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Effects of Graded Pressure Difference on the Microstructure and Microhardness

of Vacuum Differential Pressure Casting Z1.114A Alloy
Huang Puying, Lu Gang, Yan Qingsong, Xu Pian, Huang Pengpeng, Liu Dong
(National Defense Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University)

Abstract: The ZLL114A alloy samples were prepared using vacuum differential pressure casting method. With the
help of metallographic microscope, scanning electron microscope and microhardness tester, the effects of graded
pressure difference on the microstructure and micro-hardness of vacuum differential pressure casting ZL114A al-
loy were investigated. The results show that the graded pressure difference significantly affects the microstructure
and properties of ZLL114A alloy. Within the range of the graded pressure difference of 35 kPa~185 kPa, with the
increase of the graded pressure difference, the squeezing ability of molten metal is also enhanced. The primary
phase in ZLL114A alloy is changed from coarse dendritic crystals to fine resette crystals and equiaxed crystals. The
microstructure is obviously refined, and the eutectic silicon phase is changed from coarse rods or needles to fine
rods or round grains. Meanwhile, the microhardness of ZLL114A alloy has been significantly improved. When the
graded pressure difference is 185 kPa, the microhardness reaches 96.9 HV, which is 33.4% higher than that of
ones with the pressure difference of 35 kPa.
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Tab.1 The main chemical composition of ZL114A alloy %
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Fig.1 Schematic diagram of vacuum differential
pressure casting equipment system
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Fig.2 Process curve of vacuum differential
pressure graded pressure casting
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Tab.2 Experimental process parameters
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Fig.3 Metallographic structure of the alloy under different graded pressure differences
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Fig.4 SEM images of eutectic silicon Si ZLL114A alloy under different graded pressure differences

Ak SRR B Rk 2L i STEAR T R L LA 4d,
2.2 SERINEEZE TSR E RS
RN R TE 25 T B 2s 2 R ZL14A & 4
WA DL 5. w]LLE B A GO R 22 8K
LR B AN T 4 . Y A O R R 2% O 35 kPal L i A

35 85 135 185
7RI R 2 /kPa

BS5 FRS>BMEEZT ZLIIAA o205 4R E
Fig.5 Microhardness of ZLL114A alloy under different

graded pressure differences

496

AR B CH V) 5K A R 72,635 2545 9 I 25 42 75
F| 185 kPa B}, i A B BF (HV) 34 B 5 K AH 96.90, 4
BT EZE N 35 kPa BHEE T 33.4% .,

3 AL

TEH 25 P2 R A T 1 R v o 5 < L GUTE BE [ 45 i i
FE 2 FUHL A0 AN 249 1) AR AR ASE i (545 <8 Ja8 ¥ 1Y) 58 31 b 45
SURB I A 1 S A foh () % 7% (1) 30 308 E 47 o AR 3t FELAS: T 4
RO BRE T RN AR o X 0 1) T 22 58 R 4 JaR Y5k 2 1)
I B I RE ) 2 [ AR A 4 3B AT IT . JF LT REnh B2
TR B L S (88 R 0 A 5 RS ST AR X 1 T
T S RE i 4 Y RE 5 A A N B 1R HE AT B[] b
0 T AR K oA 5 1 1) g 2 MR R . Horh . B R
TE AR /INE 7 R A 110 38 T A 4 IR 19 BRE [ i 4 R DL % 5%
BB HLRES -



O3 PO Hs s 22 % LS 22 IR W i ZLTTAA & S WOUL 2 21 R S IR 1) 52 )

KG
ﬁi/xR /1
KbV p BB s 8 R WY Iz IR BE 5 f O
X H AR A K OB A8 GOl BER B2 5 8 BE 11 i
Ai R R R HIH A,
AG=C(Apy +Ap: — Ap1) (2)
‘ KFAt 8

ittfj»CZE;APHﬁ%l@%‘f@lﬁ’ﬂ}fﬁﬁ;Amﬂ?ﬁ\

PMEE2E s Ap A FETIE %

H 2D 2D T R 4 R0 58 ] Wic 4 2 0 % %
BULRE 1 5 40 G0 R s 25 52 IE AR O L B 43 20 Fs s 22 18
K 4 J VR RE T 4D 4 1 BE 0t iR L A8 48 | 4 LA [ AIG
AT HEIPEREAR BT . IRl BEE 43 S0 s 26 32 7
B R, 42 B RIS U Y R ) BE 2 4 i L AR v 1R 22 B AR
A& Knyahd 1153 ZL114A & 4 o K4t
JAR 3L Si W 2R B U A A A S 2 A0 ) b R
MIIE R . EH A 5 38T AT R, & RE Y 20 46 R A7 Z0ET FL
St BHAR 0L 5 A U RS DT AT KR A e 1Y ) A
RE. M2rPMIES 35 kPa i, g1 T 228N . & & o
UEIB VLY RE 7 B8 58« 4 T WRAR X X ) T B ) A A A K
il A AR PERE R 25 X BN TR 252 85 kPa I,
22 0 T e (0 45 465 T V5% DB 02 T SR 1 5 4 R VROx 3
i AL L0 p T i {8 A5 3 40 B A N 3 i 2H 2L R
m AL B AL Y WO s e 25 8 135 kPa B, 4 & W)
I BEUEE U RE ) i — 2D g AR BE B A A T )
Rt D 7 S0 T AT T 33X e A B e e ) A /N B i 4 2 RE 8
TEAS A 8] 37t 3l FF T8 AR X BB A% O R oL R iy 3
an A U D L fRoRLE— 25 A A s 2 00 G0 s s 2
185 kPa I, 4 J& W Y % U85 UitV T3k 3 0 {8, 72 4
JE W RS AN VE TR LR S A SRR R
A B O ZH 2B B 44k, H 2 e ek B a1

