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1. STRE o W
1. BSAEHE Y AZtxal

12x10x1.5mm371e] S8 FE¥E S o
g e, 2838 ¥ Ni-Cr-Be §22 Verabond®
(Aalba Dent Inc., USA)Z 153} A7|F:27]E °]
g8t Fzagc F2E FEAHLS FAEAA)
(Nagase, Japan)& ©]8-3t] EUZXET 0.1um °|3t2
Aulsled & 150709 Avtd A& Exl3AT

o] & 57je] AH L dnld AEHE Fx, E ot
£ 571¢] Al# 2 sandblasterd ©]-&3dtd 50um alu-
minium oxide® 15%7H(#E43 40psi, WEA
2 10m) o2 FHo|EA BAG ¥, SHT
A 1087 22943 & Alstd Tt

Yoz 140709 AEL 42kE £9(10X 10mm)
£ A 93 UmA] B sticky waxE masking ¥ ¥
F&A 04247 (Polectrol, Struers, Denmark)2
Azt st} o] 140709 AJEe Asid A4
AHHCI00) Y 471 F=(10, 30 .50, 70%)% 17}
A 2227415, 30, 60, 120, 180, 240, 300%)<

Table 1. Testing scheme

2G4 207N 0 2 BRI 2 27 59 A8t
SItHTable 1). 428 $9ist AFAkele] Al
15 $A39D, AFLEE 600mA/m’2 4%
sdgon, 42ARS Tt BHURRE ARG
7| Sietel ARE 18% FAAN 1082 283 A
A%, TR FAL F A2

2. HEA| 3AtY BHxT A MztZlo] B

B8t 3k ERREZ237](Accura 1500M,
Intek Engineering Co., Korea)& o] &3td A AJof
27] 450 450me] thg ERZE (Ra, Ra = &
J 160 1dx) & ZAHsh R, Arpitsl 4)zRe) AAR
9ol <intg ®We] FHZE(Ra)sh 4jztd ®e
FdzZ(Ra2)d F3AES] 473 | (Etching
depth) & PaAch(Fig. 1).

3. FAEAEn B

FEAUSY AAFEE FARARRA(SEM S-
4200, HITACHI, Japan) 2.2 231 cH100081 &),

Surface treatments

Number of specimen

Polishing 5
Aluminium oxide(50um) blasting 5
Etching (HCIO4)
etching times: 15, 30, 60, 120, 180, 240, 300(sec.)
electrolyte concentrations: 10, 30, 50, 70(%) Tx4x5=14
Y
" s e e
lished surface .
. (Ray) Etching depth
Ra ( Ra~Ras )
X
etched surface(Ras)
ot A

Fig. 1. Surface roughness average(Ra) and etching depth.
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IIE SRS

1. Zst| 3R BH=ET U AZiZo)

B 33t FHERESAVIZ AST 4 AESE
o] FHZES} AZtzlol= Table 29 Fig. 2 2
Fig. 33 #onl F4£u¥H 3394 w|AgAS
Fig. 4~Fig. 103} 29tc}.

zt AYEEe] EUzEY AZzele] HEAE
T3t 2olE WilcoxonTH ¥ HAHLE HAH S
A3, gHz2ze] FHEAe dvkt 0.08m, sand-
blastmg:V" 1.14molR 25, sandblasting2] A

£ A&d & 30%, AAA T 3028 A &3
’ilz-}i‘i’—} Z3HP{0.05). €7H¥ sandblastingdt |
2] HFgole 0.86melRen, ol 10%-15222
T, 30%-15221Zb ¢, 283 70%-1522242%
2eHP{0.05)(Table 2).

A Ao T AT e FHRES} 4
ZtZole] A ARE AFE7] Y3 two-way
ANOVAE Algact. BAAMA D A 2A1t3
A A5z et FHREY 4730l Y&
& ztol7h dlon, Al A sz} A Azt A
Z2go] AATHP(0.05) (Table 3).

