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The effect of Zirconium Nitride coating on shear bond strength with

denture base resin in Co-Cr alloy and titanium alloy

Chan Park, Kyoung-Hun Lee, Hyun-Pil Lim*

Department of Prosthodontics, School of Dentistry, Chonnam National University, Gwangju, Republic of Korea

Purpose: The purpose of this study was to evaluate of Zirconium Nitride (ZrN) coating on shear bond strength with denture base
resin in Co-Cr and Ti-6Al-4V alloy. Materials and Methods: Co-Cr and Ti-6Al-4V alloy disks (10 mm in diameter, 2.5 mm in thickness;
each other: n = 14) were prepared and divided with 2 groups each other by ZrN coating. After primer was applied to disks surface,
denture base resin with diameter 6 mm, height 5 mm was bonded on metal disk surface. After surface roughness was measured

by Profiler, shear bond strength was determined with Universal testing machine and analyzed with two-way ANOVA. The specimen

surfaces and failure mode were examined using a scanning electron microscope. Results: ZrN coated groups showed significantly
higher rough surface than non-coated groups (P < 0.05). Irrespective of alloy materials, shear bond strength of ZrN coated groups
were lower than non-coated groups (P < 0.001). The scanning electron microscope (SEM) of ZrN coated groups showed mixed and
adhesive fractures. Conclusion: ZrN coating weakened bonding strength between denture base resin and Co-Cr, Ti-6Al-4V alloy. (J

Dent Rehabil Appl Sci 2016;32(3):194-201)
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The effect of Zirconium Nitride coating on shear bond strength with denture base resin in Co-Cr alloy and titanium alloy

B2 Al aTE dS 4 e, ol YEHE K| 293E, RN 247 1024 233 AlEE 613l
tf 3ol ojn] E] AFEE AL Gl Aol eyt o th AlH Az Fof|, 2N Z8-& AIP (arc ion plating)
o stz 3d 7les 7HEA YRIY 24 F2El A TH OEE Y AIAE(ATS-MC-STD-300", A-tech
S8 A= ofF] I AR RET Aol system, Seoul, Korea) 2.2 374 ¢& 7.5 mTorr, 300°C
2 A7 FA 2 7Y YRlo] F= AR EE 271A] ol A N25-%F 300 sem 45}k HFoolA -30 V, o2
35 Co-Cr T3 Ti-6AI-4V 5ol ZiN 8-S & AT 65 AR A7gsto] oF 2AE B¢t A FH S AlFY
SRS W, YR e Ao ojudt FF= Shlct. AlHe] St X9 5ol wet F 4714
OR|EA] Blal EA5HE Zoltt 2 AL ZiN FJ9] TFOE 7L, 0]+= Table 104 A|AJSEAL Q1
27VR] @t RIS 2R Aol 9= mIRIA] &
=t AF7HA st 385kt 3. 27 =
AL IS L i & Aol 9z EXE REAIF]7] Sl ArlE
FP= ol&st LA A71(F4 6 mm, £°] 5 mm)
1. 25 AE M% of g2 g e F, AJHY Sl ARAZ
(Fig. 1A, 1B) 71 &, #|7 9Jald& HEE $EEU
27}R] 24 3241 Co-Cr T2 (Biosil F, Degussa Co., Holl oA 5te] Mtof mjEstal 485t} 48 &
Hanau, Germany)¥} Ti-6A1-4V 3 (Ti-6Al-4V ASTM AE AASHA AASE Holl, RE IF9] A|lH FH

Grade V, Kobe steel Co., Kobe, Japan)& %17 10 mm,
1£0] 25 mme] A Hel2 Zh2} 14704 A=k,

