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Research Status on 7xxx Aluminum Alloy Materials by Additive Manufacturing

ZHANG Xin, CHEN Dahui, HONG Xiaolu, ZHANG Jiang, WU Liangyu, ZHU Jinyu
(The Ningbo Branch of Ordnance Science Institute of China, Ningbo 315103)
Abstract: As a heat treatable ultra-high strength aluminum alloy, 7xxx aluminum alloy is widely used in aviation,
aerospace, weapons and other fields. Novel additive manufacturing process provides new possibilities for application of
7xxx series aluminum alloys with sharp demand in recent years. However, large solidification range of 7xxx aluminum
alloy leads to hot cracks, enhancing the difficulty in additive manufacturing. Composition regulation is a feasible
method to improve the microstructure and mechanical properties of 7xxx aluminum alloys in additive manufacturing.
Recent research progress in 7xxx aluminum alloy materials for additive manufacturing was reviewed at home and
abroad, and the composition design principles for 7xxx series aluminum alloys for additive manufacturing were obtained
through analysis of alloy composition and properties, which was adding trace elements such as Sc and Zr, micro-nano
ceramic particles such as TiC and TiB,, or eutectic forming elements such as Si on the basis of Cu-free Al-Zn-Mg alloy
with satisfied weldability in conventional fusion welding processes, providing ideas for the development of high-
performance 7xxx aluminum alloy materials for additive manufacturing.
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Fig.1 Mechanism diagram of laser powder bed fusion
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Fig.2 Hot cracks of SLMed 7075 aluminum alloy specimens
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Tab.l Chemical composition of 7xxx aluminum alloys for additive manufacturing'
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4 wy/ % ERIT
i e — Mg Cu Mn si Fe Sc Zr Al 2
7075 LPBF 5.40 2.60 1.50 0.30 0.40 0.50 — — St £
7075+ Ti LPBF 5.60 2.20 1.20 — — — — — FN 1
7075+ Si LPBF 6.52 2.48 1.64 0.05 4.73 0.19 — — PN 7
Al-6Zn-2Mg+Sc+Zr LPBF 6.04 1.87 — — — — 0.81 0.23 At 5
Al-5Zn-3Mg-1Cu-+Si+ TiB, LPBF 5.43 2.65 1.40 0.05 4.19 0.22 — — PN 5
Al-4Zn-2Mg-1Cu+SiC+ TiB, LPBF 3.79 2.21 1.40 — 2.79 — — — EN 5
7050+ TiN GMAW 6.65 2.49 2.42 0.10 0.12 — — — EN =
7A55+Sc CMT 7.33 2.08 1.65 0.34 0.03 0.07 0.23 0.18 A &
Al-4Zn-6Mg CMT 3.60 5.90 0.30 0.50 0.10 0.10 — 0.10 At &
Al-5Zn-3Mg CMT 5.28 2.70 — 0.005  0.005  0.079 — — P 75
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Tab.2 Mechanical properties of additive manufactured 7xxx aluminum alloys' '>'¢-1*-22
EEA WA GR il T2 PLAL3E EE /MPa it A 58 &2 /M Pa R E/%
7075 — LPBF 206 — 0.5
7075 5% 19 Si LPBF 537 360 9.7
7075 4% 9 Si+2% 1 TiB, LPBF 541 445 5.3
7050 — LPBF 75 — 0.6
7050 1.82% [ Ti LPBF 427 — 3.9
7050 4% (Ti+TiN) LPBF 613 — 8.8
Al-6Zn-2Mg 0.81% 1 Sc+0.23% 1 Zr LPBF 435 418 11.1
Al-5.5Zn-2.3Mg-1.4Cu 1.5% [ Nb LPBF 505 — 12.3
Al-5.7Zn-2.3Mg-1.4Cu 2% M9 SiC+2% 1Y TiB, LPBF 492 — 7.2
7050 TiN GMAW 503 — 13.4
Al-3.47Zn-5.3Mg 0.5% By Mn CMT 477 339 7.9
7B55 0.23% B9 Sc+0.16% 1 Zr CMT 618 542 5.7
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Fig.4 Microstructure and EBSD images of LPBFed 7075+ Si aluminum alloy specimens

