A z
A5 o iy
. AP A

3% 9 a4k

4 &
Fugy
gE2E

.<ZE='—‘

I. M £

EA AR FzRA AHEE E A 2 g2 A
43} 28 o Al3l] Sla) A oly  HalaHaige]
FLY el Helo, ALAql A4lE o et

vl F4E 3L w2 S§AHI $5F, HY: AHH,
7 Ak, S4% AlE, b 59 sie] o
ol vHAs Axel Aae]l los, wlmd Al
FExE + Ui P JAdezs HASSUH 2 A
o7} glebm ¥3msw ock. '

ALY 52 Aot £ o ZHaslzn
Lo o 5 EAEl Y22 A8 4 Y} O Cr-
aig®, Jones 5 O& wl¥ FE3 20 5L AT

HAI4d3ucet L5~ 2 225, el a9 o]

— g2 H R Aes)al [ Vol 23, No. 1. 1985—

7b 297t S 3 eisl F2 8u o} Folsle R v B4
@32 coping FA AW A b F ol + gletm
FAst g ol

28, 9 B4 e slg el A&y
ZH e sag, creep o sg Yol Erb2.7.859,
10,10 o) B3t A 53 7] AField B 4
dew, o ¥4 Asd doi=ex g IHIn
o ghAl b st 912 steld dd R by
embrasure space & & &5l AFHo 7 JE ok
+TEINIEEE F U

Hl ] FEFe 2wl wol HIEYITuch WAl 4
48 4 Aok, Weiss® 1 =l 24302 414 4
coping®] 72 0.1 ~0.2 m7x], 4o Hixo
2 0.05m7ix) Al & 3, ola FAldds
sAEEor 3 WYL glctn FAsde)l, gk F
2A & 2AoktAle T A4l Rel g L FY
+ A&, 52 overcontouring g FHH 4,
EAE Y7 o g 7S nlEEke o U2 o)A A
3}E k& F Qlek

a8, HAHFEYEE A Aol g2 Fio
2 F23b7] YEotzm g g} 141516 o] wlF
ol ol E2152 %7 FAAl sk copingS Fz2
F Al e ubyE 2 o] HS FEY & A
off Foll eb-F717 UEx, HHSFEY 3N g7 aic-
kel, beryllium 4% & &% $2d 7} 2c}12,17,

=ep] g F2AE AP Fxshe FAlzk Al
o, FZ240] § 3 A9l ol $H A Fe 4L
TRIA glct 18

F32A-e patterng) A ¥} gkb o8 F4lg
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A s B2 $YE T 19,

Z24 438 3%, 24 9 2z, pattern
o} AA), HEA 5o chokgt 840 o8 gL Wt
cf 18

Vincent > Donovan 19952 F38jo] £z4%&
$ole dl 7B F835kn, o1zl I A

T F7HIAA A + dou 339 kg S714|
= AL IEY st ol dolvpmr, YA sh4g 2d
A7) ubdlo] wpgkdhctm Sl o,

Vincent ! Jarvis 5202 Fz2wol 32
E 7kl 9. FAl7F 1o, beryllium ¥4
2] F2A4e] wofn B3k},

FFe dd = ol 429 54T FuA F
ZAE oI, AL Ee) Skl Sl w4 g5
o] wob uf g 3hx] RHaet 16,21, 22)

o AT FEIAIT F24ol At dde &
otz F48e, |4k -2 torch £ &5 279 ol
3 2T PSS 5o Fold YL Hsiay)
2220 fEFzA7 FeEletn FAs A 1B,

Compagni 5 Y& Fz25419 &4 yddl+= F2
Aol 42 A7 glz, FUA AAl 7 7H 2 89e]
2 8 astedcel

Barreto § 292 AL&3t ol EAWl wel F2A) E
zol7h glonf, Jardoen AgEls] Ao ulHFTLEYE
3ol S 7k} HETAE A s ok gebn F2EHH,

