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OB SRS S0 00 AR R B 3G M B BEAT Me-Gd-Y-Ze(GWS3K) M + 8k & i P FE R UTBUE M (additive friction stir
deposition, AFSD) L Zi4:, PRITHS G BEXT TR ZOR A 23 R 7 2= Re sz . BF AR £ L2540 250 rpm/min 4
B 2 100 mm/min B R 3RS0 LRI B 58 2 BRI GWS3K 8 A S iU ulRE , TR X A 7] [X 35k 22 50 B 5 1)V
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iR HUORBE S LURIRE . R e i A AE A PHLJE DR R
PEEEOLE, ENENIR S mE S WUT SRS &R E
PG Ry 3 SR A T2 B R A R0 ARG itk e
Wi LB E e T ERMBIERIE LZ, MRS HSY S
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B4 4 AFSD LEME, &3 7 L2 EEmAN
THEAER, RILF I EE o MPTRRLL—@ i, BEEH
NERBIEE v BUR G, FEEBSEE IR, JURRE
vty 2 THTABRREDAE 5 22 tH LSRR o PR oXe 3 A 39 Ao i) 3 O 3
ZFM B AFSD T2 AT 7 REW I, S8
44 GWS83K HHT T #% AFSD L2118, {FsLfE

TEEEY: LAEFR, 5, 1998 454, Bl L, R RS BIRNE 5 TS, Kid 300354, Hif: 022-87891461, E-mail:15533507644@163.com



E ki Wi R RL S TR S A4

(WA A RS TREY S1E RHiE <171 -

BAREHE T GWS83K BA RIFIIEMBIEE, bt
DURRIX SE 0% . AMEAEFLBR KR EB R &G, Hil
TUTHE M RAAHTE AFSD il in Tl A2 v fid . kAL &
FFHTH, AU GWS3K R AR A I & 9 5 ik
MG . Mg-Gd-Y-Zr REEE T AGRIR L8G4, T
L[ (T4) B R(T5/T6 5)HMbHE 78 43 K Yo T AE 85
A& I H BRI Ty M R R IR TR T
KA B KB U 58 AT S A, TGRS
B454 GW83K 4 AFSD GBS, RIS RAEGE
(s FE S EIPEDO), BRIk, F 705 P BEXT TR ZS GWS3K
LS S R ERERI S 4y L

AR AFSD T Z il % Mg-8.94Gd-3.17Y-
0.46Zr(wt.%, GWS3K)A & UIFIRFE, BRI IRFE
TN IETE B ZVRAE, AT I ZFAKE B AFSD %
% GWS83K & &M 4L 23R ) = PERE RIS, IR Z T
FHVEAR S AL, 9sEEl GWS3K i 85 & 4 AFSD
FAR Tl AR FH 12 it 5 20 AR 4

1 WEHZE
RIGEFEFFIELS GWS3K il & 1 W ek S FE A k47
AFSD TZ k5, FEARNTA 300 mmx130 mmx6 mm,

TURBERL R ST 920x200 mm, HAbZEpsr K fr# R
mE 1-2 .

T 1 GWSIK HEEELFERD (Wt.%)
Table 1 Chemical composition of GW83K magnesium alloy (wt.%)

e Gd Y Zr Mg
GW83K At 8.94 3.17 0.46 Bal.
GWS83K #l 8.94 3.17 0.46 Bal.

Fz2 GWSK HE& 5

Table 2 Mechanical properties of GW83K magnesium alloy

e PURSRE  EIRSRAE REMER B
Rn/MPa_ Rpp2/MPa /% HV
GW83K 284.7 2183 12.2 84.0

B 1 R R BE TR (AFSD) iR B0 72 S i B R
e B R Bl K AFSD il % BIE 2 )2 TR :
HER TR RR R 2O TN TR, BEEITEHI LA
MU LR e e, A2 7 s /R R TR R L
i r B RS IR R s K B S A R e &
Begti)E, TE TR Mg sl, kR
FEATEN TR BESESY IR T UIRRE SR LI TR, e
IBBIBUE IR B S, 038 17 s 7 (R A 4T B T 2L e i
PR PR RN E, e TEYIRZ . ER Lk
T2 RE T BRAT 2 5 e L ) B BERG SRR R, L il )

