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Fig.1 Schematic diagram of spray forming technology(a) and product form(b)
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Table 1 Spray forming products and application of domestic and foreign enterprises'>”’

Materials Company name Products and applications References
Peak Al-25Si-4Cu-1Mg alloy, used for cylinder liner of Mercedes Benz
eal
engine
Sumitomo Light ) ) )
Al-Si alloy, used for Mazda Automobile Engine Blades [31]
Metal
Super high strength Al-Zn, Al-Cu alloys, used for racing engine
o Osprey Metals .
Aluminium alloy connecting rod, shaft support seat
Howmet Engine ring [29]
KIST High silicon aluminum alloy, used for automobile engine cylinder liner
and piston
. Wing truss, tank reducer shell, Tiangong 2 press system, intercontinental
Jiangsu Haoran L. [21]
missile nozzle shell
Swiss Metal High tin bronze, superconducting conductor, replacing high elastic
Copper alloy ) L [32]
Wieland components, communication electrode head
D2 carbon steel, creep resistant 12Cr steel, T75 high speed steel, D2
Dansprey [33]
cold rolled tool steel
GEand Allvac Gas turbine
. Spray form . .
Special steel and . Gas turbine superalloy ring, seal
Technologies
superalloy ) o )
NSWC Alloy625 nickel base superalloy pipe, in625 alloy pipe, used for [29]
submarine, torpedo pipe and gun pipe
. Stainless steel pipe, nickel alloy pipe, composite pipe, used for
Sandvik Steel o o
municipal waste incinerator
Sumitomo Heavy High chromium cast iron, high carbon high speed steel, used for rolls or (34]
) Industries clad rolls
Roll material
Sheffield Forge

0.8C-3Cr, 0.8C-5Cr cold roll, 2.5C-17Cr, high speed steel hot roll

Rolls




1202 T A e E SR

2022 45 A

S BN AR AR A, X LA S 4 1)
SRIE . WIME. TR P57 SRR TE RIS TR
EESR, I, 7EHRE Al-Zn-Mg-Cu & & 4R G
JI5PERETTIHD, ARGIESE T OB “HE” ]
o TS EOE T2, PRIy 0 AL, AT
e, HAZE), Sndglh, §
Rk EIR AR, T R ma e ke /1
PERE. HAT, WY T 2% Al-Zn-Mg-Cu &4
JENTZRE, HERGESUHAR — W
N,

5 S5 ST B AR 1) % J D9 W [R) 92 1 5 < PR iR
PITE TS BV Re SR it A Ruki. AR
K, W I Al-Zn-Mg-Cu & 4 N AR FL I
oo B X TS E Al-Zn-Mg-Cu &4 88 K
2 A. ZHEMAMEMARFKILEAALRE S

2 HLAL-Zn-Mg-Cu R G SAL )

foz[44-51]

AT S 5 AN SN I = I AN
SR IR Tl RSB OO e g RSO
PLRH T R 22 QB LR R0 AL oR
BRSBTS LI RO, H RO A e
Lo — 8L hEESI Y. RILREEHE
BRA RPN, TLI5RSEARWE B AT R 2 7]PNAE Al
P 2 s 3 B X W O Al-Zn-Mg-Cu &
FORF RIS HE R, BUkm &, 214l
K, FEAEZ AR O LR FURCR . H
&, RE H AT BUY Al-Zn-Mg-Cu & &1 Tk Ak
UL N T AR 8 . FAHERET: 1) K&
TF e 450 LA S = /N R 5 8 4% K /N RT3
XU O DR R A g 4, BRI A
N, BRSHOURIE RS e, 380w
ST BE R i B AT MR SR ZE RO, HELLOY

Table 2 Chemical composition of common Al-Zn-Mg-Cu aluminum alloys™™

Chemical composition (mass fraction, %)

Alloy . . Other impurities
Zn Mg Cu Cr Zr Fe Si Mn Ti ————— Al
Single  Total
7075 5.1-6.1 2.1-2.9 1.2-2.0 0.18-0.28 - <05 <04 <03 <0.2 <0.05 <0.15 Bal
7049 7.2-8.2 2.0-29 1.2-19 0.10-0.22 - <035 <025 <020 <0.10 <0.05 =<0.15 Bal
7475 52-62 19-2.6 1.2-19 0.18-0.25 - <0.12 <0.10 <0.06 <0.06 <0.05 <0.15 Bal.
7050 5.7-6.7 1.9-2.6 2.0-2.6 <0.04 0.08-0.15 <0.15 <0.12 <0.10 <0.06 <0.05 <0.15 Bal
7149 7.2-82 2.0-2.9 1.2-19 0.10-0.22 - <0.20 <0.15 <0.20 <0.10 <0.05 <0.15 Bal
7010 5.7-6.7 2.1-2.6 1.5-2.0 <0.05 0.11-0.17 <0.12 =<0.10 Ni<0.05 <0.05 <0.15 Bal.
7150 5.9-6.9 2.0-2.7 19-25 <0.04 0.08-0.15 <0.15 =<0.15 <0.10 <0.06 <0.05 <0.15 Bal.
7055 7.6-84 1.8-23 2.0-2.6 <0.01 0.05-0.25 <0.10 <0.1 <0.05 <0.06 <0.05 <0.15 Bal.
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Fig. 2 Statistics of domestic journal articles on spray formed Al-Zn-Mg-Cu alloy
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SO AL IR . I 8 in] & H R B b
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ANBIES A, TR R BT 5 L BUROK S5 0 % S,
ST A0 T 5 L A, WO R & 1 MILGRIEE G, B MTEEA 9-MgZn,.

T-Al,Mg,Zn,. S-Al,CuMg /% 0-AL,Cu®l. Xf T 45 &
A4, WS ROE 2] AR A R T A AR
KGR, B8P Cod BT 2% 0, WU %

T 214 1 Al-Zn-Mg-Cu & 4 R AETE S AHD 9305,
EIBAFREN, ARSI RAZA o o smm e Sk A, BRI RS

PEVRGR TR M S SN AR AL, Bl Mg
(Zn,ALCu), HoAE . W& T 041 B3 — MRS
EEALTEMRIR, TR UG ) 4 I BE R i AL 5 A

B, BAE A T Mg(Zn, Al Cu), F1 A K B4 B0 S- 4isssn 523 04 4 7340 e S AR S A 4 R4 3
ALCuMg#H. B9 FrR il Mo A= fsssE R0
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Fig. 8 SEM images of microstructure of 7055 alloy ingots prepared by spray forming(a) and conventional ingot

metallurgy(b) ¥

9 WEI R KAk GG vE ) 45 1) 7055 B & i A 23 BRI R 1S R ALY
Fig. 9 Grain boundary structure and corresponding energy spectrum characterization of 7055 alloy ingots prepared by spray

forming((a), (b)) and conventional ingot metallurgy((c), (d)) ©**
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7000 REAGaH SHH FE 2 G 8 il Zn/Mg
JEE IR BT, A kb 3 3o 75 A AR i AR AR R 3R RS
W% 555 R J8 O R 45 T B T O 2R s S A & .
Cu LRIENER SHLIULER, Hy BudERiE,
TEPCHREE E T FE R, KR Cu ot F AT [ T 44
i, RS 5L EPIAEMAR Cut R S BRI, &
ANBTE RS AH B b B A, DRSS S T T 2541
T SHHEITE o

g BRI, W BURHOR AR 5 OB R R 5
ARG RGPS R SERHE, H¥ 5T
REMEIE DG . AR RIS EE A A S 7 T Ak
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2.1.4 WOy AREE

W55 BT T2 b TAR G i 1 — KA A 2 1
SWEERIY, Z L 2RI A A 50
vk, ERAEREEP G SRS 0. L
XTSRS SIeE, WZeSE RN
SIER . B0 Fis AR FH EPMA #4561 B 8 i
HE R A mE . HE 10 A, fE
fegihis G, FEE8LER W Zn. Mg, Cufbl