A&E sxe}t AAAzte] FAZE] 9ES |
3£ A EE Omegasquared4] (@} = SScdbSy

SSt+MSw )
o2 AR AH, AAXH38%), AHAFTE

(36%), A2t l‘=E,l -}%(21/ o2 Jest
om, Aztzlold JFE vAE PR 44T
(51%). stﬂél%z(zw), Azt wxe| 4sz
£(19%) €22 ekt

A7 g e FHEES 47zl
e 2t APF Ato]9) 242 Duncan s test®
A}l g A3E Table 4, 59 23}, 2 Aad
¥59 152 47N ME A dssd e ¥
d2Es 4zkzleld] felg Aolrt fAxn, 10%,
30% F=oAM e AZ4Ate et Rz Est 47
Aok FAsI oY, 0% FEANNE 427k

HCI10,
8 0%
7 10%
6
_ 5
24
3]
50%
%3
2-
1
ol > - 1770%
) 300

Time(sec.) 200

Fig. 2. Surface roughness(Ra) of etched metal sur-
face.

Table 2. Means and SD of surface roughness and etching depth (um)

Surface roughness Etching depth
Polishing 0.08+0.03
Sandblasting 1.14+0.09* (0.86+0.43")
Etching & 30 50 70 10 30 50 70
0.40£0.03 0444005 0.74£0.07 041001 1.25+£0.73" 1.19+057° 1904026 1.04+0.21°
30 0.87£0.02 1.16+0.03" 1.59+£0.11 0.45%0.03 3.32£03 3.30+0.18 240+0.31 1.40+0.18
60 1661014 224045 205+0.14 0381007 5974072 6.65£041 3.38+0.19 1.58+0.21
120 391+0.10 4554038 2994028 0434006 10251099 14574236 611£147 161+0.24
180 4.64+011 6.01+011 325022 043+005 17.14£146 19824110 1213£244 1.63+0.25
240 549+031 649+0.29 347+0.38 042+0.04 23.79+249 2860+146 1761+085 1.61+0.22
300 667+0.71 7.90£0.88 3521012 0.37+04 27147+1.29 33254200 19.79+0.76 1.68+0.14

*Result of Wilcoxon test: no significant difference.
+Result of Wilcoxon test: no significant difference.

( ): Mean depth after air-abrading with 50um alumimun oxide.



w2 3}o] & Holz] ATHIK0.05). 30%-300% 4
ZgoA FRZE 7.9m, 27447 0] 33 25m=z 7+
2 Zuzes 474H ol YeIATH(P(0.05)
(Table 2). AZNZHE 12025 L &, =
180%, 240%, 300% T 30%, 10%, 50%,
70% As)d Fe&o s FRZES) 44go|7t 3
ATHP(0.05) (Fig. 2, 3).

404
HCIO,
§ 40 30%
3 10%
oy
<
2 204 50%
S s
&
10
270%
0 T B ASSARRAA T
100 0
Time(ssc.)

Fig. 3. Etching depth of etched metal surface.

Table 3. Result of 2-way ANOVA

2. FATAHOELA

FALAAEN A &AL Fig. 11~Fig. 163 2t}
Aupir v wd Fed FHE B, sandblast-
ingZel e AR 4= AF AL FEG] AAZ
o2 Bad g9 By A v 10%%
30%5%9] 27t 1529} 30% A ZtA oA A%
AARAE met F3lo] A4 & BRen,
AlZbo] Zzhgtol whet A UA et ol A<
A wEA A8 AztEloAmn Al F= 50%
9] 152 73 30x wollM = 2 YA E wet 3
o] AztglolH, AZHA T whe} 2] zto] A3}E S
o} 10%9 30% wHth= 4@ FasTt. 70% %
M Alzte] 3002714 At gts 2 zte] 2
oA e AL A9 st

V. %‘)E.T'_I- al

2l xb

=

Source Surface roughness Etching depth
DF F value P)F DF F value P)F
Etching time(T) 6 635.45 0.0001 6 904.89 0.0001
Electrolyte 3 1140.44 0.0001 3 998.09 0.0001
concentraion(C)
TXC 18 112.00 0.0001 18 115.02 0.0001

Table 4. Result of Duncan’s test for surface

Table 5. Result of Duncan’s test for etching

roughness depth
% %

Sec. 10 30 50 70 Sec. 10 30 50 70
15 M M LM M 15 K K JK K
30 LK K J M 30 J J JK K
60 J I I M 60 I 1 J K
120 F E H M 120 H F I K
180 E C HG M 180 E D G K

240 D B G M 240 C B E K
300 B A G M 300 B A D K

The surface roughness decreases in alphabetical order.
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The etching depth decreases in alphabetical order.