Ao Al EA = A 27 Tl A vig) F
718l F3t ol Hojxle, W57} wotm WA Ut

1426 oz, QAtgul AR €Y de F7Y
W 2¢ §7] f18l casting ring €3} 38 79 o
A FAE AE L ¢ AR dkm, ring
Fo 2 YUsiet-g Folul gl uhyje] AAHdn, =,
vent o] Ahfo] Watslo] i 14,16,2D

2=, vent 2] F8-o dlald o Fol Alssle]
$#to = Henning 2®-& B2l F27} back pre-
ssure 2 SIgt Aol ok}, F£ L& IHAY w
Foleta Al =, Rawson 5292 moldy
Y zt31Ae] back pressure ¥l o 93k, vent
+ )7l mold space R Y B U@ <4 9k zo] &
7Z13¢t chill-vent 2 Z-£3ct3 F39 o),

Asgar 30 Fz 4ol Az 332 918 u|g}
+ 44 Ya4§ =3tdet, 2+ U4 Y pattern
o] 8% 4 T s]=g o, Nielsen3 Shalits??,
Barretto3!.32) t.o
+ dxd$ pattemo® 83w, Whitlock3®,
Kaminski 3, Presswood *®52 mesh&, As-
garg} Arfaei 37 H A2kl patterng,
Vincent!®, 338  Howard % 392 nylon 4¢

wedge-&, MacNamara?®

ol g3t 2 Fx4ell g 4YE Yatdeh

o] 4 Fx Aol it B o FEL 2ol AuH
ol 4ol patterne) o) Za) Yk zeh), old wo
44 pattern AF4-Fo Hejo} chzm g ql4ty
o2 2-83ksjolle AM Ao] MEzhcl 18,39 gy o)
A FAA48 2= el Y pattern L A3 o3Pl
Mg 5o},

Az2e 2AAGF=2A] coping Felol Bef 4}
3§t polypropylene straw-g o] 83} 4% 3 patt-
erng m3kdle] Fx4 3ol o] g3k},

2 372 F4L vent 9} chill vent 783 of
A A 27 g supol e A EE FzAle F
2Al vlal = G- 228171 ¢ Folc),

I. MExig W ¢y

A7 5.0m, F7] 0.152m2] polypropylene st-
raw (A4 skErT 48] 4h, A )2 10.0mm ol 25
ol A=A dxde Arpslded, 7 gole
10.015 +0.008 me%ic}, %45 2] 3 & -2 32 gauge
sheet wax ol <z slA] 43, F YA T 243t
A wax & Fr}Elxl @ ggshac

942 v 5 8 gauge round wax 2 Al z2skgc)
AR AHE 3.5em o] 2 vtET of Foll4 5m ey
Zoll 2em Zol2] FRIA & VYo r AFsidch 44
ARz} of Boll4 7.5m == 219, Tl 1w 7+
Ao R 2m ol Tz Y4 -E 34 428z, pa-
ttern®] of ZHile) Fold 3} A 2EkA| st waxz 3
Aslgdcel (Fig, 1)

vent & 18 gauge round wax(% 7 1=m)E pa
ttern Z-oll4] 2 mm shufo)] Ba}bslw, 4
N4 20~2mm o)A crucible former & <%
ol & 5% 2AstAct (Fig, 1)

7] W &2 A 7R ¥z W7k F34] )= chill
vent & 18 gage round wax vent s} 7+ 3
el 2 ubgo], 4Ydl 445 vlH F5¥F(Vera Bond
: Aalbadent Corp,, Concord, Calif ) 2 & ojg]
#z3 %, patterne] ¥ 49+ stone} rub-
ber wheel 2 avlsle] vent 5} B 22 ulgoz
wax 2 233l el, (Fig, 2)

Y 2 shv}e] patterndls vent iy} chill vent
& yabslA odshe)

A 7] 49mm, =o] 45mm2] srainless steel cast-
ing ring & vdel ring liner (Whip Mix Corp.
Louisville, Ky, ) 14& ring Eol4 6mm Hof