"3 BENSESHETEEXA
Table 3

existence of S phase

Relationship between alloy composition and

S-AlL,  6-Al,

Alloy composition Ref.
CuMg Cu

Al-11.3Zn-2.65-1.06Cu x x 193]

Al-11.5Zn-2.0Mg-1.6Cu x X [39]
Al-10.63Zn-2.65Mg-1.95Cu x x
Al-10.57Zn-2.67Mg-1.36Cu x x

Al-10.78Zn-2.45Mg-1.7Cu x . bl
A1-10.39Zn-2.02Mg-1.93Cu x x

Al-8.2Zn-2.2Mg-2.4Cu N x [55]

Al-8.2Zn-2.1Mg-2.45Cu J x [87]

diy AP CE AT, I AEIRERS] V4 S RE PR 4l /N 5
T FR, RS SR W Ze RAETERGR L
FAEHT R ARAT 4558 A A MK R 02 o
oA, WTRAE N, ERURIE G e, AN
R EILR -

WS RS B < B o A 25 50 4 Ji A A5 VA v g
BRI 51 0 AT DL S B B e bR e i I R R

90 0.6
(c)
80F A 10.5
g70 104
60t
= 10.3
S50f
=] Zr 10.2
S 40
% 301l 0.1
A 20} Zn Mg 10
10 Cu 1-0.1
. oy A RA -02
0 20 40 60 80 100 '
Distance/um

& 10

90 0.6
80_(d)
g 0.4
£ 60r 103
§50r Zr
2 0.2
S 40 o1
B 30 :
S 10
3 20r 7 Cu
1ok A" Mg 1-0.1
-0.2

0 50 100 150 200 250 300 350 400
Distance/um

WS BT 5 G B VA ] 4% 14 7055 45 B8 B B oKL A T 3R 2k 40 A 11

Fig. 10 Line distribution of elements in single grain of 7055 alloy ingots prepared by™: (a), (c) Spray forming; (b), (d)

Conventional ingot metallurgy
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382 MPa. it 8 SE TG 5 R TA04 & &b AT
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1E30:1 EF Rt 2 PRI 1%k Re, HE RS
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Fig. 11

extrusion; (b) Backward extrusion
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w

Schematic diagrams of extrusion principle: (a) Forward
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24: 1) 77 2O B B 7055 & 4k AT T R T I
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A SRR [F) D A S I Ja RO PERER ), VD% '
e b \s S\ . ) 40
SCORWLN BOY A RIERE S & ARk, 3 T M = <
FigiE T2, LRI EmE 12 R, By S 06T §
- . . ok b 3 o, 130 -3
R BIE W0 T2, AEAN-— P #IE w2 T 3 E
<
S, BHGH TS, S, Bl T 2 sl . 3
245 2 5 AR S % 7] L BEAE 720~740 MPa Z [] |
TR RIFAE 5%~T% 7] . — B T 243 3 1) . ”
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manufactured by Haoran

Forging process diagram of a cover body
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@

Heating device

14 FUEEEA T ZH iR Ee
Fig. 14

process(a), and wedge pressing process(b)!'*®!

Schematic diagrams of wedge densification

L. AR, MK R &L 60%
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Fig. 15

Spray forming and extrusion'"”); (b) Spray forming and
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Schematic diagrams of integrated process: (a)

rolling
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b, HAERIEAT LSS Ze 884 4 b i Y ALZr, {2
AR SRR R B A, S A SIS Ak
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Fig. 16 SEM images of Al,Zr particles in grain boundary
of 7055 alloy after double stages homogenization®®!: (a) As-

spray forming; (b) Conventional ingot metallurgyy
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W YA e A eIt R SRR, EEETE
NIRRT HEE 2, 15 HAERR I
FERCK, KT RO AR R AT RE 7, itk
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Mechanical properties of Al-Zn-Mg-Cu alloy

metallurgy (casting)*®

i1 Al-Zn-Mg-Cu &40 2 1) F 27 A fe m & 8ot
RiEE. P E Zn SR LT A ' 1%
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N 694 MPa, (K ANT.9%. TMiiEEmE M H &
() B 4> AT 1) & 4 (A1-8.15Zn-1.97Mg-2.46Cu-
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H W ZEH RIS —AH, $ETar o AR S E,
W iEDN b ASES G VAR U hiTY
242 WP
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&4 Iy Al-Zn-Mg-Cu & & 49 Ml
Table 4 Fracture toughness of some Al-Zn-Mg-Cu alloys

ST TSR, A SRS AR BOET T
ANTRIRIET 25 B, FEIAR T AS FPIRES AR 1 50
PEX I RINE, SRR, SN AL, AT
DL 35 58w MR W R . RS I8 ok SN AL
4.53Zn-1.2Mg-0.12Cu-0.22Cr-0.21Fe-0.11Si-0.13Zr-
0.32Mn & 42 1F 440~450 °C J 480~490 “C % /N i &
DX B N BEAT 7 50 AR, B AL 2R T B ot
DX IR IHEAT 7 TR . S5, BEEBT
JRIRER A, IS HEREERS, Bask
AR ENA I MeZn, 3 2, B RUOHT H 3 B 9 e
W7 24 4] P4 PR AR . PEEL 253456 AN [A] 5l 4 1) Al-Zn-
Mg-Cu & &7 T B R 38 5 34T Wi 2490 v DUt
SRR, BEmFe G R®MWAYMGEESR
M. B Fe & = (& 20 20 M <0.05% 2 &
0.74%, {EL-TJ7la), HBr®IEn] #37.6 MPa-m'"
FEIKA220.3 MParm'?. R4 845 T STk &4
W 2L AR

R sEEh, B REEIARAZ,
RAETZIRERER. NEEESMERTIE,

Fracture

. Heat treatment Load Manufacturing
Alloy composition o toughness/ Ref.
process direction 05 process
MPa-m"~)
Al-8.2Zn-2.2Mg-2.4Cu-0.2Zr 120 C, 24h L-T 20 SF
Al-8.27Zn-2.2Mg-2.4Cu-0.2Zr (120 °'C, 6 h)+(160 C, 8 h) L-T 25.18%* SF [133]
Al-8.2Zn-2.2Mg-2.4Cu-0.2Zr (120 C, 6 h)+(160 ‘C, 18 h) L-T 31.33* SF
Al-8.2Zn-2.2Mg-2.4Cu-0.2Zr (120 C, 6 h)+(160 ‘C, 30 h) L-T 41.15% SF
Al-8.2Zn-2.1Mg-2.45Cu-0.15Zr (120 C, 24 h) - 22.3 SF
Al-8.2Zn-2.1Mg-2.45Cu-0.15Zr (120 °C, 8 h)+(160 C, 8 h) - 25.6 SF [87]
Al-8.2Zn-2.1Mg-2.45Cu-0.15Zr (120 °C, 8 h)+(160 C, 16 h) - 335 SF
Al-8.2Zn-2.1Mg-2.45Cu-0.15Zr (120 C, 8 h)+(160 ‘C, 24 h) - 42.4 SF
Al-8.24Zn-1.97Mg-2.5Cu-0.12Zr (120 C, 8 h)+(160 ‘C, 8 h) L-T 30.7 SF [30]
Al-7.9Zn-2.1Mg-2.2Cu-0.15Zr T6 - 28.7 Casting [135]
Al-7.9Zn-2.1Mg-2.2Cu-0.15Zr T7951 - 30.7 Casting
Al-6.27Zn-2.25Mg-2.3Cu-0.12Zr-0.12Si-0.15Fe T651 L-T 39 Casting [136]
Al-6.03Zn-2.59Mg-0.7Cu-0..28Mn-0.05Fe 135°C,16h L-T 37.6 Casting
Al-5.76Zn-2.48Mg-0.67Cu-0..28Mn-0.3Fe 135°C,16h L-T 28.4 Casting [134]
Al-5.85Zn-2.47Mg-0.68Cu-0.34Mn-0.74Fe 135°C,16h L-T 20.3 Casting

* Average value from reference data. SF: Spray forming, Casting: Conventional ingot metallurgy