A3 Wgdte] AZA 2 A3 23] 5o &
ol A A= o] Auyel the 77t N&H R
o] Folz s,

1973 Rochette’”} 38 4% Ao 2 A
tAHe FHAT = 4 Bug o, 19804
Maryland th8+e] Thompson ol 93 UA-2 28
a9 A7z B A7, {4 2 A E
Ha8l7] 918t retention beadE ©] &3l 2 ZkE
Z2E7, AZAAA Y] e, a2la XF e A
% 243} bonding agents 2 21ZHe F4uUH ol
2 8-3h= metal primer 5 AA4FZEHE] §A¥
S Al o) 7kA] adhesive system™} S4EH
o] A Ee] Busz ok,

A4z HAEY] fXEE AR F&57
Aoz g WPA, 2eln 1 Aloldl |
Rz Aoz Ao, o] F FEEHY 4
2+ P2 ol dF A (phase)Eo] WA
Uze 2A o] Rojz|e Aol7| & F&F A4
AA ZREE 4o J9e ZE7ZE e
HAZEEF] A3 AR Ha0H 3 glow,
2 AddME Ni-Cr-BeAl HAZEESY
VerabondZ AH-3t5ith.

Y4, 2, agla 2YE 59 vASEEF
A4 e7] st Algste A e 3 3
Ab GAt a2la HgAA Bo) glon, AgtEe] B
DM YA-ZE-HNEEA HASESEES F=E
10% 8448 o] 431 300mA/cm?’e] ARIYEZE 3
B3 A4Agste RE gty oz FHsln g

a2y E AgeA A3 S5t r] Az
A AHAE FEE FHH L, FFE
£ 40%~60%°10. HEaAHE AHEG 22}
T AFE ¢ it AR AR FHF
=91 50%% £33} 10%, 30%, 10% 5% 383t
1, A 7He 152 ~3002 WA T7IA] Alzkz
e 47 Ag3td A7E3AR AAAEE Al
g F A = A7 iE 349 BY
Zx9 2Zkzlole] WstE Hlmale 71 A3 4
2270 & Gote 1A} 3ttt

2 Agox AHeE gt B A4F AF
AEE T3] 8 FAAARE o] &3 H7)sg}
A 72488 g e, 10%, 30%, 50%% %)

o
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A AlA Fale A5(Ag/AgCh & FFH S (ref-
erence electrode) 2.2 3= FFEFIANE 7319
31, 2249 €2l break down potential® < 338l
600mA/cm®e] AFU=E A3t

A A A 10%, 30%, 50% A AEEA =
AN 74E<E 600mA/cm?e) M AFLUEE B
FAE, 70%s=ANME ¢ 271 UBEA Hte]
Z 35t A77)9 27] A 6vell 24391
AfE S0mA/ar’el 32 Wizt o o) A Zk-go]
oA sttt ol nEEQ 70%9dME 271
g ZFQAT 7o) dojudm A|Tko] 7 z}et
A v FA ko] YA AF7F 3] A
£ FEHEd ) A Zes AuE £ gl

8, 2ZE 24 HHo B |29 AFEL
FAAAA R o] RS AR st Jon™
¥ FAZEV Zzlold] tig ASEAHY Baus
& o] E3 Aot wEtA B AP By
o] A 3PS o] &3 B 3AY EHURE
ZA712, 74X d 24819 33493 ZAFY
< AZEH gAY

F3t] 32t EURE E237e S o
600mm ©|w, 3}4e] 7+ 2 o] (coherence)= oF 1.8um
Axr} He WA3e A1l A=E 73 wEko
2 100m MY WM HDFF AAHFE PIT
(Piezoelectric Transducer) & £3j 7|&H & o|$A|
71HA A FH] 7ol AUt He BE Fe
WHoe RHZE &7, 3Ad IS, @5
75L& EE, V134 22 Ao SR FEE
F e ey B Ad 34 o) opr.