JE 77 DR JE S FT B R T S 7% 52 2 5 AFSD
BYANPS: 2

SKH B E R ) 45 H 8 4 3% 58 i AFSD
TZR5e, F7ED T HBEB G A A 2.5 mm =i,
DAASE 5 - i 12 3 AR 2 ST B 9 R RHIR & S BB YRR
. fERE LZ2MARIE A FR0, S 3 Mg 250
rpm KA IEREE 100 mm/min Hl % AR, BETIRK
25 200 mm; ERIFE J708 10-12 KN SEE A, D)
% HIEER P RO R GW83K BLEERG I A 1A

52
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Bl 1 AFSD L2 RyTHRFEIHUE R Al
Fig.1 Schematic of AFSD Process and Sampling for Deposited
Specimens:
(a)AFSD experimental process;
(b) Sampling positions of deposited specimens;
(c) Dimensions of specimens along X-direction;

(d) Dimensions of specimens along Z-direction

£ AFSD T Z R Ad, MM NN
(Longitudinal Direction, LD). ##][r](Transverse Direction,
TD)A %% 77 [ (Build Direction, BD)Z3ME XA X, Y
Mz JiAl. WEET LD 77 YIS AR, faHE bR
SHFEF &, BE S RERRVE R (4.2 g BRFR+10
ml ZZEK+10 ml ZFR+70 ml ZF%)i2 1 10~15 s. 15 8
SRR B AT Olympus GX 51 %24 2 5353 (Optical
Microscopy, OM)HEAT 7 MK F A & AL 2R M52, i —
S5 A A LT BT S 4 F 8% (ZEISS Sigma 500). i
5 H 7 B 0B JEM-F200) #1137 & 51 3% 5 7 B B
(TecnaiG2F20) ML E M 441 . SR HVS- 1000ZCCD &
TR P T E AT S kel R, A A ) ey 500 g,
IR 15 s, AHARIERAURIBE A 1 mm. FfditEs
£ WDW-100L H ¥ /3 R ffidiedl Biktr, X 5 Z
75 1) B A5 R 43 1) 1.5 mm/min A1 0.6 mm/min,
A 1306892-1:3019 b v TH A RE , BUREAT B A X
Z 77 A RSHE 16, ¢ d AR

Mg-Gd-Y-Zr RE4 )8 T8 854, B
I RAREE R A T2 (BEHIR A GWS3K
HE&MZERFAMEREDOSORMZEY, DSC ik FJL
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PG HMHE BRI E. XEHXAFES
GWS83K #HRLEAT AFSD ¥ Jo i - oo 3 S A HS [ 1 T
BeEEfR, T Gd Y JCERAE 200°CHP B MR E R 3-4%
AR, JliEsmfbn i, HRRB KA LA L
PRI K AL BB R B8 T, 26 B AR B T R [
WK T, KRB KRB GIARASHE LB E S iR it
A E BB D e R A S I R A 215°C,
A 5T TE) 43 30A 20 30+ 40 K 50 /N RS A E
AT I AL B, BRZR I A B FLAH 23 R v R ) 2
A o I R A B FE 2 DHG-101 H B XUE IR T 18
i e

2 HWERKETTE

K 2 RoRUIAZS GWS3K iR a3 . Ak
TN 200 mmx45 mmx68 mm, V-3 HUIE TR 2 B E 4
2.0 mm. AJRUE H, PUAR)Z AT 2 30 B I A 58 B i etk
IVEBNRFE . WA B TSR LI, XRHHT
FTEN T B e i BEHEBY R B HEVE L, 1SR 38 &
T RNE & 78 4 TH R A TR I R A us &4 6 .
HHT7E AFSD i 2 H T E(AS) e it Lol i 5 1%
B BE A, 1 S IR (RS) P e % 263 B 55 MR8 ol ik 5
FIA], 22 SRR 2 A e AR TR B I A A B AR 30 TR 28 A i

