#5030 B T M
Volume 30 Number 7

rERERERFR

The Chinese Journal of Nonferrous Metals

2020 4 7 H
July 2020

DOI: 10.11817/j.ysxb.1004.0609.2020-39608

3D FTENHLBYEEIE Al-7Si-0.4Mg & & HY

PR IF Mt RE

BB R, RIEE, G4gETF, EAR K A
(R TR " REEBHM R & SRV E ASLRE, M 510640)

6  ZE: FIH ProCAST BAFXEAS [FJBE I (5~30 mm)Br i A4 ¥ 78 BUFIRER 1 REREATREAD), 25 G BEIDL s SRIEAT PR 5k
%, HAUHESUREE X 3D FTENRD AL i AL-7Si-0.4Mg & 4 I TONZLZUR 54 e BRI o . 25 LRI . B R O
ANy BEH a( AN IRE S TR EE . R ST LURC Fe MR ST/ T 6 42 AU S0 E R A g 24k g 12
EIE. TO6ET, F4MRka(EEE S mm)PLRisi/Eh 279 MPa, WiGMKRN 2.13%. BEE BRI/, &4
WA AR RN, HAUS Rk, BUEERE, SSrREAMKRRE S, k4, 3D TERREIERNE S &

RES2 BIRPBORGZ 75 5 B 120, Wr)E KRB

X§EIE: WA 3D ITHI; g5 4 ProCAST Bifll; 42 Ji2ateg

SCEHRES: 1004-0609(2020)-07-1512-11

hESES: TG146

ERFRERD: A

L Gihb B R AL IE Y, W & DS
=g B AR S, RERT G, R AR i Y
WX, BEEDAR TR, Foi R et rritm, Xt
AR, AN I TR SRTEI K, P RVEIEAT Y
THI I T PRI PR AR o 380 )3 R 7 P 7 A0 2 5 125 40,
R R A R A B AR TS 77

WAL 3D FTENRIA, AT 43 1k o s 5 7 ot S
FFEIEP IR R IR L E RIS EAS &, REWRE
BRI, SEBlPUR G, wR 3D FTEIE T TR,
BT R B — RIS B, KRR e 1A
PR, BRAR T G AR B, REAE S TR TR
A AN ] MR R A R . AR ]
AR ] 3k 2 ) LAAT A 2 M b A A BB, R AFTED
s R BIMIZE R, BT LA ART ENP), X s AL i i
BRTCIESZI, I RCA T 38 TV R S 80t 2
PRI AR 3D HTENEAR A= T HA 5 2 M)
AL, KRG R AR L GA R LG 1 16,
KIEFET LA = ] o B SR SR U5 T W P N &
BN [E 40 I B AN A (] 4 ANRIZRST 3D
FTE[RD 7R (1) 550 B R RS B (2 i A . WALKER 251
BT IEFTEN 7 AT LASE A8CE W 2 R A S 3% 1 b ZR A5
H, I0F TRMEY 3D 4T EPE AR AT DASEILTERDASE A 36 ¢

B A B JE 2R 5 A A R AT T R AT 0 AR
SAMA Z5PIE T T = RSB ELRIE (1 G EAEAL L
MR LR IR e 2k ), A Viridis3D RAM
printer ¥THI T EERPAEEIF HE 7 17-4 AN, CT
Wi R, SEGEMERMLIL, YL S5HEE
BT £ 0 73 ol (i BEAR B IE SRR Rk /D T 56%A 99.5%
HMH] 3D T ENA] AT B R IR A M R ok Bt
A B RS R AN A R R TE, XA g T
AN PG AE LS . RAE DR 3D FTEIEOR
JEELT — R FIE L EAE H AT R T BRI 74
IFAEE — S, T ERAWTIT, . H AT 2T
TR 3D ITEIRRIEE, ot T B 2
b GNIE U e A NI R Gl NI U R <it B
FIBCEPEREISE, TG K SR (12 TR RE,
HVERE, LB QT UL A 27+ RE e A SR
s AEJUREESE R AE il e bR A R R
Grfi, PRAERESUR, BIRRG AEREEEIE,
TR A B S AF T T ; 3DP WM R, &
LG A 1 1 B G RO R A U B R A T
UM
WA 3D TENEORIE Tl E s, &

