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New Technological Advance in Lost Foam Casting
Process for Al Alloy and Mg Alloy
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Abstract: Research situation of Al alloy and Mg alloy lost foam casting (LFC) process is described, and new advance-
ments of Al alloy and Mg alloy LFC in filling, vibration solidification, pressure solidification and expendable pattern-shell
compound casting, etc. , are mainly introduced. The results show that the pinhole and shrinkage porosity defects must be
emphatically solved for Al alloy and Mg alloy LFC, and the filling ability of liquid alloy and mechanical properties of cast-
ings must also be improved. The improvement of the filling ability of liquid alloy, microstructure refinement, increase of
microstructure compactness, improvement of the mechanical properties of castings could be obtained by means of vibration
solidification and pressure solidification. The shell casting process based on expendable pattern with vacuum and low pres-
sure casting can solve some of pinhole and slag inclusion defects as well as the misruns and high pouring temperature of
LFC, and it is a new process for manufacturing complicated and thin-walled aluminum and magnesium alloys precision
castings.
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Fig. 1 Foam patterns (a) and castings (b) of LFC

2 A, Mg &%
AR

2.1 AESEHREHFERTIHIR

A 20 42 80 AEARLIK, RA T KA s ik
72 Al G EREB AR LR HE R R, E Al &4
TH R A5 1 B AR R AR I, A 2 A 20 g 90 AR
Wl HHEE 1 2T B 1 0 A 7= 4 2 VR B 7E Mas-
sena T 1985 AR i 1), & Chevrolet 2 7= Al & 4 Gl 14 .
Grag® . ZERCIN, 1993 4Efl [E 52 SR A F T IR
— AR 20 7 HA TP RS Al & 4 SUHD 38 A e AR 7
2, #1995 45 FIER4% ™, MMmEAE 0% LI L, &
KA 1500 4~ Al & 4. Wi scukirE™, 5
2009 FEEM Al G2 TH ARG M =ik H 22 H . H
AMRETE Al & 401 22 B85 1 1 L Atk B0 BIF 5% A0 SE B A=
FER T AR IS T, MIEIRAREE | 4R TR T A A
(i) 3o o DA R AP ke o 2 o) T AR EUAS: T R A AR o

220 fited 90 4R, TR EMTH KRG 2 id
B, BE AN, RS R B A AP & R
Wi BRSSP F R TR O A B3
FENAE CBRARBR AR A 1 ) 1T 2R 65 0 1 1 R 38 ) b Sk A
ER, PRgIt, 2007 e EE R ARG =L F 64. 8
T, HEg el EE A A 1, W Al & &R
BRI AR F M 0.5% ' i b, ALY
SR REEE, EEESHERSERMREMLD
JZMA; HERE, Al G2 H KRG 42 5] — it
Fa( ETREFL. ) MR, EREEEAT, Al
BEWRBEIN A= g 5IHEF A7 R Al
B A R BB A AL P R R KA N A RS o
2.2 Mg &&EKEHIETRIRK

AHLE AL SR RS, Mg 4 40 R B 1t

iH KB IS B AR B 5T R b

RIEEZERNGZ, (IR B RRZ R, s
Tk A== MELAES o AEESN, SR P2 T 2002 46
HAEAL T 00T R AN 119 Bk 23 Rl 4 515 8 1 Jl 2 7 K A6
AZOT B4 G5 P o T FE 1A Mg 45 4 1 T 2 A4 i 11
AP R IR AR ILARE , — SRS AR 5 1 B A 55
BARPURFZ LIS, (H1H AT LB B

3 A, Mg AEHARFERRFEMND

AR R RTTE

BoB WM, My &5 4 AR R I8 4 R e
TZ, HAAMT AR O Mg & aiiEd i
t, MLIREERE B R ) R R (ke ISR |
KRNI LGP, EAIX TR ST ) 5 Ak
FIS Mg & B HA HARM RS HE T @R TR Uk
WA, G T Mg RS RYURD P K 23 Bl Ay 0t T
SIE M FEEEE s 15 H AT i R Mg & &8 T
SANE, HAH A TR, T RAFAR h R
RIS T Mg A 9 15 B8 [ S 28 I ey FR 8T 5 8 TR
BN AR SE R R G TR A, R T 2
PR B E— A R L) A TR RE