EHZEE EASte WY Ra(Roughness
average, 44 Hd AA7]), Rq(Root mean
square, A5 B F92 AA7]), Rmax(Z9Zo]
o] Aizo]), Rz(Ten point height of irregularities,
104 B3 A&7)), Rt(BAA D E71x| 9] Hh+3]
Ag}) Tol et & AhoXe 7MY Bol AHEH
T U3 ek Aeln] g4A A8 ¢ & RagkS At
g3t

B 43 Avto) oty FAREe} Aztzle]d
7HE 3A 9L A E AAE QAo
P, AL BR)To 2 e, 50um
aluminum oxideZ ©]-&-3 sandblastingw?¢]
259 4ol e ALTEEF F& TR 4



Z4zlolE Ze FEF RAFSHA Yttt 30%¢%
10% =AM E AZ4A1Rbe] 7t gt 2= %
Aztzlol7t vigl o2 FuiEgded, e ¥
29 o)A FAE AN W, FSEBY A7
g Aztzlol® e} FAMARAR ARA HAG
FHREYE 2t AaAsre 30%% A4
300% 24Y< ¢ + ov, F3 2 73
#213 AARHYEHE HAFshe ATV BReEH
ofdt Ao 2 JYHET}

FEA4EL 349 AFTRE dotRAY B
NG 3 WY iUz AR $E=dP, A}
AR #EAA 10%, 30%, 50% Fx=9 15%
9} 30% AZ4A 2N 2 LA A& w
wgo] AEE oz APTZRE golE 4 ¢
Rew, Ajzte] Aol wet Z2FYA B ohy
g 43¢ AT F3o| Azdde e a2
& A3, 10%9} 30%9 F=AAE AlZte] A3
S5 AzhoRgo] Hl&dte] 3] o2t} W
o)) 70% F=odX e TRZEANA G Zo] 744
7173zl whet Askst A dojuA] ettt

Simonsen® & UA-ZE-HEEA ST 57 3R
zie] AL A3 2R F2U A7 € gamma
prime phase relief2th= FR4 AR T2 Alold &
Ase lamellar phaseZt WUt 2H A71A
o, o]2g A & v|A 729 7143 undercut
Hrle AFez gz ZHAd 7198 Aol
23R[N 01 E AP e AFERE AU},

A3 REGH 0T FHEHS AV R 4
ZAsls 24 71 24 vAAE S
£ d ok ol AA4FAe AAR 9 PFEg
A Ztg A3 v @& 4 gled 22 HPEAA T
AeAEL dddte A& macrotag®t microtagol
t}. prismAtel ol A B = & macrotage Zol7} 2um
of| A-5umo] 12, prism WA #H2AE = microtage
macrotag S 2HE1 8] f4 E713 ) (filamentous
projection) & Weh=tl Zo)7} lmo) A 10mo]
™ 0.05me] 273< 7F 231t} 2 prismehct 809
A 250709 9= & Ho]FE microtage BE F2
Q18 #23} HZ5 & WA o] macrotagRth ©] K7
o] FQAIEANI*® wetsd B A"o)A A
¥ ¥UxLrt A st gRge] 2] 2
tae & F g, B e 2§ S 47] A8
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2zt g4 Aopae] wA Fej -z it 4
A Z2PFe A7} ASHoloF & Rez A7
23

V.4 B

UA-22-HYEF = (Verabond®, Aalba Dent
Inc., USA)eZ F2H 12x10x1.5mel FEA
HE EHZE (.1mo]3t2 Avfse], Aupd 570,
sandblasting® 571, A&T 140702 74€E &
150782} Al9-& F4)3}th. Sandblastinga< 50um
ARGsE A3 on, A2hE-2 T AAHHCIO) =
A3 10, 30, 50, 70%9 AsldEsxs} 15, 30,
60, 120, 180, 240, 30029 A ZAA|7te 2 440}
7191 PolectrolS o] &3t 2Zkx 2] 3t o| % F
AAARe A B 33U AUXESA V)
(Accura 1500M, Intek Engineering Co., Korea)
2 72t AP B} AZgelg SA3Ath
B A3zA%A 23 22 2ES 4 F U
ATh -

1. AZAzE Ad e, A 523338 &
oz d FEAIHU] RHZES 2] Zzlo]q
FgE vl H(P0.05).

2. 10%9} 30% =M A2t 2ke] F7tel| uhe)
Fazze z4zo)7t 278l oy 0% %
A= A 7] WE 793 Aol = UEA]
&H(P0.05).

