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Elemental alteration of the surface of dental casting alloys induced by
electro discharge machining
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[Abstract]

Passive fitting of meso-structure and super-structures is a predominant requirement for the longevity and clinical
success of osseointegrated dental implants. However, precision and passive fitting has been unpredictable with
conventional methods of casting as well as for corrective techniques. Alternative to conventional techniques, electro
discharge machining(EDM) is an advanced method introduced to dental technology to improve the passive fitting
of implant prosthesis. In this technique material is removed by melting and vaporization in electric sparks.

Regarding the efficacy of EDM, the application of this technique induces severe surface morphological and
elemental alterations due to the high temperatures developed during machining, which vary between 10,000~
20,000°C.

The aim of this study was to investigate the morphological and elemental alterations induced by EDM process of
casting dental gold alloy and non-precious alloy used for the production of implant-supported prosthesis.

A conventional clinical dental casting alloys were used for experimental specimens patterns, which were divided in
three groups, high fineness gold alloy(Au 75%, HG group), low fineness gold alloy(Au 55%, LG group) and non-
precious metal alloy(Ni-Cr, NP group). The UCLA type plastic abutment patterns were invested with conventional
investment material and were cast in a centrifugal casting machine.

Castings were sandblasted with 50 .m Al2Os. One casting specimen of each group was polished by conventional
finishing(HGCON, LGCON, NPCON) and one specimen of each group was subjected to EDM in a system using
Cu electrodes, kerosene as dielectric fluid in 10 min for gold alloy and 20 min for Ni-Cr alloy(HGEDM. LGEDM,
NOEDM). The surface morphology of all specimens was studied under an energy dispersive X-ray spectrometer
(EDS).

The quantitative results from EDS analysis are presented on the HGEDM and LGEDM specimens a significant
increase in C and Cu concentrations was found after EDM finishing. The different result was documented for C on
the NPEDM with a significant uptake of O after EDM finishing, whereas Al, Si showed a significant decrease in
their concentrations.
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EDS analysis showed a serious uptake of C and Cu after the EDM procedure in the alloys studied. The C uptake
after the EDM process is a common finding and it is attributed to the decomposition of the dielectric fluid in the
plasma column, probably due to the development of extremely high temperatures. The Cu uptake is readily
explained from the decomposition of Cu electrodes, something which is also a common finding after the EDM
procedure.

However, all the aforementioned mechanisms require further research. The clinical implication of these findings is
related with the biological and corrosion resistance of surfaces prepared by the EDM process.
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Table 1. Chemical composition of precious metal and non—precious metal (Unit. wt%)

Element Au Ag Pt Ni Cr Me Al Be
Type Il gold alloy 750 137 3.0
Type IV gold alloy 550 250 4.0

Rexillium V 740 140 9.0 25 20
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Table 2. Chemical composition of surface of all specimens (Unit. at%)

C 0] Al Si Cu Ag Pt Au Ni Cr Me
HGCON 4586 3848 395 129 272 338 00 432
HGEDM 64.02 1737 027 054 470 292 057 961
LGCON 4247 4056 414 244 174 182 042 6.41
LGEDM 7423 1343 082 042 418 291 020 381
NPCON 6202 0.0 537 174 2409 531 148
NPEDM 6870 1991 079 025 696 304 0.35

F 4= UchE ™ 5, 2000).
2Rt wAE S S5skaL AR yAde 717
7] gt i 02 CAD/CAM milling, electro forming,
W7 (EDM) -9 HHo] Qe glon] Bz He
7hrEd] R S WIAIA] o a4 =Y
o] Y A 2o 7k AYETE 943 S
78 Qlof X|ap RAE AzE HAEY AfE 4, o
HE 25O AP 24 T 5Ho® AH|E wof
of &85 o] BsHA AREH AL QTR 2000; 3¢
ojgfgt WA7FsR o A A= S
Aifof ek A= wol o] FofA|aL Jlen I i &
Wb mE Atola] E8eHA Uehal ek 5,
2001; Adersson 5, 1996; Contreras &, 2002;
Evans, 1997; Romero &, 2000; Satori 5, 2004).
Jeu A7 e A 54 s e w2 A
He] FHA WAt EetzntE THEl] 54a9Y
o #& 25F 7lote] 2R 55 ArE &8 it
AA AATHE oz ojuff w4 7Fsf]= 10,000
~20,000CY] AL T 250 W F2H AR W
3}E oA 4= Sk, T fAA ol FAF Aol Al B
7hgo] Eojof sh=t] oluff FAAe] & Esfjz ¢Igt A