8 1n.o
T E
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C10mm 7. bmm

j 6mm
dot -7 — |

10mm
2mm

20mm

Fig. 1. Pattern's positioned in the casting ring

1A shed 2Steh. ring Eoll4 6m =& Fol pa-

Fig. 2. Patterns attached to the crucible former
with vent, chill vent and without vent

ttern o} o5 % &@, ringel EAY M}  pa-
ttern Bo| YA 4ol SI=F wjd shddch of =) vent
o wake 3 32 A9 A geyEge ® fA%
55 stdd,

2z 4 ringdl BAF Aol Aule 2 24 cradle
o ring S $1=2AZAS =, ring W 7 pattern 3t
o) 43 4 Alol et §§342] TRl Fhild F2
A8} 2ol & WAAH FH5AR Vol o mz ool o)
8]5te], vent & Az§ pattem (V) chill vent
§ 4#% pattem (C), vent 8t chill vent§
A2 5hA -2 pattern (N) & ¥ £4E 67129
7Ks4 =¥ (VCN, VNC CVN, CNV NCV, NVC)

Table 1. Number of patterns according to their vertical position in the ring located in the cradle.

V: pattern with vent,

N: pattern without vent and chill vent.

C: pattern with chill vent.

vertical position dense surface of investment sum
of patterns removal | maintenance
detr
T = VCN{V C N
upper 4 4 4 |4 4 4 24
molten—’ ) middle 4 4 4 |4 4 4 24
alloy
> lower 4 4 4 |4 4 4 24
= sum 36 36 12
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o2 vrm, 7 23 444 Agsdo, of F 2
A ol EA el otS A Adtn o) T @), o
27 st E & AR olE¥ o FgE sl =eld
vent Y} chill vent& Y3} pattern, ol S i}
#a) 92 patternol F2 4 ring W9} 4, 3,3 9
ol 24704 5AR A 4= 97A 3sch (Table [)

Ql4kg wi-€49l Hi-Temp (Whip Mix Corp,
Louisville, Ky )& special liguid ulg 443}
o} Al 28] 419 2 Ah 2 E 407} 0.160] A
vacuum mixer (Whip Mix Corp,, Louisville,
Ky Jol4l 1527+ 9% F o 831g=),

67k 23 22 4AY 2449 ring & 483
et ol F 124 ozt WAl HBIF Ftrimmer
oAl4 ring B3 4A3kA| trimmingshe] AF3L ala}pg
HAsA 2, R 12705 ring B d=e4A] o
33 sjehg a2 59

w]E3F ring& 4584 147k £9F bench sett-
ing AR F, &8 A7 100 % F56l 4 warsigel,

422 a7l 2(Kerr “666° furnace ; Kerr Mfg.
Co,,Romulus, Mich ol #o] 308 Fgkell 500 °F
of o] 2A] 3t ¥, 2 304 1A AT, o
F Azslae] Az 1550 °F = 28 147 E4b
AFAeh AZRd 149 ring & 72 Yo
43 suiet bl e 584 Fosigel 9,

¥E2 Vera Bond & <[gslgos, 55 4 gz
22 2ingots¥y A23lAch ] FAL 85gm
o4 12.6 gm Alol2 HF 10.9 +1. 1 gmolgic},

fE=F27](Castron—8 : Yoshida Co,, Japan)

o cradledl, ringol EAS o] o]l 52
AR A 7)a, 359 S§4uE fdos  Bukdld

FE3 102 7342 LA o},

ringo} 443 42 F o) 8x) & A A ke pattemn
W o] sl EAle # 8 round bur® AlAs zm, Unjx|
+ 100 zm® aluminum axide® sandblasting 3}

et

m. A4

Z 72740 FxzA FdA 2A4E At 25
A F2E 2odFoch. Aol v FaAx Hod
e pattern?] HeH & A 3] AdEdc) (Fig.d)

BeAg 24 § e chill vent & A3k
ring 2 Fotol Y12 A7] Ao, pattern FoUYd
Sqto 2 A S 4H¥ FxY Fgo| o¢lc} (Fig 4)

x 3] BT FxzhEl £ vent & AAFR ¢m
ring$] shubol YA1A7 Aoz, pattem 4HE B
ol 4 7.5 Shalel] 0.5 X 0.5 73} g 3m

in‘:#’-

Aol Fdel stk (Fig.5)