SR, AL, Mg £ 4 T SR AR Wt TR e J Ay £ —
JEIHERL . D8 mIRTE TR D, I IR ) A <
P M MSOR S A A, A B U S I R R R, o
FEVR NG RV W . BT UALAF B PR BE . L, AL
Mg GalHRAETEE S R b, 42w e B RE 1 X 3R A0 it
Al, Mg iR R RS, JUHZ R IEE AL, Mg
BARE; QAL Mg & 4 S M54 & 1 5 IR R i
750 ~780 °C, B A FEHETE R 30 ~50 C, (R R
T, ALSBRWE T, Sl 1R A B L AR B
M Mg £ 46 B A AR BE IR, PrPFaiie i . Xt IR
[ AL Mg 54818 R B H i SR R i R ke i 2 254



40 Hh R R 2

530 &

AR DAL, Mg &4 REEHE, & 2R T
HLTRAEAERLRE, SR AT S UL PR A Ak B0 22 At 5 7 9
FElHEAT B TARRE X8 S5, WHiE & AL, Mg 54
THRME G R & B PR iUk, o) iR o M e
TR

T fRER AL Mg 4 iH R BAE 1 T SRR BT L
feskbe . BHLAERE, SRR T IFAPERE, H
RTIEAERTFEIT A AT JLAR RS Pl i S B e £

HEEREHREHEERAR " Bl R
&SRS A LB R, 25 TIRIE G 5 1A
TH R I 1 B AR, AT 4 019 R R 5¢ e 2 5
fi, KRR T HEMERaES; SIEEML, 3&
BEGE/N L AR L B AT AL BB AL 5 TS R e i
L, $EPERORSEE R FRIIRDEE FE A% . AR 7= L 1
RESF; TESCEMETT, BEHH O Hh46 S0E , 3%
MR BN, WS A e v I IR )T BEAT 4 45
BEIE, ARHIFDEE RER A R, 4l
HHE; WEMNREREMR, G5 T2MAOEE%R
TP

ENHEREHFERAR" CRHEIEEEREAY
i S e [ 45 S HOR A4 45 o LI B A6 4 D AR 10 s
WErp, BRI R AT IR B A R e, T B
JitE, I —E R SRR, R R IR )
I8 445 W SO 19 95 36 7 1 o I TP 4 3 BOR 1R R A 2 RE 8
WEWHEE TR A L, ARy RALAEEE B, e
R IFEURRE , BCRE I A ERE . FESNINE T T BE
W], A0 7 X8 K 18] 80 AH <6 19 5% 8V T L B A 90 B A5
A AR AL FTORWEAR S B AN RE T, (B 1
PRI A P A B AR 5 s 5 1] a2 o S AT S S Y
W1 A BEICAZIE W, 40 &1 FL AT B, [R] A T
JIHEIN T ASARTE B AR G G b RO AR L, AT RE T A
LD

RN EREHER AR W R B P
n—REWERAIRNE AR S, (P ER S A T B
W o bt T A T T A P %) R RO I T R
Y2l 3 A 5 1 AR R AR XA Bl DT (A i
B, SRR P 45 S, 55 1 B R R 1 LA AR AL
KRR R, 1A PEREE o R TR R
BRI R SRS 6, il RS AL A LR S,
GIRWACS S N ER, BB AEA R H,
FHRAETRTAE . AR . JORRIE T G i e I R A i
BT

HEARTRIGER AR DU S 1 9 TR A
NIERL, 25 G IR ERE A H e BR S 7e, SR, Jike

JERERBD, BATRI BRSO . ZHOREE & T I IRE
BIRBEAS | Wi/ ROT BT R M e A58 5 it v A A 8
FeRE e, T ORI 25 TIREE, AR T R R
1 PR IRBE I AR 1) AL L e S BRI A S iR <
MM AR 5 S 1 2ed e 8 T T A, T s < R P T
RIRE N — 3w . Job, IR 45 G R AR 3 ik ik
FTROE , 4 R sE R AN BE St — B H i o %Ak
ARABUR PR T 830 I KA 5 B AL L e R Ak
B, A REDR LS4 1R AT B0 ARSI JEE A 2 T AL i 38 L
L BB B AR e Rt 3, e — i £ KR A 2 i
WP = 55