B4 A 2 T M A48 2K 2 TN kL 09 TR 4 k3 AR, P om
FE R gk — D4R T iR T 613 MPa Ml 8.8% , ik
BRI B Txxx REE A B AEKOE o 58 R MY
FEFHVAT T TR TIN Y b e 40 A6 VR ] K SR ek rh 1 5
A B K ORE S 3 R RS 90 pm (7050 854 40
W ZE 2.3 pm (7050+1.82% (¥ T ,0.775 pm (7050+
2% B Ti/TiND™ . BLAh  FEBOEIE A T2 F 78 Txxx
RZEAETEHEM0.81% ) Sc+0.23% ) Zr. 1.5% 1Y
Nb.2% i SiC+2% Y TiB,, H3{ $ir 38 B 3k 8 T 435~
505 MPa, i K Rk 8 T 7.2%~12.3% , H ok 5 3 55
VI TR TIN TR Gk K 09 5t Ak J5t B[]

REN X L %78 7050 45 4 4 19 JL il 1 WS i £
B9 TIN UKL , BT 7 5 B2 Al % 43 5 ik 503 MPa Fll
12.3% , %S I TiN UKL 5 -3 f kL RS 1 692.6 pm [ 2
79.1 pm, AR RGE B FRAL, WA 5. GUO X P A&7
TB55 R A A A 2 AW Sc Ze IR T R B
SREE L MR SR BE RN AR R 4 i) 38 B T 618 MPa,
542 MPa F15.7% , i PERE 2 H Hi I b 7xxx REA A
G Ko Sc.Zr g0 2 B R Y SR AL AR
AL SR R A & 6 pm ZE A7 38 BT REAE I ALSe, - Zr,
gk bR R TR A & 1 2E e . MORIAS P J
L0 25 () A1-3.47n-5.3Mg-0.5Mn £ 4 4> B 9B 1 it

[18]

%)
o
-

 ELR/pm 5 %
0,50] 4.0
| (50,100] 2.7
| (100,200] 9.7
i (200,400] 13.9]
I (400,800] 18.8
1(800,1 200] 50.91

0
200 400 600 800 1000
B RSS /um

(b) 705045 & 4 itk ST 4304

[S]
=]

R %%
S

| T T 7 BAApm 5%
| (0,50] 200
| 3% (5071001 60.3
I
I

| (100.200] 122
I(200,400] 7.5,
| [(400,800] 0

(800,1200] 0 |

R 5%
S

] 5

R e o | 0 -
T H RS 979.1 pm | 50 100 150 200 250

8 AL R jpm

(c) FRINTING dd LB 5 (d) ARINTINE) AL 20 A

A5 IR H 7050+ TN A4 & FHHie R

Fig.5 Electron backscatter diffraction results of arc additive

300 pm

manufactured 7050+ TiN aluminum alloy

FER TR B | R 58 B A 2853591 2 477 MPa. 339
MPaF17.9% , 76 AU I & 5% 19 Sc ot Gl 190k 1) i
PEF 5 B R PE DT IO AF , 2 — i L 8 22 T 14 38 A4 1
W Txxx REGA SR MG T2 AR AR S ALBRE
T DX 2 2RV RE AN 35 5 1 DAL Ot 7 S8 R 3 A T i
Txxx F B A, AN N BE I SRR R TN Y % R0
1025



Frfp il MR (05 &

2026 4E55 46 #4557 W

5 R BENS AP PR AY 7xxx &

A 4o

4 3G AR Txxx R4S A 2 0 B TE A )

