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73 BE A ) AR AR S OK, &4 DRX SRR,
dmbE RSFUg /N . Liu 28 ADSIESE T RBE i £ 24 R[]
i 2% S oF o) 2 (R MR T AR RO 50, 49 Hh B v A P
AT AR 511 AN J7 24 VEBE o Chen 25 NUOIRE 7T 1 45 B ig
NSHO AZBO Tie e I I 4 4 4L 4URN 77 2 Mk e 1) 5%
Wi, 15%] RBE BT RGN A . Bl 430 7 %44
REA HL Y 1R 6 E AR 35 URFAIE

HAl, BEARGIIMEAN TZO8A THRKMK
3, (H2&AT AIFAXT CBE F1 RBE 2 #h T2 4 4141
TSR 45 S A AR VRGN RE . IR, AR FEAE
7 AE4 ¥ E (CBE) Mljied 3% (RBE) 2 L
% T A E R Mg-9Gd-4Y-2Zn-0.5Zr (JREDH, %)
WG4, % 2 F L2t VEa T T 2
P L2 2 v B A G AR WA AN B 7 Pl AR L
1 % I

AW FE 2 il A RN Mg-9Gd-4Y-2Zn-0.5Zr (i
B, %) G4 NESEEUPREU 2 MERL S5
VHERRRE 420 C AT SIMALEE, b3 24 h 5 H
IKVeH o PR AR 73 Il £E 420 A1 450 C )i JE
NRIR 3 by 2 S5 R A AT A G R B A e i I B

. CBE: 0 r/min
Extrude
Punc RBE: 0.9 r/min
Di¢ ——— 450 CZ>
Billet - > :
Pedestal ——» | ; J \ |

JEALEE . Sk I R E A 0.15 mm/s, ARH ) e s
FE43 95 0 (CBE) #10.9 t/min (RBE), HZE#/Eit
FRES I, S R332 AM4ME N 200 mms W42 4 170 mm
IR TEAE, B 1 O E i B B A 2R A .

£ UG A 2 g LIRS B = 4R A, SN
#l| Deform-3D # PR o fj B #4244 %t CBE A1 RBE 2 A
TEMATHIEOTE N, DTEERWE 2 s, K 2a
A1 2b 43524 CBE #1 RBE [ 20N A8 o0 A I, i i %
KR LA#3 501 CBE L2245 2 AR T A 1~ 35 46 25 N AR H
4 1.57 mm/mm, RBE L. 245 21| (R A T A4 1) ~F 35 46 25007
BEN 6.07 mm/mm, HEFRMNAZEL) Y CBE [ 4 .
RBE . Z HIZ 20N A2 E Lk CBE 1 i i [R 2 7E M 1 i
TR S 5N T #AME B D) 7307,

AT J5 A5 B AR TR A 1) S an 1] 3a s o AET A
B FE AT (R o f B 45 SR b Al 40, 72 RBE L 203K
PREIMTEAE 2, B BE R iy Ak 1) R AR B K, WAL 7E L
AEEXAEEATHE T . 4> BITE CBE Al RBE 2 #f L Z AT 15
IRTA: 1) R 38 DX 3k AT BRI B AN R il - 20 il
Hyo0 3 AN, K TSR LAl dr 44 8. CBE-LL
CBE-II. CBE-III. RBE-I. RBE-II. RBE-III, H{KHL
FEIG LA B 3b Frr o

0.15 mm/s

0.15 mm/s

b

—
\
&

1 FEBAEFR CBE. RBE i LZ AR
Fig.1 Extrusion mold diagram (a) and process flow diagram for CBE and RBE (b)

a b
Effective-strain(mm/mm)  Effective-strain (mm/mm)

