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SIS IRl 7075-T6 864, sy
W 1 Fra), 3547 RFE N L0938k 20 150 mm X 12

mm X 10 mmo.

F1 7075 B O)
Table 1 Chemical composition of AA7075 (mass fraction, %)

Si Fe Cu Mn Mg Cr Zn Ti Al
40 0.50 1.2-2.0 0.3 2.1-2.9 0.18-0.28 5.1-6.1 0.2 Bal.

2l 1 FoRIRE 7075-T6 B4 A il FEEAT
RFE J . PIfE 7075 556 G000 20 0l B T in T2 i
PRI, 7RSS B RS HE ) H X, s i i 1R 4
BT SRR AT BE B s, FESE R 5
FEM BB = A I HE R R, 7075 454 40k B AR
Ao BAREESAFEMEN TR OH i, /53]
2t RFE I TJEMM kL. SE80FT 1 RFE S50k
M 0.28 mm/s, FPEHEIIER L 315 t/min, HOE
FEA%4 8 mm.

oz A
LZ BN | Si
1 72 077
6/1_ ’

|
1 RFE il 7595 R B
Fig. 1 Principle diagram of RFE: 1—Press block; 2—Cover
plate; 3—Stir tool; 4—Sample; 5S—Squeeze mold; 6—Out port

2 RFE N TJ5 11 7075 546 4 AT (480 C, 2
h, [E%)+ (120 'C, 24 h, N THFROMAEL. FEAEH
A AARE, SAAREH 1%HF+1.5%HCl+2.5%
HNO;+95%H,O(H4A 73 80 (1R 71§ e, HI 4XB-TV A
{35 A DB M S AR B 2, H H kiR ik
AR A 4 B Sk RS F FEI QUANTA—200 44
L S B L S R 28 AR, JEEAT RE TS 20 AT

IR 25 1B TR A5 6 IR A ORE A T T 1)
(RD-ND [f)#H TEM A, Wl 2 frox. RS
5 d8 mmX 1 mm [ F, FHRPACIERAE ST B 21 )5 1S
2920 30 pm, AP EER 3 mm AR
GANTA 7 2E77 ) Model—691 &1y i SRR b
HEATIRE . 1 JEM—2010(HR) 3% 5 1 S 1 W 4%

HE s AR WA 21 . H Digital Micrograph
AV AR S T EE, A 5 AR . X
TJEMARFEFH HVS—100 7Y AR 52 SR A o i
FE o A DO TRAS, B 7075-T6 B4 &
LRI NIA, & RFE N TR MM ER A RFE &
7075 5864, 4 RFE I LG A EE 7075 486
o~ RFE/T6 25 7075 Bi& 4.

ﬁﬁ} % RD-TD section

B2 S REE

Fig. 2 Schematic diagram of metallographic samples

2 HRSIHE

2.1 7075 SRE S RHER

Kl 3 Fiosh RFE iil#& RBRIR G AR 20K
P, PEAK B ATIL 250~260 mm. HIE 3 77 I,
B R BRI I 5 IR A, O .

B3 REMEHENE

Fig.3 Macroscopic morphology of composites

Kl 4 firzrh 7075 5564 B R . B 4Rl
T B, To ABFEM AL ELH 7 [ A 4
frtke B 40)FTR WHEAHM 4 RFE I TG 1 B 21,
S SRR, R AREE VRIS SR R 1S
pum, ANARSFRCCH R 30 pm. B 4(c)FTR A
RFE M TJEH 7075 6 G405 BIA 2,
SLARA SR, ARG, 5], PR
S0 8 pme

Al WL, £ RFE JNLJG 1 7075 554 4 bk b 344
N, RAELE bk DAl . M AE RFE N ik
R, PP b e i B AR O, fEAS 4
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Fig. 4 Microstructures of AA7075: (a) As-received,