Fig. 3. Total 72 patterns except two were cast
completly. Incomplete castings were

cast to the margin, too

Fig. 4. Incomplete casting with small porosity

Fig. 5. Incomplete casting with porsity
(0.5x0.5 mm) and crack (3 mm).

cradleel ¥l ring Wl®] pattern®e] <1z
A2 DAl o8 FzAze Table 24], =, vent
S} o ZA wute] {7l =& F2A 3= Table 34
YERg o},
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dA g Fa2A ol WEES FdHE 5%004 vl
8k et

cradled] ¥¢ ring W& pattern®el 43 93]
of whg FzAe 3lol & §isich (Table 2)

vent & Ax|gl pattem, vent & 4zl Yo
pattern® AL Zoll 524 Aol gldlich = =T
A Abulel sjabo A A& wje} S dgre wels F
ZAll aolzt glglct, (Table 3)

vent & W38 E7X Fz=lck chill vent®
485 Vera Bond wire & AA] A3kse] glej oo,
FzAlol A sz G Hl 2ol EA AA A &
F "olzicl,

Zold 3l button F 87+ Eulo] wi%- A2 )
¥7} ol S ddy A 25 noFolch e
el®l 7 Pl pattern 9= 7R3 Hoisles 7
¥+ runner barg} buttono] YA} U ch,

Table 2. Number of complete castings as related to their

vertical Position in the ring located in the cradle.

Vertical position of patterns
in the ring lacated in the
cradle

upper middle lower sum

Number of complete castings 24 23 23 70

Table 3. Number of complete castings aceoring to

the presence of vents and investment surface.

dense surface\ vent
of investment

vent chill vent No vent sum

removal 12 11 11 34
maintenance 12 12 12 36
sum 24 23 23 70

V. S& % qeot

F24E 3= Yy 5 4 on)o Ao e
ol &4l o} ghef, ol AP EL clokgl pattern
A8k glont, AAl H ) 2 4E-Ele 259 e
7} clac), wfebd, oldd dHdl4 A or ¢ F
Z4% 2 T3l d4HenE: AYgol A8 +
Ak,

2 Agdl AL 941 f4E olr] 98, AR
AFz42 coping 3 & ale} 2o 7} vk 4%E A
7 5 =m2] polypropylene straws pattern &8
o] §3tdch patternd ¥l HlH FE3}39 cop-
ing ol $4 345ty Y=l FAl 0. 2mpict 2}
o 0. 15 mc), iAo B saAAF24 coping
9 ¥olst WmE Y= 7490 =Eck =2b4 patt-
ern? Hol: 10m= dF oo patterne] o Z4E
< a2 F5ich

Qul Ao B QA B & 4 el EAuct 2y
3o g AL ST R vent Azl st Fabslct 14,16,
26,40 o E A Abule] UE w2 Euiste AA
8ok 3kw, pattern AW g FAE 342
Hoklctm ey A glet 14427 e, Rawson 529
2 vent & sj2u|SFels]Rct chill vent 2 &
eba FaA el wtebd, & A4 £ AL w Fol
529 =4 %2 chill vent & ulHZ 5330 A
2} Balsle] vent 9 ] mskaz} A,

3 A & vent o F, Fol FAAgel F F2
AL A 257 AAYT F2E B AF3h
pattern Abuloll 223 AxE sx1 FA( 6 m)e] ol
A &8 Fu, MA ST YHcte 59 4L
a2 5ole dls 2 gelvl gldla, = &8t
A F2E Wl 278 FzA s Al back pr
essures 2% Aolztm 3] o P}, ol T} o] 4
ol 4] 4185 A7} ke & patternsd 55 1 %2l
Z7) Lol vl I 7} kAU EHAol Y4l 2=
2, Az g ol g o ols] Fx A} dolrdet
T AHe A Aol Acks S ek,