3.33.
o.ool

- j O.OOI

&l 2 CBE Ml RBE 2 ' . 2 (Il 47 202 A48 43 A7 ]
Fig.2  Effective strain distributions for CBE (a) and RBE (b)

processes

B3 AT B S IR RTHRORE A7 B R 2 B
Fig.3 Physical drawing of the cup-shaped piece (a) and

schematic diagram of the sampling location (b)
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1E FR MRS XIS, D T RAE AR
1 357627 BAsE (OM) M4 EBSD Al EDS )
P T B (SEM) XHAFEREAT ROW 4L 210 2,
TRFETE WL 22 /T 75 22 FH SiC RP 40T AL Os il ' 771 4T B 4l
N, BRI MER. £ OM LT B H — €t
Bl R AR GERIR 1 gv 281K 2 mL. 4%
2mL. 4 25mL) XIHATE . 75 EBSD SL5HT ¥
B 30 mL = &R 5 270 mL 2 FE L B (7R AE-30 C
NN RE ST RO, DL R R 1SV, W
WMARFEAE 0.1 mA fity, Hiff 60 s /£ 45 . EBSD ##ik
LI S50 EAE LR AR N 20 kV B R T, TAEREE
N 1S mm, RN 700, 2 J5 A8 R R g R R
(OIM) B X 3545 () EBSD 4 4T 0 4t 159 3% B
1) OIM P&\ fiff e 1R (1 i SR m) AR o3 A 1

2 FHRMVTL

2.1 BN EENIRELR

Bl 4 L4k kb HE S F) Mg-9Gd-4Y-2Zn-0.5Zr
(RESH, %) &4/ OM I/ F1 BSE I8 . #f
DSBS B EE 84T, FEBHa-Mg
A« HORAE D 810 JE R A 2R CHOIR AR o [
(20t IX ek i s o J2 A o B e 9 s X R,
MR 2 17 5 T 1% M A & B 5L AT BLAS S0 ax 2 POk
AHATZE AR LPSO A . St 3501k b2 5, o]
PAHT S K B & 4 2 i 2 Rk LPSO AH # K & %

Region |

CBE

RBE

K5 CBE fil RBE M1, 1I.
Fig.5 OM microstructures of regions I, II, and III of CBE and RBE

Region I

filt, AU YORAA AT T 5 S AL, H k] HE B PR
FH IR # A2 1 & T2 IR LPSO AHUSI,
2.2 MEHMERARET

B s NiEd LG R BFE (CBE) MEH & B &
(RBE) 2 Ffr Jy v2: il % AR AR T A AN T3] X 380 106 2 SR 4l
ML, FARE G RETER OM BAAHE, FREX
WONERE BFER) OM B Z, WAL RYCNTL 11,
X3, ME S TR A H, KX (RBE-IIX

4 ¥I5MJE Mg-9Gd-4Y-2Zn-0.5Zr 4 42/ OM A1 BSE [#
Fig4 OM (a) and BSE (b) images of Mg-9Gd-4Y-2Zn-0.5Zr

alloy after homogenization

Region Il

X ) OM &4 R
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BRSNS ORI d R N BN TS R R
(DRXed) HI LPSO HUIRAHA f, 530 H LAY f) X0
M, IF HAEAR Y S kL A 4 W %% B A K& 1) LPSO
JZ R ABTH (DRX XIE R s B L RR). 2
AT I A R S 5 AR T (1) 3o AR o R 2R R
B, RNEFYEERME TEE, AR TERCRE
HEF B LPSO &5 K4 . 1] RBE-II[X 32 )] 1 K & /) DRXed
i b AN — BB R (R Bk LPSO AL AR, 2 FIR LPSO
FHIEATERAN, R2IH TS HE AL . @it
X AR A AN TR X3k T AR H : 7E 2 P v T 15 2
IR A 2, AR TR B ANTIX -IX -TITIX AN B 38 K
BE AR T 3G K, SR H AW, B
ghim R BN 2, JF AR I R 2 R A A
[F] 72 £ (19 2 FolR LPSO AH B4« 25 il 47 v AT HOR
LPSO M #AT v (JZ Fk LPSO AHAHAHT AT B
WO BTN, ST AR EELERR). LPSO H
ML I AR R N T VR SR AR, JF B
TR BOR, LPSO AH IR RS B ok . itk Ak,
L e CBE #1 RBE 43 211 2 AR T AF 1 AH [R] X 45
ALV H . fEAH A X 384k, RBE A8 JEHE % KT CBE
HIAS T REE , 3X 2 R RBE 7E4% 48 S 35 6 (1 6t - 5
AN TAHNIEIY) 77, X FpE (i AE CBE-1IIAT RBE-IIX
S (5% B 2 AR LA BN BA R o BT BL, TR AR [R] X Ak,
RBE 15 2| I AR T A 1 40 &6 %% B A1 LPSO A (19748 JE 2 1%
%11 CBE 3 2 A AT