(b) As-RFE; (c) As-RFE/T6

A

7

electron, BSE){%. & 5(a)ffi7~ A4 BSE 18, nl L,
FEMA IR 58 A AR OB SR A A /NI R . &
5(b)Ji7n k) RFE 25 7075 #5454 BSE 1%, 4 RFE /I
TIRAREAR I ER AR 2 4 A I RRIER,  RAFAR I,
SRHELS>A « B 5(c) T/ i RFE/T6 251 7075 444 42 BSE
1%, WL, ZEFEEE I AL B () 58 A RFE 225841
Ny AT X S(a)~(c) IR A SE TAHIEAT
EDS rififtiort, £ 2 iyl 5 bl 1~3 A8 1
EDS si43as g 3k 2 argn, FA s ARy
i AlL Cu Fl Fe J0E, 456 CHR[13-15]170 HTIA X Fif
M TR FeAl A AlCu ¥I2E &)@ M4k &4, e
S REAE T S FE B B, S 5L A S s LS,
FOHROR, — MK, e, B A48,
XRG4 ) EREA R o

£ RFE N TJ5 7075 f8&a Py EE B &9
i) Cu T L NI, Fe oz BIb. X2 AH L
R, CHIRETHRER, AlCu tb &Y Cu JETLL
[ 75 IR 1 1R E SUE BT N & b I FeAL AL &0 0
MERE 14 8 AL S . SRR FLE, Cu TGRSR
RFE &7Fa, (R8s K A, 33X 7E#vit
PRI FE s AFEAR TR 4) Cu 7 T AL AlCu A
TR H
B S(d) T b B 5(a) SR EHESA 1 S5 H 18] 5(d)
AW, PR T HROKREEE M, S AR
ST, XLECGURION N AR AT, R
Kl 6 Fios A K TEM HARX 7075 B4 &h 4k g
/N AT T 4 . B 6(a) FI(b) BT 23 531 b 7E
FEM SRR SR A, WL, ARSI, SR
A B BARFMGER, R NoREr . S,
REE M EAR N 20~30 nm, KJEH 50~80 nm; HilH
TEA8 I AR A 40~80 nm. 7 5 7L, 5 MM FRIR,
SRR, AR SRR, FRIREE A EAR
420 nm, K204 80 nm; & 6(c)FI(d)Fr7n 4 7oA RFE
A 7075 BRA A IR B A RN AR B ARG B S . AE
W, BOIREE A EARZ N 80~100 nm, KAEZN
300~1000 nm; AMHEPREE —AHP E 424 100~120 nm.
A A, BUERD: AL, ST
FEIR, KEEA 750 nm, EAEHN 200 nm; & 6(e)FI(f)
Ji7n ok RFE/T6 #5111 7075 %56 4 fn A A 56—
MEIES. RFE A1) 7075 & &4k iG, &
i, BB A R, R BRI, BT
Hh5~15 nm; {EEAFUAL, HETAOERIR, Rk EE
AR, AL RELE A, B AR T6 &
FEMP RN, HRREE A EARA 10~20 nm, KN
20~50 nm.
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Fig. 5 BSE images of AA7075 for different states: (a) As-received; (b) As-RFE; (c) As-RFE/T6; (d) Enlarged view of

Fig. 5(a)

F2 K5 E M EDS R brai R
Table 2 EDS analyses results of second phase in Fig. 5

Mass fraction/%
State
Zn Mg Cu Fe
As-received 72.93 1.01 0.76 8.29 17.02
As-RFE  64.62 1481 1.391 326/ 29.251
As-RFE/T6 7839 0.72] 0.77 5.31) 14.81]

% 3 PrAh 7075 855 A AR RGP IR L, )
WA ZE RFE 0TS, e A TR R IR B0 AR A IR 2
THRSHAR R RGBS, S IERIREE A A
HARNMRERR, BRSFAR /N eSS4, 4 RFE N
T, RESIRIEE ARSI R A )E, Xk
R AR N iR gE R, M40 RFE N
TG, AR T KK, i H AP A
RAETHAR, RV R IR A A 41 /N R . 48
FOF A BRS , b AR AR IR 5 A R AR /N,
HIGF /AN T 5 A R 58 ARG RE, 7075 BG4 i
5 AR T 4.