4.1 PRGWEFIEE

BEMARHERESG SN, Y6 & WHE
FER LU 25 i ERRARH 125 RE . Txx R &K
J& Al-Zn-Mg-Cu 506 4 i T H B8 [T IR B2 DX ] 45 0
e 5y e Bk [ 2o R v = A R4 S0P T o I 1 A T 3 7xxx
FERA Ay B BRI R o 3E e AR RS Y
PERE & B, H FT S A A Txxx R A4 FE N 7075
5 7050 57 A 4, H AP 8 0 N 5 A Cu % 2 AR 5
AT Cully Txxx RIB G G MK BRI 707555 % Culdt B &
AR A SRR . B, Cut Z MW ns
BER Txxx 2506 4 0 B 1 DX R) 38 KA 4 i AR 4 )
Kt Al-Zn-Mg & W] R R A 4 7R 2 1 M 1 1 ) 7xxx
FRASERRERE. HR, AT Lim A 4 hE i Se Zr
S5 B 4 b o0 F SN N AR 4 P UK Sk A E R 40 4K
Wil > BB PR

4.2 SELHEGEE

AL Txxx R A G 3B & P T2 I Y D) —
AR, 25 R T A RALAE AL, P oL o
Fe b A A RAL A PR R AR, — gt TR R R
HiT Ml 5 1, A7 7 5 Wi R, 7% H O F &t i, — 7
T3 S BOM AL = A2 22 57 5 05 — T & S BUA ALY
B A vy, P 5 T AR R B R RAL M AR R T REE .
Je TR A ORI E ARO[ A
e ME LLAUA DU AL R 08 1 28 IR R 4R R AL FL Y RS E
SRR . AR I B R R A b
I 2 00 R vl 7 A b VR A A o A A A
Pt P T LA AL SRR A & Jm 2k
T PR 7K 2 A AR 2K 35 Y W 5 4 R HL, B T H
0 FR TE B0 T oP B I A R O L BE IS BT R R R
fLo P, AR 20 A LR O A A PE R e, — 7
T 2 i /0 S8 b o e TR AL A 7 AR B R R R BEAT R 4
4 B A7, 3B oy A VR ), o e B ey A R R M AL
FL A AR RE Lk D AL Y 7 28 5 o5 — T I DU F 396 A A
P REAT I 22 Ak B e e BA A5 R R T B 2 AL L B
WITIETCWE S A THBR AL o A SR B4 F 1: AEL 208 2 <
L, — 77 Th0 AT 3 e e AR R A A Bl /) i 3 1l 4 v 4 o
M A0 TR AL B 7 A 5 55— T i U o R AL
(77 A, AT LU S DG Al A 4 A5 22 B R o3 TR I A - T
2, M A o0 2O U5 Y W B A R e 2D AL
(07 Az, FLUDRUE 22 B4 32 1T A 3 T SO T BE v IR 22 3%

1026

T P9 1 B PR B 2%, 2 T O LW T A ) B A 0 D R i
IAE m i T R o 5 2 A DR A 2R AT 5 R
T R TG 22 A8 AT 22 b B

5 #ZiELREAR

(DX T 7xxx R A 5 L R HBOGHE b 75 206
SRR T A, T A8 G 4 B BT R PR 2% L TE R
b T i B W AR AL, B R AR AR AR U b
T, A 52 4 FRAE BB, (R 38 bF 4 14 1 2% THIDHS 2 5,
W IO AT S 2R ML TR R . H I A
AN EZ B A AR R, B AL KR SEY
TARAT SR CIG B 5 G b U 48 1
RS BE AR, 3 5 55 ZEHEAT AL A R . 7 Al
B bE ] 1 BRI Sy R R T B A SR A &
BESROR PR A 18 1 B M 1 1 K

(2) H A3 il 3 7xxx REA & EELURA M-S
BRAA 4 ARG . TR U BRI A R ] Txxx RS A E,
P IEPEAL G b S T i T IR M AR & Cut BN
Al-Zn-Mg 88 & & MR, I Al-6Zn-2Mg ., Al-47Zn-6Mg .
Al-57n-3Mg %4845 4 .