BREHSH

Mz, & B SUEE G Al-Zn-Mg-Cu & &0t ik 1215

RS WU UL 5 GG VA 4 (1 Al-Zn-Mg-Cu RE5 & &0 57 PR i)

Table 5 Comparison of fatigue limit between Al-Zn-Mg-Cu alloy prepared by spray forming and conventional ingot

metallurgy!*!
Manufacturing Working . Factor of stress ~ Fatigue limit/

Alloy Aging treatment .
process process concentration MPa
7075 Casting Extrusion T73510 1 290
7075 Casting Extrusion T73510 3 120
7475 Casting Plate T7351 1 310
7475 Casting Plate T7351 3 125
Al-10.8Zn-2.9Mg-1.9Cu SF Extrusion T6+(160 C, 4 h) 1 400
Al-10.8Zn-2.9Mg-1.9Cu SF Extrusion T6+(160 C, 4 h) 3 120

SF: Spray forming, Casting: Conventional ingot metallurgy

KEFHBI T W 45 i
IO R0 s T T2 R A T2
HEAT O A 2R 900 S T R, L2
F AR SR BTGRP B, AT R A ke R
ZUN G S ORI A T Bt . 1% L 2R DL EE
A ZURTBONIRT PRI RRER Bt T #7075
243 JEHTERE

A 0 AR P AR il SR R
BRpoA v e B R 2 Ah, I 55 PR RE 2 O M B A,
TR R DR A AR & S D7 BRI 7 N =28, R
95 JEE ST AU 57 o ARG AT % B LY
DINUBEE 55 B IR0 . 5 e 95 57 1k e 1 R 2% () i 3R
PIERAL, FEEZAFHLURT . F LR A
AU R B AR, LR,

EAr, X F it kil 4 (1 Al-Zn-Mg-Cu &
&, FAHCPE 7 MR Re A S D o BT A C 0T g
U R Al-10.8Zn-2.9Mg-1.9Cu 1] 75 J % 75 1% it i
TTHETE, HH5 %SG ST T (LK S),
GERRE, TEN BT RECH LI, W Y ]
A % 5T VERE AL T 1 IUEF I VA 4 1 & 4

XTI RO G4, M T HRE%EES, o
J, HARRAE T35 0 A (38 AR D 7RSS —
FHIAEAE, BRAC T BT MRS ik, TR
S, BE AR, ALK 1
REARSE, ETRMA M, VBRI,

3 #Z5E

R EFEWU OB BRI T s & e il
TERITHZRAG T FERIB AR, RO T mBCHE

Eha e M A SRR R OGRS T Tl
KEAE (d 600~800 mm) = P BE 7 42 HE FR W5 ] £ |
Bl Lk A= el ERe S, ANEREKRT
T2 BT 7 B2 B A 25 WA RL I T B P AR A8 103
o EAR H AT SO 6] % 1 Al-Zn-Mg-Cu &4 0
SN 37 R BAIE RISy B, (HAEEAT R
Pl — MR T 2N HBIESZ %R
Jo BN EIRBUIRAN AR, R E T R LR A kL
A2 7RIS P SRR R I ) 1) A 5 [ ) A AR AT
Ft, HESIA R R e A £ B BLF B0 s AT X 5 5 R
Ermaathsy, FRESRT T B T2
T SREALEE ] AN TS A BEE B T
SRR T J 05 B R I R A A A AR
NG ARAEMERE MRS R . NP AR R R Ao
WUESERETE, R A AR & 4 DU R IR FH i
MRS & 4 RIEZ 0B BRI . W5 Rk
- IN T A S AR 534, SCHE R AL
BHE R S A e o A o

REFERENCES

[1] HENEIN H, UHLENWINKEL V, FRITSCHING U. Metal
sprays and spray deposition[M]. Cham, Switzerland:
Springer International Publishing, 2017: 1-2.

[2] GRANT P S. Spray forming[J]. Progress in Materials
Science, 1995, 39(4/5): 497-545.

[B1 £ ZE ™ &, & BB ROEEAR R R[], LA
®4 )@, 2002, 23(3): 133-138.

WANG Jun, YAN Biao, XU Zheng. Development and
application of spray forming technology[J]. Shanghai

Nonferrous Metals, 2002, 23(3): 133-138.



1216

T A e E SR

2022 45 H

(4]

[3]

(6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

TR, T %, AR RO, S B O R B [ BORAEAR &
SR ] BRI SR, 1998, 16(2): 137-142.

FAN Hong-bo, SHEN Jun, CUI Cheng-song, et al.
Application of spray forming rapid solidification technology
in aluminum alloy[J]. Powder Metallurgy Technology, 1998,
16(2): 137-142.

W, A . BUHTTRRER ). AL )E, 2002, 54(1):
12-15, 26.

PENG Chao-qun, HUANG Bai-yun. Spray deposition
technology[J]. Nonferrous Metals, 2002, 54(1): 12-15, 26.

P RE, 4% A, SKRE PR, 45 . W RO IR R e B L AL
W B ARE STk, 1999, 9(3): 41-48.

TIAN Shi-fan, LI Zhou, ZHANG Guo-qing, et al. The
development and commercialization trends in spray
forming[J]. Powder Metallurgy Industry, 1999, 9(3): 41-48.
MATHUR P, ANNAVARAPU S, APELIAN D, et al. Process
control, modeling and applications of spray casting[J]. JOM,
1989, 41: 23-29.

MATHUR P, ANNAVARAPU S, APELIAN D, et al. Spray
casting: An integral model for process understanding and
control[J]. Materials Science and Engineering A, 1991, 142:
261-276.

MATHUR P, APELIAN D, LWALEY A. Analysis of the
spray deposition process[J]. Acta Metallurgica, 1989, 37(2):
429-443.

GRANT P S, CANTOR B, KATGERMAN L. Modelling of
droplet dynamic and thermal histories during spray forming-
1 : Individual droplet behaviour[J]. Acta Metallurgica et
Materialia, 1993, 41(11): 3097-3108.

GRANT P S, CANTOR B, KATGERMAN L. Modelling of
droplet dynamic and thermal histories during spray forming-
I : Effect of process parameters[J]. Acta Metallurgica et
Materialia, 1993, 41(11): 3109-3118.

GRANT P S, CANTOR B. Modelling of droplet dynamic
and thermal histories during spray forming—III. Analysis of
spray solid fraction[J]. Acta Metallurgica et Materialia, 1995,
43(3): 913-921.

CAI W D, LAVERNIA E J. Modeling of porosity during
spray forming: Part 1. Effects of processing parameters[J].
Metallurgical and Materials Transactions B, 1998, 29:
1085-1096.

CAI W D, LAVERNIA E J. Modeling of porosity during
spray forming: Part II. Effects of atomization gas chemistry
and alloy compositions[J]. Metallurgical and Materials
Transactions B, 1998, 29: 1097-1106.

XU Q, GUPTA V V, LAVERNIA E J. Thermal behavior
during droplet-based deposition[J]. Acta Materialia, 2000,

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

48(4): 835-849.
XU Q, LAVERNIA E J. Influence of nucleation and growth
phenomena on microstructural evolution during droplet-based
deposition[J]. Acta Materialia, 2001, 49(18): 3849-3861.

XU Q, GUPTA V V, LAVERNIA E J. On the mechanism of
mushy layer formation during droplet-based processing[J].
Metallurgical and Materials Transactions B, 1999, 30(3):
527-539.

2 [E . 2006 TR A [ BR 2 BT A (1) — W T R E R
JRASFAR D). RS I6 (W EE4 H1), 2007, 43(3): 160-162.
ZHANG Jing-guo. to 2006

Introduction International

conference on spray forming(l) —Rapid prototyping
technology of spray forming[J].
Chemical Analysis Part A(Physical Testing), 2007, 43(3):
160-162.

PRiRte, L0, BR W1, 55 2 R BT DUAR 1 B AN I
BFRIT]. IR R 2R (B SRR RR), 2001, 28(5): 20-28.
CHEN Zhen-hua, YAN Hong-ge, CHEN Gang, et al

Physical Testing and

Principle and setups of multi-layer spray deposition
technology[J]. Journal of Hunan University(Natural Sciences
Edition), 2001, 28(5): 20-28.