FERVE B RS, SRR AR AR RS REROR, JE

HEHEWH: /M Al 70 H (201804020071); |~ AR A FBHE T RI I H —F K £ T1(2017B090911010); [~ 7R 44 5 A5 A0 & o &I %5 Bh 3 H

(2018B090905002)
i EH: 2019-09-25; {&iTHEA: 2020-01-12

BIEEE: KRR, R#EZ, L, Hik: 020-87113267; E-mail: mezhudz@scut.edu.cn



230 B 7 W

B TE, 4. 3D TE ARSI Al-7Si-0.4Mg &4 LRI F 22 g 1513

WA—. —MRAGOLT, G EE X HpE R G B B2
oM FAg, 3D AT ENRD AR BRI T 2% 2 HE
B, &AFTHHENELSRE, Biai T HERE
BA—@ IR RLR, MR SCER[22-24] 1 4RGE,
WAL 3D FTENBEAA H BIRD 41 2 BRIk 45 7508 i
5L B X, IBATERFEEN T,
BE B A Ve RE 2= R B R I, AR AR AR G £
H ORGSR SCBRIRIE k. BTk, A EERT
ProCAST #ft&it 7 —EGHME A S (R
5~30 mm)BRIE RS, HiBR T A G HA R K 7 5
W, SRJGHE T AL-7Si-0.4Mg &4 IR ERE, P E A
WFSC T BEEST 3D 4T ENRP 45 3E 45 & S O 4L 4R )
VERERI R o

1.1 SCIEMREIE

S R D RS ELRT \ R H B T 2R e s 3
A A B A w8 3D FTEHL PCM-800 477, T.
SONARHEAE LA SRR AL R e, R
P RRE A i, £ ) R TR R A [ A5, Kl 8 7
BN 2.5%(PEE), BEAFIREE R 30%, FTED
JZE N 0.4 mm. FEAFABLR S MR B 1 s
JIT A DU B AT 5 35 DA A B s T 5 JER TS 4 BOURE:
e HEE T RE I IE X . SIS ETH R RS A356 A 44R
BEFI AL-10Sr HE & 4. 7B BCHH 3 B B P idb A7
W, RZERER. AR, G, T(72045) C

30

20 15

HEATHE, BEEE N, BeER S H7E 4~5 s.
1 FB A SR T AR AR B o 5 pE b EE
T2 [l 540 °C, 4 h, EERAFRK, BE 60~70 C,
2 180 °C, 8 ho [ AN 24 7E 25 S A IR 4 v ik
1Ts

FT 1 ACHFTRAMERI SR (RS, %)
Table 1

article (mass fraction, %)

Chemical composition of materials used in this

Si Mg Fe Ti Sr Al

6.69 0.427 0.136 0.146 0.011 Bal.

1.2 RIEFHZE

KH Quanta 200 FUIAETHH T AL FI Nano
SEM 430 A7 K& 56 454 i 7 A S5 A AN [FI B s
AL IO ZH 2R L Fr A T S0 e e s A . SR
LeiCa/DMI 5000M {51 B < AH i Sl B WL 4% 45 < R o0
H K H 6 ARL4600 I & A ST % a6
ARG . BB HERENHK(GB/T 228.1—2010)
fE MTS—100kN A 75 et RHAI L E e, sl
JEON 25 mm, JIEGEZE | mm/min. SEPREE S EEE
KB HEOR AR, KB % ERE G &R
PR RN IMatPro 7.0 HvHEEAF 31 —VRR A TR) BE
(Secondary dendrite arm spacing, SDAS) A2k
&, WENEBCR 100 587 FiEH e D 10 5k AH
o, WEADT 50 MR, RERFE . Lt
TS EZ 30 Tmage Pro Plus 6.0 Il &, 7E/8CK 2000
FA7 I E /D 5 5k SEM [, skl & s A
BF50 A4S, R RFIIME.