S AR A5 g ofsf el faso]

o

—

we

o]

(

ol
o
10
B>
jatal
L2
rlo
-4
ol
=
kl
o
>,

i
2
&
T
—H
i
i}
>
30
o
£
o
rlr
ul
Bog
oy
N oo
it
1o
=
-
%

i)
oZ
i}
£
i
Jo
o
ox.
©

T
oZ
ek

o

= QItkZinelis, 2007).
A RakS e I L k|
|23t HG Ao A &
.S vk I Al HGCON
2 45,86 at%°] % o 10+ W317Fs Al'H HGEDM
AHO A= B o] 64.02 at%® UEFGOH, o=
Zinelis (2007)9] 58% Au-Ag $H A8 AgolA B4
Auop Al EHO g FHrE 3.4%, WAV Al
6.3%°1 Bl v~ =2 57k 23S Holal IUTHChen
5, 1999; Dewes &, 2003; Simao &, 2003; Theisen
and Schuermann, 2004; Wang 5, 2003).

Az a8a LG A8 E 54 dut AlH
42.47 at% T4 TRkl 108 W7 LGEDMS
74.23 at%= =7 Ve

HlAE4 @ NP AJdFoAs 34 dAnt AJ#9
62.02 at%2] T4 o] NPEDM Al 68.70 at%=
OF7F =A| UEl e, Zinelis(2007)9] Cr-Co & W4
7k Aol A= 5.54% S7F=E et ghaxo] Bl

Hake grioo] Wo] AR lste] AR Hajeo] 7

e
>
i)
=2
>
A
ox
ok
E; i
Ir
)

r

%0
s
Sv
rlr

|
i
H
o
i
lo
N

B
oX
Ehid
o
58
o
i
Buj
v

r’l

o]
%

2.72 at%°A HGEDM 4.70 at%, LG AlHwto|A=
LGCON Al# 1.74 at%ol|A] LGEDM 4.18 at%= ebd
o NP AJH A= AEE A gttt

H31H M1z 20093 59



Zenelis(2007)9] Aol A= adha AlEoAM = 4% 5
7}, Cr—Co AlHolA= &4 dAnt Al A= Aeol §
Qo A7 ¥ 7.3% 5712 YERHT 2 A=
A% A Bl deh A vl TeekR o
Zpo)7F Uhs A3HE Kol Sl olzjet Hte] A9 &
7}& :’Lai ;Q]XLQ 74%:1-0] HPZ~]7]—T_oﬂ}\1 HL/%JE]J: gz
e} o=lo] 245 7128 Eelo] AxEhe Ao Tt
o o]t o] Awe 7 W Bo e HkEEol &
_é': 7].50'%94 LH_‘?_/K]/HI]— /\ﬂ‘j‘&]‘x-l §]—7:]94 C‘)_]_—Z(-)]/\'LQ_ xﬂ—aﬁ
SHA| ka4 Qlek, whehA] o FA A E 2] AR
o] 7 W oA 9] A Aol HYAS Hek A
SHA| A5t 24 o] B asirhal A2 thDewes 5, 2003:
Simao 5, 2003; Tsai &, 2003; Wang -5, 2002).

A HAE AAbof| o] &%= WAz A8 /Y
o A o2 2 S84 932 slewd 24 o
% Q75 A BN 1 a2t FE%

ST et WslEEY] Bt B YA
AoiM = W7 o] Aeeha Aol o
H-7F Hete|ojof st 53] A= 9
729 G Al wA= Gl gt 2
Aot —Hr“o] ”36}‘_4'51 Az %E} = A

£ s

o_>;, F_.~
> 2
E‘ —E‘ et
N ol §2 OF
o

oo oo B rloon

<t

Lo
)
2 104

A5 U el kel A1 el
23 AUt A7} Basieh BerE,

g 2

A3 QJEAUE HABY YT DA AT 919
A S EBI TR A3H0] R0 ARE
2 T WAk E thE AP Sl v
stol mE X3g 34 Aol dhste] Aol 1A 5
o] H1EY S92 H2aekt 840 rk A