B AYolA g FaHd 47 Fe YL L8
2] gl IR ML wiEolzhn A A=, = g F
zAloll 7] AL 3me FA ol Pl WAL Aow
Hol, patterno] BEg o gAY F&o L3
+50 % qlske 47] o] ohd 7} AR} 49,

£ Ayl Azl notuATLAToR ¢ cop-
ing& AFH g F2¢ ¢ Qota 4 ZF=n], Ay
ol 4% =&chd back pressure porosityel 2
52 Fe-dly, =i, vent o dilx Ysgglelm
A Zgicl, B AN = 1 F v IEYI A&
Sgome chad Y& A4 vMAAT o UL
Bhebsl oA Ao},

a2y, back pressure 37} A etz 3y
ks pattern Auloll A= FA €A 2T £
ctw, patternc] thermal zone o] ¢xlslo] 40
YaAsA o 93-S Fm, ol2 Qld F2AFel A
gEol ol 4 ek Y}

= YHo Bl e F2AY Fxiust I4 £
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< B Ay v Zolelm FxpH o] gt 28,3942

olml oale] o =& WAY wlolv, A} HE} 4}
%7k2) 21 8= ( intermolecular force )& 83}y
HaE A& Paldol ghep, A gL oddle Eulg
s kg W3] ol Yadt Y (energy)oleb 49,
ol HBAlg ey Sabd Hilesl Wag

s}

G=¢gX8§
2 FA He},

5, 429 ZHAYo] F4E = Yile= 594
ol T4E ] & energy7} Y 8slc)

F4L Hale] Van der Waals @ 2ot ¥4 2 jon
AYE shez goatael Arh  dEE 2ol
290 °K ol 4] E w7} ol 0.476 Nm ! <lel] ¥ &) =&
1363°Kell4] 1. ONm™!, £2 1403 °Koil4] 1.1 Nm"!
olet, Yutdor F£ f42 w7t =45 wHA
gol woby djA UAek & F2 A §4F4 B
Abspito]l H A" wlol, Ak3lete] pure metal Bk
4 52 2HAHE AR FxAsie Yqle]
T e}

el mold 2 §-§35S Ueldy] Hade
o] ZHAY & EY HobHl Yo Fxyo] Yy
5}445).

T2 F59) E94Ye) F4E, = FEXY patt-
ern®) S} 3 7ol Fobd 4%, HwH o Yoo
U7} Fobd, SHalof ¢ B energyt 5 7lsha,

T Fx¥o] Yasdlc)

ddbd o 2 ol 3 4TS AL o) vla] F24
ol Wolxlzul ol & vl HIEH 2 TG0l gD,
Ablato] A A= o]l utal] v Fo] HIT LYY
1ol 38tz 1D, 2L patternoz APY o 2
Z#o] ol 4 Aelrk

2 A4 Jepd v AZTEETY F249L ot B
Ay Aol vla) SfhAet 1603839 g8 Fof,
Nylon 4 g ol 83 A4 o] ¥ &= ul3 LT
& AHEShe, 217 0.17 m®] patternol4 HF 1. 24
~4. 4m oo FzAE odgle, Vincent 5 &
2 &7 0.26 =me) patternol4] HF 0.91~3. 22 mn
Zeld FzzE, ®, Howard 5392 2 §3go] 3
€ gFe® 0.1512n 2 7 2] pattern ol 4] 3 3. 00
T 1L73m Aol FzaAE gl g Foleh oyl A I
ol AL AP 240l et JY A vlme Y EXq,
pattern Hefol w8 Fwid o Y519 Wy} g}
°| 2 13 pattern®] EdolliAl 7} xpol 7} o Yol
Feta Azl o,

aylon 4-¢ AH8% pattern3}, & 4o 43y
pattern (Fig .6 )2 ® ma] 23tc}

Fig. 6
a pattern & 272 r, b pattern® 5 r,
9 7& R, &ol& o patterndi4 &5 helnslz,
Aol o8 FAS e 394 FAY, 4 pa-
ttern® #g H(S)e Hu(V) 2 =4 (5) /¥=]V)

.