PRikte, 208, BV, 55 . il KR PIRUR I 2 )2 Wit
PURUT RS % B, CN98112773.8[P]. 2000-06-14.
CHEN Zhen-hua, YAN Hong-ge, KANG Zhi-tao, et al.
Multi-layer spray deposition method and equipment for
preparing billet:  Chinese,
CN98112773.8[P]. 2000-06—14.

wkOZE Ak B, TR, A5 BTN B 7055 585 AR AT
82 F B AR A s 1B L[] R ()R, 2017(2):
24-26.

ZHANG Hao, ZHANG Jie, MA Wan-tai,

large-scale  deposition

et al. The
application of spray forming 7055 aluminum alloy forgings
and the development of relevant standards[J]. World
Nonferrous Metals, 2017(2): 24-26.

CHEN Y G, ZHONG Y, YIN J C, et al. Spray conform 7075
Al[J]. RSC Advances, 2015, 5: 97612-97618.

CAO F Y, LI H C, NING Z L, et al. The formation
mechanism of porosity for spray-deposited 7075 alloy[J].
Materials Research, 2015, 18(S1): 89-94.

XIZRWL, S, £ UL, 5 WU IR Al-Zn & 5k AR
BT BNV B [ AT 0], 5P B8 IE J A B f <, 2008,
28(9): 657-659, 651.

LIU Dong-ming, DONG Ying, WANG Kai, et al. Modeling
of solidification process of Al-Zn droplet during spray
forming, part I: Solidification behavior of single droplet[J].
Special Casting & Nonferrous Alloys, 2008, 28(9): 657-659, 651.

MR, # &, E YL, S B IR Al-Zn & Sk AR



BREHSH

s, &

W55 55 BB i Al-Zn-Mg-Cu & & 7T ilk JE

1217

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

RRAUIL: S5 A HERE [ 17 9 (7). 5 A0 8515 S A 6 4, 2008,
28(10): 746-748, 733.

LIU Dong-ming, DONG Ying, WANG Kai, et al. Modeling
of solidification process of Al-Zn droplet during spray
forming, part II: Spray, cone behaviors[J]. Special Casting &
Nonferrous Alloys, 2008, 28(10): 746-748, 733.

O, WM, KRB, B SOE BOR ]  A BARL
WEFCBERE[T]. #E2IR, 2012, 26(S1): 150-152.

LI Jie, LEI Hao, ZHANG Yu-hong, et al. Development of
spray forming technology in fabrication of iron & steel
material[J]. Materials Review, 2012, 26(S1): 150-152.
INENTK, TE 2, BARVE, S B BUR R miR S & TR
BRI MR, 1999, 13(2): 10-12.

SUN lJian-fei, SHEN Jun, CAO Fu-yang, et al. Development
of spray formed nickel base superalloys[J]. Materials
Review, 1999, 13(2): 10-12.

BN, RSLE T Y RO R ] A B R 4
M. ki 4, 2015(11): 26-30.

LI Xiao-ming, WU Li-zhi. Analysis about patents of alloy
steel manufacture with injection forming technique at
home[J]. Hebei Metallurgy, 2015(11): 26-30.

AR, KB . TS RO SR [ A A1 S 5 S L],
i, 2009, 58(8): 797-803.

LI Rong-de, LIU Jing-fu. Development and application of
spray forming technology at home and abroad[J]. Foundry,
2009, 58(8): 797-803.

FERINE . BT HUE BOMDRE I B 7055 SR & PR RE D).
Fs %5 it TRE, 2017, 9(6): 193-197.

PAN Ying-xi. Performance of spray forming 7055 aluminum
alloy for helicopter hub materials[J]. Journal of Netshape
Forming Engineering, 2017, 9(6): 193-197.

RERATY, TRk 22, A1 30T . WU B BOR Bl & st s s & &
PRI AT, 2000, 14(12): 50-55.

XIONG Bai-qing, ZHANG Yong-an, SHI Li-kai. High-
property aluminum alloys prepared by spray forming
process[J]. Materials Review, 2000, 14(12): 50-55.
ZAUTER R, MULLER H R, KUDASHOV D V. Spray-
formed high-tin bronze—A homogeneous pre-material for
Nb,Sn-based superconductor wire[J]. IEEE Transactions on
Applied Superconductivity, 2007, 17(2): 2572-2575.
KJELDSTEEN P. Development of high alloyed tool steels
using spray forming on an industrial scale[J]. Powder
Metallurgy, 2003, 46(4): 297-298.

Sumitomo 'Ospreys' rolling mill rolls[J]. Metal Powder
Report, 1990, 45: 813-814.

T, Ja ks, vral i, % Al-Zn-Mg-Cu R = 3848 & 4
WEFEHEE[I]. £500 L, 2003(3): 6-12.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

GAN Wei-ping, FAN Hong-tao, XU Ke-qin, et al. Study
progress of Al-Zn-Mg-Cu series high-strength aluminum
alloys[J]. Aluminum Fabrication, 2003(3): 6-12.

CHEN Z Y, MO Y K, NIE Z R. Effect of Zn content on the
microstructure and properties of super-high strength Al-Zn-
Mg-Cu alloys[J]. Metallurgical and Materials Transactions
A, 2013, 44: 3910-3920.

SHU W X, HOU L G, ZHANG C, et al. Tailored Mg and Cu
contents affecting the microstructures and mechanical
properties of high-strength Al-Zn-Mg-Cu alloys[J]. Materials
Science and Engineering A, 2016, 657: 269-283.

ok, RE G, KL, % Zn & BRI RE Txxx RiE
MRS S SRR T]. o E A 648 Ak, 2005,
15(7): 1013-1018.

ZHANG Yong-an, ZHU Bao-hong, LIU Hong-wei, et al.
Influence of Zn content on microstructure and properties of
spray-formed 7xxx series aluminum alloys[J]. The Chinese
Journal of Nonferrous Metals, 2005, 15(7): 1013-1018.

GUO S, NING Z L, CAO F Y, et al. Microstructural
evolution of spray-formed Al-11.5Zn-2.0Mg-1.6Cu alloy
during hot-extrusion and heat-treatment[J]. Transactions
of Nonferrous Metals Society of China, 2009, 19(S2):
$343-s348.

Wize, AE, 25438 . Al-Zn-Mg-Cu R & & MME &1k
W HERE[T]. HAR S #H, 2018, 32(3): 11-16.
YANG Yun-long, ZHOU Xing-hua, LI Jin-xin. Study
progress of the micro-alloying of Al-Zn-Mg-Cu series alloys
[J]. Technique & Education, 2018, 32(3): 11-16.

WKk %2, REARTE, A 00T . PR Bk 7000 £ SRR AR &
FIWF 7EBUIR (D). #1KLS3R, 2005, 19(10): 91-93.

ZHANG Yong-an, XIONG Bai-qing, SHI Li-kai. Research
status of rapidly solidified ultra-high strength aluminum
alloys[J]. Materials Review, 2005, 19(10): 91-93.

I . 7000 F e RS < R X AR TRL IR R (0],
W RIEHAR, 2015, 26(6): 75-78.

JI Hao. Development and application of 7000 high strength
aluminum alloys on airplane[J]. Aeronautical Science &
Technology, 2015, 26(6): 75-78.

B . — A BHEOR, — OB RN, s 244k, 2008,
29(3): 701-706.

CAO Chun-xiao. One generation of material technology,
One generation of large aircraft[J]. Acta Aeronautica et
Astronautica Sinica, 2008, 29(3): 701-706.

F5 o, BEAAT, TRk 22, &5 BT NE Al-Zn-Mg-Cu 2 5%
mEEMNALSIERED]. hEA 8 E ), 2001, 11Q2):
279-283.

WEI Qiang, XIONG Bai-qing, ZHANG Yong-an, et al.



1218

T A e E SR

2022 45 H

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Structure and property of high strength Al-Zn-Mg-Cu alloy
by spray forming[J]. Transactions of Nonferrous Metals
Society of China, 2001, 11(2): 279-283.