(DM HE Txxx R B ST EEINA Txxx &
E IV T ) | RE g IV S R R i i) & M D
A0 Al iR AR AR R ] . — R A NG 1Y T Zr
ScfFILER , — MBI N E 1) TiC  TIN . TiB, 5 i 44
Ko AN, WV AL ST T R W S1AE . FEE R
PR TT SR 0 0 3 AR £5 5 P

(OO I 3 7xxx BB A WP 3R B AR K AT 3k
618 MPaZ& 47 , K RN 5.7% . &3 41 i1 1 FH 7xxx
R AW AN B I8 SR R B T 2 3 £ R T
KRR R AP VS LY Txxx RS G &M E

5 % X W

(1] R, 220, REF, . SRR HERAR [T]. &Emn T
(B INT), 2016(S1):879-883.

(2] 3EWERe, E 4. BB G BOR B N SMIT I SO 5 e BT ] A 250K
Fil AR, 2020, 56(2):35-38.

[3] THOMPSON S M, BIAN L K, SHAMSAEI N M, et al. An
overview of Direct Laser Deposition for additive manufacturing : Part
1: Transport phenomena, modeling and diagnostics [J]. Additive
Manufacturing, 2015, 8:36-62.

(4] WASEMS, WRORE, SHAKOR, 45 . WO b S BOR R BUR BT[]
AR S ALE, 2019, 5(5):1-6.

[5] KAUFMANN N, IMRAN M, WISCHEROPP T M, et al. Influ-
ence of process parameters on the quality of aluminium alloy
EN AW 7075 using selective laser melting(SLM) [J]. Physics Pro-
cedia, 2016, 83:918-926.

(6] FASC, BRAH, BCBERR, 45 . i o AR 1 < rit DI B o6 it % F 2 sk



HaABF i 7xxx &

AaaM e TR sk & %

[7]

[10]

[11]

[13]

[15]

[17]

[19]

[20]

[21]

JELITBR TR, 2024, 52(7):1-14.

LIU P, LIU F C, WANG Y D, et al. Additive manufacturing of
commercial Al-Zn-Mg-Cu aluminum alloys with mechanical proper-
ties comparable to extruded counterparts[J]. Materials Science and
Engineering, 2024, A899:146 441.

REESR, ZUIMG, Ak, 45 . & a0 b 3G T ARE 5 IR 22 e
[T]. LA T2, 2022, 33(17):2 087-2 097.

DIXIT S, LIU S Y. Laser additive manufacturing of high-strength
aluminum alloys: Challenges and strategies[ J]. Journal of Manufac-
turing and Materials Processing, 2022, 6(6): 156.

SUN S Y, LIU P, HU J Y, et al. Effect of solid solution plus
double aging on microstructural characterization of 7075 Al alloys
fabricated by selective laser melting (SLM) [J]. Optics & Laser
Technology, 2019, 114:158-163.

TANQY, FANZQ, TANG X Q, et al. A novel strategy to addi-
tively manufacture 7075 aluminium alloy with selective laser melting
[J]. Materials Science and Engineering, 2021, A821: 141 638.
OTANI Y, SASAKI S. Effects of the addition of silicon to 7075
aluminum alloy on microstructure, mechanical properties, and selec-
tive laser melting processability[ J]. Materials Science and Engineer-
ing, 2020, A777:139 079.
ZHOU L, PAN H, HYER H, et al. Microstructure and tensile
property of a novel AlZnMgScZr alloy additively manufactured by
gas atomization and laser powder bed fusion[J]. Scripta Materialia,
2019, 158:24-28.

ZHOU SY, SU Y, WANG H, et al. Selective laser melting addi-
tive manufacturing of 7xxx series Al-Zn-Mg-Cu alloy: Cracking
elimination by co-incorporation of Si and TiB,[J]. Additive Manu-
facturing, 2020, 36:101 458.

LIN, WANG T, ZHANG L X, et al. Coupling effects of SiC and
TiB, particles on crack inhibition in Al-Zn-Mg-Cu alloy produced
by laser powder bed fusion [J]. Journal of Materials Science &.
Technology, 2023, 164:37-51.

REN X L, JIANG X Q, YUAN T, et al. Microstructure and prop-
erties research of Al-Zn-Mg-Cu alloy with high strength and high
elongation fabricated by wire arc additive manufacturing[J]. Journal
of Materials Processing Technology, 2022, 307:117 665.