Kl 6 2y CBE #il RBE # JE {1 AN 6] X 18 f) SEM 15
Gy X EDS 43 b . B 6 AT LR F H, M
PR T A BT IX 38 B T IX 2k BT X 4, Bk LPSO AH B
PERRFE AT K. 78 CBE-IX 4, St K
RAH, 72 CBE-IIX 3824 vh, O A TF 46 8 6% , /£ CBE-III

Region | Region I

Region Il

X3, HORAH e R B2 3 — 2P K. 7E RBE 1)
I, 10, TIX 3R rf, HORAR 280 A F A R,
L G HRCHRAH I i 18 A2 B2 35 K T CBE 24 HOIR AH A 5
PEFERE, JUHRTE RBE-TIIX I8 2, HURA &3 A
sEAmiE (Bl LPSO MR IEE R 6 4 4t
RELEFR IR KT LPSO 2 R RAHR B, AR N5
HORAH 2L, 78 CBE-IX B, 2 IR LPSO #H3R
T 25 R 004 s 7E CBE-IIXK I, 2 AR
LPSO M AEE I K 7£ CBE-IIX &2, Ky
(1 )2 e AHRBEREE BT /N2 A TR #E RBE-TIX 3802
JZ R AT KGR AT 7 RBE-IIX Y4, 2
A AR AT R R ELH BT B RRAT A s 7E RBE-TIIX
W4, ZE R LPSO MHEEA B RA W T (ZRIR
LPSO HHIHHTAT N 8 (i 2k K omD . kA, TEMTE
PERIAN TR X3 2, 38 AT DO SR 2145 5 1 6 0REAH B
H, FRSHIR /N3 A0 T R0 3 A0 i Ak . X5 1 6¢
R B LPSO #H (Spot 1) Fl5E [ Bk AH (Spot
2) 47 EDS MK, H 5 R 6d. 6h Pros. @i
EDS M4 B A %0, Spot 1 A Spot 2 AL 343 A
87.87 Mg-4.13 Gd-2.26 Y-9.79 Zn-0.68 Zr A1 79.94 Mg-
1.55 Gd-9.63 Y-0.62 Zn-8.26 Zr. 45411 NI 7T R200] 41,
Spot 1 45 A Mgi2(Gd,Y)Zn A, B A LPSO #H; Spot
2 &5 J8 Mgs(RE, Zn)AH (B E B Fror), AP
HPHH . B — M, TEM A RN F X 3, Bl
FHARENIE R, pHIEH MERKE N, JLH
AR B K ) RBE-TIX 1 24 v, pAH A3 H &%
Z, H¥YanfmTradmEmE. tAaRM, X1
a-Mg/LPSO &4, DRX A DLl i ki 7 i & & #
(particles simulated nucleation, PSN) WMLl #i%. H
T LPSO HH 1) 3t A Bzt K T a-Mg, Ft DAFE S i) i

d

2. 144 Element /% at%
o2 Spot 1 —_—
S 1121 Mg 6322 87.87
*x 96 Y 593 226
S, 80F o Zr 183 0.68