Vp QD)

4 % ®

(DAY NN E R 2567 ZL114A 4 4 (1800 20 24 Fn 3t
an SUIE B H A B35 52w, Y 40 900 s s 22 39 i )
185 kPa if, ZL1T4A 4 4 40 40 v b i 35 404k B R 1Y
R bR 5 90 i i S AR 2 A Ay 24 /0N EL TR 0 S5l b o [ R
Ui N U 3 NGRS NS S T T IR 2 S NS B O o B T
SELLA /I () R R 5 ORLAR 198 AP TE

(2)BEAE 73 P s He 22 38 K ZL114A 4 4 19
ff B B IR, Y RO R R 25 0 & 185 kPa i, A&
4 0 B ORE JE (HV) 35 B d RAE 96.90, A 1 35 kPa i
14 8 SRR B R 5 T 33.4%

5 % X #
(1] RS W AR SR X T bk, 45 358 11 0 2 I $A AL 38 T 5 %) Al-8Ca 2121

[2]

[3]

[4]

[5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

PERERSZ M LT ] AU T2 2441, 2018,54(18) : 62-67.
ST 2 W ™ R AR T 25 ) B 25 IR A 1 ZL114A & 4
FHOWE 2 2 e v 1 s 7 2 i 5 e L) ). b A 8 45 JR A 4, 2020, 30
(7):1 535-1 543.
BAREKAR N S, DASS, YANG X, et al. The impact of melt con-
ditioning on microstructure, texture and ductility of twin roll cast
aluminium alloy strips[J]. Materials Science & Engineering, 2016,
A650: 365-373.
TS AT BT 8 R AR 45 3 T O 41 SURF AR 19 I K B8 0 A 4 2R AT
AWEFELT T AU TR 2 4, 2018, 54(9) . 77-85.
SHAJI M C, RAVIKUMAR K K, RAVI M, et al. Development of
a high strength cast aluminium alloy for possible automotive appli-
cations[ ] ]. Materials Science Forum, 2013, 765:5-10.
M. ZLIAA S5 SRl F IR S8R P R AT ). &8
AL P, 2019,44(S1) : 142-146.
HEE Y KT Tk L A R B AR T S 2 R X T RE 4R A 4 s
PR ST RS [T ] B R LA . 2006, 45 (S1): 294-296.
W A L WG IE L SFL ALST B A B SR AN AL S R AT O BIE ST
BERRAR 90T 2R SR SR R PR A R Sk R R RS SR
BT W AR BT K 2241 2013, 18 (4) £ 117-120.,
FREAR AR o 4k B, A8 P L 45 ZL114A & & PO I A 5 ) 0
IRIEFE TR 24,2018, 23(2) :134-139.
HEGDE S, PRABHUK N . Modification of eutectic silicon in Al-
Si alloys[J]. Journal of Materials Science, 2008, 43(9):3 009-
3 027.
2Rk R, B B S La A8 i ALL8.5Si-3.5Cu-1.2Fe 5 4 H 41
A G 1) 5 W [ ] B B 3 Je AT 85 4, 2020,40(6) : 684-689.
e T W AR P T R X 2 R R i ZL114A fR G 4 1T
JE i 5 L. A P b A 04 4 2017.,37(10) < 1 084-1 087.
RESC AU, T P 5 028 2 T 0 ot W RE B 1 i F ot e .
Fifh 5 s e A 0454 ,2012.32(3) : 238-242.
LW BTG5 SRR LS 25 TR B 1 4 R WU BB A R Y
[J7. %3k, 2002, 51(7): 415-419.
FER R AR BAA B, 45 L2 2 R P 2 L2 0 OB [ R 4 R 5 A
HILT ] 9 A 64 8 274, 2008, 18(6): 1 051-1 057.
YAN Q S,YU H,WEI B K, et al. Microstructure and properties of
vacuum counter-pressure cast aluminum alloy[J]. China Foundry,
2005, 2(4):873-877
YAN QS, YU H, LU G, et al. Density and solidification feeding
model of vacuum counter-pressure cast aluminum alloy under
grade-pressuring conditions[ ] ]. China Foundry, 2016, 13(2).
133-138.
A R A SR R X L 28 R T ZL205A & 4 #b
AR PEDE T ] Pl 85 1 S A 045 42, 2019,39(9) 1 963-966.
XU S 5 8 o 7 R 55 5208 1 3% Db [R) 43 000 HE 5 3 % ZL205A &
SRR L) ] AR RS I A 6 4. 2019,39(10) 1 1 077-
1 080.
Fo e 4, o) K, 2R SRS L S LS R A5 3 20 ZL114A 5 4 7 )
RE 1 AN ) 2 P RE B R A L) ] R 5 ROE T/ 2020, 12(4) :166-170.
HS 5 58 S B S — 43 N P W 1) 35 % 4R B 4 BOULAH R T Ak
REM M [ D). B < 1 B2 R, 20109,
(%48 3K ER)

497