Tk, REMITE, U, & WA BUE S % Al-Zn-Mg-Cu
RESREPIRA SN AI]. WA &, 2002, 26(6):
425-428.

ZHANG Yong-an, XIONG Bai-qing, WEI Qiang, et al.
Research on ultra-high strength Al-Zn-Mg-Cu alloys with
spray forming[J]. Chinese Journal of Rare Metals, 2002,
26(6): 425-428.

WANG Z X, ZHANG Y A, ZHU B H, et al. Tensile and high-
cycle fatigue properties of spray formed Al10.8Zn2.9Mgl.9Cu
alloys after two-stage aging treatment[J]. Transactions of
Nonferrous Metals Society of China, 2006, 16(4): 808-812.
WANG F, XIONG B Q, ZHANG Y A, et al. Age-hardening
characteristic of an Al-Zn-Mg-Cu alloy produced by spray
deposition[J]. Rare Metals, 2007, 26(2): 163-168.

WANG F, XIONG B Q, ZHANG Y A, et al. Effect of heat
treatment on the microstructure and mechanical properties of
the spray-deposited Al-10.8Zn-2.8Mg-1.9Cu alloy[J]. Materials
Science and Engineering A, 2008, 486(1/2): 648-652.

HE X Q, XIONG B Q, SUN Z M, et al. Solidification
microstructures of Al-Zn-Mg-Cu alloys prepared by spray
deposition and conventional casting methods[J]. Rare
Metals, 2008, 27(2): 210-215.

WANG F, XIONG B Q, ZHANG Y A, et al. Microstructural
development of spray deposited Al-Zn-Mg-Cu alloy during
subsequent processing[J]. Journal of Alloys and Compounds,
2009, 477(1/2): 616-621.

WANG F, XIONG B Q, ZHANG Y A, et al. Microstructure
and mechanical properties of spray-deposited Al-Zn-Mg-Cu
alloy processed through hot rolling and heat treatment[J].
Materials Science and Engineering A, 2009, 518(1/2):
144-149.

T, g, £ A, % WU RE Al-Zn-Mg-Cu
WA ZUEAR[T]. 48 253K, 2004, 40(8): 827-832.
WANG Hong-bin, HUANG lJin-feng, CUI Hua,

]

et al.

Microstructure  evolution of ultrahigh strength

spray
deposited Al-Zn-Mg-Cu alloy[J]. Acta Metallurgica Sinica,
2004, 40(8): 827-832.

LIZ L, XIE J X, CHEN W, et al. Experimental investigation
on microstructure and segregation of ultrahigh strength Al-
Zn-Mg-Cu-Zr-Sc-Ni alloy during homogenization[J]. Rare
Metal Materials and Engineering, 2009, 38(S3): 83-87.

CAI Y H, CUI H, ZHANG J S. Microstructures and
precipitation behaviour of cryomilled Al-Zn-Mg-Cu-Mn

powders[J]. Materials Science and Technology, 2010, 26(3):

[55]

[56]

[57]

[58]

[59]

[60]

(61]

[62]

[63]

352-355.
SI C R, TANG X L, ZHANG X J, et al. Microstructure and
mechanical properties of low-pressure spray-formed Zn-rich
aluminum alloy[J]. Materials Express, 2017, 7(4): 273-282.
KHAN M A, WANG Y W, AFIFI M A, et al. Microstructure
and mechanical properties of an Al-Zn-Cu-Mg alloy
processed by hot forming processes followed by heat
treatments[J]. Materials Characterization, 2019, 157: 109901.
CAI'Y H, LIANG R G, SU Z P, et al. Microstructure of spray
formed Al-Zn-Mg-Cu alloy with Mn addition[J].
Transactions of Nonferrous Metals Society of China, 2011,
21(1): 9-14.

BNR, KTz, BFNME, &5 WU BUE Al-Zn-Mg-Cu &4
AL T 25 D RE )] WA SR M LS TF2, 2007,
36(S3): 320-323.

HOU Xiao-hu, ZHANG Xiu-yun, BAI Pu-cun, et al. Heat-
treatment technology and mechanical properties of Al-Zn-
Mg-Cu alloy by spray deposition[J]. Rare Metal Materials
and Engineering, 2007, 36(S3): 320-323.

BAI P C, HOU X H, ZHANG XY, et al. Microstructure and
mechanical properties of a large billet of spray formed Al-Zn-
Mg-Cu alloy with high Zn content[J]. Materials Science and
Engineering A, 2009, 508(1/2): 23-27.
B/NGE, FURNE, /NI, S5 BT BOR DI -
4Mg-1.1Cu-0.5Ni & & . T 20 23 8 P REAIT 72
224, 2012, 31(5): 427-431.
HOU Xiao-hu, BAI Pu-cun,

A Al-12Zn-2.
T[] TS
CUI Xiao-ming, et al.
Microstructure and mechanical property research of as-spray-
deposited Al-12Zn-2.4Mg-1.1Cu-0.5Ni alloy[J]. Journal of
Chinese Electron Microscopy Society, 2012, 31(5): 427-431.

fEANER, RN, PRocE, & RS F RO e 7000 R
BE B 4 TOWE A RN M AR R RS IR (D], B4R A AL 2 R

2014, 35(10): 34-38.
HOU Xiao-hu, BAI Pu-cun, SHEN Yuan-guo, et al. Effect of
retrogression reaging treatment on microstructure and
properties of high Zn 7000 series aluminum alloy[J].
Transactions of Materials and Heat Treatment, 2014, 35(10):
34-38.

BN, BAME, ILTCH, & . 7000 R 45 & ST AR R 3R
) HRTEM JU{a] A A7 43 47 [J]. ¥ A & )8 M kL 5 T #2,
2014, 43(5): 1161-1164.

HOU Xiao-hu, BAI Pu-cun, SHEN Yuan-guo, et al.
Geometric phase analysis of strain in 7000 series aluminium
alloy by HRTEM[J]. Rare Metal Materials and Engineering,
2014, 43(5): 1161-1164.

NING Z L, GUO S, CAO F Y, et al

Microstructural

evolution during extrusion and ECAP of a spray-deposited



BREHSH

s, &

W55 55 BB i Al-Zn-Mg-Cu & & 7T ilk JE

1219

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Al-Zn-Mg-Cu-Sc-Zr alloy[J]. Journal of Materials Science,
2010, 45(11): 3023-3029.

JIAY D, CAO F Y, NING Z L, et al. Influence of second
phases on mechanical properties of spray-deposited Al-Zn-
Mg-Cu alloy[J]. Materials & Design, 2012, 40: 536-540.
NIGN Z L, CAO F Y, GUO S, et al. Tensile behaviours of
equal channel angular pressed Al-11.5Zn-2Mg-1.5Cu-0.2Sc-
0.15Zr alloy fabricated by spray forming at ambient and
elevated temperatures[J]. Materials Science and Technology,
2013, 29(2): 234-239.

JIAY D, CAO F Y, GUO S, et al. Hot deformation behavior
of spray-deposited Al-Zn-Mg-Cu alloy[J]. Materials &
Design, 2014, 53: 79-85.

WANG S S, HUANG I W, YANG L, et al. Effect of Cu
content and aging conditions on pitting corrosion damage of
alloys[J].
Electrochemical Society, 2015, 162(4): C150-C160.

NING Z L, GUO S, ZHANG M X, et al. Characterization of

7xxx  series  aluminum Journal of the

the secondary phases in spray formed Al-Zn-Mg-Cu-Sc-Zr
alloy during hot compression[J]. Journal of Materials
Research, 2016, 31(16): 2465-2472.

YU H C, WANG M P, JIA'Y L, et al. High strength and large
ductility in spray-deposited Al-Zn-Mg-Cu alloys[J]. Journal
of Alloys and Compounds, 2014, 601: 120-125.

BFFRS, AL, BLALE, S IAE R DT 7055 A
BRMALA AR R R ). AR SRR S
T2, 2015, 20(5): 802-807.