B C 64p Gd 1923 4.3
Z 48} v Zn 979 5.06
23 zr Gd

Ga z
a " L L
8.0 1.3 26 39 52 65 7.8 9.1 104 11.7 13.0

£ 108 " m S h
% 9 Spot 2 Element /% at%

o 84 Mg 5403 79.94

2 Y 383 155

X Zr 2443 9.63

z Gd 271  0.62

2 Zn 1500 826

2

i

Gd o Gd

z Zn
39 52 65 7.8 9.1 104 11.7 13.0
Energy/keV

Kl 6 CBE fll RBE {1, II. TNXH SEM I f J2 EDS Reil 73 #r
Fig.6 SEM images (a-c, e-g) and EDS analysis results (d, h) of regions I, II and III of CBE and RBE
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e, a-Mg JE4AFT LPSO A1 2 [8] (1 AN W R A2 2 il 2>
SEH BRI R I T, AT EE T DRX B A .
TE ¥ KA DRX X8 i, df kLt 3 v 2 R0
LPSO FHETA 55, T 7E & S A 23 A0 (1 pAE st 22088 5 £ T 4L 3K
NERANH] DRX KK, MMTA R E I DRX IR,
Xt Lk CBE F1 RBE 7EAH [A] X 38 /¥ LPSO #H (75 &
HLHI T LAFS H . RBE % CBE #H Eb i AEAR KRR b
iR 2L, AR MTE RN RSE RS AR AE
o it JR L, T 38 £ T 4L 280N SR AR i3 DRXI22,

2.3 MEHMLMRET I SBLE R

] 7 2 CBE #il RBE A [A] X 3 /f) EBSD M )y . 7
ZE R, R A R BRI AR R R ) A
FEHE, BEX A LPSO A, T8 = M5 $ s
VLN, I HOH A 2k % ok RO AL M S

(LAGBs: 2°~15°), H B4 % KK x = M E im
(HAGBs: 15°~100°).

M 7 HE LA H B RBE-IIL (B 7 ©) (X4,
A X 3 357 ER K %) 78 T o R L %) /N 1) - 85 s o
A, FRT BG4S, T RBE-IIX A+, 2
WHTELFERHAL, X528 eHFE. HE 7
AL, CBE il . O XIS RR S (dave)
S HIN 106.4. 57.5. A1 37.8 um, BhA L&
BN: 14.8%. 22.8%A1 51.4%; RBE [Jid. #. OLX
S 1)~ 38 e b RT3 0 o 35.64 20,1 2.5 pms B

Region |

RBE

Region II

BHEEERBIEHN: 28.8%. 45.7%F 98.1%. B
DL EEHE T sn . BEE AR TR AR RS RN IR, Ml 2]
HH S B0, K R XAk Py S 34 R R ST A i
K, Sh&ELE S ABE I, 5 H RBE 18R 41
R AR T CBE WAL RCR . B4k, B0 LA H7E
7a Ml 7c M AL (LAGBs) & EZ T HALKX
B, N T VR A M R R AR, KR R
DX 5 1 s 5 A R 0 A R AE T 8 Hh B HE R .

L8 H T LA, AR T A (1 2 350 21 r 5 210
PSR M EAWIE N, LAGBs 18 &AW %
ik« 7E CBE "1, H 3 5 M FE A 24.54° 34 K 2
38.53°, LAGBs {1 H 4> FUM 60.3%FF %3] 37.1%; 1E
RBE H, 0P85 8 5 A A 33.07°35 K F 54.92°,
LAGBs I H 738U\ 45.3%B# (85 10.0%. AHEF H,
RBE #1#] LAGBs & ¥ & /> F CBE 47 [#) LAGBs.
XJE RN FE RBE M= A )N KT CBE, S8 &
G ERFE AR T AL A RV R M AR A% g, v DRX
AT RIRALIKE) 770 3550 AR AR IR AR T A R T B
HEAR, LAGBs 5t n] DA WS Py S HERR R Ar 8, 32T T
mn At A2 ) HAGBs, 530 LAGBs HLfl AN,

I 9 >4 CBE Al RBE FT. 1. I X 35 ) 2 4% I CIPF )
M 9 s Tl %1, CBE F1 RBE #0443 rf o [X 2 f 27
Py FE AR A 25 AH TR R A AR, B AAIIX ZITX )
HIX, 23K 5 5 AN B B, Horh RBE (230 55 46 2R