Table 1. Experimental groups of specimens used in this

2. Wat2 T B study
Groups Metal alloy Coating n

BE F4 A¥2 No. 600 SiC abrasive paper c Cobalt-Chrome alloy B l
f Abasive P 600. D Abrasi CZ Cobalt-Chrome alloy 7Z+N 7
(Waterproo rasive ape_r cw- ] aesung Abrasive T Ti-6AL4Y alloy ) .
Co., Seoul, Korea)& ©]-§5t% Anfs}lal, obAlE, o 7 Ti-6AL4V alloy 7N 7

S Shearing load

Wax cylinder

6 mm

Metal jig

Denture base
resin

Denture base
resin

Disk

10 mm

Metal conditioner

Fig. 1. Schematic diagrams of (A) the wax cylinder and disk, (B) the denture base resin on the disk, and (C) the shear
bond strength test.
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metal conditioner (Alloy Primer, Kuraray Medical Inc.,
Okayama, Japan)E A|Z=AFS] X|Alof| whe} &85} A
ZNFHL O %, ST R BZF(QC-20 Denture
Base, Dentsply International Inc., Chicago, USA)& A

5.

]

o 7427

A
oz

EHO AR Jr= W SA7]|(DIAVITE DH-7,
Asmeto AG, Bachenbiilach, Switzerland) g ©|-85}] Z}

B Xl/\loﬂ e £ F a%E oA sd R MG Al S AR st S5kl
AYsIRL, olg 5 FY7IE °183td T2 4
o= 7IebelQint. 7ok Rl Az=ARY] R|Aof w2t 6. SAEA
Heat curing unit (SEKI Dental Co., Seoul, Korea)o||A]
74°C ZoM 9AIZE Ft & T sk RE Y AGAIAEE Bt BES OFoH, Al
Hel Aot ZeN I Aol upg Ad2dAd =] At
4, MoASIE =Y o|E AXsH7] Y3l o] PAEAE A (two-way ANOVA)
o7 BM3th« = 0.05). Z:N g xgo] w2 A
a4 AlHo] JEs] oratd 4 Qle 54 RS 9 A719] zFolE s ] Adl el A (ttesy) = AIYSIA
g3l AlEE DA &, AGETFHEE S5 th. A B2 SPSS (SPSS 20.0, IBM Corp., Armonk,
th(Fig. 10). AGAPZEE s AlF7](Model 1125 USA)E AM&-5}4iTt.
Instron, Canton, USA)E ©|&5}9], Crosshead &&=
£ 1.0 mm/minofc A7gsto], z|f oHA SHEX|E 7| <l
2519t 1 %, gAY ¥HS FAMEANE N (FE-
SEM, JSM-7500F, JEOL, Tokyo, Japan)s ©]&5}o] ¥ ZF o] MG A E Hot 2 B HAR= Table 20]4
32008 = 5008, O} RAHY Tladhesive  ROIETL Itk CRoIA MR st 2b 2 Lk
failure), -S4 3 (cohesive failure), 23/ I} W, CZa-8 A A =71 71 WA JERd T} Two-
(mixed failure) 2 FE5}T} way ANOVAZ 773t A3}, Aj 7 7He] A a3g = &}
ol RelebRl @IEI(P > 005), 7Y fr7ol w2 Hek
AL 2l xol7k AATHP < 0.001, Table 3).
Table 2. Mean shear bonding strength (MPa) for experimental groups
Group Metal alloy Coating n Mean £ SD
C Cobalt-Chrome - 7 16.54 = 4.10
CZ Cobalt-Chrome ZtN 7 6.29 +2.07
T Ti-0Al-4V - 7 17.97 £ 7.03
TZ Ti-6Al-4V ZtN 7 0.66 +2.98
Table 3. The result of two-way ANOVA on shear bond strength
Source Type III sum of square df Mean square F Sig;
Metal 5.670 1 5.670 286 .598*
Coating 814.321 1 814.321 41.043 .000**
Metal * Coating 1.956 1 1.956 .099 756

