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Abstract: Because of the low density, high strength, good corrosion resistance and other excellent properties, aluminum
alloys have become the second widest used metal material. In recent years, more and more attention to the recycling of
waste aluminum alloys has been paid, which not only effectively alleviates the global shortage of bauxite resource, but
also contributes to the sustainable development of economy, environment, and energy. Due to the special working
environment of aerospace industry, it has higher performance requirements for the aluminum alloy, i.e. strength, heat
resistance, corrosion resistance and fatigue resistance. Therefore, the aerospace aluminum alloys contain many types
of alloying elements and create higher recycling value. With decades of research and exploration, there are still
problems limiting the recycling, such as unstable product quality, high burning rate, and severe oxidation. Heavy-
medium separation, dual-chamber furnace smelting, and LARS metamorphic treatment technologies and equipments
have been successively developed. This article summarized the types of commonly used aluminum alloys, the
equipments and technologies used in the recycling process, including pretreatment, remelting regeneration and refining.
The status of recycling and utilization of aerospace aluminum was highlighted. Finally, the difficulties and future trends
in the aluminum recycling industry were discussed and looked ahead.

Key learning points:

(1) Summarized the classification mechanism of waste aluminum alloys.

(2) The characteristics of waste aerospace aluminum alloy and the status of recycling technology were analyzed.

(3) Overview of the global waste aluminum alloy recycling equipments and technology development.

Key words: secondary aluminum; pretreatment; refining; metal impurities; aerospace aluminum

Yis: 2018-04-13, &ME: 2018-05-18, MKEEF: 2018-09-07, Received: 2018—04—13, Revised: 2018—05—18, Published online: 2018—-09-07
ESWE . FHEESEIWZEIMIE @ S: 2017YFB0403300); HHALHT A HRIBBITE (BFEFY): BExR QAR ESRBINE (@5 : L1624051)
TEE®N: F[We(1993-), FB, WA REWNA, iEsid, WwaETRE, E-mail: g20178257@xs.ustb.edu.cn; HIREER A, T,

E-mail: wanghaijuan@ustb.edu.cn; fhf, E-mail: sunzhi@ipe.ac.cn.

SIRMEN: FiE, EiEE, XFES & RIREGESREWCR AT IR, R TR, 2019, 19(1): 45-54.
Wei X, Wang HJ, Liu C W, et al. A review on recycling of waste aluminum alloy (in Chinese). Chin. J. Process Eng., 2019, 19(1): 45-54,
DOI: 10.12034/j.issn.1009-606X.218180.




46 SO I #19 %

&35 & & BYH IR BNR

x| b 2,

1 bR AR & 5B TSR, J6al 100083
2. HEBEERGE R L TR AR S TR A8, S s TREE S s, It i ey el TRER AR 70, JE5T 100190
3. WEHPENVREARAR, dba 100027

B OE: maelm TR BER. WEME R RER, CEBON R BB T REEM R B R B E A
BRI SR ARE BRI, AT &SR B & e M SR A S . FRAEARAT ML IO R AT DU R i A BRkin
TR H A B Z AR, T ELXT 2GR M REIR A T R SR A RO TR . TSR S BT AR RR, )R A &
SREL. M AAE . DURVE RGO 55 PSS A MO 2R, i tn s IR A B B LR ROWT FEIRZR, 0 PRAR AT
R R TR ANERE R AT A A, MARTT R T EA R SRR, LARS AR BRI . AT

o, ETEE T, & RR?, 1N

A,

PEXS & IR IR B & e AL B S AR < R A (AR AR R P T s MBSO EAT T 8045, F A9 T e A i el soR I B
AR RPEREISAT P AFAE A ME R 0] R R SR A SR a3 AT T IT e AR .

E A

(1) B4 T RIBEEE & EHLH],
(2) 40T T A IR IHER A S i S R AR IR

(3) LER T AERE IHERA & M a5 A AR BR .
KR HAE; T Ktk &R T
FESES: X756 XHERFRINES: A

1 R

b ERE T PR R R, I E SRR
M Sl S50 T AT AERA PR A A R AR AR S A
FERIN, BONAR TR S — K& @ikl A
BE R, TR OBy A BRI R A = 12,
2017 FEAEREET 8N 6200 2 /0, Hh B E L2
3630 JIMERY, (5 H ok 58.5% . FE LRI RO = il
By I RE R A2 30 £, REGSEA
30%~50% AL BRI L 1, JREB S B L
M) 7 3 ] [ B 48 35 ) A B 1,

iy
o

N
W

o
=

Recycled aluminum production/x10° Mt
wn
[

2017 2018 2019 2020 2021 2022

Year

I RESREERE SReE e MR

Fig.1 Prediction of aluminum production in Chinal®!