10 5

Bl AR e

1
Unit: mm

Fig. 1 Schematic diagram of casting and mold structure: (a) Casting size; (b) Three-dimensional drawing of casting system; (c¢) 3D

printing sand mold; (d) Actual casting
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2.1 ProCAST RHERE 517

SN AERURIR, T F AR,
ILESR G GERERG TR TR, AP ERi. &
RAEI . BRTE RGBT AN A HAL S A
RS2 O T BRI DGR RS LR RE A S A
KIS FEN, B HF T RE SN A S MERE IR, TR
BEAT SEPREGE 2 1T, REBER R R IE R Gk AT ¥t
FHFIH ProCAST AT 45 A 4 1) 70 BYRHE [ 1 7%
B, SRSHEEE T ESH. A CHBERER
iR IR R A, ORI
WIE. WFREBRRIMRZ )N 1:2:4, BISE: &
EMEN ALL7SI-0.4Mg, 15 LR R} R Bk IR AR RE 7D
(CBFMS-M), BREEE 0.53 kg/s, FeiERFIA] 45, i1
JRE 25 °C, BIEIRE 720 'C. B 2 i N5 7 i
FoREE, WTLER, RBINT & B RIE—FRE—
WRIE-H—E N, @B R B B3 sk
B A I 380 JRE L e [, AR FLAR A A BEIE AT E 1,
RAEFEMA R B R ERRERG A,
A DA T 52 bR id SR .

(@ L (b) ! © l (d) l l

B2 Frk 7 By &

22 EREBLSHR

4 B AR IR0 2 . B B 4(a)~(e) PT LA
E L, AEMHATEDR aAYBLFA(a(AD)+-Si) I i
o AR R R (AL R A TR P i o B SR R
PN EI AL, B EnRIE, B 4e) A&
SDAS /), T Hid s R Kk, Bl 5 s A FEE
JE N 541 SDAS g8, Brdhfrae SRk, ¥
HIHFEER, SDAS #/N, 4iXFEEEJE A 30 mm K,
SDAS 4 69.01 um; IAFFEEE 5 mm B SDAS 4 28.75
pm, Uk T 58.3%. HHE 4(al)~(el)WTLLER], BEE
30 mm A1 20 mm {14 422 Bk T A SR4RR 40/
AL, AR — SR I HORIL A, TEARAH
M. XRHBERAEESHRINT Sr JeE T4 I
FERO 257201 R A HIH FE IR I, JE R S K
BT BRI BOR . MEEEE 10 mm F1 5 mm
AR 3 SR RSBV, TERESE R .

FEAREERURL I RS . TR - A RS X & &
Ref B, R R SRHE S Eu T 40, M
% 2 ] LA B & (As-cast, [FR AC) T 3 S ok i)
PR B K AR LU A B R R SR T )
LEEJE M 30 mm Y/ E] 5 mm, FEEEERKE 6.28
um J/NE] 1.94pm, BN T 69.1%; FEEEM 1.72 pm

Fig. 2 Filling sequence diagram of casting: (a) 10%; (b) 30%; (c) 60%; (d) 90%

(a) Solidification time/s

(b) Total shrinkage porosity

1201.2 100.00
1124.5 93.33
I 1047.8 I 86.67 '
971.1 80.00
894.4 73.33
817.7 66.67
740.9 60.00
664.2 53.33
587.5 46.67 -
510.8 40.00
434.1 33.33
3574 26.67
280.7 20.00
204.0 13.33
127.3 6.67
50.5 0

B3 B R e 5 S i LR R

Fig. 3 Solidification time and total shrinkage porosity of casting
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Fig. 4 Microstructures of stepped parts with different thicknesses: (a)—(¢) AC metallographic photo, showing dendrite

microstructure; (al)—(el) AC eutectic silicon; (a2)—(e2) T6 eutectic silicon; (a), (al), (a2) 30 mm; (b), (bl), (b2) 20 mm; (c), (cl), (c2)
15 mm; (d), (d1), (d2) 10 mm; (e), (el), (€2) 5 mm
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69.01

30 20 15 10 5
Thickness/mm

Bl 5 AFEEE T &5 IR g R
Fig. 5 SDAS of alloys with different thicknesses

N 0.84pm, /DN 51.1%; KARHLI 4.07 J/NF]
245, /N 39.8%. XA L 11k A H B I,
ARFAFRRT 40/, B R )3k S aEAH . 2600 T6
PAbH G, SREEERAEMEN, Bk, KK, AR
B RAR K, (HREKRLAN, BEFRA AR B

B, JLHRIEEEEA 10mm Al 5 mm &4 LK
4(d2)Fli(e2)).