LA REZS, LR S A AR AR AL S
R, B NIRRT AR — A I 2 X ]
e WLYER Y EEA = RN P el L AV =L i 7 WA
ARG YRS,

= et
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Substrate :

B 2 AFSD i GW83K &&= MA U4
Fig.2 Macrostructure morphology of GW83K alloy formed by
AFSD

P 3 AFSD HiJ¥ GW83K & & MM IR Sk R~ 4 it
Fig.3 Microstructure and grain size statistics of GW83K alloy fabricated by AFSD:
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(a)—(c) AS, middle and RS of the 1st layer;(d)—(f) AS, middle and RS of middle region;(g) Bright white region in AS;
(h) Flow characteristics of CGZ;(i) Fine grain zone in CGZ

Kl 3 RRUIAZS GWS3K & & AN RVIFZ M 42
KAk RS geit . WLLE W, JUTRUZ 42Uk 2 3h 20
INEVEE R L SURRAE, BAE AS 5 A X Sk SRR TR
ARSI R B IE XS AN R DX 4 ) ok R~
T4 512 AS. Hl & RS B kRS B e 1
5.5343.74~5.87+8.98 um Ju [ (&l 3a-c 7x), HH] X3 AS.
K RS KSR SF N 4.96+3.64~7.83+3.71 um (K
3d-f7R). X AS BIRE S BRI 2k X IR AT L8, R I SR
S B X R RS IR $ 12.9542.13 um (B 3g-h
IR, AEBCRR AL X (CGZ), T 7E A 32 X 45 52 £ A S 3
L XA B A 9/ NS 2 Z (B 31 7). XUt B B TR
EAFIN BB AR T R BN AR R R E R, FEUUR
A GW83K &4 7= B B A ) IR b 40 SURFAE .

4 FORFFIEFERIBREM . UTARZ DL KB R AL 2R
(215°C+40h)J5 TTRZ F) AS HEEAT RS X350 R0 4H 217
S K LTS B IT S (EBSD) R AE 20 1 45 SR (BURE AL B N
K2 i alX k). ATLAE H: AFSD gl B B 40 LT X

0001 2110

Grain boundaries
2-15°
- > 15°

Avg. 11.90+7.18um

T Avg. 7.34+3.81um

fbl, AS VR & XA SR R SE R 11.1948.17 pum,
FHL X ST 24 SRR ST A 17.37+47.29 pm, {8 5 8EF SRR
S 27.64+10.09 pum HLBAIEDN 50% 744, T AT RS
PLAH/INGRREA 3, P38ERR RS 43 R 4.36+2.32 pm
5.66+2.58 um, {HJFHXIHA G IR EAHE, MEEH A %
FATTLARIIR T 15° KA B i S (B b B 6 TR 28 o5
YR, VLBAYE AFSD WREH A T AL M, X
2 SR AN E RN 2 —. &3t 215°C+40 h 3k
g, =AXECES SRS 308 11.90£7.18 um.
7.34+3.81 um. 9.39+4.99 um, ST S LR AN
KK, AS K& XA 17.3646.63 um, 5
RO EERT AR — . BT W, SRR SFAE
4.36~17.37 pum 365 Bl (7R S AL 22 DTS GWS3K &4
A, KPP SR M AN E B AR AS X,
N5 AFSD AT B T My e 7= AR [ AN 350 51 BT ) S M AR T
B, WAL FE(215°C+40 h) G SRR A B R KK,
BARATY PR IR0 /NS5 i kL

Toum e T iy

4 GWS3K BEb, JURUZ K R FR(215°C+40h) J5 TR Z AN [ X 48 S A% 1 (IPF) 1R -
Fig.4 Inverse pole figure (IPF) maps of GW83K base metal, as-deposited layer and deposited layer in different regions after aging at 215 °C
for 40 hours:

(a) Base material; (b—d) AS, middle and RS regions of the as-deposited layer;

(e—g) AS, middle and RS regions of the aged deposited layer after aging treatment
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fine grain

Element Wit% At%
Mg 24.08 54.63
Y'¢ 0.00 0.00
Zx 73.82 14.63
Gd 2.10 0.74

Element Wit%
Mg 30.80
35.02

0.62

31356

Bl 5 JiAA GWS3K 44 SEM il TEM B4 % EDS 4-#4h
Fig.5 SEM, TEM images and EDS analysis of as-deposited GW83K alloy:

(a)and (b) SEM images;(c) and (d)EDS analysis results of Position 1 and 2;
(e)Bright-field (BF) TEM image, FFT and IFFT patterns;(f) Dark-field (DF) TEM image;(g) EDS results

< 3 IS GWSK A& PRI FER ST (wt.%)

Table 3 Chemical composition of different regions in as-deposited

GW83K alloy (wt.%)
[X 45 Mg Gd Y Zr
BERF 87.57 9.49 2.60 0.34
AS 87.56 9.45 2.62 0.37
Middle 87.32 9.63 2.59 0.46
RS 87.28 9.69 2.50 0.52

Kl 5 NPUARA GWS3K A4 SEM Al TEM EZ LUK
EDS 7 Hr4i # . TW)U%?@JM A B L R o s
B a-Mg BARRTRE B A R(E Sa), A5
ML T SETTAHFBURLAH (B 5b 7)o 4359055 P A 3E —

R EE B
EEWME: BEXRERBHRESTED (JH S 52175356)

Wott, KMSLTTHAES Gd MY KIHUIRPIA(G,
Y)H, EA23250(E 5d 7R), MG 4 b DL AR AR
4, TURLARA Zr PRI Sc 7R). IXPHFIAHLE AFSD %
& GW83K & &4/ Hoard, X4tk a-Mg sk
SHEEI—EMIER, (BTERER FRR R PR CT 3
e XA EATIER (B Sboar) , RIS T
I E A, ZAHRA Mgau(Gd, Y)s Fl Mgs(Gd, Y)3: i
A, B S E SRS, 1 a-Mg SRORLNHE & A A
FIARAGM ] Mego(Gd,Y)ITIE SR, X PEHIR 5 R
A GWS3K #ekHil £ BT A B A R 1 e
MELYIFZAS GWS3K A4 TEM HIZME (K Se T)
G (B SE7R), 7] DLW 3]/ 8 37 75 A (R i k)

TEH BN LR, B9, 1998 2E, Wi, REERFMRIR S E TR, K 300354, HLiF: 022-87891461, E-mail:15533507644@163.com
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R AR (5 55 3k), AR IR 9K R AT H SR,
2L X391 SAED ek s -Gl Se &5 L AFTR,
MAF LR EE N 4.69 nm. & 5g (1) EDS &5 R &R, 7
FABRLAE 258 E & Gd 1Y FIHLRE 7R A Zr Bk
A, X 5HITE SEM 45 RA .

GWS83K Bi#f£ AFSD J& e+ 4 g N 1S AN A
XIREI R WK 3 fin. R4 RER, 4 AFSD
J& AS. WL RS =AM B B AR, R
TR AR5, ML uRw I ke, &6
HUTH SEM.TEM 455, # Lt KB T o-Mg 24k,
FoAR DAOR b AR D & R S A R TE, X
AR UTARAS GWS3K & & JL TR A mEA . 2 &1
LoRE, TEIE A E T 24 B'(Mgr(Gd,Y))5#
ABTESE IR Th K BT, A Be A R R TTRAS GWS3K
EEEAPAE S C-EEd

6 RN I AL E EITRRRE (215°C+30 h,

215C+40 h) 1 TEM Elf&. ATLAEH, 7E215°C+30 h
IR B fE A D BT AT (B 6a ) , EATHPIR=
ATES, £ 215°C+40 h I AL BR 5 BE AR AT h AH B S
Wz (Eeda) , HEVRREH B SMRE R .
TE S R AR TS — 20 M 82 I 3845 HATHHERE,