4 A, Mg & &iH KR HFER AT TR R

HAT, #1295 AL, Mg &4 10 R B85 5 R k) &
SRS FREE 2, LUK, AEE, fLIRGLG
U, B R AL, B, X AL Mg &
G W B 1 AR 1 RO g R B R DL E LA
i, HEETRE RS, M48, HERAS R
WAL B , At M S EveRe . T, KIS
AN 5 TR FE 43 0 064 T A
4.1 A, Mg A& HREBERTEMAR

M. R. Barone fI D. A. Caulk"™ $2£H! T 7£ Al &4 %
R i vh 4 ORIV PR ASE (] Y P 1R 3, SR i
AR B RLRY 1) FH 30 A5 FR 58 1) 960 TR A 1) i
LR S 56 R AR G- ) 7, ASSRUEA BT LA R 20 4 J T
HYFEIE, JF4 A IRAR I 20l X T Bl 110 7 A 2 3] 28 56
HEME

M. SANDS A1 S. SHIVKUMAR"™ #4587 EPS 4> F i
ORI ARAR 25 B ) A356 £ 4 1 2 B 5 i o AR 1 5 )
A5 Bl 43 R RS2 B 3SR, TR A L i
PEREM B . PEAE ARBUR MK, &Rl
BRI, 340, EPS 435 A VR B 2% B ] RE X 5
PR T A R R

Sun WL S XRD 38 T AL 4 4 2k 45 114 75 7
K, B, TR B REE A R
Hess DRV AERFFEIA Ny, BURE I il 13 2 182 A0 Bk 26 780
Al B SRR S B R AR, T AL A4 St & kX
LBl R A K

[ A X Mg A3 @ I R s iR e i L, X1 ) 4
WHICIN R, Mg & & R b Bl . s A
25 JE FIASTARE JEE 2 6 70 AU B I S M 4 B B . SERR R T
I ECAS R, WA Mg & &R e U RE R SE1T, S MDE
Pk sE A

o P AR T HLBAR S0 AL, Mg & 4 T R KA



55739

TR S A R . AR AR, A356 45 @ Al AZ91D
B ARBEGEEE R HAEATIURIR S, W] AR S
JE A FETIRE Sy, FERLRE Ty R IR S A A FIR R 1y 4 K
R, WIE 2 BrR .

300} [2]
—A— Amplitude 0.11 mm
c —&— Amplitude 0.23 mm
g 275 —&— Amplitude 0.34 mm
=
@ 250
c
()
.}
o 2251
£
g
o 200
175
10 20 30 40 50
Frequency/Hz
o]
250 —A—Amplitude 0.11 mm
—— Amplitude 0.23 mm
IS —— Amplitude 0.34 mm
£
E 225
(2]
c
3
o> 220 7‘%
£
s /
o
w 175F
150 : . ; ’ y
10 20 30 40 50

Frequency/Hz
B2 RERSIER S IRIEN A356 542 (a) il
AZOTD 44 (b) 315 S K4 i 78 B 1
Fig. 2 Influence of frequency and amplitude of vibration
on filling ability of A356 alloy (a) and AZ91D
alloy (b) LFC

BEAh, N[ Sl e fE o 3 2 4P A356 1 AZ91D i 2k
PR FE R BE T WS & 3 78 o Y441 Bl g o 3 /)
F 1 g B, HEBIXT A356 F AZO1D (7 HIRE S AR /N o
MR SRR R T 4 g B, IR Trad K, IHRM
i R G M LA e, PR TR | AR
TEAERIG, SOmifd 4 R AR AR ) T R, Rk, dRzhig
E ISR FEERRAE 1 ~4 g Z 0], W] LABH 42 & A356 & 4
HAZIID 5 4 A R A4 1 FERIRE T o
4.2 HEREFBERDEERAFAR

4 TR ] o R vt i i 3 AT DU A Ak kL, SC
BRSO, IR B U R W A S SRS L I
RLRGT | SR AL BR45 M55, JFReiem G & mrkae. AA
0 1L AR BRI 2 2ofss ML 4% 20 17 P 1) R A 4 Ak 11 9 Sk A
P, R A SRR didk, B IERE .