HE 6 nTUUEZR], &&HHE Fe tHEZAHWM,
2 EDS 707, —FhiE n-Fe(AlFeMg;Sio)? /(A i
S HiHR), EAMUIR: A —FiE f-Fe(AlsFeSi)?" >
CREFTELTR), 2EMR. EESEEF, BER/N,
TEREr Fe AHRSF 2 AN/, 5 0 [R5 0,
B-Fe ML 2240, i 6(b)FR, BEJE S mm
()& 4 KE > & Fe MM n-Fe. WA 6(al)~(b1)[HAE
LTI, T6 HAbFEJS, BEJE 30 mm (& 418 Fe M
RSFASRER, TEEE 5 mm (&4 & Fe IR 28
INTIRZ%Z, HZ EDS 2 #r KN p-Fe.

23 EESHEE

X AN BE R 1) A AT 25 B AR, TR LR
FPEN 2.69 glom’, SR FE AN B AL F A 7
Fizme. WE 7 AT LLE 1, BEEREEDN, AEmst
PR BEARII K, 7EREIESN 5 mm I IA 3% 5 i KA
2.62 glem®. B8 FE AR Y E I At 34 IR A B T ek
N, BEAHEERRE, ASELIILEE, G

Bl 6 & Fe AHIEHAFSE

Fig. 6 Morphologies and types of Fe-containing phases: (a) 30 mm, as-cast; (b) 30 mm, T6 state; (c) 5 mm, as-cast; (d) 5 mm, T6

state
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Table 2 Morphological characteristic parameters of eutectic silicon
] Eutectic silicon Eutectic silicon Eutectic silicon
Thickness/ average length/pm average width/um aspect ratio
mm
AC T6 AC T6 AC T6
30 6.28+3.02 7.16£4.7 1.72+0.61 2.81+£0.47 4.07+2.17 2.50£1.20
20 5.27£1.91 5.72+1.73 1.52+0.59 2.50+£0.76 2.89+1.26 2.10+0.84
15 3.54+1.24 3.45+1.87 1.41+£0.43 2.45+0.92 2.72+1.35 1.87+£0.79
10 2.93£1.09 2.97£1.06 1.04+0.23 2.19+0.78 2.62+1.24 1.43+0.37
5 1.94+0.53 2.76+£0.78 0.84+0.21 2.04+0.56 2.45+0.92 1.35+0.24
2.62 100 6
(@) "—YS
160 +
+— UTS 15
~2.58¢ 198 & e — Elongation
T >
§ G S 1401 14 ¢
: 5 s E
2254 1% % = 15 £
2 > 50 L gh
3 g=] = 120 &
g = =4 ) 2
A 1 % 12 =
250} 94 &
100 -
11
2.46 ' ' 1%
730 20 15 10 s O =020 15 10 s 0
o ihlckn‘ess/mm Thickness/mm
B 7 BEELSEEMBELRRR
Fig. 7 Relationship between wall thickness and density and 280 L(®) *—YS
: +—UTS 14
density e — Elongation
p 260 I3 =
e e N=| N, — ) g
Wt L IERAR IR, Bilad 2 0 E
(& AT & e 35k, BEJE M 30 mm /N E] 5 mm, s {2 ¢
[0} —_—
B 92.01%THEF] 97.28%, RE T 5.73%. &4 & 200 =
B BRI 97.28%, WHEIFAEALIR, 1X5 3D 4TED 2001 11
PO AL I I R R S ) R SR KA OGP, R E
KGBOTTETE BIHE, B NBERF TRALIA, B 80—+ 0
KT HEMBEEE. Thickness/mm

24 SEMNEMEE
8 TN G4 I ) VERE Rl EE L (AR K R

HE 8l LB R, B&EEREN, A &MES %
PEREAIR . S REEA To #bH Y 5, &4
(1) e A58 B NP bz o B R HRAE T, W e e N %

ST T6 ASiRFE, HEEEM 30 mm J/NF] 5 mm, JER
SEFEM 205.95 MPa HHNE] 243.2 MPa, PihusmE N
209.1 MPa ¥4 %] 279 MPa, W75 HKZ M 0.23%38 i
B 2.13%, rAl3EE T 18.1%. 32.6%. 830.4%, X
BRI AM A BEJZ N, A4 SDAS WS, BUs R
AN, SRR RS A Fe AHRGE 3080, A
FIF To W FE L iR T, BRI DL % Fe &)@

8 BB IERE B E K R
Fig. 8 Relationship between mechanical properties of alloy

and wall thickness: (a) As-cast; (b) T6 state

AL SRR, XA RT A8 F Mg e .