RIAZHT AR N 240 R) B4 34 0.25 nm A1 0.24 nm,
CREHTHARTESR . AL1m) SAWOURFE AT A N R 2 5
AH R N Me-Gd-Y-Zr & 4 W R B BB
B'(Mg7(Gd,Y)) itk AH. BT GWS83K &4 54 fias i E
IEF) 450°C AL, T B R BE 215 °Cam AR T 45 it % Aok
PR IR L, N2 I 2808 H 487N B'(Mgr(Gd,Y)) sk
FHEHMH SRR, AU Z D PRIF A /N Sl LA 21

B AS JRHHH & X A7 1E 5 B0 & 4 ZURFEA oA
F, TP K RS ik R SF 43 A Mt 58 N3 5), X
Tt B A 25 A FEORE SR 3 N3 GWS3K VTR JZ K 124 Mg

6 AR GWS3K &42[0001]a FWIAH B B HIEIAT ST AEAE S AR A R0 B S L B R 5 FFT B3
Fig. 8 Bright-field (BF) images along the [0001] a-axis, diffraction patterns of ” phase, HRTEM images and FFT patterns of nanoscale

precipitates in GW83K alloy after aging treatment:
(a)—~(c) 215 °C for 30 h;(d)—(f) 215 °C for 40 h

Kl 7 RoRASFR A G GWS3K YR 2 & il
SR B 2 BB TR). £ 215 CIRE T &
20 h. 30 h. 40 h BRI 00 FL G, URRZE MR B 2 4%
W, HUURAST 85.8 HV(BEMHERL: 84 HV) /M Hilftm &2
101.6 HV, 104.6 HV 1 108.8 HV, H.ITF = 54 5 5y
AAFEXT I8 5] o B AT WA IUAR 2 B S b BT R B
FHEA B R AT R SRAGAE T, Lo 55 o B R [ ) 38
T3 54 o

Kl 8 R AN AR T GWS3K PR Z i it RE LU 8L
VORRA A X 77 A T h s B (UTS) JE I8 (Y S) M

4E # 2 (EL) 43 %l A 263+4.6 MPa. 200+4.4 MPa .
8.3+£1.3%, 5H AR M (UTS: 284.7+6.3 MPa. YS:
218.3+3.7 MPa. EL: 11.8+3%)MFi i AEA 2, Z J7 1
PR PEBENS 22 (UTS: 238.4+10.4 MPa. YS: 207.4+4.7
MPa. EL: 2.3+1.8%), {HtHA]LLZE S| BER ) 85% /6 45 o
B A S5 DURRE A M e 2 3 52, 7 40 h B A% [a]
N X TR R ERE A UTS: 360.75+1.7 MPa. YS:
281.25+7.4 MPa. EL: 9.25+1%, #7045 98 5 A1 J AR 58 &
I A% 394 MPa. 347 MPa, Z J7 [ S P AE(UTS:
297.34+24.6 MPa. YS: 239+67.3 MPa. EL: 13.3+1.4%)
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R REM . SUURRASHILL, B8 X Y Z iRy
SRIE AP 37.2%F 24.7%, MWEIE EE, Z JiAd
PEREEAR T X ), HEIREENRK, X8 AFSD
B GW83K & 4 YT AR 2 M 45 & T AR A 5 N5t o

CA RIS R : GWS3K & &I b 41 8 : a-Mg
it AT E WA 1R (S.S.8.S)— T F& BU(D019)— I £
B'(cbco)— LAz Bl(fec)—AaiE B(foe)3031, it 5 i R 1]
MRER, TARAHAS W I MR o-Mg BT, Hr
YR BAH R YU SR, TEIRTFCK K B AHIHT

