEE BAHFig. 10c). S ARDOlM ZiN dAF 23 Aol s

w3 WA st wjEg e datEe] v ¥EHAtH(Fig. 10c-1). DLC
9 wWdME F9 JAre]l Ar7h Aa =eed #EE v (Fig. 10d), ©fWA
s}

Shofj gk ARzl A =8 4A7F TiAINo|u ZrNell vlas) =8 Zdo] 7|4 1WA

L.

G AT BRFAsA wRH, 7Y YA 2/} A3 Do e P

S HYHFig. 10d-1). =8 Y=o =7]= TiAINe] 7F4 7 om, ZrN, DLC +4 %

Ax+= DLC7F 718 +<
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Fig. 8. Coated milling tools. (a) Control, (b) TiAIN, (¢) ZrN, and (d) DLC.

Fig. 9. Coated disks. (a) TiAIN, (b) ZrN, and (c) DLC.
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Fig. 10. FE-SEM micrographs of coated milling tools:
(a, a-1) Control, (b, b-1) TiAIN, (c, c-1) ZrN, and (d, d-1) DLC.
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2) EDS 2 XRD A% &4 2%

EDS #4 A3 xS W ARo] 9477 wt%=Z 7H¢ ®ol AEH A, TiAIN
IR A= Ti Aol 4759 wt.%=2 tFES 2A g :-go] & o|Fojes &
AATE ZrN ZRIAM = Zr o] 7951 wt%= diFit C =
C Aol 9197 wt%2 T2 IHEAS B2g o|FHSS & F AUAHFig. 11,
Table 2).

XRD #4 Y =7 (Co-Cr-W)2 XRD peake} Wlus] B DLC =¥

Fro] AAFZAAN Yot gate] #AEY, TIAINOIY ZrNe| 4 ¢ =' |
Aol Yt MAER FAHY Utk RE Z® B & o]Fojx s

A& UAH(Fig. 12).

ih3
i
O
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Fig. 11. EDS analysis of coated milling tools:
(a) Control, (b) TiAIN, (c) ZrN, and (d) DLC.

Table 2. EDS analysis results of coated milling tools.
Element Control TiAIN ZrN DLC
Weight(%) Cr K 0.33 N K 23.74 N K 20.47 C K 91.97
Co K 4.89 Al K 28.67 7r 79.51 Cr K 4.83
W M 94.77 Ti K 4759 Co K 0.53
W M 2.67
Total 100.00 100.00 100.00 100.00
— 17 —_
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Intensity [ard.units]
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——co-cr-w alloy

~—-DLC coating
—®8—TIAIN coating
—A—Z N coating

2 Theta [deg.]

Fig. 12. XRD peaks of coated milling tools.
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=259 9 A 54 W5 24 23

D AZ7 A 23

¥4 A#7] A1dA7, TiAIN > ZrN > DLC = Control €42 AAoew, I€H
A7) T ARE H43e 258 DLCoItHFig. 13). SAAA 23, x2%o]
159160] 31 F<o&Eo] 0.0010] B2 Ao wep FAHoR Fol3 o]k glrhar
gt 4= A AT (p<.01)(Table 3).

surface roughness{m)

]

Contro TiAN ZrM oLC

Fig. 13. The surface roughness results of coated milling tools.

Table 3. The surface roughness values of coated milling tools.

Variable Group Mean SD X2 p Post hoc
Control 067 .0005
Surface TiAIN 241 0229 TiAIN >
15916  .001==
roughness( #m) ZrN 199 .0140 Control, DLC
DLC 067 .0017

*p<0.05, **p<0.01

_19_
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Fig. 14. The vickers hardness results of coaed milling tools.

Table 4. The vickers hardness values of coated milling tools.

Variable Group Mean SD X2 p Post hoc
Control 1688.20 79.955
TiAIN 2017.30 115.164 TiAIN >
Hardness(Hv) 23.455 000
ZrN 1841.70 64.220 Control, DLC

DLC 1784.60 160.795

*p<0.05, **p<0.01
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3) W2 g A3}

15). A8 A3, x?zke]l 10147031

Hom fold Aozt ka4

50
40
30

20

Adhesion strangth(M)

10

TiAMN

ZrM

DLc

Fig. 15. The adhesion strength results of coated milling tools.