LIAO Kai-ju, WANG Ming-pu, YU Hong-chun, et al. Effect
of hot

extrusion on microstructures and mechanical

properties of spray-formed 7055 aluminum alloy[J].
Materials Science and Engineering of Powder Metallurgy,
2015, 20(5): 802-807.

LIU B, LEI Q, XIE L Q, WANG M P, et al. Microstructure
and mechanical properties of high product of strength and
elongation Al-Zn-Mg-Cu-Zr alloys fabricated by spray
deposition[J]. Materials & Design, 2016, 96: 217-223.

XIE L Q, LEI Q, WANG M P, et al. Effects of aging
mechanisms on the exfoliation corrosion behavior of a spray
deposited Al-Zn-Mg-Cu-Zr aluminum alloy[J]. Journal of
Materials Research, 2017, 32(6): 1105-1117.

SHENG X F, LEI Q, XIAO Z, et al. Precipitation behavior
and quenching sensitivity of a spray deposited Al-Zn-Mg-Cu-
Zr alloy[J]. Materials (Basel, Switzerland), 2017, 10(9):
1100.

SUR M, QU Y D, LI R D. Effect of aging treatments on the

mechanical and corrosive behaviors of spray-formed 7075

alloy[J]. Journal of Materials Engineering and Performance,

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

(85]

2014, 23(11): 3842-3848.

QU Y D, SUR M, YOU J H, et al. Study on microstructure,
mechanical properties and corrosion behavior of spray
formed 7075 alloy[J]. Materials Today Communications,
2015, 4: 109-115.

SURM, QU Y D, YOU J H, et al. Effect of pre-aging on
stress corrosion cracking of spray-formed 7075 alloy in
retrogression  and Journal of Materials
Engineering and Performance, 2015, 24(11): 4328-4332.

SUR M, QU Y D, YOU J H, et al. Study on a new

re-aging[J].

retrogression and re-aging treatment of spray formed Al-Zn-
Mg-Cu alloy[J]. Journal of Materials Research, 2016, 31(5):
573-579.

LI R D, LIU T, SU R M, et al. Microstructure and
mechanical properties of spray-formed 7075 alloy during
retrogression[J]. Journal of Materials
Performance, 2018, 27(9): 4437-4443.

SURM, LIUT, QU Y D, et al. Mechanical properties and

Engineering and

corrosion behavior of spray-formed 7075 alloy with one-

stage aging[J]. Journal of Materials
Performance, 2019, 28(4): 2212-2220.

LI L, ZHOU T T, LI H X, et al. Effect of additional

Engineering and

elements on aging behavior of Al-Zn-Mg-Cu alloys by
spray forming[J]. Transactions of Nonferrous Metals Society
of China, 2006, 16(3): 532-538.

DITTA A, WEI L J, XU Y J, et al. Microstructural
characteristics and properties of spray formed Zn-rich Al-Zn-
Mg-Cu alloy under various aging conditions[J]. Materials
Characterization, 2020, 161: 110133.

ZHAO'Y, WANG Q Z, CHEN H B, et al. Microstructure and
mechanical properties of spray formed 7055 aluminum alloy
by underwater friction stir welding[J]. Materials & Design
(1980-2015), 2014, 56: 725-730.

Ve RVE, ik ZE, VR RIVH T I RON B 5 O 7055 555
SR ZUR SRR B [T]. BN L2, 2016, 45(4):
233-236, 239.

JIANG Yun-ze, ZHANG Hao, XU Jun-hua. Effects of
retrogression and re-aging on microstructure and mechanical
properties of spray formed 7055 Al alloy[J]. Hot Working
Technology, 2016, 45(4): 233-236, 239.

WANG Q Z, ZHAO Y, YAN K, et al. Corrosion behavior of
spray formed 7055 aluminum alloy joint welded by
underwater friction stir welding[J].
2015, 68: 97-103.

WANG Q Z, ZHAO Z X, ZHAO Y, et al. The strengthening

Materials & Design,

mechanism of spray forming Al-Zn-Mg-Cu alloy by

underwater friction stir welding[J]. Materials and Design,



1220

T A e E SR

2022 45 H

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

2016, 102: 91-99.

R IERE, 5K A0, 9 25 . Cu & BN IBE R 7055 40 & il
NLLLZURN ) 2L BRI R R (0], A (4 SR A RL S TR, 2018,
39(1): 1-5, 14.

LU Zheng-ping, ZHANG Zhen, JIANG Yun-ze. Effects of
Cu content on microstructure and mechanical properties of
spray formed 7055 aluminum alloy[J]. Nonferrous Metal
Materials and Engineering, 2018, 39(1): 1-5, 14.

YANG Y G, ZHAO Y T, KAI X Z, et al. Effects of hot
extrusion and heat treatment on microstructure and
properties of industrial large-scale spray-deposited 7055
aluminum alloy[J]. Materials Research Express, 2018, 5(1):
016519

XIE Z Q, JIA Z H, XIANG K Y, et al. Microstructure
evolution and recrystallization resistance of a 7055 alloy
fabricated by spray forming technology and by conventional
ingot metallurgy[J]. Metallurgical and Materials Transactions
A, 2020, 51(10): 5378-5388.

BN, B M. SO RS S R BB A S A
BT[], —HEHR, 2014, 159(3): 25-28.

WEI Li-jing, XIAO Peng. Research on microstructure and
mechanical property of spray deposited high-strength
aluminium alloy[J]. CFHI Technology, 2014, 159(3): 25-28.
wEME, B WL S, S5 B DIRE mR AR S B R
BAT NI, SedsdtRb Rl 5 TTRE, 2013, 36(2): 56-58.
ZHANG Guo-wei, CHEN Gang, ZHAI Jing, et al. Natural
aging behavior
alloys[J].
Engineering, 2013, 36(2): 56-58.

T, T, (TRME, S WOYUR AlZn, Mg,Cu, &4
114 [ 5 A B A1) FEF 7S [, 48001, 2015, 225: 49-52.

LEI Jin-qin, WANG Hai-bin, BAI Pu-cun, et al. Research on

of spray formed superhigh strength

aluminum Ordnance Material Science and

solution treatment of spray deposited AlZn,Mg,Cu, alloy[J].
Aluminium Fabrication, 2015, 225: 49-52.

YIN'Y B, ZHANG Y A, XIONG B Q, et al. Distribution and
evolution of porous defects in spray formed 7xxx
aluminum alloy[J]. Rare Metal Materials and Engineering,
2014, 43(12): 2974-2979.

DITTA A, WEI L J, XU Y J, et al. Effect of hot extrusion and
optimal solution treatment on microstructure and properties
of spray-formed Al-11.3Zn-2.65Mg-1Cu alloy[J]. Journal of
Alloys and Compounds, 2019, 797: 558-565.

GRANT P S. spray forming[J].
Metallurgical and Materials Transactions A, 2007, 38(7):
1520-1529.

LI HC, CAO F Y, GUO S, et al. Effects of Mg and Cu on

Solidification in

microstructures and properties of spray-deposited Al-Zn-Mg-

[96]

[97]

(98]

[99]

Cu alloys[J]. Journal of Alloys and Compounds, 2017, 719:
89-96.

PENG G S, CHEN K H, CHEN S Y, et al. Evolution of the
second phase particles during the heating-up process of
solution treatment of Al-Zn-Mg-Cu alloy[J]. Materials
Science and Engineering A, 2015, 641: 237-241.

WEN K, XIONG B Q, FAN Y Q, et al. Transformation and
dissolution of second phases during solution treatment of an
Al-Zn-Mg-Cu alloy containing high zinc[J]. Rare Metals,
2018, 37(5): 376-380.

LI H C, CAO F Y, GUO S, et al. Microstructures and
properties evolution of spray-deposited Al-Zn-Mg-Cu-Zr
alloys with scandium addition[J]. Journal of Alloys and
Compounds, 2017, 691: 482-488.

WANG X D, PAN Q L, LIU L L, et al. Characterization of
hot extrusion and heat treatment on mechanical properties in
a spray formed ultra-high strength Al-Zn-Mg-Cu alloy[J].
Materials Characterization, 2018, 144: 131-140.