HOO R BB AL RO B2 5 DTRUARELE 215°CHE % 30 71
B JG, SRATEERGN /N SRR ~F B 93 51021, R FE BT
FRZSIH 85.8 HV $ETHE 104.6 HV, [ I R4 i [A] ZE K &
40 /MBS, 7E TEM EUE LS EIRE TR BT H 5
AR 6 77), FEREIAF] 108.8 HV. HEAI WL, AZS
GWS83K &&fEHEN S E, JUHZE NI RERA
an SR )[R I SCAT R BGRB8 GWS3K Uit
E 2B R R P FPEBE(UTS: 360.75+1.7 MPa,
EL: 9.25+1%).

b C BM(&4)
(a) B 21520 ( ) 130 . 215°C-20h ( )GO_Top - » 215°C-20h
401 W 215°C 3h * 215°C-30h = w B, 4 215°C-30h
& W 215°C 4h 120+ 4 215°C-40h £ 50F . Sy a4 215°CA0R
Iy i =S A a = ‘- has
5301 Siob 4 n . o 240} W e
g 2 S e e et = 30l Sy W
2 20| 2 R X .._... ' _‘-. e .A o - .-..'-‘-A
g ElO0r T . e £ 20!} P
£ = . z gy
Z1of 90k As RS EIO’ -_'.5"“,
BM ol e R N
lr 80 L . . . |84 . . . . . .
90 100 110 120 -20 -10 0 10 20 70 80 90 100 110 120 130 140
Hardness/HV Distance from the center line /mm Hardness /HV
Bl 7 AR AAE S GWS3K R b 3l :
Fig.7 Hardness distribution of the GW83K deposited layer after different aging treatments:
(a) Hardness data distribution;(b) Transverse hardness;(c) Longitudinal hardness
(a) 400 (b) 400 =05 20
yYs ™
< =— EL 1 - ——— 16
S 300} 300} :
2 & . B Bl s
£ = H12 2
= =]
“ 200+ — BM = 200 . — p=
2 —— AS-Built Z A \ /N g &
B —— 215°C-20h = / N 2
o v [53)
£ 100 —— 215°C-30h 100k
2 —— 215°C-40h H4
A —— 215°C-50h
0 ! 1 L L L L I O -
O 2 4 6 8 ]O 1 2 1 4 16 BM AS-Built 215°C-20h215°C-30h215°C-40h215°C-50h
Engineering Strain/%
c) 350 400
) (d) [ UTS 132
[Ys -
& 128
= 300 R
@ N 124 =
? & Tl £
£ 2 120 £
n = L B=
2 150 b % 200 16
-5 —— AS-Built 5} g
3 100 —— 215°C-20h @ 112 =
= —— 215°C-30h 100 - 1g
=} 50 —— 215°C-40h
g 5
e 215°C-50h 4
00 2 4 6 & 10 12 14 16 AS-Built 215°C-20h 215°C-30h 215°C-40h 215°C-50h
Engineering Strain/%

Bl 8 RFPRAT GWS3K JIA =R RE:
Fig.8 Tensile properties of GW83K deposited layer under different states:
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(a)—(b) X-direction;(c)—(d)Z-direction

9 KIRAFEPIRZ N GWS3K AR JZFi b 5
WX 7 PUARZSAAE N CES(E 92y b 7R) EE RN
MIRRER T . KRR A s 2 A, 5 I 75 g v
HWTRLRE, PURESIRFEWT O 388 AR LA /N
X2 AFSD T2 KBNS L MM aifb g R,
Z 757 FTURRZS T DS (B 9¢ o) LR ERZITH . BRI
B — L SGR RN, 5 X AL, IR
BRI, ZITH A B B R RT FRIEL, 2
R R, BAEW S WA X IO 82 3 A 557 7 A

(B 9d 7R), &Reitortr, INAIZSLTHNE S Gd Y
T A, FAETD B3 I B R R S R iR SR,
FAR T A4, X Z Jy ik AT X J51A
P FEE R . GW83K JLARJZ I S W DTSR 9e.
TN, PRACIELEATA 215 CHERL 40 h, 7] LARE %221 B8P 4
MR EWD . JRIAFERIT R, 75 AR B 20 TH JH R W%
FIR Z RN S, B IR B2 R 2 D R AE
J&TH-Weie A i