Region III

7 CBE # RBE [¥1. II. MXIE [ EBSD # A
Fig.7 EBSD images of regions I, II, and III of CBE and RBE: (a) fbrx=14.8%, dave=106.4 pm; (b) forx=22.8%, dave=57.5 pm;
(©) forx=51.4%, dave=37.8 um; (d) forx=28.8%, dave=35.6 um; (e) forx=45.7%, dave=20.1 pum; (f) fprRx=98.1%, dave=2.5 pm
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0.6 — 51 035
I Average misorentation angle: 24.54 a 0.5¢ Average misorentation angle: 27.16° _ Average misorentation angle: 38.53° ¢
0.5F ALAGBs)=60.3%, IHAGBs)=39.7% M  ALAGBs)=56.7%, {HAGBs)=43.3% 0.30F ALAGBs)=37.1%, IHAGBs)=62.9%
04l 0.47 0.25}
o U
8 s 0.20
g 03l 0.3
= 0.15
= 02} 0.2
0.10
0.1F 0.1r 0.05}
0.0 HAnmnnnaoannnnann 0.0 N 0.00 HHHHHHHHHHHHHHHHHH
’ 20 40 60 80

0 20 40 60 80 100 g 20

60 80 100 0 100
0.40 — 0.10 —
— Average misorentation angle: 33.07° d 030F~ Average misorentation angle: 37.32° ¢ Average misorentation angle: 54.92
0.35 ALAGBs)=45.3%, {HAGBs)=54.7% ALAGBs)=37.7%, AHAGBs)=62.3% ALAGBs)=10.0%, AHAGBs)=90.0%
030+ 0.25¢ ' 0.087 e
'5 0.25¢ 0.20 1 0.06
8020 0.15}
= 0.15- ’ 0.04
o.10} 0107 0.0zt
0.05} 0.05 ' I'IH _I
o oo LIRenOmAIAAne | oo LA, | 0 Lienl L
’ 20 40 60 80 1 20

0 20 40 60 80 100 0
Misorientation Angle/(°)

Misorientation Angle/(°)

40 60 80 100
Misorientation Angle/(°)

0.
00 0

8 CBE 1 RBE fUI. II. TIIX 3800 & 5 A B IR 43 A I
Fig.8 Misorientation angles of regions I (a, d), II (b, ¢) and III (c, f) of CBE (a-c) and RBE (d-f)

Max =7.586

1010

b c

Max =7.175 IOTO Max = 6.509

5.412 1010 5467 4763
3.861 3720 3.486
2754 2679 2551
1.965 1.929 1.867
1.402 1389 1.366
- 1.000 P 1.000 ) 1.000
‘ 0713 A 0.720 ‘ 0.732
Min=.0.066 - — Min = 0.064 - Min=0.329
0001 0001 2110 0001 2170
d e f
Max = 17.382 1070 Max = 5.653 1010 Max =1.258
10.800 4.236 - 121
6.710 3473 1165
4169 2378 1122
2.590 1781 1.079
1.609 P 1.335 1.039
1.000 1.000 1.000
= 0.621 Y 0.749 0.962
-t [d Min=0.120 — Min=0.183 __ Min=0.732
0001 2110 0001 2110 0001 2110

9 CBE # RBE {1, 1. TIX k(K IPF K
Fig.9 IPF plots of regions I (a, d), II (b, e), and III (c, f) of CBE (a-c) and RBE (d-f)

BALF CBE. JUH 27 RBE K035 X 38 3 1 5 28
AU S MG 17.382 i 55 4k a0 35 X 42k 11
1.258, X2 Ky DRX A LA 250t Ml 55 6 < 1) 2R84 o
%, DRXed dioRi AR F3 73 B0 39 0w DA R KT A8 T2
A R R 5 AR T 4K, A SR B LA B AL LS

2 PR T A I Ao 45 #49 F1 EBSD &5 R R BH , £ CBE
FI RBE i 72 24 Hh ¥ A7 75 W 2 1 dRL 404647, 11T DRX
MU Sz b 40 EE R R, N TR 2 Mk
PR RE AR 2 (1 DRX WL, M 7by 7c HIEHL 2
A BRI AT A o A Can ] 10a 10 B ).