[100] il 7R, 7525 B, 2R R4 . 455 % L Wi 5 B Al-Zn-Mg-Cu

BRI [CY/2012 4F p H B . FEIRARIE . R EA N
T2AREES [S1:s.n], 2012: 161-163.

QU Ying-dong, SU Rui-ming, LI Rong-de. Effect of
extrusion ratio on spray forming Al-Zn-Mg-Cu alloy[C].
2012 China Die Casting, Squeeze Casting and Semi Solid
Processing Annual Conference. [S.1.: s. n.], 2012: 161-163.

[101] X & 22 . &)@ S m) B5 e 5 A B Fe B (D[I]. 88 T2, 1999,

22(5): 17-21, 26, 29.

LIU Jing-an. Metal backward extrusion technology and its
application(1)[J]. Aluminum Fabrication, 1999, 22(5): 17-21,
26, 29.

[102] 7% Fe k., 5 i, HRAR, 55 . W UE 7055 456 4 T6 1

[103] 2= Rl x| forh, 4235

[104] R EN] . KRBT A4

I APEREDT]. MBI TT-#4H, 2014, 28(12): 914-918.

QIAO Ji-sen, XIA Hao, XIA Tian-dong, et al. Mechanical
properties of extrusions of spray formed 7055 Al alloy[J].
Chinese Journal of Materials Research, 2014, 28(12):
914-918.

B, 55 2 [ S EL A TS 705048
B M SRR )], R RS R (B R B RR),
2013, 41(2): 129-134, 140.

LI Feng-xian, LIU Yun-zhong, LI Zhi-long, et al. Effect of
semisolid rolling on microstructure of deposited 7050
aluminum alloy[J]. Journal of South China University of
Technology(Natural Science Edition), 2013, 41(2): 129-134, 140.
BRI ) 25 B BB A
W5E[D]. Kb I KA, 2009: 21-22.

CHENG Zhi-gang. Study on Preparation and wedge

compaction of large size spray deposited aluminum alloy



BREHSH

Mz, & B SUEE G Al-Zn-Mg-Cu & &0t ik 1221

tube blank[D]. Changsha: Hunan University, 2009: 21-22.

[105]JE 70 . 3 S TR SA06 45 & S BLE B AL T 2 I 7L [D).
Kb IR, 2006: 16-17.

FAN Cai-he. Study on the densification process of spray-
deposited S5A06 aluminum alloy[D]. Changsha: Hunan
University, 2006: 16-17.

[106] fyaai, PRIRHE, A7, 4% KRBT 7075 &

B S AL T2 [T). ¥ TR 244, 2010, 17(5): 66-70.
HE Wu-qiang, CHEN Zhen-hua, FAN Cai-he, et al.
Densification technology of heavy gauge spray-deposited
7075 aluminium alloy in wedge pressing[J]. Journal of
Plasticity Engineering, 2010, 17(5): 66-70.

[107]CHEN Y G, LU W S, YIN J C, et al. Effect of extrusion ratio
on the microstructure and property of the Al-Zn-Mg-Cu alloy
prepared by spray conform[J]. Materials Research Express,
2019, 6(10): 106536.

[108]MCHUGH K M, DELPANQUE J P, JOHNSON S B, et al.
Spray rolling aluminum alloy strip[J]. Materials Science and
Engineering A, 2004, 383(1): 96-106.

(109 BLo 5, JA Bk, XL, 46 B0 B A B S OB AL-Zn-

Mg-Cu & & B MA L BT[], ¥ 48, 2003, 27(4):
455-458.
ZHU Ming-liang, ZHOU Tie-tao, LIU Pei-ying, et al.
Microstructure research of the initial spray forming Al-Zn-
Mg-Cu alloy[J]. Chinese Journal of Rare Metals, 2003, 27(4):
455-458.

[110] # YT, BRRE . &)@ %5 HAEHM]. 2 . b HL T
Ak Hi AL, 2007: 220-225.

CUI Zhong-qi, QIN Yao-chun. Metallurgy and heat
treatment[M]. 2nd ed. Beijing: China Machine Press, 2007:
220-225.

[111] XU D K, ROMETSCH P A, BIRBILIS N. Improved solution
treatment for an as-rolled Al-Zn-Mg-Cu alloy. Part I .
Characterisation of constituent particles and overheating[J].
Materials Science and Engineering A, 2012, 534: 234-243.

[112] EHK, BRI, XM, 55 . WK Al-Zn-Mg-Cu # it

e B AR < AL ) 2 FR SR B0 (], AL SURHEOR 2
1, 2003, 25(5): 436-440.
WANG Hong-bin, CHEN Mei-ying, LIU Hui-min, et al.
Experimental investigation on heat treatment of spray
forming ultrahigh strength Al-Zn-Mg-Cu alloys[J]. Journal
of University of Science and Technology Beijing, 2003, 25(5):
436-440.

[113]PENG X Y, LI'Y, LIANG X P, et al. Precipitate behavior and
mechanical properties of enhanced solution treated Al-Zn-
Mg-Cu alloy during non-isothermal ageing[J]. Journal of

Alloys and Compounds, 2018, 735: 964-974.

[114] AARONSON H I, KINSMAN K R, RUSSELL K C. The
volume free energy change associated with precipitate
nucleation[J]. Scripta Metallurgica, 1970, 4(2): 101-106.

[115]LI L, WEIL L J, XU Y J, et al. Study on the optimizing
mechanisms of superior comprehensive properties of a hot
spray formed Al-Zn-Mg-Cu alloy[J]. Materials Science and
Engineering A, 2019, 742: 102-108.

[116] Tk, i Ehg, sk, 55 . PAAb 3 IE 5 8 ok Al

Zn-Mg-Cu R & & R [J]. F EA 648 54k, 2004,
14(3): 398-404.
WANG Hong-bin, LIU Hui-min, HUANG lJin-feng, et al.
Effects of heat-treatment on microstructure and mechanical
properties of ultra-high strength spray deposited Al-Zn-Mg-
Cu aluminum alloy[J]. The Chinese Journal of Nonferrous
Metals, 2004, 14(3): 398-404.

(L17]48) i, K, S0, 55 | WS TV i 9 2 Al-Zn-Mg-

Cu & 1 [V AR BET]. Ab 5T RHE K 22 544l , 2004, 26(5):
502-506.
HAO Guang-rui, WANG Hong-bin, HUANG lJin-feng, et al.
Effect of heat treatment on microstructure and mechanical
properties of spray deposited Al-Zn-Mg-Cu aluminum
alloy[J]. Journal of University of Science and Technology
Beijing, 2004, 26(5): 502-506.

[118] WANG F, XIONG B Q, ZHANG Y A, et al. Microstructure
and mechanical properties of spray-deposited Al-10.8Zn-
2.8Mg-1.9Cu alloy after two-step aging treatment at 110 and
150 “C[J]. Materials Characterization, 2007, 58(1): 82—-86.

[119] WANG F, XIONG B Q, ZHANG Y A, et al. Microstructure
and mechanical properties of spray-deposited Al-Zn-Mg-Cu
alloy[J]. Materials & Design, 2007, 28(4): 1154-1158.

[120] 9k 7k %, BEMA T, AR E %, 55 . A110Zn2.9Mgl.7Cu i i i

B < BTN TR i 26 0T JE (7). Wi &, 2003, 27(5):
609-613.
ZHANG Yong-an, XIONG Bai-qing, ZHU Bao-hong, et al.
Research on ultra-high strength A110Zn2.9Mgl.7Cu alloys
from spray forming[J]. Chinese Journal of Rare Metals,
2003, 27(5): 609-613.

[121]MA G N, WANG D, LIU Z Y, et al. An investigation on
particle weakening in To6-treated SiC/Al-Zn-Mg-Cu
composites[J]. Materials Characterization, 2019, 158:
109966.

[122]DONG P X, CHEN S Y, CHEN K H. Effects of Cu content
on microstructure and properties of super-high-strength
Al-9.3Zn-2.4Mg-xCu-Zr  alloy[J]. of Alloys
Compounds, 2019, 788: 329-337.