GUO X P, LIHJ, PAN Z X, et al. Microstructure and mechanical
properties of ultra-high strength Al-Zn-Mg-Cu-Sc aluminum alloy
fabricated by wire+ arc additive manufacturing[J]. Journal of Manu-
facturing Processes, 2022, 79:576-586.

KLEIN T, SCHNALL M, GOMES B, et al. Wire-arc additive
manufacturing of a novel high-performance Al-Zn-Mg-Cu alloy:
Processing, characterization and feasibility demonstration[J]. Addi-
tive Manufacturing, 2021, 37:101 663.

FANG X W, CHEN G P, YANG J N, et al. Wire and arc additive
manufacturing of high-strength Al-Zn-Mg aluminum alloy[J]. Fron-
tiers in Materials, 2021, 8:656 429.

MORIAS P J, GOMES B, SANTOS P, et al. Characterisation of
a high-performance Al-Zn-Mg-Cu alloy designed for wire arc addi-
tive manufacturing[ J]. Materials, 2020, 13(7):1 610.
MARIAL.MS, RAYA M, BEY V, et al. Changing the alloy com~-
position of A17075 for better processability by selective laser melting

[J]. Journal of Materials Processing Technology, 2016, 238:

[22]

i e S e s e e L i L e S e e e e e

I—JEjJ\E’Jﬁ?‘IE PERE I A, 2 X = AN A R AT
O W8 R, o R S e S 4 T
MA (AJ . JST . Scopus 55 & P 4} Bgk £ 40 122 B K F &R eI
eI, IR 3RS
] 60 4F A5 52 0 g i 0P TG A TR S i AR
A T4

BRI O S R E AR U BB
w5
20, I T 45 AT G2 BRI 38 SR RE B R 5 3 GRS
BO CEEEMT BFEE mRSE RS S8
B RA AR
A8 L A AT B LA K R 8 25 00 B A KR B ATl
S I o N2

DY ARE BT AT OCB A BRI AR DN S P
o AR TR AT il

43 20 70, 2 4F 24050 . [ 45 MR )R # m T, L mT B
e 1) A ) 2 8 S50 R DA, A
TR A IR 55

437-445.

LIX W, LI G, ZHANG M X, et al. Novel approach to additively
manufacture high-strength Al alloys by laser powder bed fusion
through addition of hybrid grain refiners [J]. Additive Manufactur-
ing, 2021, 48:102 400.

XIAO F, WANG S B, WANG Y X, et al. Niobium nanoparticle-
enabled grain refinement of a crack-free high strength Al-Zn-Mg-Cu
alloy manufactured by selective laser melting [J]. Journal of Alloys
and Compounds, 2022, 900: 163 427.

GUO X P, LI HJ, XUE P, et al. Microstructure and mechanical
properties of 600 MPa grade ultra-high strength aluminum alloy fab-
ricated by wire-arc additive manufacturing[J]. Journal of Materials

Science & Technology, 2023, 149: 56-66.

(45 FREE)

s s at et e

(BMBEEREREEMEITRE

(ReMisgiE kA O )R ERPEBHEAR D2 E
B U TR 2 2 85 0 2 2 A DUHLBR T 2B e i 3
i p SO
, INSPEC . CA .|

EXELne iR RIEaE T AN P 3 GRIE A

AR T 2 BT A o R R (5 4 ) 4 B B 0 0
NP2 I ]

TSN A DT T A B RCR R BOR R

& E il FRAb B T AL HEAE 5

BHB S
AR TIAL [ N AR ol S5 JE L Bl A R e

R4
AT A T FRAECKO 16 IF, il & 485 38-109, HE&1T

PR T R E AR T

PR i B (5 A A i CGRVO A R 2

Mgk - DT VL XA B ORI il 48 1001 L 11 B

M 4 - 430019

L3 - 027-85358206, 85486024,
85358127

545 W 3k . www .special-cast.com

MR 44 : tzzz@special -cast.com

L S S S G S G S U G S SR N SO

1027