Table 5. The adhesion strength values of coated milling tools.

Variable Group Mean SD X? p Post hoc
Adhesion TiAIN 46.20 2.168 o
trength(N) ZtN 43.00 3.937 10147 .006%+* e
S DLC 18.20 4438

*p<0.05, **p<0.01
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4 Wy AE A%

2 W ZEHE AHEe vEHEE ZrN > TiAIN
> DLC A2 E9dth ol& S3 mixd Avs A4S DLC > TIAIN > ZrN 4]
2 $5ds & £ AAFig. 17). BAAAY A3, x2gko]l 1250003 F2]FHE o]
0.00201 22 Wwlr o] wpebr] AR Fofgh o7t drka & 4 AATHP<.01)
(Table 6).

0.8
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TiAN ZrM DLc

Wear loss{mm®)

Fig 17. The wear loss results of coated milling tools.

Table 6. The wear loss values of coated milling tools.

Variable Group  Mean SD X b Post hoc
TIAN . w
Abrasion ! 586 0258 JiN >
istance(mm?®) /N 102 .0034 12.500 0023 DLe
resis DL o0 oy

*p<0.05, **p<0.01
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Control > TiAIN > DLC > ZrN &A= ¥ b0 AA Yetwta, $AHAY A3 F
grel 97990131 FrelgkE o] 0.0000] =2 Ligualel Wetr FAIHS=Z Folgk Zol7t 9l
thal & = AATHP<O0D). Mesiall A= Control > TiAIN > DLC > ZrN A2 ¥
ol AA yEbaL, SAEAR Ad, x?gkel 28.319¢]al folEEe] 0.0000] 2 ®
Mesialell webA SAH oz fFolgh Afol7F vk & 4 AAJTHp<01). Distaloll A=
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g 4 AAHP<OD).

A 2 A 459 HA 7+ HAFS Control(56.90 pm) > TiAIN(37.20 pm) >
DLC(27.90 gm) > ZrN(2532 m=Z A 2FHUYo} Fole] WHAXIgEE ZrN > DLC >
TiAIN > Control =42 ¢35 & F AJTHFig. 18). AAFH S Biu|azs 2z}
A te] Hyt AolE w7] $18}e] Scheffe 753 Bonfferoni #5< 3+ 23}, Buccal
7} Linualoll 41+ Control > TiAIN, DLC, ZrN2. & Control® 37128 =¥ Alolo] 9
3k zFol7F A3, Mesial®} Distalol| 4]+ Control > TiAIN > DLC, ZrN2. 2 Control¥}
37Mel mY Aol f-2ol gk Xfol7t A, 39 ' WA= TiAINZ DLC, ZrN A}
ool A F¢Jgk xto] 7} AR THpP<.01)(Table 7).
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Table 7. The mean marginal gap(um) at buccal, lingual, mesial and distal points.

l\g% lil?na)ﬂ Group Mean SD F/ x? P Post hoc
Control 58.47 11.592
TiAIN 38.81 5.003 Control >
Buccal 7N 98.27 o558 24639000 NG 2N, DLC
DLC 31.04 7137
Control 66.32 20.253
. TiAIN 49.01 7.857 Control >
Ligual 7N 3751 a2 19 000N ZeN, DLe
DLC 40.21 13.313
Control 54.68 15.885
. TiAIN 32.89 3.389 Control > TiAIN
Mesial 7N 1874 gus7 oS00 N DLe
DLC 23.98 12.080
Control 48.10 14.295
. TiAIN 2791 5.485 Control > TiAIN
Distal 7eN 16.77 2056 SO 000 N DLC
DLC 16.27 1.734
*p<0.05, **p<0.01
#*
70
50
= 50
E 40
g, 30
= 20
10
0
Control TiAlM Zri DLC

Fig. 18. The mean marginal gap of zirconia cores
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manufactured by coated milling tools.
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