[123]FU Y J, LI X W, WEN K, et al. Effect of heat treatment on

Journal

microstructures and properties of a novel Al-Zn-Mg-Cu alloy



1222 T A e E SR

2022 45 H

for oil drilling[J]. Progress in Natural Science: Materials
International, 2019, 29(2): 217-223.

[124]ZUO J R, HOU L G, SHI J T, et al. The mechanism of grain
refinement and plasticity enhancement by an improved
thermomechanical treatment of 7055 Al alloy[J]. Materials
Science and Engineering A, 2017, 702: 42-52.

[125]TENG G B, LIU C Y, MA Z Y, et al. Effects of minor Sc
addition on the microstructure and mechanical properties of
7055 Al alloy during aging[J]. Materials Science and
Engineering A, 2018, 713: 61-66.

[126]LI B, PAN Q L, HUANG X, et al. Microstructures and
properties of Al-Zn-Mg-Mn alloy with trace amounts of Sc
and Zr[J]. Materials Science and Engineering A, 2014, 616:
219-228.

[127]LI G, ZHAO N Q, LIU T, et al. Effect of Sc/Zr ratio on the
microstructure and mechanical properties of new type of Al-
Zn-Mg-Sc-Zr alloys[J]. Materials Science and Engineering
A, 2014, 617: 219-227.

[128]PENG G S, CHEN K H, FANG H C, et al. Effect of Cr and
Yb additions on microstructure and properties of low copper
Al-Zn-Mg-Cu-Zr alloy[J]. Materials & Design (1980-2015),
2012, 36: 279-283.

[129]LI X W, CAI Q Z, ZHAO BY, et al. Precipitation behaviors
and properties of solution-aging Al-Zn-Mg-Cu alloy refined
with  TiN nanoparticles[J]. Journal of Alloys and
Compounds, 2018, 746: 462-470.

[130] WEN K, FAN Y Q, WANG G J, et al. Aging behavior and
precipitate characterization of a high Zn-containing Al-Zn-
Mg-Cu alloy with various tempers[J]. Materials & Design,
2016, 101: 16-23.

[131]1XIAO Y P, PAN Q L, LI W B, et al. Influence of
retrogression and re-aging treatment on corrosion behaviour
of an Al-Zn-Mg-Cu alloy[J]. Materials & Design, 2011,
32(2): 2149-2156.

[132] X8z ke, IV, MAb iR, 5. £ R IR X Al-Zn-Mg 54 /)
SPEREIRIRZ A [T]. APRMIE 72 4K, 2016, 30(2): 87-94.
DENG Yun-lai, WANG Ya-feng, LIN Hua-qiang, et al. Effect
of extrusion temperature on strength and fracture toughness
of an Al-Zn-Mg alloy[J]. Chinese Journal of Materials
Research, 2016, 30(2): 87-94.

[133] 08 2, 2k, RCz, &6 I 200 B0 B 1O 7055 45
HENER BRI R IR ARG SRR S T
2, 2014, 19(1): 83-88.

TENG Kui, LI Bin-lai, CHEN Wen-yun, et al. Effect of
aging treatment on properties of spray-forming 7055
aluminum alloy wheel hub forgings[J]. Materials Science

and Engineering of Powder Metallurgy, 2014, 19(1): 83-88.

[134]PEEL C J, FORSYTH P J E. The effect of composition
changes on the fracture toughness of an Al-Zn-Mg-Cu-Mn
forging alloy[J]. Metal Science Journal, 1973, 7(1): 121-127.

[135]ZHOU S, WANG L, XIE L, et al. Effect of T7951 secondary
aging treatment on crack propagation behavior of 7055
aluminum alloy[J]. Transactions of Nonferrous Metals
Society of China, 2016, 26(4): 938-944.

[136] DESHPANDE N U, GOKHALE A M, DENZER D K, et al.
Relationship between fracture toughness, fracture path, and
microstructure of 7050 aluminum alloy: Part I. Quantitative
characterization[J]. Metallurgical and Materials Transactions
A, 1998, 29(4): 1191-1201.

[137]JHORNBOGEN E, STARKE E A JR. Overview no. 102 Theory
assisted design of high strength low alloy aluminum[J]. Acta
Metallurgica et Materialia, 1993, 41(1): 1-16.

[138]EHRSTROM J C, ACHON P, HEBERT J F, et al
Microstructural modelling of fracture toughness of Al alloys[J].
Materials Science Forum, 1996, 217/218/219/220/221/222:
1539-1546.

[139]JHAHN G T, ROSENFIELD A R. Metallurgical factors
affecting fracture toughness of aluminum alloys[J].
Metallurgical Transactions A, 1975, 6(4): 653-668.

[14071 Vi Bk, i 48 0, /0L, 25 A0 585 TR Al-Zn-Mg-Cu
B A RIEBE SR [J]. Bn T2, 2008, 37(18):
66-68, 66.

SHI Lin, LIU Chu-ming, HU Shao-qiu, et al. Effect of aging
on microstructure and properties of spray Al-Zn-Mg-Cu
alloy[J]. Hot Working Technology, 2008, 37(18): 6668, 66.

[141] R b, £ M0, J7 %, & e a0 YERe ot Tt 1],
SRS, 2013(4): 64-68.

WU Si, WANG Xu, ZHOU Ji-xue, et al. Research progress
on fatigue property of aluminum alloy[J]. World Metals,
2013(4): 64-68.

[142] Sqlee, fTlESR, BIIE T, & . LIRS G R & G o7 M fe
FISEIRI). AR TR, 2010, 7: 92-96.

MO De-feng, HE Guo-qiu, HU Zheng-fei, et al. Effect of
porosity on fatigue property in aluminum cast alloys[J].
Journal of Materials Engineering, 2010, 7: 92-96.

[143] 5%, kK%, /NG, & . B4 ¥ Al10.8Zn2.9Mg1.9Cu

e SRR A B B e AR ST MR RE (D). b A R A A,
2005, 15(S2): 10-16.
WANG Zi-xing, ZHANG Yong-an, HE Xiao-qing, et
al. High-cycle fatigue properties of ultra-strength
Al10.8Zn2.9Mg1.9Cu aluminum alloys by spray forming[J].
The Chinese Journal of Nonferrous Metals, 2005, 15(S2):
10-16.



3255 5 W Mz, 25 Wi BB R Al-Zn-Mg-Cu & & 7Tk 1223

Research progress of ultra-high strength spray-forming
Al-Zn-Mg-Cu alloy

XIANG Kai-yun', DING Li-peng?®, JIA Zhi-hong" % XIE Zhi-qiang', FAN Xi’, MA Wan-tai*, ZHANG Hao®

(1. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China,
2. Key Laboratory for Light-Weight Materials, Nanjing Tech University, Nanjing 210009, China;
3. Jiangsu Haoran Spray Forming Alloy Co., Ltd., Zhenjiang 212009, China;
4. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: The metal ingot produced by spray forming technology has the characteristics of uniform composition,
fine grain, low internal stress and high alloying ability. Since its invention in the 1960s, this technology has been
widely studied and industrialized. A lot of basic and applied researches based on laboratory conditions have been
carried out in China since the 1990s, but many researchers believe that the inevitable porosity problem of spray
forming materials limits its application. With the breakthrough of key technology of spray forming in China, the
industrial production of large size (d 600—800 mm) aluminum alloy ingot has been realized, which provides new
possibilities for the research, development and application of this technology and its high-performance metal
products. In this paper, the principle, characteristics, technology status and application of spray forming were
reviewed. Focusing on spray forming high-strength Al-Zn-Mg-Cu alloy, the overall research progress and
application, microstructure and properties, deformation processing technology, heat treatment process and other
aspects were summarized. The research and development prospect were put forward, so as to provide reference for
the research, development and application of spray forming high-performance Al-Zn-Mg-Cu alloy.

Key words: spray forming; ultra-high strength aluminum alloy; Al-Zn-Mg-Cu alloy
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