XEHS: 1009-606X(2019)01-0045—10

BR AT R YR B = AN OK R R TH R B 4 AR A )
HRE] TS SME AT AR . R IR G S 176
IR BAR IO T, FEAE R SR TR I AT BERR
REBA IR KTTERT. 2015 4F, AFREAERAE A
2531 3, k2] 2020 G A 3000 50, FRIEF
e R IR B 638 M, B T AR ER = T LK 1181,

HAREFERAER AR T — B AR
JEIRER A IR A AR =2k, P AR INAE = /i T4
REEER Y, EARREFE 70%A 4, HABAER &
FRIAR] TR 99% LA F o 1 FRE F AR 5 S B
A 20%0), TR R T AR, BAEE R
ELAR 0 LR 10000, R P A ARAT ML S5 AR e, H125
TERCT 20 e 70 4RSS, TR ARER A AR 8, %
I REEAY, BB E AR RAIRVE S, AL B4 1
BB 2 BN THRAE, 1B UG R E, B
AMERENFRALEM RS, FECRHLRE &8
R E, TR MY S ERE, nERE e AE
MK A RIEARIE AR EE, TAAN 258 AL
AEIAH]FH R 28R o 3 A P AR AR 7 b B Ak B 2
. Gktath, 4N SEREERIEE R ZEE, BN R
N oo Ty T VS R S S T e R DAL
R el B & IR AR TF-BL, IR AT R I
FARWE 730, A ARt i B 44 07 k020, s % Fboe
R HITE ERREEE N, AR RS R R ORI 7E [E R



1

FeE: PRIF S & BOR F R E R EbR

47

A3E4 S — Tk

% 12016 FHEBHBRER

Table I Consumption of recycled aluminum in 2016
Country Japan  Europe and America Worldwide average China
Proportion ~ >99% 70% 30% <20%
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Fig.2 Common aluminum alloy scrap
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Table 2 Elements and contents of different types of alloys

Element/wt%

Alloy type Grade — Fe Cu Mn Mg Zn T Al
Aluminum cans 3004 0.3 0.7 0.25 1.0~1.5 0.8~1.3 0.25 <0.1 Others
3104 0.6 0.8 0.05~0.25 0.8~1.4 0.8~1.3 0.25 <0.1 Others
Automotive aluminum 6016  1.0~1.5 <0.5 <0.2 <0.2 0.25~0.6 <0.2 <<0.15  Others
5022 <0.25 <0.4 0.2~0.5 <0.1 3.5~4.9 <0.15 <<0.15  Others
Aviation aircraft aluminum 2024 <0.5 <0.5 3.9~49 0.3~0.9 1.2~1.8 <0.25 <<0.15  Others
7075 <0.4 0.5 1.2~2.0 0.3 2.1~2.9 5.1~6.1 <0.2 Others
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Table 3 The heat treatment of different alloys and use

[21]

Alloy Heat treatment Application

2024 T351, T851 Fuselage structure, wing resistance area, rigid structure

2124 T851, T351 Machined parts, bulkheads, wing skins, structural parts, etc.

7050 T7651, T7451 Frames , bulkheads of the fuselage

7150 T7751, T6151 Upper airfoil skin, stiffener, low-level stability panel

7055 T7751 Upper wing structure, horizontal stabilizer, keel beam, cargo rail

7075 T7651, T651, T7351, T73 High-strength structural parts, moderate toughness, corrosion resistance of inter- and lower-air ribs
7475 T651, T7351 Part of the fuselage, wing skin, bulkhead, spar
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Table 4 Common types of melting furnace and their features