7 Bt RS A RFE/T6 25 7075 404 4T iE T
R AE W 4 PF OE S B BT (High  Resolution

Transmission Electron Microscopy, HRTEM){% . [¥] 7(a)
HI(b) Fr 7= 73 33 A B R A IR 28— A HRTEM
%, THEAFERIRES AR Shf R FE 4 0.3951 nm, PR
A RN 0.4475 nm. & 7(c)FI(d)FTR 5
4 RFE/T6 7% 7075 fafr i PRATER R A K
HRTEM 1%, Zevt S A38), MRS A e 2
0.4435 nm, FRREE AT F A 0.3975 nm.

3 AFARES 7075 B B IAT HAR R
Table 3 Size of precipitated phase in AA7075 for different

states(nm)
Grain interior Grain boundary
State
Rod Elliptical Rod
20-30(D) 20(D)
As-received 40—-80(D)
50—-80(L) 80(L)
80—100(D 200(D
As-RFE O 100—-120(D)1 ™1
300—1000(L)1 750(L)1
10-20(D)}
As-RFE/T6 — 5-15(D)|
20-50(L)]

D—Diameter; L—Length.
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B 6 7075 &G4t TEM 1%

Fig. 6 TEM images of precipitated phase in AA7075: (a) As-received in grain interiors; (b) As-received in grain boundary; (c)

As-RFE in grain interiors; (d) As-RFE in grain boundary; (e) As-RFE/T6 in grain interiors; (f) As-RFE/T6 in grain boundary

Bl 7 rp R ERIR S AR AT R EE S MgZny( AH)
(R (LO 1) THI (1) 5t T TF) 2 0.3969 R AL, AR 28 —AH K
SHI AR5 MgZng(n AH)FRI(100) [ ¥ S T [A]EE 0.4486
IRARIT . 455 3CHRI16]HTIN A, B 6 htiEdT 3
Mk MgZn, (5 A1)

LA 3 MRS 7075 456 &b B DTHE BT AR AT LUK
L, RFE ZMPTHENT AR RS BSR4, i
Feb/bs T RFE/T6 A1) 7075 884 &b ytie b 8 —
ARG /N T, BB B2 . 4 RFE N LS00

TESR MR AR R TR . RFE INCH, B4
BHE T T e il B, AP RRE R nT Ik E1 400~430 CH,
S FHUEM S AR 4y R , A RFE 2 7075
BRI 58 —AHECR DD, AR BRI g
MAERVER R KR, KA.

SIHTCK, RFE/T6 484 4P (10 38 —AHB M 3
G/NTRECA SRR, T B8 0 Tk PR 5 — A A% A B
W ARG K. T RFE/T6 A& 4
FHERPOEHT L MR E T Pk EERI, I
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&7 % A1 HRTEM 4

Fig. 7 HRTEM images of second phase: (a) Rod phase as-T6; (b) Elliptical phase as-T6; (c) Elliptical phase as-RFE/T6; (d) Rod

phase as-RFE/T6

BT H AT oG R 1K) —GP X —TFfa
E ' M(MgZny)—n Hl(MgZn,), HT HA— A 25 A
P AR TEAZ . 7075 B G Ar A R b, S L
) T, ARV, SRR AEAR A e P R T
K, EBGIRAOSRE S, SO FARRAE, IXURE
(7SR T GP X A% B . I 3 HhmT LU 2,
2 RFE i TAIKEEE, 454 G ihidifh, & sce A
SPREMEZ . SN s s 2, s
T VRS B ER 2, R T M
#%. RFE & MEIZINB AR, 444 RFE
INLRAA BN TR S OLE 4), MR
HAZAS, W RFE 2% 7075 $5 4 &0 H D2 Mk,
TERTBOSFE T, IX L g 47 R 2 e ITE 35 A A% IR
JERNTRE, SEHIHT H 28 AR KO TR 3G i 2 5
SO R TR BB, A3 5 B OREHT 58 A R
SPARAN . X UEJE N ST RFE/T6 (1) 7075 4844
AR SN, TR AR NN, AT
WRHL