PR ZRdkom > S RF 58 1 HLMAR B %1 AZ91D &
S R T LSRR RE R SE MR o 1] 4 TR o R [l PR i

B A B CBE) & T R B I AT v U SR W 5 10t Ji 41
300
A356 Al alloy Ali
g 280
£
< A
‘é) 260
3 A
2 240
£ N
o
[T
220 | “ A A
180 1 L 1 1 1 1 | 1 1 1 1 1

00 05 1.0 15 20 25 3.0 35
Acceleration/g

b
240} AZ91D Mg alloy ]
£
£ 2201 A
£
2
A
© 200
- A
2 | o4 “
= A
3 180} ,
(I
160
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
00 05 1.0 15 20 25 3.0 35

Acceleration/g
B3 AT ik 3l e B 22 %) A356 5 4 A1 AZ9LD 5 4 TH
s 95 T 0
Fig. 3 Influence of acceleration of vibration on filling ability of A356
alloy and AZ91D alloy LFC
N AZOTD 5 1M R BB i 4R 2l BB 183 10 8 R4 21
MIE 4 BT I, BEE RIS, AZOID & 4iH K
R A A 1) AR T S 75 40/

TR W], AZIID 5 1 I M 4 1 11 9 JiE i
B, Prhism E g 2R 4 51 04 99. 40 MPa, 134. 48 MPa
F1.85% , PR35 %0 5 & 2] 110. 34 MPa, 165.72
MPa F12.24% , "W, Zd¥R3)a, W RMH1F R 25
B P RERIR S AT B = o

BXL L T SRR TR R B4 3 % ZL101 Al
BETHREEGE AR FYERE RN . 18 ZL101 Al &5 4
T R BEBE [ i B v EA T A AR A T IR 3, 2 %
AL (CANIELS B ) o AR TR AIR Sl 35 1] 1URE Y 4047
JEFNGE A2 AL I IE] 6 Frzs . ANIET 6 thal LUR Y, BEE
PRGN, SAEPCRIR A | SRR R, AR
HRIEO ~20 Hz Z i), PEAESR M L3, {520 ~60 Hz fika)
A, R DTIL S JBE R e A I 2 o 1O A R B iR
SR A LA BA ORI, WIE 7 s,

AFEPRBIIN T, X AL 4 4 1 25 A5 45 1R 52 it 4k
e Tt i S ZUNE 8 s o MIET 8 W LI R A
, BEE PRSI R R B, SRR B

A TR S0 ) W (T 3 2 ) AL 5 4 T R B 5 A )
PERERYZWT, ULIE 9 s ATRAE Y, SR IR S (H



42 Hh [ A et 5530 %

it
MR, BaambiL AN, BRI BA R LR, IRSTIEEAE 1 ~2 g Z (0], fR3HXS Al &4
ARSI EE BRI R, R EA - EM TR, IHRBEE SRR AU R

P14 740 CPe, ARIRIF AZO1D & &1H R R IR EEE 5 LIRSS A (2) K48, (b)50 Hz,
PElE 0. 11 mm, (c¢) 50 Hz, $E0E0.23 mm, (d) 50 Hz, JEig 0. 34 mm
Fig. 4 Comparison of AZ91D LFC microstructure with various vibration and without vibration at 740 °C ; (a) without vibratian,

(b) 50 Hz, amplitude 0. 11 mm, (c¢) 50 Hz, amplitude 0.23 mm, and (d) 50 Hz, amplitude 0. 34 mm

5 750 CPel, AEMBAR ZLI01 Al &4 5K BE S IR SBEE 5 IR SH . (a) KR, (b)20 Hz,
PRI 0. 23 mm, (c¢)40 Hz, #EIH0.23 mm, (d)60 Hz, #RIE 0. 23 mm
Fig. 5 Comparison of ZL101 LFC microstructure with vibration and without vibration at 750 °C ; (a) without vibration,
(b) 20 Hz, amplitude 0. 23 mm, (c) 40 Hz, amplitude 0. 23 mm, and (d) 60 Hz, amplitude 0. 23 mm