Macs Narm. Atom
. %]
54.24) 8457

2030, 8.63
0.5 041

2447 553
100.00100.03

Bl 9 REMRZET GWS3K WA JZ R il I 5
Fig.9 Tensile fracture morphologies of GW83K deposited layer under different conditions:

(a)—(b) X-direction in as-deposited state;(c)—(d) Z-direction in as-deposited state;(e)—(f) Fracture of aged specimens
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(1) KA AFSD HAR B £ Hh 56 4 80% To LR B
F GWS3K A IRFE, PIRUSIAFE LA B S RO A 21,
H4Afk a-Mg ZEflidhi . SEO7AH S Ze SR R/D 2L i A
MR, TS AHE SRR S0, HLAS(17.37+7.29 um)
L & (4.36+2.32 pm) 73 Al IS A R 2] 17.3646.63 um
7.34+3.81 um, HTHKEHKYE B'(Mgr(Gd,Y))H .

(2) VURARIARE X 7 P RE N : UTS: 263+4.6
MPa. YS: 200+4.4 MPa, T5 &b 5 fi b 1t 68 42 &

37.2%(UTS: 360.75+1.7 MPa. YS: 281.25+7.4 MPa);
DURRAS Z J7 P PERE N : UTS: 238.4+10.4 MPa. YS:
207.4+4.7 MPa, T5 2: UTS: 297.3+24.6 MPa. YS:
239+67.3 MPa, 2 24.7%

(3) AFSD #Il45[) GWS83K & 4:1E 215°C T WA 25t
[H] A 40h, Zeid FLEER AL BE(215°C+40 hy)5, SRR
B R K KCH S 17.36+6.63 pm. 4l 7.34+3.81 um),
I R EGIK B (Me(GA, YY), SEBL T 105 s 98
P EMERE(UTS: 360.75+1.7 MPa, EL: 9.25+1%).
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Effect of Aging Treatment on Microstructure and Properties of Rare Earth
Magnesium Alloy Fabricated by Additive Friction Stir Deposition

Ji Haocheng!, Xu Naiqgiang', Xu Shuming!, Wang Yuging!, Luo Tingl, Yang Xinqi!
(1. School of Materials Science and Engineering, Tianjin University, Tianjin 300354, China)

Abstract: In this study, additive friction stir deposition (AFSD) experiments of Mg-Gd-Y-Zr (GW83K) rare earth magnesium alloy were carried
out using a pressure-controlled solid-phase friction extrusion additive manufacturing equipment. The effects of aging treatment on the
microstructure and mechanical properties of the deposited layer were systematically investigated. The results indicate that fully dense GW83K rare
earth magnesium alloy deposited specimens without macroscopic defects are obtained under the process parameters of a spindle speed of 250 rpm
and a traverse speed of 100 mm/min. Different regions within the deposition zone exhibit distinct mixed-crystal microstructural characteristics.
The average grain size of the local coarse-grained region on the advancing side of the deposited layer is 17.37+7.29 um, whereas the average grain

size in most regions of the middle part and the retreating side is significantly refined to 5.66+2.58 um and 4.36+2.32 um. After aging treatment at
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215 °C for 40 h, a large number of nano-sized B’ (Mg+(Gd,Y)) precipitates were formed. The hardness increases from 85.8 HV to 108.8 HV; the
yield strength (YS) and ultimate tensile strength (UTS) reach up to 347 MPa and 394 MPa, respectively, with an elongation of 8.0%. The tensile
fracture surfaces of the specimens exhibit a ductile-brittle mixed fracture characteristic. This study verifies that aging treatment precipitates fine p'
strengthening phases on the basis of retaining the fine grains of the deposited layer, which significantly improves the strength-ductility synergy of
the GW83K rare earth magnesium alloy fabricated by AFSD.

Key words: Additive Friction Stir Deposition; GW83K rare earth magnesium alloy; Aging treatment; Microstructure; Mechanical properties
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