23 7075 BEENEE

MANRPRAS 7075 836 S AT RE LA, 45 R a3k
4 iR SEM TP 161.8HV; RFE 25 7075 44
G4 TN 112.5HV; RFE/T6 2 7075 #5641
BN 177.5HV; RYIHEM 2 RFE I TS, RFE &
7075 BEA I PR, 2 )E, RFE/T6 #& 7075
AWM, S TR

Al-Zn-Mg-Cu &4 i # P RE A4 2 28 —
AR Pesg o @ Xt 3 PR IS & b ok T
RIS ML R, RFE/T6 25 7075 #& H4344),
RO BN, Al A e RCR B84 WIAEIR 4 )&
M AE P4 RFE FAAMCEL S, RSTAREE /N, At e
B5), SRR g g )N s DUSERT H A AR A A

F4 AFPRE 7075 5 G0 BRI

Table 4 Microhardness(HV) of AA7075 for different states

As-RFE/T6
177.57

As-received As-RFE
161.8 112.5]
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PREG NS4/, BE L, 5 MmO A,
RFE/T6 7511 7075 H8& &M E i m . i W 7075 454
G A A SR AL RO AN I EE AR B

3 it

1) REE JN_L A LAk 7075 4544t dik, inT
S (R A SRR i, PR RS 2000 15 pms Ak
HITT A RFE 25 7075 S8 6a b sE 41/, 4104 8
pmo

2) RFE Jn Tl ok g i) A= 6 s T AL A ) R
RN, A KRS Fﬁﬁﬁﬁ%%*%”*
AHESE, MAREA N . RS, TUENT H
:ﬁ%ﬁ%%%,ﬁwﬁ¢oﬁﬁﬁﬁm”*m
MgZn, 75 N 2R, EARK 5~15 nm; A FAb 2
eIk, B4R 10~20 nm, KJEH 20~50 nm.

3) RFE & 7075 fa&<a Bl e 7244, RFE
A 7075 B A4 T6 AL FL e, i vy o 1344
() A o 7075 B 58 AR SR (1 it Ak s R A
A0 SRR i
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Microstructure and second phase morphology of
rotational friction extruding 7075 Al alloy

XING Li, ZHU Du-giao, XU Wei-ping, KE Li-ming

(National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: 7075-T6 Al alloy with T6 state was processed by Rotational friction extrusion (RFE), and then they were heat
treated. The microstructure and second phase of 7075 Al alloy were observed, the hardness was tested. The results show
that, 7075 Al alloy after RFE is composed of fine equiaxed grains while they are recrystallized uncompletely, average
grain size is about 15 um. After heat treatment, the recrystallization behavior is finished in those unrecrystallized grains
and grain becomes finer, about 8 um. The primary intermetallic reserved in 7075 Al alloy becomes smaller after RFE.
Most of aging precipitated phase (MgZn,) is re-dissolved, however, some un-dissolved precipitated phase particles
become coarser. Many new second phase particles are re-precipitated in the extruded 7075 Al alloy after heat treatment,
and they are distributed uniformly. The hardness of the as-RFE 7075 Al alloy is lower than that of the as-recieved
material, but after T6 heat treatment, the hardness is 177.5HV, higher than that of the as-received material. The
strengthening effect of second phase is greater than that of fine-grain in 7075 Al alloy.

Key words: 7075 Al alloy; rotational friction extrusion; heat treatment; microstructure; second phase
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