3. A ZFAIZE 1202 o] F9 M= 30, 10, 50, 70% A
Hd oz FUzEe Azkgo)rt AU
(P€0.05).

4. 10%, 30% 559 1529} 30% A ZtA| 7oA 2
AYARAE wet FRE A} & #EE
F AR Az Tl whel A YA B opy
g 239 FAAME F3o| JTHe S
#EE 5 YAk 50%FEANME A7 e
ute} A zto] A=y 10%, 30%F=Ete 9
TRt 710% 52N T 2 ZARE] e 4
Zppge] Wshe T3] gt

5. 50um aluminium oxide®Z sandblasting®t EHZ
£(1.14+0.09m)= 30%-30% 4Z4+(1.16+
0.03um) = 23cH(P<0.05).
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3-dimensional surface roughness of metal surface.

Fig. 4. Polished surface.
Fig. 5. Sandblasted surface with 50um aluminum oxide.
Fig. 6. Etched surface with 10% HClOx4.

a. 15 second-etching time. b. 120 second-etching tlme.
Fig. 7. Etched surface with 30% HClOx4.

a. 15 second-etching time. b. 120 second-etching time.
Fig. 8. Etched surface with 50% HClOx4.

a. 15 second-etching time. b. 120 second-etching time.
Fig. 9. Etched surface with 70% HClOx4.

a. 15 second-etching time. b. 120 second-etching time.
Fig. 10. Etching depth with 120 second-etching time.

a. 10% HCIO4. b. 30% HClOs. c. 50% HClOs. d. 70% HClIO4.

Scanning electron microscopy of metal surface. (X 1000)

Fig. 11. Polished surface.
Fig. 12. Sandblasted surface with 50um aluminum oxide.
Fig. 13. Etched surface with 10% HCIOs. ‘

a. 15 second-etching time. b. 120 second-etching time.
Fig. 14. Etched surface with 30% HClOa,

a. 15 second-etching time. b. 120 second-etching time.
Fig. 15. Etched surface with 50% HClOx4.

a. 15 second-etching time. b. 120 second-etching time.
Fig. 16. Etched surface with 70% HClOx4.

a. 15 second-etching time. b. 120 second-etching time.

Reprint request to:

Young-Chan Jeon, D.D.S., M.S.D., Ph.D.,

Department of Prosthodontics, College of Dentistry, Pusan National University
1-10 Ami-dong, Seo-Gu, Pusan, 602-739, Korea
cmjeong@hyowon.cc.pusan.ac.kr
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Fig. 10c. Fig. 10d.
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ABSTRACT

EFFECTS OF ELECTROLYTE CONCENTRATION AND ETCHING
TIME ON SURFACE ROUGHNESS OF NI-CR-BE ALLOY

Jae-Woong Heo, Young-Chan Jeon, Chang-Mo Jeong, Chang-Sub Lim.

Department of Prosthodontics, College of Dentistry, Pusan National University.

The purpose of this study was to evaluate the surface roughness of Ni-Cr-Be alloy(Verabond
Aalba Dent Inc., USA) according to electrolyte concentration and etching time. Total of 150 met-

al specimens (12x10X1.5mm) composed of 5 polisded specimens, 5 sandblasted specimens, 140
etched specimens were prepared. Etched groups were divided into 28 groups by the HC1O4 con-
centrations(10, 30, 50, 70%) and etching times(15, 30, 60, 120, 180, 240, 300 seconds). The mean
surface roughness(Ra) and the etching depth were measured with Optical 3-dimensional surface
roughness measuring machine(Accura 1500M, Intek Engineering Co., Korea) and observed under
SEM.

1

The results obtaind were as follows:

. Surface roughness(Ra) and etching depth were affected by the order of etching time, electrolyte

concentration, and their interaction(P<0.05).

. Surface roughness(Ra) and etching depth were increased with etching time in 10%, 30% elec-

trolyte concentrations, but they had no significant difference with etching time in 70% (P¢0.05).

. Surface roughness(Ra) and etching depth decreased in the order of 30, 10, 50, 70% electrolyte

concentrations from 120 seconds etching time(P¢0.05).

. The remarkable morphologic changes in etched surface were observed along the grain bound-

aries in 15, 30 seconds of 10%, 30% concentrations and the morphologic changes could be denot-
ed in the grains themselves as well as along the boundaries with the lapse of time. Even though
the noticeable morphologic changes also took place in etched surface with 50% concentration,
the degree of changes were less than that of changes with 10%, 30%. However, there were lit-
tle morphologic changes with 70% concentration regardless of etching time.

. Surface roughness(Ra) of sandblasting group with 50um Al20s had no significant difference with

30%-30 seconds etched group(P<0.05).
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