BEJE 30 mm A1 20 mm (&4 LB R, N
15 mm PN E] S mm, & & MMKEIFGER S, Ra
mm, HA' SDAS Ay 28.75 pum) K Ik F] 5.13% (54
)M 2.13%(T6 2%). SNELLING!F|F EXONE™ [
WO 3D FTENH REE & T EHAZ 25.4 mm 1) A356 [k
B, H: SDAS Jy 45.28 um, T6 AL G HIHTH 8 E AN
236.36 MPa. i 4 CHill 4% (1) G 4 7E SDAS 24 60.90 pm
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I, T6 J&huhsm Bl LUA E) 232 MPa, 4 SDAS A
41.14 um B}, T6 PLhiisfE R ZIAF] 275 MPa, AL
SCHR[T41EAF R RE . BEAE, ARSI A356 5564
AU 50 B RN K IR 7 T SINGAMNENT 2557
FIF ZCast™ [¥] 3D 4T EPRD R 45 18 T 25 %% 1) A356 4
G AP E AR K (132 MPa, 0.8%).

T A K R PO AT AR G B A 3 )
Al-7Si-0.4Mg-T6 & S 1EA A BE JE R R P PERE, 4
SDAS 4 70.1 pm i}, & &HhisRE N 225 MPa, fifi&
N 0.6%: 24 SDAS Jy24.9 um I, S&HHIRE N
278 MPa, {HKF K 8.2%. FMalizEl 1T AH
BE (14 i lb 45 A356 #5642, 24 SDAS N 30 um Y,
&4 BT BREE Ny 280 MPa, HKZH 7.9%. XA
SCH A SRR PERERE AT S, TG SDAS Bk
BUE RN, ARSI & 1B A o AR AT AR SE Tl
TR G BB 1, HJ2 Y SDAS BUN, Wifs
KRR T e, BRI A —FE 1R s (LA HT 7
J&30).

Bl 9 Pl AR R R i RE R W SR . AL 9
ATLAEF, EEEE 30 mm A& 1R O, fA7ER
BRI, S0 P B T AR AE D X
FRRFAE 5 A G HPORR 10 3L R REAR AN Fe AHBETIAROR,
W SRR T ix ey BT, B RE IR/, A4

B9 AP AR I W DR

O EFFAG B, A XD . BEE S mm &4
(YU 1 2 T 2 RT3 R e, R
BIPIERTRESIEDY, XKW, AEMRETRET X
EIVBIEARTY, HIW G KRR E. AW ETES
AT, BEE RSN, A AT AT A A
Za PN REEAT . Te bF Y 5, WK 10 Prox, B
JZ 30 mm &4 Wi 0 EARRRVEZ R E G I A1 & 1)
W, BEEEEEEN, WO B X IR, R SR
FEEIE N, REEIR, 9 RS RN S) .
10(c), EEJE 5 mm M&EW O EPIEHERS, RE
IR, RSP ERai/N, B3 I H A s e 1 2 P R .
B 11 BN E SRRl R B R . aTeUE
B, WiORm ARSI, RERR, PR
P B R, EATRRSTAIA 0.2~0.7 mm. BE#E
B RN, FLIR ) RS R R R x5 2.3 1
A 4 I B0 B SN T T e R R — B TR
XS LR SR — 40 R B T R AT & R A
5, AHRRE A SRR TR b 2 R <P, LR
MR AT LSS & 12 SRR YmiRising
3DP BRI E R I, IR R R 47738 B i K
Ao, R TR N PR AE R EASA, W Hay Opn Ny F
C,H,P5 1%, — 3o SR E A H o HE S OE I R
W, JEE R HE S S A R TERD BN, DAY P S A

Fig. 9 Fracture morphologies of tensile specimen of stepped part (as-cast): (a) 30 mm; (b) 15 mm; (c) 5 mm

Fig. 10 Fracture morphologies of tensile specimen of stepped part (T6 state): (a) 30 mm; (b) 15 mm; (¢) 5 mm
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Fig. 11 Fracture low magnification morphologies of stepped tensile specimen (T6 state): (a) 30 mm; (b) 15 mm; (c) 5 mm