Melting equipment Scope of application

Advantage Disadvantage

Side well furnace Small size scrap

Aluminum slag rotary kiln Hot aluminum slag
Reverberatory furnace Various pieces of waste
Dual-chamber melting furnace Bulk material, thin

material, aluminum ingot

Induction melting furnace High quality scrap

Effective recovery of powdered waste, low
energy consumption
Reduce waste
Operate convenient, high stability, suitable for
industrial production
Pollutant emissions reduced, energy
consumption reduced
Product uniformity, reduced oxidation rate, high

Serious pollution, serious burned waste

High risk
Serious pollution, high energy consumption,
low thermal efficiency
Complex structure

Severe lining erosion, poor power supply

automation stability
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Table 5 Main method of purification of aluminum melt

Purification method Principle Feature References
Adsorption Adsorption of refining agent for impurity removal Blowing purification, chlorine salt refining agent [62]
purification and degassing purification

Non-absorbent Under vacuum, the generated hydrogen bubbles can Vacuum static purification, vacuum dynamic purification [62]
purification achieve the purpose of impurity removal
Foam ceramic Filtrate with alumina and zirconia as the main Significant purification effect, convenient operation, [63]
filter material suitable for continuous casting and rolling
FI method Filtrate with alumina balls while passing nitrogen Good degassing and slag removal [64]
gas and covering agent
SNIF method Argon and nitrogen are blown into the rotating Well purification effect, but the nozzle is easy to burn [65,66]
nozzle
ALPUR method Argon gas is injected into the melt from the rotating Improve efficiency, better purification [67]
nozzle to form bubbles
* 6 ERFFMERGEMERRIR
Table 6 Metal impurities removal methods and basic principles of waste aluminum alloys
Removal method Suitable element Principle Reference
Nitriding method Na, Li, Ti Generate stable nitrides and be removed [68]
Oxidation Zn, Ca, Mg, Zr Selective oxidation [69,70]
Chlorination Mg Magnesium has stronger affinity for chlorine than aluminum [70]
Precipitation Fe, Zn Difference in density [71]
Flux method Mg, Fe Add flux to form a stable phase and remove from the metal [71,72]
Segregation crystallization Fe, Na, Ca Difference in solubility, vacuum distillation [72]
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Table 7 Technical status of recycling process of waste aluminum remelting

Process Technical method

Fundamental

Advantage

Disadvantage

Pretreatment Wind selection

Magnetiic separation

Flotation

Heavy medium separation

Parabolic sorting

Eddy current

Spectral analysis

Metal smelting Side well furnace

Dual-chamber furnace smelting

Reverberatory furnace

Melt refining Flux method

Filter method

Rotary blowing

Rotary blowing
flux

LARS modification

High-pressure air is introduced to
separate waste paper, plastic, sand, etc.

Remove magnetic waste according to
magnetic differences

According to the difference of density,
remove impurities with water or dry
sand as medium
Remove heavy non-ferrous metal
impurities according to the density of
aluminum is smaller than others
The same volume of objects are thrown
out of by different forces

The differences in conductivity and
density

Determine the type of waste by XRD

Consisting of heating furnace, feed well
and aluminum water electromagnetic
pump
Be divided into feeding chamber and
melting chamber

Heat source reflection and radiation

According to different physical
properties add salt flux

Filtrate with alumina and zirconia as the
main material removes impurities
Argon gas and nitrogen gas are injected
into the rotating nozzle

Fine particle solids injected from
rotating nozzle

Mixing halogen and inert gas through
graphite rotor

Simple process, efficient
removal of light waste

Low investment, simple
equipment

The medium can be
reused, simple
implement
Remove heavy
non-ferrous metals

Be evenly separated
from other impurities

Separate non-metallic
and other non-ferrous
metal impurities
Accurate classification
of alloy grades

High utilization rate,
high thermal efficiency

Continuous feeding,
increase metal yield

Operate convenient

Wide application,
simple process

Operate convenient, low
investment

High efficiency

Uniform contact, high
efficiency

Clean, uniform

Environmental pollution

Not suitable for larger wastes,
incomplete sorting

High investment, not suitable
for the hollow material

Process complicated

High investment

High investment in equipment,
not suitable for particulate
impuritie
Complex processes, high
investment

Strict requirements for raw
materials

Complex equipment

High energy consumption, low
thermal efficiency
Serious secondary oxidation,
poor separation of slag
aluminum
Labor intensity, serious heat
loss

Reduced thermal efficiency

Expensive equipment, reduced
thermal efficiency

Complex process, high cost
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