55739

BEA A 805 & S R U SR

43

200 5 800
—a—R, L
©
< 180t -=0--A 1a 700
s g =
£ L s L
2 S a
2 1e0f T 2 600
7] B T
L e | B
S 140F -7 B 500 F
= o= 412 £
L o -
1 1 1 1 1 1 1 1 1 1 1 1 1 4 1
120090 20 30 40 50 60 70 00—
Frequency/Hz

Bl 6 ZLI01 AL 434 {H J A B P WO BT L3 . 3 1 5 i iR 3

BRI A2
Fig. 6  The variation

of tensile strength,

frequency vibration for ZL101 Al alloy LFC

o

e , L (
K“fv‘"‘“)/ o -
B8 AFIRSNINHEEET Al G 401 KA 4R shE 5 19 & A0 IR A

Fig. 8  Microstructure of Al alloy LFC under vibration with different accelerations:

.

elongation with different

20 30 40 50 60
Frequency/Hz

B 7 ZLI01 Al 54 T HME8% 1 1k A3 [Q A% BE B IR 3y 43 %

HAE AL

Fig. 7 The variation of Brinell hardness with different fre-

quency vibration for ZLL101 Al alloy LFC

4@' %@

(a)l g, (b)2g, ()3 g, (d)4g
()l g, (b)2g, (c)3 g, and (d)4 g

220 5
L2} (o]
& 200t 4|
=
< 2
5180 /\\ ES - /\\
< S
e (=)
%160t Sa|
> w
5
~ 140F 1t
1 1 1 1 1 1 1 1 1 1 1
120 ] > 3 y 0 1 2 3 4
Peak Acceleration/g Peak Acceleration/g
800
Le]
750
e
s 700
% 650}
T 600 __-m--mT T - ]
© ---"
< 550
[0
=500
m
4501
400 1 2 3 4
Peak Acceleration/g
PO ANIRIAR S ARk B T 48 A 4 T R L 1 A M Re 28 Ak . () BURLsREE, (b)) SEMAE, (o) 1l [RREJE

Fig. 9 Mechanical properties of Al alloy LFC under vibration with different peak acceleratlons;
and ( ¢) Brinell hardness

(

b) elongation,

(a) tensile strength,



44 T A ek

530 &

4.3 HREFBEENZEHEARAHAR

% I (R I e i) 32 BEAE AR LB fL . dibn . AL
GRS, IREG IR, BCEHIEILERE. R
TE 1935 4F3 32 TU/R S0 26 R F T 4% i SRR
NS MM LSRG T Al 542 % M, o LA RO
PR ECALA B,

20 2 90 AEACELN, T e ML 1 I T T R )
[, Bokhyun KANG 2™ %} Al 4 4 A356 ( Al-7% Si-
0. 35Mg-{i% Fe)iﬁﬁ%*ﬁ%iﬁﬁéﬁiﬁ:ﬁ%i&ﬁTﬁ%o
AR FE 3 [ B4 0 1) BE 3G N, A R R AR 17 0 e A

& 10

(¢)0.4 MPa, (d)0.6 MPa

FEILBREE, P T s rEne
FH B R R B A T e, WFSE 1 Ja %) ZL101 Al
FRWFHAMPERER M. & 10 A JE )T B
AL I B URE B BT R ol 1] 10 W7 LA

WG TN T R3S, Z1101 AL 5 <5 8 0 I8 T L B 2
FVEAR, PR AR 20 . B 11 2SN T xR
FLBR A M L R SE L . P AT LU L 5
J13kE) 0.5 MPa itf, ZL101 AL & RBLHRF A9 £ FLE
AR (E Ma) o K akSedt i, W0 o R 3 v 2%
(K 11b)

o ﬁﬁg\\ %ﬁ%m] %

ARV I3 7T B I AL 53 4 11 R A A B A T F) IR < AR T

(a)0.0 MPa, (b)0.2 MPa,
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Table 1 Comparison of mechanical properties of A356 alloy castings obtained by two processes

Processes R, /MPa A/ % HBS/MPa R,/ pum
Expendable pattern shell casting with vacuum and low pressure 278.27 8.10 931 3.2~6.3
Expendable pattern casting with normal gravity 231.57 3.04 792 6.3~12.5
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