Sig,, significance.
* P> 0.05; %+ P <0.001.
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Fig. 2, 30l|Al= Zkzke] AlH| tfsh 3 scanning
electron microscope (SEM) AFRlO. 2 HoiZET1 It} C
T TS GokE FHS HAF 9lon, CZ7 3} TZ
& AIPFHS ol ZN To] HHA
% 5 Qe

Fig. 40A= Catah CZat A|He x| #l7le] ubd
=& SEM ARzl 2 Ueh AL Qltt. Cit A|HoA =
SHA apARAS BT CZTE A|H A= B2 b}
3 B34 ol B BEEgor, 234 3

¢l droplets

o

o rlob

Fig. 2. SEM micrographs of the Co-Cr surface (group C)
and ZrN coating surface (group CZ). A) group C (x200),
B) group C (x500), C) group CZ (x200), D) group CZ
(x500).

Fig. 3. SEM micrographs of the Ti surface (group T) and
ZrN coating surface (group TZ). A) group T (x200), B)
group T (x500), C) group TZ (x200), D) group TZ (x500).
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FETO] H|aL A Col A AR S 2 of e 9JA]
*J Eﬂ’ﬂOl 'HOFRIITt. Fig 5% T3} TZ7 AlHS] 9]
A ER1e 3P FFE BAF A Utk Ti-6Al4V 3
/\]—ﬂ‘: Fig. 49] Co-Cr & A} v]LSH P02 TZ
oM s Fag spEel E3Hd 9P, T AlHOlA
é@ g 3 whs UEIRlaL, To] Ao s o
B2 ORI gxlo] 4 Alsol Foblict.
t-testZ AT IH AH7|Ra)= CFET CZZ
M SAFCRE fostAl o 2 AR F& HJAL(P <
0.05), THRET TZ7olA SAR 2 {osiA Hot 2
AE7] & U ATHP < 0.001, Table 4).

Fig. 4. SEM photomicrographs Co-Cr alloy specimens
after shear bonding stress test. (A) group C mixed
fracture (x200), (B) group C mixed fracture (x500),
(C) group C mixed fracture (x200), (D) group C mixed
fracture (x500), (E) group CZ adhesive fracture (x200),
(F) group CZ adhesive fracture (x500), (G) group CZ
mixed fracture (x200), (H) group CZ mixed fracture
(x500).
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Fig. 5. SEM photomicrographs Ti-6Al-4V specimens after ZEo| AL} 5l= AHoA EYE G, oju I E
shear bonding stress t.est. (A) group T mixed fracture 5 24 DRET oz gxle] AgEe B &
(x200), (B) group T mixed fracture (x500), (C) group .
T mixed fracture (x200), (D) group T mixed fracture H 9 &850 7P Fastthal HHEQ7] ufiol o
(x500), (E) group TZ adhesive fracture (x200), (F) Bro) 28& wEo] AHS Xyt
group TZ adhesive fracture (x500), (G) group TZ mixed Hr| ZA0x] TEAREO| B 7P Wo| ALY
fracture (x200), (H) group TZ mixed fracture (x500). = - = _—' =
EHE= A8 Co-Cr &Folth Ti-6A1-4V 29 3% I}
Aol AIEF Al =& A& = Qs ARl Fgho] U
O, Al & 7le EROE Qls) F|Tof g
I Qlek? wheba] o]Fgl 27kA] F4; AlHE o] g5} Al
Table 4. The result of t-test on surface roughness
Group n Mean roughness (um) Standard deviation (um) Sig.
C 7 1476 .03376
.002*
CZ 7 2467 .05725
T 7 1476 .01997
.000%*
TZ 7 2248 .03463

Sig,, significanse.
*, P> 0.05; #f, P < 0.001.
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Aol A Fast WA AlRHLE ZN IR
YEH o= B8y A So= et F7H A
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1. Zt1N ZHE 249 Azet JaHglo] BAHoz
Fol5HA U AZVIE F7F6tATHCo-Cr F, P
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2. 24 AE Agof FAIG] ZeN TR 1Eo
A AR AT ZOTHP < 0.001).
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