[¥a
AV

B 12 FLIF K A B

Fig. 12 Formation principle of holes

JE B, AARGEER ISP hYES B &4
BEIE 25 B, SR IR A SR T AR SR B
BN, ik ] ST TS BB AR A AR K R AR
TRFIMAKE, ot b <, BERRAIL,
FEAG & G gk st [, TR AER S A IE R 11X L
OYHL. AR TR . BE AR, & 44 i,
I I () R, AT R ST RO, TR RN AL
TERRZ . K. R O 2 B Y [E #H (Solid),
ST — B R NI, R RE AT AR 2 AR Bk [ R 7
(Melt), Sfkegka42 NI, fr DLE BEAL T B L
B Z,

A e KRR SILB G IR U, iR AR
PR T AL, 3 2 F L 2 S A% 1 S S R AE
SDAS #U/Ni AL b R IE (R FE 25K . 3DP /b
B HORD 1% 2 BRI T AR, TEHE S FE, A ARIE R 1)
MU B F T4 3, AT B, ORGS0 & B (1%~4%)
— S LA 55 E B AE D (0.8%~1.5%) 0> 414, e ey
RS B OR T RPB SR, RN R SR pE 2 1Y
L SARE G L, Rk, & SRR R T
Gimb GG L T N, BRMSERAES, ACH
%1 3D ITENRD LSS AL-7Si-0.4Mg & & it o8 i ]
DA SE O 4 TG A AR Giib UG, 0 YRR D

i LA K T e EOR K 8 K i, 3D 4T ENRD
T3 AT AT H Tl BRI SRR 577 1)
A LABCEFEAORE S5 7 R U, I3y 3D 4T ENRD Y
B3 7 it 1 B R T i SEL KRS Tl A 2 AR AT i
A

1) FIH 3D $TEPRb B E% I8 1) AL-7Si-0.4Mg A4,
HABEE S mm B&E& 0 ERGEE . BrhimiE. Wis
KA LA ] 234.4 MPa. 279 MPa. 2.13%.

2) HEEFELM 30 mm J/NE] 5 mm, HBEEGET
a(ADBL ) SDAS W/ T 58.3%, & Fe AHRSFRV/N
H p-Fe L2 2040, F b rERR-P IR 85 DL
FAEARE A HEANT 69.1%. 51.2% 39.8%; &4
BB P B BE JE N T =, 30 mmo BEJE ALY
92.01%, 5 mm EEJTAECE LR 97.28%, &M
5.73%; B 4 1F) Jer IR o 55 R 70 o 5 P o e 0k /N 1T
MEESET:, WrE MM REEE T, Btk 3D FTERfD
RUIE I AL-7Si-0.4Mg & 411 15 Ve RE 5 4 SUR 350 %
DA

3) ASCHIE ) 3D FT R B EEIE 1Y Al-7Si-0.4Mg
B G WPz 5 AT DLGE 3 Tk Ak il 3 1) A% G b B B
i, {H5Z %) 3DP WHRRG S R & & 12y, W52
BAK.
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Microstructures and mechanical properties of
3D printing sand casting Al-7Si-0.4Mg alloy

LAI Xiao-yu, ZHU De-zhi, CHEN Wei-ping, ZHAN Quan-quan, CHEN Long

(Guangdong Provincial Key Laboratory for Processing and Forming of Advanced Merallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: ProCAST software was used to simulate the filling and solidification process of step parts with different
thicknesses (5—30 mm), and the casting experiment was carried out in combination with the simulation results, the effects
of thickness on the microstructure and mechanical properties of 3D printing sand casting Al-7Si-0.4Mg alloy were
studied. The results show that, as the wall thickness decreases, the secondary dendrite arm spacing, eutectic silicon size,
and Fe-containing phase size of a(Al) in the alloy decrease, while the density and tensile mechanical properties of the
alloy increase significantly. In the T6 state, the highest (thickness of 5 mm) tensile strength of the alloy is 279 MPa, and
the elongation after break is 2.13%. According to the analysis, as the thickness decreases, the solidification cooling rate of
the alloy increases, the microstructure is refined, the density is increased, and the strength and elongation of the alloy are
improved. In addition, the properties of 3D printings and casting aluminum are limited by the sand mold binder content,
and the elongation is low.
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