Kl 10a. 10c 77 BN AZ TR S KL G1 AT G2, & 10b. 10d
M43 5 R T SR GL AT G2 4R 42k AB Il CD 11
R RURR RN R TR ) 22 A AR AN AR TR I AR 2
e R P IR AR R e A B2 5 BN AU E ] R 2 K
A, B 10 Rl 51, Gl AT G2 SRR i S Ad 2 8 )
P IUTRE PRV B G TR, 32 R P45 A R 7E i S A T
KK, T 45 5 ARORE B 5 R AR T8 Aok N 3 5 H 3 3,
XA E BB H 4 (discontinuous dynamic
recrystallization, DDRX) [ HLAREAENS 200, k4, 7E
Fri B dok G1 AT G2 X, AT LUE B, bk A
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35 30
a —— Point-to-point C Point-to-point d
30r Point-to-origin 25 Point-to-origin

S W
= T

0 20 40 60 80

Distance/pum

[3%]
=
T

—_
(=}
T

Misorientation/(°)
s

W
T

S

0 10 20 30 40 50 60 70
Distance/um

10 M CBE-II A1 RBE-IT 34w S B f it bk BL A Y 5 S AB AT CD B s o s AT s of Ji o 10 B 7 2 #7122 40
Fig.10 Extracted grains G1 (a) and G2 (c) from CBE-II and RBE-II; point-to-point and point-to-origin misorientations along arrows AB (b)

and CD (d)

L AR SRR T i PU Rl B 2R 1Dy
o) R I ) A 22 PT LA 3. BEAE Al RAR, LAGBs i HT
#75  HAGBs, X & BH{E CBE Ml RBE (il f2 24411
KA T ESLBNAS 45 (continuous dynamic recrystallization,
CDRX) [18201, #x |-, CBE Al RBE # JE A4 B id 2
KA P45 AL A DDRX A1 CDRX 2 Ffi o

3 & it

1) fEZRRLFE M F, CBE 1 RBE M4 H
X3 ) LPSO AR B T A R RE FE 4T AR 55
17 N. FFH7E CBE 1 RBE M JEAFAITIX BITIIX FITIX
t, LPSO J= F AT AT i el . LPSO HetRAH 1
TR FE R s . (A3 M2, 76 RBE-TIX I Y+,
JZ P A B AT AN I, AU BB /)N () R A F0 BAH 43 A1
T4 & 5 BBl oA, Hoe] DLk PSN WL i DRX,
F FLad ] DLJE G T FL 80 SR A0 ] b 1K

2) &40 ) $5 = CBE e % [ Hf k. RBE [ f0WL 45
A D250 1) r 0 210 506 A R AR AR AR, B A
RO, HASECH A BIE N, AL S
BN WG 0 . oAb 24 @ RBE 0 38 X 38 11 i bor 40 10 R
RN E, FE S EIA 98.1%, PRI
2.5 pm.,

3) {£ CBE Ml RBE M BT B B L KA T
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Differential Study on the Effect of Rotary Back-extrusion and Conventional
Back-extrusion on the Microstructure of Mg-Gd-Y-Zn-Zr Alloy Cuprates

Xu Jian, Qiao Weidong, Yan Zhaoming, Xue Yong
(School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)

Abstract: Different cuprates of Mg-9Gd-4Y-2Zn-0.5Zr (wt%) alloys were prepared by conventional backward extrusion (CBE) and
rotational backward extrusion (RBE) processes. The corresponding regions of the different cuprates were characterized by OM, SEM,
EBSD and other testing methods. The results show that the grain refining ability of RBE is much stronger than that of CBE, and the grain
refining effect in the heart of RBE is the best, and the content of dynamic recrystallization (DRX) in the RBE-III region can be up to 98.1%,
with an average grain size of 2.5 pm. The texture weakening ability of RBE is also better than that of CBE, and the texture strength of the
core can be weakened to 1.258. In the RBE cups, the degree of crushing of the LPSO phase is also larger than that of CBE, and the
distribution of the second phase (# phase) is more uniform, and the precipitated f phase can promote DRX through the mechanism of
particles simulated nucleation (PSN) and restrain the growth of the grains through the pinning effect. In CBE and RBE cup molding
processes, the dynamic recrystallization mechanism is the same, which is continuous dynamic recrystallization (CDRX) and discontinuous
dynamic recrystallization (DDRX).

Key words: rotary back-extrusion; cuprates; Mg-Gd-Y-Zn-Zr alloy; dynamic recrystallization; LPSO phase
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