-

pattern a4 Sa = grh + 2x(r/2)?
Va =xm(r/2)%h
Sa/Va=4/r+2/h

pattern b of4]
Sb={2zR+2=x (R—r) Yh+2R2 —x (R-r)?2
+aR24+ m (R-1r)?2
Vb= {#R?-x(R-r)? }h+x(R-r)2r
Sb/Vb=2h (2R-r) +2R?2/r {h (2R~ r)
(R-1)2)
2 AYNHY r=0.152m h=10m, R=5m
gl ghetdd

Sa/Va 26.87
Sb/Vb = 13.49

a pattern& b pattern¥c} ¥% 3 / Hg|s} 2
W =20, bl F2E - 9t A7 AYds
olal AF-g3lejel o Ak, nylon A& ol £3F F24
Aol waf 2 A A3rt FL A2 olelg  pa-
ttern el =& g 2/Hze) Aol B 49 F
Ak,

olzg Hold & of, F2Al digk A7} JAA o
n)E 27 Y, pattern & ARl YAl 4S
= coping 9l FelE 7hAok Foba oA A,

4 el & F24d F9% JEE ol F 9}
24)  Zoldo ouir o turbulenced HALR 3
+ ol Fasialal 41 Craig ® £ bar spruing
2. oJ¥al  tyrbulence & & ¢, FY Aol 7t 7HE ul
EA7E o] 2 250 ol 2A dh, ¥FL L84
o o 2 #A Febxw 3t%ck, = Compagni?® 5
24 9l Aol ol Ao = Wtk 44E HolAl £
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ctn Ragich & A4 vl 5SS
Fzold ol A=l bar spruing WY&
da, FUAe 23l & FAE AREEdch

Rawson & 2973 Dewald 46+ HAF2 <] 4%
Sl = 3l il wbake) 14 g YAY, Yol 2
$3 22 patte rne Hagral Wl o, g L
HA A Ak Steba Fst 4o},

2 AFdAE ringal A Hell YzlslA patt-
erng W 47| 2, FH) A AHE 28 8l vent
£ 42 g pattern® $2F H 37 ol FHA A
3t pattern 7+ 24 ol £ 4 gigith

o) SEEFe $84 g FAE R I N film,
slag)el 3 F9jo) &4 470k 2, o] 3% 73
9] 842 waskn 9 2k o A x2F HolzYUd,
&, 277} b FHE 457 sjdle A £88E
Fa) o] ed o gl HAck =, FEul ¥ F
24-% W A7lc}, el B Agaikie, 35 &
FAaAF4on 5 259 FHAE AL T2
A2 Fzdtgch

ol g
A4

v.g =

ATz ALLE £ A SETF R 2
coping g F2¥ 4, vent o g4t of EAel sl
ol FzAell vlal & 3L A7y ¢l&l, TA 0.15
m, A7) S5m, ¥o] 10 UEF polypropylene
straw-S pattern 2.8 o]&sle Vera Bod 2 FX
ek,

chesh e A EE Ak

1L WAGESYFoR oL FRAE JFHo R £2

= Qe

2. vent & 42§ pattern, chill vent& 43

g} pattern, vent-Z 4% 3kl 942 pattern
Abolol FzA4 o)zt Qlgleh
3.4k w29 md sk i SEE F
FA40) g nAA Zsiict
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- Abstract —

THE EFFECT OF THE VENT ON THE CASTABILITY OF A NONPRECIOUS
ALLOY USED FOR PORCELAIN-FUSED-TO-METAL CROWN

Jin Geul Lee.D.D. S, Wan Shik Chang., D.D. S, PhD.

Dept. of Prosthodontics, College of Dentistry Seoul National University

To study the effect of the vent and dense surface of the phophate-bonded investment on the
castability of a non-precious alloy used in PFM restoration, one-ended polypropylene straw
patterns of 0.15mm thick, Smm radius. 10mm high were cast with Vera Bond.

The following results were obtained.

1. Thin patterns could be cast completely with a non-precious alloy.
No difference in the castability was found among the patterns with vent, chill vent and with-
out vent,

3. Dense surface of the phosphate-bonded investment had no effect on the castability of a non-
precious alloy.
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