3o,
o o
ok
B
N
ok
BN ol

=)
-

9} e e e .
QA TR QENE mABON Ageis T
F3 RS T B4 7HE) istel WAk u

60  cHgHxIRE 7|2 oY K|

H3to] tshe] }—/\Fﬂ"ﬂﬂr
QA o7 wo] AMEEH=s UCLA ZetAE Ao

Au 75% e Al HG=2 Au 55% 5= Al LG
=, Ni-Cr "5 e AlE NP2 Alksigiat. 2

ollAl 1 7] Al BAFAQ1 Aak dAup a0 g A|zts
%31 (HGCON, LGCON, NPCON), - B} g4 of
A 1087 718t Al HGEDM, LGEDM A|#H¥} 5
o 3o A 2087 WA7HsE NPEDM Al A&t
8lal HE AJHS EDSE FH AE #i3lS matsiglnt,
EDS &4 A= W47ks?t HGEDMY} LGEDM Al
Holl A= A} 2] Aol #| Uehien NPEDM
Fo| A yepon Al Si AEo] WA Lpe}
F& Al g AEo] =A vepd A2 #
] 3]_ 7401111 :rqu /H_Hro] ko 74
2 wlolc) vzl 714

= H'GHHL 7% Al e 4= QL
=]
]

ks

b
o

Lo
oL
2}
N

4
1o
Shd
:?L
il
_IN'

i

ol

1

=y o
o

o

fr 1o o =& ¥ rlo
12
lo
> ifie
N oo e
:Oé‘
é

i—".

e
]

;‘:ﬂl

:?l=
X
ofj
i
et
re
-
M
1
o
e
fo
PL
_:L
=
- <
_\1
(it
)

i=)
gl
3]
rg
—Ll
o w
>

Rh tﬂﬁ °4:rL
L AT apeleshel AAbeE, 2008,

%5, Introduction of spark erosion, tjghx|zhed
537, 38(4), 402—410, 2000.

S84, vASF7s e (B - A - 2397k,
2004 A71&FF2AF B4, 67-99, 2004,
oo A, e, AT A7V HE o
o AEHE HAEY] AP A iR

+3]%], 39(1), 2001,

Andersson M, Carlsson L, Persson M, Bergman B.

s g eyt

Accuracy of machine milling and spark
erosion with a CAD/CAM system. J Prosthet
Dent, 76(2), 187-193, 1996.



Chen SL, Yan BH, Huang FY. Influence of kerosene
and distilled water as dielectrics on the electric
discharge machining characteristics of Ti—
6A1-4V. Journal of Materials Processing
Technology, 87, 107-111, 1999.

Contreras EF, Henriques GE, Giolo SR, Nobilo MA,
Fit of cast commercially pure titanium and
Ti—6A1-4V alloy crowns before and after
marginal refinement by electrical discharge
machining, J Prosthet Dent, 88(5), 467472,
2002,

Dewes R, Aspinwall D, Simao J, Lee HG. Electrical
discharge machining and surface alloying—
the process, parameters and state of play.
Mater World, 11, 16—18, 2003,

Evans DB. Correcting the fit of implant—retained
restorations by electric discharge machining.
J Prosthet Dent, 77(2), 212-215, 1997,

Romero GG, Engelmeier R, Powers JM, Canterbury
AA. Accuracy of three corrective techniques
for implant bar fabrication. J Prosthet Dent,
84(6), 602-607, 2000,

Sartori IA, Ribeiro RF, Francischone CE, de Mattos
Mda G. In vitro comparative analysis of the
fit of gold alloy or commercially pure titanium
implant—supported prostheses before and
after electroerosion, J Prosthet Dent, 92(2),
132-138, 2004.

Simao J, Lee HG, Aspinwall DK, Dewes RC, Aspinwall
EM. Workpiece surface modification using
electrical discharge machining. Int J of Mach
Tools Manuf, 43(2), 121-128, 2003,

Theisen W, Schuermann A. Electro discharge
machining of nickel—titanium shape memory
alloys. Mater Sci Eng A, 378, 200—204, 2004.

Tsai HC, Yan BH, Huang FY. EDM performance of
Cr/Cu-based composite electrodes, Int J
Mach Tools Manuf, 43, 245—252, 2003,

3§ 32 ) PA7HEo] TE 29 4R st

Van Roekel NB. Electrical discharge machining in
dentistry. Int J Prosthodont, &2), 114-121, 1992,

Wang ZL, Fang Y, Wu PN, Zhao WS. Surface
modification process electrical discharge
machining with a Ti powder green compact
electrode, J Mater Process Technol, 129,
139-142, 2002.

Wang ZL, Lee HG, Aspinwall DK, Dewes RC, Aspinwall
EM. Workpiece surface modification using
electrical discharge machining. Int J Mach
Tools Manuf, 43, 121-128, 2003,

Zinelis S. Surface and elemental alterations of
dental alloys induced by electro discharge
machining(EDM). Dental Materials, 23(5),
601-607, 2007.

H31H M1z 20093 61





